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TRANSLATOR’S NOTE

In the preparation of the present translation, the points on which it
“~ been considered desirable to depart from the sense of the Italian text
*v few and mostly unimportant. Notification is made where any appre-
M.ble addition to or modification of the-original has been made to bring

1Into conformity with the conditions in this country.

‘Temperatures are always expressed in degreesCentigrade, and concen-
rations of aqueous alcohol solutions, according to the French custom, in

wrcentages by volume. THOMAS H. POPE
Birmingham. . .
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CHAPTER 1
MEAT AND ITS PREPARATIONS

MEAT

In its ordinary meaning, the term meat is applied to parts of slaughtered
animals consisting principally of muscular tissue together with larger or
smaller quantities of tendons, adipose tissue, bone, etc.

The examination of meat concerns in the first place the food inspector,
whose duty it is to determine that the meat is good for food and has not
been obtained from diseased amimals. The analyst’s task is usually to
determine the nutritive value of the meat by estimating its principal com-
ponents and to test for the presence of preservatives or colouring matters.
The more common chemical tests and determinations are as follows :

Sampling.—About 500 grams are required, and this quantity is usually
taken from several (3-5) of the more fleshy parts of the carcase. The pieces
are freed from bone, cut into pieces a few grams mn weight by means of a
knife and then converted in a muncing machine into a fine pasty mass,
which is well mixed so as to give a homogeneous sample.

1. External and Objective Characters.—Observations are made of :
the colour (whether bright ved or brownish-red), the consistency (whether
compact and elastic or the reverse), and the odour (whether normal and
not unpleasant, or, on the other hand, indicative of putrefaction). Note
is also made of the odour and taste of the broth obtained by boiling a piece
of the meat with water in a closed vessel—the odour at the moment the
liquid begins to boil Observation is also made of the reaction—whether
this is amphoteric, or acid, or alkaline; the last indicates putrefaction.

2. Determination of the Water,—About 10 grams of the prepared
sample are weighed exactly in a flat porcelain dish, the fragments being
spread over the whole surface of the dish, which is left in a steam-oven for
about four hours and then transferred to an air-oven at 105°. After a further
two hours the dish is cooled and weighed and then heated for about another
hour, after which the weight is usually found to be unchanged.

The moisture in meat may also be calculated by subtracting from 100
the sum of the percentages of fat, albuminoids and ash.

3. Fat.—This may be determined on the dry residue from 2, which is
placed in a filter-paper thimble in an extraction apparatus, while the dish
is rinsed out with anhydrous ether or light petroleum into the extraction
flask, The extraction is continued for about six houxs, after which the
bulk of the solvent is distilled off on 4 water-bath, while the remaining

AC.IL. 1 1



2 MEAT

liquid is then evaporated at a gentle heat in a tared glass dish and the residual
fat dried for two hours in a steam-oven, cooled and weighed.

4. Nitrogenous Substances.—These are determined by Kjeldahl’s
method, as follows :

About 0-7-0-9 gram of the dried and defatted or only dried meat is
gradually heated to boiling in a Kjeldahl flask with 10 c.c. of concentrated
sulphuric acid and about 0-5 gram of copper oxide, the boiling being con-
tinued until the substance is completely attacked, this requiring about two
hours. Finely powdered potassium permanganate 1s then added to the
hot liquid until the latter assumes a greenish-brown tint. The cold liquid
is diluted with water, placed in a distillation flask, treated with 40 c.c. of 509,
caustic soda solution, and about 100 c.c. distilled over into 15 c.c. of semi-
normal sulphuric acid (see Fertilisers, Vol. I, p. 122). The excess of acid
is titrated with N /2-alkah in presence of methylorange : 1 c.c. N/2-sulphuric
acid == 0-00702 gram of nitrogen, and 1 gram of nitrogen = 6-25 grams
of albuminous matters.

The latter calculation, based on the supposition that all nitrogenous sub-
stances of ammal ongm contain 169 of nmitrogen, 1s not quite exact, but it
gives results which are usually satisfactory and are very near to the percentages
of mtrogenous compounds calculated by difference: the sum of the moisture,
fat and ash bemng deducted from 100.

5. Ash.—In a fairly large platinum dish a weighed amount (about 10
grams) of the meat is carefully charred, the carbonaceous mass being twice
triturated with a small, clean pestle. When charring is complete, the
mass is treated several times in the dish with small quantities of hot water,
which are then poured on to a small filter. The residue on the filter is
washed well with a little water and the filter and its contents placed in
the platinum dish, dried and completely incinerated. To the ash thus
obtained is added the liquid from the lixiviation of the carbon, the whole
being evaporated to dryness on the water-bath and the residue gently
ignited, cooled and weighed.

The qualitative analysis of the ash is carried out as usual.

When a quantitative determination of the phosphoric acid and chlorine is
required, a fresh quantity of ash is prepared from a weighed amount of the
meat sample mixed with an alkali such as milk of lime, sodium carbonate,
etc. The phosphoric acid and the chlorine are detcrmined in the nitric
acid solution of the ash, the former by the ammonium molybdate method,
and the latter either volumetrically or gravimetrically as silver chloride.

6. Detection and Estimation of Preservatives—The antiseptics
commonly tested for in meat are formaldehyde, formic acid, boric acid and
fluorides. The analytical methods used for the detection of these and
other antiseptics are given later (see Sausages).

7. Colouring Matters.—s50 grams of the meat are well shaken in
a beaker with a solution of sodium salicylate in aqueous glycerine (5 grams
of the salicylate in 100 c.c. of a mixture of water and glycerol in equal
volumes), the beaker being heated on a steam-bath for half an hour. The
cold mass is filtered through linen and the solid matter pressed, the liquid
being then filtered through paper until clear.
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If the filtrate is yellowish and not reddish, the absence of colouring
matter is at once concluded. With a reddish filtrate, about one-third of
this 1s treated in a cylinder with a few drops of alum solution and then slight
excess of ammonia : if after a rest of some hours the precipitate is red, the
presence of carmine is indicated.

With the remainder of the liquid, mixed with 10 c.c. of 109, potassium
bisulphate solution and a few drops of acetic acid, two or three strands of
well-defatted wool are heated on a water-bath for a long time. In presence
of coal-tar dyes, the wool is coloured red, the colour persisting after washing
with water.

*
* ok

Meat, as defined above varies widely 1in composition, not merely with the
individual animal yielding 1t, but also according to the breed, age, etc, of the
ammal, to the part of the body from which 1t 1s obtamed, and to the method
of slaughtering employed The fotal nitrogenous substances are mostly about
20%, and the fat and water vary together, the one increasing as the other dimin-
1shes , for instance, fat beef with 32509, of water may contain 55-19%, of fat,
while lean meat with 74-209, of water may contain only 3:45% of fat.

The ash amounts to almost 29 and contams mainly potassium phosphate,
with less proportions of calcium and magnesium phosphates and sodium chloride

Freezang does not appreciably modify the composition of meat, 1t causes
the loss of a little water (not much more than 19,) but no change in the mitro-
genous substances and fat

SAUSAGES

The objects of chemical analysis are the same with sausages as with
fresh meat, and the various determinations are made in the same way.
For detecting certain special adulterations the following methods are used :

1. External and Objective Characters.—The appearance, odour
and taste of the meat are compared with those of the corresponding fresh
meat, note being taken of the retention or otherwise of the more or less
deep red colour of the muscular parts; the fat is observed to ascertain if
it is white and of pleasant odour, and the mass of the meat to see if it is
compact and without empty spaces and not excessively moist.

Any mould completely or partially covering the surface is noted. When
such is present, the interior often contains somewhat soft masses of rancid,
bitter taste and disagreeable odour which, when cut, reveal lean parts of
a grey or greenish colour and fat coloured yellow or greenish. These indi-
cations denote fairly advanced putrefaction; often, however, the signs
of putrefaction in its initial stages are apparent to a less degree or not at
all, and in such cases the changes are detectable only by bacteriological
examination.

2. Water.—This is determined as in fresh meat (2, above),

Sausage meat is not infrequently rich in water, which is added fraudulently ;
water 1s also added with starch paste and in such a case this determination is;
of special importance.

3. Determination of the Acidity of the Fat.*—From 5 to 8 grams of

3 Schweia: Wachenschrift . Chem. w. Pharss., rgro, XLVTIL, p. 481.
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the finely minced mass are mixed with well washed sand and treated with
ether, the ethereal solution of the fat being filtered and made up to 50 c.c. ;
5 c.c. are evaporated in a tared glass dish and the residue dried for 45
minutes in a steam-oven and weighed. The remaining 45 c.c. are mixed
with 45 c.c. of 459 alcohol and the acidity then titrated with N /10-caustic
soda in presence of phenolphthalein. If a represents the weight of the
dried residue from 5 c.c. of the ethereal solution and 4 the number of c.c.
of alkali used in the titration, the degree of acidity of the fat expressed in

normal alkali is given by the formula,
10b

A="""
T

4. Detection of Albumin (Casein, Egg Albumin).—Albumins may
be added to render the meat paste more dense and compact. They may
be detected as follows :

(@) According to Feder,* the presence of casein is shown by a high pro-
portion of lime in the ash, defatted meat containing only 0-06~0-13%, of
lime, whilst casein contains about 29, 10 grams of the sample are care
fully defatted, the residue being incinerated and the ash dissolved in dilute
hydrochloric acid ; the acid liquid is treated with ferric chloride and sodium
acetate to eliminate the phosphoric acid, and then heated until all the pre-
cipitate is thrown down, boiled and filtered. In the filtrate the lime is
determined by means of ammonium oxalate in the usual way,

(b) Albumin may be detected by the marked alkalinity of the ash,
since commercial albumins mostly contain alkali. Thus, while the alkalinity
of 100 grams of dry pork is 81 c.c. of normal acid, the addition of 19 of
commercial albumin increases it to 20 c.c.

5. Detection and Determination of Starch.—(a) Qualitative test. A
freshly-cut surface of the sample is treated with a few drops of iodine solution
to see if a blue coloration is formed. If the result of this test is doubtful,
a quantity of the dry, defatted substance is triturated well with a little
water, and after depositing for a short time, the turbid liquid examined
under the microscope. A little iodine solution is then added and the speci-
men again examined microscopically for stained starch granules.

(b) Quantitative determimation® 10 or 20 grams of the sample,
according to the intensity of the iodine reaction, are heated on the water-
bath in a covered beaker with 50 c.c. of 89} alcoholic potash solution, the
liquid being frequently stirred. As soon as the mass is dissolved, the liquid
is diluted with 2-3 volumes of hot 509, alcohol and, after standing for some
time, filtered through a Gooch crucible containing asbestos.

The contents of the crucible are washed twice with hot 89/ alcoholic
potash and then with 509, alcohol until the filtrate ceases to give an alkaline
reaction and remains clear on addition of acetic acid; the washed precipi-
tate is heated for about half an hour in the original beaker on a water-bath
with 60 c.c. of 6%, aqueous potassium hydroxide, with frequent stirring.
The cold liquid is made up to 200 c.c., allowed to settle thoroughly, and
50 c.c, of it acidified in a beaker with acetic acid and treated with an equal

} Zedtschy. Unt. Nahy- und Genuss-mitiel, 1909, XVII, p. 191.
* Maythofer ; Forschumgsber., 111, 1896, pp, 141, 429.
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volume of 969, alcohol, which precipitates all the starch. The precipitate
is collected in a tared Gooch crucible and washed thoroughly with 509,
alcohol, then with absolute alcohol and finally with ether.

The crucible is dried first at 40° and then at 100° to constant weight,
being subsequently calcined, cooled and again weighed; the difference
between the two weights gives the starch free from ash and water. To
express this value as potato starch, etc. (which is what is usually added),
it is divided by 0-8; to express it as cereal flour, it is divided by 0-67.

This method precipitates also the small quantity of glycogen in the meat ;
as a rule this does not influence the results appreciably, but when the separation
of starch from glycogen is necessary, especially in presence of horseflesh, Mayr-
hofer’s modified method is used (see later).

It should also be noted that part of the starch found may be derived from
the spices used, this being allowed for by subtracting o:5% of the quantity
found.

6. Detection of Horseflesh.—The methods here used are based on
the detection and determination of the glycogen and on an examination of
the fat.

A. DETECTION AND DETERMINATION OF THE GLYCOGEN :

I. Qualitative test. Two cases present themselves :

(a) Absence of starch: about 50 grams of the sample are subjected to
prolonged boiling with 200 c.c. of water. When cold, the liquid is decanted
off, treated with dilute nitric acid to precipitate the albuminoids and filtered.
A little of the filtrate is treated in a test-tube with a few drops of a very
dilute solution of iodine in potassium iodide ; in presence of glycogen the
liquid assumes a bright red colour, which disappears at 80-9o° and reappears
on cooling.

Feeble or transitory colorations should be disregarded, since other flesh
than that of the horse may contain small proportions of glycogen. The colora-
tion should be sharp and decided and such is obtained with fresh horseflesh
or with sausage containing it, if recently prepared; the glycogen gradually
disappears with lapse of time and the reaction becomes continually less marked.

Further, this coloration is not characteristic of glycogen, but is shown also
by certain dextrins, which behave like glycogen on heating.

(b) In presence of starch, glycogen is tested for as follows :

A portion of the sample is heated on the water-bath with 89, alcoholic
potash until the fleshy mass is dissolved. The liquid is filtered off with
the help of a pump and the residue on the filter washed with cold 959,
alcohol and then boiled with 969, alcohol, which partially dissolves the
glycogen but leaves the starch undissolved. The filtered liquid is evaporated
on a water-bath, the residue taken up in a little water and the solution
tested for glycogen by means of iodine,

The detection of glycogen in presence of starch is not easy, and even the

above method often gives umcertain results. In such cases use is made of
biological tests for horseflesh.

2, Quantitative estimation, The following procedure is employed !:

! Mayrhofer and Polenske ; Zzitschr, Unt. Nahy -und Genwss-mittel, 1901, IV, p.
1101 ; 1907, XIII, 355.
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50 grams of the sample, freed from any adherent fat, are heated in
a covered beaker on a water-bath with 150 c.c. of alcoholic potash (8o
grams of potassium hydroxide in a litre of go9, alcohol), the liquid being
frequently stirred until the fleshy mass is dissolved.

The hot liquid is mixed with 100 c.c. of 509, alcohol, the impure glycogen
being filtered off after cooling. The precipitate is washed with 30 c.c. of
hot alcoholic potash and then with cold 909, alcohol until the filtrate is
no longer rendered turbid by addition of a few drops of dilute hydrochloric
acid : it is then heated in a 110 ¢,c. flask with 50 c.c. of normal potash on
a water-bath for half an hour to dissolve the glycogen. When cold the
liquid is acidified with concentrated acetic acid, made up to 110 c.c. with
water and filtered.

To 100 c.c. of the filtrate are added 150 c.c. of absolute alcohol and after
12 hours the precipitate of pure glycogen is collected on a tared filter, washed
successively with about 709, alcohol, absolute alcohol and ether, dried at
40° and finally at 100° to constant weight. The weight found, multiplied
by 2-2, gives the percentage of glycogen.

The glycogen obtained should be a white, amorphous powder and its
aqueous solution should have a marked white opalescence, should not reduce
Fehling’s solution and should give an intense burgundy-red coloration
with iodine.

This method gives good results only in absence of starch.

B. EXAMINATION OF THE FAT. Horse fat differs from the fats of other
animals in its index of refraction and iodine number.

1. Index of vefraction. Irom 50 grams of the sample the fat is separated
either by simple fusion at 100° or by boiling with water and separating the
layer of fat, The latter is examined in the Zeiss butyro-refractometer at
40° (see Butter, Chapter II). If the index exceeds 51°5°, the presence of
horseflesh is probable.

2. Jodine number. If the iodine number (see Fatty Substances, Vol. I)
determined in the usual way exceeds 70, the presence of horseflesh may be
concluded.

Proof of the presence of horse flesh by chemcal methods based on detection
and determination of glycogen and on the refractive index and iodine number
of the fat cannot be certain in character; the presence of glycogen and the
constants of the fat may give useful indications, but definite proof is possible
only by biological methods. With prepared meats,the detection of horseflesh
presents still greater difficulties than with fresh meat, since they mostly consist
of mixtures of different meats.

7. Detection and Determination of Preservatives,

{(a) Sopium CHLORIDE., 2 grams of the finely minced sample are
intimately mixed with well-washed siliceous sand and a few c.c. of water
in a porcelain dish so as to give a homogeneous paste. The whole is poured
fnto a beaker and boiled with a little water for a few minutes to coagulate
the albuminous substances—until the liquid becomes almost colourless,
When cold, the mass is washed completely into a 100 c.c. flask and the
volume made up to the mark. The liquid is filtered and the chlorine esti-

m&,z‘ - [ RO O W
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mated by Volhard’s method (see Vol. I, p. 10, Potable Water) on 25 c.c,
of the filtrate.

(b) Potassium NITRATE. For the gualitative fest, about 20 grams of
the dried fleshy mass are freed from fat by treatment with ether or petro-
leum ether, the residue being shaken vigorously with 20-30 c.c. of very
hot water and filtered. A certain amount of the filtrate is added gradually
to a crystal or two of brucine and a little pure concentrated sulphuric acid
in a porcelain dish: a distinct red coloration indicates nitrates.

For the quantitative determination, this method is carried out as follows :

Reagents. (a) o-25 gram of crystallised brucine is dissolved in conc.
sulphuric acid free from nitric acid, the solution being prepared in a 100
¢.C. cylinder and made up to the mark with the sulphuric acid. This solu.
tion should be recently prepared.

(b) o-10 gram of purc potassium nitrate is dissolved in a little water
and made up to a litre.

{c) 5 grams of mercuric chloride are dissolved in 100 c.c. of distilled
water and 100 c.c. of 29} hydrochloric acid added to the solution.

Standard solutions. Of solution (b), 5, 6, 7, 8, 9 and 10 c.c. are intro.
duced into porcelain dishes together with 5, 4, 3, 2, I and o c.c. of water
respectively and then, at once, 20 c.c. of solution (z). After being mixed
for a few moments, cach liquid is poured into a glass cylinder with a ground
stopper, in which it is shaken with 70 c.c. of distilled water. This series
of coloured solutions should be prepared as nearly as possible at the moment
it is required.

Procedure. 50 grams of the sample are weighed out and boiled for
30 minutes with 200 c.c. of water. When cool, the liquid is filtered by
decantation into a 500 c.c. flask and the residue treated again with two or
three quantities of 100 c.c. of water, the volume being subscquently made
up with distilled water in the flask.

To 50 c.c. of the turbid liquid are added 50 c.c. of solution (c), the mixture
being filtered. 10 c.c. of the liquid thus obtained are poured into a dish
and immediately treated with 20 c.c. of solution (a), the liquid being mixed,
poured into a cylinder of similar dimensions to those used for the standard
solutions and mixed with 70 c.c. of distilled water. Comparison of the
coloration thus obtained with the standard colour solutions gives the amount
of nitre in the liquid and consequently in the substance tested.

If the colour obtained is deeper than that of any of the standard liquids,
the liquid tested must contain more than 0-001 gram of nitrate per o0 c.c. ;
it should then be suitably diluted with distilled water.

This method i3 rapid and gives results sufficiently exact for practical pur-
poses.

(¢) Boric Acip. For the gualitative iest, 10-20 grams of the sample
are incinerated in the usual way after addition of a few c.c. of 209, sodium
carbonate solution. The carbon-free ash is treated with 5 c.c. of hydro-
chloric acid diluted to 109 and the solution poured into a test-tube, into
which also the dish is washed with 15 c.c. of 959 alcohol. 15 c.c. of
cone, hydrochloric acid (D 1:19) are then added and the well-cooled mixture
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shaken with 02 c.c. of a 0-19, curcumin solution ! and left at rest in the
dark for half an hour, after which the colour of the hqud is observed. In
presence of boric acid, this varies from faint brown (minimal traces of the
acid) to pink or red; in absence of boric acid the hquid remains yellow.

The quanittative determination is carried out colorimetrically in the
same way with a weighed quantity of the sample. The coloration of the
liquid is compared (as in estimating potassium nitrate) with a series of tubes
in which solutions containing definite proportions of boric acid (o-x, 0-2,
0-3, etc., %) are treated with the same amounts of acid, alcohol and curcumin
solution in each case.

This method is rapid and fairly exact. With products containing much
salt, the latter settles at the bottom of the tube after treatment with alcohol
and hydrochloric acid, but such deposit has no influence on the judging of
the colours,

() FORMALDEHYDE. This may be detected by one of the two following
tests :

(1) 5 grams of the sample are thoroughly shaken in a beaker with
10 c.c. of hot water, the mass being filtered through a cloth and well pressed.
A granule of phenylhydrazine hydrochlonde is dissolved in 5 c.c. of the
filtrate and the solution then treated with three or four drops of 59, sodium
nitroprusside solution and ten drops of 109, caustic soda solution. In
presence of formaldehyde a more or Jess intense blue coloration is observed,
this remaining unchanged for some time (Rimini's reaction).?

(2) 50 grams of the sample are mixed with an equal weight of 209,
phosphoric acid solution and the mixture distilled until about 30 c.c. of
distillate are collected. To this is added about 0:1 gram of peptone,® and
to 10 c.c. of the liquid are then added a drop of 59, ferric chloride solution
and, carefully, 10 c.c. of conc. sulphuric acid. In presence of formaldehyde
a dark violet ring is formed, and, when shaken, the liquid becomes violet
if the amount of formaldehyde is marked, or reddish-violet if the amount is
very small.

{¢) SuLPHUR DIOXIDE AND ITs DERIVATIVES. In considerable quantity,
sulphur dioxide is detectable by the smell. Otherwise it may be defected
as follows :

About 50 grams of the sample are mixed intimately in a flask with 10 c.c.
of 259, phosphoric acid. The flask is then closed with a cork, between
which and the neck of the flask is placed a strip of starch-iodide paper
moistened at the lower end, which is adjusted so as to be about 1 cm. from
the meat. If the paper exhibits no coloration in the course of a few minutes
the flask is heated in a water-bath until it attains the temperature of the

1 The curcumin may be prepared as follows : 30 grams of turmeric powder (Cur-
cuma longa) are dried at 100° and then treated for four hours in an extraction apparatus
with petroleum ether. The dry, defatted powder is then extracted in the same appara-
tus with 100 c.c. of benzene for 8—t0 hours; on coolhng, the benzene solution deposits
the carcumin as a fine, yellowish, crystalline powder.

To prepare solutions or curcumin paper, 0:10 gram of the turmeric is dissolved in
100 c.c. of 909 alcohol.

3 Ann. di farmacoterapia e chimica, 1898, No. 3.

3 Fresh milk, quite free from formaldehyde, may also be used ; in this case 30 c.c.
of the milk are added to the distillate, the subsequent procedure being as above.
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latter, and is then allowed to cool. If a blue coloration of the.paper develops
after half an hour, the presence of sulphur dioxide, sulpﬂité?ot RepeeB
assumed. R 1

When the qualitative test gives positive results and a quantitative deter-
mination is required, the procedure is as follows :

50 grams of the meat are mixed to a paste with Ioo c.c. of boiled
water and 20 c.c. of 259, phosphoric acid added. The flask is closed with
a two-holed stopper through which pass (1) a tube dippinginto the liquid
and serving for the passage of a current of carbon dioxide, and (2) a tube
connected with a condenser which dips, at the far end, below the surface
of 100 c.c. of a solution of iodine in potassium iodide.! About one-half of
the liquid is distilled and the distillate acidified with hydrochloric acid and
precipitated with barium chloride in the usual way: 1 gram of BaSO, ==
0-2748 gram of SO,.

(f) FLuoriDEs. 25 grams of the sample, weighed in a platinum
dish, are mixed with a certain amount of milk of lime, dried on a water.
bath and incinerated ; the ash is introduced into a small platinum crucible
and moistened with a few drops of water and then 1 c.c. of conc. sulphuric
acid. The crucible is covered with a watch-glass coated on the lower surface
with wax, which is partially scraped away; the crucible is then heated in
an asbestos card and the glass examined to see if it is etched at the exposed
places.

(g) Saricvric Acmp. 1o grams of the meat are well shaken with 20 c.c.
of alcohol and, after a few minutes, filtered, a few drops of dilute ferric
chloride solution being added to the filtrate: a reddish-violet coloration
indicates salicylic acid or one of its derivatives.

If a doubtful result is obtained, as may be the case when the salicylic
acid is in very small quantity, the test is repeated as follows : 2 About 50
grams of the meat are weighed in a beaker and mixed with sufficient 29,
sodium carbonate solution to give a homogeneous paste. After standing
for a time, the beaker, covered with a watch-glass, is left on a boiling water-
bath for half an hour, during which time it is frequently stirred. The hot
mass is filtered through a piece of linen and the residue well pressed ; the
filtrate is treated with 5 grams of sodium chloride, acidified with dilute
sulphuric acid, and heated to incipient boiling. When cold, the liquid is
filtered and the filtrate shaken vigorously with an equal volume of a mixture
of ether and petroleum ether (equal volumes) in a separating funnel. The
aqueous liquid is removed, and the ethereal solution washed two or three
times with 5 c.c. of water and then filtered through a dry filter into a porce-
lain dish. Afteraddition of 1 c.c. of water, the ethereal solution is evaporated
at a gentle heat, To the residue are added a few drops of a freshly prepared
0-059%, ferric chloride solution : in presence of salicylic acid, the characteristic
violet coloration is formed.

(k) BeNzoic ACiD.3 50 grams of the meat are vigorously shaken

! The solution is prepared by dissolving 5 grams of pure iodine and 7-5 grams of
Ppotassium fodide in a litre of water.

* Beythien : Handbuch der Nahrungsmitteluntersuchungen, Vol. I, p. 104.

3 Fischer and Gruenert : Zeitschr. Unt.Nahr. und Genuss-mitiel, 1909, XVII, p.7 21.
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in a beaker with 100 c.c. of go9, alcohol, then acidified with sulphuric acid,
left for half an hour and filtered through linen, the residue being well pressed.
The liquid is rendered alkaline wath potash, heated on a water-bath to
expel the alcohol, acidified with dilute sulphuric acid and heated to incipient
boiling. After cooling the hquid is filtered, the filtrate shaken with ether,
the ethereal solution washed with water, and the ether evaporated at a
gentle heat, The residue 1s subjected to the following tests for benzoic
acid :

1. Part of the residue is dissolved in a little water, the solution being
treated with a drop of 2:59, ferric chlonde solution and a drop of 3%
hydrogen peroxide solution diluted with nine volumes of water and heated
on the water-bath: a violet coloration indicates benzoic acid (oxidation
to salicylic acid).

2. Another part of the residue is dissolved in a few drops of caustic
soda solution, the hquid acidified and poured into a watch-glass, a granule
of sodium amalgam added, and the glass covered with another. After a
short time—as soon as reduction takes place—the odour of benzaldehyde
15 evident, even if only 1 milligram of benzoic acid is present.

8. Detection of Colouring Matters.—Colouring matters are added
sometimes to mask defects due to changes in salted meats, sausages, etc.
They are tested for as in meat (7, p. 2).

*
% %k

It should be pointed out that the salt used in salting meat (in Italy) in some
cases contains small quantities of boric acid ; experience shows that the amount
of boric acid which can find its way into prepared meats from this source does
not exceed 0-02%.

MEAT EXTRACTS

Meat extracts are more or less concentrated aqueous extracts of muscular
flesh freed from coagulable albuminoid substances. They contain, there-
fore, in a more or less reduced volume, all the water-soluble principles of
lean meat, and they have the appearance of a stiff, reddish-brown mass,
with a rather bitter taste and a pecular, not unpleasant odour (Liebig’s
extract type).

Besides genuine meat extracts, there are sold meat extracts mixed with
vegetable extracts (mixed extracis) or extracts formed from various ferments
and vegetable extracts, or vegetable extracts alone.

Analysis of meat extract has the same objects as that of fresh meat or
sausages, namely, to determine the composition and nutrient value of the
extracts and to detect adulterations and preservatives. With extracts of
the Liebig type, determinations should always be made of the water, ash,
potassium, fat and total nitrogen, while tests should be made for nitre and
preservatives. Further, it is always useful to determine the various forms
of combination of the nitrogen, especially the creatinine and the ammonia
(see 7, 8 and g, below). In mixed extracts, besides determinations of the
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water, ash, potash, etc., tests for creatinine and yeast extract should also
be made (se¢ 9 and 10, below).

1. Determination of the Water.—The extract is removed from the
containing vessel and thoroughly mixed, especially if liquid, From 2 to 3
grams of a solid or syrupy extract or 10 grams of a liquid one are weighed
in a fairly wide, flat porcelain dish, which has been previously weighed
together with 40 grams of well-washed sand and a glass rod. The mass
is mixed with a rod—a little water being added if the extract is not already
liquid—and heated on a boiling water-bath with occasional stirring of the
mass until the latter assumes a homogeneous aspect, The dish is then
dried in an air-oven at 100-105° to constant weight, the weighing being
carried out as rapidly as possible,

2, Determination of the Ash.—About 10 grams (or more with a
liquid) of the extract are weighed in a platinum dish and carefully incinerated
in the manner indicated for meat.

3. Analysis of the Ash.—The usual determinations are those of the
sulphuric acid, potassium (calculated as oxide), phosphoric acid and chlorine,

() DETERMINATION OF THE SULPHURIC ACID. A weighed quantity of
about 0-3 gram of the ash is heated in a beaker with a little concentrated
hydrochloric acid, then diluted with water and treated with barium chloride
in slight excess. The precipitate is allowed to settle and is then filtered
and washed, the filtrate and washings being used for the subsequent deter-
mination (b). The barium sulphate precipitate is weighed as usual and
the percentage of sulphuric acid in the ash calculated.

(b) DETERMINATION OF THE PoTasH. The filtrate and wash waters
from (a) are evaporated to dryness in a porcelain basin on a water-bath,
The residue is dissolved in water and the solution treated in a beaker with
baryta water and boiled gently for some time. The solution is filtered
and the filtrate treated with ammonia in slight excess, ammonium carbonate
and a little ammonium oxalate ; the liquid is again filtered, the precipitate
being washed with distilled water and the filtrate collected in a porcelain
dish and evaporated to small volume. The liquid thus concentrated is
filtered if necessary and poured into a platinum dish, into which also the
porcelain dish is rinsed out with small quantities of water. The liquid
is then evaporated to dryness and the residue carefully heated over a flame
to expel the ammonjum salts. At this point it is advisable to dissolve the
residue in a very little dilute hydrochloric acid and to repeat the treatment
with baryta and with ammonium salts, smaller quantities of the reagents
being now used.

The residue free from ammonium salts may be weighed to obtain the
total alkali chlorides. The residue is then evaporated almost to drymess
with platinic chloride solution, go-969, alcohol being then added; the
whole is well mixed with a glass rod and the potassium platinichloride
collected on a tared filter (the filtrate should be deep yellow), washed well
with 80909, alcohol, dried at 130° and weighed, The weight found, mul-
tiplied by 0-194, represents potash (K40). The soda may be found from
the weight of total alkali chlorides, by difference,

(¢) PHospHORIC AcID. For determining phosphoric acid and chlorine
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a new quantity of ash is prepared from 10 grams of the extract mixed with
sodium carbonate. The ash is heated with a slight excess of nitric acid
and then evaporated to dryness, the residue being taken up in dilute nitnic
acid and the volume made up with distilled water to a definite volume,
say 500 c.C.

In an aliquot part of this solution (100 or 150 c.c.) the phosphoric acid
is determined either by the ammonium molybdate method or as magnesium
pyrophosphate (se¢ Vol. I, p. 132).

() CHLORINE. Inanother aliquot part of the same solution, the chlorine
is estimated gravimetrically.

4. Detection of Potassium Nitrate—About 5 grams of the extract
(15 grams 1if liquid) are diluted with 20 c.c. of distilled water and the hquid
mixed with 10 c.c. of 209, sulphuric acid and distilled, the distillate bemng
collected in 1020 cc. of a dilute sodium bicarbonate solution. The dis:
tillation is continued until the substance begins to bump, the distillate
being then evaporated to small volume, acidified with dilute sulphuric
acid and tested for nitric acid by means of ferrous sulphate or brucine 1n
the usual way (see also p. 7).

For amounts of potassium mitrate higher than o0-1% the reactron 1s sharp
and intense. A feeble coloration with brucme or a shghtly colowied ring with
ferrous sulphate should be neglected, simce extracts may derive traces of mitric
anhydride from the water used in their preparation , such quantities, however,
never amount to o0-19% of the extract

5, Determination of the Fat.—This is carried out as for meat, the
dry substance obtained as in I (above) being extracted with ether or petro-
leum ether (see p. I).

This determmation 1s superfluous with extracts which dissolve completely
in water to a clear hiqud

6. Determination of the Total Nitrogen.—The method given for
meat is followed (see p. 2), a quantity of extract corresponding with not
more than I gram of dry substance being employed.

7. Determination of the Various Forms of Nitrogen.—In some
cases it is useful to ascertamn the percentages of certain nitrogenous com-
pounds, the following methods being used :

() INSOLUBLE ALBUMINOIDS. From 10 to 20 grams of the sample, if
solid or syrupy, or 25-50 grams if liquid, are dissolved in 100—200 c.c. of cold
water. If solution is incomplete, the liquid is filtered through a tared filter
and the residue washed on the filter with distilled water. The filtrateis used
for determination (b), while the insoluble residue ? is dried and weighed.
Determination of the nitrogen in this residue by Kjeldahl’'s method and
multiplication by 6-25 give the quantity of insoluble albuminoids.

(0) CoaGuraBLE ALBUMIN. The filtrate from the insoluble albuminoids
or the aqueous solution of the extract, if the latter is entirely soluble, is
acidified slightly with acetic acid and heated to boiling. The flocculent

1 The residue may be examined microscopleally for starch granules. If these are
present, their amount may be determined by subtracting from the total weight of the
residue that of the albuminoids determined as above,
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albumin which separates is filtered off, washed with hot water and dried
and the amount of nitrogen determined by Kjeldahl’s method ; the quantity
of nitrogen, multiplied by 6-25, gives the amount of coagulable albumin.

(¢) ALBumMosEs. The liquid separated from the coagulable albumin,
with the wash water, is made up, after cooling, to 500 c.c. with distilled
water. In 50 c.c. the albumoses are determined as follows *:

The liquid is acidified with dilute sulphuric acid and saturated with
finely powdered zinc sulphate, only a small portion of the salt being left
undissolved. The albumoses, which separate at the surface of the liquid,
are collected on a filter, washed with saturated zinc sulphate solution faintly
acidified with sulphuric acid, and dried in an oven. The nitrogen in the
dry substance is determined as usual: N X 6-25 = albumoses.

The amount of nitrogen thus found may contain that due to any gelatine
added to the extract, this, like albumoses, being precipitated by zinc sulphate.

(d) NITROGEN OF MEAT Basgs. To the liquid freed from the albumoses
(see ¢), sodium phosphotungstate solution 2 strongly acidified with sulphuric
acid is added until the precipitation is complete. After twelve hours the pre-
cipitate is filtered off and washed with dilute sulphuric acid, the wet filter-
paper and precipitate being treated with sulphuric acid for the determination
of the nitrogen by Kjeldahl’'s method. From the quantity of nitrogen
found must be subtracted that in the form of ammonia (e).

This method precipitates, besides the bases, also any peptones present.

(¢) AMMONIA. 200 c.c. of the solution prepared as in (¢) for deter-
mining the albumoses are diluted with distilled water to about double
the volume. Calcined magnesia is added and the liquid distilled, the
ammonia in the distillate being determined with N/10-acid as usual.

8. Peptones.—From 4 to 5 grams of the extract are dissolved in a
little water, the liquid being filtered if necessary and the albumoses separated
with zinc sulphate as described above. The filtrate is precipitated with
sodium carbonate to remove the zinc and the zinc-free liquid almost neu-
tralised with sulphuric acid and evaporated on a water-bath until sodium
sulphate crystallises. When cold, the deposited salt is removed from the
liquid and the latter treated with excess of sodium hydroxide and a few
drops of 19, copper sulphate solution : in presence of peptones the liquid
becomes violet-red.

9. Detection and Determination of Creatinine.—This investigation
is of particular importance in testing for meat extract in other preserves or
in vegetable or yeast extracts.

A. QuaurtaTive TEsT. About 10 grams of a solid extract or 2o grams
of a liquid one are dissolved in 100 c.c. of water, the solution being heated
to boiling to coagulate any albumin present and then cooled to the ordinary
temperature. Lead acetate is now added little by little until no further
precipitation occurs, the liquid being filtered, freed from lead by means of

1 Bomer : Zeitschy. analyt. Chem., 1895, p. 568.
2 120 grams of sodium phosphate and 200 grams of sodium tungstate dissolved in
water to a litre,
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hydrogen sulphide, again filtered and concentrated to small volume. In
this liquid creatinine is tested for as follows :

(a) To the moderately dilute solution are added a few drops of a recently
prepared very dilute solution of sodium nitroprusside (D 1-003) and a few
drops of caustic soda : in presence of creatinine the liquid turns ruby-red
and shortly afterwards yellow. If the yellow liquid is heated with excess
of acetic acid, it becomes green and then blue owing to the formation of
Prussian blue.!

(b) A little aqueous picric acid and a few drops of dilute caustic soda
are added to the liquid ; in presence of creatinine a red colour forms which
persists for some hours and becomes yellow on acidification.?

The latter reaction 1s given also by acetone and if this is found to be present,
the liquid should be boiled before testing

B. QuaNTITATIVE DETERMINATION. The following colorimetric method,
based on the reaction with picric acid,® is used :

Reagenis :

(a) 1-2 gram of picric acid is dissolved in 100 c.c. of water.

(6) 109 caustic soda solution,

{¢) N/2-potassium dichromate solution.4

Procedure. 10 grams of the substance are dissolved in 100 c.c. of dis-
tilled water; to 10 c.c. of this solution are added 15 c.c. of (a) and 5 c.c.
of (b). After five minutes the volume is made up to 500 c.c.

The solution thus prepared is compared in the Duboscq colorimeter
with the 8 mm. layer of the dichromate solution.

The colours are matched as usual and the scale read ; if the thickness
of the layer is 2 mm., the amount of creatinine (x) in a gram of the extract
will be

81 x10

a

If more than 0-016 gram of creatinine is found, the test is carried out
on a solution of double the dilution. The determination should be carried
out as rapidly as possible—in less than half an hour.

10. Determination of the Creatine.—Besides the creatinine, the
creatine also should be determined, the method being as follows :

10 grams of the extract are dissolved in 100 c.c. of very dilute hydro-
chloric acid (about N/3), the liquid being hcated on the water-bath for
four hours and then neutralised with caustic soda. After cooling, the
liquid is made up to 100 c.c., the subsequent procedure being exactly that
followed in determining the creatinine,

t Weyl: Ber. deutsch. chem. Ges., 1878, XI, p. 2175.

2 Jafié: Zeitschr. f. physiol. Chem., 1886, X, p. 399.

3 Baur and Barshall: Zeitschy. Unt. Nahr-Genuss-mittel, 1907, XIII, p. 353.

+ According to the experiments of various authors, this solution exhibits the same
colour as a liquid with a creatinine basis prepared as follows : 0:010 gram of creatinine
is dissolved in a little water and the liquid treated with 15 c.c. of picric acid solution (a)
and 5 c.c. of caustic soda ; it is then left at rest for five minutes and made up to 500
c.c. As regards intensity of coloration, a layer 8:1 mm. thick of this solution corre~
sponds with one 8 mm. thick of N/2-potassium dichromate. In the colorimetric
determination of creatinine, the dichromate solution is sufficient.
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This determination gives total creatinine (that pre-existing -+ that
formed from the creatine by the action of hydrochloric acid), so that the
creatinine from the creatine is obtained by difference ; creatinine X 116 =
creatine.

11. Examination for Yeast Extract.—Yeast extracts contain prin.
cipally marked quantities of xanthine bodies (xanthine, adenine, carnine,
etc.), but, unlike meat extracts, they contain no creatine or creatinine. It
isfhence easy to detect meat extract in mixtures of this with yeast extract ;
the inverse problem, which is the one usually presenting itself, is not so
easy. Of the different methods proposed to meet this case, some of which
are empirical, the only one capable of giving reliable resultsis that of Micko,?
based on the detection of a special substance of the nature of gum, found
only in yeast extracts. This method is as follows:

A portion of the extract is dissolved in three parts of hot water, ammonia
in slight excess being then added. The precipitate formed is filtered off
and the cold filtrate treated with excess of a freshly prepared ammoniacal
copper solution (100 c.c. of 139% copper sulphate solution mixed with 150
c.c. of ammonia solution and 300 c.c. of 149, caustic soda solution).

In presence of yeast extract, a dense precipitate forms and collects
into a compact mass. This precipitate is filtered through linen, thorouglly
pressed, and then dissolved in water acidified with a little hydrochloric
acid, three timcs its volume of alcohol being added to the solution thus
formed. In this way a substance is obtained which, in the dry state, is a
very fine powder; the latter is soluble in water to a clear liquid, shows
adhesive propertics, has the specific rotation [a],= go-1°, and is con-
verted by the action of acid into a fermentable, fecbly dextro-rotatory
sugar able to reduce Fehling’s solution.

With pure meat extracis, the procedure gives no turbidity or precipitate,
whilst an extract containing only 109} of yeast extract gives an abundant pre.
cipitate.

12. Alcoholic Extract, according to Liebig.—Liebig’s original
method for determining the substances insoluble in 809, alcohol, which
has been much discussed, is as follows:

2 grams of the extract arc dissolved in a beaker with go c.c. of water,
50 c.c. of 939 alcohol then being added. The precipitate which forms
adheres strongly to the glass, so that the alcoholic liquid may be readily
poured into a tared dish. The precipitate is washed with 50 c.c. of 809,
alcohol, which is also placed in the tared dish, the whole solution being
then evaporated on a water-bath at about 40° and the residue dried for
6 hours in an oven at 100°.

According to modifications which have been suggested, the precipitate should
be washed at least three times with 809, alcohol and the drying should be more
thorough, a long time (often 35 hours or more) being required for the complete
elimination of the water.

13. Tests for Sugar and Dextrins,—10 grams of the extract are

1 Zeitschy. Und. Nahe~ wnd, Genuss=euitiel, 1904, VILL, 230.
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dissolved in water, boiled to eliminate the albumin, defecated with lead
acetate, excess of the latter removed by means of sodium phosphate, the
volume made up to 100 c.c. with water and an aliquot part inverted in the
ordinary manner. From the polarimetric readings before and after inver-
sion, the saccharose is calculated by Clerget’s formula (see Chapter on
Sugars).

The readings give an indication of the presence or absence of dextrins
and confirmation is attained by evaporating the aqueous solution to a
syrupy consistency, mixing it thoroughly with 959 alcohol, separating
the precipitate and dissolving the latter in water and again treating the
solution with water. The precipitate is then tested for dextrins (se¢ Dextrin,
Chapter IIT of this volume).

1. Tests for Antiseptics.—These are carried out as for sausages
(see p. 6). Particular attention is to be paid to the tests for boric
acid, salicylic acid, formaldehyde and sulphur dioxide, which are more
likely than other preservatives to be present in meat extracts,

Meat extracts should dissolve readily in water giving a clear or only slightly
turbid liquid (pronounced turbidity is an indication that change has occurred) ;
they should contain not more than traces of insoluble or coagulable albuminoids
and should be free from fat, while the ethereal extract should not exceed 1-5%.

The water-content of the solid extracts sold rarely exceeds 219 (mostly
17-209), whilst liquid extracts contain about 659% of water.

The ash of solid extracts amounts normally to about 209, the limits being
17-25%. It is composed mainly of potassium phosphate with small proportions
of sodium and potassium chlondes and calcium phosphate. The phosphoric
acid is partly of organic origin and amounts to 23-38% of the ash. The chlorine,
calculated as sodium chloride, should not exceed 159, of the ash. The potassium
salts, calculated as oxide, vary between 32 and 46% of the ash, or 6-129% of
an extract with the normal content of water (17-21%).

The organic matley of the extract, found by deducting from Ioo the per-
centages of water, ash and fat, amounts to 58-62% and is composed mostly of
albuminoids, of which a considerable part (corresponding with about one-half
of the total nitrogen) has not yet been identified.

Non-nitrogenous ovgamic substances are present in small quantity, the prin-
cipal ones being glycogen (up to 1:5%), inositol, sarcolactic acid, butyric acid,
etc.

The total nitrogen of extracts varies from 8:5 to0 9-:5% ; at least 109, of the
total nitrogen should be in the form of creatine and creatinine, which are the
most characteristic chemical constituents of meat extracts. Albumoses also
are normal components and vary between 5 and 10%, while the proportion of
the total nitrogen in the form of xanthine bases should be 6~9%. The ammonia
should not exceed 0:6% (mean of numerous analyses).

Alcohol of 80% strength (Liebig’s test) should dissolve not less than 569 of
the substance, and usually dissolves 61-64%.

Sugar and dextrins are not present in normal extracts, and the ordinary
preservatives should not be found.
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TINNED MEATS

With these the analysis has the same object as with sausages and meat
extracts, namely, the determination of the nutritive value and the detection
of any adulteration or change. The determinations made, either separately
on the liquid and meat or on the product as it stands, are those of the water,
ash, fat, nitrogen, acidity of the fat, horseflesh, starch, colouring matters
and antiseptics, the methods given under sausages being followed. In this
case special importancé attaches also to the examination of the external
characters of the tin and to the test for metals.

1. External or Objective Characters.—The tin should have more
or less concave ends, indicating that the vacuum has been maintained ;
if the ends are convex and swollen, it may be assumed that the interior
has undergone change.

When the tin is opened, the reaction is tested in different parts of the
product with litmus paper ; the reaction should be faintly acid, any marked
alkalinity rendering the product suspicious. The liquid should be gelatinous
and transparent and its odour and taste and also those of the meat should
be normal and pleasant. The internal condition of the meat is examined,
the colour and consistency of a fresh cut and any formation of gas-bubbles
being noted.

Advanced decomposition is indicated immediately by the smell of
ammonia and sometimes of hydrogen sulphide, and more often by the
unpleasant odour of indole and scatole. Incipient decomposition is detected
by bacteriological examination, which is useful in all cases.

2. Detection of Heavy Metals.—The interior of the mass is examined
with a lens for metallic globules (sometimes entering during soldering),
which should be collected and analysed in the usual way. Qualitative
examination of the interior of the mass for heavy metals is carried out as
follows :

About 50 or 60 grams of the sample, obtained by mixing the contents
of one or more tins intimately with a mincer, are weighed in a porcelain
dish, dried on a water-bath and carefully incinerated. The ash is evaporated
to dryness with concentrated nitric acid and the residue taken up in very
dilute nitric acid and filtered. The residue on the filter is tested for tin
and antimony by the ordinary methods. The filtrate is evaporated to
dryness with conc. hydrochloric acid, the residue being then taken up again
in water acidified with hydrochloric acid and the solution tested for lead,
copper, zinc, etc.

3. Determination of the Copper and Zinc.—One or more tins are
emptied into the feeder of a mincing machine and the whole thoroughly
triturated, roo grams being then dried in an oven and carefully incinerated
and the ash heated with excess of conc. nitric acid and evaporated on a
water-bath until the acid is completely expelled. The residue is heated
with distilled water and a drop of dilute nitric acid, the liquid being filtered
and any carbonaceous residue on the filter well washed with water.

The filtrate is evaporated on a water-bath to about 50 c.c. and then

A.C—IIL 2
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diluted with its own volume of absolute alcohol and acidified with excess
of dilute sulphuric acid, which precipitates the lead as sulphate. After
1-2 hours, the precipitate is collected in a Gooch crucible, washed with
alcohol until the filtrate is neutral, dried, heated in a roomy porcelain
crucible in an air-oven and weighed : PbSO, X 0-683 = Pb.

The filtrate from the lead sulphate is evaporated on a water-bath until
the aloohol is eliminated and the copper then determined either electro-
lytically (see Vol. I, p. 230) or as sulphide by Rose’s method.

4. Arsenic.—350 grams of the minced sample are weighed into a
round-bottomed flask and heated over a naked flame with 10 c.c. of con-
centrated sulphuric acid; when the mass becomes dense, 30 ¢.c. of the
same acid are added, the heating being continued and further small quan-
tities of acid added until the liquid is completely decolorised. When cold,
the solution is poured carefully into 150 c.c. of cold water, the resulting
liquid being filtered and the filtrate tested for arsenic in the Marsh apparatus
(see later, 5, b) and also for any other metals (zinc, nickel, etc.).

To destroy the organic matter and to test subsequently for arsemc
zinc, etc., Gasparini’s method ! may be followed with advantage :

50 grams of the substance are completely covered with pure con-
centrated nitric acid in a tall, wide beaker, which is covered with a large
clock-glass perforated by two holes arranged symmetrically and 6-7 cm.
apart. Through the holes pass two glass rods with sheet platinum elec-
trodes at the ends, these being connected with the outside by platinum
wires passing along the glass rods. The electrodes are bent at right angles
to the rods and one lies at the bottom of the beaker and the other just
below the surface of the nitric acid. The substance is left in contact with
the acid for somne hours, the current bemng then applied: 4-6 amps. at 8
volts. The passage of the current is continued until the hiquid becomes
clear and bluish and the layer of fat, which soon nses to the surface, is
considerably reduced in volume. After cooling, the layer of fat is separated
by filtration and washed by heating repeatedly with water acidified with
nitric acid, shaking, allowing to cool and filtering by decantation. The
wash waters are added to the filtrate and the whole evaporated to dryness
in a porcelain dish. Theresidueis taken up in water and the clear, yellowish
hquid thus obtained tested for arsenic in the Marsh apparatus.

5. Test of the Tinning of the Metal.—Tests are made especially for
Jlead and arsenic in the internal tinning,

(@) LEaD. Part of the tin free from solder is cut with shears, and the
tinned part washed with alcohol and ether and dried. Two or three drops
of concentrated nitric acid are dropped upon it, the part treated being
gently heated after a minute or two until all the acid is driven off. When
cold, the white spot is moistened with 59, potassium iodide solution ; in
presence of lead, a yellow coloration, due to lead iodide, is formed. With
this procedure, if the tinning is very slight, the nitric acid may attack the
iron beneath the layer of tin, so that a coloration may then be given owing
to the formation of ferric iodide; in such case the presence of lead should

be confirmed, thus:

1 Gazzetla chimica italiana, 1905, i, p. 501,
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Another portion of the tin, prepared and washed as above, is treated
with nitric acid diluted with an equal volume of water and heated almost
to boiling. This treatment is carried out in a porcelain dish by pouring
the hot acid on to the tinned part of the metal, which is rubbed with a glass
rod fitted with a band of rubber; after mixing, the metal is removed and
washed with a little water, the acid liquid being evaporated to dryness.
The residue is taken up in water rendered very faintly acid with nitric
acid, the stannic acid being removed by filtration and the filtrate treated
with slight excess of ammonium sulphide and heated almost to boiling.
Any precipitate formed is collected on a small filter, washed, and dissolved
in a little dilute nitric acid, the solution being evaporated to drymess, the
residue dissolved in hot water, and a few drops of potassium chromate
solution added: in presence of lead, a yellow precipitate (lead chromate)
is obtained.

For the quantiative determination of the lead, the method given for
tin-plate (see Vol I, p. 256) is followed.

(b)) ARSENIC. A certain quantity of the tin, as free as possible from
the metal beneatl, is scraped off and evaporated to dryness with pure nitric
acid free from arsenic, the residue being taken up in a little pure sulphuric
acid and heated until white fumes disappecar. When cold, the liquid is
diluted with 2-3 volumes of distilled water and tested for arsenic in the
Marsh apparatus.

Marsh’s method for testing for arsenic is based on the fact that, under the
action of nascent hydrogen, all arsenical compounds are transformed into
hydrogen arscnide, which is decomposed with deposition of arsenic when
heated.

The apparatus used takes several different forms, one of the simplest
consisting of a two-necked Wolff’s bottle, a thistle funnel being fitted into
one neck and a gas delivery tube, connected with a calcium chloride tube,
into the other. Beyond the calcium chloride tube is a hard glass tube,
40-45 cm. long and 5-6 mm. in diameter, drawn out at a certain position
to a narrow, pointed tube.

When the apparatus is assembled, the Wolff’s bottle is placed half in
cold water and is charged with pure zinc and dilute sulphuric acid (1 part
of conc. acid + 4-5 parts ¢f water), the evolution of hydrogen being allowed
to proceed until all the air is expelled from the apparatus. The hard glass
tube is then heated to redness with a bunsen flame about 10 cm. wide to
ascertain if any shining grey or black ring forms at the constricted part ;
if not, the frcedom of the zinc and acid from arsenic is presumed and the
actual test made.

To this end, the action of the zinc on the acid is npt interrupted, but
the solution to be examined is introduced into the apparatus by way of
the funnel in small portions at intervals of about o minutes. If arsenic
is present, a brownish and then shining black ring soon develops fn the
narrow tube at a short distance from the heated point, the intensity of the
deposit increasing with the amount of arsemic present,

Under proper conditions—the tube being heated to.redness, the evolu-
tion of gas slow and regular, and the addition of the liquid gradual—the
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decomposition of the hydrogen arsenide will be complete and the whole
of the arsenic will be found deposited in the tube. The weight of the arsenic
may be determined by cutting off and weighing the portion of the tube
containing the ring and then dissolving the latter in nitric acid and again
weighing the dried tube.

In most cases the amount of the arsenic is not required ; after the ring
has been obtained, the heating may then be discontinued and the issuing
gas ignited at the end of the tube. If the quantity of arsenic is not very
small, the flame assumes a livid, violet colour and an alliaceous odour is
emitted, while a shining brownish-grey or black spot forms on a piece of
porcelain held in the flame. The porcelain should be moved from time
to time to avoid excessive heating and consequent volatilisation of the
arsenic, several spots being obtainable in this way.

It is advisable to make sure that the rings and spots consist of arsenic
and not of antimony : this may be done:

(1) By treatment with calcium or sodium hypochlorite solution, which
dissolves arsenic stains readily, whereas antimony is dissolved only after a
long time.

(2) By treatment with concentrated sodium nitroprusside solution,
in which arsenic is insoluble, while antimony is soluble.

(3) By treating the spot with hot nitric acid, evaporating to dryness
on a water-bath, dissolving the residue in two drops of water and adding
ammoniacal silver nitrate solution (2 or 3 drops): in prescnce of arsenic
a brick-red precipitate of silver arsenate is formed.

Marsh’s method is extremely sensitive, being capable of detecting o-oor
milligram of arsenic.

6. Examination of the Solder from the Tin.—The solder to be
examined is that found in the inner part of the tin. It is either cut from
the tin and then melted or heated by means of a bunsen flame until it drops
into an unglazed porcelain crucible, in which it is fused to a homogeneous
button. In this the lead is determined by one of the following methods.:

() DETERMINATION BY THE SPECIFIC GRaviTY. If there is :.ufﬂa%:
of the alloy (about a gram), the latter is hammered to remove any internal
irregularities or spaces, and its specific gravity then measured by the usual
methods. If the value found equals or exceeds 770, the alloy contains
more than 109 of lead; if it is between 7-60 and 770 (which indicates
10-15% Pb) it is advisable to determine the lead quantitatively ; if it is
less than 7-60, the alloy certainly contains below 109, of lead.*

This method, bajéi}u/fhe variability of the specific gravity of tin-lead
alloys according to ir composition, is rapid and gives approximately the
proportion of thgléad.

(6) QuaNTITATIVE DETERMINATION OF THE LEAD. The procedure is ag
givepfor lead-tin alloys (see Vol. I, p. 258).

7. Examination of the Rubber.—If rubber rings are used for closing
the tins, they should be examined for lead, zinc, and other metals.

1 S. Grimaldi: Staz. sper. agrar. italiane, 1904, p. 1026 ; G. Giusti: idem, 1g03,
p. 820,
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The rubber is incinerated, the ash treated with a small quantity of
nitric acid and boiling water, the liquid filtered and the filtrate analysed
by the usual methods.

For a more exact examination the procedure is as follows :

About 2 grams of a mixture of sodium carbonate and potassium nitrate
are melted in a porcelain crucible and about 1 gram of the substance, finely
cut, gradually added to the fused mass. When cold, the mass is heated
with water and the clear liquid decanted off, the residue being subsequently
boiled with two separate quantities of 50 c.c. of water and filtered. The
lead and zinc are left as carbonates and, after solution in acetic acid, may
be identified in the usual way. The presence of zinc is also shown by the
yellow colour of the hot, fused mass.

For the detection of antimony and mercury, see Vulcanised Rubber, 5
(Chapter XI, this volume).



CHAPTER 1II
MILK AND ITS PRODUCTS

Milk yields principally the two highly important products, butter and
cheese ; both of these and also milk itself, including preserved and condensed
milks, are dealt with in the present chapter.

MILK

Milk is an aqueous and partly colloidal solution of casein, albumin,
lactose and mineral salts, intimately emulsified with fatty substances.!

The milk which forms such an important article of diet and for which
analysis is most frequently required is that of the cow.

Its most common adulterations consist of dilution and removal of cream.
It may also be mixed with various extraneous substances (occasionally
flour, starch, dextrin, albumin, etc.) or treated with antiseptics (boric
acid, borax, salicylic acid, formaldehyde, benzoic acid, fluorides, hydrogen
peroxide, etc.) to make it keep, or with alkaline salts (sodium carbonate or
bicarbonate) to hinder or correct for fermentation. Analysis of milk
includes, therefore, the following determinations :

Sampling and Storage of the Sample.—Before analysis, the sample
should be well mixed, either by pouring it repeatedly from one vessel to
another, but avoiding the formation of froth, or by stirring it vertically,
slowly and without beating it, with a rod fitted at the end with either a
perforated disc or a metal bucket.

If sampling is not followed immediately by analysis, the sample mustbe
treated witha preservative, but not suchas to falsify the analytical results :
use is made of 109, potassium dichromate solution, formaldehyde, hydrogen
peroxide, alcoholic solution of phenol, mercuric chloride (about 5%, solu-
tion), etc., a few drops being added. The last of these preserves milk very
well for several days without altering its composition or disturbing the deter-
minations, but its poisonous character necessitates precautions.

1, Objective Characters.—Note is made if the milk has the normal
pleasant taste and smell: if it is bitter, acid, soapy, salty (altered); if
it has the normal opaque white colour and is not yellowish, reddish or bluish
(altered). Its reaction to litmus paper should be amphoteric.

! Another definition of milk, based on its origin, is as follows : Milk is a liquid
secreted by the mammary glgnd, as a result of uninterrupted and complete milking
calthy animals, at least eight days after parturition (Fascetti: Caseificio, P- 36).

22
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2. Specific Gravity,—This can be determined in the usual way, with
the Westphal balance, the picnometer, or the densimeter, at 15°. The
following procedure is the most common and is carried out on the milk as
it stands or on the whey.

() On THE MiLk: Use may be made of Quevenne’s
lacto-densimeter, which is a hydrometer (Fig. 1) with the
stem divided into 29 parts between 14 and 42, each division
corresponding with 0-00I above unity ; thus the division 32
indicates the density 1-032. It is furnished also with a
thermometer, the scale of which is usually prolonged above
the graduated stem. The latter carries two conventional
graduations showing approximately the quantity of water
added to the milk in correspondence with the density indi-
cated; the yellow scale is used for the whole milk, and the
blue one for milk free from cream. At a temperature of
exactly 15°, the densimeter gives the true density of the
milk, but for other temperatures use is made of tables of
corrections, one for the whole milk and another for skim
milk ; if the temperature is not very far from 15° (not more
than about <4 5°), 0-0002 (or 0:2° on the lacto-densimeter)
may be added to or subtracted from the density found for
each degree of temperature above or below 15°.

The well-mixed milk is poured into a glass cylinder
standing on a flat surface so that no froth is formed and the
lacto-densimeter introduced into the middle of the liquid.
After two minutes the specific gravity is read off, the ob-
server looking along the free surface of the milk and at .
right angles to the graduated stem. F16. 1

This method is easy and rapid and very useful as a preliminary; it also
serves as a good guide for inspectors charged with taking samples of milk, It
may, however, lead to erroneous conclusions when it is not known if whole
or skim milk is being dealt with.

(6) IN THE WHEY : 150 c.c. of the milk are heated to 40-50°, 2 c.c. of
a very concentrated solution (D 1-030-1-032) of tartaric acid in 859, alcohol
being added ; the heating is then stopped, the liquid stirred with a glass
rod to collect the coagulum and filtered through a fine linen or woollen
cloth. The filtered whey is poured into a cylinder, left to cool in the air
or immersed in cold water, and the density determined at 15°.

3. Dry Solids.—These are estimated as follows :

(2) DIRECTLY. I0 grams of the milk are weighed in a flat porcelain,
nickel or platinum dish about 70 mm.in diameter, evaporated to dryness
on a water-bath, and the drying finished in an air-oven at roo-I105° for 2}
hours : (weight obtained) X I0 == percentage of total solids.

In the Italian Official Method (:1905), the milk is mixed, before evaporating,
with about an equal weight of paper, previously dried and extracted with petro-
leum ether, er a somewhat greater weight of powdered pumice.
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(b) InDIRECTLY. The percentage of total solids (x) is given by Fleisch-

mann’s formula :
= T2 + 2665 22 1% ; oo
where g == percentage of fat and p == speafic gravity of the milk.

The trouble of calculation may be avoided by the use of suitable tables
such as that of Siats or by Ackermann’s metal disc calculator.

4. Solids not Fat.—This is the difference between the percentages of
dry solids (x) and fat (f).

5. Fat.—This may be determined either volumetrically or gravimetri-
cally.

(@) VoLuMETRIC METHODS. These are based on the mechanical separa-
tion of the fat by suitable means, of which that most commonly used is
Gerber’s acido-butyrometer ; the procedure is as follows :

Reagents : (1) Pure sulphuric acid (D x-820-1-825 at 15°).

2. Pure amyl alcohol (D 0-815-0-818), b.pt. 124-130°, which is tested
by a blank experiment.

Apparatus : (a) Butyrometer with a single aperture (see Fig. 2),
graduated so that each division corresponds with 19, of fat in the milk,

(b) Pipettes : I c.c. for the amyl alcohol, 11 c.c. for the milk,and 10 c.¢,
for the sulphuric acid.

(c) Centrifuge, consisting of a circular disc (see Fig. 3), fitted with a

ol b \gf S ah g LY. |
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cover and with metal clips for the butyrometer tubes and rotatable by hand

or mechanically. "
Procedure. Into the butyrometer tube 10 c.c, of the sulphuric acid and

then 1 c.c. of the amyl alcohol are pipetted ! without mixing; as quickly

! The glass apparatus used should always be well cleaned with 109, caustic sods
-on.
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as possible 11 c.c. of the milk are next introduced, the tube being closed
with a rubber stopper and well shaken. This causes marked heating and
dissolution of the albuminoids of the milk in the acid. The tube is then
left in a water-bath at 65—70° for about ten minutes, after which it is dried
and fitted in the centrifuge and rotated for 2 minutes and left in the water-
bath again for 4-5 minutes. The volume of the fat collecting at the top
of the liquid, as shown on the stem of the tube, gives the percentage of fat
in the milk.

With skim milk the centrifugation and preceding heating should be
repeated several times and specially exact butyrometers (see Fig. 4) should
be used, with the upper part of the tube only {}; or 1} as large as usual.

(6) GRaVIMETRIC METHODS. In these the fat extracted from the milk
by a solvent is weighed.

According to Rose and Gottlieb, 10 c.c. of the milk and 2 c.c. of ammonia
(sp. gr. 0:g6o : about 95 NH; per 1,000) are treated in a 100 c.c. cylinder,
graduated to o5 c.c., with 10 c.c. of 959% alcohol. The cylinder is closed
and its contents thoroughly mixed by repeated inversion and shaken after
addition of 25 c.c. of anhydrous ether and again after addition of 25 c.c.
of pure petroleum ether (b.pt. 60°). After an hour’s rest, as Jarge an aliquot
part as possible of the ethereal fat solution—which must be quite clear—is
extracted by means of a pipette or small syphon or otherwise, the volume
before and afterwards being read off. The solution removed is carefully
evaporated in a tared vessel on a water-bath and the residue dried at 100°
and weighed : the weight gives the amount of fat in the aliquot part of the
solution removed.

According to the Official Italian Methods (1905), the fat is estimated, besides
by the above acido-butyrometer, also by weighing, 10 grams of the milk being
mixed with 5 grams of paper pulp, dried (see 3, above), extracted in an
extraction apparatus with ether and the residue from the ethereal solution
dried for 4—5 hours at 100°.

6. Nitrogenous Substances.—These consist mainly of proteins
(casein, albumin) and to a small extent of other substances (lecithin, etc.).
They may be determined together or separately from the nitrogen estimated
by the Kjeldahl-Ulsch method (Vol. I, p. 122):

() ToTAL NITROGENOUs SUBSTANCEs. 20 grams of the milk are
evaporated to drymess in a Kjeldahl flask by immersing the latter in a
water-bath, the residue being then heated with 20 c.c.of the phosphoric:
sulphuric acid mixture and a drop of mercury: nitrogen X 6-37 = total
nitrogenous compounds.

(b) CasEIN. 20 grams of the milk are diluted with 8o c.c. of
saturated magnesium sulphate solution and the mixture thus obtained
completely saturated with solid magnesium sulphate; the precipitate
formed is filtered off and washed 7 or 8 times with saturatéd magnesium
sulphate solution, the nitrogen contained in it being then estimated by the
Kjeldahl method : mnitrogen X 6:37 = casein.

(c) ALBUMIN. Determined indirectly by deducting the casein from the
total mitrogenous substances,

According to the Official Italian Methods (1905), the total proteins of the
milk are determined by evaporating 5-xo grams of the milk to dryness in a
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flask, treating the residue with 20 c.c. of phosphoric-sulphuric acid mixture
and 1 gram of copper oxide, determining the nitrogen in the usual way and

multiplying by 6:37.

7. Lactose—zo0 grams of the milk, in a 100 c.c. measuring flask,
are dilated with about 60 c.c. of water, heated on a water-bath, treated
with 3-4 drops of concentrated acetic acid, shaken and heated until the
albuminoid matters are separated, these carrying down also the fat ; after
cooling to 15° the liquid 15 made up to the mark with water, shaken and
filtered. In the filtrate the lactose is determined by means of Fehling’s
solution (5 c.c. of copper solution, 5 c.c. of alkaline tartrate, 40 c.c. of water)
as described in the chapter on sugars, the liquid being boiled for 6 minutes.

The percentage of hydrated lactose () is given by:

- 676 X5 _ 338
T e’

!

where # is the number of c.c. of sugar solution used.

8. Ash.—In a platinum dish on a water-bath 25 grams of the milk
are evaporated to dryness and the residue carefully charred over a naked
flame, the carbon being extracted with hot water and then completely
burnt in the same dish. The liquid from the lixiviation is added and the
whole evaporated on a water-bath, dried and calcined until quite white,
the percentage of ash then being calculated.

A more rapid method is as follows: 10 grams of the milk plus a few
drops of acetic acid are evaporated to drymess in a platinum dish and the
residue incinerated and calcined at a dull red heat.

9. Acidity.—50 c.c. of the milk are titrated with N/4.sodium
hydroxide solution in presence of 2 c.c. of 29, alcoholic phenolphthalein
solution : the number of c.c. of N/4-soda necessary to neutralise 100 c.c.
of the milk represents the degree of acidity of the milk.

Coagulated milk should be filtered, the coagulum washed with water
and the filtrate titrated.

If it is desired to express the acidity of milk as lactic acid, the degree
of acidity is multiplied by o0-0225.

10. Special Investigations.

(a) TesT FOR REDUCTASES. This serves, within certain limits, to indi.
cate the purity and the extent to which the milk has kept good, the reducing
power of milk being proportional to the number of micro-organisms present.

Into a test-tube are poured 40 c.c. of the milk and 1 c.c. of methylene
blue solution (hydrochloride of the leuco-base of methylene blue) obtained
by diluting 5 c.c. of concentrated, alcoholic, methylene blue solution with
water to 200 c.c. The test-tube is kept in a water-bath at 38-40° and note
taken of the time necessary to produce decoloration, the upper part of the
milk in the tube being neglected. The conclusions to be drawn are:

1. Very bad milk : colour not maintained for more than 20 minutes,

2. Bad milk: colour maintained from 20 minutes to 2 hours.

3. Medium quality milk : colour maintained 2—5% hours.

4. Good milk : colour maintained more than 5} hours.

(b} Cryoscoric INDEx. Use is made of Beckmann’s apparatus (see
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Fig. 5), which is generally employed for determining the freezing points of
solutions. It consists of a tube furnished with a stirrer and with a very
exact thermometer, divided into hundredths of a degree. This tube, con-
taining the milk, is placed in an air-jacket and this in a vessel furnished
with a stirrer and a thermometer and charged with a freezing mixture (34
parts of ice and 1 part of salt).

Sufficient of the milk, cooled to 0°, is placed in the tube to cover the
thermometer bulb to a depth of about 1 cm. and stirred until the mer-
cury ceases to fall, note being then made of the temperature, which is some-
what below the freezing point. After the tube has been withdrawn from the
freezing mixture and warmed with the hand until the bulk of the ice formed
has melted and the temperature has risen 0'5—0°6°, the
experiment is repeated with constant stirring, the freezing
point being taken as the lowest temperature then reached
by the thermometer. Itis, however, more usual to regard
as the freezing point, not the lowest temperature shown
by the thermometer, but that at which the thermometer
remains constant for some time, this being rather higher
than the point of greatest cooling.

The cryoscopic index is always determined on fresh
milk, as it is influenced by the acidity of the milk, by
heating it and by the addition of preservative or saccha-
rine substances.

(c) CorNaLBA CONSTANT (fotal soluble matter). The
dry residue of the milk is determined by evaporating 3-4
grams on a water-bath and then in a steam-oven to con-
stant weight (about 4 hours), the result being referred to
100 grams of the milk. Next, 20 c.c. of the milk, diluted
with 80 c.c. of water, are precipitated in the cold with
c.c. of 109, acetic acid, the liquid being filtered after
some hours through a tared filter and the precipitate washed with 100-150
c.c. of water and dried in an oven to constant weight. The net weight of
the precipitate is multiplied by 5 and the result, which represents the total
undissolved constituents of the milk, subtracted from the dry residue to
obtain the total soluble matter.

(@) REFRACTOMETRIC DEGREE OF THE WHEY. This is determined as
follows ' : A solution of calcium chloride is prepared which has exactly
the specific gravity 1'1375 (corresponding with about 169} CaCly) and
which, diluted 1 : 10, gives a refraction of 26° at the temperature 17-5°.
In a special thin glass tube 30 c.c. of the milk and 025 c.c. of the calcium
chloride solution are shaken vigorously, the tube being then closed with a
suitable condenser and immersed in a boiling water-bath for 15 minutes.
The tube is then left in water at about 17-5° until it assumes that tem-
perature, the small quantity of water condensed in the upper part of the
tube or in the condenser being united to the rest by carefully shaking, turning
and slanting the tube. The whole is then poured into a small beaker and,

F1G. 5

3 Ackermann : Zedtschy. Unt. Nahr. wund Genuss-muftel, 1907, 1, p. 186,
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without filtering, the whey examined in an immersion refractometer (e.g.
Zeiss’s) to determine its refractive index.

11. Preservatives and Antiseptics.—The most common preservatives
are tested for as follows:

(@) SALicyLic Acip. 100 c.c. of the milk are shaken with 100
c.c. of hot water (60°), 8 drops of acetic acid and 8 drops of mercurous
nitrate solution and filtered, the filtrate being shaken with 50 c.c. of a
mixture of ether and petroleum ether in equal volumes. The ethereal
layer is then separated and the solvent evaporated, the residue being dis-
solved in a little water and treated with a few drops of a recently prepared
0'05% ferric chloride solution: a violet coloration indicates salicylic
acid.

() BoriC Acip AND BoRAX. 100 c.c. of the milk, rendered alkaline
with sodium carbonate solution, are evaporated to dryness and the
residue incinerated, the ash being moistened with hydrochloric acid and
tested with turmeric paper: a red coloration indicates boric compounds.

(¢) Soprum BrcarBONATE. This is detected by the distinct alkalinity
of the milk, by the marked presence of sodium phosphate in, and the pro-
nounced alkalinity of, the soluble part of the ash. If 5-10 c.c. of alizarin
solution (0-2 gram per 100 c.c. of g09, alcohol} are added to 100 c.c. of the
milk, a distinct red coloration is obtained in presence of sodium carbonate
or bicarbonate, whereas pure milk gives a yellowish colour.

(@) FORMALDEHYDE. 100 c.c. of the milk are distilled with 1 c.c.
of dilute (1 : 3) sulphuric acid, the first 2025 c.c. of distillate being tested
for formaldehyde as follows:

I. About 15 c.c. of the distillate are treated with 1 c.c. of aqueous 49
phenylhydrazine hydrochloride solution, 3—4 drops of freshly prepared
0:59%, sodium nitroprusside solution and sufficient concentrated caustic
soda solution to render the liquid alkaline: an intense blue coloration
gradually, and especially on heating, changing to red, indicates formaldehyde.

2. To 10 c.c. of the distillate are added a small quantity (about o-1
gram) of peptone and then a drop of 5% ferricichloride solution and 10
c.c. of conc. sulphuric acid, which is allowed to flow gently down the side
of the tube so as to form two layers : a violet-blue ring forms between the
two layers in presence of formaldehyde.

(¢) Fruoripes AND FLUOBORATES. About 200 c.c. of the milk are
evaporated to dryness with lime and the residue incinerated, the ash being
treated with water containing about 59 of acetic acid, which will dissolve
any calcium borate present owing to addition of fluoborates to the milk.
In the acetic acid solution, boric acid is tested for as previously described.

The residue from the treatment with acetic acid is again incinerated
together with the filter, the ash being mixed with precipitated silica or
calcium silicate or even finely powdered sand and introduced into a platinum
crucible; the mass is then moistened with a little concentrated sulphuric
acid and the crucible immediately covered with a glass plate having a drop
of water on its lower side. In case the ash contained fluorine compounds,
there will appear, after a few moments and without heating, a deposit of
silica on the edges of 'the water-drop.
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The residue from the treatment with dilute acid mayi alko-be tested for
hydrofluoric acid by the ordinary glass-etchingy nrr}:;thqd. .

{(f) BEnzorc Acip. From 250-500 c.c. of thégmilt are evaporated , @iﬂi
a few drops of barium or calcium hydroxide to %m;t_%%@@‘f)ﬁ.&s'
volume, powdered calcium sulphate being then added and the evaporation
continued to dryness. The residue is finely powdered, moistened with a
little dilute sulphuric acid and extracted three or four times with 509,
alcohol. The combined alcoholic extracts are neutralised with barium
hydroxide, evaporated to small volume, acidified with dilute sulphuric acid
and extracted with ether; evaporation of the latter leaves almost pure
benzoic acid, which may be identified by converting it into benzaldehyde
or salicylic acid and testing for these by their specific reactions (see Meat,
Pp. 9 and 10).

(¢) HYyDROGEN PEROXIDE. This preservative disappears after a few
hours, being decomposed by the milk, so that the reactions will not give
positive results if a long time has elapsed since the addition.

1. To 10 c.c. of the milk are added three drops of a solution of 1 gram
of recently precipitated vanadic acid in 100 c.c. of dilute sulphuric acid :
a red coloration forms in presence of hydrogen peroxide.

2. To 10 c.c. of the milk are added 15 c.c. of raw milk known to be
genuine and 3 drops of aqueous 29, paraphenylenediamine solution (freshly
prepared) : a blue colour appears in presence of hydrogen peroxide. This
reaction is highly sensitive.

12. Detection of Boiled (Sterilised) Milk.

I. The milk is allowed to coagulate spontanéously or is treated with
acetic acid, and then filtered, the clear filtrate being heated : if the liquid
is rendered turbid in this way (by coagulation of albumin), the milk has
not been boiled or indeed heated above 85°

2. Solutions are prepared of (2) I gram of paraphenylenediamine in
50 c.c. of water and (b) 19, hydrogen peroxide solution, diluted with five
times its volume of water and acidified with a few drops of very dilute
sulphuric acid (1 c.c. of the conc. acid per litre). From 5 to 10 c.c. of the
milk are treated with a drop of (§) and 2 drops of (). With raw milk or milk
which has not been heated above 78°, an intense bluc coloration is formed
immediately. With milk previously heated to 78-80° a bluish-green
coloration forms after a few moments. Milk heated above 80° gives no
coloration, or at most a scarcely perceptible violet.

3. To 1 volumeof the milk are added 1 volume of aqueous 19, guaiacol
solution and a drop of hydrogen peroxide: raw milk gives a garnet-red
coloration, which is not obtained with boiled milk.

***

Pure, sound milk should have the normal colour, taste and smell} it should
contain no extraneous substances, antiseptics or other preservative agents
and should contain no pathogenic micro-organisms, which are detectable by
bacteriological examination and by the behaviour towards the réductase test
(see 10. a). .

As regards the more common forms of adultération. which consist in :
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1 Addition of water,
2. Removal of cream,
3. Addition of skim milk,
4. 1 and 2 together,
use is made principally of the determinations of the specific gravity of the milk
and of the whey, the fat and the solids not fat ; in case doubt still remains as
to the genuineness of the milk, especially as to the presence of added water,
the cryoscopic index, refractometric degree of the whey and the total solids may
be determuned.

In order to decide 1f a milk has been watered, the health authorities of Italian
municipalities usually rely on the specific gravity, the fat and the solids not
fat ; some use also the specific gravity of the whey, and very few the cryoscopic

index. The standards adopted by certain of these authorities are given in
Table I:
TaBLE I
. . . Total Sohds
Muniipatcy. | S7oehe Gty | Speate Gty | Dey | Fat % | ot Fat.
% >

Ancona 1°:029-1-034 1027 12 3 —_
Bologna 1°0275 — 1175 3 8:75
Brescia — — 12:50 350 9
Cagliari . 1°029—-1'033 — 12-125| 2°50 —
Florence . 1:029-1-034 1-027 — 3 —
Genoa. . — 12 3 9
Leghorn . 1°028-1'033 1-026-1:027 12 290 —
Lodi . 1:030-1'034 1-027 1225 3+50 875
Milan . — — 12420 3:20 9
Naples . . . — — 12 3 9
Palermo . . .| 1029-1034 1027 — 3 —
Reggio (Emlio) } 1-031 — 12:25 325 9
Rome .| 10290-1-034 1-027 12 3 9
Turin . — — 12-50 3+50 9
Venice — — 11-50 3 85
Verona — — 12°50 350 9

For a normal pure milk, the following mean data may, in general, be accepted ;

(@) Specific gravity at 15° C. = 140315
(b) Fat, % == 3°50
(¢) Total sokids, % u= 12025
(d) Solids nmot fat, % = 890
(e) Specific gravity of the whey at 15° = 1:027
(A Cryoscopic index = 0555
(8) Soluble matiey, % = 615
(k) Refractometric index of the whey == 39°
Further,

Ash, % = 0:7-0-8
Lactose, % == 4470

Nitrogenous substances, %
Skim wmilk should contain 1-1-59% of fat, while that containing less than
1% would be separated milk ; in either, the solids not fat should be at least
9%. and the specific gravity of the whey 1-027.

1 Cryoscopic constant, 0°55°,

3—4 (casein 3, albumin o-5).
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From the himits given above, 1t follows

1 Additon of water lowers a, b, ¢, d, ¢, g and 4, while 1t brings f nearer to o®

2 Removal of cream o1 addiiron of skum wilk 1a1ses @, dimimmshes b and ¢,
and may leave 4, ¢, f, g and % unchanged

3 Watering and removal of cream together dimimsh b, ¢, d, ¢, g and % and
bring f nearer to 0°, while 2 may remam unchanged

The hmits given are, of course, not absolute Pure milks may be found
of somewhat abnormal composition, the latter depending on the period of lacta.
tion, the age of the amumal and 1ts food, the time of milking (e g, a cow mlked
three times a day gives in the evening a rmulk 11cher 1n fat than in the moining),
etc In certamn doubtful cases, therefore, 1t 1s necessaiy to compare a suspected
mulk with milk fiom the same animals , 1n such case the milking must be carned
out mn the same manner and at the same time, if possible after 24 hows, but
never more than 3 days after the suspected milk was obtamned

The extent of adulteration may then be deterrmuned by means of varous
formulae, 1In which

a ==added water, 1n 100 parts of watered mulk

4 ==water added to 100 parts of pure milk

s ==fat removed from 100 parts of pure milk

v, == percentage of sohds not fat in pure milk

7, == peicentage of solids not fat m mlk considered adulterated

g1 == peicentage of fat in pure milk

g, == percentage of fat in milk considered adulterated

! ==100 - a == pure milk per 100 of watered mlk

== quantity of milk considered adulterated
; = specific gravity of pme milk

P, ==specific gravity of mik considered adulterated

1 Addion of water

This may be calculated by Herz’s formula from the solids not fat

g o= 100 (ry — 79
L#!
4 . 10O (g — 72)
£
It may be calculated also from the fat

a == 100(1 — g_).
&1,

Or from the specific gravities
PL— P2
a = q _— -
pr—1

The latter formula 15 equvalent to

where 4, and d, express, for the pure and suspected mulks iespectively, the
mdications of the Quevenne lacto-densimeter, that 1s, the excess of the specific
gravity in thousandths above umty.

2 Removal of cream

This may be calculated by means of the following formula :

iz gy g, + 5281 €2
100

3 Watering and vemoval of cveam
The removal of cream 1 watered milk may be calculated by means of the

formula :
(IOO _&h »‘l Ioog)(g1 i »‘lIoog,)
S=g - :

100
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PRESERVED MILK

Milk is sold preserved in 1ts natural state, ie pasteurised or stevilised
and even frozen }; also condensed, with or without addition of sugar, and
also in the form of cakes and powder.

Pasteurised or sterilised milk is recogmsed by the tests already given
(p. 29) ; it has the same composition as natural milk, and should not contain
antiseptics or other preservative agents.

Condensed milks are mostly condensed to one-third of their volume.
Their composition varies somewhat, atcording to the degree of concentra-
tion and to the addition of sugar (see later). Good products should be
slightly yellowish, should have no unpleasant smell or cheesy flavour and
should be homogeneous and show no clots, fat drops or crystals (lactose).

Condensed milk 15 usually sold in soldered tins. The analysis should
be made immediately after opening, since such products readily change,
especially when little or no sugar has been added. Of special importance
are tests for antiseptics and other preservatives (se¢e Milk, No. 11) and
heavy metals, and bacteriological examination.

Mk in cakes or milk powder consists of milk reduced by special methods
to the dry state: the former often contains added sugar.

Analysis of these products includes the determinations indicated for
natural milk and is carried out by the methods already given, the products
being well mixed and diluted with water to bring them approximately to
the concentration of natural milk (about 129, of dry matter).

With products prepared with addition of sugar, determinations of the
saccharose and other sugars, i.e. of the lactose and of the invert sugar which
may be formed by the inversion of the saccharose, are carried out by the
following methods.

Determination of the Sugars in Condensed Milk.—As soon as the
tin is opened, the milk is thoroughly mixed to render it homogeneous and
40 grams 2 weighed in a dish and then washed into a 200 c.c. flask, the dish
being washed with boiling water. The solution is diluted to about 180 c.c.
with boiling water, heated for a few minutes on a water-bath, treated with
10-15 drops of concentrated acetic acid to coagulate the albuminous sub-
stances, shaken for some minutes until the coagulum separates well and
then cooled rapidly. Next, 10 c.c. of basic lead acetate solution are added
and, after a quarter of an hour, 20 c.c. of saturated sodium sulphate solution.
The solution 1s then made up to the mark with cold water and 4 c.c. of water
added to compensate for the volume of the precipitate? ; the whole is well
shaken, allowed to deposit and filtered through a pleated filter.

1 With frozen milk it should be borne in mind that the analysis must be made on
3 sample representing the whole mass; otherwise the results may be quite erroneous.

2 For milk in cakes or powder, 20 grams suffice, this being allowed for in the calcu-
lations, which in the text are given for 40 grams of substance.

# The amount of water indicated represents the mean of numerous determinations
made on many samples of condensed milk and is accurate in most cases.

With condensed milks containing much fat (not de-creamed) it may be useful to
verify the volume oecupmdbythecoagulum ‘I‘othwendmgramsandzogmms
of the milk are treated as above in two 200 c.c. flasks, the indicated amounts of basic
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The filtrate serves for the different determinations as indicated below.
The polarisation before and after inversion is determined, and also the
reducing power. From the two polarisations the saccharose is calculated
according to Clerget’s method ; the saccharose is also calculated by Girard’s
method, i.e. from the polarisation found directly, diminished by that due
to the reducing sugar calculated as lactose. If the results obtained by the
two methods are concordant, no invert sugar is present and the percentage
of lactose is taken as that calculated from the reducing power. In the
contrary case, invert sugar is present ; the percentage of saccharose is then
taken as that found by Clerget’s method, and the lactose and invert sugar
are calculated, by means of a series of equations, from the direct polarisation
(diminished by that due to the saccharose) and the reducing power.

The method of procedure and calculation are as follows :

I. DETERMINATION OF THE SACCHAROSE BY INVERSION. (4) 50 c.c.
of the filtrate are made up to 100 c.c.! and the liquid read directly in a 20
cm, tube in a saccharimeter with a Ventzke scale. Multiplication of the
reading by 2 gives P, the polarisation of the filtrate.

(6) Another volume of 50 c.c. of the filtrate is heated in a 100 c.c. flask
with 5 c.c. of hydrochloric acid (D 1-10) for I5 minutes in a water-bath
at 68-70° to invert the saccharose, the liquid being then cooled, neutralised
with 309, caustic soda (towards phenolphthalein), made up to 100 c.c.
and read in the saccharimeter in a 20 cm. tube, the exact temperature of
the liquid being noted. Multiplication of the reading by 2 gives P,, the
polarisation of the original liquid after inversion.

The percentage, S, of saccharose in the condensed milk is given by the
Clerget formula,?

1 Se=s 26-048 (P - Pl)‘

142:66 —0-5¢

2. DETERMINATION OF THE LACTOSE AND SACCHAROSE BY GIRARD'S
MEeTHOD. (a) In a part of the jfilfrate which has been used for the direct
reading of the saccharimeter according to 1 (), the lactose is determined
by means of Fehling’s solution (50 c.c. diluted with 200 c.c. of water), boiling
for 6 minutes.®
lead acetate and sodium sulphate being added and the liquids made up to the mark
and filtered. The filtrates are read in the polarimeter in 20 ¢m, tubes. If the readings
are g and b for the 40 and 20 gram solutions, the volume v of the insoluble substances
(coagulum) contained in 20 grams of milk will be :

(@ -— 2b)

(@a—5)’

and 2v will be the number of c.c. of water to be added in excess to the solution of
40 grams of the milk made up to 200 c.c.

If various samples of milk of the same type are to be analysed, the correction dalcu-
lated in this way may be applied in each case.

I The formula which follow hold when vessels graduated in Mohr c.c. (see Chapter
on Sugars) are used.

2 In this formula no account is taken of the variation of the rotatory power with
the concentration; when this is desired, the procedure is as indicated in the Chapter
on Sugars,

3 10 c.c. of Fehling solution and 40 c.c. of water may be used, as indicated for
sugars (General Methods) and milk (8) ; if, then, a is the number of c.c. of the diluted
solution necessary to decolorise the 10 c.c. of Fehling solution used, 5 @ should be inserted
in formula (II) in place of a.

AC—IL 3

Y == 100
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If n is the total dilution to which the onginal filtrate 1s subjected to
obtain the solution used in the Fehling titration, and & the number of c.c.
of the diluted solution required to decolorise the 50 c.c. of Fehling solution,
the lactose (hydrated) L contained in 100 grams of the milk analysed is
given by the formula:

(IT) L= 70"

4a

(b) From the lactose thus found, the polarisation due to it is calculated
by dividing by 0:3295 (grams of lactose in 100 c.c. which rotate 1° Ventzke).
Deduction of this polarisation from the direct polarisation P of the original
liquid (see 1, @ above), multiplied by 5 gives the polarisation due to the
saccharose present alone ; from this the saccharose is calculated, knowing
that 1° Ventzke corresponds with 0-26048 gram of saccharose per 100 c.cC.
Hence the percentage of saccharose is given by the formula !:

(I11) S == 026048 (5 P )
0-3295

3. DETERMINATION OF LACTOSE AND INVERT SUGAR PRESENT TOGETHER.
If invert sugar is present in appreciable quantity (as happens sometimes if
the milk has not kept well), the percentage of saccharose is determined
by the Clerget method (see above, formula I 2). The polarisation R due
to the lactose and invert sugar is then calculated by subtracting the rotation
due to the saccharose (which is obtained by multiplying the percentage of
saccharose by 3:839) from five times the initial rotation P of the original
liquid (see 1, a).

From the data of the Fehling titration (see 2, ), the number of c.c. F
of Fehling solution which would be reduced by the total reducing sugars
present in 100 grams of milk is calculated by means of the formula 2:

25000 #
—

F =

This done, these data are introduced into the equations :
3035 ¥ -- I'I9I y = R
148 x4+ 194 y = F,
in which x is the percentage of laclosc and y that of tnvert sugar. These

equations give :
o 194R 4+ 1191 F

(Iv)
765
3035 F —148R
\" o .
V) y e

EXAMPLE: 40 grams of condensed mlk, dissolved and made up to 204

! These calculations may be shortened by using tables compiled by Vaccaroni
(Annals Lab. chim, Gabelle, 3914, VII, 253).

? If 10 cc. of Fehling solution were used in the titration instead of 50 cg.. @ i
be formula ghould be replaced by 5 a.
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¢ ¢. after addition of acetic acid, lead acetate and sodium sulphate gave a liquid
which, when filtered and diluted to double its volume, gave (1,4a):
P == + 376.
The inverted liquid, read in the polarimeter according to 1,5, gave :
Py == —3 at = 12-5°
With the remainder of the liquid used for the polarisation according to 1, a
(dilution # == 2), the Fehling titration is carried out as in 2,4
a ==255 CC.
From these data are calculated :
The saccharose by Clerget’s formula (I), introducing the values of P, Py
and ¢, Thus,
S = 26:048( + 376 + 3)
14266 — 0°5 X 12°5
The lactose (assuming absence of invert sugar) by formula (II), into which
the value of a is introduced. Thus,
L= 676 X 2
4 X 25'5
The saccharose, according to Girard, by formula (III), the above value of
P and the value of L just found, being inserted :

X § = 38:769,.

== 1325%.

S = 026048 (5 X 376 — -1—3'»-2‘5—) == 38:50%.
0°3295 3 %

If, however, the presence of invert sugar in appreciable amount 18 assumed,
the lactose » and the invert sugar # are calculated from formulae (IV) and (V),
inserting in these the values:

== 376 X 5 -— 3876 X 3:839 = 392

F o= 25900 X 2 1960+8
255
Thus,
5 o= 194 X 392 + 12191 X 1960-8 = 12°99%
765
y = 37935 X 1960;86~ 148 X 39°2 = 0+20%.
5

The milk examined thus contains invert sugar and this explains why the
Girard method does not give results for the lactose and saccharose identical
with those obtained by the other methods. In such a case the value for the
saccharose is to be taken as that found by the Clerget formula, so that the milk

contains :

Saccharose . . . . . . . . 3876%
Lactose . . . . .. . . . 12:99
Invert sugar . . . . . . . . 0720

As a rule milks which have been well prepared contain either no invert sugar
or but very little.

BUTTER

This is the fat of milk, separated from the other components, but con-
taining incorporated in it a certain quantity of curd: it is semi-pasty,
white or pale yellow, with agreeable odour and taste, and tums rancid
easily.
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Butter is adulterated principally with oleomargarine * and less fre.
quently with other animal or vegetable fats (tallow, cacao-butter, cotton-
seed steariie, oils) 3 sometimes considerable quantities of water are incor-
porated withit and preservatives (ordinary salt, borax or boric acid, salicylic
acid, formalin, fluorides or fluoborates, etc.) or colouring matters added ;
very rare are such coarse adulterations as gypsum, chalk, flour, glucose,
soditan silicate, cte.

The mare important tests and determinations to be made are those
deseribedin 1, 2, 3, 4, 11, 12 and 15, which are usually sufficient to indicate
it a batter is gamlne; if a more complete analysis is desired, the other
tests deseribed may e carried out.  Where not otherwise indicated, the
tests are to be uuule on the fused and filtered butter fat.

1. Volatile Acid Number. The volatile acid number or the Reichert-
Meissl muwnber denotes the number of c.c. of N/10-alkali required to neu-
tralise the volatibe acids, saluble in water, obtained from 5 grams of butter
fat, previonsly melted and filtered. It is determined exactly as described
in the chapter headed Fatty Substances (Vol. I, p. 377).

The Haban Official Mcethod (rgos) is the Reichert-Meissl-Wollny method
with Leflmaun and 1cam's modifications (see observations relating to this
method in the ehapter on Fatty Substances, Vol. I, p. 378).

Owing to its high content in glycerides of volatile acids, butter fat gives a
very high volatile acid number, while other animal fats and also most vegetable
otls give very low values —rarely more than 1—with the exception of coconut
otl, for whichh the value @ abont 7-9.

The presence in butter of salicylic or benzoic acid in greater proportion than
is generally used as preservative (0-1~029%) raises the volatile acid index.?

2. Butyro-refractometer Reading. -The Zciss butyro-refractometer,
here deseribid (see g, 6), is a modification of the ordinary Abbé refracto-
meter, provided with an arrangement for
Lirating by passing a current of hot water
round the prisms between which the fat to
be cxamined is placed. The eyc-piece
tube contains a special micrometer scale
divided into 100 parts, the zero corre-
sponding with the refractive index, 1-4220,
and the 100 point with the index 1-4895 ;
the divisions are termed refractometric
degrees. The scale is rendered movable
in the field of the apparatus by means
of a drum, and by means of the micro-
meter screw of the latter the tenths of
the scale divisions may be determined.

The prisms of this instrument are
achromatised so as to render the limit-
ing line of total reflection, that is, the line separating the illuminated

3 Sse articles on Oleomargarine (Vol. 1,” Fatty Substances) and Artificial Butter
this cha X ’
( s de: Annali Labor. Cent, dells Gabells, Vol. VI, p. 631,
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from the dark field (observed in the instrument in presence of a fatty sub-
stance), perfectly clear and colourless in the case of butter. With fats
having a dispersive power different from that of butter, the illuminated
field exhibits coloured fringes and the boundary line appears blue or red
according as the dispersion is greater or less than that of butter.

To make an observation, the two contiguous prisms of the apparatus
are removed and the free surfaces cleaned with a soft cloth moistened with
alcohol and ether. Two or three drops of the fused and filtered fat are
then dropped on to the surface of one of the prisms (the instrument being
inclined so that the surface of the movable prism is horizontal), the prisms
being brought into perfect contact again. A current of water at 35°, from
a reservoir holding at least 10 litres and previously heated, is next passed
round the prisms. The position of the mirror at the base of the instrument
is then adjusted so that the line separating the light from the dark half of
the field (line of extinction) is distinctly seen.

It is made certain that the fused fat fills regularly and entirely the
narrow space separating the two prisms, this being done by observing with
the naked eye or with a lens the small rectangular image of the surface of
the prism seen about I c¢m. above the eye-piece.

The line of extinction, now observed through the eye-piece, is at first
indefinite, but when the temperature of the apparatus has remained con-
stant at 35° for some minutes, it appears quite fixed and sharp. Note is
then made of the division of the scale with which the line of extinction
coincides and if this line is colourless or coloured. The division of the scale,
thus read, is the refractometric degree.

From time to time, it is necessary to verify the accuracy of the scale
by placing between the prisms three or four drops of the normal liguid
supplied, together with the values of its refraction at different temperatures,
with each apparatus.

If the temperature differs from 35°, a correction may, within a few
degrees, be made ; this correction amounts to 0:55 per degree of tempera-
ture and is added or subtracted according as the reading is taken above or
below 35°. Thus, a butter giving a reading of 44 at 40° would give a reading
of 44 + (0:55 X 5) = 46-75 at 35°.

3. Microscopic Examination in Polarised Light.—This is carried
out with a microscope furnished with a polarising apparatus, a plate of
selenite about 0-2 fnm. in thickness being fitted on the diaphragm of the
microscope and hence below the preparation. The magnification should
be 150170 diameters.

The analysing prism is first placed at right angles to the polarising
prism, so that the field appears green ; the analyser is then rotated through
go0°, the field then appearing red with a violet shade.

The preparation is made by squeezing a piece of butter not larger than
a pea between two microscope slides so that the interposed fat makes the
glasses clear. This is then observed in the microscope arranged to give
the red field.

With pure butter, which has not been previously melted, no change of
tint is observed, but only darker granulations on the red ground. Salt
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buttir behaves similarly, ¢xcopting that, when crystals of salt are in the
v Id, the light at the corresponding places is brighter although of the same
tnlvn,

Melted batter gives a field interspersed with shining, iridescent, irregular
or iuliating gronps, reflecting all the colours of the spectrum, yellow, green
amd blie predominating.

Olconuygaine hehaves like melted butter.

Mixtures of hutter and margarine give a brown field with shining points
of dafferent colonss, the number of these increasing with the proportion of
HLILEA b,

4. Specific Gravity. Determined at 100° as in fatty substances
(Vul. 1, p. 371).

%. Water. Brtween 5 and 10 grams of the butter, weighed in a porce-
Lun or platinnu dish, ame kept at 100-105° for 6 hours, the dish being cooled
e desweeiitor and reweighed 5 loss in weight gives the water.

6. Ash. 10 graus of the butter are incinerated carefully and at a
low temperature in a porcelain or platinum dish, the ash being weighed
when cold.  The residue from 5 (above) may be used in this test.

Pa the Italinn Official Methods (190s), the determination of ash is preceded
bay that of solids not fof, free from water. The residue from the estimation
sl water (see 8) ix treated with absolute alcohol and ether, the insoluble remainder
being collected on a tared filter, dried and weighed ; this gives the non fat.
‘This filter is then incinerated and the weight of the ash thus found.

7. Sodium Chloride.—The weighed ash is dissolved in water, the
solution made up to adefinite volume and filtered, and an aliquot part used
foor the volumetric or gravimetrie estimation of the chlorine.

8. Fat,

() 13y GiRlsEK'S ACIDO-BUTYROMETER. In this case the butyrometer
with two apertures (IFig. 7) is employed. At the lower stopper is
miserted w beaker containing a weighed quantity of 4—5 grams of
the bntter, well mixed. The small aperture is closed, the butyro-
nwter inverted and 10 c.c. of sulphuric acid (D 1-820-1-825 at15°,
as for milk) and then xo c.c. of distilled water and 1 c.c. of amyl
uhoho! added ; the large aperture is next closed with the stopper
Gurving the beaker so that this remains within the butyrometer.

i The Letter is immersed in a2 water-bath at 50-55° and when the
butter is melteed it is stirred slowly to dissolve the curd ; the instru-
nunt s thon placed in the water-bath again for a few minutes,
centrifuged, immersad in the bath at 65° once more and the
reading taken.

The percentage of fat is given by the formula:

Fis, 7 F=5xn'—0'5'

whete # is the number of the line read on the butyrometer,  the quantity
of but ter weighed out, and o-5represents a mean positive error of t.he methpd

(8) By Direct EXTRACTION. X0 grams of buttgr, mlfzecf with pumice
and dried, are exhausted with anhydrous ether either in an extraction
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apPamtus for about 12 hours or by direct heating, the ethereal solution
being decanted on to a pleated filter, through which it passes into a tared
flask, the filter being well washed with ether into the same flask. The
ethereal solution is distilled at a low temperature and the flask and fatty
residue dried in a steam-oven to constant weight.

The fat in butter may also be determined wndiectly by subtracting from

100 the sum of the water (se¢ 5) and the non-fatty residue (se¢ 6), but this method
is less accurate than the two given above.

9. Saponification Number.—This is determined on the butter fat
in the way indicated in the chapter on Fatty Substances (Vol. I, p.
375)-

10. Iodine Number.—Determined on the butter fat as indicated in
the chapter on Fatty Substances (Vol. I, p. 37g).

11. Preservatives and Antiseptics.

The more common of these are tested for as follows :

(a) Boric AciD AND BorATEs. The procedure is as with milk (see Milk,
11, a), 10 grams of the butter being incinerated.

For a quantitative estimation, 10-20 grams of the butter are charred
in presence of sodium carbonate, the residue being dissolved in water and
the solution made up to a given volume; the subsequent procedure is as
with meat (see Chapter I, p. 7).

(b) SALICYLIC ACID AND SALICYLATEs. About 20 grams of the butter
are well shaken in the hot with 109 sodium bicarbonate solution; the
aqueous liquid is separated, acidified with dilute sulphuric acid and extracted
with a mixture in equal volumes of ether and petroleum ether. The ethereal
liquid is separated and evaporated, the residue being tested for salicylic
acid as indicated for milk (11, a).

() Benzoic Acip, FORMALDEHYDE, FLUORIDEsS, FLuOBORATES. The
methods given for milk are applied either to the butter itself or to the aqueous
liquid separating from it on melting (see Milk, 11).

12. Various Extraneous Matters.—From 10 to 20 grams of the butter
are boiled with water, the aqueous liquid being filtered and tested by the
usual analytical methods for alum, borax, sodium silicate, sugar and
glucose.

Another quantity of 10-20 grams is treated with ether and filtered,
the insoluble part being well washed with ether. If there is much insoluble
matter, it is tested for starch microscopically and for gypsum, chalk, etc.,
by the ordinary analytical methods.

13. Colouring Matters.—In Italy butter may be coloured, but not
with certain prohibited colouring matters, such as Martius yellow, Victoria
yellow and metanil yellow. As a rule annatto is used, but sometimes also
saffron or turmeric, and rarely carotin; coal-tar colours (aniline yellow,
butter yellow) are also employed.

Natural butter, dissolved in petroleum ether and treated in the hot
with ethyl or methyl alcohol, gives solutions scarcely coloured a faint straw
yellow ; if artificial colour is present, the solutions are more or less intense

yellow.
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TasLe IL

Distinctive Reactions for Butter Colouring Matters

Fhastter alone

With amatto

With turmery 1

With wilfron

With carvtin

With Mirtius yrl-

low

Witlh
vrllow

Victente

With Metant yel.
forw

With Anilune yvl.
fow

With Sonsbar yel-
low

With Hutier yri-
uw  (unwthyl
anutivaroben -
rrew)

!
¢
|
¢

Caare. Sulphuric
Aeid,

Redelisly to erim-
~iF1l

Crecn, Blue and,
slawly, violet

Nialet-red

Darkblue, rapidly
becorning  vio.
let-red andthen
reddish -brown

Violet-brown to
purple, gradu-
ally changing
to violet and
brown

Yellbow becoming
reddisl

Hiown colanr,
tarped canary
yellosw by am.
monia

Crimson 3

No clhange

(‘rimyon, more oxr
Iewn intense®
1Red, changing at
onee to yellow
and  then to
red again on
dilution  with

water

Conc. Nitric
Aciad

Conc. Hydrochloric
Acid

The yellow resi-
due assumes a
brownish - yel-
low tone

Transient  blue,
becoming pale
green and then
colourless

Violet-red, some-
what transient

Blue,immediately
becoming green
and then red-
dish

Dark yellow and

thenpale yellow

Yellow with
gseparation of
reddish  drop-
lets

As with sulphuric
acid

Crimson, soon
changing  to
violet.red

No change

Crimson

Crimson

At first no change ;
on standing
sometimes a
faint red colour

The yellow residue

assurmes an
orange tint
Violet-red ; on

evaporating the
acid, brownish
colour  turning
violet on addi-
tion of acd
The residue as-
sumes only a
browner tone

Light brown

Yellow, then yel-
low precipitate
turned orange
by ammonia

Decolorised,  but
becomes yellow
again on addition
of ammonia

Crimson

No change
Red

Crimson

+ With nmmn;m; ilw kmtid.u:gim a reddish-brown coloration ; eya.pomtion of ttfe
smmoris leaves & yellowish-brown residue, which becomes violet with hydrochlori¢

acid

* Redd even with the dilute acids,

t Crisnwon even when the respective dilute acids used are greatly diluted.
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To'investigate the colouring matter added,! 1520 grams of the butter
are boiled in a reflux apparatus with about 40 c.c. of methyl alcohol. When
thoroughly cold (best in ice) the liquid is filtered and to the residue from a
few drops of the alcoholic solution evaporated in a porcelain capsule is added
drop by drop down the side of the dish, conc. sulphuric, nitric or hydro.
chloric acid, the colour manifested being observed.

The behaviour of the residue from pure butter and of butter coloured
with various colouring matters is shown in Table II.

14. Vegetable Oils.—The adulteration of a butter with vegetable
oils, or rather with substitutes containing vegetable oils, may be detected
by the usual colour reactions, cspecially those serving to characterise sesamé
oil (Villavecchia and Fabris’ reagent), cottonseed oil (Halphen’s reagent),
and arachis oil (se¢ Fatty Substances). The test for phytosterol may also
be made asindicated in the chapter on Fatty Substances (Hog’s Fat, Vol. I,
P. 423).

15. Cacao Butter.—Use is made of Polenske’s method, according to
which the number of c.c. of N/10-alkali required to neutralise the insoluble
volatile acids is determined (Polenske number, Insoluble volatile acid number,
New butter number). This number may be determined directly or indirectly.

() DirecTLY. From 5 grams of the butter fat the volatile acids are
separated as indicated in Vol. I, p. 377, but the distillation is carried out
more rapidly, so that 110 c.c. are collected in about 20 minutes and the
temperature of the distillate is about 20-23°. The flask, with the 110 c.c.
of distillate, is immersed for about 15 minutes in cold water and then filtered
through a filter-paper 8 cm. in diameter.

The filtrate serves, as usual, for the determination of the soluble acids,
whilst the insoluble volatile acids collected on the filter (if these are liquid
the presence of cacao butter is highly probable) are washed three times
with 15 c.c. of distilled water, which is previously used each time to wash
the tube of the condenser and the flask. These three washings are usually
sufficient to remove all the soluble volatile acids ; if the last 1o c.c. of wash
water are not neutralised by a drop of N/10-alkali, a fourth washing is
carried out.

The washing of the condenser and filter is then repeated three times
with 15 c.c. each time of 909, alcohol and the alcoholic solution of the
insoluble fatty acids, collected in the flask, titrated with N/10-alkali in
presence of phenolphthalein : the number of c.c. of alkali required represents
the insoluble volatile acid number.

(b) InpIRECTLY. The volatile acid number bears a certain relation to
the insoluble volatile acid number, so that the latter may be calculated from
the former by multiplying by either 07 or 0-5 according as the value (of
the former) is less than or greater than 27.

The following table gives the results of such calculation for genuine
butters :

1 A, Bianchi: Annali di Chim. 4pplicata, 1916, V, p. 1.
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Insoluble Volatile Acid Number.
Volatile Acid Number.
Extreme Normal Limits. Maximum allowable

20-21 I1°3~1'4 19
21-22 1°4-T*5 2°0
2223 1+5-1°6 21
23-24 1:6-1+7 22
2425 1+7-18 2°3
25-26 1:8-1+9 24
26-27 1:9-2°0 25
2728 2.0-2°2 27
28—29 22-2°5 30
29-30 2+5-3°0 3°5

Addition of cacao butter to butter raises the insoluble volatile acid
number in proportion to the extent of the addition:

Percentage of Cacao Butter Mean increase of the Insoluble Volatile
added. Acid Number.
10 1:00 (0°8-1-2)
15 1-80 (1°4-18)
20 1:90 (1+9-2°2)

The Italian Official Methods (1905) give Muntz and Coudon’s method, based
on the different values of the ratio existing between the soluble and insoluble
volatile acids, calculated as butyric acid, in cacao butter and in butter :

Insoluble agds % 100

Boluble acids

== 10—15 for butter and == 250—280 for cacao buttcr.

*
* ok

As the composition of natural butler varies with the region, breed, individual,
food, etc., it is difficult to fix absolute mean or limiting values, so that the data
obtained must be referred to those of genuine butters of the same region and
period. When the origin is unknown, 1t is possible to give a definite judgment
for certain determinations (percentages of fat, water and ash, specific gravity,
refractive index), but care should be exercised in cases where the tests fail to
give affirmative and concordant results. It should be borne in mind that butter
of abnormal composition is an exception and generally arises from a poor con-
dition of the animal, caused by faulty nutrition or disease.

Butter melts at 30—40° to a yellow, oily liquid termed butfer fat, floating on
a little turbid aqueous liquid containing a small amount of coagulated albu.
minoids. With the ordinary solvents (ether, benzene, etc.) it gives turbid
solutions, and with the usual reagents for oils it gives no appreciable colour
reactions unless it is rancid. It consists of butter fat, together with a
certain quantity of non-fatty substances (water, albuminoids, milk sugar, salts),
which may amount to 15-169% of the butter, but in good butters are more
generally about 12%.

The physical and chemical characters of butter fat mostly lie within the
following limits :

Density af 98-100° . . . . . . 0:865~0:868
Melting point . . . . . . . . 28-36°
Solidifying point . . . . . . 19-23°
Melting point of the insoluble fatty acids . . . 38—45°

Solidifying point of the insoluble fatty acids . . . 33-38°
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Acid number : fresh butter contains very small quantities of free acids (less
than 0+5%), but as it readily turns rancid it may soon assume a higher degree
of acidity.

Saponification numbey == 220-232. A very low saponification number may
indicate the presence of other fatty substances, the saponification number of
which is usually 195200 ; a very high number may denote the presence of
cacao butter, which mostly has the saponification number, 250-265.

Todine number = 26—40.

Fixed acid number (Hehner) = 85-91.

Volatile acid number (Reichert) == 25-30, exceptionally 33. That for cacao
butter == 7 - g, and that for vegetable oils and animal fats about 1 or rather
more.

Insoluble volatile acid number (Polenske) == 2:20—300 (se¢ Table under 15,
p. 42).

Refractive index == 41—45 (at 40°), 44°5-46'5 (at 35°) and sometimes 47-s.

The regulation passed (in Italy) in 1894 defines the conclusions to be drawn
from certain of the estimations mentioned above. Thus, as regards the volatile
acid number : butters the fat of which requires not less than 26 c.c. of N/vo-
alkali are to be regarded as genuine, when there are no contrary indications ;
less than 20 c.c. indicates adulieration; values between 20 and 26° are sus-
picious, when the other data (age of the butter, season of the year, etc.) do not
permit of a decision. In such a case it is advisable, where possible, to examine
a genuine sample of butter from the same source, provided that this can be
obtained shortly after the suspected butter.

Butter giving a bulyro-refractometer reading higher than 48 at 35° may,
without further test, be taken as adulterated. Also recently made butter which,
in polarised light, shows a crystalline structure, is to be regarded as adulterated ;
if the butter is not known to be of recent preparation, the crystalline structure
renders it suspicious. Further, butter having at 100° a lower specific gravity
than 0865, with reference to water at 15° is to be taken as adulterated.

The mean composition of butter is as follows :

Tasre IIT
Mean Percentage Composition of Butters
Quality. Water. Fat. Albuminoids. i‘:g:f: ;2? : Ash.
Good . 12+20 87:co 0-30 0+40 0°10
Medium 16+00 82475 0+53 0+60 012

SKIM MILK BUTTER

In addition to cream butter, a poorer product, skim milk butter, is made
from the cream, separated either spontaneously or mechanically, of the
residual whey from the manufacture of cheese. It is recognised mainly
by its low percentage of dry solids not fat which scarcely amounts to 0+5.

Sometimes, however, the cream is separated by heating the acid whey
and then the proportion of non-fatty solids may reach 29, owing to the
large amount of albuminoids it contains. According to Fascetti, such
butter may be recognised as follows ; an alcoholic solution of roccellin (0-5
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gram in 150 c.c. of 65% alcohol) is incorporated drop by drop with 2 grams
of butter so that the paste assumes a umform red coloration. Unde: the
microscope this paste appears colourless 1if from fresh butter or pure cream,
but exhibits bright red spots if from reheated butter, owing to the intense
fixation of the colouring matter by the flocks of the albumin. This test
assumes that, during washing, the butter has not been deprived of the
caseo-albuminous residues derived from the cream used in its preparation.

ARTIFICIAL BUTTER

Artificial butter is commonly obtained by emulsifying oleomargarine
with skim milk, usually with the addition of varying proportion of vegetable
oils (sesamé, arachis, cottonseed), animal fats (beef fat, neutral hog’s fat),
aromatic substances (ethyl butyrate, coumarin), and sometimes also casein,
lactose and egg-yolk; in some cases it is artificially coloured (annatto,
coal-tar colours).

It is tisually sold under the name margarine, and it has the appearance
and consistency of ordinary butter and pleasing external characters, but
with practice it is readily distinguishable from real butter.

The physical and chemical characters of margarine, after melting and
filtering, are naturally related to the fatty substances used in its preparation,
For its analysis, use is made of the methods indicated for the various oils
and fats (see Fatty Substances, Vol. I), and its distinction from butter is
effected by the methods described for butter. Further, the methods there
given are used for testing for various extraneous matters (flour, mineral
substances), preservatives (salicylic acid, boric acid, etc.) and colouring
matters.

To distinguish margarine from oleomargarine it is sufficient to heat a
portion in a test-tube ; the former gives a turbid liquid almost like natural
butter, whilst oleomargarine yields a perfectly clear liquid. Further, i
oleomargarine is heated for some hours at 100-105° it does not lose sensibly
in weight, whilst margarine loses 10-169,.

Besides margarine, there are other artificial butters in which the oleo-
margarine is substituted, partly or wholly, by cacao butter ; for these, too,
the general methods for the analysis of fatty substances (see Vol. I) and
especially those given for butter are employed.

CHEESE

This is formed of the nitrogenous substances (casein, albumin) and
fats contained in milk, separated by coagulation (by rennet or by acidifi-
cation). As a result of special fermentations which occur during the matura-
tion of the cheese, these give rise to soluble albuminoid substances (albumoses,
peptones, etc.), amino-acids (phenylaminopropionic acid, tyrosine, leucine,
etc.), ammoniacal products, fatty acids (lactic, propionic, caproic), ete.
Cheese also contains water and mineral salts, including added sodium
chioride.

The examination of cheese comprises essentially : the observation of
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the objective characters; the quantitative determination of the chief com-
ponents, namely, water, nitrogenous substances, ash, fat ; tests for heavv
metals or other extraneous substances, to ascertain if the cheese has under-
gone change or is harmful ; determination of the nature of the fat present
to decide on the origin of the cheese (pure, margarine, cacao butter).!
These tests and determinations are described below.

Sampling.—The sample is taken by means of a tester, which is intro-
duced in different parts of the cheese if this is a large one. With small
cheeses, the whole of one or even more than one is taken, the dirt and rind
being removed. Hard cheese is powdered by rasping, while soft cheese
is pounded in a mortar.

1. External Characters.—The cheese is struck with the knuckle or
with a small hammer on the rind to ascertain if it gives a clear, sharp sound
(sound cheese) or if there is discontinuity (blisters, honey-combing, fissures).
The interior is examined to ascertain if this is homogeneous, and in the case
of a cheese with cavities, if these are uniform ; to determine if the odour
is agreeable and piquant (sound cheese) or repulsive (altered), if the taste
is that characteristic of the particular cheese and if the colour is uniform
or if red, black or bluish spots are present.

2. Water.—5 grams of the cheese (if soft, mixed with 20 grams
of calcined coarse sand) are dried, first in a vacuum over sulphuric acid
and then in an oven at 100° to constant weight ; the loss represents water.

Besides water, other volatile substances may be lost, such as ammonia and
any other decomposition products in the cheese, although these are usually in
negligibly small proportion.?

3. Fat.—This may be determined volumetrically or gravimetrically.

{a) VoLUMETRICALLY. Siegfeld’s modified method of using Gerber’s
acido-butyrometer is followed. A weight of 2-5 grams of the
cheese is heated in a flask with 10 c.c. of sulphuric acid
(D:==1'5-1'6) in a water-bath at 70-80° with frequent shaking
until dissolved. The whole is then introduced into a Gerber
butyrometer for cheese (Fig.8)—which is very similar to that
used for butter—and the flask washed out with a further
quantity of sulphuric acid so that 20 cc. in all are taken.
According as the cheese is fat or lean, o:5 or 1 c.c. of pure
amyl alcohol is added. The butyrometer is then closed,
shaken, placed in a water-bath at 65—0° forsome minutes and
shaken at intervals ; it is next centrifuged %for 5 minutes, im-
mersed again in the bath for a few minutes, once more centri-
fuged and the layer of fat read off at the temperature of the
bath. The reading is corrected by an amount varying from
o-x for readings of 4-11 to 0-6 for readings of 37-40.

The method gives good results with fat cheeses, but not so
good with lean cheeses, . for which the gravimetric methods de-

scribed later are advisable. The Gerber method, without Siegfeld’s
modifications—the cheese being weighed directly in the beaker inserted in the
! In addition to the tests and determinations described below, a bacteriological
investigation may also be made.
2 If the cheese contains estimable quantities of ammonia, this may be determined
geparately and then deducted fram the loss in weight at 100°.
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stopper of the butyrometer—is given in the Italian Official Methods (1905),
with the proviso that the correction to be applied to the reading is equal to
that already indicated for the same method with butter (se¢ Butter, 8).

(6) GRAVIMETRICALLY. One or other of the following is used :

1. In a mortar containing a considerable amount of calcined coarse
sand or pumice are placed 3—5 grams of the cheese, the whole being main-
tained for some hours in an oven at about x00°, orbetter in a vacuum over
sulphuric acid. The cheese is then well pounded with the sand and the
mixture placed in a paper thimble and extracted with anhydrous ether in
an extraction apparatus for 4 hours. The residue is subsequently pounded
again and extracted anew for 2 hours with fresh ether. The united ethereal
solutions are distilled and the residue dried for an hour at 100 ° and weighed.

The fat extracted is accompanied by the lactic acid when this is present
in the cheese ; in such case it is well previously to neutralise the add with
sodium carbonate.

2. Schrnid and Bondzynski’s method : From 3 to 5 grams of the finely
divided cheese are heated in a flask overa flame with 10 c.c. of hydrechloric
acid (D = 1-125) until the casein dissolves, the solution being transferred
to a graduated 100 c.c. cylinder and the flask rinsed out several times with
ether (25 c.c.in all), which is also poured into the cylinder. After thorough
shaking, 25 c.c. of petroleum ether are added, the whole being shaken again
and treated as with milk (see Milk, 5, d).

These two methods give good results also for lean cheeses, the second being
the more rapid.

4. Determination of the Nitrogenous Substances.—These are
determined by the Kjeldahl method, using 1—2 grams of the cheese and
25 c.c. of phosphoric-sulphuric acid: Nitmgen X 6-37 == nitrogenous
substances.

5. Soluble Nitrogenous Substances.—This determination airms
more particularly at establishing the degree of maturation of the cheese,
and is made as follows: 20 grams of the sample are dsied at about
40° and then extracted with ether to remove the fat. 10 grams of the
fat.free residue are pulped with water to a fluid paste, which is treated in
a 500 c.c. measuring flask with about 400 c.c. of water, being shaken from
time to time during 15 hours at the ordinary temperature ; a drop of for-
maldehyde is added to prevent putrefaction. The liquid is subsequently
made up to volume, mixed and filtered, 100 c.c. of the filtrate (=2 graxis
of substance) being evaporated to dryness in a Kjeldahl flask and the
residue treated as usual by the Kjeldahl method.

6, Acidity.—10 grams of the cheese are repeatedly heated with
water, which is decanted off after each treatment. The whole liquid s
filtered and made up to 200 c.c, I00 c.c. (=35 grams of substance)
being titrated with N/10-potash in presence of phenolphthalein. The
acidity is calculated as lactic acid : 1 c.c. N/. potash = 0009 gram of
lactic acid,

7. Ash—s5 gramsof the cheese are carefully charred in a platinum dish.
the carbon being powdered and then burnt at a dull red heat or, better,

lixiviated with water and treated as indicated for milk (see, Milk, 8).
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The ash may be used for the determination of the sodium chloride and
for testing for heavy metals (especially copper and lead), barium and talc :
with soft cheeses, the two latter may arise by infiltration from the artificial
layer coating the rind.

8. Nature of the Fat,—From 100 to 200 grams of the cheese, free from
rind and finely grated, if hard, or made into a paste with sand, if soft, are
pulped in a mortar with water heated to about 35° with repeated agitation
to allow the casein to swell and liberate the fat. As soon as the mass begins
to become buttery, it is poured into a 500 c.c. flask, the mortar being washed
out with distilled water at 20° in amount equal to 2 volumes per 1 volume
of cheese. The whole is shaken and after about 5 minutes the butter
separates at the surface in clots which, by a gentle movement, may be
collected into a single mass. The latter is then brought into the neck of
the flask by addition of cold water and transferred by means of a spoon
into a beaker, in which it is washed twice with water. It is then dissolved
in 200 c.c. of petroleum ether (b.pt. 50°) or anhydrous ether, the ethereal
solution being left at rest for a couple of hours or so in a cylinder with a
ground stopper. From 100 to 150 c.c. of the ethereal solution are decanted
off or, if still turbid, filtered, and evaporated slowly on a water-bath until
the whole of the ether is expelled. The fat thus obtained is analysed,
determinations being made especially of the volatile acid number, the
refractometric reading, and possibly the saponification number, specific
gravity, Polenske number, etc., as indicated for butter (g.v.).

To decide if it consists of true milk fat or of margarine or mixtures, and
thus if the cheese has been made from milk alone or from margarine or other
fats, the criteria used for butter serve.

This procedure is indicated in the Official Italian Methods (1905). The tat
may, however, be extracted by the other methods given for the gravimetric
estimation of the fat (se¢ especially, 3, b, 1), a larger quantity of the sample—
at least 100 grams—being taken.

9. Colouring Matter.—Cheese is coloured with annatto, saffron
{especially in Ttaly), or coal-tar colours. These are detected as in butter
(see Butter, 13).

10. Various Extraneous Substances.—Cheese is sometimes, although
rarely, adulterated with flour or starch, recognisable microscopically ; it
should be noted that some special cheeses (e.g. Roquefort) are prepared
with the addition of mouldy bread crumb, etc.

11. Cheese Poison (Tyrotoxicon).—This poison consists of a special
toxin which may be formed in cheese under certain circumstances. It may
be detected as follows : The cheese is triturated with water, filtered, rendered
alkaline with soda and extracted with ether. If the poison is present, the
ethereal solution, on evaporation in a vacuum, deposits acicular crystals
having an intense toxic action (to be ascertained by its physiological effect).

*
* %

In judging a cheese, the objective characters are first employed. When
struck on the rind, a goed chasse should give a. uniform. sound; the interior
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shonld be liwmogalons ad shonld not exhibit coloured spots ; the taste sh
be normal and not bitter and the consistency normal and non-wviscous Fs ol
a good cheese slumld contain no injurions or foreign substances and s.houll(llrther'
the quantity of fat considered normal have
Acrvording to the Inw passed in Ttaly in July, 1gro, the te
L . ’ ’ sts
to ascertain if o clicese is pure are : to be made
1. Separation of the fatty matter contained in the cheese.
Dretermination of tlie volatile fatty acids in such fat (Reichert-Meise]

»

Wollny numbies).
A4 Determaination of the index of refraction at 35° (with the 7
refractonieter) : ¢ Zewss butyro.

4. Detennination of the pereartage of fatty matter in the dry ¢

¢
the results obtiuned, the following dednctions are drawn : y cheese.  From
{13 1 the eolantle aoid yeronber s less than 18, the presence of margarine 4
denoted, af Tetweenn 18 e 2y, the cheese is suspeet ;5 if above 24, it lsgarmfa N
t2y A lghet relractive mdex tlun 48 proves the presence of' mar ierll}ulne.

() “the pemontopc of fat ity dry cheese serves as an orientin Eﬁtne;'

niat garamend ¢ e T nsnadly poerer in fat than gennine cheesg erion,
The chrancal composttinn of cheese is variable and depends on ﬂ;e qualit
o

o the prume maternels, the "degree of ripening, ete.



CHAPTER III
FLOUR, STARCH AND DERIVED PRODUCTS

In this chapter are considered flour and starch and the products derived
from them—bread, dextrin, macarom and the like.

FLOUR

Flours are obtained by grinding cercals and seeds of certain leguminous
and other plants. The most important are those of wheat, maize, rye and
oats; of limited use are those of peas, beans and chestnuts.

Flour is usually analysed to ascertain if it is genuine and well stored,
particularly from the hygienic standpoint, and to determine its commercial
value as regards bread making.

The cases presenting themselves are usually as follows:

{2) To establish the nature of a flour. In this case microscopic exami-
nation (see 4, below) will indicate the origin of the flour and if 1t consists of
one or several species.

(b) To determine if the flour is sound or unsound, altered or adulterated.
In this case recourse is had to the external characters, the microscopic
examination, the determination of water, ash, gluten, and acidity (s, 6, 7
and 8) and to tests for alteration, and for extraneous and harmful seeds,
wood meal, foreign mineral substances and bleaching (see 9, 10, 11, 12, 13).

(¢) To determine whether the material is fine flour, low products or
mixtures. In such case use is made of the external characters, of the
sieving test, of the microscopic examination and of determinations of the
ash, gluten, acidity and cellulose (se¢ 1, 2, 3, 4, 6, 7, 8, I5).

(@) To ascertain if a sound, unadulterated flour is more or less suited
for bread-making : The ash and gluten are determined and practical baking
tests carried out (see 6, 7, 14).

Complete analysis requires, besides the determinations indicated under
(8), (c) and (d), also those of the carbohydrates, nitrogen (nitrogenous or
protein products), fatty substances and, may be, phosphoric acid (see 16,
17, 18, 19).

Besides flour properly so-called, there are on the market prepared flours
for special cooking purposes, for feeding infants, and for medicinal use, such
as self-raising flour, oatmeal, gluten flour, milk flour, etc. In examining
these products use is made of microscopic observation to ascertain the
nature of the flour, and of the detection and determination of the sugars,
saccharin, aromatic or colouring matters. Oat-meal, barley-meal, and the

A.C, IL, 49 4
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like for dietetic foods are more or less torrefied and the torrefaction may
be detected, besides by the odour and taste, also by determining the sugars
and dextrin, which are in greater quantity in torrefied than in natural
flour (see 16). With gluten flour, importance attaches to the determina-
tion of nitrogen (see 17), which indicates if gluten has been added.

Sampling.—When the sample is in sacks, portions are taken from the
inner and outer parts and thoroughly mixed, and a similar procedure is
followed with flour in cases or heaps. Of the mixture, the amount necessary
for the analysis (about 500 grams) is stored, preferably in a glass bottle.

1. Objective Examination.—The flour is rubbed between the finger
and thumb to wascertain if it is soft, lumpy, etc.; it is also examined as
regards odour (best observed in flours which are nearly unsound by boiling
with water containing a little caustic soda) and taste (if agreeable or not)
and for the presence of mites or other parasites visible to the naked eye or
under a lens.

2, Colour.—This is determined by comparison with typical flours of
known quality and of slightly differing colours:

On a shiny black wooden tray, 14 X 7 cm., provided with a handle, a
parallelepipedon 5 X 3 am. and 3 mm. deep is made with 15-20 grams of
flour of known quality; it is made smooth by compressing slightly with
a glass plate and the edges cut sharp with a knife. Close to this a similar
parallelepipedon is made of the flour to be examined. The tray, held
obliquely, is then carefully lowered into a dish containing water (best
acidified with sulphuric acid) and after about a minute slowly withdrawn
and the colours of the two samples compared. Moulds may be used to
facilitate the formation of the parallelepipons. Granular flour must be
powdered before examination.

Such a test is of great importance in judging of the quality or fineness of
flours. It 1s commonly made use of both commercially and to control milling.

3. Sieving Test.—This is usually carried out with a sieve of silk about
20 cm. in diameter and with 46 meshes per cm. 50 grams of the product
to be examined are placed on the sieve, which is moved backwards and
forwards by means of two wooden handles fitted at opposite sides inside
a rectangular wooden framework ; the sieving should not last more than
10 minutes. The residue on the sieve is weighed and calculated as a per-
centage and the fine flour determined by difference.

The two portions thus separated are examined apart, both for their
external and for their physical and chemical characters (especially ash-
content, sz 6).

This test is particularly important with inferior flour and fine bran.

4. Microscopic Examination.—This is an important test, as only
by its help can the nature of a flour and its purity or mixture with other
flour or extraneous substances be ascertained.

In practice, the test is based almost exclusively on the recognition of
the starch granules, which exhibit characteristic shapes for starches derived
from different plants.

It may be useful first to indicate certain practical points to be observed
in using the microscope.
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() PracTicAL HINTs oN Microscopy. A sufficient and uniform
illumination of the field of vision is the first essential, use being made of
diffused light of moderate intensity adjustable by means of an aperture
in the diaphragm. Excessive illumination may cause the disappearance
or render difficult the observance of fine structural details, especially with
highly transparent preparations. When the field is properly illuminated
and the preparation placed on the microscope, focussing is effected as
follows : By means of the milled screw the microscope tube is lowered—
being watched from the side and ot through the eye-piece—until the objective
is sufficiently near to the preparation ; this distance diminishes as the
power of the objective increases. The observer then looks through the
eye-piece and raises the tube slowly until focussing is exact. In this way
the danger of forcing the front lens of the objective through the cover-slip
is avoided.

The preparation is then passed under the objective, being kept in focus
by means of slight, continuous movements of the micrometer screw ; this
movement is very useful, especially with high magnifications, as it permits
the images in different planes to be observed.

The magnification to be employed depends on the nature of the obser-
vation and on the object : for ordinary tests on flour, 2 maximum of 200-
300 diameters is sufficient. In general it is convenient to make an exami-
nation first under a low magnification to obtain a general idea of the sub-
stance and to determine the interesting points in the preparation, the
details being then studied under a higher power. In order to obtain a
given magnification, it is best to use a high-power objective with a weak
eye-piece, since the magnification of the image of the object is essentially
the concern of the objective and on this consequently depends mostly the
accuracy and sharpness of the image, whilst the eye-piece serves only to
collect and magnify that image.

The microscope is kept away from dust, from sources of heat, and from
the vapours of chemical reagents which would soon corrode the metallic
parts and cloud the lenses.

(b) PROCEDURE. Several pinches of the flour from different points
of a well-mixed homogeneous sample are mixed with water in a mortar
until a milky liquid quite free from lumps is obtained. This liquid, kept
in continuous motion, is poured on to a wide-meshed cloth stretched over
the mouth of a beaker, in which the liquid containing the suspended starch
is collected.

This liquid is well mixed and a drop removed on a glass rod to a
microscope slide, covered with a cover-glass and observed under 200-300
diameters.

The starches are differentiated by the size and form of the granules,
by the presence or absence of stratification and of a hilum, and lastly by
the isolation or grouping together of the granules.

The microscopic characters of the commoner starch granules are
described below and are seen distinctly in the figures (200 diameters) of
Plates I-V.> In practice it is, however, useful to make a direct examina-

! The micro-photographs were taken by G. Bosco,
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tion of genuine samples of flour and to compare these with the flours under
test.

This procedure is necessary in order to determine approximately the
proportions in which different flours occur in a mixture. Under a low
magnification, the number of granules of one of the starches of the mixture
is counted in a number of fields. Comparison mixtures ate then made
and examined in the same way.

Besides examining-the starch granules it is sometimes necessary, e.g.
in mixtures of wheat and rye flours, and more particularly when it is desired
to ascertain if a rye flour contains also wheat flour—where the granules
do not differ sufficiently to allow of their certain detection—to make use
of certain other elements present, namely, fragments of cortical tissue (bran)
and hairs, the structure of which varies in different cereals.

Such elements are readily obtained from low grade flour, which is sieved
and the residue washed to free it completely from the small amount of
adherent flour. Before observing this residue under the microscope, it
is well to heat it to incipient boiling with a 109, solution of sodium car-
bonate, which dissolves the cell-contents of the tissues and renders more
distinct the structure of the walls.

With fine flour, the bran, fragments of hair, etc., are obtained as follows :

(a) 5 grams of the flour are boiled for 10 minutes in r00-150 C.C.
of 109, hydrochloric or sulphuric acid containing 10 grams of glycerine.
After settling, the liquid is decanted off, and the residue washed into a
beaker with water, collected and examined.

(b) The separation may be effected mechanically by means of a liquid
of density less than that of the starch granules and greater than that of
the cortical residues. Such a liquid is a mixture of 75 parts of carbon
tetrachloride and 25 parts of toluene.? With this liquid the flour is shaken
in a cylindrical separating funnel and then allowed to settle. In a few
minutes the bran floatsin a brownish-yellow layer, while the flour is deposited
at the bottom of the vessel. When the liquid is clear or but slightly opales-
cent, the tap is opened and the deposit formed allowed to escape. The
shaking, deposition, etc., are repeated and the floating layer with the few
c.c. of remaining liquid run on to a filter. The adherent particles are washed
from the walls of the separating funnel with ether and the residues on the
filter then completely washed.

This examination of the fragments of hair and bran is made more par-
ticularly to ascertain if a particular flour is a mixture of rye and wheat,
The preparation is best compared, not merely with good figures and with
the characters described in the text, but also with preparations made
directly from grains of wheat and rye. Asregards the hairs, it is easy with
a good razor to detach a certain amount from the extremity of the seed
where the hairs are collected in a tuft visible to the naked eye. To investi~
gate the cortical tissue, the seeds are soaked for about a couple of hours
in water, which is then heated to incipient boiling. By means of forceps
with fine points it is easy to separate from the swollen seeds, when cold,

} G. Testopi: Leg Staz. spev. agr. stalione, 1915, XLVIIL, p. 144.
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fragments of epidermis which may be directly observed under the micro-
scope.

The distinctive characters of the hairs and cortical tissues of wheat and
rye are as follows :

Wheat hairs (see Plate I, Fig. 9). The walls of the hairs are of con-
siderable thickness and even a little above the base exceed the width of
the lumen. This lumen, which hence appears as a slender canal traversing
the hair, widens sharply in the base sometimes with irregular notchings.

Rye hairs (see Plate I, Fig. 10). The walls are less thick than the lumen,
which widens continuously from the apex of the hair to the base, where
it forms a swelling parallel to the rounded outline of the base of the hair.

Cortical tissue of wheat. This consists of two layers of cells, the upper
one lying transversely to the lower one. The length of the cells of the two
layers is about the same, and their longer walls often exhibit very char-
acteristic pearl- or disc-like swellings.

The shorter walls of the cells of the lower transverse layer are thinner
than the longer walls and are joined so as to form a single wall separating
two contiguous cells,

Cortical tissue of rye. The cells composing the two layers of the tissues
corresponding with those studied for wheat are of different magnitude,
those of the lower layer being markedly shorter than those of the upper,
whilst the greater thickness of the longer walls, seen in wheat, is not observed
in this case. Finally, the shorter walls of the cells of the lower transverse
layer do not fuse with those of the contiguous cells, but remain independent,
with small spaces between their points of contact.

(¢) DesCRIPTION OF THE COMMONER STARCHES. These may be divided
into starches from the endosperms of cereals, those from the seeds of legu-
minous plants and those from the tubers, rhizomes, medulla, fruits, etc.,
of other plants.

1. Cereal starches. The most important are the following :

Wheat starch (Plate I, Fig. 11). This forms isolated, circular granules
varying in size, some having diameters of 20—40 u and others on the average
6 u; they are mostly of globular form with polygonal surface. Few of the
granules are intermediate in size between the large and small and no hilum
or striation is observable.

Rye starch (Plate I, Fig. 12). Very similar to wheat starch, but of
larger dimensions on the whole, granules of 60 4 being found and many of
4050 p; granules with a point.like or, more often, stellate hilum with
three or five rays are frequent.

Barley starch (Plate I, Fig. 13). This forms granules of the same type
as the preceding, but smaller (maximum diameter, 30 u), very small granules
predominating. Their contour is less regular than that of wheat starch
granules, and in some of them, especially the larger ones, is a kind of depres-
sion giving them somewhat the form of a kidney or bean.

Maize starch (Plate I, Fig. 14). These granules differ in form according
as they are derived from the interior or the cortical part of the seed. The
latter are characteristic in form and are almost all isolated, distinctly poly-
hedral, isodiametric and sensibly of the same magnitude (1522 u); they
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have a central, often stellate hilum, but no stratification. The inner granules
are alsoisolated, with a rounded edge, and have a hilum, but no stratification,
This starch is easily distinguished from that of wheat, even in mixtures
(Plate II, Fig. 15).

Buckwheat (Plate 11, Fig. 16). This forms polyhedral granules, which
measure 6-15 y (mean, Io x)and have a hilum in the shape of a small central
spot. These are sometimes united in large, characteristic groups, which
are also polygonal and never rounded like those of rice and rye, from which
they are hence easily distinguished.

Dhurra starch (Plate I1, Fig. 17). This consists of granules very similar
to those of maize starch, but less regular and uniform. As a rule, those of
medium size—1x3-18 y-—predominate, but they are always mixed with
much larger granules, 33-4I u; many granules, instead of a stellate or
linear hilum, present a characteristic structure radiating from the centre
to the periphery.

Rice starch (Plate II, Fig. 18). This is highly characteristic and contains
simple and compound granules. The former are polyhedral with 3-6 angles
(most often, 5), are isodiametric and have a crystalline appearance ; the
mean dimensions are 46 u. The compound granules, which are composed
of simple granules, are rounded and have a spherical aspect with reticulated
surface. These compound granules readily disaggregate into simple granules,
especially during the mechanical operations directed to the separation of
the starch, as in the preparation of face powder,

Oat siarch (Plate II, Fig. 19). This consists of simple and compound
granules. The former are small, polyhedral, and more irregular than rice
starch granules,and also somewhat larger than the latter, the mean diameter
being 7—9 u. A characteristic, distinguishing this starch especially from
rice starch—which never contains them—is the presence of a number of
spindle-shaped granules, 12-18 x4 long. The compound granules have a
1airly regular oval contour and may attain a diameter of 6o .

2. Legwminous starches. The leguminous starches have characteristic
and more or less similar aspects, which distinguish them from starches of
other origins. They all have isolated granules of considerable size, the
prevailing shape being oval, and they have a well-defined, more or less fringed,
linear hilum and usually evident striation.

Fremch bean starch (Plate II, Fig. 20). The granules have the form
typical of leguminous starches, They are elliptical or bean- or kidney-shaped
and all show a hilum fantastically fringed ; the narrow striation is always
plainly apparent. Mean length of granules, about 60 u.

Byoad bean starch (Plate III, Fig. 21). Granules similar to those of
Fremch bean starch, but less regular in outline. A hilum is rare and is
limear and fringed. Narrow striation is usually apparent. Some gramules
reach the length 75 g, but the mean length is 40 u.

Chick peas starch (Plate 111, Fig. 22). The granules of this starch are
rounded oval in form and are among the smallest of the leguminous starches,
the maximum length being about 28-30 x. A hilum is not frequent, whilst
striation is faitly evident.

Pea siarch (Plate III, Fig. 23). The granules of this starch are merg
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rounded in contour than those of the other leguminous starches and some-
times exhibit a conical form. The cavity-like hilum and the striation are
visible only in certain granules. The mean dimensions are about 45 u.

Lentil starch (Plate 111, Fig. 24). These granules resemble in contour
those of pea starch, but the hilum is more frequently seen and represents
an irregular cavity; striation is almost always observed. The mean
diameter of the granules is 38—40 u.

Vetch starch (Plate III, Fig. 25). This consists of rounded oval, some-
times hunch-backed granules, exhibiting an irregular, fringed hilum and
sometimes indistinct striation. The medium granules are 30 u in diameter,
but the smallest are only 7-10 .

3. Starches of tubers, roots, stems, etc. The more important of these aie ;

Potato starch (Plate III, Fig. 26). Isolated granules of variable magni-
tude, the diameter reaching as much as 100 g, though the mean value is
45-65 p. The small granules are mostly oval and the larger onesare ovoid,
but more irregular, and sometimes wedge-, rhomb- or shell-shaped. All the
granules exhibit distinct striation and an eccentric point-like hilum. Some-
times special, semi-composite granules are found, with a double striation
orientated round two or three centres.

Sweet potato starch (Plate IV, Fig. 27). This consists of granules of
irregular form and size. The typical shape is rounded with four angles,
somewhat like an egg or a kettle, and some granules are striated and exhibit
a well-marked eccentric hilum. The mean size is 30 g, but the largest
granules may attain 65 u.

Maranta (arrowroot) starch (Plate IV, Fig. 28). The granules in this
case are rounded and pear-shaped or, more rarely, trapezoidal. Their
mean diameter is 30-4oy, the limits being 50 4 and 12 4 ; as the medium
granules predominate, the starch has a uniform appearance under the
microscope. All the granules are finely striated round a hilum which
occupies either the centre or, more often, a point nearer one end; the
hilam is highly characteristic and consists of two short rays meeting at a
wide angle like a circumflex accent or, better, the open wings of a bird.
Some few granules show a small cavity instead of such hilum.

Sago starch (Plate IV, Fig. 29). This consists of simple and compound
granules. The former are very large (50-65 w), oval or elliptical and strati-
fied, and they contain a hilum which may be point-like or linear or in the
form of a radiating cavity. Before being imported to Europe this starch
is, however, treated (heated) more or less, so that the granules are altered
in appearance, especially as regards the hilum, which tends to change to
a cavity with radial fissures. The compound granules consist of a large
granule to which are united two or more small granules of the mean diameter
15 u. These compound granules have, therefore, a hunch-back appearance,
and if the smaller granules become detached, the surface left appears flat,
Such flat parts of the contour of the granule are distinctive characters very
useful for identifying this starch.

Manioc starch (Plate IV, Fig 30). The granules are globular and often
resemble a kettle or drum, exhibiting a round and also a flat part. The
large granules may attain a diameter of 36 4, the medium ones are 18-22 g,
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while the small ones are sometimes only 5 w. Most of the granules contain
a readily visible mlum in the form of a small cavity. Further, compound
granules, composed of two or, rarely, three granules of different sizes, are
often observed.

East Indian arrowroot starch (Curcuma angustifolia) (Plate IV, Fig. 31).
The granules are isolated and characterised by one rounded and one pointed
extremity, the appearance being that of a lance-head. Some granules,
when viewed from the side, resemble a very elongated spindle. All contain
an eccentric hilum and show fine striation. The mean length is 4060 u
and the mean breadth 30-35 w.

Chestnut starch (Plate IV, Fig. 32). The granules are mostly isolated,
with a rounded contour and a diameter of 15-20 x. The typical forms
are pear- and bottle-shaped with a slightly undulating outline. Hilum
and striation are usually absent.

5. Determination of Water.—10 grams of the flour, dried in a
platinum dish for 5-6 hours in an air-oven at 105-110°, are cooled in a
desiccator and quickly weighed: loss equals moisture,

This determination 1s of importance especially as regards the keeping quali.
ties, and is also necessary when the analytical data are 1o be referred to the
dry flour for purposes of comparison with other flours. The moisture varies
in amount somewhat with the hygrometric state of the air and may be 1-29,
more in winter or wet weather than in summer.

6. Ash.—10 grams of the flour (that from the preceding test may be
used, if it does not fill the dish to more than two-thirds) are heated gradually
over a naked flame until charred, the dish being then placed in a muffle at
a dull red heat until the carbon is completely burnt. The temperature of
the muffle should not be too high, since otherwise the ash fuses and the
carbon does not burn completely.

The ash from low products (offal, bran) is usually dark; in such a
caseit is well to treat the ash in the dish with a little distilled water, to dry
the whole on a water-bath and then over a naked flame and again place
in the muffle,

The ash may be treated with hydrochloric acid to ascertain if it is almost
all soluble or if it contains sand.

This determination is of importance in judging of the grade of a flour, since
the proportion of ash increases in passing from superior to inferior flours.

7. Gluten,—This may be determined in either the wet or the dry state,

(@) WET STATE. 25 grams of the flour are made into a homogene-
ous paste with 12-12-5 c.c. of tap water in a porcelain mortar and left
for half an hour. The paste is then worked carefully between the hands
under a gentle stream of water at 1520°, the water being passed subse-
quently through a fine sieve. The gluten is gradually agglomerated into
a soft, elastic mass, while the starch is carried away by the water; when
the latter flows away fairly clear the stream is increased, and when this
also becomes clear the operation, which requires about 15 minutes, is at
an end. The gluten thus obtained, together with any small particles which
may have fallen on to the sieve, is freed from excess of water by squeezing
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in each hand alternately, the hand being dried meanwhile on a towel ; when
no more moisture is given up to the hand, the gluten is weighed on a clock-
glass.

The external characters (colour, odour, elasticity and tenacity) of the
gluten indicate its quality and so the behaviour of the flour as regards
bread-making.

Special apparatus may be used by means of which the swelling power of

the gluten on heating is determined, but the indications thus obtained are in
no way more valuable than those of a qualitative study of the external characters.

(6) DRy STATE. The dry gluten may be calculated approximately
from the percentage of moist gluten by dividing by three. A more exact
direct determination may be made as follows:

The gluten obtained as in (a) is dried on a nickel plate in an air-oven at
105° to constant weight, this requiring about 20 hours. A more rapid
procedure consists in flattening the gluten out on the nickel plate by means
of the finger and drying at 120° for 2:5-3-5 hours. The weight is referred
to 100 parts of flour.}

With practice this method gives concordant results. As regards the extrac-
tion of the gluten, this is easy with fine wheat flour and ordinary bread flour,
but difficult with inferior flours, and the latter may conveniently be manipulated
under the water in a thin linen bag. Flours of other cereals do not yield gluten
when treated in this way.

8. Acidity.—5 grams of the flour and 25 c.c. of go9, alcohol, neu-
tralised exactly with N/20-caustic soda solution, are shaken at intervals
during a day in a cylinder with a ground stopper. After standing over-
night, 10 c.c. of the clear liquid are titrated with N/zo0-caustic soda in
presence of phenolphthalein or tincture of turmeric.?

The acidity is expressed as either sulphuric or lactic acid : 1 ¢c.c, N/20-
soda := 0-00245Fgram H,SO, or 00045 gram C;HO,. It may also be
expressed simply as the number of c.c. of normal soda required per 100
grams of flour, this being termed the degree of acidity.

The acidity, ash, external characters, colour and gluten furnish the best
data for valuing flour.

Besides by the above method, the acidity is determined also by other methods,
sometimes alcohol and sometimes water being used as solvent; the alcohol
methods are to be preferred. Results are comparable only when obtained by
the same method, which should always be indicated.

9. Detection of Alterations.—When badly stored, especially in moist
surroundings, wheat flour undergoes change with development of a dis-
agreeable odour and sharp taste in consequence of attack by various moulds,
Certain changes arise from diseases of the grain such as smut (Ustilago carbo),
rust (Uredo linearis), bunt (Tilletia caries), etc. The presence of the moulds
or spores is detected to some extent by the physical examination and is
rendered certain by microscopical examination.

! Neumann and Salecker : Zeitschr. Unt. Nahr. u. Genuss-mittel, 1908, I, p. 735.

¢ Tincture of turmeric is prepared by macerating 1 part of powdered turmeric

root with ro parts of 609, alcohol for some days and filtering the alcoholic extract,
It is best to follow the procedure indicated in the chapter on flesh foods (p. 8, note).
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Other changes are due to the presence of mites and of the larva of insects,
especially those of the yellow meal-worm (Tenebrio molitor) and the Medi-
terranean flour-moth (Ephestia Kiuhniella). Larvee of insects are detectable
by the naked eye. Mites may easily be observed by pressing a spoonful
of flour on a sheet of paper with a transparent sheet of glass: any mites
present soon begin to move and render the surface of the flour in contact
with the glass streaked with numerous irregular furrows,

Maize flour undergoes change still more readily and lience cannot be kept
Iong. The changes occurring, which may even lead to 1llness owing to the forma-
tion of toxic principles, are due to numerous causes, but more particularly to
excess of moisture. They are detected mainly by the objective characters
and by microscopic examination Further, they may be recogmsed by various
reactions, such as the phenol, hydrogen peroxide and coumanu reactions, but
long practice with these 1s necessary to base on them a sound judgment as to
the state of conservation of maize and 1ts derivatives !

10. Detection of the Products of Extraneous and Injurious Seeds.
—Extraneous seeds, the flour or fragments of which occur in wheaten and
other flours, owe their presence mainly to careless harvesting of the grain.
These seeds are principally : vetch (Vicia sativa, alba, Ervum ervilia,
etc,), bindweed (Convolvulus arvensis, Polygonum convolvulus), darnel
(Lolium temulentum), corn-cockle (Agrostemma githago), narrow.leaved
everlasting pea or wood vetchling (Lathyrus silvestris), meadow vetchling
{Lathyrus pratensis), everlasting pea (Lathyrus aphaca), and cow wheat
(Melampyrum arvensis). The darnel, corn-cockle, melampyrum and
Lathyrus aphaca are poisonous ; also the ergot (Claviceps purpurea), which
is poisonous, may sometimes be found in flour.

The above impurities may be detected by microscopical comparison of
the flour with preparations of the seeds mentioned, and are also rendered
evident by the following tests :

(@) A small quantity (5—10 grams) of the flour is spread in a thin, uniform
layer on a smooth white plate and sprinkled as evenly as possible with Vogl’s
mixture (100 parts of 709, alcohol and 5 parts of hydrochloric acid). The
plate is then heated over a flame until steam begins to appear and the flour
examined for small discoloured areas or blackish spots.

The latter indicate corn-cockle, vetch, ergot or mites ; coloured spots—
usually red, violet or blue—justify suspicion of the presence of darnel,
lathyrus, melampyrum, or other seeds the perisperms of which contain
special pigments reacting with Vogl's acid solution.

These different elements are collected on the point of a needle for
microscopic examination, under first a low, and then, if necessary, a high
magnification,

(6) 20 grams of the defatted flour are heated with 80 grams of
chloroform and 20 of absolute alcohol and filtered hot by means of a pump.
The filtrate is evaporated on a water-bath and the residue taken up in a
little hot water, filtered and again evaporated. If any considerable residue
is left, the flour is suspected of containing corn~cockle, the presence of which

Y B, Gosio : Alterarioni del gramoturco e loro profilassi, Rome, 1909.
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is confirmed if the residue is turned yellow and then brownish-red by a
few drops of concentrated sulphuric acid.}

{¢) From 5 to 6 grams of the flour are made into a paste with 109,
hydrochloric acid and the paste spread out on glass, heated until the acid
evaporates, and examined for coloured spots. In presence of melampyrum
greenish points or spots appear, while darnel or Lathyrus aphaca gives a
red coloration. If darmel alone is present the coloration is shown imme-
diately and in the cold and is red, tending to orange ; with Lathyrus aphaca
the colour appears best in the hot and is wine-red. To distinguish between
these two the red fragments are examined.?

(2) From 10 to 15 grams of the flour are treated with 2030 c.c. of ether
and 10 drops of dilute sulphuric acid (1 : 5) and shaken from time to time
during 5-6 hours; the mass is then filtered and washed with 20-30 c.c.
of ether and the ethereal liquid treated with 10-I5 drops of cold, saturated
sodium bicarbonate solution. A violet coloration indicates ergoz (Hofmann
and Hilger's reaction).

(e) ‘The flour is treated with water rendered alkaline ; violet spots will
appear if ergot is present.

(/) In presence of ergof, a disagreeable odour of trimethylamine is
emitted when the flour is heated with 109, potassium hydroxide solution,

The last reaction is also given by flour altered by decomposition.

11. Wood-meal.—To inferior flours and especially to low semolinas
for fodder, bran, and the like, additions are sometimes made of wood-meal,
arachis husk, ivory-nut meal, etc.

To detect wood-meal the flour is spread out on a flat-bottomed porcelain
dish, compressed and then gently heated with 0-19 alcoholic phloroglucinol
solution acidified with 509, sulphuric acid and examined for carmine-red
spots. Any woody particles are coloured immediately, whilst the critical
residues of the wheat become coloured only after some time,

Ivory- nut meal [Plate V (at end of chapter), Fig. 38]is detected by the
following microscopical test : The flour is treated with 39, soda solution
and left for half an hour, after which the liquid is decanted off and the
residue washed with water and examined under the microscope. The
ivory-nut meal is readily recognised by its characteristic structure, since
the cells of the endosperm of this seed exhibit an enormous thickening
of the walls, so that the aperture of the cell is distinctly reduced. These
thickenings are interrupted here and there by channels connecting the ceils.?

Another test for the detection of ivory-nut meal is as follows¢: 5
grams of the flour are shaken in a separating funnel with chloroform and
left at rest for 6hours. Any ivory-nut meal present is then deposited on
the bottom of the funnel and is examined microscopically, any extraneous
mineral matter being removed by the treatment given above.

12. Extraneous Mineral Matter —Flour may contain sand or earth

1 Medicus and Kober: Zsitschr. Nahr- uni Genuss-mitel, 1902, V, p. 107.
* G. D’Ippolito : Stas. sper. agrar. italiane, 1910, p. 585.

* B, Bertarelli : Accad. reale di medicina in Torino, Nov. 23, 1906.

4 ). Gerum : Zeitschy. Naky- w. Genuss-mattel, 1914, V, P. 392.
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arising from imperfect cleaning, gypsum, calcium carbonate and other
mineral salts (alum, zinc, copper and lead salts) added for various puiposes
or derived from the grinding machinery.

The presence of mineral substances is detected as follows :

(a) SanD, EarTH, GypsuM, CaLciuM CARBONATE, ETC. 5 grams of
flour are shaken in a test-tube with 25 c.c. of chloroform, a few drops of
water being then added and the whole left. The flour floats, but the ex.
traneous mineral matters are deposited at the bottom of the liquid and are
characterised by collecting them with the help of a small separating funnel
and analysing them systematically. Flour containing ivory-nut meal (sec
I1) also yields a sediment under this treatment.

(b) LEaD, CorPER, ETC. These are tested for in the ash obtained by
burning about 200 grams of the flour.

(c) ALuM. 20 grams of the flour are ashed as described in 6 (above),
the ash being boiled with water and filtered. A small portion of the aqueous
solution is acidified with hydrochloric acid and treated with barium chloride
if alum is present, a white precipitate is formed. The presence of alum is
confirmed by adding ammonium chloride and ammonia to the remainder
of the aqueous solution: a white flocculent precipitate will be obtained.
For further confirmation, the precipitate is collected on a small filter and
dissolved in hydrochloric acid, the solution being treated with slight excess
of potassium hydroxide and filtered and the filtrate treated with ammonium
chloride : a white precipitate proves the presence of aluminjum.

Among the mineral substances naturally contamed in flour, aluminium is
found either not at all or only in traces The guantity of alum sometimes
added to flour 1s 0:3%, corresponding with 0:03% of alumina.

(d) ZiNc Sarts. In a suitable round-bottomed flask, 25 grams of the
flour are shaken with 30 c.c. of conc. sulphuric acid and 5-10 grams of
potassium sulphate until the mass chars, this usually requiring about 10
minutes in the cold, The flask is then heated over a small flame, conc,
sulphuric acid being added in quantities of 10 c.c. every 10 minutes or so
and later, after half an hour, 65 c.c.; the whole is then strongly heated
under a hood until the liquid becomes quite clear. The acid residue, if
more than 20 c.c., is further concentrated in a platinum dish and then
diluted with water to about 250 c.c., any ferrous sulphate present being
oxidised by means of nitric acid in the hot. The cold liquid is treated
with excess of ammonia and filtered, and the filtrate acidified with acetic
acid and treated with hydrogen sulphide. If any white precipitate (zinc
sulphide) forms, the liquid is diluted with water and the precipitate allowed
to settle for 24 hours and then collected on a filter, washed successively
with hydrogen sulphide solution and with water containing ammonium
nitrate, ignited over a small flame and weighed as zinc oxide.

For detecting other metals than zinc it is convenient to destroy the organic
matter as described above and to examine the diluted acid solution by the
ordinary analytical methods.

13, Detection of Bleaching.—Flour is often artificially bleached to
improve its aspect and increase its market value. This bleaching is usually
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effected by means of air mixed with oxides of nitrogen (nitrogen peroxide,
etc.) and is detected as follows :

Reagent. Sulphanilic acid (0-5 gram) and a-naphthylamine (01 gram)
are each dissolved in 150 c.c. of 309 acetic acid and the solutions then
mixed. The vessels in which the solutions are prepared should previously
be washed with acetic acid. In some cases the mixture exhibits a faint
red coloration, which is removed by addition of zinc dust ; also after long
standing this coloration may appear, but it is prevented by the presence of
zinc dust.

Procedure. From 3 to 5 drops of this reagent are placed on a quantity
of the flour spread out and pressed flat, as in determining the colour (see 2,
above) and any coloration noted. With bleached flour a pink or red colour
appears after a few seconds or, in any case, before the lapse of a minute,
whereas untreated flour is not coloured.!

14. Practical Baking Tests.—Those most generally employed are as
follows :

(2) WATER-ABSORBING PowgRr. The absorbing power of 100 parts of
flour towards water is determined and hence its behaviour as regards forma-
tion of dough. The determination is made as follows:

A definite quantity of the flour (about 100 grams) is placed in a porcelain
dish and a small depression made on the surface by means of a convex
object. 25 c.c. of water are added and the whole mixed with a glass
rod to make a paste adherent to the rod. This dough is then placed
on the palm of the hand sprinkled with the flour and more flour added and
mixed until a dough is obtained which does not adhere to the finger. The
dough is then weighed (P) and the water used calculated by means of
the formula, 4 = 2525-0925. Three measurements should be made and the
mean of the results taken.

This test gives only relative values, and for a determination more in con-
sonance with practice, a larger quantity of water—say 10 litres—is taken and
doughed with the neccessary amount of flour.

(b) BakinG TEsT. This is best made on 10-15 kiles of flour by a person
experienced in practical baking.

For laboratory tests use may be made of a small jacketed metal oven
containing heavy mineral oil and coated with asbestos board ; it is heated
by gas and serves to bake loaves of about 150—200 grams prepared by
doughing 1 kilo of flour with the required amount of water (about 500 c.c.),
1% of sodium chloride and 20 grams of beer (or pressed) yeast being added
and the whole left to rise for 2 hours in an oven at 30-33° C.

The loaves prepared on either the large or the small scale are examined
as to their external appearance, and in section to ascertain their porosity,
the thickness of the crust, the adherence of the latter to the crumb, etc.,
and also as to their objective characters. Further, since the value of a
flour for bread-making increases with the volume of the loaf, the latter is
often determined. To this end loaves are prepared as above from 100200

1 Buchwald and Neumann ; Zeit L. f. das ges, Getyeidewesen, 1909, p. 135
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grams of flour, which is doughed with water, salt and yeast in quantities
proportional to those already given and then allowed to rise and baked.

The volume is determined by the displacement of sohid bodies, such as
glass balls, lead shot or small seeds (rape, millet, etc.), in the following
manner : A large funnel closed at the bottom is charged with one of these
substances, preferably seeds, which are then run into a thick-walled, wide-
necked cylinder until the latter is heaped over, the excess being struck off
with a straight-edge ; the volume of this seed is then ascertained by pouring
it through a funnel into a measuring cylinder. Part of the seed is then
returned to the wide-necked cylinder, the loaf being introduced and after-
wards more seed until the vessel is heaped over with them. After striking
off the excess, the volume remaining with the loaf is measured. The volume
in c.c. of the loaf yielded by 100 grams of the flour is calculated.

Laboratory baking tests are of only relative value, the safest criteiion bemng
found in tests made on the practical scale.

15. Determination of the Cellulose.—By cellulose or, more properly,
crude cellulose, is meant that portion remaining undissolved when cereals
or their ground products are treated with acid or alkali of definite concen-
tration. Various methods of determining it have been proposed, two in
general use being as follows :

1. Mirron’s MeTHoD. This includes three operations: (z) elimination
of fat; (b) treatment with hydrochloric acid (D 1-025) ; (c) treatment with
dilute alkali (about 19).

(a) Elimination of fatty matter. This may be effected in a Soxhlet
extraction apparatus, but a more rapid method consists in placing a weighed
quantity (20 grams for ordinary flour, 10 for inferior flour and 2-5-5 for
bran) on a short-stemmed funnel in the bottom of which is a certain quantity
of a soluble salt (dry sodium chloride) and in washing, first with a little
alcohol and then with anhydrous ether, until this runs through colourless
and leaves no residue on evaporation ; the funnel is then dried for a short
time in a steam-oven to expel the ether and treated as follows :

(b) Treatment wuh hydrochloric actd (D 1-025). The funnel with the
substance and salt is placed on a flask holding about 600 c.c., the mass being
pierced with a glass rod and pushed down into the flask, the funnel and the
neck of the flask being then washed with hydrochloric acid (D 1-025), 400
c.c. in all being used. The liquid is then carefully boiled under a reflux
condenser for half an hour, care being taken to shake the liquid during the
first phase of the heating so as to prevent the collection of lumps on the
bottom of the flask and consequent charring. The hot liquid is filtered
through a rapid (hardened) filter, finally with gentle aspiration by means
of a pump, the flask and the residue on the filter being washed first with
hot acid (D 19025) and then with a little hot water.

(¢) Treatment with potash. The residue is detached from the filter
(without breaking this) by means of a jet of hot water and collected, with
the help of a funnel, in the flask previously used ; it is then boiled for half
an hour with 50 c.c. of 5% potassium hydroxide solution and enough water
to bring the volume up to 300 c.c., and filtered hot through a tared Gooch
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crucible containing a shallow layer of asbestos, a perforated porcelain disc,
and a second layer of asbestos. The filtration is rapid at first, but usually
slackens gradually ; in this case, when all the liquid in the crucible has
passed through, the residue is gently moved with a jet of water and the
filtration continued. The residue is washed with hot water until the filtrate
ceases to show an alkaline reaction, then with a little alcohol and finally
with a little ether ; the crucible is dried for two hours at 105° and weighed.
The crucible is then ignited and its weight, with the small amount of mineral
matter from the fibre, determined. The difference between the two weights
represents crude cellulose free from mineral matter.

2. K6n16's METHOD. 5 grams of the substance are boiled for an
hour in a reflux apparatus with 200 c.c. of about 859, glycerine (specific
gravity 1-23) containing 29, of concentrated sulphuric acid. The liquid
is cooled, mixed with 200 c.c. of distilled water, heated to boiling and the
hot liquid filtered through a Gooch or alundum filter with the help of a
pump The residue is washed with about 400 c.c. of boiling water, then
with alcohol, and finally with a mixture of alcohol and ether until the liquid
passes through colourless ; it is then dried at 105° for an hour and weighed.
To allow for the mineral substances present in the cellulose, the procedure
followed in the previous method is employed.

16. Determination of the Carbohydrates (Starch, Sugar, Dex-
trin, Pentosans).—Of the carbohydrates contained in flour, namely,
starch, sugars, dextrin and pentosans, the starch is in the greatest propor-
tion. These constituents are usually estimated by difference after the
water, mineral salts, nitrogenous substances, fats and cellulose have been
determined, and they are usually comprised under the generic name non-
nitrogenous extractives. If a direct determination is desired, the following
methods may bé employed :

I. SuGars., From 5 to 10 grams of the flour are shaken in a litre flask
with distilled water ; after standing, the liquid is syphoned off and the
reducing sugars in an aliquot part of it, concentrated if necessary, deter-
mined with Fehling’s solution (see chapter: Sugars).

2. DEXTRIN. Part of the liquid used for the preceding determination
is hydrolysed with hydrochloric acid of D == 1-125 (which transforms the
dextrin into dextrose) and then neutralised, the sugars being determined
as before. The difference between the result and that of determination 1
gives the sugar due to the dextrin and multiplication by 0-g gives the dextrin.

In general sugars and dextrin are not determined in practice unless it is
desired to know exactly the percentage composition of a flour or to ascertain
the starch by difference. The determination of the dextrin may be useful in
deciding if a flour has been torrefied or not.

3. STARCH. This may be determined by the two following methods :

(@) By inversion. 2 grams of the flour are placed in a Lintner-
Rempel pressure bottle with 40 c.c. of water and heated for 3 hours at 130~
140° in a paraffin bath. When cold, the contents of the bottle are washed
out with several quantities of 40 c.c. of water into a flask (about 250 c.c.),
the liquid being treated with 10-15 c.c. of hydrochloric acid (D 1-10-1-12)
and boiled for half an hour under a reflux condenser, In this way the
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starch is converted into glucose. After rapid cooling, the liquid is neu.
tralised with 109, potassium hydroxide solution, treated with a few drops
of lead acetate to clarify it more readily, transferred into a 200 c.c. measuring
flask and made up to volume with the wash waters of the first vessel. After
standing for a short time, the liquid is filtered and the sugar determined
in the filtrate by means of Fehling’s solution—with the ordinary precautions
(see chapter: Sugars)—and calculated as dextrose.

From the dextrose found that found in the determination of the dextrin
is subtracted and the remainder, multiplied by 0-9, gives the starch in the
flour.

Since sugar and dextrin occur in flour in only small proportions, some authors
neglect them and calculate the starch simply by multiplying the total dextrose
found by o-9.

(b) Polarimetrically. According to Lintner,? the following procedure is
employed :

Of the finely divided product, 2-5 grams are mixed to a paste with 10
c.c. of water in a dish, 1520 c.c. of hydrochloric acid (D 1:19) being added
with stirring to obtain a homogeneous mass. After half an hour’s rest,
the whole is transferred, with addition of hydrochloric acid (D 1-125), into
a 100 c.c. flask, defecated with 5 c.c. of 49, phosphotungstic acid solution
and filtered, the polarisation of the filtrate being determined in a 20 cm.
tube in a yellow light instrument.

Since the specific rotation of starch saccharified under these conditions
has been found by experiment to be [a], = 4 202° the percentage of
starch, 4, in the flour is given by a = 9-9 P, P being the rotation observed.

If a Soleil-Ventzke saccharimeter is used (a Mohr flask being used to
make up the liquid to 100 c.c.), @ will be given by 3:43 R. where R is the
number of scale divisions when a 20 cm. tube is used.

In the polarimetnic determination of starch, sulphuric acid may be used
for the saccharification as described by Miller.2

In most cases the determination of starch is not of great importance in the
analysis of flour. Besides in the complete analysis of flour, it may be useful
in the analysis of brans, in order to indicate if the whole or only part of the
flour has been removed.

4. PENTOSANs. This determination is made by Tollens and Kriiger's
method, which is based on the transformation of pentosans into furfural
by distillation with hydrochloric acid and on subsequent precipitation of the
furfural with phloroglucinol. The analysis comprises, therefore, two dis-
tinct operations :

(a) Formation and distillation of the furfural. The weighed substance
(5 grams with flour, 3 with middlings and 1 with bran) and 100 c.c. of hydro-
chloric acid (D = 1-06) is placed in a flask of about 300 c.c. capacity, fitted
with a tapped funnel and connected with a condenser. The flask is immersed
in an oil-bath at 150° C. and 30 c.c. of distillate collected ; without inter-
ruption of the distillation, a further 30 c.c. of the acid is added and another

X Zeltschy. Unt. Nahr- u. Genuss-mittel, 1907, XIV, p. 2¢5.

B Zedlschr. f. das ges. Gelveidewesen, 1909, p. 217; and Anmn, Lilor, Chim. Cent,
Gabelle, Vol, VIL, p, 111,
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30 c.c. of distillate collected. This procedure is continued until all the
furfural is expelled and a drop of the distillate fails to give a red colora-
tion with a drop of aniline acetate (9 parts of colourless aniline + 6 parts
of acetic acid) on filter-paper.

(b) Precipitation of the phloroglucide. The distillate is treated with
phloroglucinol (puriss.) dissolved in hydrochloric acid (D 1-06) in amount
about double that of the furfural supposed to be present, i.e. 0:2 gram
for ordinary flour or 0-4 gram for middlings and bran ; the liquid is made
up to 400 c.c. with the same hydrochloric acid, stirred with a glass rod and
left at rest for 15-18 hours. After 3 hours, a drop of the liquid is treated
on filter-paper with the aniline acetate solution; if a red coloration is
formed, a little more phloroglucinol is added to the liquid. The precipitate
is ultimately collected on a filter previously dried at 100° C. and tared,
washed with water (150 c.c. in all), dried between filter papers and then in
a steam-oven for 3—4 hours, and weighed.

(¢) Calculation of the pentosans. The weight of the furfural is deter-
mined by dividing that of the phloroglucide by the corresponding factor
of the following table:

e | P | g e
oroglucide. Furfural. Philoroglucide. Furfural.
020 1*870 0°34 1911
0°22 1°839 030 1910
024 1-850 0°38 1919
0°20 1871 0°40 1920
028 | 1884 0°'45 1927
0°30 1'895 0°'50 1930
0’32 1404 060 1°930

Then, (furfural --0-0104) X 188 == pentosans.

A complete table giving, for different weights of phloroglucide, the
corresponding weights of furfural and arabinose, araban, xylose, xylan,
pentose and pentosan, has been compiled by Tollens and Krober.

With products from wheat-milling, it is sometimes necessary to distil more
than 400 c.c. to obtain all the furfural ; in such case, the distillate collected
after 400 c.c. have passed over is treated separately with a small quantity of
phloroglucinol and the precipitate formed weighed separately.

17. Determination of the Nitrogen.—The Kjeldahl-Ulsch method
is used, about 2 grams of the flour being treated with 20 c.c. of the phosphoric-
sulphuric acid mixture (see Fertilisers, Vol. I, p. 122) : N X 625 = nifro-
genous substances in general or proteins.

The proteins of flour are usually distinguished, according to their be-
haviour with 709, alcohol, as gliadin (soluble) and glutenin (insoluble),

Gliadwn is determined directly by treating ro grams of the flour with
100 c.c. of 709, alcohol in a glass cylinder with a ground stopper, with fre-
quent shaking during the day. After standing overnight it is again shaken

AC. 1L 8
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in the morning and, when the flour has settled, filtered. The total nitrogen
is determined in 50 c.c. of the filtrate by evaporating almost completely
with a little phosphoric-sulphuric acid, then adding the remainder of the
acid and proceeding as usual : N X 625 == gliadin, which is then calculated
on the total nitrogenous substances. The glutenin is calculated by differ-

ence.

It 1s held by some that the relation between the amounts of ghadin and
glutenin determines the baking quality of a flour, but this is not confirmed in
all cases.

18. Fatty Substances.—5 grams of flour previously dehydrated
at 105° are mixed with an equal amount of siliceous sand and treated in
one or the other ordinary extraction apparatus with anhydrous ether or
petroleum ether: the fat is calculated on either the dry or moist flour,

Results thus obtained are sufficiently exact for ordinary purposes, but more
exact numbers are given by the procedure described for bread (g.v). In flour,
the fatty substances and the ash run parallel.

19. Phosphoric Acid.—The ash obtained from 25 grams of flour,
burnt in presence of I gram of a mixture of nitre (I part) and sodium car-
bonate (3 parts), is treated as indicated for wine (g.v.), the result being
expressed as phosphoric anhydride.

***

The characters of wheaten flour for bread-making are given below, tlie numbers
referring to flour with the normal proportion of water (13%).

Physical characters. The flour should be soft to the feel, of pleasing smell
and taste, free from any trace of rancidity or mould, or of mites or other para.
sites.

Colour. The best brands and those uscd for pastry are white with a slight
yellow cast ; those for bread vary in whiteness, the lower qualities being dirty
white or grey.

Steving lest. No appreciable residue should be left on a sieve with 40 meshes
per cm., except it the case of granular flours.

Micyoscopic examination. Flour should not contain snbstances extraneous
to wheat or injurious sceds (damel, corn-cockle, melampyrum, ergot, etc.).

Water. This varies from 10 to 15%, more gencrally from 12 to 14%.

Ash and mineral matley. These vary according {o the degree of fineness,
i.e. according as the bran has been removed to a greater or less extent and,
consequently, according to the process of milling adopted. When a single type
of flour, containing 70-809% of the wheat, is produced, the meaun ash-content
is 0+7~0:8% (0+8~0°92 on the dry matter), but when, as is usual, various types
of flour (numbered differently according to the mills used) are mmade, the ash.
content may increase from a minimum of 0:3% (034% on the dry matier)
10 1% (1°15% on the dry matter).

The ash is almost completely soluble in hydroehloric acid; the insoluble
part, consisting of sand and earth, should not exceed 0-3% of the flour. About
50% of the ash is phosphoric anhydride, the remainder being oxides of potassium,
calcium, magnesium, sodium and iror, with traces of silica and chiorine. Lead,
copper, zinc and alam should be absent.

Gluten. This is yellowish or pale grey, of pleasant odour, tenacious and
elastic ; it should be stretchable in all directions without breaking and when

sleased should regain its original form. These properties, which are related
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to more or less good baking properties, are found especially in the glutens of
flours with the lowest proportions of ash ; with incrcase of the latter, the gluten
gradually becomes darker, less tenacious and less elastic. The quantity of
dry gluten in flour usually varies from 8 to 12% (9-13-7% on the dry matter),
according to the quality of the wheat and the season ; it may, however, some-
times exceed 12% (13'7% on the dry matter).

Acidity. This increases with the ash, and also varies with the season and
state of preservation of the flour, the proportion of acid increasing with the age
and with poor storage conditions. New flours have acidities lying between
0-04 and 008% (0°046~0°092 on the dry matter), expressed as sulphuric acid
and determined by the method given above (see 8) ; in no case should the value
exceed 0°10% (0°115% on the dry matter). In old or badly stored flour these
limits are excecded.

Practical tests velating lo baking :

(a) Watey absorption. This is, on the average, (0% for normal flours. Good
flour gives an elastic dough, which may be pulled out and apparently keeps its
shape even when left to itself for 24 hours. Altered flour yields a dough which
readily breaks when pulled ; it becomes shiny on the surface after a short
time and later turns viscous and loses its original form.

(b) Baking test. A good flour gives a loaf of volume not less than 400 c.c.
per roo grams of flour; the bread should be porous and tasty, the crust pale
and the crumb moderately brown. A flour giving a small loaf is never good.

Cellulose (method 15, above). In first quality flour, the cellulose does not
exceed 0°3% (0°34% on the dry matter). It increases in the lower qualities
up to 1% (1°15% on the dry matter) for flour with a high ash. Wood-meal,
ivory-nut meal and the like should not be present.

Soluble carbohydrates (sugars, dextrin). These increase in amount with
increase of the ash, the limits being 0-8—2:09, (0-9—2:3% on the dry matter).

Starch. This varies inversely with the ash, nitrogen, fats, cellulose and
soluble carbohydrates, tlie limits being ¢o--72% (68-82% on the dry matter).

Pentosans. These increase with the ash and cellulose, the amount varying
from 3 to 5% (3'4—5'7% on the dry matter).

Nitrogenous substances (N X 6:25). These arc related to the percentage of
dry gluten but usually cxceed o:5-1:09%, calculated on the flour.

Fat. This varies in the same direction as the ash, the amount usually lying
between o+5 and 1% (0+57-1°15% on the dry matter) with the higher qualities
and between 1 and 2% (1:15-2+3% on the dry matter) for the inferior qualities.

***

Wheat offals vary so much in size of particle and in chemical composition
in different districts that it is almost impossible to give average data conceming
them.}

Usually the four includes all particles of the milled wheat fine enough to
pass through silk sieves (No. 10) with 130 meshes to the linear inch. The residue
forms the offals.

The coarser offals are almost universally taken out as bran, which is mostly
that not passing through a wire sieve with about 16 meshes to the linear inch.
The finer offals are commonly separated into three grades, namely, fine middiings,
coarse middlings and pollards, although in some mills it is customary to turn
out offals consisting 0f mixtures of two of the above grades and in some cases
all the offals (except bran) are sold together.

The mean percentage compositions of a few samples of different grades of
offals are as follows (Wood and Adie) :

1 Wood and Adie: Jowrnal of the Board of Agvicultwre, 19x7, XXIII, pp. 1179
& seq.
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TaBLE IV
Compositions of Wheat Offals

Water Protein, Fat. Cg;:?:g- Fibre, Ash.
Fme muddlings | 12'73 1575 3°44 6380 186 2°42
Coarse ,, 1346 16°42 5°03 5622 529 358
Pollards . . 13°32 14°39 476 55°50 7 70 4°33
Bran . . . 13°63 13°45 392 5312 10°'58 5°40

BREAD

Variations in the quality of bread depend essentially on the quality
of the flour used, the method of preparation and the degree to which the
baking is carried. Wheaten flour, which is that most commonly used for
making bread, varies in composition according as the separation of the
offals (bran, etc.) is more or less complete. Flour usually constitutes about
809, of the whole of the wheat, but bread may be made of wholemeal or
even of meal containing an excess of bran. Other flours are also sometimes
used for making bread, either alone or in admixture with wheaten flour.

Bread is analysed mainly to ascertain if it contains any constituent
injurious to health. For this purpose a complete analysis would be required,
but in most cases the following tests and determinations may be regarded
as sufficient: examination of the external and microscopic characters,
determinations of the moisture, ash, gluten and acidity, and investigation
of extraneous substances (see sections 1-6, 9, I3, 14, I5); other subsidiary
determinations which may be made are those of the cellulose, fatty sub-
stances and nitrogen (see sections 8, 10-12). The following are the methods
employed :

Sampling.—Whole loaves should be taken, weighed immediately and
wrapped in parchment paper, note being made of the time at which the
bread left the oven and of that at which the sample was taken.

1. External Characters.—The taste and smell—whether pleasant or
not, acid, etc.—are observed. The crumb is also examined to ascertain if
it is soft, porous, elastic, homogeneous and adherent to the crust, a lens
being used to see if coloured spots or traces of mould occur in it, if it is
more or less white, and if the fragments of bran present are more or less
numerous.

The colour of a section of the loaf is compared with that of a standard
bread.

2. Apparent Density.—The apparent density of the bread, which is
intimately related to the volume of the pores, is determined by dividing
the weight of a loaf or that of a certain portion of the crumb by its volume ;
one of the following modes of procedure may be employed :

(1) A whole loaf is weighed, coated with either molten butter or a
guttapercha varnish and ivamersed in a vessel full of water; the water
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displaced is collected in another vessel beneath and weighed. The weight
of the loaf, divided by that of the water, represents the apparent density
of the bread.!

{2) A slice of the bread about 25 cm. thick is left to dry in the air until
it becomes fairly stiff, five or six small cylinders being then cut from it by
means of a cork-borer. These cylinders are made all of the same height
and dried at 100°, each being afterwards weighed and the mean weight
of a cylinder calculated. The mean volume is calculated by multiplying
the height by the area of the base, this area being determined from the
internal diameter of the cork-borer. Apparent density == mean weight
divided by mean volume.?

This determination is of value only when the pores are distributed uniformly
and when no abnormally large holes are formed during the baking.

3. Microscopic Examination,—This serves to show if a bread is
made from wheaten flour alone or if it contains also extraneous flours. The
test is made on the crumb, parts which are less well baked being chosen or,
if possible, lumps or nodules of dough such as are often present. The frag-
ments taken are made into a paste with water and the microscopic exami-
nation then made. A convenient method, which gives excellent results, is
as follows :

A piece of the crumb of the size of a pin’s head is moistened on a micro-
scope slide with a drop of water and covered with a coverslip, which is
carefully pressed and turned round and round with the tip of the finger.
In this way those starch granules which have undergone but little alteration
are separated and moved towards the outer part of the preparation, where
they may be easily observed. Thus were obtained the preparations for
the microphotographs 33 and 34 of Plate V (at end of chapter) ; both were
obtained from pure wheaten bread, the former being from a loaf made from
809, flour (i.e., flour containing 809, of the grain) and the latter from a
small fancy loaf,

It has been found in practice that wheaten bread of all types always
contains a certain quantity of starch granules which have undergone so
little alteration that they may be recognised with certainty. Further,
wheat starch granules, when deformed by swelling or rupture, never exhibit
cavities or fissures similar to those of other granules, e.g., those of rye starch,

It is thus possible to settle microscopically if a wheaten loaf contains
rye (but not the converse) or if potato, maize and leguminous starches are
present. It is, however, far more difficult to detect in this way the presence
of barley, oats or rice, the swollen and deformed starch granules of these
being virtually indistinguishable from those of wheaten flour.

In this case also the microscopic examination may be directed to the
bran particles, which may be collected directly if the bread is rich in bran ;
otherwise the bread is treated with boiling dilute hydrochloric acid, as
described for flour (see p. 52).

4. Determination of the Crust and Crumb, and Preparation of

! Menicanti and Prausnitz: Staz. sper. agrar. italiame, 1899, P. 491.
% Scala : Staz. sper. agrar. italiane, 1899, D, 489.
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the Sample for Analysis.—The first determination is that of the respec-
tive proportions of crust and crumb. A whole loaf is weighed and separated
quickly by means of a knife into crust and crumb, either both or only the
former being weighed.

Crust and crumb are then taken in the proper proportions to give a
sample of at least 100 grams, this being dried at 100-105° for 2-3 hours
and then reduced to a homogeneous powder m a mortar. The powdered
sample is kept in a sulphuric acid desiccator and when the various portions
required for the different determinations are to be weighed out (the weighings
are to be made consecutively and rapidly, in order to avoid absorption of
moisture) it is put in the oven again for 2 hours at 100-105°. The samples
of crust and crumb separately are prepared in the same way.

5. Moisture.—This is determined cither on the whole bread or on the
crust and crumb separately. In the former casc the loaf, whether round
or elongated, is cut into four parts by two cuts at nght angles. One part
is weighed and then cut into thin shces which, together with any crumbs
produced during the cutting, are dried in a tared glass vessel in an air-oven
at 105-110° for 7-8 hours, cooled in a desiccator and weighed rapidly on
a rough balance sensitive to 0-5 centigram loss in weight represents
moisture.

If the percentage of moisture present when the sample is taken is required,
the whole loaf should be weighed at that time and also just before analysis,
allowance being made in the calculation for the moisture lost in the mean-
time.

6. Ash.—This is determined either on the sample prepared as in section
4 (above) or on the crumb alone. The method uscd varies according as
sodium chloride is or is not present, this being ascertained by the taste or
by charring about 10 grams of the dry crumb in a platinum dish, lixiviating
the charred mass with hot distilled water, filtering, acidifying with nitric
acid and testing with silver nitrate: in absence of sodium chloride, the
liquid is rendered only slightly turbid. The ash is then determined as
follows :

(a) IN ABSENCE OF SoDIuM CHLORIDE, Io grams of the dry bread or
crumb prepared as in section 4 are incinerated in a muffle at a low red heat
in the manner described in paragraph 6 of the article dcaling with flour,
and the residual ash weighed.

(6) IN PRESENCE OF SoDIuM CHLORIDE, 5 grams of the powdered bread,
well dried at 105°, are shaken for some time in a beaker with 30-40 c.c. of
cold distilled water, the fragments adherent to the sides of the beaker being
washed down with a fine water jet and the whole left to digest overnight.
It is then filtered through a rapid ashless filter, the deposit being washed
two or three times by decantation with cold distilled water and then trans-
ferred completely to the filter, where the washing is continued ; not more
than 200 c.c. of liquid should be obtained.

This aqueous extract is evaporated on a water-bath in a moderately
large tared platinum dish, the liquid being carefully added a little at a
time ; when the whole of the sohation is evaporated to dryness, the residue
is charred rapidly over a naked flame and incinerated in a mufle—previously
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heated to dull redness-—in which the dish is left for not more than 15 minsdes.
The ash is weighed (2) and the sodium chloride (c) in it determined by
Volhard’s method.
The residue left on the filter, after extraction with water, is dried in an
oven at 105° and then incinerated in a muffle at a red heat and weighed ().
The percentage x of ash in the bread is given by : x = (a + b - ¢) X 20.

This mcthod gives exact and concordant results, which are not obtained by
dircct incineration or other methods. Indeed, during direct combustion and
incineration of the bread, reactions occur between the sodium chloride and
the natural components of the bread which result in the evolution of hydro-
chloric acid and other secondary changes leading to marked alteration of the
final results.

The ash determined in the above manner furnishes One of the best criteria
for deciding what quality of flour has been used in making the bread. If mineral
substances or even so-called baking powder were added to the flour, the
ash wonld show an increase; in this case, tests 14 and 15 are applied.

7. Nitrogen.—The nitrogen or nitrogenous substances are determined
as in flour (g.v., section 17).

8. Gluten.—100 grams of the bread (crust and crumb in proper pro-
portions) arc moistened with water and left for about half an hour to swell
up thoroughly; the moist dough is then placed on a very fine sieve and
manipulated under a water jet in the way described for the separation of
gluten from flour (¢.»., scction 7).

9. Fatty Substances.—These are detcrmined on the sample of bread
preparcd as described in section 4.

The fatty substances cannot, however, be removed completely from
bread by the direct extraction used in the case of flour, the following pro-
cedure being necessary.

5 grams of the bread or crumb are treated, in a reflux apparatus of
about 200 c.c. capacity placed on a boiling water-bath, with 25 c.c. of
approximately N/2-hydrochloric acid, the flask being frequently shaken
during the course of 20 minutes. When cold, the liquid is shaken with 5
c.c. of ammonia (D 0-96) and 20 c.c. of 909, alcohol and transferred to a
separating funnel together with a mixture in equal volumes (about 100 c.c.)
of ether and petroleum ether, the flask being well rinsed out with the same
mixture of solvents. The whole is repeatedly shaken and left to separate
into two layers, the aqueous liquid being drawn off and the ethereal solution
washed with water and filtered through a small filter into a tared dish ;
the latter is left until the solvent evaporates and then dried for an hour
in a steam-oven and weighed. Weight of residue, multiplied by 20, gives
the percentage of fatty substances.

This determination is useful in deciding if a bread has been either prepared
with addition of fatty materials, e.g., butter, or baked in a vessel lined with
fat (lard, dripping, etc.); in either case the fatty substances would show an
increase relatively to that naturally contained in bread.

10. Cellulose.—This is determined by one of the methods given for
flour (g.v., section 15), preferably by that of Konig, the sample of bread
prepared as described in section 4 heing used.
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11. Sugars and Dextrin.—10 grams of the dry powdered bread are
shaken for some time in a 500 c.c. measuring flask with about 400 c.c. of
distilled water at the ordinary temperature, the liquid being then made up
to volume and filtered. On an aliquot part of the filtrate the sugars and
dextrins are determined as described for flour (g.v., section 16).

The use of any substance with a maltose basis, for the purpose of facilitating
the rising, will increase the saccharine substances.

12. Acidity.—2 grams of the dry, powdered bread are treated in a 500
c.c. flask with about 300 c.c. of water which has been boiled for some time
and is still boiling. The flask is shaken at frequent intervals until the
liquid is cold, boiled water being then added to the mark and the whole
well shdken, left for a time and afterwards filtered ; 250 c.c. of the filtrate
(corresponding with 1 gram of the bread) are titrated with N/10-potassium
hydroxide in presence of phenolphthalein.

The acidity is expressed in c.c. of N-KOH per 100 grams of dry bread
or in per cent. of sulphuric or lactic acid (1 c.c. N-KOH = 0-049 gram
H.SO, or o0go gram C,H,0O,).

13. Extraneous Mineral Substances.—Addition of extraneous
mineral substances, such as gypsum, calcium carbonate, alum, heavy
metals, etc., is detected as in flour (g.v., section 12), and a similar method
serves for the detection of sand and soil resulting from the imperfect cleaning
of the grain employed.

14. Substances added to facilitate Working.—Thesc substances
are added either to aid the rising of the dough or to give artificially greater
volume to the bread. Among the former are diamalt and other malt
preparations, while the latter include so-called baking powders, which usually
consist of sodium bicarbonate mixed with tartaric acid (or cream of tartar)
and a little corn flour.

Addition of substances of the former class may be detected by the
increased proportion of saccharine substances in the bread when the added
sugar has not been entirely decomposed.

Powders with a tartaric acid basis are tested for as follows : About 20
grams of the powdered bread are treated with water in a flask of about 200
c.C. capacity on a water-bath, the liquid being concentrated to about 50 c.c.,
transferred to a separating funnel, acidified with sulphuric acid and
extracted with ether. The ethereal solution is evaporated in a porcelain
dish and the residue heated with a few crystals of resorcinol and one or
two drops of concentrated sulphuric acid until white fumes appear: the
formation of a violet-red coloration indicates the presence of tartaric acid.

*Fx

Good bread should have a pleasant odour and a crust which is brownish,
shining, uniform and adherent to the crumb. The latter should be more or
less white (according to the extent to which the offals are separated), soft, elastic,
porous, homogeneous, free from spots, and of pleasant, non-acid taste.

The proportions of crust and crumb depend on the shape and size of the
loaf and vary from 22 to 45% and from 78 to 559, respectively. The crust varies
in thickness and is 4—5 mm. thick in bread made from an 809, flour.
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The density of bread 1s somewhat vanable and 1s related to the volume of
the pores, bemg small in very porous loaves and higher 1n those which are more

compact, i general the qualhty and digestibility of a bread mcrease with the
hghtness and porosity

Microscopic examination should not reveal in wheaten bread any extraneous
elements or floms of injurious seeds

The moisture content of bread 15 very variable and increases with the volume

of the loaf, 1n bread well made and well baked and of the usual size and shape
it should not excecd 30-35°

The ash, referred to 100 parts of dry biead, corresponds with that present
in the flour (dry) employed

The amounts of cellulose, [atty substances, and nitrogenous maitteys are related
to the proportions of these substances present in the flour

The acidity of bread usually lies between 0-1 and 0-4%, expressed as sulphuric
acd

MACARONI, VERMICELLI, ETC.

These materials are usually made from the flour of hard wheat (grano
duro) and their quality depends on that of the flour.

The complete analysis comprises determinations of the moisture, ash,
gluten, nitrogen, fat, cellulose, digestible carbohydrates and acidity. All
these determinations are made on the finely powdered material by the
methods described for flour. The followmg investigations are also of
importance.

1. External Characters.—The taste and smell are noted to ascertain
if there is any rancidity or mouldiness ; also the colour : whether yellowish,
whitish or grey; the outer appearance: whether uniform or otherwise ;
the appearance of the fracture : whether vitreous or floury. No trace of
mould or parasites should be observable, either by the naked eye or with
the aid of a lens.

2. Boiling Test.—50 grams of the substance are boiled for 20 minutes
in 500 c.c. of water containing 2-5 grams of salt. The appearance of the
material—whether split or jellified or not—and that of the water—whether
more or less milky and contaimng more or less sediment—are observed.

3. Microscopic Examination.—The substance is well powdered and
left to digest in water for some time, with occasional shaking ; it is then
examined under the microscope as in the case of flour (see p. 50).

The extraneous flour most commonly used as an adulterant of these
materials is that of maize, recognisable by its polygonal starch granules,
although these are not always so characteristic as in the flour, many of
them being deformed, especially when the maize in question has been sub-
jected to the action of heat. Careful examination will, however, always
reveal some maize starch granules with their original form; comparison
with a sample of similar material known to contain maize is useful. Fig.35
of Plate V (at end of chapter) represents material made from pure wheat,
and Fig. 36 a preparation containing wheat and maize.

Potato flour, rice flour and others are also used, but only rarely.

4. Detection and Determination of Eggs.—The procedure is as
follows :
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(a) QuaLITATIVE. The physical cxamination is often sufficient to
indicate the presence of egg, owing to the characteristic taste and yellow
colour of the latter (absence of artificial coloration is assumed). The
following tests may also be made.

1. The finely ground material is heated in a reflux apparatus with
petroleum ether and ammonium carbonate, the mass being afterwards
filtered and the petroleum extract shaken with methyl alcohol. The latter
is separated and evaporated on a water-bath : the presence of egg is then
detectable by the odour of the residue.

2. The fat, determined in the ordinary way, is increased by the presence
of eggs.

3. The iodine number is determined on the fat extracted from a sufficient
amount of the substance (at least 100 grams): the iodine number of the
oil of wheat is above 100, whereas that of egg fat is about 70-8o.

The jodine number of the fai coutained in egg is variable, a gradual diminu-
tion occurring, so that it grves a defiuite positive indication only with material
which has been recently prepared. A high iodine number, however, is certain
proof of the absence of egg.

(b) QUANTITATIVE. This is based either on determination of the
phosphoric acid of the lecithin (which amounts to 0-0?2-0-039, when egg
is absent, but is greater when egg is present), or on estimation of the choles-
terol, which is found only when eggs have been used.

1. Determination of the Phosphoric Acid of the Lecithin. 35 grams of
the finely ground material are extracted for 12 hours with absolute alcohol
in a Soxhlet apparatus. The alcohol is evaporated and the residue taken
to drymess with 5 c.c. of 2094 potassium hydroxide solution and then
incinerated. The phosphoric acid in the ash is determined and calculated
on 100 parts of the dry material.

To obtain the number of eggs from the phosphoric acid of the lecithin
use is made of the following table :

Percentage of Phos-
phoric Acid in the
Dry Substance.

Number of Fggs
added to 100
grams of Flour.

Percentage of Phos.
phoric Acid in the
Dry Substance.

Number of Eggs
added to 100
grams of Flour,

0°0513 1 0°1744 6
00786 2 0°1954 7
0°1044 3 02155 8
0:1289 4 0-2348 9
01522 5 0*2531 1o

The results obtained in this way are only approximate, since the composi-
tions of flour and eggs vary, although within definite limits ; the above table
is based on mean values.

2. Determination of the Cholesterol. From 400 to 500 grams of the
powdered material are extracted with anhydrous ether, the latter being
then distilled off, the residue saponified with alcoholic potash and the solu-
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tion of the soap evaporated to dryness. The residue then remaining is
again treated with ether and the ethereal solution filtered. The substance
left on the filter is treated with hot methyl alcohol and the hot alcoholic
solution filtered, mixed with 209, of water and evaporated to incipient
crystallisation. The liquid is cooled to 0°, this causing the crystallisation
of all the cholesterol, which is collected on a tared filter, washed with 509,
methyl alcohol solution and then with hot water and dried at 100° to con-
stant weight (2-3 hours). The quantity of cholesterol in an egg is 0-17-0-25
gram.

5. Extraneous Colouring Matters.—Most of the products in ques-
tion are coloured a more or less deep yellow by means of organic colouring
matters or, sometimes, saffron, the depth of colour depending on whether
enhancement of the natural colour of the flour or imitation ef the colour
imparted by eggs is desired. In Italy the use of picric acid, Victoria yellow,
Martius yellow and metanil yellow for this purpose is prohibited.

Possetto’s method of testing ! is as follows : To 250 c.c. of boiling water
contained in a porcelain dish are added first 20 c.c. of 959, alcohol and
2 c.c. of 10% ammonia solution and immediately afterwards 30 grams
of the material. After about 5 minutes’ boiling—when it is considered
that the liquid is sufficiently coloured—cold water is added and the solid
allowed to settle. The liquid is decanted into another dish and, after
slight acidification with 109, hydrochloric acid, a small skein of defatted
wool (0-5 gram) boiled in it for 10 minutes. If the wool remains yellow
after repeated washing with water, the presence of a coal-tar colour is
indicated.

To ascertain if one of the above prohibited colours has been employed,
the dyed wool is boiled for 5 minutes in a beaker with 50 c.c. of water
rendered slightly alkaline with ammonia. The latter dissolves the colouring
matter, the nature of this being then determined by means of the tests
indicated in the table given by Possetto (next page).

6. Extraneous Mineral Matters.-——Tests should be made for heavy
metals (copper, lead, zinc, etc.) and for alum, which is sometimes added,
together with sodium bicarbonate, to prevent acidification (see Flour,
section 12).

*
* %

If of good quality, the material has a pleasant smell and taste (not mouldy
or rancid), a yellowish colour, a nniform external appearance and a vitreous
fracture. It should also resist fracture and pressure by the fingers and should
be in a state of perfect preservation.

It should withstand the boiling lest for not less than 20 minutes without
splitting or breaking down, the water showing only a slight floury sediment.

The proportion of water present should not exceed 13-14%.

The percentage of ash corresponds with that of the flour used in the manu-
facture and in the first and second qualities is usually below o+7 and 1-0 respec-
tively ; dark products, made from inferior flours, contain more than 1%.

The amounts of fat, cellulose, nitrogenous matters, sugars and starch are also
related to the amounts in the original flour. Products containing added gluten

1 G. Possetto : Giorn. Faymacia e Chimica, ets., 1914, P. 390.



TABLE V

Systematic Examination of the Yellow Organic Dyes in Macaroni, etc. (Possetto)

If the aqueous solution of the yellow dye is not decolorised by HCIl and SnCl,, the four prohibited colouring matters are excluded.
If decolorisation or reduction occurs, a few drops of ferric chloride are added. The reappearance of the original colour als¢ excludes the four dyes
mentioned. If the colour does not reappear, the colouring matter (if yellow) can only belong to either the (4) Nitro- or (B) Azo-colonring matters.

(4) Nityo-colouring Matleys :

Yellow or orange colouring matters soluble in water without fluorescence. The aqueous
solution is decolorised or precipitated by HCI, but is not altered by KOH. Reduction at a gentle
heat with a little HC1 and SnCl, gives nitroamines, colourless compounds turned red by alkalies

(nitro-phenols). The nitroamines are coloured red by reduction.

The aqueous solution of the colouring matter acidified by acetic
ether gives :

acid and extracted with

N

Yellow ethereal solution able to give up its Yellow ethereal solu-
colour to ammonia tion incapable of
yielding its colour

Non-sulphonated nitro-phenols (Picric acid ; %o ammonia

Victoria yellow ; Martius yellow)

» : ] Y
The aqueous solution of the colouring matter

is treated with : Nilroamines

~ N A < (e.g., Aurantia)
Cold HCI Solid KCN for 3
¥ minutes on a boil-
Slight discoloration ing water-bath
without precipita-
tion Reddish-brown color-
ation
- . ‘Y o g
Picric Acid

Much  decolorisation Orange-red coloration
and yellowish-white (yellow with acetic
precipitatLe acid)

Victoria yellow

Almost complete de- Orange-red coloration
colorisation | with (bluish-green with
yellowish-white pre-  acetic acid)
cipitate

)

~

Matius yellow

Colourless ethereal
solution yielding
nothing to ammonia

|

Sulphonated nilyo-
phenols
(e.g., Naphthol yellow
S)

(B) Azo-colouring Matlers :

Colouring matters with various colours mostly soluble in

water.

They dye silk and wool directly

If the aqueous solution is orange yellow ; if it assumes a
fuchsine-red colour on treatment with HCl; if 1t gives
a violet colour when evaporated to dryness and then
taken up with concentrated sulphuric acid; if this
sulphuric acid solution changes to fuchsine-red on
dilution ; if it dyes wool in an acid bath

1

Metanil yellow
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—for the use of persons suffering from diabetes-—should be far richer 1n nitrogen
than the ordinary materials, but this 1s not always found to be the case.
The giuten obtained from these substances should be yellowish-white or
pale grey, glossy, of good odour, tenacious and elastic, and easy to extract.
The acidity should not, as a rule, exceed 0-1% as lactic acid or 0-054% as
sulphuric acid, m products of the first grade, it may be as high as 0:3% as
lactic acid or 0169, as sulphuric acid in second grade materals

STARCHES

Starch is obtained from cereals, from leguminous and other seeds, from
potatoes and other tubers, and from certain roots. The starches which
are most commonly used are those of wheat, maize, rice, potatoes, sago,
manioc and maranta,

Analysis of starches (especially those of wheat, maize, rice and potatoes)
is made principally to determine their purity, that is, to ascertain if they
have been more or less completely freed from the other substances which
accompany the starch in the seeds, tubers or roots, such as nitrogenous
substances, woody matter, mineral salts, etc.

To this end the following tests and determinations are made.

1, Microscopic Examination.—This serves for the recognition of
the nature of a starch. The characters of starch granules of different
origins are described in the chapter on flour (p. 53).

2. Moisture.—10 grams of the starch, in a flat metal dish about 75-85
mm. in diameter, are heated in an air-oven for an hour at 40-50°, the tem-
perature being then raised to 120° in half an hour and maintained at this
point for 4 hours. The loss in weight represents moisture.

3. Ash.—r10 grams of the starch are charred over a direct flame and
then incinerated in a muffle at a dull red heat.

If the proportion of ash exceeds the himits given at the end of this article,
the product 1s mferior or has been adulterated with muneral substances, such
as gypsum, chalk, talc, etc, which may be detected by qualitative analysis of
the ash.

4. Acidity.—Qualitative. A small portion of the starch, slightly
compressed by means of a flat surface, is treated with 1-3 drops of tincture
of litmus diluted to a garnet-red colour. If a blue or dark violet coloration
is formed, the starch is free from acid, whereas a brick-red colour denotes
marked acidity.

QuaNTITATIVE. The acidity is estimated as follows: 25 grams of the
product are made into a paste with 30 c.c. of water and titrated, with shak-
ing, with N/10-caustic soda solution until a drop of the starch suspension,
when placed on a filter-paper folded several times so as to absorb the water,
is no longer coloured red by tincture of litmus. The acidity is expressed
in c.c. of decinormal alkali per 100 grams of starch.

5. Determination of the Nitrogen.—This+is determined as in flour
(see p. 65). The presence of gluten is detected by the abundant and per-
sistent froth formed when I gram of the starch is bofled andfshaken with
180 c.C. of water; the cereal origin of the starch is thus shown.
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6. Determination of the Cellulose.—As in flour (see p. 62).

7. Investigation of the Impurities.—Commercial starches some-
times contain extraneous mineral matters, such as sand, gypsum, chalk,
baryta, alumina, etc., as well as foreign organic substances, e.g., bran,
potato residues, fungi, alge, sacking fibres, fragments of roasted starch, etc.

The presence of extraneous mineral matters is detected as follows : 4-5
grams of the powdered substance are shaken in a test-tube with chloroform
and then left to stand ; any mineral matter then settles at the bottom of
the tube, whilst the starch floats at the surface of the liquid. Analysis
of the ash of the product by the ordinary mcthods indicates the nature of
the inorganic substances.

Foreign organic substances may be readily observed if the starch is
spread out on a sheet of paper and the surface, smoothed by means of a
glass plate, carefully examined with the naked eye or, better, with the aid
of a lens; the various impurities appear as black, brown or otherwise
coloured spots on the white surface of the starch. The number of such
spots per sq. dm. may be determined, the mean of several (at least five)
countings being taken.

8. Detection of Dextrin.—A certain quantity of the product is shaken
with cold water and filtered: in presence of dextrin the filtrate will be
dextro-rotatory and will be coloured reddish by a solution of iodine in
potassium iodide.

9. Pasting Test.—The ability of a starch to form a stiff, homogencous
paste with water may be tested as follows:

4 grams of the starch are well mixed with 50 c.c. of water in a porcelain
dish, which is then heated directly over a bunsen flame while the mass 1s
stirred with a glass rod. The burner is removed when the paste becomes
transparent and begins to froth, the stirring being continued for some little
time, after which the mass is left to cool. The duration of the cooling
should not cxceed one minute. The cold paste should be homogeneous
and should not pour out when the dish is inclined.?

10. Technical Tests.—To ascertain the suitability of a starch for
use in the dressing of textiles, samples of fabrics dyed with sensitive colours
(benzopurpurin, Turkey red, logwood black) or of bleached fabrics are
treated with the starch ; the dry materials are cxamined as regards feel and
change of colour, while the general appearance is compared with that of
the same material dressed with a standard starch,

This test is usually made in the works or in spccial laboratories.

***

Starches contain varying proportions of water, the normal content being
14-18% (18-20%, is allowable). Green starch, which is the manufactured starch
prior to drying, ushally contains 48-539% of water.

The ash 1n starches of good qualty should be less than 0-5%, (the finer brands
show 0:05-0°3%) ; inferior starches contain rather more, but usually below 19%.

As regards the acidity : a starch is described as feebly acid, acid, or strongly

! P. Heermann: Iarbereichemische Untersuchungen”(Berlin, 1907).
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acid, according as 100 grams require less than 5 c.c, from 5 to 8 c.c., or more
than 8 c.c. of decinormal caustic soda for neutralisation.

The nitrogen in ordinary starches may amount to as much as 0.7% on the
dry substance, but the finer qualities contain cither no nitrogen or only a very
small proportion (not more than 0-15%).

Cellulose should be present in starches only in traces—not above 0-3% at
the most.

The number of spots (impurities) in fine starches varies from 15 to 28 per
sq. dm., in ordinary starches from 145 to 148, and in inferior qualities from 700
to 80oo. As few as possible should be present in starches for nse in the manu-
facture of fine white papers or in the dressing of white or pale coloured fabrics.

DEXTRIN

This results from the transformation of starch by means of heat or by
the action of dilute acid or diastase. It is prepared principally from potato,
wheat or maize starch and rarely from rice or other exotic starches. Many
varieties of dextrin, made in diverse ways, are sold under different names.
It occurs as a fine powder, either white, dirty white, yellowish or light
brown ; as granules, similar in appearance to gum arabic; and as a thick
syrup, more or less highly coloured and opaque. In general dextrin has
a special odour and taste, which are particularly marked in the pulverulent
varieties. It is soluble in water, but insoluble in alcohol. Its solution is
strongly dextro-rotatory; the valuc of [a], varies from 123° to 225°, but
is mostly about 200°. With iodine diffcrent dextrins give bluish violet
to brownish red colorations (the colour is observed by adding the iodine
solution drop by drop ; if the mass is mixed after the first drops are added,
the colour disappears).

Analysis of commercial dextrins, with the view of determining their
purity and their value for various industrial purposes, includes the following
investigations :

1. External Characters.—The colour, odour and taste are to be noted.
White or yellow dextrins are mostly prepared by means of acid (hydro-
chloric acid tends to give a reddish and nitric acid a greyish tint), whereas
brown dextrins are those obtained by direct torrefaction without acid.

The best dextrins, derived from good potato starch, exhibit a shining
reflection, those which appear opaque being usually obtained from wheat
or maize starch.

The material should be cxamined to ascertain if the colour is homo-
geneous, brown spots or stains being an indication of faulty manufacture
or inferior raw materials.

The smell is slight with the dry dextrin, but is brought out on moisten-
ing with water; no odour of mould should be detectable.

A more or less acid or sweetish taste denotes the presence of acid or
saccharine matter.

2. Microscopic Examination.— Dextrin prepared by heating retains
the structure of the original starch to a sufficient extent to permit of its
origin being determined by microscopic examination in oil or glycerine
(not in water) : see Fig. 37 of Plate V at end of chapter.
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3. Moisture.—10 grams of the substance are kept in an oven at 105°
for 4 hours and then reweighed : loss of weight represents the water present.

4. Acidity.—100 grams of the dextrin are treated with about 800 c.c.
of boiling water and the solution titrated in the cold with normal caustic
alkali either in presence of phenolphthalein or, with a coloured solution,
with the help of litmus paper. The acidity is expressed in c.c. of normal
alkali per 100 grams of substance.

5. Ash.—10 grams of the substance are incinerated in a platinum dish,
the last traces of carbon being treated with ammonium nitrate and again
calcined and the residue weighed. This residue is then treated with hydro-
chloric acid, any insoluble remainder (sand) being well washed with water,
ignited and weighed.

6. Matter soluble and insoluble in Cold Water.——The matter soluble
in cold water is determined by treating 30 grams of the substance with 300
c.c. of distilled water at 17-5°, the mass being well shaken until all lumps
have completely disappeared and then filtered ; 5 c.c. of the filtrate are
weighed in a tared dish and evaporated to dryness, the residue being dried
at 105° for 4 hours and its weight multiplied by 200 to obtain the percentage
of soluble matter in the dextrin. The insoluble matter is determined by
difference.

The white dextrins are the least soluble in cold water, the insoluble part
consisting of soluble starch and of more or less marked proportions of organic
(cellulose, gluten, etc.) or mineral impurities (sand).

7. Matter soluble and insoluble in Hot Water.— A few grams of
the dextrin are boiled with distilled water and the insoluble matter collected
on a tared filter, washed, dried at 105° and weighed. The soluble matter
is determined by difference.

As a rule, dextrins are almost completely soluble in hot water, the insoluble
matter being composed of a few organic impurities (cellulose, gluten) together
with a little sand. Sometimes, however, they contain untransformed starch,
which is due to faulty manufacture or is added intentionally and is found in
the residue insoluble in hot water.

8. Determination of the Dextrin.—The content in dextrin may be
determined either indirectly or directly.

(a) INDIRECT METHOD. In an aliquot part of the aqueous solution
prepared in the cold (see section 6, above) the reducing substances are
determined (see section 10, below), and in another part the ash is deter-
mined. The percentage of matter soluble in cold water, less the percentages
of reducing substances and ash, represents the pure dextrin present.

(b) Direct METHOD. This is based on the solubility of dextrin in
dilute alcohol and in its insolubility in concentrated alcohol. The aqueous
solution (prepared in the cold) of a weighed quantity of dextrin is evaporated
to a syrup, which is then mixed with ten times its volume of 909, alcohol,
the precipitated dextrin being collected on a filter, washed with 9o 9, alcohol
and dried. 1 gram of this dextrin is dissolved in 10 c.c. of water and
the solution treated with 30 c.c. of 569, alcohol, 4 drops of 269 ferric
chloride solution and about 05 gram of powdered chalk. The whale is well
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shaken and filtered and the insoluble part washed with 569 alcohol, the
filtrate—which contains the pure dextrin in solution—beng treated with
sufficient 969, alcohol to precipitate all the dextrin. After 24 hours the
alcohol is decanted off, the dextrin remaining behind dissolved in a little
water, the aqueous solution evaporated in a tared dish and the residue
dried at 105° and weighed.

9. Determination of the Starch.—Dextrins usually contain soluble
starch, i.e, starch soluble in hot (but not in cold) water. Thus, the propor-
tion of starch (soluble) present is represented simply by the difference
between the percentages of the matters soluble in cold and hot water respec-
tively. If unconverted starch is also present, this will be found in the
residue insoluble in hot water (see section %, above) and may be determined
therein by transforming it into sugar (se¢ Flour, section 16, p. 63).

The presence of unconverted starch may be detected also by treating
the dextrin with concentrated caustic potash solution, which gives a clear
solution if only soluble starch is present, but a kind of paste if unmodified
starch remains.

10. Determination of the Sugars.—This is carried out by means of
Fehling’s solution in a portion of the solution of the dextrin in cold water,
the ordinary conditions being followed (see chapter on Sugars).

The proportion of sugars (dextrose, maltose) m dextrin can be determined
only approximately, owing to the presence of a series of products intermediate
to dextrin and the sugars and possessing reducing properties towards Fehling’s
solution Thus, analysis gives only the amount of reducing substances, this
being expressed in terms of dextrose for the sake of convemence

11. Determination of the Consistency and Stability of the Con-
centrated Solution.—30 grams of the dextrin are boiled, in a porcelain
basin over a naked flame, with 30 c.c. of water, the mass being stirred con-
tinuously until perfectly homogeneous. The solution is examined when
cold as to consistency and after some days to ascertain if it has remained
pasty or has become dry. It is well to make the test in comparison with
standard dextrins.

For dressing textiles and for use i the dyeing industry dextrins are pre-
ferred which form solutions capable of 1emainmg pasty for a long time.

12. Measurement of the Viscosity.—This can be carried out either
on the solution prepared in the cold or on that prepared in the hot. In
the former case, 100 grams of the dextrin are shaken with 500 c.c. of dis:
tilled water at 17-5° until the whole of the soluble part has dissolved, the
liquid being filtered through a dry filter and the filtrate tested in the Engler
viscometer (se¢ Vol I, p. 352). In the second case, the solution is pre:
pared in the hot and the viscosity measured when cold. The value obtained
is compared with that given by a standard dextrin under the same con-
ditions.

13. Test for Chlorine.— This is made on the aqueous solution by means
of the usual reagents, e.g., a paper steeped in potassium iodide. If chlorine
is present, a drop of the solution will colour the paper violet or reddish.

The presence of free chlorine or of hypochlorous acid in dextrin may result
AcC. I, 6
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from the use of starch bleached with chlorine or from the employment ot chlorine
in the manufacture of the dextrin.

14. Test for Gluten.—One part of the dextrin is made into a paste
with one part of water at 60°, the paste being then diluted with 5 parts of
water at the same temperature and left for 24 hours. In presence of gluten,
a glutinous deposit forms at the bottom of the vessel.

Marked quantities of torrefied gluten are found in dextrins prepared by the
action of heat on inferior wheat starch. In some cases the gluten occurs as
small, hard lumps.

15. Technical Tests.—In the case of dextrin for usc in the dyeing
and printing of textiles, a practical test may be required, this being carried
out in the following ways: }

(a) A piece of perfectly white, pure wool is treated with the following
mixture and then steamed, washed and dried, the colour being then noted.

Ammoniacal cochineal solution containing 30

grams of cochineal per litre . . . 1 litre
Powdered alum . . . . . . 24 grams
Oxalic acid . . . . . . . Io ,
Dextrin . . . . . . . . 375,

(b) Cotton is treated with the following mixture:
Aluminium acetate prepared with 365 grams of

alum per litre of water . . . . 132 litres
Water . . . . . . . . 1532 ,,
Dextrin . . . . . . . . I50 grams

The cotton is then dyed with alizarin and the colour observed.

***

A good dextrin should be of uniform colour without black spots and should
have the characteristic odour and no smell of mould. It should be wholly
soluble in water, should not give an appreciable reduction of Fehling’s solution
in a short time, and should not contain gluten or free chlorine in appreciable
quantity.

The amount of water in commercial powdered dextrins usually varies from
8 to 129, only products recently prepared containing less than 89. A higher
proportion than 129 is abnormal.

The acidity of commercial dextrins should not surpass 5 c.c. of normal alkali
per 100 grams.

Good dextrins of the first quality should not leave on combustion more than
0:5% of ash and not more than 0:2% of sand ; ordinary dextrins should contain
not more than 0:8-19, of ash. Higher proportions of ash and sand indicate
either that the dextrin is of lower quality or that it has been prepared from
inferior starch or adulterated with mineral matter (rare).

Good dextrins for printing should give on wool (Test 15, 4, above) a good pink
tint quite frce from yellow and on cotton (Test 15, b) a bright pink tint.

1 A. Bolis : Ind. tessile ¢ tintoria, 1903, p. 117.
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Fi16. 13.—Barley starch. F16. 14.—Maize starch.
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Fic. 15.—-Mixture of wheat”and maize Fi6. 16—Buckwheat starch.
starches.
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Fi1G6. 19.—Oat starch. Fi1c. 20—French bean starch.




F16. 25—Vetch starch. F1G. 26.—Potato starch,




PraTe IV.

Fi1c 31 —E Indian arrowroot starch F1c 32 —Chestnut starch




Prate V.

Fi 33 -—Starch from loaf made
with an 809, flour

Fre 35 -Starch from wheaten Fi6 36 —Starch from mixed
MacAriul wheat and maize macaroni,

Fi1c 37-—-Dextnin from potato starch. Fiu, 38 —Ivory-nut meal.




CHAPTER IV

SUGARS
AND PRODUCTS CONTAINING THEM

The sugars occurring in commercial products are principally saccharose,
invert sugar, glucose, levulose and, less frequently, maltose, lactose and
raffinose.

The methods employed to determine these sugars in products containing
them are in many cases the same, and they are conscquently given below
in the first part (General Methods). The second part (Special Part) containg
special indications and methods regarding cach particular saccharine pro-
duct.

GENERAL METHODS

The general methods for the determination of sugars are mainly four
in number. The first is the Aydvomelric method, based on the relation
between the concentration of saccharine solutions and their specific gravity.
The second the refractometric method, based on the relation between refrac.
tive index and concentration of the solutions. The third the polarimetric
method, based on the rotatory power towards polarised light exhibited to
a greater or less degree by sugars. The fourth, the chemical method, based
on the reducing powers cxerted by various sugars on alkaline copper solutions.

A detailed description is given of these methods in so far as they serve
for the determination of the individual sugars,! their application to the
analysis of mixtures of several sugars being then considered.

1. Hydrometric Method

1. Determination of the Specific Gravity.—The specific gravity
of saccharine solutions is determined, at a certain normal temperature, by

! It must be pointed out that the hydrometric and refractometric methods are
often applied to determine, in liquids containing sugars, the total solid substances
(dry matter, extract), considered as if they were wholly sugar. In such cases the
results have naturally a purely conventional character.

Q9
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one of the usual methods for the determination of the specific gravity of
liquids, i.e., with a hydrometer, Westphal balance or picnometer (see Spirits
and Liqueurs). As regards the use of the hydrometer, the reading is usually
made with the eye at the level of the plane surface of the liquid and not
at the upper part of the capillary meniscus or edge formed by the liquid
with the stem of the instrument. Only for very dark liquids, such as certain
beet-juices, are densimeters sometimes graduated so that they must be
read at the top of the meniscus. As regards the Westphal balance, it is
to be noted that it gives uncertain results with very dense solutions, which
impede its oscillations. The picnometric method takes longer, but is more
exact and is used particularly as a control or where only small quantities
of liquid are available.

As a result of decisions of International Congresses of Applied Chemistry,
among them that held at Paris (1goo) and of the International Commission
for Standard Methods of Sugar Analysis, the specific gravity of saccharine
solutions should be determined at 20° C. and referred to water at 4° (sp.
gr. at 20°/4°), i.e., it should indicate the weight of a #ue c.c. of solution at
20°  Use is, however, largely made in practice of the sp. gr. at 17-5°/17°5°
and sometimes at 15°/15°

When a picnometer 1s used, the sp. gr at 17:5°/17°5° or 15°/15° is the ratio
of the weights p and p? of the solution and water respectively. In determining
the sp. gr. at 20°/4°, it must be borne in mind that 100 #rue c c. of water at 20°
weigh 99-7174 grams (weighed in air with brass weights). Thus, if the capacity
of the picnometer is exactly 50 c.c. at 20°, the water it holds at 20° will weigh
49859 grams and in this case the weight of the sugar solution it contains should
be divided by s0 to obtain the sp. gr. at 20°/4°; or, if the picnometer holds a
weight p! of water at 20°, the weight of water at 4° which would be contained
in the same volume will be p1/0:997174, so that the sp. gr. at 20°/4° will be

0997174 p/pL.

2. Calculation of the Saccharometric Degree from the Specific
Gravity.—By means of suitable tables, the specific gravity gives the
saccharometric degree or the concentration. The case to which the hydro-
metric method is usually applied is that of saccharose solutions ; the sac-
charometric degree may be expressed with reference either to weight (grams
of sugar in 100 grams of solution, or percentage by weight, termed also
Balling or Brix degrees) or to volume (grams of sugar in 100 ¢.c. of solution,
or percentage by volume) ; usually it is referred to weight.

(a) SACCHAROMETER DEGREE BY WEIGHT. This is given by various
tables, the oldest, referring to 17:5°/17-5°, being Balling’s, which is still
used by some, although not very exact. In commoner use is the one recal-
culated from Balling’s data by Brix and completed by Mategczek and
Scheibler; this is given below (Table VI).

For sp. gr. at 20°/4°, the concentrations are given in Table VII.

The use of these tables is indicated in the following example.

EXAMPLE : A sugar solution has the sp. gr. 11832 at 17-5°. The nearest
value in the table, 1-18305, cotresponds with 40:7° Brix or 40:7% by weight of
sugar, and interpolation shows the exact concentration to be 40:73%.



TaBLE VI
Relation hetween Degrees Brix and the Specific Gravity at 17.5° C.

Percentage of ; | :
Sugar by Welght ‘0 | 1 2 3 | 4 s 6 7 8 9
or Degres B 1 l |
Specific gravity at 17-5° C, referred to that of water at 17+5° C,
[\ 1400000 1+00038 1:00077 1°00116 1°00155 I 1-00193 100232 1°co271 1:003 10 1400349
1 1'00388 100427 100466 100505 1:00544 , 100583 1400622 1400662 1400701 1:00740
2 100779 1-00818 1-00858 1-c0897 1:00936 |  1-00976 1401015 1°01055 1°01094 1°01134
3 101173 101213 1°01252 1°01292 1°01332 ; 1°01371 101411 1°01451 101491 101531
4 1:01570 101610 101650 1*01690 101730 ; 101770 1-01810 101850 1:01890 1401930
5 1401970 102010 1:02051 102091 1-:02131  , 1.02191 1:02211 102252 1:02292 1402333
6 1402373 1402413 1:02454 1°02494 1402535 | 102575 1°02616 1:02657 1:02697 1-02738
7 102779 1:02819 102860 1402901 1402942 | 1°02983 1:03024 1-03064 1-03105 103146
8 103187 103228 1:03270 1103311 103352 | 103303 1:03434 103475 1+03517 103558
9 103599 1:03640 1-03682 103723 103765 | 1:03806 1:03848 1:0388¢9 1:0393! 1-03972
0 1:04014 1:04055 1+04097 1+04139 104180 I 1-04222 1°04264 1-04306 1'04348 1°04390
11 1:04431 1:04473 1:04515 1:04557 1:04599 i 104641 1:04683 1:04726 1:04768 1-04810
12 104852 104894 1°04937 1:04979 1:05021 | 1'05064 1405106 1-05149 1:05191 1:05233.
13 1'05276 1-05318 1°05361 1+05404 1:05446 | 1:05489 1:05532 1-05574 1°05617 1-05660
14 1:05703 1:05746 1-05789 1:05831 1°05874 105917 1-:05960 1:06C03 1:06047 106090
15 106133 1°06176 106219 1:06262 1-06306 1:06349 1:06392 1:06436 1:06479 1-06522
16 1:06566 106609 1:06653 1°06696 1:06740 1:06783 1-06827 1-06871 1-06914 1-c6958.
17 1:07002 1-07046 107090 1:07133 107177 1:07221 1-07265 1-07309 107353 1:07397
18 1:07441 107485 1°07530 1:07574 1:07618 1:07662 1:07706 107751 107795 1:07839.
19 107884 1°07928 1°07973 108017 1-08062 1:08106 1-08151 1-08196 1-08240 1:c8283
20 108329 1-08374 1-08419 1-08464 1:08509 1:08553 108599 108643 1:08688 1-08733
21 1-08778 1-:08824 1-08869 1-08914 1-08959 1:00004 1:09049 1-:09095 1:09140 1-09185.
22 1°09231 1-09276 109321 1-09367 1-09412 109458 1:09503 1:C9549 1-09595 1409640
23 1-09686 1°09732 1:09777 1-09823 1-09869 1°09915 1°09961 110007 1:10053 1:10099
24 1:10145 1:10191 1:10237 1+10283 1410329 1°10375 1:10421 1-10468 1410514 1:10560
25 1:10607 1-10653 1:10700 1:10746 110793 1-10839 1-10886 110932 1:10979 1°11026.
26 1:11072 111119 1:11166 1°11213 1°11259 111306 1°11353 1:114C0 1:11447 1:11494
27 111541 1-11588 111635 111682 1411729 1:11776 1+11824 1-11871 1-11918 1411965
28 1412013 1+12060 112107 1:12155 1:12202 1412250 1:12297 1:12345 112393 1412440
29 112488 112536 1:12583 1412631 1-12679 1:12727 112775 1-12823 1-12871 1412919,
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TaBLE VI (continued)

spm%ddh . - o, .
o\r:garby ng.t 0 X 2 3 4 5 6 7 8 9
Specific gravity at 17:5° C. referred to that of water at 17:5° C.
30 1:12967 1°13015 1°13063 113111 113159 1-13207 1°13255 1413304 1-13352 1413400
3% 1:13449 1413497 1413545 113594 1:13642 1+13691 1°13740 1-13788 1-13837 1-13885
32 1+13934 1-13983 1414032 1-14081 [°14129 1:14178 1414227 1-14276 1°14325 1°14374
33 1°14423 1°14472 114521 1°14570 1:14620 1:14669 1-14718 1:14767 1-14817 1+14866
34 1414915 114965 1°15014 1415064 1-15113 1-15163 1415213 1415262 1415312 115362
35 1415411 1415461 1415511 1415561 1.15611 1415661 1°15710 1:15760 115810 1-15861
36 115917 115961 1416011 116061 116111 1-16162 1416212 1-16262 116313 1-16363
37 116413 1:16464 116514 116565 116616 116666 116717 116768 1-16818 116869
38 116920 1°16971 1°17022 117072 117123 117174 1°17225 1°17276 1417327 117379
39 1417430 1°17481 1°17532 1-17583 1-17635 1-17686 1°17737 1-17789 1-17840 1-17892
40 117943 1:17995 1-18046 1-18098 118150 1:18201 1-18253 118305 1-18357 1-18408
41 118460 1-18512 1°18564 1-18616 1-18668 1-18720 1418772 118824 1-18877 1-18929
42 1-18981 119033 1-19086 1°19138 119190 1°19243 1:19295 119348 119400 1:19453
43 119505 1-19558 1°19611 119663 1419716 119769 1-19822 1-19875 1419927 1-19980
44 1:20033 1+20086 1420139 120192 1:20245 1:20299 1+20352 1:20403 1:20458 120512
45 1+20565 1-20618 120672 1420725 120779 120832 120886 1-20039 | 120993 1-21046
46 1-2X100 1:21154 1+21208 1°21261 1-21315 121369 1:21423 121477 1 121531 1-21585
47 1421639 1-21693 1°21747 1-21802 121856 121910 1:21964 1422019 1-22073 122327
48 1-22182 1422236 122291 122343 1+22400 122455 1422509 1-22564 | 1-22619 122673
49 1-22728 1-22783 122838 122893 1422048 1:23003 1°230358 123113 | 1-23168 123223
50 123278 123334 123389 1423444 123499 123555 123610 1423666 1-23721 123777
51 123832 123888 1:23043 123999 1'240535 124111 124166 1-24222 124278 124334
52 124390 1-24446 124502 124558 124614 1+24670 1424726 1°24782 124839 1-24895
53 124951 1-25008 1+25064 125120 125177 125233 125290 1°25347 125403 125460
54 1:25517 1°25573 (r-2563o 1425687 125744 ! 1-23801 125857 125914 1°25971 126028
55 126086 126143 1°26200 126257 1426314 l 126372 1-26429 1-26486 1°2654.4 1-26601
56 1-26658 126716 126773 126831 126889 | 1.26946 1+27004 127062 1-27120 127177
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TaBLE VI1

Relation between Degrees Brix and the Specific Gravity at 20° C.

Percen of
Sugar b;weigm ‘0 ‘I 2 *3 ‘4 ‘5 6 - 8 ‘9
or Degrees - rix,
Specific gravity at 20° C., referred to that of water at 4° C,
o 0998234 0:998622 0999010 0+999398 04999786 1-000174 1000563 1:000052 14001342 14001731
1 1°002120 1°002509 1:002897 1-003286 1-003675 1:004064 1:004453 1-C04844 1005234 1:005624
2 1°006015 1:006405 1-006796 1-007188 1+007580 1:007972 1+008363 1°008755 1-009148 1+CC9541
3 1:009934 1010327 14010721 14011113 1011510 1:011904 1012298 1012694 1-013089 14013485
4 1-013881 14014277 14014673 1:015070 1015467 1-015864 1016261 1:016659 1017058 1°017456
5 1:017854 1018253 1-018652 14019052 ! 1:019451 1-019851 1°020251 1°020651 1°021053 14021454
6 1021855 1+022257 14022659 1:023061 1:023463 1-023867 1024270 1024673 1:025077 1025481
7 1:025885 1-026289 1:026694 1°027099 14027504 1027910 1-:028316 1-028722 | 1.029128 1:020535
8 1:029942 1030349 1030757 14031165 1031573 1031982 1032391 1-0328co 14033209 14033619
9 1:034029 1034439 1034850 1-035260 1,035671 1036082 1°036494 1+0369G6 1037318 14037730
10 1-038143 1038556 1038970 1°039383 14039797 1-040212 1:040626 1:041041 1041456 1:041872
1 1042288 1:042704 1:043121 1043537 1043954 1-044370 1-044788 14045206 1°045625 14046043
12 1:046462 1-046881 1-047300 14047720 ¢ 1-048140 1048559 1-048980 1:049401 1:049822 1:050243
13 1+050665 1:051087 1:051510 14051933 | 1:052356 1°052778 1:053202 1:053626 14054050 1054475
I4 14054900 1055325 1°055751 1:056176 1-056602 1-057029 1 057455 1-057882 1058310 1:058737
15 1:059165 14059593 106022 14060451 1-060880 1:061208 1-061738 1062168 1062598 1063029
16 1:063460 1063892 1064324 1-064756 1°065188 1065621 1-666054 14066487 14066921 14067355
17 1067789 1068223 1-068658 1069093 ¢ 1069529 1069964 1:070400 1070836 7071273 1071710
18 1:072147 1072585 14073023 14073461 1:073900 1-074338 1674777 1075217 | 1075657 1:076C97
19 1:076537 1-076978. 1077419 1-077860 1078302 14078744 1:¢79187% 1-079629 1-08c072 1:080515
20 1080959 1081403 1081848 1082292 1082737 | 1083182 1°683628 1084074 1084520 1°084967
21 1085414 1-085861 1°086309 1:086757 1°087205 + 1-087652 1-u88ro1 1088550 1+0890co 1089450
22 1089900 1090351 1-090802 140912353 1°091704 1+092155 1:092607 1093060 14093513 1°093966
23 1:094420 1094874 1095328 1-095782 1096236 1-096691 1097147 1097603 1098058 1:098514
24 1-098971 1:099428 1-099886 1100344 1°100802 1°101259 1101718 1-162177 | 1102637 1:103697
25 1103557 1-104017 1°104478 1:104938 14105400 1105862 1-106324 r 106786 , 1°107248 14107711
26 1108175 1-108630 14109103 1109568 1:110033 | 1:110497 1-110963 1-111429 | 1°711895 1112361
|
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*146345
151275
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—

14229567
1235085
1+240641
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1°257535
1263243
1268989
1°274774
1280595

1°113295
1:117982
1:122705

*127461
*132254
*137080
*141941
‘146836
151770
1:156736
1-161738
1°166775
1-1718490

1176960
1-182108
1187293
1-192517
1197775
1203071
1208405
1213777
1:219185
1:224632

P

-t

1230117
1-235639
1-241198
1246795
1:252431
1-258104
1-263816
1269565
1:275354
1281179

[

113863
*118453
‘123179
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*127939
132735
*137565
*142429
‘147328
152265
‘157235
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167281
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+203603
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*114229
+118923
*123653

1128417
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+162742

+167786
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1221360
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SUGARS AND PRODUCTS CONTAINING THEM

TasLr VIII

(0]

Corrections of the Apparent Degree by Weight to bring it to 17:5° C.

1Perecntage
by Weight
{Degrers Brix)

Tentperature
< (' .

16
1!
12
'3
1y
15
e
17

18
1
20
Fa
22
£X]
24
25
20y
27
28
29
30
35
40
5
60
70
Ko
1)
100

(2]

15 2o

¢

25

35

e

hH

On 70

75

The ingication of the saccharometer is to be diminished by

1
917,
Ge2y
0920
O 18
(L1 0)
O3]
“0ep2
0y
00
002

I

002
OO0
011
O 1L
021
027
(10 ¥4
0:47
04y
040
O 5
003
o+70|
l‘IOl
1’50

e
—

L o s o

[IARTH)
040
020
Gely
0*20
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015

AN D]
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024
(220
He22
0°149
010

()'ll' 012

007
002

003
()-1)81
014
o-.w]
O 2
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e 3
"'-Hf
050
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014
1541
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1°37
1+01
2405
387
517

L

—

—
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003

0°03
0-08
0-15
022
0520
045
041
047

0-54
001

0-68
©-75
0+82
1422
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2471
3-88
518
(02
8-20
10-01

0052 02
0§ 0452
0°33 030
028 031
024 020
021 0°22
017 018
044 0014
040G 0°10
003 003

003 003
o -()gol 0*0¢)
017, 01

0-241 ()*2:
0°311 031
0+ 57§ 0:38
043 044
04y 0°51
0*80; 0+58
o-()3; 008§
00 0472
0-78l 079
087 087,
1°24] 1°30
171/ 1473
A
366, 3

5‘mg 514
0:59] 6454
8-10| 8-06
987 972

0472
0°59
0434
0°34
0-29
0°24
010
015
010
0404

003
0210
08
0425
0432
0+39,
0+46
053
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008
0-7¢
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042
1232
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3-8
513
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7:97
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0°42
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026
0+21
016
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010
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0439
0+40
0°54
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008
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092
133
1479
2-80
3+88
5310
638
783
939

002
072
045
039
033
0°27
022
017
012
0404
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010
018
0*25
0432
0°39
047
055
002
009
078
0-8(¢
094
1°35
1-80
2+80
388
508
0+30
778
o2l

008
075
048
0441
034
0-28
022
016
012
0°04

The indication of the saccharometer is to
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0H2
070
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0:86
0494
136
1+82
2:80
390
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620
758
903

11
0+80
0°50)
043
0430
0-20)
0°23
0*17
012
004

’

122 125
088 0.9t
0°54 0°58
047 0°50
040, 0°42
033 035
020 028
0419 0°2¢

0°14 010’

005 005

129
094
001
0'53
040
0430
032
0°25
018
000

be increased by @
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[e 231 ¢}
0419
020
034
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050
0+58
000
074
0-82
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098
1°39
183
2:79
382
490
600
730
864

I
003} 0403
010|008
018/ 015
0°25} 022
0°32; 029
0-34| 03¢
0461 0°43
0+54} 0°51
0-02} 0+58
0+70] 0+05
0-78| 0+72
0+86| 0+80
0'94| 088
1-34| 1°27
1+78| 1-69
2470| 2*560
3+70] 3:43
4°72| 4°47
582| 550
6-96] 6°58
8-22| 776

002
000
OeLr
018
025
033
040
048
0°55
002
070
078
086
125
1-65
251
341
4'35
533
637
7'42

o kg s
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TaBLE IX

Correction to bring the Apparent Degree by Weight to 20° C.

Pervoglgggf by ° 10 20 | 30 40 50 60 70 | 8o %0
Tem?,%mt“‘e The indication of the saccharometer is to be dimmished by .
10° 032 |0°42 | 0°52 |0+60 | 067 | 071 | 074 | 0*76 | 08 | 08
1Y 030 {039 | 0°47 |[0°54 | 0*61 | 065 | 067 | 068 | 07 | 07
17 027 | 0°35 { 0°42 {0°49 | 0:54 |0°58 [ 060 | 061 | 06 | 06
13 0+25 | 0°32 [ 0-38 | 0°43 | 048 |0°51 | 0'53 | 053 | 0*5 | O3
14 022 {028 [ 033 | 037 | 0°41 | 0'44 | 0°45 | 0:46 | 0°5 | 0°5
15 0+20 | 024 { 028 | 0°32 | 0°35 | 037 | 0°38 | 0:38 | 04 | 04
16 016 | 019 | 0+23 | 0+26 [ 0+28 [ 030 [ 030 (030 | 0*3 | 0.3
17 012 |0°15 [ 017 | 0°19 | 0°21 | 022 | 023 | 023 | 0°2 | O°2
18 008 | 0°10 | 0412 | 013 | 014 | 015 |0*15 | 0I5 02 | O'1
19 0°04 | 0°05 | 0406 | 0°06 | 007 | 0°08 | 008 (008 | 01 | O
The indication of the saccharometer is to be increased by ;

21 0+05 [ 006 | 0°06 [ 0'07 | 0°07 | 0*07 | 0*08 [ 0707 | 01 | O
22 010 [0°1Y | 0°¥2 | 014 | 0*T4 | 015 | 016 | 0I5 | 02 | 01
23 016 (0:17 | 0°19 | 021 | 0°22 | 0°23 | 0°23 | 023 | 02 | 02
24 0°21 | 023 {026 | 0+28 | 0°29 {0*30 | 0“31 (031 | 03 [ 03
25 0-27 | 030 [0°32 [0°35 | 037|038 | 039 | 039 | 04 | 04
26 0°33 | 0:36 [ 0439 | 0°42 | 045 | 0°46 | 0°47 | 047 | 0*5 | 0°4
27 0440 | 0°42 | 046 | 0450 | 0°53 [ 0°54 | 055 | 0°55 | 05 | 05
28 0446 | 0°49 | 054 | 0*57 | 061 | 0:62 | 0°64 | 0463 | 06 | 06
29 0:53 | 056 { 0°61 j 0+65 [ 069 | 070 | 072 | O*71 | O*7 | O*7
30 0:60 [ 063 | 0°68 | 073 | 077 | 079 | 080 (079 | 08 | 08
35 099 | 102 | 1°09 | I'I6 | 1°19 | T+21 | 1+22 | 121 { I'2 | 12
40 141 | 1°46 | 154 | 1°60 | 163 | 164 | 165 | 1+63 | 16 | 16
50 2446 | 2°50 | 255 | 258 | 258 [ 2°57 | 2°55 | 250 | 2°5 | 2°4
60 3:68 | 3473 [ 3472 | 3°67 | 3-61 | 3'57 | 3'50 | 341 | 33 | 3-2
70 51 |57 {50 149 |48 [47 (46 |44 | 42| 40
8o 771 |70 |68 [66 [63 [61 |59 |56 53 | 570




SUGARS AND PRODUCTS CONTAINING THEM 93

(b) SACCHAROMETER DEGREE BY VOLUME. The percentage of sugar
by volume, i.e., the number of grams of sugar in 100 #7ue c.c. at the tempera-
ture considered, is found by multiplying the percentage of sugar by weight
by the corresponding specific gravity at the temperature considered, with
reference to water at 4°. If the sp. gr. were determined at 17-5°/17:5°,
that at 17:5°/4° would be obtained by multiplying by 0-998713, which is
the weight (in vacuo) of a true c.c. of water at 17-5°. In many practical
cases, especially for low percentages, this correction may be omitted without
sensible error, the percentage by volume at 17-5° being obtained by multi-
plying the percentage by weight by the sp. gr. at 17:5°/17:5°. When, how-
ever, the sp. gr. is determined at 20°/4°, the exact percentage by volume
at 20° is obtained by multiplying the percentage by weight by the specific
gravity itself,

3. Direct Determination of the Saccharometric Degree.—Instead
of from tables, the percentage of saccharose may be obtained directly by
special hydrometers, called saccharometers, which are graduated in accord-
ance with the tables and are often used in industrial practice. Most of
these are graduated for the mormal temperature 17-5° and indicate the
percentage by weight, i.e., the Balling or Brix degrees (Balling or Brix
saccharometers). Now, however, there are some graduated at 20° in accord-
ance with the decision of the Congresses mentioned above, and for par-
ticular industrial purposes at other temperatures also. Further, saccharo-
meters are made giving the percentages by volume.

Saccharometers usually contain in their lower part a thermometer the
bulb of which constitutes, wholly or partially, the weight of the instrument.
Like hydrometers they are mostly graduated to be read at the level of the
horizontal surface of the liquid, i.e,, atthe base of the meniscus; some for
dark liquids are an exception.

At temperatures other than the normal temperaturc for which they
are graduated, saccharometers give apparent degrees, which require a correc-
tion to obtain real degrees. These corrections are given in tables : for per-
centages by weight at 17-5° Stammer’s table, based on Gerlach’s data, may
be used (Table VIII) ; for percentages by weight at 20°, the succeeding table
(No. IX) serves; for percentages by volume the corrections are somewhat
greater.

In order to avoid the necessity of using such a table, some saccharo-
meters are marked, beside the thermometer column, with the mean correc-
tion to be applied to the apparent degree at different temperatures. In
any case it is always advisable to use saccharometers at temperatures not
far from the normal in order to obtain reliable results,

2, Refractometric Method

The refractive index of aqueous saccharose solutions varies with the
concentration, and on this is based the determination of the sugar-content
of a solution by means of the refractometer.

The index of refraction of saccharine liquids may be determined by the
Abbé refractometer (see Essential Oils) ; the reading is made if possible at
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20° and the percentage (by weight) of sugar corresponding with the index
The index of
refraction read at any other temperature is corrected according to Table

of refraction found is given by the following table (X).*

X1z

Instead of determining the refractive index and deducing the percentage
of sugar as above, a refractometer specially constructed for the sugars and
giving the percentage of sugar directly may be used.’

TaBLe X

Relation between Refractive Index and Concentration of Sugar

Refrac-
tive
Index
at 20°.

13330
13344
1°3359
13374
1:3388
1:3403
143418
1:3433
143448
1'3464
1°3179
1°3494
1:3510
1°3526
1:3541
13557
13573
1°3590

Solutions
% of || Refrac- | % of || Refrace | 9% of || Refras- | 9 ot || Refrac. | 9% of
Sugar tive Sugar tive Sugar tive Sugar tive Sugar
by Indcx by Index by Index by Index by
Weight.| at 20°. |Weight.|| at 20°, [Weight.i| at 20°. |Weight.|| at 20°. [Weight.

0 13600 | 18 13920 | 30 | 14285 | 54 1+4700 | 72

1 1-3622 | 19 1:3939 | 37 || 1'4307| 55 14725 73

2 |l 13639 | 20 | 1:3958| 38 il 144329 | 50 | 1°4750 | 74

3 1:3655 | 21 13978 | 39 | 14351 57 | 14775 75

4 1:3072 | 22 1:3997 | 40 14373 | 58 | 1-4800 | 70

5 111368y 1 23 |l 14010 41 §1°4390 | 59 | 1:4825) 77

6 |l 13700 | 24 144036 | 42 1°4418 | 00 1°4850 | 78

7 | 1°37:3 1 25 | 14050 | 43 | 14441 | OT | 1+4876| 79

8 13740 | 26 4070 | 44 | 14404 | 02 14902 | 8o

n 1°3758 | 27 144000 | 45 | 14486 03 1.4928 . 81
10 103775 28 |' 14117 | 46 | 1°4509 | 04 | 1°4954 | 82
rr ) 1°3793 | 29 |, 14137 | 47 | 1°4532 | 05 | 1°4980 | 83
12 1-3811 | 30 1°4158 | 48 1 1:455%] O 15007 | 84
13 [ 1-3829 | 31 |l 1:4179 | 49 || 14580 07 | 15034 | 85
14 1°3847 | 32 | 1°4200| 50 1:4004 | 68 1°5001 | 86
15 1-3865 | 33 144221 51 1°4028 | () 15088 | 87
16 1:3883 | 34 14242 | 52 14652 | 70 15115 | 88
17 ]| 113902 ) 35 1 4264 | 53 || 14676 | 71 | 15142 | 89
f 1'5170 | 90

!

1 As far as 65%, this table is taken from Schénrock: Zeitschy. des Ver. der deut.
Zucker-Ind,, 1911, LXI, p. 42; the remainder is from Tolman and Smith: Journ.
Amer. Chem. Soc., 1906, p. 1480, and Main : Intern. Sugar Journ., 1907, p. 481.

? This table is calculated from the data of Schénrock (loc. ¢it.).

3 Herzfeld and Schénrock : Zeilschr. des Ver, der deutschen Zucker-Ind., 1913, P.
760, and 1914, p. 10.
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TaBLE XI

95

Corrections to convert Refractive Indices at Different Temperatures
to 20°

(in units in the fourth decimal place)

Percentage
of Sugar
by Weight

‘T'emperature
°C. 7

10
11
12
13
4
15
16
17
18
19

21
22
23
24
25
20
27
28
29
30
31
32
33
34

35
36

oNNW

= NN WA

S d W N -

O Y O\

I

¢

60l65

S5 10 15| 20 | 2530 35 40 ¢ 452| 50 | 55 7¢
The refractive index found is to be diminished by :
' |
8, 9 10 |11 {11|12|13]14 15|16 ]|10]|17|18] 19
71 81 9lwo|1wo |11 |12]13|13]|14]15]15]10] 17
71 71 81 a| otrwojrr|1xlr2|13]|13|14|15] 15
0Oy 6 71 8| 8} 9 9|00 }|rr |17 12]13]13
51 0] 6| 7, 7| 8| 8| 9! 9jro|10]| 10|11 | 1X
4{ 57 51 61 6] 6| 71 71 8 8| 8{ 9| 9|10
4| 4| 4 50 50 51 6) 661 6} 71 7| 7] 8
30 30 3 31 4| 4| 4| 4] 5| 5] 5506
2| 2y 2z 21 30 31 30 31 3) 3| 3] 3| 4] 4
1 | 1ol orpor| rf | xfo2) 2| 2| 2| 2| 2
‘The refractive index found is to be increased by :
T{ 1] v V| T} 1 { 1l 2| 2| 2| 2] 2{ 2| 2
20 21 2 21 31 3] 31 3| 3} 31 3] 4| 4| 4
31 3| 4| 4| 4] 4| 4] 5| 5] 5] 5| 5| 0} 6
41 4| 5| 51510000 7177|738
51 6| 0 6] 7t 71 7| 8] 8 81 9o ol 9|10
6 7t 7| 81 8| 8| 9| 9|10 |10 |10 | XX |11 |12
71 81 8| o 9lrolro |1z |11 )12 {12]|13|13]|1I4
g glloflrofryjrx|12|12|13|13]|14|15]|15]|16
10|11 11|12 |32 13[13|¥4]|15]15|16] 1601718
1t {12 |12]13 |14 |24)25|106 |16 )| 17|18 18|19 20
12 |13 |14 | 15|15 {16 | 17|17 18 | 19| 19| 20 | 21 | 22
14 {14 |15(16 |17 (18|18 |19 |20 | 21 | 21 | 22 | 23 | 24
I5 |16 (17|18 |18 19|20 |21 |21 2223242520
16 | 17 | 18 |19 | 20 |21 | 22 | 22 | 23 | 24 | 25 | 26 | 27 | 28
1819 |20 |21 |21 |22 |23 |24 |25|26|27|28{29]30
19 |20 |21 |22 |23 |24 25|26 |27[28([29}30]31]32




g6 SUGARS AND PRODUCTS CONTAINING THEM

3, Polarimetric Method

1. Rotatory Power.—This name designates the property possessed
by many organic substances (optically active compounds), including sugars,
of rotating the plane of polarised light passing through liquids containing
them. The rotations may be to the left or to the right, the substances
causing them being lezvo- or dexro-rotatory.

For any liquid, the extent of the rotation is proportional to the thick-
ness of the layer traversed by the light. Further, the angle for one and the
same substance depends on:

1. The concentration of the solution. In some cases angle and con-
centration are proportional, but in others there is more or less divergence.

2. The temperature. This has a small influence with some substances,
and a large one with others, and the change may be in either direction.
Rotations are usually referred to 20° C.

3. The wave-length of the light used. The rotation is greater for the
short violet rays than for the longer red ones. Monochromatic light, mostly
yellow sodium light, corresponding with Fraunhofer’s D line, is generally
employed.

4. The nature of thesolvent. Other conditions being equal, the rotation
sometimes changes with the solvent.

5. Some active substances exhibit different rotations according as the
solution is freshly prepared or otherwise, a constant value being attained
only after the lapse of some time. This phenomenon is termed mutarotation.

To express the rotations produced by different substances under com-
parable conditions, the specific rotation is calculated. This represents the
rotation which would be produced by a liquid containing I gram of active
substance per c.c. when a ray of polarised light traverses a layer of it 1
decimetre in length. The specific rotation is denoted by the symbol [a]
or, when it refers to yellow sodium light and to the temperature 20° C., by
[a]:

For active liquids, the specific rotation is given by the formula:

[a]:li;.

where a = observed angle of rotation, either dextro (+) or levo (--), in
degrees and decimals of a degree;
! ==length of the liquid traversed in decimetres ;
d == specific gravity of the liquid at the temperature of the experi-
ment, referred to water at 4° C.
For active substances examined in solution (in an inactive solvent)
the specific rotation is given by the formula:
[a] e= E_O.O.g' R
lc
where ¢ indicates the concentration, i.e., the number of grams of active
substance in 100 c.c.} of solution measured at the experimental tempera-
ture.

! True c.c, i.e., equal to the volume occupied by 100 grams of water at 4° weighed
in a vacunm.



SUGARS AND PRODUCTS CONTAINING THEM 97

If p is the percentage of active substance by weight in the solution,
and 4 the specific gravity of the latter at the temperature of observation
(referred to water at 4° C.), ¢ == p d, so that the preceding formula becomes :

[a] = W

It should be noted, however, that in cases where the rotation varies
with the concentration, these two formulz give the specific rotation only
for the actual concentration used.

2. Polarimeters.—The apparatus used for the determination of the
rotation of the plane of polarisation is termed a polarimeter.

In its simplest form, the polarimeter consists of two prisms of Iceland
spar cut through and reunited in a definite way; the best known and
simplest of these is the Nicol's prism or, shortly, nicol.l One of the prisms,
behind which a source of light is placed, is fixed and has the function of
polarising the light passing through it, and is thus termed the polariser.
The other, in front of which is the observer’s eye, is rotatable on its axis
and is furnished with an index moving over a graduated circle ; this is
named the analyser, as it permits of the determination of the rotation which
the polarised light has undergone. When the planes of polarisation of the
two prisms are parallel, the analyser allows the polarised rays to pass, but
when the analyser is rotated,-it no longer permits of the complete passage
of the rays and the light reaching the eye is weakened. The extent of the
weakening increases as the analyser is turned until no light passes when
the analyser occupies a position at right angles to its original one; when
this is the case the index should be at the zero of the graduated circle.

If an optically active substance is now interposed between the two
prisms, the plane of polarisation is deviated by a certain angle and the
field becomes more or less highly illuminated ; it is rendered dark again by
rotation of the analyser, the extent of this rotation being read off on the
graduated circle.

In practice, observations are made easier and more exact by the intro-
duction into the polariser of arrangements and devices such that the field
visible through the eye-piece is divided into two or more zones, these
being equally illuminated only for a definite position of the analyser. This
position is easy to fix exactly, since the line of separation of the zones is
then scarcely visible, whereas a slight displacement causes the immediate
appearance of the contrast between the differently illuminated zones.
Such position is taken as the standard, and since in it there is neither dark-
ness nor a maximum of light, the apparatus is known as a half-shadow
polarimeter.

One of the commonest of these is that of Laurent, shown in Fig. 40
and, as regards its essential optical parts, in Fig. 39.

The Laurent polarimeter consists of a foot supporting a horizontal metallic

T This is a prism of Iceland spar, about three times as long as thick, with an angle
of 68°, cut diagonally so as to divide it into two right-angled triangular prisms, which
are then reunited with Canada balsam. When a ray of light penetrates the prism, of
the two refracted rays, the ordinary undergoes total reflection at the layer of balsam,
whilst the extraordinary passes through the prism polarised, 7

AC. IL
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tube the middle part of which is fashioned like a semi-cylindrical channel
with a hinged cover ; inside this the tube containing the liquid to be
examined is placed. This channel carries at one end the polarising apparatus
and 4t the other the analyser. The polarising apparatus consists of a lens
L (see Fig. 39), which collects the rays from a sodium flame ! ; of a polarising
nicol P: of a thin quartz plate @ cut parallel to the optical axis of the
crystal and fixed to a circular diaphragm so as to occupy exactly one-half
of the aperture. The analysing apparatus consists of an analysing nicol
4 and a tubular cye-picce O ; by means of a milled head it is rotatable

Loy &3 g5

r1c. 39

FiG. 40

on its axis, together with a vernier which passes round a graduated circle
and may be observed with a lens.

The thickness of the plate Q is such that when the vernier is at zero
the right and left halves of the field in the eyc-piece appear equally intensely
illuminated. Before, however, the instrument is used, it must be ascer-
tained that the two halves are really equally bright when the vernier is at
zero ; if this is not the case, there is a displacement of the zero, which may
be corrected by means of a regulating screw. When this has been done, the
tube T of exactly determined length closed at the ends with two glass plates
and containing the solution to be examined, is interposed.® If the liquid

1 This is obtained by a simple or double bunsen burner fitted at a certain height with
a chimney ; in the hottest part of the flame is placed a platinum gauze spoon contalning
sodium chloride (or better a calcined mixture of 380 parts of crystallised trisodium
phosphate and 59 parts of sodium chloride). To obtain an absolutely monochromatic
mﬂm light should be passed through a plate or solution of potassium dichromate,
in the Lanrent polerimeter may be inserted between L and P (Fig. 39}
kﬁ;&‘orﬁemwmﬁondthetubumd precautions to be taken in using them, ste
under Saccharimeters,
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is not optically active, the field still appeary ugiform ; if, however, t
liquid is dextro- or levo-rotatory the right-l%.nd/ lﬁff\'ml]_ Rer
paler than the other. The analyser is then rotzﬁed:, @E&Nm '
moved towards the right or left until the field is again GRIYOTRE-""The angle
of deviation, a, is then read off and the specific rotation calculated.

3. Saccharimeters.—For saccharine solutions use is made of polari-
meters with a special graduation, these being termed saccharimeters.

Two principal methods of graduation are in use in saccharimeters. In
the Soleil scale, the rotation of the plane of polarisation given by a quartz
plate 1 mm. thick is taken as 100. In the Ventzke scale, which is the more
commonly employed, the rotation due to a pure saccharose solution of
specific gravity 1-1 at 17-5° C. and 20 cm. in length is taken as 100.

{a) NormMaL WEIGHT. The weight of saccharose which must be present
in 100 c.c. of solution in order that a length of 20 cm. of the liquid may give
a rotation of 100 on the saccharimeter is termed the normal weight.

For the Soleil scale the normal weight has been determined at different
times by various authors with somewhat divergent results (16-02-16-47) ;
the most probable value and that actually adopted in France is 16-29 grams.?

As regards the Ventzke scale, it was first established that the weight
of saccharose to be dissolved in 100 c.c. (so-called Mohr c.c.) to obtain a
solution of specific gravity 1-1 at 17-5° C. is 26048 grams, and this was
taken as the normal weight for these saccharimeters. Each division on this
scale will therefore correspond with 0-26048 gram of saccharose per 100 cc.
and a solution containing the normal weight per 100 c.c. of a product con-
taining saccharose (and no other optically active substance) will give a
reading on the scale which is the actual percentage of saccharose in the
substance.

The Mohr c.c. represents the volume occupied at 17-5° C. by 1 gram
of water, weighed in air with brass weights ; 100 Mohr c.c. equal 100-235
true c.c., so that 100 true c.c. at 17:5° C. of normal saccharose solution will
contain 25:987 grams. The measuring flasks used in sugar analysis when
the above normal weight (26-048 grams) is adopted are gauged according
to Mohr, and the distilled water required to fill them to the mark at 17-5° C.
should weigh exactly the number of grams marked on the flask.

It should, however, be mentioned that the International Commission for
Standard Methods of Sugar Analysis, as a result of the deliberations of the
International Congress of Applied Chemistry, decided at their Paris meeting
in 1goo to make use of the #ue c.c. (the volume occupied at 4° C. by 1 gram
of water weighed in a vacuum) instead of the Mohr c.c. ; it is also decided
that the volume should be measured at 20° C., at which temperature the
polarimetric readings are to be made. Under these conditions the normal
weight to be employed is 26 grams,? i.e., the rotation 100 with sacchari-
meters with the Ventzke scale is obtained by dissolving 26-000 grams of
pure saccharose, weighed in air with brass weights (equal to 26-016 grams

L Sucverie indigeme, 1900, LVI, p. 205. Ses also Nasini and Villavecchia : Normal
Weight for Saccharimeters, Ann. Labor. Chim. Centr. Gabeile, 1893, 11, p. 47.

2 In recent years the adoption of a single saccharimetric scale with the normal
weight 20 grams has been suggested, but it is not yet in use.
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weighed in a vacuum), in 100 true c.c. (equal to the volume of 100 grams
of water at 4° weighed in a vacuum) at 20° C. and reading at 20° C. ina
tube 20 cm. long. For testing flasks graduated in accordance with this
new definition, it should be remembered that 100 true c.c. of water at 20°
weigh 9g-7174 grams, weighed in air with brass weights (equal to 99-8234
grams weighed in a vacuum). This will then represent the weight of water
required to fill the 100 c.c. (true) flask at 20° C.I

A variation of a few milligrams in the case of 100 c.c. flasks is allowable,
the ordinary variations in the density of the air being sufficient to introduce
a difference in the third decimal figure. For ordinary purposes, flasks with
an error not greater than + 0-05 per 100 c.c. may be used.

() DESCRIPTION OF THE APPARATUS. Any half-shadow polarimeter,
suitably graduated, may be used as a sacchanmeter. For instance, the
Laurent polarimeter is often provided, on its graduated circle, with the
saccharimetric scale (usually that of Soleil, the 100 point corresponding
with 21° 14’) as well as the ordinary degree scale.

Those saccharimeters with a Ventzke scale which are commonly used
(also half-shadow) are, however, constructed according to another system,
that of compensation, of which there are two principal types: simple and
double compensation. The arrangement of the essential optical parts of
these two forms of saccharimeter will first be indicated, and the construction
of the latest and most perfect model will then be described in detail.

In the saccharimeter with sumple compensation, the optical parts of which
are shown diagrammatically in Fig. 41, the light rays traverse first a system

id

wozfll Bt S D

Fic 41

of convergent lenses L and are thus concentrated on the half-shadow polariser
P (constructed according to Jellet and Cornu’s principle or according to
that of Lippich), which divides the field of vision into two zones separated
by a vertical straight line. The rays, which are thus polarised, pass through
the tube T containing the solution to be examined, then through a quartz
plate with parallel faces H and two wedge-shaped quartz plates M and N
with rotation of the opposite sign to that of H. Of these two plates, which
constitute the compensator, one, N, is stationary, whilst the other, M, can
move parallel to its original position so as to alter only the total thickness
of quartz in the compensator. Beyond the compensator comes the polaris-
ing nicol 4, and lastly an eye-piece tube 0. When the tube T is not in the
apparatus and the movable wedge M is in such a position that the total
thickness of the two wedges is equal to that of the plate H, the two halves
of the field of the eye-piece are equally illuminated ; in such position the
zero of the scale (marked on the framework of the movable wedge) coincides
with the zero of the vernier (marked on the framework of the stationary
wedge), 1f, however, the tube T containing the sugar solution is inter-

¥ See Zeitschy. des Ver. dev dewtsch. Zucker-Ind., 1900 (general part), p. 357.
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posed, the two halves of the eye-piece field appear unequally illuminated,
and to restore uniformity the movable wedge must be displaced until
the difference in thickness between the plate H and the wedge-system M-N
counterbalances the rotation of the solution. The scale is so graduated
that a solution containing the normal weight of pure saccharose in 100 c.c.,
observed under the prescribed conditions, gives uniformity of the field
when the zero of the vernier coincides with 100 on the scale.

In saccharimeters with double compensation (Fig. 42), the place of the
parallel-faced quartz plate H is taken by a second pair of wedges, one (K)
stationary and the other (H) movable, having rotations of opposite sign to
M and N (and carrying also another vernier and the corresponding scale) ;
the other optical parts correspond with those of saccharimeters with simple
compensation. When the zeros of the two scales coincide with those of

o2y === £

b 4

Fi16 42

the respective verniers, the field is evenly illuminated. If,fthen, the normal
saccharose solution is interposed and one of the movable wedges carrying
what is termed the working scale is moved whilst the other—with the conérol
scale—remains at zero, uniformity of field is again attained when the working
scale indicates 100. If now the solution is removed and the control scale
moved, uniformity reappears when the control scale indicates the same
number as the working scale,

A saccharimeter of the latest model is shown in Fig. 44 and its optical
parts in Fig. 43. It will be seen that it is a double compensation instru-
ment and differs from the preceding only as regards the polariser. The
latter, made on Lippich’s principle, consists of a system of three prisms
and causes the field to be divided into three parts by two vertical lines ;
when the field is not uniformly illuminated, the two outer zones are illumin.
ated equally, but differently from the middle one.

The instrument is carried on a heavy two-footed base, which gives it
great stability, and consists of a horizontal tube with its middle portion, as
in all polarimeters, in the form of a semi-cylindrical channel provided with
a hinged cover and made to hold the tube with the sugar solution. At one
end of the instrument is the polariser and at the other the analyser, which
is completely enclosed in a metal case so that the wedges and scales are
preserved from dust and from external agents, this being highly advan-
tageous. The movable wedges are displaced by means of two long screws
shown at the bottom left-hand corner of Fig. 44 (the lower screw operates
the working scale and the upper one the control scale). The scales and
their verniers, which are marked on the upper part of the metal casing of
the wedges, are reflected into the field of a separate eye-piece shown at the
left of the figure.

The apparatus should be tested before use. The zero is first verified
and if, when one scale reads 0 and the field is uniformly illuminated, the
other scale does not read o also, one of the fixed wedges must be carefully
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moved by means of a suitable key. The 100 point and other points on the
scale may be verified by means either of solutions of pure saccharose of
definite strength, or of quartz plates of known exact rotations, care being
taken to observe all the precautions indicated below.

(c) Lamp. Unlike those of the Laurent type, compensation sacchari-
meters do not require yellow light, but are used with a constant, bright
white light. The older lamps, burning gas or petroleum, consisted of
several fan-shaped flames placed one behind the other and enclosed ina
blackened metal cylinder, which allowed the light to pass out only through
a circular aperture, The latter was usually provided with a so-called con-
densing lens, but it is now recognised that this merely hindered the passage
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of the rays into the apparatus. The newest lamps are gas (or spirit) lamps
furnished with an incandescent mantle and arranged in a blackened metallic
cylinder with a ground-glass aperture in the front part. An incandescent
electric lamp (32-50 candles) with a ground-glass bulb and arranged in a
metal cylinder is also used ; this gives out little heat and is thus of great
advantage, since the temperature of the instrument and its surroundings is
not changed much—a point of special importance when many successive
readings are to be made.?

The source of light must lie in the direction of the axis of the instru-

. ‘1 The saccharose used should be crystallised several times from water, then pre-
cipitated from the aqueous solution by means of alcohol, and finally dned.' at 60—70°
to constant weight: It should not coatain moisture or ash in sensible amount and
should not }'eact with Soldaini’s hquid (se¢ Chemical Methods, p. 108, note +4).

% Electric lamps are also made which are fixed firmly to the polarimeter itself,
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ment so as to illuminate uniformly the field of view, the distance being
arranged so that the readings are as sharp as possible ; it should not be
displaced during the observations.*

In some cases, especially with almost colourless liquids, the zones of
the field of vision exhibit somewhat different colours, which prevents
accurate readings being obtained. This inconvenience is avoided by intro-
ducing a suitable plate of potassium bichromate into the eye-piece or by
interposing between the lamp and the saccharimeter a glass cell with parallel
faces (Landolt’s so-called ray-filter) containing an aqueous solution of this
salt 2; by this means the more refractive rays are absorbed and the field
assumes a uniform yellow tint.

(@) SaccHARIMETER TUBEs. These are usually of glass and 20 cm. long,
but longer ones (30, 40, 50 and 6o cm.) are used for liquids of low rotation
and shorter ones (10, 5, 25 cm.) for highly coloured liquids. They are
closed at the ends by glass discs kept in position by screw caps (or spring
or simple friction caps) fitted inside with a rubber ring. The length of the
tube must be very exact and this is checked by means of apparatus based,
like the dividing engine, on the use of a micrometer screw.®> The ends of
the tube should be exactly perpendicular to the axis, and the end glasses
should have perfectly plane and parallel faces and should be made of clear,
absolutely optically inactive glass. The tubes are filled immediately before
reading and are carefully cleaned immediately afterwards.

To fill a tube this must be cleaned and well dried, closed at one end and
held vertically with the open end up, the solution being then poured in
until it fills the tube and arches over the top. The glass disc is then placed
on the tube so as to expel the excess of liquid, which is absorbed with a
strip of filter paper. The screw cap is then placed in position and screwed
down until it just holds.

When it is necessary to control the temperature of the liquid, the tube
is opened at one end immediately after the reading and a thermometer
inserted. Better still, in cases where variations of temperature exert a
marked influence on the result, special tubes may be used which are fur-
nished with a T-branch containing a stopper traversed by a thermometer
and are surrounded by a metallic jacket through which water at constant
temperature is circulated.

For the successive and rapid reading of different liquids often required
in sugar factories, so-called continuous polarisation tubes have been devised,
these being furnished with a tube at each end; suction at one of these,
which is connected with a rubber tube bent to form a siphon, results in

1 To be more exact, the distance from the lamp to the instrument should be such
that the image of the point of a wire placed immediately before the source of light is
formed sharply on a sheet of white paper supported at the diaphragm of the analyser ;
in any event, however, such distance should not be less than 15 cm. in order that the
heat of the lJamp may neither damage the optical parts of the apparatus nor alter the
experimental results.

* To obtain readings saccharimetrically comparable, the bichromate solution (con-
centration 6% and thickness 1-5 cm.) should always be interposed.

* For tubes in ordinary use, the length of that of 20 cm. should not differ more
than o-1 mm., from the truth ; otherwise a correction should be applied to the readings.
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entry of the liquid at the other. When the reading is made, the liquid is
expelled and another introduced and so on.

(¢) METHOD OoF READING. Polarimetric readings should be made in
a dark room, if possible with black walls.

When the lamp is arranged in its place, the field of the apparatus is
observed through the eye-piece, care being taken that the observer’s position
is a comfortable and natural one for looking along the axis of the apparatus ;
the eye should be 1-3 ¢m. from the eye-piece. The latter is focussed so that
the separation between the vertical zones of the field is seen as a thin,
straight line. The field should be perfectly circular and well illuminated
throughout ; if this is not the case, the lamp is moved.

The reading is then made and, in order to detect small non-uniformities
in the field, it is advisable to rest the eye for about half a minute between
one reading and the next.

With saccharimeters provided with the Ventzke scale, the latter extends
from o to 100 in the positive direction and from o to — 30 in the negative
direction ; the vernier is divided into ten parts, the total length correspond-
ing with nine scale divisions. When the zero of the vernier does not coincide
exactly with a division on the scale, the figure after the decimal point is
given by that division of the vernier which does coincide with a scale division
counting from either the zero or the 10 point of the vernier according as
the reading is positive or negative. If the scales are sufficiently clear and
highly magnified, 005 of a division can be estimated.

EXAMPLES : Figures 45, 46 and 47 represent respectively the readings
+ 253, — 46 and + 8-23.
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The method of making the reading varies according as the instrument
is one with simple or double compensation.

(a) Simple compensation: (1) The screw of the scale is turned until
the field appears uniformly illuminated and by small movements in both
senses the exact point is attained at which the separation between the
zones of the field is seen either not at all or as little as possible. The scale
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should then read zero if the instrument is perfectly adjusted. If, however,
there is a deviation and it is not desired to eliminate it by adjustment of
the apparatus, the reading is taken by means of the vernier, the sign being
noted.

(2) The tube containing the sugar solution is introduced and the screw
again turned until the field once more appears evenly illuminated. Thescale
is again read and the reading increased or diminished by the zero error
according as this is of the opposite or of the same sign as the reading.

() Double compensation :

(1) The tube with the sugar solution is placed in the saccharimeter ;
the control scale is placed exactly at zero and the lower screw, corresponding
with the working scale, turned until the field appears uniform ; the working
scale is then read.

(2) The tube is removed, the field brought back to uniformity by means
of the control screw and this scale read ; the reading should be equal or
nearly equal to the preceding reading.

(3) The tube is then replaced in the saccharimeter, the field brought
back to uniformity by moving the screw of the control scale, and the latter
read ; this reading will be equal or nearly equal to zero.

(4) The tube is then taken out, the field brought again to uniformity
by means of the working scale and this read, the reading being zero or nearly
zero,
When the four readings are made, the result is calculated by taking the
mean of the first two and the mean of the second two (taking account of
the sign) and adding or subtracting the two means according as they are
of contrary or the same sign. This calculation will be clear from the follow
ing examples :

oo, [{1) 4 89°3 (3) + o
A Read“‘g“'{(q) + 89°5 (4) — o2
Means : + 894 ~— 0°05
Result : + 89°45
ol { (1), 45715 (3) + o005
B Readings : {(2) + 4525 (4) + 015
Means : + 4520 + o'10
Result : + 4510
ines - | (1) —7°10 (3 o
S '{(2) — 715 (4) — 005
Means : —— 713 ~— 003
Result : — 710

4, Polarimetric Constants of the Principal Sugars.—Table XVI
(see later) contains the polarimetric constants of the sugars more commonly
met with in the analysis of commercial products; a brief statement of
these data may be given here.

(@) PoLARIMETRIC CONSTANTS IN CIRCULAR DEGREES. The specific
rotations of the different sugars and their variation with temperature and
concentration have been determined by various authors. In the table
mentioned, the first column gives the value of [a} regarded as most reliable ;
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when the rotation varies sensibly with the concentration, the value given
must be taken to be the mean value for medium concentrations (10-159).
The variations with concentration and temperature will now be considered,

For saccharose, the value + 66:5° may be regarded as almost constant
for concentrations at least up to the normal (26 grams in 100 c¢.c.) and is
deduced from the formula !:

(o]}’ = 66-438 4 0-01032 p — 0-00035449 p°,

where p is the percentage of saccharose by weight in the solution ; this
formula holds for values of » between 3 and 65. The variation with the
temperature is also not very marked ; for concentrations near to the normal
and for temperatures between 10° and 32°, Schénrock’s data * show that
the specific rotation of saccharose diminishes by 00144° for each 1° rise
in temperature.

For invert sugar, the variation of the specific rotation with the concen-
tration is marked and is expressed by the formula 2:

[ = — 19447 — 0-06068 p + 0-000221 $%,

where p, the percentage by weight of the sugar in the solution, lies between
9 and 68; or by
[a]® = — 19:657 — 0-0361I c,

where ¢, the weight of invert sugar in 100 c.c., is not greater than 35. The
value — 20:2° of the table is deducecd from this formula for concentrations
up to 159%.

The variation with the temperature is given by the following formula,
which holds between 0° and 30° and shows that at temperatures in the
neighbourhood of 20°, a diminution occurs in the rotatory power of about
0-31° for 1° increase in temperature :

[al! =[a]® + 030406 (¢ — 20) + 0-001654 (¢ — 20)Z.

For glucose, the influence of temperature is negligible. The value 52-8°
given in the table, may be regarded as sufficiently exact for the concentra-
tions 10-159% and is derived from the farmula*4:

[a], = 52'50 4 0°018796 p 4 0°c0051683 p?,

where p is the percentage by weight of glucose (anhydrous) in the solution.

For levulose or fructose, the variations of specific rotation with tempera.
ture and concentration are considerable, but the data are somewhat dis-
cordant and uncertain, owing to the difficulty of obtaining this sugar pure
and crystalline. The value -— 93° given in the table, which is in satisfactory
agreement with those adopted for glucose and invert sugar, is deduced for
about 109, solutions from the formula 8:

[y’ = — (9190 + 0111 ) ;

1 Nasim and Villavecchia : Normal Weight for Saccharimeters, Aun. Lador. chim.
Centr. Gabelle, 1893, Vol II, p. 47.

3 Zeitschy. des Ver. dey deutschen Zuckey-Ind,, 1900, L, pp. 413-434.

3 Gabbe : Zetschr. des Vey. fur Rubenzuckerind., 1884, XXXIV, p. 1345.

4 Tollens : Ber. deut, chem. Gesell, 1884, XVI1, p 2238.

5 Ost: ibid, 1891, XXIV, p. 1636.
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where p, the percentage by weight of levulose in the solution, lies between
3and 30. For medium concentrations, a rise of temperature of 1° is accom-
panied by diminution in the specific rotation by 0-67°.

With malfose (anhydrous):

[a]; = 140-375 — 001837 p --0-095 ¢,

so that for ordinary concentrations at 20° C. the value is + 138-2°.1

With lactose, variation with concentration is negligible; [a]?® = +
52-53° for the hydrated sugar, C,,H,,0,, + H,0.2 This number diminishes
by 0-075° for 1° rise of temperature.

With raffinose, the variation with concentration or temperature is very
slight, the value for the hydrate (+ 5H,0)® being + 104:5°. This value
is 1-5715 times that for saccharose, while the value for anhydrous raffinose
is 1-1786 times that for hydrated raffinose and 1-852 times that for sac-
charose.

From the mean specific rotations, calculations have been made, for
each sugar, of the other data relating to polarimetric readings in circular
degrees (se¢ Table XVI). For those sugars with which the rotatory
power varies appreciably with concentration and temperature, these data
are, of course, exact only at 20° and for the usual concentrations.

(b) SaccHARIMETRIC CoNsTANTs. Table XVI contains also the
corresponding constants relating to the Ventzke scale ; those for saccharose
are deduced from the normal weight (26 or 26048 grams: see above)
and may be regarded as valid for any concentration.t The influence of
temperature on the readings of saccharose solutions in the saccharimeter
may usually be disregarded, but the temperature should not differ much
from 20° or, at any rate, the reading should be made at the temperature at
which the solution is prepared. If, however, the solution is made at 20°
and the reading at £° (this being the temperature of the quartz of the com-
pensator), the saccharimetric reading of a normal solution should be increased
by 0061 (¢ -—20).5

As regards invert sugar, a normal solution of saccharose contains, after
inversion, 27:419 (or 27:369) grams of invert sugar, if the normal weight
is taken as 26-048 (or 26) grams; such an inverted solution, made up to
the doubled volume and read in a 20 c¢m. tube, gives a reading of — 16-33
divisions at 20°, If there were no change of volume, the resulting solution
would have the rotation — 32:66 divisions (disregarding variation of the
specific rotation with the concentration). The variation per 1° of tempera-
ture is 0'5 of a division, so that the rotation of the solution at temperature
¢° may be expressed by — 42:66 + 0-5 ¢, -— 4266 being the reading at 0° C.

L Meissl: Jowrn. fav prakt. Chemie, Series 2, Vol. XXV, p. r14.

® Schméger : Ber. dewt. chem. Gesell.,, 1880, XIII, p. 1922 ; Parcus and Tollens :
Liebig’s Annalen dev Chemis, Vol. 257, p. 170 ; Denigés and Bonnans : Journ. de phorm.
el chim., Series 5, Vol. 17, p. 363.

3 Tollens : Liebig's Annalen dev Chemie, Vol. 232, p. 169.

4 For saccharose, 1 Ventzke division (using Mohr c.c.) correspends with 0:3465
circular degrees ; this ratio varies somewhat for different substances according as the
dispersive power varies, but in general is almost constant for the different sugars.

5 Zeitschy. des Ver. der deutschen Zucker-Ind., 1901, LI, p. 106 ; 1903, LIII, p. 650.
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The constants given in Table XVI refer only to medium concentrations.!

For glucose, the normal weight is 32 81 grams (or 32-75 grams) when
the volume is measured in Mohr c¢.c. (or in true c.c. at 20°),

For levulose, the constants given are calculated from those of glucose
and of invert sugar; the marked variation of the rotation with the tem-
perature and concentration renders polarimetric observations of this sugar
somewhat inexact.

For maltose, lactose (hydrated) and 7affinose (hydrated), the normal
weights are respectively 12-55 (or 12:58) grams, 32-88 (or 32-95) grams,?
and 16545 (or 16:576) grams, according as the volume is measured in true
{(or Mohr) c.c.

In polarimetric determinations, thc mutarotation must always be
taken into account, this being greatest in glucose and less marked in levu-
lose, invert sugar, maltose and lactose. Solutions of these sugars do not
assume constant rotations until they have been prepared about 24 hours
or kept at a high temperature for a short time.

4. Chemical Method

1. Fehling’s Solution.—The chemical method for the determination
of sugars is based on the reducing power they exert on an alkaline solution
of copper, this power being exhibited in varying degree by all the sugars
dealt with here excepting saccharose and raffinose. The reduction is
manifested by the formation of a red precipitate of cuprous oxide. The
cupric solution usually employed is Fehling’s solution, obtained by mixing
equal volumes of the two following solutions just before using :

(1) 69-278 grams of pure crystallised copper sulphate (CuSO, + 5H0)
are dissolved in water to 1 litre?

The copper sulphate to be used is purified by repeated crystallisation from
water, the solution being kept shaken during crystallisation ; it is then dried
in the air between filter papers.

(2) 346 grams of Rochelle salt and 100 grams of sodium hydroxide are
dissolved in water to 1 litre,

The two solutions are stored separately in bottles closed by rubber
stoppers through which pass the pipettes used to withdraw the solutions.¢

1 See also note 1 on p. 116,

* According to more reliable results, the normal weight of lactose is 32-91 (or 32+97)
grams for true (or Mohr) c.c.

3 The concentration of the copper solution was based originally on the assumption
that 1 mol. of glucose (or invert sugar or levulose) reduced 5 mols. of copper sulphate
—avhich is only approximately true—and it was calculated (with the old atomic weights}
so that 100 c.c. of the copper solution, with the corresponding quantity of the alkaline
solution, would be reduced by 1 gram of such sugars. The concentration given above
is that commonly used, although some authors have suggested slight modifications.

+ Fehling’s solution is also reduced, although only to a minimal extent, by sa¢-
charose, so that, in the qualitative investigation of small quantities of reducing sugars,
it is well to replace it by Soldaini’s solution. This is prepared by dissolving 150 grams
of potasginm bicarbonate and 101:4 grams of normal potassium carbonate in water,
adding 100 c.c. of the copper sulphate solution used for Fehling’s solution and making
the volume up to a litre.
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The determination of the reducing sugars may be either volumetric or
gravimetric.

2. Gravimetric Determination of Sugars with Fehling’s Solu-
tion.—As a rule the cuprous oxide obtained by boiling the sugar solution
with Fehling’s solution is reduced to metallic copper, which is weighed.
It is, however, necessary to follow exactly the procedure prescribed for
each particular method, especially as regards the dilution and volume of
the solutions, the duration of the boiling and the mode of filtration.

The general procedure for all cases is as follows :

1. GENERAL PROCEDURE. Equal volumes of the two constituents of
Fehling’s solution and the proper amount of water are heated in a 250-
300 c.c. conical flask over an aperature 6:5 cm. in diameter in an asbestos
card, the latter being supported on a wire gauze.

In some cases the sugar solution is added at the beginning, and in others
only when the liquid begins to boil, the boiling being maintained for a
definite time. At the end of this time, the flame is removed and
about 100 c.c. of water, previously boiled and cooled, immedi-
ately added to the solution. The latter is at once filtered
through a filter-tube containing asbestos (described in detail
below) with the aid of a water-pump, the tube being kept
filled with liquid. The precipitated cuprous oxide is then
washed 12-15 times with hot, boiled water, 300-400 c.c. in all
being used. The filter is finally washedtwo or three times
with alcohol and two or three times with ether (quite neutral),
the tube being then dried rapidly in the oven and gently
heated with a flame while a moderately rapid current of air is
drawn through it.

A current of hydrogen is then passed through the tube and
the cupric oxide gently heated over a small flame until it is
completely reduced to metallic copper and water no longer
condenses in the cold part of the tube. The latter is allowed ‘
to cool with the hydrogen still passing and is placed in a
desiccator for a time and then weighed. From the weight of the W
copper obtained, that of the sugar present is deduced by Fic. 48
means of tables.

The filtering tube (Fig. 48) consists of a hard glass tube about 12 cm.
in length and 2 cm. in diameter, with a constriction in the middle portion,
and drawn off to a tapering tube, 8-10 cm. long, cut obliquely. A cone of
platinum gauze is placed on the constriction and then a layer of about 2 cm.
of asbestos. The latter is first washed in the hot with caustic soda, hydro-
chloric acid, nitric acid, and water successively ; it is then poured in the
form of an aqueous paste into the tube and washed with a large quantity
of water with the help of a pump; after being washed with alcohol and
ether, dried in an oven and gently heated to constant weight, the tube is
ready for use. The tube, thus prepared and weighed, is fitted in the rubber
stopper of a thick-walled conical flask provided with a side-tube for attach-
ment toa water-pump ; the top of the tube is closed with a cork traversed
by a small funnel. The tube is half filled with water, the pump started
and the Fehling’s solution with the cuprous oxide filtered.
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2. DETERMINATION OF THE DIFFERENT SUGARS.

(a) Glucose~60 c.c. of the mixed Fehling’s solution and 60 c.c. of
water are together heated to boiling, and 25 c.c. of the sugar solution (con-
taining not more than 19} of glucose) added. The liquid is then boiled for
2 minutes and filtered as described above. The weight of glucose present
is found from Table XII.

(b) Levulose. The procedure is as with glucose, Hénig and Jesser’s
table ! being used.

(¢) Invert sugar. 50 c.c. of Fehling’s solution and a volume of the
solution containing not more than 0-245 gram of invert sugar are together
made up with water to 100 c.c., the liquid being then heated to boiling and
the boiling maintained for 2 minutes. The results are calculated from
Table XIII.

(@) Maltose. A mixture of 50 c.c. of Fehling’s solution and 25 c.c. of
a maltose solution containing not more than 19 of the sugar is kept boiling
for 4 minutes; see Table XIV,

(¢) Lactose. A mixture of 50 c.c. of Fehling’s solution with a volume
of the lactose solution containing not more than o-3 gram of the sugar is
made up to 150 c.c. with water, heated to boiling and kept boiling for 6
minutes. Table XV gives the amount of hydrated lactose (C,,H,,Oy
+ H,0).

TaBLE XII

Glucose corresponding with the Copper weighed (Allihn)

-

Copper | Glucose || Copper | Glucose || Copper | Glucose || Copper | Glucose || Copper | Glucose
mgrms. | mgrms. | mgrms | mgrms || mgrms | mgrms. || mgrms. | mgrms |mgrms. mgrms.

10 6°1 105 53°5 200 | 102+0 290 | 151°0 380 | 201°4
15 86 110 56+0 205 1053 295 | 153°8 385 | 2043
20 11°0 115 58:6 | 210 | 107°9 || 300 | 1565 390 | 2071
25 13°5 120 61°1 215 1100 305 1593 395 2100
30 16¢0 125 637 220 1132 310 | 1620 400 | 212°9Q
35 18+5 130 66-2 225 | 1159 | 315 | 164°8 405 | 215°8
40 2049 135 68-8 230 | 1185 320 | 167°5 410 | 21847
45 23°4 140 713 | 235 | 1212 || 325 | 170°3 415 | 221°0
50 259 145 73'9 | 240 | 12349 | 330 | I73°1 420 | 224°5
55 | 284 || 1s0 | 76°5| 245 | 1266 335 | 175°9 || 425 | 227'5
60 30-8 155 791 250 | 1292 || 340 | 1787 430 | 230°4
65 | 333 || 160 | 817 || 255  131-9{ 345 | 181°5| 435 | 2334
70 | 358 165 | 84:3 | 260 | 1346 | 350 | 184°3 || 440 | 236-3
75 | 383 170 | 86:9 | 265 | 1373 { 355 | 1872l 445 | 239°3
8o 408 175 895 270 | 1400 || 3€0 | Igo-o 450 | 2422
85 | 434 180 | 92:1 || 275 | 142°8 |[ 365 | 192°9 || 455 | 2452
9 | 459 || 185 | 947 | 280 | 1455| 370 | 195'7 || 460 | 248-x
95 4844 190 973 285 | 1483 375 | 19846 465 | 251-%
100 509 195 | 100°0

1 Zoitschr. des Ver. far die Ribenzsuckerind., 1888, XXXVIII, p. 1036.
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TaBLe XIII

III

Invert Sugar corresponding with the Copper weighed (Meissl)

Copper l;;\;c;r: Copper I;:]v;:;
mgrms. mgrms. mgrms. mgrms.
9o 46°0 100 843
95 | 49'5 | 165 | 870
100 52°1 170 897
105 54-8 175 92°4
110 57°5 180 952
115 00°1 185 978
120 628 190 1006
125 0655 195 103°4
130 081 || 200 106°3
135 708 205 | 109X
140 73°5 210 I11+9
145 | 701 215 | 1147
150 78-9 220 117°5
155 | 816 || 225 | 1204

Copper Invert Copper Invert Invert

mgers | ot | mrms | UL | g | Sueee

| 230 1232 300 1638 370 | 2061
235 126°0 | 305 | 1668 || 375 | 209°2
240 1289 310 1697 380 | 21244
245 | 131-8 | 315 | 17277 || 385 | 2155
250 1346 | 320 | 1756 390 | 2187
255 | 137°5 || 325 | 1780 | 395 | 221-8
260 | 1404 | 330 1816 400 | 2249
265 1432 335 | 1847 || 405 | 2286
270 | 146°1 340 | 1878 410 | 2321
275 | 149'0 || 345 | 190°8 || 415 | 2357
280 15149 350 | 193-8 420 | 239°2
285 | 1549 | 355 | 196:8 || 425 | 242°7
200 1578 360 199°8 430 | 246°3
295 160°8 365 2030
‘TaBLe XIV

Maltose corresponding with the Copper weighed (Wein)

Capper
mgrms.

30
35
40
45
50
55
0o
65
70
75
8o

Maltose
mgrms.

253
296
339
38:3
420
470
513
557
601
64°5
68+9

Copper
NS,

85
Q0

95
100

105
110
115
120
125
130
135

Maltose
MErms.

732
77'7
82-1
866
910
95°5
99'9
104°4
108:9
1134
117°9

Cupper
mngrins.

140
145
150
155
160
105
170
175
180
185
190

Maltose
1Zrms.

122°4
1209
1314
1359
14044
1449
1494
1538
1583
162+7
1672

Capper | Maltose

mgrms. | jJugrms
195 1716
200 | 176°1
205 | 1805
210 1850
215 189°5
220 | 1939
225 | 1984
230 | 202°9
235 | 207'4
240 | 211-8
245 | 2163

Copper
mgrins,

250
255
260
265
270
275
280
285
290
295
300

Maltose
mgrns,

220+8
2253
2298
23473
238-8
2433
2478
2522
2566
261 1
265°5
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TaBLE XV
Lactose (Hydrate) corresponding with the Copper weighed (Soxhlet)

Copper | Lactose || Copper | Lactose || Copper | Lactose || Copper | Lactose || Copper I laactase
mgrms. | mgrms. | mgrms | mgrms. || Mgrms. | mgrms. || Mgrms. | Mgrms, || Mgrms. | mgrms.

100 71+6 165 | 120°2 225 1657 285 | 212-3 345 | 2598
105 75'3 170 | 1239 230 169°4 290 | 216°3 350 | 2639
110 790 175 | 127°8 235 | 1731 295 | 220°3 355 | 2680
115 827 180 | 1316 240 17649 300 | 224°4 360 | 272°1
120 864 185 | 135°'4 245 | 1808 || 305 | 2283 365 | 2762
125 90°1 190 | 139°3 250 1848 310 | 232°2 370 | 280°s
130 | 938 || 195 | 1431 || 255 | 188:7 || 315 | 236'1 | 375 | 2848
135 97+6 200 1469 260 192°5 320 | 240°0 380 | 2891
I40 | I0I*3 205 | 1507 265 | 196°4 || 325 | 2439 385 | 2034
145 | I05°1 210 | X54'5 270 | 200°3 | 330 | 247°7 ) 390 | 2977
150 | 1088 215 | 1582 275 | 2043 335 | 251°6 395 | 3020
155 | 112+6 220 | 1619 280 | 2083 340 | 2557 400 | 306°3
160 | 116°4

3. Volumetric Determination of Sugars with Fehling’s Solution.*—
This method consists in determining the quantity of substance which com-
pletely reduces a given volume of Fehling’s solution. The solution of the
reducing sugar used contains 0'5-19, of the sugar.  Into several similar
flasks are measured equal volumes of Fehling’s solution, which is some-
times left undiluted, but is more frequently mixed with 4 vols. of water ;
various tests are then made to ascertain the volume of sugar solution neces-
sary to reduce completely the amount of Fehling’s solution employed.
As a rule, 10 c.c. of Fehling’s solution (5 c.c. of copper solution + 5 c.c.
of alkaline tartrate) and 40 c.c. of water are taken.?

The flask containing the Fehling’s solution is heated on a wire gauze and,
when the liquid begins to boil, a certain volume of the sugar solution is run
in from a burette. The solution is again heated to boiling and kept boiling
for the requisite time (2 minutes for glucose, levulose or invert sugar, 4
for maltose and 6 for lactose), at the end of which the flask is removed
from the flame and a few drops of the liquid immediately filtered through
a double filter into a test-tube, acidified with acetic acid and tested with a
drop of potassium ferrocyanide solution. The formation of a red coloration
or precipitate due to the presence of copper indicates that the Fehling’s
solution is not entirely reduced, so that in the succeeding test a larger
amount of the sugar solution is taken. If, however, no reaction for copper
is obtained with the filtrate, a smaller volume of the sugar solution is used
for the next test. Increase or decrease of the amount of sugar solution

! See also : Ling and his Collaborators, The 4nalyst, 1905, XXX, p. 182 ; 1908,
XXXIII, pp. 160, 167.

3 When various successive tests are to be made, it is obvious that greater accuracy
in the measurement of the volumes may be attained by preparing a quantity of the
diluted Fehling’s solution (e.g., 50 ¢.c. of each of the two liquids -+ 400 c.c. of water)
and taking 50 c.C. of the mixture for each test. The two liquids should be weil mixed

before dilution with the water and the diluted solution should not be kept from one
day to the next,
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TABLE XVI

Polarimetric and Reducing Constants of the Principal Sugars
I . . ! Grams to reduce 100 C.c. of Fehling’s
’ Grams li-?)l;:::ooncgf to give Rotation (1"’;) ?cl gram per | e of Fehling’s Solution reduced by 1
i e Solution. gram,
Specific
Sugar. Rotation
20 .
(o], | 1 Circular | 1 Ventzke | 1 Ventzke | Circular | Ventzke | Ventzke Diluted Dituted
Degree | Division | Division | Degrees | Divisions | Divisions | Undiluted. “:)'I'S ;‘f Undiluted. | 3;;;’ 4of
(true c.c.). | (true c.c.). t (Mohr c.c.). (true c.c.).{ (true c.c.). |(Mohr c.C.). Water. ; Water.
. , |
Saccharose . + 66+5 | 0+7519 | 0°:26000 | 026048 1330 3:846 3-839 — | — — —
|
Invert sugar = 20°2 | 2°475 0-8380 08393 -~ 0°404 | ~— 1°193 | ~— 1°191 0:494 0°515 202°4 104
Glucose . . 4+ 528 t 04947 0°3275 0:3281 1+056 3°053 3°048 0°475 0:4945 210°4 202°2
14
Levulose. . , -~ 930 | 0'5376 | 0°1838 0:1841 ~— 1°860 | — 5°439 | — 5°430 0°514 0°537 1944 186
Maltose . + 1382 | 03618 | 0°1255 | 01258 24764 7°968 7949 | o779 0741 1284 1 135
Lactose (hydrated) + 5253 ! 09518 | 0°3288 0:3295 1051 3041 3035 | 0676 0+676 148 148
Raffinose (hydrated) + 104'5 | 0°4785 | 0'16545 | 0:16576 2°090 6:044 6+033 — — — —
|
”» (anhydrous). | + 1231 | 0°406 0°14039 | 0:14065 2+463 7123 7110 — — — —

WHHIL HDNINIVINOD SIDNA0dd ANV SIVINS

€11
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taken is continued until, in the one case, the reaction for copper fails or,
in the other, makes its appearance, in the filtrate. In practice it is con-
venient to usc first an insufficient volume of sugar solution and to continue
adding the latter to the same flask and boiling afresh until the filtered liquid
no longer gives the copper reaction. On the basis of the approximate
result thus obtained it is possible, after a few trials, to obtain two tests in
which the volumes of sugar solution employed differ by o-1 c.c., while only
one of them gives a filtrate containing copper. The mean of the two volumes
is taken as correct.

If a is the number of c.c. of sugar solution used to reduce completely 10
c.c. of Fehling’s solution (diluted with 40 c.c. of water) and f the number of
grams of the particular reducing sugar which reduce 100 c.c. of Fehling’s
solution (under the same conditions of dilution), then the quantity x of
the reducing sugar in 100 c.c. of the sugar solution used will be given by :

¥ =

a

‘The values of fare given in ‘Table XVI, which contains also the polari-
metric data for the various sugars (referred to 20° C., a tube 20 c¢m. in
length, and the ordinary concentrations; sce above: Optical Method).

5. Determination of the Sugars in their Mixtures.

1. Fundamental Principles.—The determination of two or more
sugars present in a mixture is usually carried out by indirect methods,
based on: (1) the rotatory powers, (2) the reducing powers, and (3) the
transformation of certain sugars into others by snversion, which is effected
by dilute acids or special enzymes. From the rotatory and reducing powers
of the mixture, in some cases both before and after inversion, the quantity
of each sugar in the mixture is calculated.

The determination of the rotatory and reducing powers has already
been described. The method of inversion will now be considered (see 2)
and the various typical cases (3-8) which may present themselves in the
analysis of mixtures of sugars.

2. Inversion.—The principal sugars undergoing inversion are sac-
charose, lactose and raffinose. ‘With saccharose, the procedure is as follows :

The saccharose solution to be inverted (containing one-half of the normal
weight in about 75 c.c. of water) is mixed in a 100 c.c. flask with 5 c.c. of
hydrochloric acid (sp. gr. 1-188), a thermometer being inserted in the flask
and the latter placed in a water-bath at 70°. After the temperature of the
sugar solution reaches 67—70°, it is maintained at this point for exactly 5
minutes, with frequent shaking ; the whole period of immersion in the bath
never exceeds 10 minutes. The flask is subsequently cooled rapidly under
the tap, the thermometer withdrawn and washed into the flask, and the
solution neutralised almost completely with potassium hydroxide solution.!

1 The above procedure is adopted for the inversion of saccharose solutions of about
the concentration indicated ; with more dilute solutions, inversion may also be carried
out by adding 5 c.c. of hydrochloric acid (sp. gr. 1:10) to about 50 c.c. of the solution

to be inverted and heating for 15 minutes in a water-bath at 67—70° (see, for instance,
determination of sugars in the chapters on milk and on wine).
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By this means the saccharose is converted completely into invert sugar ;
lactose and maltose, however, are not changed, as their inversion requires
either more concentrated acid or more prolonged boiling. Raffinose under-
goes partial inversion, being transformed into a mixture of levulose and
melibiose, while its rotation is reduced to about one-half (exactly o-5124)
of that of the same solution before inversion ; only by further action of
more concentrated acid is the melibiose decomposed into glucose and
galactose.

3. Determination of Saccharose and a Reducing Sugar together . —
This is the simplest case and if the mixture contains no substances other
than the two sugars, it is sufficient to determine the polarisation P given
by a solution of p grams of the mixture in 100 c.c. Then, if @, and a, are
the deviations due to unit weight of saccharose and the other sugar respec-
tively in 100 c.c.—due attention being paid to the sign '—and » and y the
quantities of saccharose and of the other sugar, the following equations
hold :

x+y=p
@ {a1x+azy==P
which give :
P—a,p a,p—P
(D x»‘al—az ’ y»‘al—az ’

When, however, the material to be examined contains also other sub-
stances, the first equation no longer holds, and to obtain another, use is
made of either the reducing power or inversion, according to one of the
th e following methods :

(@) The quantity of reducing sugar is determined directly, either volu-
metrically or gravimetrically ; the observed polarisation is then diminished
by that due to the reducing sugar found, the remainder being the polarisa.
tion of the saccharose. That is, in equation

ayx+ a,y =P,
 becomes known, so that :
Po—qa,y
X =,
ay

This procedure does not, however, take into account the slight variation
in the reducing power of sugars in presence of saccharose.?
(b) The saccharose is inverted in the manner already described, and

1 In the application of these and all the succeeding formule to practical cases, the
proper sign (4 or ) should always be used for the unit deviations (a) and the observed
polarisations (P).

Further, if the mean values of Table XVI are taken for the unit deviations, varia-
tion of these with the concentration is not allowed for, while, if the temperature exerts
an appreciable influence on the rotation it is presumed that the polarimetric readings
are made at 20° C.

2 This variation is allowed for in some special cases, as in the determination of
small quantities of invert sugar in presence of excess of saccharose according to Herz-
feld’s and Meissl’s methods, which will be described under ** Raw Sugars.”

The method described above is, however, followed, e.g., in. the determination of the
sugars of condensed milk according to Girard’s method (see under * Milk "),
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the polaiisation before (P) and after inversion (P,)—referred to the original
concentration—determined ; if, then, a, is the deviation given by unit
weight of the inverted sugar in 100 c.c., it follows, since I gram of saccharose
yields 1:053 gram of invert sugar, that :

x = P
o Loy,
which give :
P—P,
) ¥ 4 — 1053 a

a, P, —10530; P
as (@, —I1053a) °

The 1ntroduction into these formule of the values of «, and ¢, for the
Ventzke scale polarimeter (see Table XVI), namely, ¢, =3-839 and

y::

@y == —I-I9I (Mohr c.c.) or @, = 3:846 and @; == — 1-193 (true c.c), gives ;
Mohr cc. True cc.
PP, P - P,
= 5003 ¥ = TS0z
Vv
( _ 3839 P, + 1254 P »‘3-846 P, + 1256 P
- 5093 a, Y= 5102 a4

Since, in the formmula for x, a, does not appear, the same result is ob-
tained for definite values of P and P, whatever the: sugar (reducing and
non-invertible) accompanying the saccharose.

If the polarimetric observations are made at a temperature # differing
from 20°, allowance must be made for the variation of the rotatory power,
especially for invert sugar ; in such cases, formula V is replaced by Clerget’s
formula 1:

Mohr cc True cc
V) g =008 (P—P) w208 =Py
14266 —o0-5 ¢ 142°66 —o0°'5¢

which are readily understood when it is observed that the denominator is

1 In Clerget’s formula, the varation of the rotation of invert sugar with the con-
centration is disregarded. To allow for this, the constant 14266 is replaced by a
constant, C ==141+78 + 0-0676 s, where s is the quantity of saccharose contained in
the volume of solution subjected to inversion. The values of C determined by this
formula are given in the following table (see Herzfeld © Zeitschr. des Ver. fér die Ritben~
ruckermmd., 1890, pp 203-206, Zeitschy des Ver dev deutschen Zuckerind., 1903, I,
PP. 555-556)

Cgams of Values of C. Ggirms of Values of C. | Cgams of Values of C.
— - e - — ‘ e e
1 141 85 6 142418 o 142°46
2 141°91 7 14223 11 142°52
3 14198 8 142°32 { 12 14259
4 14205 9 . 142°39 13 14266
5 142°12
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the algebraic difference between the rotation given by the normal weight
of saccharose in 100 c.c. and that given by the same solution after inversion :

100 —(— 4266 + 0°5 #) = 14266 ~=0°5 ¢,

For ¢ = 20, this formula is identical with the first of formule V.

Formulee V and VI give the quantities of the two sugars in $ grams of
the substance dissolved in 100 e¢.c. The respective percentages, X and ¥,
are given by :

(VII) X zm_‘;’.‘ and Y = 1Y
P

It is easy to see that if the normal weight of the substance is taken
(e, p ==26048 or 26), Clerget’s formula becomes :
100 (P —P))

14266 —o-5¢

As regards the second formula (V), which gives the quantity y of the
reducing sugar accompanying the saccharose, insertion of the various values
for a, on the Ventzke scale (se¢ Table XVI) gives the following results :

(VITI) X

L

Mohr cc¢ True ¢ c.

Glucose 3839 P, + 1254 P | 3846 Py + 1256 P
15523 15576

Levulose . . . —3839P, —1254 P | —3:846 P, —1-256 P
27655 27750

Invert Sugar . —3-839 Py —1-254 P | —3-846 Py —1-256 P
6-066 6087

Maltose . . . 3839Pi+124P | 3846 Py + 1256 P
40484 40653

Lactose . . . 3839 Pi + 1254 P | 3846 P, + 1256 P
15457 15515

If the percentage of the reducing sugar is required, the second formula

VII is applied.

Instead of one of the methods (a) and (b), a mixed procedure is often
followed in practice, the reducing sugar being determined by means of
Fehling’s solution and the saccharose by Clerget’s method *:

(c) The reducing sugar accompanying the saccharose is determined
directly by Fehling’s solution. The saccharose is then inverted and the
reducing power again determined. The difference between the two results
gives the invert sugar derived from the saccharose and hence, by multiply-
ing by 0-95, the saccharose itself.?

This method involves a source of error in cases where the reducing sugar

® This is the procedure employed in the analysis of many products containing sugar
(see later in this chapter) and of spirituous hquors, in the determination of saccharose
and. lactose in condensed milk (7.0.), etc. Lo

* This method is often used with products containing sugar (ase later in this chapter),
with wines, etc., to confirm the proportion of saccharose found polarimetrically.
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accompanying the saccharose requires boiling for more than two minutes
for its determination with Fehling’s solution. In such cases the boiling
should be prolonged for the maximum time required, since protraction of
the boiling does not alter the results appreciably, whilst with insnfficient
boiling the reduction is incomplete.

4. Determination of Saccharose and Raffinose together.—The
above methods are not available in this case, since raffinose undergoes
inversion and is non-reducing. The polarisations before (P) and after
inversion (P,) are determined ; if a, and a, are the respective rotations due
to unit weight of the two sugars in 100 c.c., and a; and q, the corresponding
rotations after inversion, then, since 1 gram of raffinose furnishes under the
conditions of inversion already indicated 1°036 gram of inversion products,
it follows that :

ayx+a,y =P

(IX) {1-053 a; ¥ + 1036 a, y = P,.

By introduction of the values of ) and a, (for anhydrous raffinose) and
a, for the Ventzke scale (see Table XVI) and placing 1-036 a4 = 0'5124 q,
(see p. 115), these equations become :

Mohr c.c. True c.c.
{ 3839 x + 711y =P { 3846 x + 7123 y = P
~— 1254 % + 3643 y = P, — 1256 x + 3650 y = P,
These give :
x:o-5124P—P1 . ::0-51241’—1’1
3221 3227
_P—3839x 1-254P+3:839P: _D—3846x 1256 P+ 3-846 P,
Y= oua o 7 2249 T 23 T2y

If the solutions used contain the normal weight of the substance in 100
c.c., the percentages of saccharose (X) and raffinose (Y) in the substance
are obtained by dividing x and y by 0-26048 or 026, so that :

05124 P — P, P—-X
=R ——— Y = ,
0-839 1-852
which are valid for either Mohr or true c.c. Introduction of the value of
x into the second of these equations gives:

X

Mohr c.c True c.c.
y = 1254 P + 3839 Py y = 1250 P+ 3846 Py
5965 5:976 '

5. Determination of two Reducing Sugars together.— If the mix-
ture to be examined contains no substance other than the two sugars and
if the rotations of these are not nearly equal, it is sufficient to determine
the polarisation and to apply the two equations’ (I) and the formule (II}
already given for the case of mixtures of sdccharose with another sugar,
a, and a, now indicating the rotations due to unit weights of the two sugars
in 100 c.c. and x and y their respective quantities.

If. however, the substance contains also non-saccharine substances, it
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becomes necessary to determine also the reducing power of the substance.
If #,and B, indicate t he mumber of c.c. of Fehling’s solution reduced by unit
weight of each of the two sugars dissolved in 100 c.c. (from Table XVI)
and F the number of c.c. of Fehling’s solution reduced by the weight p of
the substance used for the analysis,* then:

= P
X X + asy
) et b r
which give :
(X1) Y IY el T P y = wF—pP
alﬂz—azﬂx alﬂ2_a2 131

This procedure assumes, however, that the volume of Fehling’s solution
reduced by each sugar is proportional to its quantity, which is rigorously
exact only within very narrow limits ; it neglects, indeed, causes of error
arising from the influence of one suga: on the reducing power of the other
and from the necessary duration of the boiling with Fehling’s solution,

which is not the same for all sugars.
In the principal practical cases, the formulae (XI) give, when the Ventzke
scale values of @, and a,, and the values of 8, and f, are inserted, the follow-

ing results :
Mohr c.c. True c.c.
186 P+ 5430 F 186 P + 5439 F
Glucose (x¥) and levulose - 1665 1668
(v) ) __3048F —2022 P 3053 F — 2022 P
¥= 1665 1668
% = 3048 F —202-2 P 3053 F —202-_2_1’
Invert sugar (x) and glu- ] 832 833
cose (¥) _ 104P 41191 F 194 P + 1193 F
> 832 833
186 P + 5:430 F 186 P + 5439 F
Invert sugar (x) and| T T 832 833
levulose (y) _—194P —1191 F | —194P —1193 F
I = 832 h 833
_ 7949F —135 P 7968 F —135 P
Glucose (x) and maltose 1196 1199
() 2022 P—3048F 2022 P —3-053 F
- 1196 199
. 7949F —135P 7:968 F—135 P
Invert sugar (x) and mal- 1703 1707
tose (y) 1191 F + 104 P 1193 F 4+ 194 P
1703 1707

1 If a c.c. of the sugar solution (p gramsin 100 c.c.) diluted # times, xeduce 10 c.c.
of Fehling’s solution (diluted with 4 vols. of water), F is given by the expression :

F =1000ﬂ
@
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Mohr c.c. True c.c.
30035 F — 148 P M
Glucose (x) and lactose (¥)< 2022 11.?2,‘63.0 48 F " 2022 PI_(i?’3053 F
B 1626 : 163
v 3BT I8P | gon PP
Invert sugar (x) and lac-< 765 | 7665
tose (y) Y u T1gr F+ 194 P ' 1193 F 194 P
765 . 7665

The second and third cases—mixtures of invert sugar with excess of
glucose or levulose—may be reduced to the first case—mixtures of glucose
and levulose.

6. Determination of Saccharose and two Reducing Sugars
together—Let #x, y and z be the respective quantities of the three sugars
contained in the weight $ of substance dissolved in 100 c.c.; a,, a;and a,
the rotations due to x gram of each sugar in 100 c.c., g4 that due to 1 gram
of invert sugar, and f, and §; the numbers of c.c. of FFehling’s solution
reduced by 1 gram of each of the two reducing sugars present; P and P,
the polarisations before and after inversion and F the number of c.c. of
Fehling’s solution reduced by the weight p of the substance. The following
equations may then be established :

(XII) 105304 % + @2y + a3z = P,

{ a ¥+ ay+ azz =P
ﬂ2y+ ﬂaz =F

The first two give:

which is identical with the first equation IV. The saccharose is thus cal-
culated as when mixed with only one reducing sugar, ie., with the first
equation V or with that of Clerget (VI or VIII). When # is found, equations
XII give:

{a,y + ay2=P —~ayx
By + sz =F

which are analogous to X and permit of the determination of y and 2

Introduction into these equations of the values of ay, a,, @, B3 B, and
x for some of the more important practical cases of mixtures of saccharose
with different reducing sugars gives the following results % :

1 A method of this kind is used for the determination of sugars in wine (g.9.).

2 A procedure of this kind, with slight variations, is applied to the analysis of wines
containing saccharose and also of condensed milk in which Invert sugar as well as
saccharose is present ; this is described in dealing with these products,



SUGARS AND PRODUCTS CONTAINING THEM 121

Mohr c.c. True c.c.
P p . . )
Glucose (y) |y = 2337 + 71;471 + 27:65F | 2336P + 215;31 + 299 F
and levu- F 6? 50
lose (2) 2 215-52 —2536P —776P, | 1558F —254P — 778P,
8479 8508
1546 F —185-6P —568P, | 15:52F —186P —
Glucose (y)|y = 54 828 508 | 155 81 IC:>6 569 P,
and lac-{ 6P e p . 3
tose () |z e= 20307 F 7707 IS 52F | 254P + 778 P, —15-58F
828 8316
46 F —1856P — 568 P 2 F — _
Invert sugar|y = 154 5 8596 508P, | 15-52F 15511: 569P,
gitos: 1(13< g o O060F + 243:3P + 745P, | 6087 F + 2437 P + 746 P,
\ 3896 39II

7. Determination of Saccharose, Raffinose and a Reducing Sugar
together—If the same notation as before is used and as represent the
rotation due to 1 gram of the inversion products of raffinose, the following
three equations hold :

a x4+ azy+ azz =P
(XI1T) 1053 a3 % + 1030wy + a3z = P,
fsz:=F

The last equation gives z at once, and the remaining two then become
analogous to IX:
a1x+a2y ::P —aaz
1053 4% + 1036 a5y =P, —ay2.

With a mixture of saccharose (x), raffinose (y) and invert sugar (z),
introduction of the corresponding values of the constants (see above, 4)
gives the following results :

Mohr c.c. { True c.c.
05124 P — P, —0003 F 0:5124P — P; —0-003F
3-221I 3227
1254 P+ 3839 Py + 0031 F 1:256P + 3:846P, 4+ 0:031F
v 22+9 23
* Z = —li
194

8. Determination of three Reducing Sugars together.—This case,
which seldom occurs in practice, can be solved only when no substances
other than the three sugars are present, the equations then being :

x+y+z =9
(XIV) a, %+ 03y +azz2=2P

Brx+ Bsy+fsz=F
which allow of the determination of x, ¥ and 2, but leave out of account
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the many causes of error, e.g., the influence of one sugar on the reducing
powers of the others, the different periods of boiling with Fehling’s solution,
and the influence of the concentration on the rotatory and reducing powers.

SPECIAL PART
Prime Materials and Products of the Sugar Industry

The prime material of the beetroot sugar industry, which alone is treated
here, is the sugar beetz.! From this is extracted by processes usually based
on osmotic phenomena the raw or diffusion juice, the residues being known
as exhausted slices. The raw juice is subjected to an initial purification
in which many extraneous matters are precipitated. The resultant defecated
juice is evaporated to dense juice and then under reduced pressure to masse-
curte, in which part of the sugar is crystallised, while the remainder is still
dissolved as syrup. The crystallised raw sugar is then refined to refined sugar.
The syrups are then subjected to further treatment to obtain more sugar,
and this process is continued until syrups are left so rich in non-saccharine
matters that the sugar can no longer separate by simple crystallisation ;
these constitute the molasses. Other residues from the manufacture are
waste diffusion liquor, filler-press washings and sl: dge from the defecation of
the juice.

Sampling.— A point of the first importance is the preparation of a
representative sample. With beets, the sample may be taken in the field,
or in the trucks or wagons, or in the factory. Inany case, a certain number
of the roots, say 25, as nearly as possible of average size and appearance,
are chiosen. According to some authorities, from each lot of beets (truck,
heap or camp) a good number should be collected from points uniformly
distributed thronghout the mass; these should then be arranged in order
of magnitude and 10 or 20 of them picked out at regular intervals, e.g.,
every third or every fourth.

The raw juice in the diffusors is not of uniform composition, so that the
whole mass should be well mixed before sampling or, if this is not possible,
amounts proportional to the bulks in the different parts should be taken and
mixed. A similar procedure is followed with the defecated juice, the sample
in either case being stored in a tightly stoppered bottle.

The juice should be analysed immediately or, if this is impracticable, a
preservative should be added. Basic lead acetate is usually added in the
proportion of 1 : 10 for this purpose, the result of the determination of the
sugar—which is the only one that can then be carried out—being suitably
corrected. Some advise the'addition of 1 gram per litre of mercuric chloride
or ammonium fluoride, which have no appreciable influence on the specific
gravity or on the determination of the sugar; others add a few drops of
formalin, whilst it has been suggested that the juice be sterilised by keeping
it in a closed vessel in boiling water for an hour. When, however, the juice

1 Analysis of raw and refined cane sugar is carried out like that of raw and refined
best sugar.
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has undergone alteration, these means are inadequate to preserve it and
the analysis must be made immediately the sample is taken.

With very viscous or semi-solid liquids such as syrups, molasses and
massecuite, the sample is taken by means of a cylindrical metal sampler in
such a way that proportionate amounts are taken at different depths.
With very dense products which may have crystallised sugar at the bottom,
it is especially necessary to reach with the sampler the very bottom of the
vessel. Several samples are withdrawn and mixed and the sample or
samples for analysis (about 200 grams each) then stored in glass bottles with
ground stoppers.

With raw sugar in sacks, at least 10 sacks in every 100 are sampled with
a semi-cylindrical brass or sheet iron sampler, which is about 8o c¢m. long
and 2 cm. in diameter and ends in a point. This sampler is plunged into
the sugar so that it penetrates rather less than half-way and is then extracted
and turned meanwhile so that it brings out with it a certain quantity of
the sugar. With heaped sugar, samples are taken from the centre and
edges of each heap and at different depths.

The different samples are placed separately on a clean, dry table or,
better, if the surroundings are very warm, in closed vessels so that loss of
moisture may be avoided. The samples are compared to ascertain if they
are uniform as regards external characters, suchYas colour, grain and the
like. 1If this is the case, they are carefully mixed on a wooden table with
a clean, dry wooden spatula, all lumps being disintegrated,* so that a homo-
geneous mass of at least a kilogram is obtained. From this, a sample or
samples of about 200 grams are taken and kept in tightly closed tins or in
ground-stoppered bottles of such size that the sample just fills one.

If, however, the different portions from the sacks or heaps do not appear
uniform, separate samples of the different varieties of sugar are taken in
the proper amounts and treated as above.

BEET

Beets should be analysed as soon as the sample reaches the laboratory,
since they are subject to alteration. All the beets are first weighed together
s0 as to obtain the mean weight of the beet. The roots are then carefully
cleaned externally, all earthy matter being removed with a brush and, if
necessary, by careful washing with cold water (this is to be avoided with
split or cracked beets). The roots are at once dried and the tops cut off,
the weight being then again determined ; this gives the mean weight of the
cleaned and topped beet.

All the beets are now halved or quartered by cutting lengthwise, the
half or quarter of each root being reduced to pulp by means of a grater or,
better, a special machine. A very fine pulp may be obtained from beets
already coarsely cut up by presses such as Pellet’s *“ Sans Pareille.”

1 Some place the lumps on one side and, after weighing. them to estimate their
percentage of the total, analyse them separately, the analytical results of the sugar
being corrected accordingly.
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When the beets to be analysed are already in slices, these are pulped by’
a mincing or other machine or by the Pellet press.

On the pulp thus obtained the determinations indicated below are carried
out ; if a more detailed analysis is required, part of the pulp is pressed and
the juice obtained analysed by the methods given in the succeeding article.
Both the pulp and the juice should be analysed immediately, as they readily
undergo change ; the pulp should be kept in closed vessels to prevent drying.

The pulp 1s usually analysed for sugar (saccharose), quantity of juice
and water.

1. Extraction and Determination of the Sugar.—Of the various
methods proposed for the extraction of the sugar from the pulp, the most
important are as follows :

() ArcoHorLic ExXTRACTION.—This is the most exact method and is
always used in scientific investigations. The apparatus consists of a 100
c.c. flask with the neck widened out above the mark and surmounted by
a Soxhlet extractor fitted with a vertical bulb condenser (Fig. 49). The
extractor should be of such a size that the normal weight, i.e., 26 048 grams
(for Mohr c.c.), of the pulp does not reach above the level of the upper bend
of the siphon. This quantity of the pulp is weighed in a tared dish and
mixed in this with 3 c.c. of basic lead acetate solution ¢ and 4-5 c.c. of
alcohol by means of a glass rod. The mass is introduced into a filter-paper
thimble and the latter placed in the extractor, into which the glass rod
and dish are washed with go9, alcohol. According to some, the extraction
is facilitated by heating the pulp and basic lead acetate with a little alcohol
for a few minutes and then introducing the mass into the extractor.

The flask below the extractor is also charged with go 9, alcohol, the total
amount of the latter used being about 75 c.c.; the apparatus is fitted
together and the flask heated on a water-bath so that the alcohol boils.
The extraction should be complete in about 2 hours. The residue may be
extracted with fresh alcohol and the latter tested in the polarimeter, or
one or two drops of the alcohol from the extractor may be mixed in a test.
tube with 2 c.c. of distilled water and 5 drops of fresh 209, alcoholic g-naph-
thol and 10 c.c. of concentrated sulphuric acid (free from any trace of nitric
acid) added so that the two liquids do not mix ; in presence of sugar a violet
ring forms at the surface between the acid and the alcoholic solution.

The alcoholic solution of the sugar is cooled, made up to volume with
alcohol, filtered through a dry filter and polarised.

(b) AqQueous DicEsTION. Hot or cold digestion is usually employed
in practice, cold digestion requiring a very fine pulp such as is obtained
from the Pellet press, whereas with hot digestion a coarser pulp suffices.
In either case, various methods are available, the principal ones being those
of Pellet and of Sachs and Le Docte.

1. Pellet method. For hot digestion, 26048 grams (Mohr c.c.) of the
pulp are placed in a 200 c.c. flask, into which the dish is well washed with

! This solution is prepared by digesting 300 grams of neutral lead acetate and 100
grams of litharge with a litre of water in the hot, the liquid being filtered after 12 hours
and kept in tightly closed bottles. It may also be prepared by digestion in the cold
with occasional stirring, several days being required under these conditions.
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hot water ; 35 c.c. of basic lead acetate are then added and hot water nearly
up to the mark, the mass being mixed and the flask immersed in boiling
water for half an hour. It is then cooled to the standard temperature
(17:5° C. for Mohr graduation), the froth removed by addition of a drop
or two of ether and made up to the mark, 0-6 c.c. of water being added to
compensate for the insoluble matter; the liquid is well mixed, filtered
through a dry filter (covered to prevent evaporation) and polarised ; if a
20 cm. tube is used, the result is multiplied by two to
obtain the percentage of saccharose.

When working in the cold, a similar procedure is fol.
lowed ; the flask is filled to the extent of about two-
thirds and shaken vigorously, the froth being removed
with ether and the liquid made up to 200-6 c.c., again
shaken, filtered and polarised. With a very fine pulp it is
unnecessary for the liquid to stand before filtration.

2. Sachs and Le Docte method. Use is here made of a
suitable metallic, cylindrical vessel closed hermetically.
Various types have been proposed and the ordinary pre-
serve jar, about 12 cm. high and 7 cm. in diameter, fitted
with a pressure cover, may be employed. For hot diges-
tion, the closure of the vessel should be particularly tight
so that no loss of steam may occur. The normal weight
of pulp is weighed directly into the vessel and 177 c.c. of
water containing basic lead acetate (5 c.c. usually suffice)
added by means of a special automatic pipette, it being
assumed that the normal weight of pulp contains, on the
average, 23 c.c. of juice, the total liquid being thus 200
c.c. ; the vessel is then closed.

With hot digestion, the vessel is shaken, immersed for
half an hour in a water-bath at about 80°, cooled, again
shaken and opened, the liquid being filtered through a
dry filter and polarised. With cold digestion, the vessel
is vigorously shaken without being heated, filtcred and
polarised. In either case, the funnel and the collecting Fic. 49
vessel are covered during the filtration to prevent evapora-
tion. The reading ina20 cm. tube is multiplied by 2 to obtain the per-
centage of saccharose.

To determine the saccharose in non-exhausted dvy pulp, such as is obtained
by the Steffen process, the following method of aqueous digestion, similar to
the Sachs and Le Docte method, may be used ! : 13:024 grams of the previously
comminuted dry pulp are weighed in the metallic vessel, 200 c.c. of water con-
taining basic lead acetate (185 c.c. of water + 15 C.c. of the basic acetate) being
added and the vessel closed, vigorously shaken and left for 30 minutes. The
liquid is then filtered and polarised in a 40 cm. tube, the percentage of saccharose
being given by the formula :

Sx_‘_P_. (zoo + —Iﬁ+ I—3—P),
200 100 160

! Carboni: Boll. Assoc. It, ind. rucchero e alcool, 1913-1914, Vol. vi, p. 109,
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where P 1s twice the polanmetric reading and a the percentage of water m the
pulp.

2. Determination of the Amounts of Juice and Insoluble Mat-
ters.— In a large beaker 20 grams of the finely divided pulp are digested
with about 400 c.c. of cold water for half an hour, with occasional stirring.
The liquid is then filtered with the aid of a pump through either a tared
asbestos filter or a filter-paper previously dried at 10o-110° to constant
weight. The insoluble residue is washed in the beaker with cold water by
decantation and then washed completely on to the filter, where it is washed
successively with hot water, two or three times with go 9, alcohol, and ether,
It is then dried at a gentle heat aud subsequently at 100-110° to constant
weight. Deduction of the percentage of insoluble matter from 100 gives
the percentage of juice.

In more exact determinations it is necessary to subtract from the weight
of the insoluble matter that of the mineral matter (sand, etc.), to obtain
that of the pure cellular substance. For this purpose the filtration should
take place through a dried and tared paper, the weighed insoluble matter
being afterwards incinerated and the weight of ash subtracted from that
of the total insoluble residue.

3. Determination of the Water.—Io grams of the pulp are weighed
in a flat porcelain dish, tared along with a glass rod. The drying is carried
out first at 50-60° for 2 hours with occasional stirring with the rod, and
finally at 110° to constant weight. The loss represents water.

In some cases the pulp, especially if very fine, agglomerates during the
drying and loses its water with difficulty ; under these conditions, it is
mixed with a known quantity of previously calcined siliceous sand, as
with juices.

* %

Beets contain on the average 4-59% of mnsoluble matter, and their sugar-

content should be at least 12-14% and is often 15-169% and sometimes 209%,.

Account must, however, also be taken of the quotient of purity of the juice
(see later).

DIFFUSION JUICES

The indispensable determinations in the analysis of diffusion juices !
are those of the specific gravity, sugar, water and salts, the non-sugar and
the quotient of purity being calculated from these; in some cases the
invert sugar and the acidity are calculated.

1. Determination of the Specific Gravity.— This is carried out as
already described (see General methods, 1); calculation is then made of
the degrees Brix, which express the percentage by weight of solid matter
in the juice, calculated as though it were all saccharose. Saccharometers
give degrees Brix directly.

! Before analysing the juice, if this has been recently obtained, it is well to free it
from the air it contains by placing it in a vessel and withdrawing the air from the latter
by means of a water-pump until the evolution of bubbles from the liquid ceases ; this
requires a few minutes,
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The determination of the specific gravity may often be made, with
sufficient accuracy, in conjunction with that of the sugar, by weighing the
flask empty and then filled with juice to the 50 c.c. or 100 c.c. mark, and
dividing the weight of the juice by the volume.

2. Determination of the Sugar.—As it is inconvenient to weigh out
exactly the normal weight of the juice, the following procedure is usually
preferred : Measuring flasks are used furnished, in addition to the principal
mark, with another representing a volume greater by one-tenth, eg.,
50-55, I00-1I0, 200-220 C.C.

The flask is filled with juice (at 17-5° for Mohr graduations) exactly to
the first mark, the amount of basic lead acetate necessary for clarification
being added and the volume made up to the second mark with water.
After mixing and standing for 10-15 minutes, the liquid is filtered through
a dry filter and polarised, the reading being increased by one-tenth and
multiplied by 0:26048 to obtain the weigltt of sugar in 100 c.c. of the
juice; division by the specific gravity gives the percentage by weight :

(P+ 1—J> X 026048
X o= — - EO - e———

$

»

where x == percentage of sugar by weight, P the observed polarisation and
s the specific gravity of the juice.}

3, Invert Sugar.—This is usually very small in amount with beet juice,
and has no sensible influence on the polarimetric determination of the
saccharose.

When necessary, it may be determined thus: 250 c.c. of the juice,
neutralised exactly with soda solution, are evaporated on a water-bath to
50-60 c.c. and then introduced quantitatively into a 100 c.c. flask, cleared
with a little lead acetate, made up to the mark, allowed to settle and filtered.
To 8o c.c. of the filtrate, placed in another 100 c.c. flask, is added drop by
drop sodium sulphate or phosphate solution until the excess of lead is com-
pletely precipitated ; it is then made up to the mark and filtered, and s0
c.c. of the filtrate (corresponding with 100 c.c. of juice) used for the deter-
mination of the invert sugar. This may be effected by Herzfeld's method,
to be described later (see Raw Sugar).

More rapidly, and in most cases with sufficient accuracy, the invert sugar
may be determined by the volumetric method; as described in the general
methods, but the influence of the large excess of saccharose on the reducing
power is then neglected.

4. Water and Dry Matter.—(a) Direct determination. Into a flat
porcelain dish 8~9 cm. in diameter, tared together with a glass rod about
7 c¢cm. long and about 50 grams of washed and calcined coarse sand,? are
poured 10-12 c.c. of the juice ; after weighing again, the mass is evaporated
on a water-bath with frequent mixing. The drying is completed in an

1 The calculation may be shortened by using Schmitz’s table, which is given in
pecial treatises on this subject.

? Ground quartz, passing through a 2 mm. sieve but not through a 1:5 mm, sieve,
may be used.
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oven first for two hours at about 70° and then at 105-110° to constant
weight. The residue represents dry matter and the loss in weight, water.

(b) Indirvect determination. The percentage of water may be deduced
with rough approximation by taking as percentage of dry matter the degrees
Brix of the juice (see above, 1) and subtracting this from 100, i.e., by assum-
ing that the other substances present influence the specific gravity to the
same extent as does the saccharose.

Closer approximation is obtained by the refractometric method. For
this purpose the refractive index of the juice at 20° is determined, Table
X then giving the percentage of sugar, which is regarded as the dry sub-
stance ; the assumption here made is that the other dissolved matter
influences the refractive index to the same extent as the saccharose does.

5. Salts (Ash).—In a platinum dish, 10-20 grams of the juice are
evaporated, the residue being moistened with a few drops of concentrated
sulphuric acid, heated gently over a small flame until the mass chars and
then in direct contact with the flame or in a muffle to complete incineration,
care being taken not to heat sufficiently to fuse the ash. The weight of
the sulphated salts thus obtained is diminished by one-tenth and calculated
as a percentage.

6. Calculation of the Non.sugar.—This is given by the difference
between the percentages of dry matter and sugar. If the total non-sugar
thus found is diminished by the percentage of ash, the organic non-sugar
is obtained.

7. Calculation of the Quotient of Purity.—From the results of
analysis of the juice the percentage of sugar in the dry matter is calculated,
this being known as the quotient or coefficient of purity. 1If the dry matter
has been determined directly, this quotient is known as the real coefficient
of purity, whereas, if the degrees Brix are taken as the dry matter, it is
termed apparens. Further, if the dry matter is determined by the refracto-
metric method, the optical quotient of purity is obtained, this being also
an apparent coefficient, but usually nearer to the real value than the
apparent coefficient calculated from the degrees Brix.

8, Acidity.—In unaltered diffusion juices the acidity is mostly very
small. When it is necessary to determine it, 100 c.c. of the juice are titrated
in presence of a few drops of phenolphthalein with N/10-caustic soda, the
result being expressed as grams of calcium oxide required to neutralise
100 c.c. of juice: I c.c. N/10-alkali = 0:0028 gram CaO.

%
* %k

With beet juice, attention 1s paid especially to the percentage of sugar and
to the quotient of punty. For a fixed sugar content, juices with the higher
quotients of purity give greater yields of the final product. Invert sugat ’s
found mn but very small quantity and only in altered juice.
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DEFECATED JUICE

In this, besides the specific gravity, sugar, water, non-sugar, salts and
quotient of purity—determined as with diffusion juice—estimations of
the alkalinity and lime are necessary. As a rule, invert sugar is not deter-
mined, as it is not present owing to the alkalinity of the juice.

1. Alkalinity.—50 c.c. of the juice are titrated with N /ro-sulphuric
(or hydrochloric) acid in presence of phenolphthalem the result being
expressed as grams of calcium oxide per 100 c.c. : I c.c. N/10-acid = 0 0028
gram Ca0. Where many determinations are to be made, an acid is used
of such strength that 1 c.c. corresponds ‘with 0-0I or 0-001 gram of CaO
(according as the juices are more or less alkaline) when 1o c.c. of the juice
are titrated.

2. Lime.—This could be determined by precipitation with ammonium
oxalate and subsequent titration with permanganate, but in practice use
is generally made of Pellet’s method, which is carried out as follows :

An alcoholic soap solution (white Marseilles soap in about 609 alcohol,
ee: Water, Vol. I)is prepared of such concentration that I ¢.c. corresponds
with 0-0005 gram of CaO. The titre is controlled by means of barium
chloride solution containing 0:436 gram of crystallised barium chloride
per litre ; 40 c.c. of this solution should require 8 c.c. of the soap solution
to form a persistent froth after agitation.

Into a bottle with a ground stopper are poured 20 c.c. of the juice,
which is then diluted to about 150 c.c. with distilled water. After addition
of a few drops of acetic acid, the liquid is rendered feebly alkaline with
ammonia and titrated with the soap solution, which is added until, when
the closed bottle is shaken, a froth 1 cm. in height and persisting for at
least 10 minutes is obtained. The result is expressed as grams of calcium
oxide per 100 c.c. of juice.

*
* %k

The conclusions to be drawn from the analytical results are as with diffusion
juices. The alkalinity and the lime content are of importance since definite
limits have been established for them in different cases. Defecated juices
should be alkaline, but if the alkalinity is too high, loss of sugar may occur during
the subsequent concentration of the juice.

DENSE JUICE AND SYRUP

With these, the principal determinations are the same as with defecated
juice and are carried out in the same way (see below, 1-6). Sometimes
also the colour is required (7).

In some cases invert sugar may be present and, more rarely, raffinose ;
for the determination of these, see later : Raw Sugar.

1. Specific Gravity.—This is measured by means of a hydrometer
or, more accurately, by a picnometer. The viscosity renders it difficult
to use a Westphal balance.

The degrees Brix may also be determined either directly or after S;iilution

AcC.IL
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with an equal or multiple weight of water, the reading being multiplied
by the degree of dilution. A hydrometer or Westphal balance may also
be used after dilution.

EXAMPLE : 10 grams of a juice were diluted with go grams of water, the
specific gravity at 17:5° then being 1°0701. This corresponds with 5:1 degrees
Brix, so that the origmmal solution would have 51 degrees Brix, which is equiva-
lent to the sp. gr. 1-2383.

2. Sugar.—In a German silver or nickel dish exactly 26-04% grams
of the substance {using Mohr graduations) are weighed and are then washed
completely into a 100 c.c. flask. Sufficient basic lead acetate is added to
precipitate the impurities, the clarification being completed with a little
alumina cream (a paste of aluminium hydroxide, freshly prepared and
well washed with water by decantation). The solution is then made up to
the mark, shaken, allowed to stand, filtered and polarised. The reading
gives directly the percentage of sugar in the juice.

When invert sugar and raffinose are present in appreciable proportions,
direct polarimetric determination of the saccharose does not give accurate
results ; the procedure indicated for molasses (g.v.) is then followed.

3. Water and Dry Matter.—A direct or an indirect method may be
used.

(a) Direct determination. The procedure is similar to that given for
diffusion juice, but only 3-5 grams of substance are taken and after this
is weighed into a dish, previously tared with sand (about 50 grams) and
a rod, the dish is placed in an oven for a quarter of an hour until the juice
becomes fluid and penetrates the sand. The dish is then removed from
the oven, placed on a sheet of smooth paper, and the material carefully
mixed with the rod so as to obtain a homogeneous mixture. It is then
dried in an oven, first at about 70° and then at 100-110° to constant weight,
this usually requiring about 8 hours.

(b) Indirect determination. The water may be calculated, as in diffu-
sion juice, on the assumption that the dry matter is represented by the
degrees Brix or, better, by the percentage of sugar determined refracto-
metrically ; in either case, the water is obtained by deducting the percentage
of solid matter from 1co.

With liquids which are very dense and highly coloured, or contain solid
particles, the refractive index may be determined after dilution of the
juice with a known proportion of water ; if a weight p of substance, after
dilution with a weight 2’ of water, gives a refractive index corresponding
with a 9 of water, the percentage of the latter in the undiluted substance
(100 —a) p’

P

The accuracy of the results of the refractometric determination dimin-
ishes, of course, with increase in the non-saccharine substances contained
in the liquid. With very impure products this source of error may be
obviated to some extent by diluting, not with water, but with a known
weight of pure sugar solution in which the water has been determined
with the refractometer. Thus, if a weight p of the substance is mixed with

will be a —
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a weight p’ of a pure sugar solution the refractive index of which corresponds
with a’% of water, and if the refractive index of the mixture indicates 2%,

of water, the percentage of water in the original substance is a-— Pl - a)

p

4. Salts (Ash).——Determined as with diffusion juice on 2-3 grams of
substance, to which sulphuric acid is added directly.

5. Non.sugar and Quotient of Purity.—As with diffusion juice.

6. Alkalinity and Lime.—These are determined as in defecated juice,
but for the alkalinity only 20-25 c.c. of juice are taken, and this is then
diluted sufficiently to give a slightly coloured liquid. If the juice is so
highly coloured that the change of colour with phenolphthalein cannot
be detected with certainty, sensitive litmus paper is used and a drop of
the liquid removed and tested from time to time during the titration.

In determining the lime, 10 c.c. of the juice are diluted and titrated
with the alcoholic soap solution as already described.

In both determinations, the result is sometimes calculated with refer-
ence to 100 grams and not to 100 c.c.; the substance used should then be
weighed.

7. Colour.—This is measured by means of a colorimeter, such as that
of Stammer (see Mineral Oils, Vol. I} or Duboscq (se¢e Wines, this volume).

With the former instrument, comparison is made with a double disc
of yellow glass of definite depth of colour (standard colour), and when a
100 mm. layer of a liquid corresponds in colour with the standard, the
colour of the liquid is taken as 1 ; thus, the colour of any liquid is obtained
by dividing 100 by the depth in mm. of the layer necessary to equal the
standard colour. The value obtained is then referred to 100 of pure sugar,
allowance being made for the sugar content of the juice and for the extent
to which it is diluted for the determination of the colour.

With the Duboscq colorimeter, comparison is made with a standard
liquid, but the nature of this has not been definitely fixed ; some use solutions
of caramelised sugar of given colouring intensity, others a 0-19%.iodine
solution.

MASSECUITE

Since these products are non-homogeneous and contain crystallised
sugar in suspension, it is necessary, in order to obtain trustworthy results,
to mix the sample well and to take as nearly as possible proportionate
quantities of crystals and liguid..

The deterngmations to be made are the same as. for syrups and are made
in the same way. As regards the speeific grawsty, for industrial purposes
only an approximate value is often required, and thisis obtained by weighing
the amount of massecuite required to fill a large receptacle, e.g., a bucket
of known volume. When, however, an exaet value is desired for laboratory
purposes, the method indicated below for molasses is used.



132 MOLASSES

MOLASSES

The determinations to be made in this case are the same as for dense
juice or massecuite, those of the sugar, water and quotient of purity being
especially important. As regards the methods used, the measurements of
the speaific gravity, water and sugar merit special mention, whilst for the
other determinations reference may be made to the part dealing with masse-
cuite. In some nstances, determinations of the invert sugar and raffinose

are necessary; se¢ later: Raw Sugar.

1. Specific Gravity.—The air-bubbles and any suspended solid matter
must first be eliminated.

This is best effected by heating the molasses in a hot-water funnel
plugged at the bottom, the molasses becoming more fluid when heated and
the air-bubbles then rising to the surface together with most of the sus-
pended foreign matters, which form a thick scum and thus prevent evapora.
tion; sand and other heavy particles settle to the bottom. The first
portion with the sand, etc., 1s then run off and the plug again inserted in
the funnel, under which a 50 c.c. flask, previously weighed and warmed
to prevent immediate solidification of the product, is then placed. The
molasses is allowed to flow slowly into the flask until it reaches the base
of the neck ; in case the latter is soiled above the mark with the molasses
it should be carefully cleaned with filter-paper.

The flask is then left for a time so that any air-bubbles still present may
rise and is then cooled to 17-5° (or 20°) and weighed, the increase in weight
giving the molasses taken. By means of a drawn-out pipette water is
added carefully so that it does not mix with the molasses, the volume being
thus made up to the mark. The amount of water added is determined
either by subsequent weighing of the flask or by use of a graduated pipette,
The volume of molasses is 50 c.c. less the volume of water, and since the
weight of the molasses is known the specific gravity is easily calculated.

In many cases a result which is sufficiently exact is obtainable by the
dilution method already described for dense juice (g.v.).

2. Water.—As well as by the direct or indirect method given for dense
juice, the water in molasses may be determined as follows!:

Exactly 50 grams of the substance are weighed in a 400 c.c. conical
flask, 200 c.c. of oil of turpentine being added and the liquid distilled from
a sand-bath or oil-bath, a small condenser and a thermometer being used.
The distillation begins at 90—95° and the temperature then rises slowly to
155-160°; 130-150 c.c. of distillate are collected in a cylinder reading to
0°I c.C., the volume of the aqueous layer being then read off ; multiplication
by two gives the percentage of water in the molasses.

3. Sugar.—Owing to the dark colour, only one-half the normal weight
is dissolved to 100 c.c. Much froth being usually formed during the prepara-
tion of the solution, flasks with the neck widened above the mark are vety
useful in this case. When the substance is washed mto the flask with &
little water, it is clarified with basic lead acetate, this being added only so
long as it continues to form a precipitate, so that large excess is avaided ;

* Testoni: Stas. sper. agrarie italiame, 1904, XXXVII, p. 366.
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if the liquid remains highly coloured, it may be clarified further with a
little fresh alumina cream. Sodium sulphate solution (some prefer sodium
phosphate or a mixture of this with the sulphate) is next added to precipitate
the excess of lead, the liquid being then mixed, made up to the mark, again
mixed, left to stand for a time and filtered through a dry filter.

A preliminary test is made to ascertain if the molasses contains reducing
sugar in sufficient amount to exert an appreciable influence on the polarisa-
tion. If this is not so, the polarisation, multiplied by two (or by four, if
a 10 cm. tube is used) gives the percentage of saccharose.

In presence of invert sugar, 50 c.c. of the solution prepared as above
are subjected to inversion in the usual way and polarised, the saccharose
being calculated by Clerget’s formula (see later : Raw Sugar).

Moreover, if raffinose is present, the inversion method is used and the
result calculated as with raw sugar.

RAW SUGARS

These form more or less large yellowish-white to brown, moist crystals,
with an unpleasant odour due to extraneous matters derived from the beet.?

Analysis always necessitates determinations of the sugar (saccharose)
and of the soluble salts, since from these is calculated the yield (rendement)
on refining. Determinations may also be made of the invert sugar, water,
non-sugar and, in some cases, raffinose, total ash and alkalinity ; sometimes
sulphurous anhydride is tested for, but the colour is seldom measured.

Raw sugars are often non-uniform owing to the tendency of the syrupy
liquid adherent to the crystals to collect at the bottom of the vessel. The
whole sample should, therefore, be well mixed as rapidly as possible in a
large porcelain dish with a spatula, all lumps being broken up ; it is then
returned to the vessel.

1. Determination of the Saccharose.—The polarisation gives the
percentage of saccharose at once if other optically active substances are
absent ; the procedure is then as in (). If, however, this is not the case,
other active substances (invert sugar, raffinose) being present, method
() 2 is followed.

In practice it is often the custom to give the polarisation rather than
the true percentage of saccharose and to indicate separately the percentage
of invert sugar,

() DETERMINATION OF SACCHAROSE IN ABSENCE OF OTHER SUGARS. In
a tared German silver or nickel dish 26048 grams (if vessels graduated
according to Mohr at 17:5° C, are used) or 26 grams (if true c.c. at 20° C.
are used) of the sugar are weighed, and are then washed through a funnel
of the same material into a 100 c.c. flask. The dish and funnel are washed
into the flask, which is filled to the extent of about three-fourths and shaken
until solution of the sugar is complete ; the liquid is then made up to the
mark with water and mixed.

Usually the solution is coloured and turbid and requires clarification

i Raw cane sugars have, however, pleasant odours.
% Invert sugar usually occurs in only small amount in raw beet sugars, but may
be present to the extent of 2% or even more in cane sugars.
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before polarising. For this purpose 50 c.c. are transferred to a 50-55 c.c.
flask (the rest being retained for estimating the soluble ash) and basic lead
acetate added drop by drop in just sufficient quantity to decolorise the
liquid, 1-2 c.c. being usually required according to the depth of colour.
To ascertain if the clarification is complete, the liquid is mixed and allowed
to settle, and another drop of the basic lead acetate thenadded. The volume
is made up to 55 c.c. with water, mixed and left for about 15 minutes to
settle, the whole of the solution being then filtered through a dry filter
about 12 cm. in diameter into a glass cylinder on a foot ; the funnel is kept
covered to prevent evaporation. The first portion of the filtrate is some-
times turbid and is then refiltered. In some cases clarification with the
lead acetate is inadequate and it is then advisable, before the volume is
made up to 55 c.c., to add a little alumina cream. Any {roth formed may
be expelled by a drop of ether. The polarisation is carried out in a 20 cm.
tube, the result being increased by one-tenth to obtain the true percentage
of saccharose.

(b) DETERMINATION OF SACCHAROSE IN PRESENCE OF OTHER SUGARS,
The presence of invert sugar is detected by the preliminary test described
below (see 2) or by means of Soldaini’s solution. Raffinose is not usually
found in sensible amount, but may be suspected in sugar obtained by work-
ing up molasses. The presence of raffinose is indicated, although not always
with certainty, by the elongated form of the crystals and by the relatively
high polarisation, the sum of the latter and of the water and ash being about
or even greater than 100.}

If only a small proportion of invert sugar is present, the true percentage
of saccharose is obtained simply by adding to the polarisation 0-31 times
the percentage of invert sugar.

When, however, the invert sugar exceeds 2%, or if raffinose is present,
the inversion method must be used: The direct polarisation is determined
as described above. Another quantity of 26-048 grams is then dissolved in
about 8o c.c. of water in a 100 c.c. flask and basic lead acetate added, large
excess being avoided. The solution is mixed, allowed to stand for a quarter
of an hour and saturated sodium sulphate solution then added carefully
and in just sufficient amount to precipitate the excess of lead ; it is then
made up to volume, shaken, allowed to stand for a time, and filtered. Into
another 100 c.c. flask are placed 50 c.c. of the filtrate, about 25 c.c. of water
and 5 c.c. of hydrochloric acid (sp. gr. 1-188), inversion being then carried
out in the ordinary way (se¢ General methods, p. 114). The liquid is sub-
sequently neutralised, made up to 100 c.c. and polarised at a temperature
as near 20° as possible, the result being multiplied by two to allow for the
dilution. From the polarisations before and after inversion saccharose
is calculated, when invert sugar is present, by the Clerget formula? (ses
formula VIII, p. 117):

__ 100 (P —P,)
14266 —0'5 ¢
1 A very high polarisation accompanied by considerable reduction of Fehling’s

solution, indicates addition of starch sugar, but this is rare,
* The same formula serves in presence of added glucose.
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or, when raffinose is present, by the formula (see p. 118):
03124 P — P,
0839

in which P’ and P, arc the polarisations before and after inversion, with
their proper signs. In the rare instances of the simultancous presence of
invert sugar and raffinose (see General methods, p. 121), the last formula
may be employed, but the polarisations must then be corrected for the
invert sugar found.

2. Invert Sugar. This is determined by one of thie two methods indi-
cated under (b) and (¢). To ascertain if such determination is necessary,
the preliminary test (¢) is made.

(«) PRELIMINARY TEST. A solution of 5 grams of the substance in 20
c.c. of hot water is boiled in a flask with 12 c.c. of Fehling’s solution for
2 minutes.  If a red precipitate of cuprous oxide is formed in appreciable
(uantity, invert sugar is present.  In such case, if the liquid has remained
blue or if, after filtration and acidification with acetic acid, it gives a brown-
ish-red precipitate or coloration with potassium ferrocyanide, it may be
concluded that the invert sugar is small in amount or, at most, little more
than 1% ; method () is then used. If, however, the filtrate is colourless
and gives no coloration with ferrocyanide, the invert sugar exceeds 19,
and method (¢) is employed.?

(b) Hikzeelp’s METHOD, 25 grams of the sample are dissolved in

ater in a 100 ¢.c. flask, clarified with the necessary quantity of basic lead
acetate, made up to volume and filtered. To 8o c.c. of the filtrate, trans-
ferred to another 100 c.c. flask, sodium phosphate or sulphate solution is
added, drop by drop, until any excess of lead is precipitated ; the solution
is then made up to the mark, shaken, allowed to deposit and filtered. Of
this filtrate 50 c.c., corresponding with 10 grams of the substance (in case
clarification is unnegessary, 20 grams of the sample are dissolved to 100 c.c.
and 50 c.c. of the filtered liquid taken), are used for the determination.

The 50 c.c. of sugar solution are mixed, in a conical flask of about 250
c.c. capacity, with 50 c.c. of Fehling’s solution and heated rapidly to boiling,
which is maintained for exactly 2 minutes; the subsequent procedure
is as usual (see General methods, p. 109). The percentage of invert sugar
is found by means of Table XVII. Since saccharosc also reduces Fehling’s
solution slightly, a lower quantity of copper than 0-050 gram is regarded
as indicating the absence of invert sugar or its presence in non-determinable
amount,

(¢) ME1ssL AND HILLER's METHOD. The clarified solution containing
20 grams of substance in 100 c.c. is prepared as in the previous method and
a preliminary test made by running this solution, drop by drop, from a
burette into a boiling mixture of 10 c.c. of Fehling’s solution with 40 c.c.
of water until the liquid is completely decolorised.

From the number of c.c. used, the quantity of invert sugar in the sugar

X

+ The preliminary test, repeated with suitable variation of the quantities of reagent
and substance and taking into account the reducing power of invert sugar, may serve
for the approximate determination of the latter.
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solution is calculated approximately : 10 c.c. of Fehling’s solution are
decolorised by about o 05 gram of invert sugar.

TaBLE XVII

Percentage of Invert Sugar in Sugar, in Correspondence with the

Amount of Copper weighed, using 10 grams of Substance (Herz-
feld)

Invert Invert Invert Invert
Copper Copper Copper Copper
Mgrlx)ns Su(;oar | Mgrms Suoizfr. Mgrms Suozar Mgrms sl,oza:r_
50 0°05 100 0°30 150 056 200 085
55 0°07 105 0°32 155 0°59 205 088
6o 009 110 0°35 160 0+62 210 0°00
65 011 115 0°38 165 0+65 215 0-93
70 0°14 120 0°40 170 0+68 220 096
75 010 125 0°43 175 0°71 225 099
8o 0°19 130 0°45 180 074 230 102
85 0°21 135 v48 185 076 235 105
90 0°24 | 140 0°51 190 79 240 107
95 027 \ 145 0°53 195 o 82 245 1°10
TasLE XVIII

Factors for the Calculation of Invert Sugar in Sugars containing
more than 19, (Meissl and Hiller)

Ratio between

Approximate quantity of mnvert sugar in mlligrams
Saccharose
and -- - — = —
Inv(e;t.sI\;ga.r 200 175 150 125 * 100 75 50
Values of F

0 100 50°4 554 545 53-8 532 530 530
10 : 9o 563 553 54°4 53-8 532 529 5249
20: 80 562 552 543 537 532 527 52°7
30:70 5641 551 54°2 537 532 526 526
40 t 6o 559 550 54°1 536 531 52:5 524
50 %50 557 549 540 535 531 523 522
60t 40 556 54°7 538 532 528 521 519
70 : 30 55°% 54°5 53°5 52°9 52°5 5149 516
80 :20 554 543 533 527 52°2 5147 51°3
90 . 10 540 53°0 531 526 521 516 552
91 :9 541 536 52*0 52°1 5146 51°2 507
92:8 536 531 52°1 516 51°2 507 503
93:7 536 531 52°1 512 507 503 498
94 :6 53°1 520 510 507 50°3 49-8 489
95.5 52°0 521 5172 503 494 489 485
95 * 4 52°1 512 50°7 49-8 489 477 469
97:3 507 50°3 49°8 4849 477 46°2 45'%
98:2 499 489 485 47°3 45'8 43°3 400
991 477 47°3 40°5 45°1 43°3 41°2 381
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The result of this test fixes the quantity of solution to be used in the
determination—the amount of invert sugar present in any test should not
exceed 0-2 gram,

The necessary quantity of the sugar solution is then mixed with 50 c.c.
of Fehling’s solution and the volume made up to 100 c.c. with water, the
liquid being then boiled as in Herzfeld’s method.

In the calculation use is made of the formula:

xsgﬁ.F,

where x is the percentage of invert sugar, C« the quantity of copper obtained,
p the weight of substance used in the volume of solution taken for the test
and F a factor varying with the quantities of invert sugar and saccharose
in the solution and given in Table XVIII.

In order to make use of this table, it is necessary to know the approximate
quantity of invert sugar in the solution used and the relation between the
saccharose and invert sugar in the substance, referred to 100 of total sugars.
The amount of invert sugar is approximately Cu -~ 2.

The ratio between saccharose and invert sugar is calculated as follows :
The percentage of invert sugar being approximately I, the percentage of
saccharose, S, is calculated by adding 0-031 I to the polarisation of the
product. The quantities of saccharose and of invert sugar in (S + I) of
total sugars being known, the quantities in 100 of total sugars are readily
calculated. The factor F is then obtainable and hence the exact percentage
of invert sugar in the substance analysed.

EXAMPLE : The Meissl method for determuning invert sugar had to be
used in the case of a sugar polarising 9o+5. In the preliminary test about 5 c.c.
of solution were required to decolorise 10 C.c. of Fehling’s solution. The quan-
tity to be used for the test should be less than 20 c.c. and, when 15 c.c. were
used, 296 mgrms. of copper were obtained. The approximate amount of invert
sugar is hence 296 -~ 2 == 148 mgrms., so that the factor F must be taken from
the column headed 150 mgrms.

Since 15 c.c. of solution contain 3 grams of substance, the approximate
percentage I of invert sugar is

0148 100
I == ..._i__>.<___::4-93,

and the percentage of saccharose will be
S =905 + 0:31 X 493 = 92°03
and the total sugars
S 4+ I =92'03 + 4°93 = 9696.
The amounts of saccharose and invert sugar in 100 of total sugars will be
92:03 X 1000 _ _
9696 94°9
and 100 ~— 949 == 5°1,
so that the factor F must be taken from the line marked 95:5. The value of
F is hence 51°2 and the percentage of invert sugar will be

__0°209H

2 X 51'2 = 5:05%.
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3. Raffinose.—The percentage of raffinose (anhydrous) is calculated
by means of the formula (see p. 118):

where P is the direct polarisation and X the pcrcentage of saccharose cal-
culated as indicated above (sce above, 1, b). Ifinvert sugar also is present,
the polarisation is corrected accordmngly (see General methods, p. 121).

4. Soluble Ash (Soluble Salts).—70 c.c. of the solution of the normal
weight in 100 c.c., prepared as in 1 (a) and filtered, are evaporated to a
syrup in a tared platinum dish about 6 ¢m. in diameter, this usually requiring
3—4 hours. The residue is treated with a few drops (about 05 c.c.) of
concentrated sulphuric acid, the mass rapidly charring. The carbonisation
is completed by heating the dish on a sand-bath or carefully over a flame,
care being taken to move the latter so as to prevent the porous, swollen
mass from overflowing ; the residue is then incinerated in a muffle at a
dull red heat, the temperature being kept below 700° so that the ash may
not fuse. Incineration is usually complete in an hour.

The sulphuric acid may be added to the solution before evaporation
and in this case the evaporation on the water-bath should be continued
until a semi-solid brown mass with a channelled surface is obtained. This
is heated on the sand-bath or over a flame until the charcoal becomes
detached from the walls of the dish and is then incinerated as above.

The weight of the sulphated salts is diminished by one-tenth to obtain
the weight of the non-sulphated salts (soluble ash) in the substance used :
this is calculated as a percentage by multiplication by 19-195 (for normal
weight 26-048 grams) or 19-231 (for 26 grams).

5. Total Ash.—This differs from the soluble salts only when the sugar
contains appreciable quantities of insoluble mineral impurities (sand, etc.).
It is determined by weighing exactly 3 grams of the sugar in a platinum
dish, adding about 05 c.c. of concentrated sulphuric acid and incinerating
as described above. The weight of the sulphated ash is diminished by
one-tenth.

6. Water and Non-sugar.—An exact weight of 5-10 grams, according
to the apparent amount of moisture present, is dried in a flat-bottomed
metal (nickel or brass) or glass dish (furnished with a cover) in an oven
regulated exactly at 105-110° for 2 hours or, with very moist products,
longer. The dish is allowed to cool in a desiccator and weighed, and then
dried for a further period of half an hour to ensure the completion of the
drying.

Subtraction of the sum of the percentages of water and sugar from 100
gives the fofal non-sugar, while further subtraction of the ash yields the
07gaANIC MON-SULAY.

7. Calculation of the Yield on Refining (Rendement).—The rende-
ment or yield of refined sugar obtainable is calculated on the assumption
that certain extraneous or melassigenic substances hinder the crystallisation
of the saccharose to extents which have been determined practically. The
extent to which the actual percentage of saccharose present is corrected



REFINED SUGARS 139

varies in different countries. In some cases, five times the percentage of
soluble ash is subtracted ; in others, the percentage of invert sugar, either
as it stands or after multiplication by a factor, is also subtracted ; in others
again, four times the soluble ash and twice the reducing sugars are deducted,
whilst sometimes fixed deductions are established for products of certain
definite quality.

8. Alkalinity —When the aqueous solution of the sugar has an alkaline
reaction, the alkalinity of the sugar is determined by dissolving 20-50
grams in water and titrating the solution with N/10.sulphuric acid, as
with defecated juice : the alkalinity is calculated as grams of CaO per 100
grams of sugar.

9. Detection of Sulphur Dioxide.—This test is made on sugars from
juices decolorised by means of sulphurous acid. To a solution of 10-15
grams of the sugar in about 25 c.c. of water in a flask are added a scrap
of pure zinc (or 0-3-0-4 gram of magnesium wire) and 5 c.c. of pure hydro-
chloric acid. In presence of sulphur dioxide, hydrogen sulphide is evolved
and may be detected by the odour or by means of a strip of lead acetate
paper.

10. Colour.—-A definite quantity of the sugar (e.g., 20 grams) is dis-
solved in water to 100 c.c. and the colour determined as with dense juice
and referred to 100 parts of pure sugar.

In practice, the sugar is sometimes merely compared with a series of types,
such as the Duich standards.

The importance of the determination of the depth of colour is diminished
in consequence of the fact that raw sugars may be coloured with coal-tar colours.
The latter may be tested for by extracting with alcohol or other solvent, fixing
on wool and characterising by the methods given in the cases of macaroni, etc.,
or textiles.

REFINED SUGARS

Analysis of refined sugars is mostly reduced to the determination of
the saccharose by direct polarisation. In some cases the ash and moisture
are also determined, and in rare instances other determinations may be
necessary, such as that of the reducing sugars (invert sugar and, perhaps,
glucose or lactose added as adulterant) or raffinose; a test for saccharin
is occasionally required.

The methods employed are those used for raw sugars (for ghucose and
lactose, see General methods ; for saccharin, see Liqueurs, p. 270). In
general the solutions do not require clarification for the determination of
the sugars, the solution of the normal weight being polarised as it is or after
simple filtration.

***

The refined sugars of commerce consist of almost pure saccharose and give
polarisations differing little from 100 (99-100).

Raw sugars, especially colonial products, are also sold for direct consump-
tion and these have far lower polarisations and may contain considerable pro-
portions of invert sugar.
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EXHAUSTED SLICES

These may be either fresh or dried. The former are prepared for analysis
by reducing them to a pulp by means of the machines used for the non-
exhausted slices ; the latter are ground to a fine powder. As a rule only
the sugar in these products is determined, but in some cases also the water.

1. Sugar.—Aqueous digestion in the hot is preferable (see Beet, 1, ).
With moist shces, according to Pellet’s method, double the normal weight
is introduced with 1-2 c.c. of basic lead acetate into a 200 c.c. flask, 1-2 c.c.
of water being added above the mark. On the other hand, according to
Sachs and Le Docte’s method, 60 grams of the pulp are taken with 177 c.c.
of water containing basic lead acetate (a mean content of 89-79, of water
being assumed, that is, 53-8 grams in 60 of the pulp). In either case the
polarisation in a 20 cm. tube gives at once the percentage of sugar.

With dry slices, the half-normal weight is introduced with basic lead
acetate into a 200 c.c. flask and the volume made up to 206 c.c.; or 1264
grams of substance are made up to 200 Mohr c.c. or 12:62 grams up to 200
true c.c. The polarisation in a 20 cm. tube, multiplied by 4, gives the
percentage of sugar.

2. Water.—-This is determined by drying at I05.110° as with beet

(qv.).
WASTE AND WASH WATERS

In general, examination of these waters islimited to a qualitative inves-
tigation and possibly determination of the sugar. Sometimes also the dry
matter may be required, this being determined either directly by drying
or by measuring the specific gravity or saccharometric degree (see Diffusion
Juice).

Sugar is detected in these waters by treating 2 c.c. of the liquid with
5 drops of 209 alcoholic a-naphthol solution and then carefully adding
10 ¢.c. of concentrated sulphuric acid (absolutely free from nitric acid) so
that the two liquids do not mix. In presence of sugar, a violet ring forms
at the surface of separation. A few comparative tests will indicate if the
quantity of sugar is estimable ; the reaction is very sensitive and detects
even 0-0019, of sugar.

" When quantitative determination is necessary, the procedure is as with
diffusion juice. With very small arnounts of sugar, extra long polarimeter
tubes are used, or the liquid is rendered faintly alkaline with a few drops
of milk of lime and evaporated, the residue being neutralised with dilute
acetic acid, clarified, made up to one-half or one-quarter of the original
volume and polarised.

FILTER-PRESS SLUDGE

With these residues the only determination usually made is that of the
sugar, which occurs partly in the free state and partly in combination with
lime,

To determine the free sugar, 47 grams of the sludge, made into a paste
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with a little water, are introduced completely into a 200 c.c. flask, the
liquid being made up to the mark, shaken, filtered and polarised. The
reading in a 20 cm. tube gives the percentage of free sugar directly, the
difference between 47 grams and twice the normal weight compensating
for the volume of the insoluble matter.

For the determination of the fofal sugar, 47 grams of the sludge are
introduced, as before, into a 200 c.c. flask ; a few drops of phenolphthalein
are added and then, drop by drop and with shaking, concentrated acetic
acid, until the red coloration disappears. The liquid is next clarified with
basic lead acetate solution, made up to the mark with water—the froth
being dispelled with a drop of ether—shaken, filtered and polarised. The
sugar combined with lime is equal to the total sugar less the free sugar.

Other Sugars

Besides saccharose, the principal sugar of commerce is glucose, which
is dealt with in detail ; maltose syrup and invert sugar also occur and the
analyses of these are considered briefly.

GLUCOSE

Commercial glucose, obtained by saccharification of starchy substances,
is sold in the solid condition or in highly concentrated, syrupy solution ;
the colour varies from white to brown. The samples for analysis should
be taken in the manner already described for sugar or sugar syrups and
should be stored in clean, dry, well.stoppered vessels.

The determinations usually made are those of water, ash, reducing
sugars and dextrin; it may sometimes be necessary to determine the
insoluble matter, to test for artificial sweetening substances and, especially
with syrups, to determine the acidity and sulphur dioxide.

1. Moisture.—An exact weight (2—3 grams) is introduced into a flat
porcelain dish, tared together with a glass rod and about 50 grams of coarse
siliceous sand, previously washed and ignited. If the glucose is solid or
very syrupy, a little distilled water is added and the whole well mixed,
evaporated to dryness on a water-bath, and dried in an oven at 105° to
constant weight.

2. Ash.—From 5 to 10 grams are dried in a platinum dish on a sand.
bath (if syrupy, first on a water-bath), the residue being cautiously charred
over a small flame and then incinerated, best in a muffle.

If the amount of ash is large, it may be tested qualitatively, particularly
for calcium sulphate and sodium chloride, which are derived from the
process of manufacture.

3. Reducing Sugars.—Besides glucose, the commercial sugar contains
also small quantities of other sugars, especially maltose and isomaltose.
The exact determination of the separate sugars is not, however, easy owing
to the presence of dextrin, the rotatory power of which is somewhat variable
and not accurately known. It is usual, therefore, to calculate the whole
of the reducing sugars as glucose.

The determination is made with Fehling’s solution, either gravimetrically
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or volumetrically. 10 grams of solid glucose or 1520 grams of syrup are
dissolved to I litre and the liquid filtered, if necessary, through a covered,
dry filter.

For the gravimetric method, which is the more exact, 25 c.c. of this
solution are used, the procedure already given being followed (see General
methods, p. 109).

If the volumetric method is used, several flasks are charged each with
10 c.c. of Fehling’s solution and 40 c.c. of water, the procedure given on
p. 112 being followed. If a is the number of c.c. of the sugar solution
required to decolorise the 10 c.c. of Fehling’s solution and p the weight
of the sugar taken per litre, the percentage of glucose in the sample will be

4945
d. p

4. Detection and Determination of Dextrin.—An indication of the
presence of dextrin will be given by the polarisation, which will be con-
siderably greater than that calculated for the glucose.!

The dextrin may be determined quantitatively with sufficient accuracy
on the basis of the transformation of the various dextrins into glucose or
inversion. One of the two following methods is used:

{(a) A solution of 5 grams of the sugar in 400 c.c. of water is mixed with
40 ¢,c. of hydrochloric acid (sp. gr. 1-125) and the liquid heated in a reflux
apparatus on a boiling water-bath for about 2 hours. It is then cooled,
neutralised almost completely (to a faint acid reaction) with caustic soda
and made up to 500 c.c., the glucose present being then determined as in
3 (above). The increase in the amount of glucose, multiplied by 0-9, gives
the quantity of dextrin.

{b) A solution of 10 grams of the substance in a little water in a 100
c.c. flask is mixed with 20 c.c. of a hydrochloric acid solution of sodium
chloride (200 grams of sodium chloride in 8co c.c. of water and 200 c.c.
of concentrated hydrochloric acid). The flask is immersed for an hour in
boiling water and then cooled, the liquid being neutralised almost com-
pletely and made up to volume. The total glucose after inversion is then
determined either by means of Fehling’s solution as in (#) or approximately
by means of the polarimeter ; in the latter case, the inverted solution,
clarified, if necessary, with basic lead acetate, is read in a 20 cm. tube,
The saccharimetric reading, multiplied by 10 and divided by 3-048, gives
the percentage of glucose. The dextrin is then calculated, as in (2), from
the glucose before and after inversion.

5. Insoluble Matter.—20 grams of the substance are dissolved in at
least 300 c.c. of water, the solution being filtered through a filter previously
dried at 105° and tared, and the insoluble residue thoroughly washed, dried
at 105° and weighed. The residue is examined microscopically for starch.

6. Acidity.—This is expressed in c.c. of normal soda solution per 100
grams of substance and is determined by titrating a solution of 1o grams
in water with N /I0-soda, using sensitive litmus paper or phenolphthalein as
indicator.

1 1t should, however, be noted that maltose and isomaltose also have dextro-rota.
tions greater than that of glucuse.
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7. Sulphur Dioxide.—This is determined as in wine or beer (g.v.).

8. Artificial Sweetening Substances.—These are detected in a
moderately concentrated solution of the substance by the methods given
for liqueurs (see Spirits and Liqueurs).

%
k *

The purer commercial sohd glucoses are white, odourless and compact,
those of second quality being less compact and more or less yellow. Syrups of
first quality should be colourless, odourless and clear, those of second quality
being yellow but also clear, and inferior ones more or less brown. Turbidity
in syrup is due to incomplete saccharification or to mineral matters or micro-
organisms.

In general, solid glucoses contain 6Go—80% of glucose, 3-15% of dextrin
and other unfermentable organic substances, 5-20% of water and o-2-0-7% of
ash. Very pure glucoses are also sold, thcse containing 90—909% or e¢ven more
of glucose and only very small quantitics of other organic substances.

Glucose syrups usually contamm 30-55% of glucose, 30-50% of dextrin and
the like, and 15-25% of water ; the ashis commonly 0-2—0+7, but may be as high
as 2:5%. With unaltered syrups the acidity should not require for neutralisation
more than 2 c.c. of N-soda per 100 grams, and it is sometimes required that the
sulphur dioxide be not greater than 40 mgrms. per kilo, although a much larger
quantity is often found.

MALTOSE

Maltose is put on the market in the solid form, and as syrup, which
usually contains also other sugars (especially glucose) and dextrin. Of
this type, too, are malt extracts, including those which are used industrially
—owing to the enzymes (diastases) they contain—to render starch soluble,
e.g., Diamalt, Diastofor, etc.

The analysis of maltose syrups is carried out similarly to that of glucose,
determinations of the reducing sugars and dextrin being of particular
importance. With malt extracts, a determination of the diastatic power
may also be required.

1. Reducing Sugars.—The exact determination of the separate reduc
ing substances in these products being a matter of great difficulty, they
are usually determined together and the result expressed as either maltose
or glucose.

The solution is prepared by dissolving 20 grams of the syrup in water,
dlarifying with basic lead acetate, removing the excess of lead with sodium
sulphate and making up to I litre.

The reducing power of the filtrate towards Fehling’s solution is measured
either gravimetrically or volumetrically. In the former case the directions
given for maltose (see General methods, p. 110) are followed and the calcu-
lation made in accordance with Table XIV on p. 11I.

If, however, the volumetric method is used, the procedure already
indicated (see General methods, p. 112) is followed, the duration of boiling
being 4 minutes. The result is calculated either as maltose (coefficient,
0+74I) or as glucose (coefficient, 0-4945).

2. Dextrin,—The glucose is determined after inversion of the dextrin,
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as described for glucose (¢.v., 4), and from this is subtracted the percentage
of pre-existing reducing sugars, determined as in 1 (above), expressed as
maltose and multiplied by 1-053 (glucose resulting from the inversion of
the maltose present). The remainder, multiplied by 0-9, gives the percen-
tage of dextrin.

3. Diastatic Power.—This determination consists in a test of the
saccharification of starch by means of the substance and may be carried
out as follows *:

Starch paste is prepared by mixing I5 grams of arrowroot starch with
40 c.c. of cold water and pouring the paste into 400 c.c. of boiling water,
the liquid being then kept in a boiling water-bath for half an hour with
frequent stirring and subsequently allowed to cool and made up to 500 c.c.
with water.

On the other hand, 2 grams of the substance are dissolved in 100 c.c.
of water and determinations made of the liguefying power, that is, of the
capacity of the substance to render starch soluble and of the true diastatic
power, that is, of the capacity to saccharify starch.

(a) Liquefying power. To determine this, 165-170 c.c. of the starch
paste (containing about 5 grams of starch) are introduced into a 200 c.c.
flask, which is immersed in a bath at 40°. When a thermometer in the
paste indicates the temperature 38-40°, a known volume of the 29, solution
of the substance, usually 20 c.c. (corresponding with 0-4 gram of the sub-
stance), is added, the flask being shaken, returned to the bath and observed
every half-minute. Liquefaction is regarded as attained when the liquid
becomes mobile and when, after shaking, the air-bubbles rise rapidly to
the surface. From the time thus taken for 0:4 gram of the substance to
render soluble 5 grams of starch, the number of grams of starch which would
be rendered soluble by 1 gram of the substance in 30 minutes is calculated,
this number expressing the liquefying power.

(b) Diastatic power. The flask is then returned to the bath and kept
for half an hour at 38-40°, 3 c.c. of 109, sodium hydroxide solution being
then added and the liquid cooled rapidly and made up to 200 c.c. with
water. In this solution the reducing sugars are determined volumetrically
by means of Fehling’s solution, each test being boiled for 4 minutes. The
result is calculated as maltose in 200 c.c. of solution, i.e., per 0-4 gram of
the substance, the maltose corresponding with 1000 grams of substance
being calculated by proportion. Subtraction of the proportion of reducing
sugars (expressed as maltose) pre-existent in the substance leaves a remainder
which represents the quantity of maltose in grams formred in 30 minutes by
the diastatic action of 1,000 grams of the substance, i.e., the diastatic power,

EXAMPLE : To render soluble 5 grams of starch by o-4 gram of the sub-
stance required 2z minutes, the amount of starch made soluble by 1 gram of
3 X 30 XTI . 18p5 (liquefyi

L2 = 1875 (liquetying pover).

After half an hour’s saccharification, titration with Fehling’s solution indi-

Cated 2'144 grams of maltose per zoo0 c.c. of the solution, i.e., 5360 grams of

substance in 30 minutes being

1 See Pollak: Ber. der Vih Intern, Kongress [ar angew. Chemie in Berlin, 1903,
Vol III, p. 581,
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maltose formed per 1000 grams of substance. The substance contained 45%
of reducing sugars (as maltose), i.e., 450 grams in 1000 grams, so that the net
weight of maltose formed in 30 minutes by the action of 1000 grams of the
substance will be 5360 - 450 == 4910 (diastatic power).

INVERT SUGAR

The analysis of invert sugar syrups usually consists in determining the
reducing sugars by means of Fehling’s solution either gravimetrically or
volumetrically (sce General methods), the result being expressed as invert
sugar. Sometimes the saccharose is estimated, this being done by the
inversion method.

Products containing Sugars

These include mainly crystallised fruits, preserved fruits, jams, choco=
lates, sweetmeats, biscuits, effervescent citrate of magnesia, honey, con-
densed milk, liqueurs and sweet wines. Certain of these products are
dealt with in other places, condensed milk, liqueurs and sweet wines, for
instance, in the chapters dealing respectively with milk, spirits and liqueurs,
and wines. The others are treated below, special attention being paid to
the determination of the sugars.

CRYSTALLISED AND CANDIED FRUITS

These are fruits impregnated and coated with sugar and are prepared
by immersion and boiling in successive syrups of gradually increasing con-
centration. In some cases the amount and composition of the ash are
determined, and tests made for injurious metals and for sweetening, anti-
septic and colouring materials (see Preserves).

Determination of the Sugars.—The principal sugar present is sac-
charose, but invert sugar is also found—mostly due to inversion of the
saccharose during the preparation of the fruits—as well as glucose, which
is added directly. The method of determination is as follows :

(2) PREPARATION OF THE SOLUTIONS. A definite weight of the material,
e.g. 40, 50 or 100 grams, is pounded in a mortar with hot water containing
in suspension a little precipitated calcium carbonate to neutralise any free
organic acids present. The paste is transferred quantitatively into a 200,
250 or 500 c.c. flask, according to the amount of the sample taken, the
flask being filled to the extent of about three-fourths and left until the
next day. Basic lead acetate is then added so long as it produces a pre-
cipitate, the liquid being well shaken and left at rest for some time, after
which the excess of lead is precipitated with saturated sodium sulphate
solution and the whole vigorously shaken for a while. After a further
stand, the volume is made up with water, excess of the latter equal to 69,
of the weight of the fruit taken for the determination being added to com.
pensate for the volume of the insoluble matter; after thorough mixing,
the liquid is filtered through a dry filter.

50 c.c. of the filtrate are inverted in a 100 c.c. flask with 5 c.c. ;)(f) hydro-

AC. 1,
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chloric acid (sp. gr. = 1-10), neutralised with sodium or potassium
hydroxide, made up to 100 c.c. and, if necessary, filtered.

(b)) DETERMINATION OF THE SACCHAROSE AND REDUCING SUGARs. The
polarisations of the filtered non-inverted and inverted liquids arc read on
the Ventzke scale at a definite temperature, as nearly 20° C. as possible.
The percentage s of saccharose in the substance analysed is then calculated
by Clerget’s formula :

s - 26048 (P —P,)
" 14266 —o0'5¢°
where P and P !are the polarisations—with the proper signs—before and
after inversion, referred to Ico grams of substance in 100 c.c., and # the
temperature of the liquid during the reading.

In both inverted and non-inverted solutions the reducing sugars are
determined volumetrically by means of Fehling’s solution (se¢ General
methods, p. 112). If % is the total dilution undergone by the non-inverted
solution of g grams of the substance in V c.c. before the Fehling reduction
and a the number of c.c. of solution used to reduce 10 c.c. of Fehling’s
solution (mixed with 40 c.c. of water), the percentage » of reducing sugars
(calculated as invert sugar) originally present in the substance is given by ;

5150V
a8
Similarly the percentage #’ of total reducing sugars after inversion is
given by :

.

ag

The percentage of saccharose determined polarimetrically may be
checked by the formula:

s =095 (' ~— 7).

To ascertain if the reducing sugars consist of invert sugar alone or if
added glucose is also present, the rotation due to the total reducing sugars
after inversion, regarding these as invert sugar, is calculated: 1 gram of
invert sugar in 100 Mohr c.c. gives a deviation of — 1-191 Ventzke divisions
at 20° C.

If such rotation is about equal to, or less levo-rotatory than,that observed
in the inverted liquid, only invert sugar is present. In such case, since
the invert sugar originally present arises from the inversion of part of the
saccharose used in the manufacture, the total quantity of saccharose added
is equal to that actually found plus the amount of invert sugar multiplied
by o0-95.

If, however, the calculated rotation is more lzvo-rotatory than that
observed, glucose also is present, the quantities of the separate sugars
present being then determined as in (c).

(c) DETERMINATION OF THE SEPARATE SUGARS IN PRESENCE OF GLUCOSE.
If the glucose used were pure and free from dextrin, the quantities of pre-
existing invert sugar and glucose could be calculated as in general methods
(p 118) or by means of the following formule :
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P.—-ar —3839s
3048 —a °
Y =7 - X,

X =

where x and y are the respective percentages of dextrose and invert sugar
in the substance, a the Ventzke rotation of 1 gram of invert sugar in 100
c.c. in a 20 cm. tube at the temperature used (-— 1-191 at 20°) and P, »
and s have the same significations as in preceding formule. g «y

Since, however, commercial glucose (usually liquid glucose) such as
is used in making these products almost always contains marked proportions
of dextrin, the above formula are inapplicable, unless indeed to give con-
firmation of the addition of glucose. The quantity of the latter is deter-
minable only when the composition of the commercial glucosec employed
is known. When a sample of this glucose is available, it may be analysed
with sufficient approximation as in (1), the results being then applied¥to
the analysis of the crystallised fruit as in (2).

1. Examination of the glucose. A 100 c.c. flask containing 1o grams
of the glucose, about 50 c.c. of water and 5 c.c. of hydrochloric acid of
sp. gr. I-Io is heated at 67-70° for a quarter of an hour as in the inversion
of saccharose (to obtain the same conditions as in the analysis of the fruit),
the liquid being then cooled, neutralised and made up to volume,

The solution thus obtained is read in the saccharimeter in a 20 cm.
tube at about 20° C., while the reducing sugars are dctermined volumetri-
cally with Fehling’s solution and calculated as glucose (sec Glucose, p.
141). Finally, the polarisation (referred to 100 grams of substance in 100
c.c.) is divided by the percentage of glucose found, the result being the
so-called polarisation coefficient (c) of the commercial glucose, i.e., the
saccharometric rotation in a 20 c¢m. tube of a solution containing in 100 c.c,
such quantity of substance as contains exactly I gram of pure glucose.

2. Examination of the crystallised fruit. The polarisation and reducing
power of the inverted solution, prepared as in (2) (see p. 145), are deter-
mined. Asin (b) (see p. 146), P, is taken to be the polarisation after inver-
sion and #’ the percentage of reducing sugar after inversion, this being
calculated, not with the coefficient 0:515 for invert sugar, but with a co-
efficient which lies between those for invert sugar and glucose and is usually
placed equal to o'510. If x and y are the percentages of pure glucose and
of invert sugar:

x4y =7
cx —II9Iy =Py,
so that:

From the percentage y of invert sugar, the total saccharose added is
deduced by multiplying by 0-95, while the percentage of commercial glucose
added is obtained by dividing 100 x by the percentage of pure glucose in
the commercial glucose,
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EXAMPLES : 1. A solution of 40 grams of crystallised fruit in 200 cc
gave the rotation, + 33 Ventzke divisions, at 20° C in a 20 cm. tube, and the
same solution after inversion (made up to double the original volume) gave the
rotation -— 6+7; thus P:==33 X 5= + 165 and P; = -— 67 X 10 = -— 67,
The reducing sugars, determined with Fehling’s solution and calculated as
invert sugar, were 1-98% before, and 49-22% after inversion. According to
Clerget’s formula, the saccharose is :

s ::26-048 (165 + 67)
13266
The results of Fehling titration give for the saccharose :
s2=0'95 (49:22 — 1°98) = 44°88%,
which, given the complex nature of the product examined, agrees sufficiently

well with the preceding result.
The calculated rotation for 49-229, of invert sugar 1s:

~= 4922 X 1191 == — 586,

= 45'55%:

and since the observed rotation after inversion is — 67 and hence more levo.
rotatory, excess of levulose and thus absence of added glucose is mdicated.
Indeed, the formula for the percentage of dextrose, namely :
4 e 165 + 1101 X 1-98 — 3839 X 45'55
3°048 + I°191 ’

gives a negative result and therefore indicates absence of dextrose.

2. In the case of crystallised fruit containing glucose, a solution of 10 grams
of the commercial glucose used in 100 c.c. gave a reading of + 572 Ventzke
divisions in a 20 cm. tube at 20° C., the reading for 100 grams in 100 c.c. bejng
hence + 572; titration with Fehling’s solution gave 56% of reducmg sugars
(pure glucose), the polarisation coefficient thus being:

¢ o= 922 = 4 10°21.
56
The inverted solution obtained from the fruit (40 grams in 200 cc.; s0
c.c. of this inverted and made up t0 100 c.c.) gave the reading + 32, so that
P, == + 320; Fehling titration of the same inverted solution indicated 54-20%
of total reducing sugars.
The two equations :
¥ 4+ y == 5420
1021 ¥ ~— 1°191 ¥ == 320
give :
Yy =20"47
& == 54°20 — 20°47 = 3§3°73.
From the percentage y of invert sugar, that of saccharose is found to te
20°47 X 0°95 = 19:45, while the percentage » of pure glucose shows that of

commercial glucose to be 3373 X ig == 60-23, The crystallised fruit thus
5

contains :
Saccharose added == 19:45%
Commercial glucose added == 60-23%,
t**

The value of crystallised fruits depends, besides on the quality of the fruit
used and the method of preparation, essentially on the quantity of sugar and
of glucose present. Genuine products should contain neither added antiseptios
or artificial sweetening agents nor injurious metals,
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PRESERVED FRUIT

This consists of fruit immersed in a sugar syrup prepared with sac-
charose, with or without glucose. Analysis of such products usually com-
prises the determinations made with crystallised fruit (¢.v.), and a few
hints may be given with reference to the determination of the sugars.

Determination of the Sugars.—The respective weights of fruit and
of syrup taken must be proportional to those contained in the whole sample.
The latter is weighed with the containing vessel and is then poured into a
large funnel and allowed to drain completely into a flask. The vessel is
weighed first empty and then after the fruit alone has been returned toit, the
weights of syrup and fruit being thus obtained. A sample of 100 grams,
containing the proper proportions of syrup and fruit, is reduced to a paste
with hot water containing a little calcium carbonate in suspension, the
subsequent procedure being exactly as with crystallised fruit: the sac-
charose and the reducing sugars (invert sugar, glucose) are calculated
per 100 of the total sample (fruit plus syrup).

To ascertain the quantity of sugar (saccharose) used in the preparation
of the preserved fruit, from the total sugar (invert sugar X 0-95 plus sac-
charose) contained in the sample must be deducted the natural sugar (also
calculated as saccharose) due to the quantity of fruit in the sample. For
this purpose it is, of course, necessary to know the saccharine contents of
different fruits, so that an analysis of fruit of the same quality preserved
in water in the same conditions as in the syrup must be made.

*®
%* %

As regards the deductions to be drawn from the analytical results, what
was said concerning crystallised fruit applies also in this case.

JAMS

Jams or fruit preserves result from the boiling of fruit pulp with sac-
charose and often with glucose as well. Similar products are fruit jellies
obtained from fruit juice instead of pulp and fruit syr«ps, made by mixing
fruit juice with sugar syrup without boiling. With such materials the
following determinations and tests are made.

1. Determination of the Sugars.—A mixture of 50 grams of the
substance with hot water containing calcium carbonate is treated exactly
as indicated for crystallised fruit.

2. Insoluble Substances.—These are determined particularly in the
case of jams. 25 grams of the substance are heated with about 150 c.c.
of water for half an hour on a water-bath with frequent stirring, the liquid
being decanted on to a filter dried at 105° and tared and the residue washed
with boiling water and ultimately transferred to thejfilter, Ifjnecessary,
filtration is aided by slight' suction. The:ﬁlter withjthe insoluble residue
is dried at 105° and weighed, the filtrate being made up to a known volume
(e.g., 250 c.c.) and kept for other determinations.

3. Extract.—20 c.c. of the above filtrate are evaporated to drymess
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in a platinum dish and the residue dried at 100-105° to constant weight.

The extract may also be determined indirectly with sufficient accuracy
by determining the specific gravity of the solution and deducing the per-
centage of dissolved matter (calculated as saccharose) by means of tables
(e.g. that used for calculating the extract of wines : see later) or by means
of a saccharometer.

The dry extract, less the sugars (saccharose plus reducing sugars) gives
the mom-saccharine extractives (dextrin, etc.).

4. Water.—This may be determined either directly as in dense juices
and syrups (p. 130) or indirectly by subtracting from 100 the percentages
of insoluble matters and extract.

5. Ash.—From 5 to 10 grams are dried in a platinum dish, and the
residue cautiously charred over a flame and incinerated in a muffle at a
dull red heat.

If the ash is large in amount, it may be tested qualitatively for the
detection of mineral substances present (barium sulphate, gypsum, chalk,
sand, etc.) and of heavy metals.

6. Injurious Metals.—These may be derived either from the vessels
in which the products are prepared or stored or from mineral colours added ;
to some extent they may be detected in the ash. For a more complete
investigation, especially of metals which may be eliminated during the
incineration as volatile compounds, use is made of one of the known methods
for the destruction of organic substances, e.g., treatment with hydrochloric
acid and potassium chlorate, the residue being examined by the ordinary
methods of qualitative analysis.

7. Acidity.—If volatile acids are not present, this determination is
made on the solution obtained as in 2 (above), a known volume being
titrated with N/10-alkali in presence of phenolphthalein and the result
expressed in c.c. of N-alkali per 100 grams of substance.

In presence of appreciable amounts of volatile acids, a separate weighed
portion of the substance is mixed with cold water to a definite volume and
an aliquot part of the liquid decanted or, if necessary, filtered through glass
wool, and titrated as above (foal acidity). The fixed acidity is determined
by evaporating almost to dryness on a water-bath a known volume of the
solution obtained as in 2 (above), the residue being taken up in water and
titrated as before; wvolatile acidity == total acidity minus fixed acidity.

8. Extraneous Organic Colouring Matters.—Tests are made
especially for artificial organic colouring matters by the methods ifidicated
for liqueurs and wines (g.v.).

9, Antiseptics.—These—particularly sulphurous, boric and salicylic
acids and formaldehyde—are tested for as in wine and beer (¢.v.).

10. Artificial Sweetening Agents.—As in liqueurs (g.v.).

11. Detection and Determination of Dextrin.—Dextrin occurs
especially in products containing commercial glucose and its presence is
demonstrated by the high dextro-rotation (se¢ Crystallised Fruit, Deter-
mination of the Sugars, ¢). To determine it, 100 c.c. of the inverted solu-
tion, prepared as for the determination of the sugars (see 1), are treated
as indicated on p. 142 (section 4) to transform the dextrin into gluccse,
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the reducing sugars in the resultant liquid being determined with Fehling’s
solution. The difference between the reducing sugars thus found and
those found in the inverted solution, multiplied by o-9, gives the amount
of dextrin.

12. Gelatine.—From 20 to 30 grams of the substance are dissolved in
about 10 c.c. of water in a porcelain dish and precipitated with 100-150
c.c. of alcohol, the mass being allowed to stand, the liquid decanted off,
and the precipitate remaining adherent to the dish divided into two parts.
One of these is heated in a test-tube with quicklime : in presence of gelaine,
ammonia is evolved. The other is dissolved in water and the solution
tested with picric acid or tannin solution, which gives a precipitate in
presence of gelatine.

13. Gelose (Agar-agar).—This usually contains diatoms, which may
be separated and recognised microscopically. For this purpose, the sub-
stance is boiled with 5%, sulphuric acid containing a few crystals of per-
manganate, the insoluble part being allowed to settle and observed under
the microscope ; another method consists in centrifuging the substance
after heating with a little hydrochloric acid and examining the deposit.
The diatoms peculiar to gelose are recognised by their characteristic appear-
ance : in particular, Arachnoidiscus japonicus, which is circular with its
surface marked by pronounced radial striee.

Certain qualities of very pure gelose, which do not contain diatoms,
may be detected as follows: Precipitation with alcohol is carried out as
in the test for gelatine, the precipitate obtained being dissolved in 50 c.c.
of boiling water and the solution treated with lime water until distinctly
alkaline, and boiled for 2—-3 minutes and filtered through linen. The filtrate
is neutralised almost completely by oxalic acid solution and evaporated
to dryness on a water-bath, the residue being broken up with a glass rod.
If gelatine is present, the mass is treated with 2 c.c. of formaldehyde and
again evaporated to dryness. In either casc, the residue is taken up in
50 c.c. of water and the liquid boiled for some minutes and filtered hot
through a hot water or steam funnel. The filtrate is evaporated to 6-8
c.c. and poured into a test-tube : if gelose is present, the liquid sets to a
gelatinous mass on cooling.

14. Microscopic Test.—This is carried out more especially with jams
and preferably in comparison with samples of certain origin, in order to
characterise the particular tissues of the fruit used and to detect any elements
of different fruits, which may be present particularly in products prepared
with residues from the manufacture of crystallised fruit.

*
% %k

Jams and jellies contain marked proportions of sugars (usually 50-70%,
including the dextrin of any glucose used), which constitute almost the whole
of the dry extract in jellies, whilst jams usually contain appreciable guantities
of non-saccharine extractives (up to 5-6% or more). The amount of insoluble
matter is appreciable in jams but negligible in jellies. In genuine products
the ash usually varies from o-2 t0 0:49%, and the acidity varies with the nature
of the fruit, but in unaltered products it should as a rule be neutralised by a
few c.c. of N-alkali per 100 grams and should result wholly from fixed acids.
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Genuine products should not contain extraneous colouring matters, antiseptics,
artificial sweetening agents or injurious metals and should not be treated with
gelatine or gelose.

CHOCOLATE

Pure chocolate is a mixture of torrefied, powdered cacao with sugar
(saccharose) ; sometimes excess of fat is added and sometimes a small
quantity of various essences or spices. Starch chocolate contains, 1n addition,
one of a number of starches or flours (of rice, oats, chestnut, or of oily seeds
such as walnut, arachis, etc.). Chocolate of lower quality sometimes
contains powder cacao husks, and occasionally other sugars than saccharose
(glucose) are added; other adulterants are dextrin, gum and gelatine.
Milk chocolate is prepared with cacao, sugar and milk powder or extract.

The analysis of chocolate comprises mainly the tests and determinations
indicated below. With chocolates containing inclusions of extraneous
substances (whole walnuts, almonds, etc., or liqueurs), it is advisable to
separate mechanically the outer layer of chocolate from the included sub-
stance and to examine it separately.*

1. External Characters.—Note is made especially of the colour,
consistency, homogeneity, odour and taste of the product; with practice,
useful conclusions with regard to the quality can then be drawn.

2. Microscopic Examination.—A few grams of the chocolate are
freed from fat by extraction with carbon tetrachloride and from sugar by
washing on a filter with a little alcohol and then with cold water. The
residue, well mixed in a mortar, is examined with a magnification of 300-
400 diameters, best in comparison with products of known origin. Such
examination will show if the normal constituents of pure chocolate are
accompanied by starch or flour of cereals, chestnuts (see Fig. 32 of Plate
IV in the chapter on Flour) or oily seeds, or powdered cacao husks.

3. Water.—s5 grams of the powdered chocolate are weighed in a flat
porcelain dish, tared with about 20 grams of coarse siliceous sand previously
washed and calcined and a glass rod ; the whole is thoroughly mixed and
then dried at 100-105° for 5-6 hours.

4. Ash.—5 grams of the substance, weighed in a platinum dish, are
carefully charred over a small flame and then incinerated in a muffle at a
dull red heat. If any large amount of ash is left, it should be examined
for added mineral matter and injurious metals.

5. Fatty Matter.—10 grams of the powdered chocolate are placed
in a filter-paper thimble and extracted ? with light petroleum ether or
neutral carbon tetrachloride (thelatter, however, dissolves also the caffeine).

To ascertain if the fat extracted consists entirely of cacao butter, its
various constants may be determined (see IFatty Substances, Vol. I). Asa

1 It may happen, especially in Kqueur chocolates, that such separation is not pos-
sible. In such case the whole sample is reduced to a homogeneous mass and analysed,
the alcohol also being determined by distillation after dilution. The water is then
represented by the difference between the loss on drying and the alcohol (by weight)
found.

3 The Marino extractor is especially suitable for this operation.
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rule the melting point and the Zeiss butyro-refractometer reading at 40° are
sufficient, but in doubtful cases the saponification, iodine and Reichert-
Meissl numbers, etc., may be measured.

6. Sugars.—In most cases only saccharose is found in chocolate:
invert sugar, when present, is of negligible amount. In rare cases added
glucose may be present, and in milk chocolate lactose occurs.

(a) When saccharose alome is present, 13-024 grams of the powdered
chocolate are placed in a 100 c.c. flask and the same weight in a 200 c.c.
flask, each quantity being moistened with alcohol, treated with 75 c.c. of
cold water and frequently shaken during a period of about 45 minutes.
After clarifying, if necessary, with basic lead acetate and alumina cream,
each solution is made up to volume, filtered through a dry filter and polarised.

For the calculation it is necessary to know the volume v of the insoluble
matter contained in the half-normal weight, this being given by the formula :

v o 100 (@ —2b)

a—b ’

where a and b are the respective polarisations of the solutions in the 100
and 200 c.c. flasks. The true polarisation of the half-normal weight dissolved
in 100 c.c. will then be:

The percentage of saccharose is equal to 2 P.

(b) When glucose and possibly tnvert sugar are present, the volume of
the insoluble matter is determined as in (2) and the analysis then carried
out as described for other saccharine products (see Crystallised Fruit).
The solution is prepared with the precautions indicated in (2), a volume
of water being added above the mark equal to that of the insoluble matter
contained in the weight of substance used. The saccharose is determined
by the Clerget method and the reducing sugars by means of Fehling’s
solution, a sample of the glucose used in the manufacture being examined
when necessary.

(¢) In milk chocolate, the saccharose and lactose are determined by the
methods given for condensed milk (see p. 33), allowance being made for
the volume of the insoluble matters determined as in (a).

7. Dextrin.—When it is necessary to determine this, the method
indicated for flours (p. 63) is applied to the defatted and dried substance
(the residue from the extraction of the fatty matters, dried at 100°, may
be used, but the results are referred to the substance itself).

The difference between the reducing sugars found after inversion of
the dextrin and those found in the determination of the sugars after inver-
sion of the saccharose is multiplied by 0-9 to obtain the amount of dextrin.

8. Starch.—The inversion method described for flour (p. 63) is
employed. From 5 to 10 grams of the substance are freed from fat by
extraction with petroleum ether or other suitable solvent and from sugars
(and dextrins) by treatment with 259 alcohol, The glucose found, multi-
plied by o-g, gives the quantity of starch.
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With chocolate to which starch or flour has been added, since only a small
part (usually 1-29,) of the starch piesent consists of that contained m the cacao,
the quantity of the starch or flom added may often be determined sufficiently
approximately from the starch content When ordinary staich 1s added,
1t may be assumed that this contains on the average about 809, of actual starch,
the 1est being mostly moisture

Where chestnut flour has been added 1ts composition may be taken as
moisture, 7-119%, (m torrefied flour, 5-6%) , saccharose, 23-31% (mean about
28%) , reducing sugars, 1-29%, starch, 36-41% (mean about 39%)! When
a sample of the chestnut flour actually used 1s not available, a mean content of
39% of starch may be assumed, so that the extent of the additron is calculable
from the proportion of starch found in the chocolate  The amount of saccharose
corresponding with such amount of chestnut flour 1s then calculated and ths
value subtracted from the total saccharose found in the chocolate , the remander
represents the saccharose actually added in the preparation

9. Alkaloids.—These rarely occur in chocolate but, when necessary
they may be deterrmned as follows (Savim) 12 grams of the powdered
chocolate are introduced nto a §-htre flask and boiled with 70 ¢ ¢ of hight
petroleum on a water-bath for 15 minutes, the solvent 1s then decanted
on to a small filter and the operation repeated twice

The flask with the defatted substance and also the filter are dried for
a few mimnutes 1n an oven to expel the solvent, the filter being then mtro-
duced mto the flask, together wath 5 cc of 109, sulphurnic aad and 250
cc of water The hqud 1s boled under a reflux condenser for an hour
and then transferred while hot into a 300 ¢ ¢ measuring flask , the origmal
flask 1s rinsed out with hot water, but the filter-paper 1s not allowed to
enter the measuring flask After cooling to about 30°, the hquid 1s made
up to volume and filtered, 250 cc of the filtrate (10 grams of substance)
being evaporated 1n a porcelain dish containing 10 grams of fine sand with
addition of a hittle magnesia to render the hquid alkahne

The evaporation 1s continued until a syrup 15 obtained (as m the deter-
mination of glycerne in wine), sufficient magnesia (8-10 grams) being then
added to give a dry powdery substance easy to detach with a spatula and
to powder with a pestle.

The dry substance thus obtained 1s placed in a flask with 100 cc¢ of
chloroform, the spatula, pestle and dish being washed twice with 5 cc¢ of
hot water, which 1s added to the chloroform. * After addition of 0 25 cc.
of concentrated ammonia, the liquid is boiled for 15 minutes under a reflux
condenser. The boiling chloroform is filtered through a pleated filter,
care being taken that the substance does not fall on to the filter. The
residue 1n the flask is similarly treated with four further quantities of 100
cc. of chloroform, the whole of the latter being"then distilled to drymess
from a flask on the water- bath'a.nd the last traces expelled in the oven.
The residue is then washed with a little petroleum ether (10 cc.in all, in
two quantities), which is decanted on to a small filter.

The residue is next dissolved in a little boiling water and the solution
filtered through the filter previously used, into a tared platinum dish, the
flask being washed three times with a little boiling water. The liquid is

1' G Savim. 4nnal di Cham. Applesata, VI, 1916.
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evaporated to dryness on a water-bath and the residue dried for an hour
in an oven at 100° and weighed ; the weight obtained, multiplied by 10,
gives the percentage of alkaloids (theobromine and a little caffeine) con-
tained in the chocolate.

10. Gelatine.—s5 grams of the powdered chocolate are treated with
50 c.c. of boiling water, 5 c.c. of 109, lead acetate solution being then added
and the liquid filtered. The filtrate is tested with a few drops of saturated
aqueous picric acid solution : in presence of gelatine, a yellow precipitate
forms.

. 11. Cacao and Added Fat.—The amount of cacao (without fat) used
in the preparation of chocolate is best calculated, when possible, by differ-
ence. From the result thus obtained, if the fat present is really cacao
butter, the natural cacao and the fat added are calculated on the assumption
that natural cacao contains an average of 509% of fat. In the different
cases the procedure is as follows:

(a) With pure chocolate, deduction from 100 of the sum of the water,
sugar and fat gives the percentage of cacao without fat and this, multiplied
by two, the natural cacao present; the percentage of fat found, less that
proper to the cacao, gives the added fat.

(b) With chocolate mixed with starch, the fat-free cacao is obtained by
subtracting from 100 the sum of the water, sugar, fat and starch, the natural
cacao and the added fat being then calculated as in the preceding case.

(¢) In chocolate with chestnut flour, the mean composition of this flour
is assumed (or a sample of the flour actually used is analysed). If the sum
of the water, added saccharose, fat and chestnut flour is subtracted from
100, the remainder will represent approximately the percentage of cacao
without fat; the subsequent procedure is as before.

(d) With milk chocolate containing no other extraneous substances,
the percentage of casein may be taken as approximately equal to that of
the lactose found and the cacao and added fat hence calculated by differ-
ence. The fat-free cacao is deduced by subtracting from 100, the sum
of the water, sugar, fat and twice the lactose ; the calculation of the natural
cacao and added fat is then carried out as in the preceding cases.

(e) In more complex cases, such as that of chocolate containing flour
Jrom oily seeds, or of adulteration with various extraneous substances, it
is not always possible to arrive at the cacao by difference. This may, how-
ever, sometimes be done when the composition of the flour from the oily
seeds is known, the quantity of extraneous fat being calculated from the
constants of the fatty substance. When this is not possible, the proportion
of cacao may be calculated, although with only rough approximation,
from the percentage of alkaloids found, decorticated natural cacao con-
taining on the average 1-59, of these bodies. The result thus obtained
must be very uncertain, since the variation in the alkaloid content is fairly

wide,

*Fx

Pure chocolate usually contains from one-half to two-thirds of sugar and
from one-half to one-third of cacao ; a slight excess of cacao butter is sometimes
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added to render easier the formation of paste When staich or flour 15 present,
the amount of this varies considerably and may be as much as 409 or even
more Good chocolate should not contamn more than 3% of moisture and
2:5% of ash, and should not be muxed with powdered cacao husk, glucose,
fats other than cacao butter, dextrmn, gelatme, or mineral matter

SWEETMEATS

The analysis of sweetmeats is usually limited to a determination of
the sugar, which is the principal constituent. Sometimes, however, it is
necessary to test for and determine the starch and extraneous mineral
matters and to test for colouring substances and artificial sweetening agents,
the methods already indicated for other sugar products being employed.

Determination of the Sugar.—As a rule sweets contain no large
proportion of insoluble matter, so that the saccharose is determined by
dissolving 26 048 grams of the powdered sample to 100 c.c.—with addition
of basic lead acetate if necessary—and filtering and polarising the solution,
If a qualitative test with Fehling’s solution shows the presence of reducing
sugars, these are determined by the methods already described.

Where sweets rich in insoluble substances, such as starch, almonds,
etc., are to be examined, the volume of the insoluble matter is determined
as in the case of chocolates, i.e., by making two solutions of the normal
weight in 100 and 200 c.c. respectively.

With sweets containing included extraneous matters (whole seeds,
liqueurs, etc.), it is sometimes convenient to separate these mechanically
and examine the external part separately.

*
* %

The value of sweets depends essentially on the content of sugar, but the
absernce of injurious substances must be ascertained.

JUJUBES

To determine the sugars in jujubes and other gummy saccharine pro-
ducts, the solution is prepared as follows (Savini) : 20 grams of the sub-
stance are dissolved in about 100 c.c. of hot water in a 200 c.c. flask, and
on cooling, a mixture of 10 ¢.c. of basic lead acetate and 70 c.c. of 959
alcohol is added gradually and with shaking. After a rest of about an
hour at the ordinary temperature, the volume is made up with water (allow-
ing, where necessary, for the volume of the insoluble matter) and the solution
filtered. 100 c.c. of the filtrate are neutralised with a few drops of:a,cetic
acid and evaporated on a boiling water-bath to expel the greater part of
the alcohol. The:r%idue is restored to a 100 c.c. flask, a little burnt alum
being added to eliminate the excess of lead and the liquid made up to volume
and filtered.

The filtrate is used for the determination of the sugars by the ordinary
methods (see Crystallised Fruits). If saccharose alone is present the polari.
sation is, of course, sufficient.
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BISCUITS AND MILK FLOUR

Biscuits consist essentially of flour and sugar, sometimes with the addition
of fats (butter, etc.) and eggs. Mk flour contains, besides flour and sugar,
also the constituents of milk, but products sold under this name are often
quite free from any of the elements of milk.

In the case of biscuits, the sample for analysis should be prepared by
taking the different kinds present in the proper proportions, powdering
and mixing them thoroughly. The following determinations are made:

1. Microscopic Examination.—This is made with a view to ascertain-
ing the nature of the flour (g.v.) used.

2. Water.—10 grams of the powdered substance are heated in a platinum
dish at 105° to constant weight.

3. Ash.—The dried substance from the preceding determination is
carefully charred over a small flame and then incinerated in a muffle at
a dull red heat.

4. Fats.—These are determined by extraction with a suitable solvent,
e.g., ether or carbon tetrachloride (see Chocolate). The necessary constants
of the fat are then determined and its character established.

5. Sugars.—In most cases biscuits contain only saccharose, reducing
sugars being in negligible amount, but invert sugar and glucose are some-
times found. In true milk flour, lactose is present in addition to saccharose.
In the various instances the procedures are as follows:

() When saccharose alone is present, 40 grams of the powdered sample
are mixed to a paste with a little water, the whole being then introduced
into a 200 c.c. flask and water added to within a few c.c. of the mark. The
mass is frequently mixed during some hours and then clarified with lead
acetate and a little alumina cream, the lead being precipitated with sodium
sulphate and the liquid made up to volume, shaken, filtered and polarised.

Since in this case the volume of the insoluble substances is considerable,
it must be taken into account as indicated for chocolate, two solutions
being prepared of different concentrations—one with 20 and the other
with 40 grams of the substance to 200 ¢.c.—and polarising both.

When several samples of the same type are to be analysed, the trouble
of preparing the two solutions may be avoided by determining once for
all the volume of the insoluble substances in the various types of biscuit
and hence the volumes of water which must be added above the mark in
the different cases. For varying proportions of saccharose, experiment
gives the following mean volumes of water to be added for 10 grams of
biscuits taken :

About 20% of sugar, 5 c.c. of water to be added.

”» 30 ., " 4'5 »» ’”
” 40 ” ’” 3'75 ”» 124
»” 50 ” ” 2.25 ” 114
» 75 » ” 75 Ld ”

(b) In presence of smvert sugar or ghecose, the volume of the insoluble
matter is determined as in (2) and the solution prepared with the necessary
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addition of water beyond the mark, the subsequent procedure being as with
crystallised fruits.

(c) In presence of lactose, the solution is prepared as above and the
analysis carried out as with condensed milk (see this volume, p. 33).

6. Dextrin and Starch.—These are determined as in chocolate.

7. Nitrogenous Matter.—This is determined as in flour by the Kjeldahl
method.

8. Artificial Sweetening Substances and Colouring Matters.—
When necessary, these are tested for by the methods given for wine, spirits,
ete. (¢.v.).

***

The composition of biscuits 1s very variable, as regards both the sugar con-

tent and the presence, quantity and quality of fat Genuine milk flour contains

20-60%, of sugar (usually about 40%) and 4% of fat (butter), besides lactose
and casein.

MARZIPAN

This consists essentially of sugar and almond paste. Besides the deter-
mination of the sugars, which is made as in biscuits, and the microscopic
examination for the detection of other seeds and extrancous flours, tests
for hydrocyanic acid (from the bitter almonds) and nitrobenzene (added
as an adulterant) are also necessary.

1. Testfor Hydrocyanic Acid —25 grams of the substance arc digested
for an hour with 30 c.c. of water and a few drops of potassium hydroxide
solution, the liquid being then rendered acid with sulphuric acid and dis-
tilled, the first 3 c.c. of distillate being collected and tested by means of
the Prussian blue reaction, which is carried out as follows :

The liquid is made alkaline with potassium hydroxide and heated to
boiling with a few drops of ferrous sulphate solution. A little ferric chloride
is next added to the liquid, which is cooled and acidified with hydrochloric
acid : iIn presence of hydrocyanic acid a blue precipitate is obtained or a
greenish-blue liquid which deposits blue flocks on standing.

2. Test for Nitrobenzene.—About 25 grams of the substance are
digested for some hours with 30 c.c. of cold alcohol, the mass being then
filtered, and the filtrate diluted with an equal volume of water and heated
on a water-bath with a little zinc dust and about 3 grams of caustic potash
until the bulk of the alcohol is expelled. The residual aqueous liquid
is decanted off and extracted with an equal volume of ether, the ethereal
layer being separated and evaporated and the residue dissolved in 3 c.c.
of water. This solution is heated with a few drops of chloroform and
alcoholic potassium hydroxide solution: in presence of aniline, derived
from nitrobenzene in the marzipan, the characteristic odour of phenyl-
carbylamine is emitted.

CITRATE OF MAGNESIA

So-called effervescing citrates of magnesia are mixtures consisting prin-
cipally of sugar, tartaric acid and sodium bicarbonate ; in some cases glucose
also is present.
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The sugars in these products are determined as follows :

In a 200 c.c. measuring flask 40 grams (or 25-30 grams, if the sample
is small) of the citrate are treated with about 100-120 c.c. of distilled water,
gradually and with shaking so as to avoid too brisk an effervescence. When
the substance is completely dissolved, a few drops of alcoholic phenolph-
thalein solution are added and then enough concentrated sodium hydroxide
solution (not potassium hydroxide) to give a red coloration ; dilute acetic
acid is then added drop by drop until the liquid is decolorised. The solution
is then heated for half an hour on a boiling water-bath with 20 c.c. (or 15
c.c. when only 25-30 grams of the citrate are taken) of a 509, solution of
crystallised calcium chloride to cause thorough deposition of the precipitated
calcium tartrate. If then further addition of calcium chloride produces
more precipitate, sufficient is added for complete precipitation and the
flask left for about 12 hours in a cold place. The volume is then made up
with water, 6 c.c. (or 4 c.c. for 25-30 grams of the citrate) of the latter being
added in excess to make up for the volume occupied by the precipitate ;
the whole is then thoroughly mixed and filtered through a dry, covered
filter.

‘I'wo separate portions of 50 c.c. of the filtrate are placed in 100 c.c.
flasks, one being madc up to volume with distilled water and the other
inverted in the ordinary way, neutralised and made up to volume; both
solutions are then polarised and the saccharose calculated by Clerget’s
formula. The results may be checked by volumetric determinations with
Fehling’s solution, the saccharose and the pre-cxisting reducing sugars
being then calculated.

HONEY

Natural honey from bees consists of a highly concentrated aqueous
solution of sugars (invert sugar--usually with predominance of levulose---
and saccharose) and of small quantities of gummy and dextrinous matters,
proteins, enzymes, wax, organic acids, esters and mineral substances. It
is vary often adulterated, mostly by addition of invert sugar, glucose and
dextrin. Ariificsal honey is also sold, this consisting usually of commercial
invert sugar mixed with aromatic substances or with natural honey.

Honey is analysed to ascertain if it is genmine or artificial or if any
adulteration has taken place. To this end the following tests are made:

Sampling.—At least 250 grams of honey are required and this should
be stored in a glass vessel with a ground stopper. The sample must first
be thoroughly mixed, especially if there is even incipient separation into
an upper liquid portion, mainly of levulose, and a lower minutely crystalline
portion of dextrose. If the sample is to be taken from a large vessel, the
whole of the contents should be carefully mixed and small amounts taken
from different points in the bulk and thoroughly mixed.

1. External Characters—Honey may be white (centrifuged honey)
or brown (coniferous honey), or pale yellow, yellow, dark yellow, greenish
yellow or reddish, and its taste should be more or less markedly sweet with
an almost imperceptible bitter sensation (due to small proportions of malic
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and formic acids). The aroma should be pleasant and that of normal
honeys ; it often indicates the origin, the aroma of the flowers of fruit trees,
acacia, rose or conifers, especially the last, being often recognisable.

2. Microscopic Examination.—50 grams of the honey are dissolved
in about 150 c.c. of hot water and the solution filtered through a dry filter
into a 250 c.c. flask. The filter is washed with small quantities of hot water
and the solution made up to volume when cold and shaken ; this is used
for tests 4, 6 and 9. The residue on the filter is usually small in amount
and is examined microscopically under low and high powers to ascertain
if pollen, starch granules, residues of the different organs of the bee, vege-
table elements, etc., are present.

3. Determination of the Water and Dry Matter.—About 2 grams
of the honey are weighed in a flat porcelain dish together with a glass rod
and 10-20 grams of washed and calcined sand. The mass is well mixed
with ad dition of 5 c.c. of distilled water and the dish then placed on a boiling
water-bath; the mixing is continued and when it becomes difficult, the
dish is dried in a steam-oven to constant weight, the weighing being carried
out rapidly. The loss represents water and is calculated as a percentage.
Deduction of the latter from 100 gives the dry matter and this, less the total
sugars (see below), the dry matter other than sugar.

4. Acidity.—s50 c.c. of the solution prepared as in 2 (above) are titrated
with N/10-KOH until a drop of the liquid no longer reddens blue litmus
paper. The acidity is expressed usually in c.c. of N-KOH per 100 grams
of honey, but sometimes as formic acid : 1 c.c. N/10-alkali == 0-0046 gram
of formic acid.

5. Ash and its Alkalinity.—About 10 grams of the honey are care-
fully charred in a platinum dish over a small flame and then incinerated
in a muffle. The alkalinity of the ash is determined by heating the latter
for 15 minutes on a boiling water-bath with water and a known volume
(in excess) of N /10-HCI, the excess of the latter being then measured after
cooling by means of N/10-KOH. The alkalinity found is expressedin c.c.
of N-alkali per 100 grams of honey.

6. Determination of the Sugars.—These consist of saccharose and
reducing sugars in varying proportions and are determined as follows:

(@) SACCHAROSE. 50 c.c. of the solution prepared as in (2) are clarified
in a 100 c.c. flask with either basic lead acetate and sodium sulphate or
alumina cream and then made up to the mark with water and filtered.
The filtrate is polarised in a 20 cm. tube at the same time as the liquid
prepared as follows :

Another quantity of 50 c.c. of the same solution is inverted with 5 c.c.
of hydrochloric acid (sp. gr. 1-10) as usual, and then clarified, made up to
100 c.c., filtered and polarised at a known temperature.

By means of Clerget’s formula (see General methods, p. 117) it is possible,
from the data obtained, to calculate the quantity of saccharose in the honey.

() REDUCING SUGARS. In the liquid previously prepared for the
polarisation before inversion the reducing sugars are determined by means
of Fehling’s solution (see General methods, p. 112) and calculated as invert

sugar.
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7. Dextrin.—The polarisations of solutions of honey before and after
inversion furnish an indication of the presence or absence of dextrin, and,
indirectly of that of commercial glucose, in honey. If the honey has a
marked levo-rotation, the presence of dextrin may be excluded, but if the
rotation is either feebly negative or positive, a test should be made for
dextrin, although some natural honeys free from dextrin do show similar
behaviour.

5 grams of the honey are dissolved in 10 c.c. of water and the solution
treated with o0-5 c.c. of 59 tannin solution and, when clarified, filtered.
To part of the filtrate are added 2 drops of concentrated hydrochloric acid
for each c.c. and then 10 times its volume of absolute alcohol. The appear-
ance of milkiness (a faint turbidity may be neglected) indicates the presence
of dextrin and hence of commercial glucose.

In doubtful cases, the test may be repeated by dissolving 40 grams of
the honey in 50 c.c. of water in a 250 c.c. flask and adding absolute alcohol
up to the mark. After a rest of two or three days, the precipitate is collected
and tested by the reactions of dextrin and by the rotatory power.

8. Colour Reactions.—These are used for the detection of commercial
invert sugar and are based on the colorations given by certain substances
with methylfurfural and hydroxymethylfurfural, which occur in commercial
invert sugar as decomposition products formed from the levulose during
the inversion of saccharose by acids. Invert sugar prepared with invertase
or by other special methods does not contain these decomposition products
and consequently does not give the colour reactions. The most reliable
of the latter are as follows:

(a) FieHE's REACTION.! Alout 5 grams of the hcney are well mixed
in a mortar with perfectly anhydrous, pure ether, the ethereal extract
being evaporated in a porcelain dish at the ordinary temperature. The
residue is moistened with a fresh solution of 1 gram of resorcinol in Ico
grams of hydrochloric acid of density 1-19. If a marked cherry-red colora-
tion, persistent for at least an hour, is obtained, commercial invert sugar
is present; slight transient colorations varying from red to orange are
given by honey which has been more or less heated.

(b) JAGERsCHMIDT'S REACTION.2 10 grams of the honey are well mixed
in a porcelain mortar or dish with a certain quantity of pure acetone, 2
or 3 c.c. of the extract being then treated in a test-tube with an equal volume
of concentrated hydrochloric acid and the mixture cooled under the tap.
A deep violet-red coloration indicates presence of commercial invert sugar ;
natural honey gives an amber coloration, gradually changing to reddish.

(¢) ARMANI AND BARBONI’S REACTION.? From 2 to 4 grams of the
honey are dissolved in a porcelain dish in 10 c.c. of distilled water and the
solution treated in a test-tube immediately with 1 c.c. of benzidine acetate
solution (1 gram of benzidine, 10 c.c. of concentrated acetic acid and 30
c.c. of water). If the honey is artificial or is composed of a mixture of
invert sugar and natural honey, the liquid assumes a more or less intense
golden coloration.

\ Zeitschr. Unt. Nahr. und Genuss-mittsl, 1908, XVI, p. 76.
2 Ibid., 1909, XVII, p. 113. 3 Ann. Labor. chim. Centrale Gabelle, Vol. VI, p. 8.
AC. II. 11
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9. Lund’s Reaction.!—This is based on the determination of the
albuminous substances precipitable by tannic acid. 10 c.c. of the solution
prepared as in (2) are treated in a graduated 50 c.c. tube with 5 c.c. of
0+5% tannic acid solution and made up with water to 40 c.c. After careful
shaking, the tube is closed with a cork and left for 24 hours, when the volume
of the precipitate collected at the bottom of the tube is read. With pure
honey the volume is 1-4 c.c., whilst with artificial honey either no precipitate
or only a trace is formed.

10. Diastatic Enzymes.2—1Io0 grams of the honey are dissolved in
200 c.c. of distilled water previously boiled and cooled to 45°.

Into a test-tube, washed out with boiled water, are poured 10 c.c. of
the unfiltered honey solution and exactly I c.c. of a fresh, clear 19 solution
of soluble starch.? After thorough mixing, the tube is immersed in a
water-bath at 45° for exactly an hour. A few drops of iodine solution (1
gram of iodine and 2 grams of potassium iodide in 200 c.c. of water) are
then added and the colour at once assumed by the liquid observed.

If the colour is a little darker than that of the original honey solution,
that is, from yellow to greenish or brownish yellow, the whole of the starch
is saccharified by the diastatic enzymes of the honey; if, however, the
liquid is more or less dark blue, saccharification has not taken place and
diastatic enzymes are absent or have been destroyed. Finally, if the colour
is red or brownish red or brown, a weakening of the diastatic power is
indicated, this transforming the starch only into dextrin; this is what
happens with more or less heated centrifuged honey or with mixtures of
natural with artificial honey. If the results are uncertain, the test should
be repeated.

11. Colouring Matters.—When treated with an acid, a solution of
the honey in water (I : 3) remains unchanged in colour in absence of added
colouring matters, but if the latter are present the liquid becomes more
or less dark red.

Colouring matters are also detected by treating the solution with a few
drops of 109, potassium bisulphate solution and boiling the liquid for 10
minutes with a few threads of de-fatted wool immersed in it. If, after
washing with water, the wool is coloured yellow, a coal-tar colour is indi-
cated ; it may be identified by its behaviour towards reagents, as indicated
for wines (q.v.).

*
* %

The physical and chemical characters of genuine honey and the considerations
on which conclusions as to adulterations are based, are as follows:

External chavacters Semi-liquid, viscous syrup, white to yellow to browa,
taste sweet and aroma characteristic.

Microscopic test. Pollen grains, starch granules and organs of the bee may
be present.

Water. The proportion varies within the wide limits, 8:9o—21:509%, but
as a rule does not exceed 20%. The presence of more than 209% indicates

1 Zeitschr, Unt. Nahr- und Genuss-mittel, 1909, XVII, p. 128,
2 Ibid., 1910, XIX, p. 65.
3 Starch paste prepared as on p. 144 may also be used.
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that water has been added or that the honey is one of the so-called immature
honeys.

Dyy matter othey than sugay. This is less than 1:509, only in very rare cases
and such a low value renders probable the presence of commercial invert sugar,
glucose or saccharose, added as adulterant.

Acidity. This should not exceed 5 c.c. of N-alkali per 100 grams; other-
wise more or less advanced fermentation is indicated.

Ash. This varies between o:10 and 0:35%, but there are honeys, especially
Italian, with less ash than 0:10%, and others (from conifers) with as much as
0:80%. With these exceptions, however, proportions outside the above limits
justify suspicion of adulteration with invert sugar, glucose, molasses, etc.

Sugars. Ordinary honey contains up to 8%, of saccharose, but some varieties
(from conifers) may contain 11%. Proportions larger than 8%, in the one case,
or than 119 in the other, usually denote addition of sugar; it should, however,
be borme in mind that bees fed with sugar or saccharine preparations may give
honey with larger proportions of saccharose than those indicated.

Solutions of honey are usually levo-rotatory, but with the varieties men-
tioned above may be dextro-rotatory. The proportion of reducing sugars,
calculated as invert sugar, varies from 70 to 80%, but if marked quantities of
saccharose are present, this proportion may fall to 60—70%,.

Dextrin. A strong dextro-rotation after inversion and a positive reaction
for dextrin indicate that the honey is adulterated with commercial liquid glucose,
always assuming that the honey is not of a special type (conifer honey).

Colour reactions. A good criterion for judging of the genuineness of honey
in so far as the addition of commercial invert sugar is concerned is furnished
by the colour reactions, when these give distinctly positive results. In this
case, since natural honey does not give the colour reactions, it may be concluded
that the honey consists partially or wholly of commercial invert sugar,

Diastatic enzymes. When the colour reactions are positive, attention should
be paid to the investigation of the diastatic enzymes, which should be carried
out with great care. If this investigation gives negative results, the liquid
in the tubes being coloured blue with iodine, the product consists of commercial
invert sugar. It must, however, be remembered that natural honey which
has been strongly heated is devoid of these enzymes and may also give the
colour reactions, although not infensely. Heated honey, however, is coloured
more or less deep brown and smells of caramel.

If the test for the enzymes gives positive results—the liquid in the tubes
being coloured yellowish brown, red or reddish brown—and the colour reactions
are given, the product most probably consists of a mixture of natural honey
with commercial invert sugar.

Lund’s veaction. This gives a positive vesult with natural honey, but little
or no precipitate is obtained with artificial honeys.

In conclusion, the genuineness of a honey is proved by the whole of the
above tests but never by any single test, however trustworthy



CHAPTER V
BEER:!

Beer is a beverage of low alcoholic strength produced from malted
barley (or malt), an infusion of which—termed wor/—is treated with hops
to give it a bitter flavour and fermented by means of yeast. Part of the
malt is, however, often replaced by other cereals (wheat, rice, maize, etc.)
or by various sugars (mostly glucose and invert sugar). As a rule a slight
secondary fermentation takes place in beer, but this is not the case with
beers which have been subjected to pasteurisation in order to improve their
keeping qualities.

Besides water, the essential components of beer are alcohol and carbon
dioxide, together with a considerable proportion of dissolved substances
known collectively as extract and consisting principally of sugars (maltose),
dextrins, proteins, glycerine, succinic acid, various inorganic and organic
salts, and matters derived from the hops.

Examination of beer includes, in addition to observation of its external
characters (smell, taste, colour, clearness, formation and retention of froth
or ‘““head ), determinations of the essential components and of any sub-
stances formed by alteration of the beer itself or added as adulterants.

Sampling.—The amount of beer usually required for analysis is about
alitre. The sample is withdrawn from the cask either by means of a clean,
dry siphon or by boring a small hole in the head of the cask, and is placed
in clean, dry and, if possible, sterilised bottles, which should be immediately
closed with good, new corks ; it is well to steep the latter for a few minutes
in boiling water and then to dry them before use. The analysis should
be carried out as soon as possible after sampling, the samples being kept
meanwhile in a cool, dark place.

With almost all the determinations (naturally not that of the carbon
dioxide), the beeg should first be freed from the carbon dioxide present.
This is done by‘pouring the beer repeatedly from one beaker to another
or by shaking it vigorously in a large flask, the beer being afterwards filtered
through a dry pleated filter.

1. Specific Gravity

The specific gravity of a beer, also termed ** present gravity *” or “ attenu-
ation gravity,” is determined on the gas-free beer at 15:5° C. (60° F.)—with
reference to water at the same temperature—by means of a specific gravity
bottle or a Westphal balance (see Spirits).

! This chapter has been very largely rewritten for the English edition.
164
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2, Original Gravity, and Alcoholic Strength

The original gravity of a beer is the specific gravity of the wort prior
to fermentation and is determined as follows : 100 c.c. of the gas-free beer,
measured exactly in a 100 c.c. flask, are transferred quantitatively to a
roomy flask—into which also the washings of the measuring flask are intro-
duced—connected with a condenser. This flask is then heated, best by
means of a rose burner, the distillate being collected in the 100 c.c. flask
originally used for measuring the beer. The beer is kept boiling until
about two-thirds of the liquid has distilled over, the distillate being thien
made up to volume at 15:5° C. with distilled water and mixed.

The specific gravity of the alcoholic liquid is then determined at 15-5°
C. by means of a specific gravity bottle or Westphal balance and expressed
with reference to water as 1000. Subtraction of this specific gravity from
1000 gives the degrees of * spirit indication,” and the following table then
shows the amount in degrees of the original wort (water == 1000) which
has undergone fermentation.

The 100 c.c. flask is next washed out and the residue in the distillation
flask transferred quantitatively to it and made up with water to 100 c.c.
at 15-5° C.; the specific gravity of this unfermented residue is added to
the specific gravity of the portion which has undergone fermentation, the
result being the original gravity of the beer.

TaBLE XIX
Specific Gravity of Wort corresponding with Spirit Indication

Spint
Indica- ° " 2 -3 4 .5 -0 .y .8 "
tion.

000l 042 | 085 127 170 | 2°12! 2°55| 2:97| 340 382
425 | 467| 510| 552| 595| 6:37| 680 722| 7:05| 807
850 894 938 982 | 1026 | 10°70 | X114 | 11:58 | 12:02 | 1240
12:90 { 13°34 | 13*78 | 14°22 | 1466 | 1510 | 15°54 | 15:98 [ 10+42 | 16:+86
17:30 | 17+75 { 1821 | 18:66 | 19°12 | 19:57 | 20°03 | 20°48 | 2094 | 2139
2185 | 22:30 | 2276 | 2321 | 2367 | 24°12 | 24°58 | 25%:3 | 25°49 | 2504
2640 | 26:86 | 2732 | 27:78 | 2824 | 28+70 | 29°16 | 209005 | 3008 | 3054
31'00 | 31+46 | 31-93 | 32°39 | 3280 | 33°32 | 33°79 | 34°25 | 34'72 | 3518
35°65 | 36°11 | 36°58 | 37°04 | 3751 | 3797 | 3844 | 3890 | 39°37 | 30°83
40°30 | 40°77 | 41°24 | 41°77 | 42°18 | 42°05 | 43°12 | 43°59 | 44°00 | 4453
10 | 4500 14548 | 4597 | 46°45 | 46:94 | 47:42 | 4791 | 48:39 | 48:88 | 4930
11 (4985|5035 | 5085 | 51°35 | 51:85 | 52°35 | 52°85 | 53°35 | 5385 | 54°35
12 | 5485 | 55°30 | 55:87 | 5638 | 56:89 | 57:40 | 57:91 | 5842 | 58:93 | 59°44
13 59'95 | 60°46 | 60°97 | 61:48 | 6199 | 62:51 [ 6301 | 03°52 | 04°03 | 04°54
14 6510 | 6562 | 66:14 | 66-66 | 67°18 | 6770 | 6822 | 6874 | (L9206 | 6978
15 | 70°30 |70°83 | 7136 | 7189 | 7242 | 72'95 | 7348 | 74°01 | 74°54 | 7507
16 7560

O\ OO W N~ O

O

EXAMPLE : The specific gravity of the alcoholic distillate of a beer was
found to be 982:16 and that of the unfermented residue 1014-28.

Spirit indication == 1000 -~ 982°16 = 784

Corresponding degrees of gravity lost = 34-g0

Original gravity = 3490 + I14-28 == 10492 O 492°.
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In this country the specific gravity of a wort is often expressed in terms
of “ pounds per barrel.” Since a barrel of water weighs 360 lbs. and the
number of pounds per barrel represents the difference between the weights
of a barrel of the wort and a barrel of water, 1t follows that:

Number of degrees of gravity == (number of lbs. per barrel) + 0°36, and
Number of lbs. per barrel == (number of degrees of gravity) X 0°36.

Thus, the origina! gravity of the beer considered above = 492 X 0:36 =
17+7 Ibs. per barrel.

A check on the original gravity determination is furnished by the present
gravity, which should not differ by much more than o-2° from the value
calculated from the specific gravities of the alcoholic distillate and the
unfermented residue. In the above example, the present grawity of the
beer should be very nearly equal to 14-28 — 7-84 = 6-44°, ie., 1006:44.

When a beer contains more than 0-19, acid, determined by titration
with N/Io-ammonia solution with litmus paper as indicator and calculated
as acetic acid, a correction is usually applied to the spirit indication. The
amounts to be added to the spirit indication are shown in the following
table for excess acidities varying from o to 1-09%. For instance, if the
acidity is 0-289 (as acetic acid) the spirit indication found is to be increased
by 0-24.

TaBLE XX
Correction of Spirit Indication for Excess Acidity

Excess of
Acetic Acid | 000 | 001 | 002 | 003 [ 004 | 005 | 006 | 007 | 008 | 009

over 019
00 ~— | 002 | 004 | 0°06 | 007 | 008 | 0°09 | 011 | 012 | ©°I3
o1 o014 | 0°15 | 0°17 | 0°18 | 019 | 0*21 } 0*22 | 0*23 | 024 | 0-26
0-2 027 | 028 | 029 | 031 | 032 | 033 | 0*34 | 0*35 | 0°37 | 0*38
03 0'39 | 0°40 | 0°42 | 043 | 0°44 | 040 | 0+47 | 0°48 | 0°49 | 0*51
04 052 | 0°53 | 0°55 | 0°56 | 0*57 | 059 | 0:€0 | 0:(1 | 062 | 0+64
05 065 | 066 | 0:67 | 069 | 0+70 | 0+71 | 0*72 | 0+73 | 0*75 | 0*76
06 077 | 078 | 080 | 081 | 082 | 0°84 | 085 | 0+86 | 087 | 0+89
07 0'90 [ 0'91 | 0:93 | 0°94 | 095 | 0°97 | 0°98 | 099 | 1°00 | 1°02
08 103 | 1°04 | 105 | 107 | 1°08 | 1:c9 | 1*10 | 1°11 | 1-13 | I'14
09 115 | 1416 | 118 | 119 | 1-21 | 122 | 123 | 125 | 1°26 | 1-28
1+0 129 | 1°31 | 1°33 { 1°35 | 136 | 137 | 1°38 | 1-40 | I*41 | ¥-42

The ratio of unfermented to fermented extract—in the above example,

14-28 : 34-90 = I : 2:44—is sometimes used by the brewer as an expression
of the degree of fermentation.

3. Determination of the Ash

Ina platinum dish on a water-bath, 25 or 50 c.c. of the beer are evaporated
to drymess, the dry residue being carefully charred over a small flame,
then incinerated slowly at a dull red heat and, when cold, weighed. The
proportion of ash is expressed either in grams per 100 c.c. of the beer or
as a percentage on the dry solids,
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4. Determination of Chlorides (Sodium Chloride)

(1) 50 c.c. of the beer are evaporated to dryness in a platinum dish
with about 0'5 gram of pure sodium carbonate. The residue is ignited
over a small bunsen flame until no more organic fumes are evolved and
only a black mass of cinder remains. The cinder is ground to powder and
again heated carefully to dull redness. It is then warmed gently with
2 c.c. of concentrated nitric acid and about 20 c.c. of water and filtered.
The chloride in the filtrate is precipitated and estimated in the usual way
as silver chloride, the result being expressed as grains of sodium chloride
per gallon of beer: AgCl X 0:408 = NaCl.

(2) The chlorides may also be determined volumetrically by the [ollow-
ing method,* which effects the removal of the phosphates from the beer :
50 c.c. of the beer are evaporated with 0-5 gram of barium carbonate and
subsequently ignited to a black ash. The latter is extracted with hot
water and filtered, the filtrate being then titrated with standard silver
nitrate solution in presence of potassium chromate as indicator.

It should be pointed out that the above methods give the total chlorides
calculated as sodium chloride and pot the actual proportion of sodium
chloride present. The latter is considerably lower than the former, since
the amount of sodium in beer is always far.less than sufficient to correspond
with the chlorine.

The amount of chlorides (calculated as sodium chloride) usually regarded
as permissible in this country is 50 grains per gallon of the beer. These
chlorides are derived partly from the water used and partly from the brewing
materials ; an excessive proportion is sometimes introduced with glucose
in the manufacture of which hydrochloric acid has been employed.

5. Acidity

The acidity of beer is due partly to various organic acids (especially
lactic), partly to acid phosphates and, particularly in badly kept beers,
partly to volatile acids (acetic). In some cases, the volatile acidity is
determined separately from the fixed acidity.

1. Total Acidity.—50 or 100 c.c. of the beer, freed from the bulk of
the carbon dioxide, are heated for half an hour at 40° to expel the residual
gas and are then titrated with N/10-sodium hydroxide, neutral litmus
paper or phenolphthalein being used as indicator; when phenolphthalein
is employed, it is well to add a slight excess of the alkali and then to run
in N/10-sulphuric acid until the red coloration disappears. When, how-
ever, the liquid is too highly coloured to allow accurate observation of the
point of neutrality, the procedure is as follows : to 20 c.c. of distilled water,
previously boiled, are added 10-12 drops of alcoholic phenolphthalein
solution and 0-2 c.c. of N/ro-sodium hydroxide. The beer is then titrated
with the decinormal alkali and, after each addition of the latter, six drops
of the liquid are added to one drop of the indicator prepared as above,
placed in the depression of a porcelain plate ; the titration is finished when
this indicator is no longer decolorised in this way. The acidity is usually

* Race: Jousn. Soc. Chem. Industry, 1008, XXVII, p, 544.
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expressed as lactic acid per 100 c.c. of the beer (1 c.c. N/10-alkali = 0-009
gram of lactic acid) or as the number of c.c. of normal alkali required to
neutralise 100 c.c. of beer.

2. Volatile Acidity.—s0 or 100 c.c. of the beer, freed from carbon
dioxide and treated with a little tannin, are distilled in a current of steam
until acid no longer passes over (usually 100-200 c.c. of distillate are col-
lected), the distillate being then titrated with decinormal alkali hydroxide
in presence of phenolphthalein. The result is expressed as grams of acetic
acid per 100 c.c. of the beer (1 c.c. N/1o-alkali == 0 006 gram ofjacetic
acid

.?2. Fixed Acidity.—This is calculated by difference from the total and
volatile acidities and is expressed as grams of lactic acid per 100 c.c. of
the beer.

6. Determination of the Carbon Dioxide

It is not-usually necessary to determine the carbon dioxide in beer,
since the external characters of the latter generally indicate if the gas is
present in sufficient quantity. When, however, the determination is
necessary, loss of gas during the extraction of the beer must be avoided.
To this end, the vessels may be well cooled before they are opened, or special
automatic extraction apparatus may be employed by means of which the
beer is transferred directly, without loss of carbon dioxide, from the cask
or bottle to the flask used in the determination.

A tared flask of approximately a litre capacity is charged with about
300 c.c. of the beer and then reweighed and closed with a two-holed stopper.
Through the latter pass (1) a tube reaching to the liquid and communicating
with the air by way of a soda-lime tube ; (2) a vertical condenser connected
at the top successively with a calcium chloride tube, a bulb-tube containing
sulphuric acid, a tared potash apparatus, and a calcium chloride tube.
The beer is heated at first gently and then to boiling until all the carbon
dioxide is expelled, the terminal calcium chloride tube being afterwards
connected with an asplrator and a stream of air passed through the beer
for some mimutes. The increase in weight of the potash apparatus repre-
sents the carbon dioxide in the beer used.

7. Determination of the Glycerine

For this purpose 50 c.c. of the beer, deprived of gas, are treated as
described for sweet wine (g.v.). The glycerine is calculated per 100 c.c..
of beer and sometimes per 100 parts by weight of alcohol.

8. Determination of the Maltose

In addition to maltose, beer contains small proportions of other reducing
substances, which are however usually calculated as maltose. The gas-
free beer is suitably diluted (dilution of 25 c.c. to 100 c.c. generally suffices)
and the reducing substances determined by means of Fehling’s solution,
either gravimetrically or volumetrically :

() For the gravimetric method, 25 c.c. of the diluted beer are used
and the procedure indicated in the chapter on sugars followed (see pp. 109



BEER 169

and 110). For the calculation use is made of Table XIV (p. 11r), the
amount of maltose being referred to 100 c.c. of beer.

(b) For the volumetric method, the procedure described on p. 112 is
employed.

9. Determination of the Dextrin

A mixture of 50 c.c. of the beer with 15 c.c. of hydrochloric acid (D
1-125) is diluted to 200 c.c. and heated for 2 hours on a boiling water-
bath in a flask fitted with a long tube to serve as a condenser. When cold,
the liquid is neutralised exactly with caustic soda and made up to 250 c.c.
or, with a beer rich in extract, to 300 c.c. In 25 c.c. of this solution the
glucose formed by inversion is determined by the method given on pp.
108 and 110 and calculated by means of Table XII (p. 110). Since, how-
ever, part of the glucose found is derived from the inversion of the maltose,
the amount of glucose found per 100 c.c. of the beer must be diminished
by the amount of maltose present, multiplied by 1-053. The remainder,
multiplied by 0-9, represents the quantity of dextrin in 100 c.c. of the beer.

10. Determination of the Nitrogenous Substances

This is carried out on 25 or 50 c.c. of the beer, which is evaporated
almost to dryness and the residue treated by the Kjeldahl process (see
Vol. I, p. 122). In the case of a beer rich in extract, it is advisable first
to ferment it with a very small quantity of yeast, in order to avoid frothing
on addition of sulphuric acid. Albuminoids = nitrogen X 6-25.

The nitrogen is sometimes calculated per 100 parts of extract in the
beer or per Ioo parts of extract in the original wort.

11. Detection and Determination of Antiseptics

The methods of detecting and determining the preservatives commonly
used in beer are as follows:

1. Sulphurous Acid.—200 c.c. of the beer,acidified with 5 c.c. of syrupy
phosphoric acid, are distilled in a current of carbon dioxide, about 100 c.c.
of distillate being collected in 50 c.c. of iodine solution (5 grams of iodine
and 7-5 grams of potassium iodide per litre). The iodine solution is after-
wards acidified with hydrochloric acid and boiled to expel the excess of
iodine, the sulphuric acid formed being then precipitated by means of
barium chloride. The presence of more than traces of sulphates indicates
the addition of sulphite or sulphurous acid to the beer; in such case, the
barium sulphate is collected and weighed as usual: BaSO, X 1-372 ==
weight of SO, per litre of the beer.

The determination may also be carried out volumetrically, the distillate
being collected in a known volume of N/20-iodine solution, in which the
excess of iodine is subsequently determined by titration with thiosulphate
(see Wine, section 20, I1).

2. Boric Acid,—100 c.c. of the beer, rendered distinctly alkaline with
sodium carbonate, are evaporated to dryness and the residue incinerated.
The ash is dissolved in a little hydrochloric acid and the solution tested
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with a strip of turmeric or, better, curcumin paper,! which is then dries
at 100° on a clock-glass: in presence of boric acid, the paper turns red
and when moistened with sodium carbonate solution it changes to blue.

The boric acid may be estimated by the colorimetric method described
for wine (g.v., section 23).

3. Oxalic Acid.—10 or 20 c.c. of the beer are acidified with acetic acid
and treated with calcium chloride solution: a white precipitate indicates
the presence of oxalic acid.

4. Salicylic Acid.—100 c.c. of the beer, acidified with 5 c.c. of dilute
sulphuric acid, are shaken in a separating funnel twice with 50 c.c. of a
mixture of ether and petroleum ether in equal volumes, a few drops of
alcohol being added to facilitate the clarification of the solvent. The
ethereal liquids are filtered into a flask and the solvent distilled off on a
water-bath, the small amount of hot residue being treated with 4 or 5 c.c.
of water and, with shaking, a few drops of dilute ferric chloride solution.
The liquid is filtered through a moist filter and if the filtrate is violet, the
presence of salicylic acid is indicated.

This coloration may, however, be due to maltol derived from torrefied
malt, If, then, the reaction with ferric chloride is obtained, a portion of
the aqueous solution of the residue from the ethereal extract should be
tested with Millon’s reagent 2: a red coloration indicates salicylic acid,
whilst no coloration shows that the reaction with ferric chloride is due to
maltol.

5. Benzoic Acid.—250-500 c.c. of the beer, rendered alkaline with
baryta water and mixed with about 50 grams of sand, are evaporated to
dryness, the residue being treated in-a mortar repeatedly with alcohol and
a little dilute sulphuric acid. The alcoholic liquid, decanted off or filtered,
is again rendered alkaline with baryta and the alcohol distilled off, the
syrupy residue being acidified with sulphuric acid and extracted with ether.
The ether is evaporated and the residue tested for benzoic acid by the
following reactions :

(a) Part of the residue is dissolved in a little water and the solution
beated on a water-bath with a drop of 2:59, ferric chloride solution and a
drop of 0-39, hydrogen peroxide solution: in presence of benzoic acid,
a violet coloration appears owing to the formation of salicylic acid.

(b) Another portion of the residue is dissolved on a clock-glass in a
few drops of caustic soda solution, the liquid being then acidified, treated
with a scrap of sodium amalgam and covered with another clock-glass,
which is removed when evolution of hydrogen ceases : if benzoic acid were
present, the characteristic odour of benzaldehyde will be observed.

6. Formaldehyde.—100 c.c. of the beer are distilled, the first 2025
c.c. of distillate being tested for formaldehyde by the following reactions :

(@) About 15 c.c, of the distillate are treated with 1 c.c. of aqueous

! For the preparation of this, see note on p. 8, this volume.

* Millon’s reagent is prepared by dissolving 1 part of mercury in 1 part of nitric
acid (D 1-41) first in the cold and afterwards at a gentle heat ; the solution obtained
is diluted with twice its volume of water and allowed to settle, the clear liquid being
decanted off.
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4%, phenylhydrazine hydrochloride solution and 3-4 drops of a fresh 0:59,
sodium nitroprusside solution, the liquid being then rendered alkaline
with concentrated caustic soda solution: the presence of formaldehyde
is indicated by an intense blue coloration, which gradually becomes red,
especially on heating.}

(b) About 10 c.c. of the distillate are treated with about o-1 gram of
peptone, a drop of 59 ferric chloride solution and 10 c.c. of concentrated
sulphuric acid : in presence of formaldehyde a deep violet ring forms between
the two layers.

7. Fluorides.—100 c.c. of the beer are rendered feebly alkaline with
ammonium carbonate and precipitated at the boiling point with 2-3 c.c.
of 109, calcium chloride solution (or calcium hydroxide or barium acetate).
After being boiled for five minutes the liquid is filtered and the precipitate
washed, dried and gently ignited, together with the filter-paper, in a platinum
crucible. When the latter is cold, 1 c.c. of concentrated sulphuric acid is
added and the crucible immediately covered with a clock-glass, the lower
side of which has been coated with paraffin wax and part of the wax scraped
away with a pointed piece of hard wood. The crucible is then heated for
about an hour on asbestos card or fireclay, the clock-glass being cooled
meanwhile with pieces of ice so that the wax does not melt and the water
formed by the ice absorbed from time to time with filter-paper. The glass
is finally withdrawn and the wax removed to ascertain if any etching has
taken place. Very slight etching may be rendered manifest by breathing
on the clean, dry glass.

12, Detection of Artificial Sweetening Agents

This is carried out as in liqueurs (g.v.).

13. Detection of Extraneous Bitter Substances

Many bitter substances have been mentioned as substitutes for hops,
but they are very seldom found in beer.

The complete examination for these bitter substances is long and com-
plicated and does not always give certain results ; reference may be made
to special publications on the subject.? A short test, which is sufficient
in many cases, is as follows : 100 c.c. of the beer are evaporated to about
one-half the volume, basic lead acetate being then added until no further
precipitation occurs. The liquid is next filtered and the excess of lead
in the filtrate precipitated with ammonium sulphate. If, after being again
filtered, the liquid has a distinctly bitter flavour, the presence of extraneous
bitter substances is indicated.

! Rimin1: A#nnali di Farmacotevapia e Chimica, 1898, No. 3.

3 See Dragendorfi : Zeilschy. anal. Chem., 1882, XXI, p. 137, and Die gerichi].
chem. Ermiticlung von Gifte, 4th Edition, 1895 ; Kubicki: Pharm. Zeitschr. fir Russ-
land, 1873, p. 449, and Zeitschr. anal. Chem., 1874, XIII, p. 67; Konig: Chemie dey
menschl, Nahr- und Genussmiitel, 4th Edition, rgio, ITII, p, 302; Gerard et Bonn:
Tyailé prat. d Analyse des Denvées alim., 198, p. 78 ; Allen’s Commercial Organic Analysis,
4th Edition, 1910, I, p. 161.
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14. Detection of Injurious Metals

Beer may contain injurious metals, such as lead, copper, tin, zinc and
iron (which imparts to the beer an unpleasant taste), derived from the
vessels and plant used in its manufacture or from impurities of the raw
materials ; in some cases arsenic has been found, this occurring as an im-
purity in the glucose used.

To detect all these metals with certainty, a quantity of the beer is
evaporated to a syrup, the latter taken up in concentrated hydrochloric
acid and the liquid heated and treated with successive small portions of
potassium chlorate to oxidise the organic matter, and then boiled to eliminate
the excess of chlorine and afterwards tested for the metals by the ordinary
methods. For estimation of traces of arsenic, see p. 173.

15. Pasteurisation

To ascertain if a beer has been pasteurised, use is made of the following
method, based on the fact that the enzymes present in the beer are either
rendered inactive or considerably enfeebled as a result of pasteurisation :
20 c.c. of the beer are heated to boiling and, when cold again, treated with
20 c.c. of 209, saccharose solution; at the same time another quantity
of 20 c.c. of the beer (not heated) is treated with the same volume of the
saccharose solution. The two liquids are left at the ordinary temperature for
24 hours, each being then treated with o5 c.c. of basic lead acetate, made
up to 50 c.c. with water, filtered and polarised. If the two readings are
markedly different, the original beer was not pasteurised; on the other
hand, virtual equality of the two polarisations indicates pasteurisation.

16. Forcing Test!

An indication of the stability of a beer may be obtained by * forcing "’
the latter, i.e,, storing it at a temperature of about 80° F. (26-7° C.). The
changes which occur gradually in the beer under ordinary conditions take
place far more rapidly at the above temperature, so that examination
of the beer after forcing renders it possible for the expert to predict the
behaviour of the beer. The forcing may be carried out either in an ordinary
beer bottle, or in a so-called forcing flask, which is fitted with a rubber
stopper and with a side-tube bent to dip below the surface of a little mercury
in a small vessel, or in any similar apparatus; the receptacle should be
thoroughly cleaned before being charged with the beer, which should com-
pletely fill it to the exclusion of air,

The forcing vessels may be placed either in an incubator or on the top
of an oblong copper vessel (* forcing-tray ”) filled with water and heated
by a burner connected with a temperature-regulator.

After forcing for a period the length of which depends on the conditions
the beer has to withstand and the time elapsing before its consumption,
the beer is poured off so that the sediment is disturbed as little as possible.
The beer is tasted to ascertain if it has remained sound or if acidity has
developed, while its specific gravity is determined and compared with the

1 See Matthews and Lott: The Micvoscope in the Byewery and M alt-house.
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value prior to forcing. Finally the yeasty sediment is examined under
the microscope, attention being directed to any abnormalities in the form
of the yeast cells and also to any bacteria which may be present.

Stock ales should be forced for four, or at least three, weeks, but for
running ales a week is sufficient.

17. Estimation of Arsenic in Beer

Beer sometimes contains very small proportions of arsenic derived from
the malt, sugars, hops, etc., used in brewing, and as the maximum amount
allowable is one-hundredth of a grain of arsenic (As,O;) per gallon of the
beer, it is advisable to keep a systematic check on the materials employed
and also on the finished beer.

The presence of the organic matter hinders the liberation of the arsenic
as hydrogen arsenide when the beer is placed either in a Marsh apparatus
with zinc and dilute acid or in the cathode compartment of a cell in which
dilute sulphuric acid is undergoing electrolytic decomposition. It is, there-
fore, necessary to destroy the organic matter before proceeding to the test.
This may readily be done as follows: 50 c.c. of the beer, placed in a 500
c.c. long-necked hard-glass flask (Kjeldahl flask), are boiled over a small
flame to a syrup, 25 c.c. of concentrated nitric acid (arsenic-free) being then
added and the liquid gently heated until all violent action ceases; 3-5
c.c. (3 c.c. usually sufficient) of concentrated sulphuric acid (arsenic-free)
are then added and the hquid again heated over a small flame until1t darkens,
1—2 c.c. of the concentrated nitric acid being then added and the heating
continued until the liquid darkens. This procedure is continued until
the liquid remains quite colourless and fumes strongly of sulphuric acid.
The solution is allowed to cool and then evaporated again with about 10
c.c. of distilled water to decompose any nitrosulphuric acid. The final
liquid is diluted with a little water and cooled.

The solution prepared in this way may be tested by the Marsh-Berzelius
method, but the simplest and most certain method consists in subjecting
it to electrolysis by means of a platinum anode and a zinc cathode and
passing the gas from the cathode compartment through a narrow tube
heated at one part and cooled by water dropping on to filter-paper immedi-
ately beyond the flame. A convenient apparatus for this purpose, devised
by William Thomson, is composed of a cylindrical unglazed porcelain cell,
surrounded by an annular platinum anode and then by a closely-fitting
glass beaker. Inside the porcelain cell fits a ground glass cover which is
surmounted by a cylindrical funnel closed by a glass rod ground at the
bottom and is also traversed by a rubber stopper carrying the connecting
wire fused into the zinc cathode. The cover is also fitted with a gas-delivery
tube connected through a small calcium chloride tube (containing also a
small roll of lead acetate paper) with the tube in which the hydrogen
arsenide is decomposed by heating.

The anode compartment is filled and the cathode compartment partially
filled with pure dilute sulphuric acid (x: 8) and a current of about 3-5
amperes passed for about 5 minutes to expel all the air from the apparatus,
which is best kept cool by standing in a fairly large vessel of water. The
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drawn-out tube (this may conveniently be of transparent silica) is then
heated at one point and cooled immediately beyond ; after about 10 minutes
the cooled part should show no trace of an arsenic mirror if the apparatus
and sulphuric acid are free from arsenic. When this is the case, the liquid
prepared from the beer is introduced quantitatively into the cell, care
being taken that no air is admitted. The current is allowed to pass for a
further period of 45 minutes, all the arsenic present being then deposited,

The mirror on the tube is compared with a series of standard mirrors
prepared in a similar manner from 0-001, 0:002, 0003, . . . 0-0I milligram
of As,0;. To obtain these, o-I gram of As,O, is dissolved in water in
presence of a very small amount of pure caustic soda and the solution made
up to I litre, 10 c.c. of this being afterwards diluted with water to 1 litre ;
each 1 c.c. of this second solution contains 0001 milligram of As,O,.

In the hands of an experienced operator this method gives accurate
results.



CHAPTER VI
WINE

Wine is the name given to the alcoholic beverage obtained by the complete
or partial alcoholic fermentation of the must or juice of the grape, fresh
or slightly turned, without addition of any extraneous substances.

The essential and normal components of wine are the same in almost
all varieties and types; the respective proportions alone vary in different
kinds of wine, which may be grouped in three principal categories, namely,
ordinary wwne, sweet wine and vins de coupage (used for improving weak
wines).

These components are alcohol, glycerine, sugars, colouring matters,
albuminoid and tannin substances, inorganic salts (phosphates, sulphates
and chlorides of potassium, sodium, magnesium, calcium and aluminium),
non-volatile organic acids (especially tartaric, malic, succinic and lactic,
partly free and partly combined as salts), volatile acids (especially acetic)
and esters, the latter being the source of the particular perfume or bouquet
of the wine.

Analysis of wine may be directed to the following ends :

{(a) To establish its commercial value. In this case great importance
attaches to the examination of the objective characters and to the deter-
mination of some of the more important constituents, e.g., the alcohol,
extract, sugars (for sweet wines), acidity and intensity of colour (for wins
de 'oupage).

(6) To ascertain if the wine is normal or has undergone alterations
owing to defects in the prime materials employed (grapes turned bad, or
unripe, or attacked by parasites, etc.), or to faults in the manufacture or
storage. In this case, besides the objective and microscopic examinations,
use is also made, where necessary, of determinations of the normal com-
ponents &f wine as in case (c).

{c) To determine if the wine has been adulterated so that it cannot
be regarded as genuine. The adulteration may refer to the natural com-
ponents of the wine and it is then necessary to ascertain if these are present
in the absolute and relative amounts proper to the particular kind of wine,
or it may be due to the addition either of excessive doses of permissible
substances or of substances quite foreign to the normal composition of
the wine. Insuch cases, in addition to the determinations indicated above,
it will be necessary to make a more or less complete analysis, determinations
being made of the glycerine, volatile acidity, ash, plastering, sulphurous
acid, alkalinity of the ash, organic acids (mainly tartaric and citric), phos-
phating, salting and glucose, and tests for extraneous substances, such
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as colouring, antiseptic and sweetening materials, free mineral acids, heavy
metals, barium and strontium.

If one or more of the tests demonstrates that the wine is not genuine
it will be superfluous, unless expressly required, to carry out the other
determinations.

In certain special cases it may be necessary to supplement the estima.
tions mentioned above by those of other constituents of the wine, such as
tannic, malic, lactic and succinic acids. The results obtained exhibit,
however, some uncertainty and the deductions drawn are thus not always
concordant.

The determinations made on samples of wine should be carried out
immediately, the results obtained being expressed in grams per litre of
wine at 15° C., excepting in the case of (1) the alcohol, which is given in
c.c. or grams per 100 c.c.,and (2) the alkalinity, which is described as c.c.
of N-alkali per litre. Four decimal figures are given with the specific
gravity, three with the ash and two with other magnitudes.

Sampling and Preparation of the Sample. The amount of wine
necessary varies according to the determinations required. For the prin-
cipal tests a litre is wanted and for a complete analysis or for special investi-
gations correspondingly more. The official directions for sampling wine
for sale or consumption are as follows:

The quantity of wine for chemical analysis should be at least four bottles
of about a litre each. Transparent bottles should be used and they should
be rinsed first with water and then with the wine so that no trace of any
substance previously present can remain. The bottles should be filled,
carefully stoppered with new corks of good quality and provided with
sealing-wax seals and with a label giving all the particulars necessary for
the identification of the sample. Further, on a special sheet are given the
name and address of the holder of the wine, the capacity of the casks
or other vessels from which the sample is drawn and the extent to which
they are filled, any production of scum (so-called “ fleurs de vin ') being
noted and, if possible, the type, place of origin and year of production of
the wine itself.

The sample should be sent as rapidly as possible to the laboratory, and
when the analysis is not to be carried out immediately the bottles are
stored horizontally and in a cool, but not excessively cold, place. Turbid
samples are either left for some time and then decanted or filtered prior
to analysis, the residue being examined separately if necessary. The deter-
mination of sulphur dioxide should be made before filtration and as soon
as the bottle is opened.

If it is desired to keep the residue of the sample analysed, it may be
pasteurised by heating it in a closed vessel at 75° C. for an hour.

1. External Examination

The external characters, namely, the colour, brilliancy, smell and taste,
are noted as soon as the bottle is opened, the most suitable temperature
being 15° C. for white wines and 17° for red ones. If carbon dioxide is
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liberated when the vessel is opened, this is expelled by agitation before
analysis.

Note is made of the colour—white or red—and of its intensity, which
(with ““vins de coupage’’) may be measured (see 12).

The brilliancy, which is estimated by looking through a layer of the
wine of suitable thickness, indicates if the wine is sound and has kept well.
If the sample is turbid, it is left for some time and then decanted or filtered
before analysis; in many cases it may be advisable to examine the
deposit microscopically.

As regards the odour, abnormality often furnishes useful indications
of alterations or adulterations to which the wine has been subjected (e.g.,
the smell of vinegar, sulphur dioxide, etc.).

The wine is tasted to ascertain if it is sweet or dry, and if there is any
abnormality of taste indicative of alteration or adulteration. Thus, the
alcoholic taste may not harmonise with the quality of the wine, or there
may be acidity caused by souring of the wine, harshness due to tannin, a
flavour from the lees or cask or from carbon dioxide, abnormal sweetness,
a taste of sulphur dioxide, etc.

2. Determination of the Specific Gravity

This is measured at 15° C., with respect to water at the same tempera-
ture, by means of a tested Westphal balance (see Spirituous Liquors) sensitive
to the fourth decimal figure.

3. Determination of the Alcohol

The alcohol is determined either by distilling the wine and calculating
from tables the alcoholic content of the distillate from its specific gravity
at 15° C. or by means of a special apparatus known by the name of ebullio-
scope. This gives the alcoholic degree of the wine; with sweet wines, a
calculation is sometimes also made of the potential alcoholic strength, which
is the sum of the alcohol found and of that derivable from the fermentation
of the sugars still present.!

1. Distillation Method.—Exactly 100 c.c. of the wine are measured at
15°C. in a graduated flask and introduced into a conical or round-bottomed
flask of about 300 c.c. capacity, the graduated flask being rinsed out several
times with a little water. The flask is then connected with a condenser
and heated over a gauze with a small flame until the distillate occupies
more than two-thirds of the graduated flask. The distillate is then care-
fully shaken and made up with water to exactly Ioo c.c. at 15°C., its
specific gravity at this temperature being determined by the Westphal
balance. Table XXI then gives the percentage of alcohol by volume

! Thus, for Customs purposes {in Italy], the alcoholic strength (potential) of sweet
wines which contain more than 1% of unfermented sugar and in which the total sugar
(that present plus that corresponding with the alcohol in the wine) exceeds 26, is
calculated by adding to the alcohol contained in the wine that corresponding with
the sugars present (percentage of sugar multiplied by o-63). For instance, with a
wine containing 11-5% of alcohol by volume and 8-50%, of sugars, the alcoholic strength
(potential) will be 11-50 + 8-50 X 063 = 16:85%.

AcC. 1L 12
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(alcoholic degree by wolume) or the grams of alcohol per 100 c.c. of wine
(alcoholic degree by weight).?

If the wine is highly alcoholic, it is convenient first of all to dilute it
with water to double its volume.

With an acid wine, it is well to prevent distillation of the volatile acids by
neutralising the acidity with magnesium oxide or a few drops of concentrated
caustic soda solution. Frothing is prevented by leaving the wine shghtly acid
or by addition of tannin.

2. Malligand’s Ebullioscope.—This is based on the principle that
aqueous alcoholic mixtures boil at temperatures which are more or less
low compared with that of water in accordance with their alcoholic content,

The apparatus (Fig. 50) consists of a small conical metallic boiler C,
carrying at the bottom a thermo-siphon
consisting of a hollow metal ring 4
heated by a spirit lamp L. The boiler
is closed by a screw cover pierced by
two orifices, one for a small condenser
R and the other for a thermometer bent
at right-angles T ; a graduated scale
moves along the horizontal arm of the
thermometer.

The procedure is as follows : Water
is introduced into the boiler up to a
certain level marked inside, the depth
of water being insufficient to immerse
the thermometer bulb. The cover is
then screwed on, the condenser filled
with cold water and the lamp lighted.
When the extremity of the mercury
column fails to move any further, the
scale, which is graduated from o to 25, is adjusted so that the zero cor-
responds with the meniscus of the mercury column and fixed in this posi-
tion by means of a screw. The zero should be determined for each test, or
for each series of tests at least, since it varies with the atmospheric pressure.

The water is then poured away and the boiler rinsed two or three times
with the wine to be tested and filled up with the latter to a second mark
in the upper part of the boiler, the amount of liquid in this case being suffi-
cient to cover the thermometer bulb. The lid is screwed on, the condenser
charged with cold water and the wine heated as before. The reading of
the mercury on the scale gives directly the alcoholic strength (by volume)
of the wine. Care must be taken that the intensity of the flame is the
same during the determination of the alcohol as during the determination
of the zero, the length of the wick and the amount of spirit in the lamp
being kept constant.

1 When the specific gravity is determined at a temperature other than 15° the
necessary corrections are obtained from tables given by G. Tommasi (dnn. R. stas,
chim. agy. sperim. di Roma, 1913, VI, p. 157).
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TaBLE XXI
Alcohol Table

° o/ of Grams of o/ of o of Grams of
S Alcshalby | Alophol by Aloghol | 5. gr. 3¢ Alofpolby Alogorty Aloohol
5/15° Weight. |} Volume. 100 .C. Weight. | Volume. 100 G.Co
0°9999 005 007 0°05 0:9959 2+22 279 2+21
8 0°'11 0°13 0'1X 8 228 286 2427

7 0°16 0:20 016 7 234 293 2:32

6 0°21 027 021 (6} 239 3°00 2-38

5 026 033 0+26 5 245 307 2+43

4 032 0°40 0°32 4 2:50 314 249

3 037 047 0-37 3 256 321 2°55

2 042 0°53 042 2 2:62 328 2+60

1 0+48 060 047 I 268 335 2:66

o 0°53 067 0°53 o 2:73 342 272
09989 | o0-58 073 0°58 09949 279 3°49 277
8 0+64 o-8o 064 8 2:84 356 2-82

7 0+69 087 0+69 7 2°90 364 2:88

6 | 074 093 074 0 2:96 371 2°94

5 080 1°00 0-8o 5 302 378 300

4 0°85 107 085 4 3-08 385 3+06

3 0°90 114 0-90 3 314 3'93 312

2 0°96 120 0+96 2 319 400 3417

1 101 1°27 1°01 1 325 4'07 323

o 106 134 1-06 o 3:31 4°14 329
0°9979 112 1:41 112 0°9939 337 422 335
8 117 1+48 117 8 3443 429 3°40

7 123 154 1:22 7 3°49 436 346

6 1+28 161 1-28 6 355 4'43 352

5 1-34 1-68 1:33 5 360 4°51 358

4| 139 175 1:39 4 3'66 458 364

3 145 1-82 144 3 372 465 369

2 1:50 1-88 1+50 2 378 473 375

1 1°56 195 155 1 3:84 4+80 381

o 1+61 202 1:60 o 3:g0 488 387
0:9969 167 209 166 0:9929 395 4°95 303
8 1:72 216 1-71 8 4°02 503 399

7 1-78 2:23 177 7 408 5'10 405

6 1-83 2430 1-82 6 414 518 4°11

5| 189 237 1-88 5 420 525 417

4 194 244 193 4 426 533 423

3 2°00 2:51 1-99 3 432 540 429

2 205 258 204 2 439 548 435

1 2°11 265 2°10 X 4°45 5°55 4'41

o 217 272 2:16 o 451 563 4°47
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TABLE XXI—continued
o o Grams of o of o of Grams of
S;Ps'ofi'sft Aloobal by Aol by| Aloohel 511’5,5;53' Atool by Alogol by A‘;‘;ﬁ‘"'
Weight Volume, mg ce Weight Volume 100 .
09919 4°57 570 4'53 0'9879 715 8'89 7'06
8 463 578 4°59 8 7:22 8:98 7:12
7 i 469 586 465 71 729 9:06 7'19
6| 475 593 471 6| 736 9115 7°26
5 481 6-01 477 5 7:42 923 7'33
4 | 488 6:09 483 4| 749 9:32 7°39
3| 494 616 489 3| 756 940 7°40
2 500 624 495 2 763 948 7°53
1 5:06 632 501 1 770 957 7+60
o 513 6+40 508 o 777 9:06 766
0°9909 | 5°'19 647 514 0:9869 | 784 9'74 7'73
8 | 525 6°55 520 8 | 791 983 780
7| 532 663 526 7| 798 9°91 7:87
6 5:38 671 532 6 805 10°00 7°04
5 544 6+79 538 5 812 10°09 8:00
4 5°51 6+86 545 4 819 10°17 807
3 5'57 6°94 5°51 3 826 1026 814
2 563 7°02 557 2 8:33 1035 821
I 570 7:10 564 1 841 1043 8:28
o 576 718 570 o 8:48 1052 835
0-9899 583 726 576 0+9859 855 10+61 842
8 589 7'34 583 8 862 10+70 8:49
7 596 742 589 7 | 869 10+79 8:56
6 602 7+50 595 6 876 10+88 863
5 609 758 6:02 5 884 10496 870
4 615 766 6+08 4 891 1105 877
3 6-22 774 614 3 8-98 I11'14 884
2 628 7:82 621 2 906 1123 891
1 6:35 7°90 6:27 ¢ 913 1132 8:98
[o} 641 799 6:34 o 9°20 1141 906
0+9889 6:48 807 6:40 049849 928 11:50 9°13
8| 655 815 6:47 81 935 | 1159 920
7 6461 823 653 7 9°42 11:68 927
6 668 831 6°59 6 9°50 11+77 9'34
5 675 840 6:66 5| 957 | 11-86 942
4| 681 848 673 4| 965 11495 949
3 6-88 8+56 679 3 972 1205 956
2 695 8+64 6-86 2 9:80 12:14 9°63
b g 7:02 873 6:93 1 987 1223 9+70
o 708 881 699 o 994 1232 978
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TABLE XXI—continued

13871

. o of oL of Grams of o of o of Grams of
sp. g at | ) % O sty | Aloohol | Sp.gr.at |y %Ok | %ol | Alconol
15°/25% Weight. | Volume. mge: c 15°/15° Weight. | Volume. mgeé c
09839 | 10°02 12441 9:85 049799 1316 16°24 1289
8 | 10°10 12°50 992 8 | 1325 1634 12°97
7 | 10°17 12:59 999 7 | 1333 16°44 13:05
6 10°25 12:69 10°07 6 13°41 16°54 13°13
5 10°32 12478 10°14 5 13°49 1664 13°20
4 | 10°40 12-88 1022 4 13°57 16:74 1328
3 | 1048 12:97 1029 3 13:66 16+84 13:30
2 { 10°55 13406 1036 2 | 1374 16-94 1344
1 | 1063 1316 1044 1 13-82 17°04 13°52
o 1071 1325 10°52 o 13490 17°14 13:60
0+9829 | 10°78 1334 10°59 09789 | 13-98 17:24 13+(8
8 | 1086 13°44 10466 8 | 1407 1734 1370
7 | 10°94 13°53 1074 7 | I415 17°44 1384
6 | 11°01 13:63 1081 6 1423 1754 13°92
5| 11°09 13472 10+89 5 | 14°32 17:64 14°00
4 | 1117 13:82 1096 4 14°40 1774 14+08
3 | 11°25 13°91 11:04 3 1448 17:84 14°15
2 | 11°33 14°01 11°12 2 14°56 1704 14°23
T | 11°40 14°10 11°19 1 1465 18-04 14°31
o | 11:48 1420 1127 o 14*73 1814 14'39
09819 | 11:56 14°29 11:34 0:9779 14-81 1824 14:47
8 | 1164 14°39 1142 8 | 14°90 18-34 1.4°55
7 { 1172 14°48 11:49 7 | 14°98 1844 1463
6 | 1180 14'58 T1°57 6 1506 1854 1471
5 { 11-88 14°68 1165 5 1515 18014 1479
4 | 11°96 | 14'77 1172 4 | 15723 1874 1487
3 | 12°04 1487 11-80 3 1531 18:84 14°95
2 | 12°I2 1497 11-88 2 1540 18:04 1503
1 1220 15°07 11:96 1 1548 19:04 1501
o | 1228 1516 12°03 o | 1556 19°14 15'19
0:9809 | 12°36 1526 12°11 0:9769 15405 1024 1527
8 | 12044 | 1536 | 12°19 8| 1573 19°34 15'35
71 12°52 1546 1227 7 1581 19°44 1543
6 | 1260 1555 12°34 6 1590 1955 15°51
5 | 1268 1565 12°42 5 1598 1965 15'59
4 | 1276 1575 12:50 4 16+06 1975 154607
3| 12:84 1585 1258 3 16°15 19:85 1575
2 12:92 1595 1265 2 16:23 19:95 1583
I 13°00 1604 12:73 1 16:32 20°05 1591
o | 1308 1614 12-81 o 1640 20°15 £5'09
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TABLE XXI—continued

o 5 Grams of o of o of Grams of
Sp. er. at Aloé;xglf by Aloé’hglf by AIW;OI SIP S at Alcéi;olby Aloéohol by A'ggl‘}"'
15°/15% | \Weght. | Volume. xoop oo 5 " | Weight. | Volume. | cc
0:9759 | 1648 2025 16-07 09729 | 1898 2324 1845
8 | 1657 20°35 1615 8 | 1906 2334 1852
7 | 16465 20°45 1623 7 | 19'14 2344 18:€o
6 | 1673 2055 1631 6 | 19°22 2354 18:68
5 | 16:82 20°65 1639 5 19°30 2363 18:76
4 | 16:90 | 2075 16:47 4 | 1939 | 2373 18-84
3 | 1698 20+86 16°55 3 | 1947 2383 18-91
2 17°07 2096 1663 2 19°55 2393 18:99
1 17°15 21°06 16471 1 1963 2402 19-079
o | 1723 2116 16+79 o 19°71 24°'12 19°14
0:9749 | 17°32 2126 16-87 09719 | 1979 2422 19°22
8 | 1740 21°36 16:95 8 | 1987 24°32 1930
7 | 17°49 2146 1703 7 { 1995 24°41 19:37
6 | 17°57 21°56 1711 6 | 2004 24°51 19°45
5 | 1965 21+66 17°19 5 | 2012 24°60 19°53
4 | 1773 21+76 1727 4 | 20°20 24*70 1960
3| 1782 21-86 17:35 3 | 2028 2480 19+68
2 | 17°90 21+96 17°42 2 | 2036 24+89 19+76
T | 1798 22+06 1750 1 20°44 24'99 19+83
o | 1807 2216 17°58 o | 2052 2508 19+91
09739 | 1815 2226 17:66 09709 2060 2518 19°98
8 i 18-23 22°35 1774 8 | 2068 2527 2006
7 | 1832 2245 17:82 7 | 2076 2537 20°13
6 | 1840 2255 17°90 6 | 2084 25°47 2021
5 | 1848 22+65 17:98 5 | 2092 2556 2028
4 | 1856 22*75 1805 4 | 21°00 2566 20°36
3 | 1865 22+85 1813 3 | 2108 2575 20443
2 18:73 2295 1821 2 21°16 2584 20°51
1 | 1881 2305 1829 1| 2124 25'04 20+58
o | 1889 2314 18:37 o | 2132 2603 20+66

With “vins de coupage’ or slightly sweet wines, itis best to dilute to double
the volume, and with sweet wines to four times the volume, the result
obtained being suitably corrected.

Malligand’s ebullioscope gives results sufficiently accurate for commercial
purposes, provided ordinary sound wines are employed. In the case of sweet
wines the results are rather above the true values, the error being diminished
but not eliminated by dilution. When the alcoholic strength of a wine is deter-
mined by the ebullioscope, mention should be made of this fact on the report
of the analysis.

4. Determination of the Extract

The extract of a wine is the fixed residue obtained after evaporation
of the volatile matters (fofal extract). In ordinary wines the principal
components of the extract are glycerine, tannin, potassium bitartrate,
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colouring matters and small proportions of sugars. With sweet wines,
which contain larger quantities of sugars, the extract is calculated by
subtracting the sugars from the total extract (non-saccharine extract).

The extract may be determined either directly or indirectly :

1. Indirect Method.—The specific gravities of the wine and of the
alcoholic distillate being indicated by p and p’ respectively, that of the
wine freed from alcohol and then made up to its original volume is calculated
from the expression:

P=14 b — ‘15'.
The value of the extract E per 100 c.c. corresponding with this value P
is then determined from Table XXII. If E is equal to or greater than
4, it represents the grams of extract per 100 c.c. of the wine.! If, however,
E is less than 4, the result of the indirect determination is regarded only
as a preliminary value, the direct method being then employed.

The indirect method is used especially for sweet and liqueur wines.

2. Direct Method.—Two cases are distinguished :

(a) If the indirect extract E calculated as above does not exceed 3,
the direct determination is made by evaporating 50 c.c. of the wine in a
tared platinum dish on a boiling water-bath having an aperture 60 mm.
in diameter. This dish should be flat-bottomed and have a diameter of
85 mm. and a height of 20 mm., with a weight of about 20 grams. When
the residue becomes viscous (it being then necessary to watch the evapora-
tion continuously), the dish is dried outside with filter-paper and left for
23 hours on a little tripod I cm. high in a small steam-oven. It is then
cooled and the weight of the extract determined.

(b) If the extract E calculated indirectly lies between 3 and 4, such
volume of the wine is measured out from a burette as will give not more
than 1-5 gram of extract, distilled water being then added to bring the
volume up to 50 c.c. The volume of wine to be taken is found by dividing
150 by the value of E found in the table. The diluted wine is evaporated
in a tared dish as described above and the extract per litre of the wine
calculated.

In order that comparable values may be obtained for the extracts of
wines, the method given must be strictly followed. Besides undergoing
alteration when heated, some of the substances composing the extract of
wine, e.g., glycerine, exhibit appreciable vapour pressures, so that they
are expelled to greater or less extents according to the duration and con-
ditions of the evaporation. Hence, besides observing strictly the form
and dimensions of the capsule, the heating surface and the quantity of
wine to be used, it is well to use for the complete drying of the extract a
water-bath with compartments 10 cm. wide, 10 c¢cm. deep and 5 cm. high
with a shutter having two series of apertures 2 mm. in diameter for the
passage of air and steam,

1 The table used for the calculation of the extract is based on the density of aqueous
saccharose solutions, so that the extract thus calculated has only a conventional value.
Other tables exist which are based on the densities of solutions of grape must, but in
view of the varying proportions in which the components of the must occur in the
extracts of wines of different types, such tables also have no more than a conventional
value.
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TaBLE XXII
Total Extract from Sp. Gr. of Alcohol-free Residue
Grams Grams Grams Grams Grams
Sp. gr of Sp gr. of Sp. gr. of Sp gr of Sp. gr. of
at Extract at Extract at Extract at Extract at Extract
15°/15°. n 15°/15°. In 15°/15° n 15°/15°. n 15°/15°. n
100 c.C. 100 C.C. 100 C.C. 100cCC 100 C.C.
1:0000| 000 | 1:0040| 1-03 | 1:C080| 2-07 || 100120 3°I0 [[1°016G0 | 413
1| 0403 1| 106 1 209 I{ 312 b 4°16
2{ 0°05 2| 1°08 2| 212 2| 315 21 4'19
3| o008 3| 111 3| 214 30 318 3| 421
4] o°lo 4| 113 4| 217 4| 320 4] 424
5| o013 5| 116 5| 219 5| 323 5( 426
6| o-15 6 118 6| 2422 6| 326 6| 429
7| o0-18 71 1°21 7] 225 7| 328 7] 431
8| o-20 8| 124 8| 227 8| 331 8| 434
9| 0°23 9! 126 9| 2730 9| 333 9| 437
1-:0010| 0°+26 {{1°0050| 1:29 | 1-0090| 2°32 (1°0130| 336 (10170 | 4°39
1| 0+28 1| 1432 1! 235 1| 338 1| 442
2| 031 2| I1°34 2{ 238 2| 341 2! 444
3) 034 3| 137 3| 240 3] 343 3| 447
4y 036 4| 139 4] 243 4| 346 4| 450
5| ©0°39 5] 142 5| 245 5| 3'49 5| 452
6| o-41 6| 145 6| 248 6| 351 O] 4°'55
7| 044 71 147 7| 250 7] 3'54 7| 457
8| 0+46 8 1:50 8| 253 8/ 356 8| 460
9| 0449 9| 1°52 9f 256 9| 3'59 91 463
1'0020 | 0°52 {1-0060! 1+55 ||1:0100| 2°58 | 1-0140| 362 |[1°0180| 465
1| 0'54 1| 1°57 1| 2401 1| 364 1| 408
2| 057 2| 160 2| 2463 2| 367 2| 40
3| 059 3| 163 3| 266 3| 369 3| 473
4| 062 4| 165 4| 269 4| 372 4| 475
5| 064 5{ 168 5| 271 5| 375 5l 478
6| o067 6| 170 6| 274 6| 397 6| 481
7| o069 7| 173 7| 276 7! 380 7| 483
8! o2 8| 16 8| 249 8| 382 81 4+86
9| o075 9l 178 9| 282 9| 385 9| 488
10030 | 0°77 li1*0070 | 1+81 | 1°0¥10| 284 ||1°0150| 387 [[1-0190| 4'9I
1{ o8 1) 183 1| 2:87 1{ 390 I 494
2| 082 2| 186 2| 2:89 2| 393 2| 496
3] 085 3| 188 3| 2092 3] 395 3| 499
4| 087 4| 1791 4| 294 4| 398 4| 501
5| 0+go’ 5| 194 5| 297 5| 400 5| 504
6| 093 6| 196 6| 300 6| 403 6| 5006
7| 095 7| 199 7| 302 7| 406 7| 599
8! 0498 8| 201 8| 305 8l 408 8| serr
9| 100 9! 2-04 9| 307 9| 411 9| 514
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TaBLE XXII—continued
Grams Grams Grams Grams Grams
Sp. gr. of Sp. gr. of Sp. gr. of Sp. gr. of Sp. gr. of
at  |Extract at | Extract at Extract at | Extract at | Extract
15°/15° in 15°/15°. in 15°/15°. in 15°/15°, in 15°/15°. in

100 C.C. 100 C.C. 100 C.C. 100 C.C. 100 C.C.

10200 | 517 |l 10240| 6+20 |[1-0280| 7°24 |[1-0320| 8-27 (10360 ¢-31

1| 519 1] 623 1| 726 1| 830° 1| 934

2{ 522 2| 625 2| 729 2| 833 2| 9+36

3| 525 3] 628 3| 732 3] 835 3] 939

4| 527 4| 631 4| 734 4| 838 4| 942

5| 53¢ 5| 633 5| 737 5| 840 50 9°44

6, 532 6, 636 6 739 6| 843 6| 947

7| 535 7! 638 7| 742 7| 8+46 7| 949

8{ 538 8| 6441 8| 7445 8| 848 81 952

9| 540 9| 644 9| 747 9| 851 9] 955

10210 | 5°43 (| 1-0250| 6:46 || 10290 | 7°50 {|1:0330| 8:53 | 10370 | 9°57

1{ 545 1| 6°49 1 752 1] 856 1| 960

2| 548 2| 6°51 2| 7°'55 2] 8:59 2| 962

3| 55T 3| 654 3| 758 3] 861 3| 965

4| 553 4| 656 4| 760 4| 8+64 4| 968

5| 556 5{ 659 5| 763 5| 866 5| 970

6] 558 6} 6+62 6| 765 6| 8469 6| 973

7| 5061 7| 664 7{ 768 7] 872 7| 975

8| 564 81 667 8| 770 8| 874 8! 948

9| 566 9] 670 9! 773 91 877 9| 980

1:0220| 569 || 1-0260| G+72 ||1°0300| 7°76 |l1°0340| 8+79 |[1:0380| 983

1| 571 1| 675 1 778 1| 8-82 1| 986

2| 574 2| 6977 2| 781 2| 88j 2| 988

3| 577 3| 680 3] 783 3| 8487 3] 991

4] 579 4| 682 41 786 4| 890 4| 993

5| 582 5| 685 5{ 789 5! 892 5| 9:96

6| 584 6| 688 6| 791 6] 895 6| 999

7| 587 7| 690 7| 794 7| 897 7| 10°01

8! 5489 8| 693 8| 797 8| 9o 8| 10704

91 592 9| 6495 9| 799 9, 903 9| 10°06

10230 | 594 ||10290{ 6°98 ll1-0310| 802 || 10350 9-05 |l 10390 | 10°09

1| 597 1| 701 1{ 804 1| 908 1| 10°11

2| 600 2| 703 2| 807 2| 910 2| 10°14

3| 6-02 3{ 706 3| 8-09 3| o913 3| 1017

4| 6-05 4| 708 4| 812 4| 916 4] 10°19

51 607 50 711 5{ 814 5 918 5| 10°22

6 610 6| 713 6| 817 6| 921 6| 1025

7| 6°12 71 716 7| 820 71 923 7| 1027

8! 6415 8| 719 8| 822 8! 926 8 10:30

9f 618 91 721 9| 8«25 9| 9*29 9| 1032
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TaBLE XXII—continued

Grams Grams Grams Grams Grams
Sp. gr. of Sp. gr. of Sp. gr. of Sp. gr. of Sp. gr. of
at Extract at Extract at Extract at Extract at Extract
15°/15°, n 15°/15° n 15°/15° n 15°/15° m 15°/15°. in

100 C.C. 100 CC 100 CC. 100 C C. 100 C.C.

1% 400 | 10°35 [ 1°0440 | 1139 [ 10480 | 12°43 (|1°0520 | 1347 ([1°05€0 | 14°5T
1| 10°37 1| 1142 1| 12°45 1| 1349 1| 14°54

2| 10°40 2| 11°44 2| 1248 2| 1352 2| 14°56

3| 10°43 3| 1147 3] 12°51 3] 13°55 3] 14°59

4| 1045 4| 11°49 4| 1253 4| 1357 4| 14°61

5| 10°48 5| 11°52 5| 12:56 5| 13'60 5| 14°64

6| 10°51 6| 11°55 6| 12+58 6| 1362 6| 1467

7| 10°53 71| 1157 7| 12+61 7| 1365 71 14°69

8| 1056 8| 11460 8| 1264 8| 138 8| 1472

9| 1058 9| 11462 9} 12°66 9| 1370 9| 1474
1°0410 | 10°61 |l1°0450 | 11:C5 || 10490 | 12+69 |[1°0530 | 1373 [ 10570 | 1477
1| 1063 1| 1168 1| 1271 1| 1375 1| 1480

2| 1066 2| 1170 2| 12:74 2| 1378 2| 1482

3| 10°€9 3| 1173 3| 12:77 3| 1380 3| 1485

4| 10°71 4| 1175 4| 12°79 4] 1383 4| 1487

5| 10°74 51 1178 5| 12:82 5| 1386 51 14°0

6| 1076 6| 11:81 6| 12:84 6! 1389 6| 1493

7| 10°79 7| 1183 71 12°87 71 13°91 71 1495

8| 1082 8| 11:86 8| 12:90 8| 1394 8| 1498

9| 10:84 9| 11:88 9| 1292 9| 1396 9| 1500
10420 10°87 ||1°0460 | 11+91 || 10500 | 12°95 I|1°¢540 | 13:99 | 10580 | 1503
1| 10°90 1| 11°94 1| 12°97 1| 14°01 1{ 15°06

2| 10:92 2| 1196 2| 13°00 2| 14'04 2| 1508

3| 1095 3| ¥1°99 3| 1303 3| 1407 3 1511

4| 1097 4| 12°01 4| 1305 4| 1409 4] 1514

5| 11°CO 5| 12:04 5{ 1308 5| 14°12 5| 15106

6| 11°03 6} 1206 6| 1310 6| 14°14 6| 1519

7| 11°05 7| 12°09 7| 1313 71 14117 7| 1522

8| 11°08 8| 12:12 811315 8| 1420 8| 1524

9| 11°10 9| 12:14 9| 1318 9| 1422 9| 1527
10430 | 11°13 |[1'0470 | 12°17 || 1°0510 | 1321 [[1°0550 | 1425 || 1°0590 | 15°29
1] 11°15 1| 12°19 1| 1323 1| 1428 1| 1532

2| 11°18 2] 1222 2| 1326 2| 1430 2| 15'35

3| 1121 3| 1225 3} 1329 3) 1433 3} 1537

4| 11°23 41 12:27 41 1331 4] 14°35 4| 1540

5| 11°26 5( 1230 5( 1334 5| 14-38 5] 1542

6| 11:28 6] 1232 6| 1336 6| 14441 6| 1545

7] 11°31 7| 12435 7| 1339 7| 1443 7| 1548

8| 1134 8| 12-38 8| 1342 8| 1446 8| 1550

o/ 11°36 9| 12°40 91! 1344 9| 14°48 9| 1553
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TaBLE XXII—continued
Grams Grams Grams Grams Grams
Sp. gr. of Sp. gr. of Sp. gr. of Sp. gr. of Sp. gr. of
at |Extract at Extract at  |Extract at Extract at Extract
15°/15° in 15°/15°. m 15°/15°. in 15°/15°, in 15°/15°. in
100 C.C. 100 C.C. 100 C.C. 100 C.C. 100 C.C.
1-0600 | 1555 || 1*0640 | 16°60 {1:0680 | 17°64 || 1°0720| 1869 | 1°c7(0 | 1973
1| 1558 1| 1662 1! 17:Cy 1| 1871 1| 19°76
2| 1561 2| 1665 2| 1769 2| 1874 2| 19*79
3! 1563 3| 16:68 3| 17'72 3| 1876 3| 19°81
4] 1566 4| 16:70 4| 17°75 4| 1879 4| 1984
5] 1568 5| 1673 5 1777 5| 18:82 51 19:86
6| 1571 6| 1675 6| 17-80 6| 18:84 6| 19:89
7| 1574 7| 1678 7| 1783 7| 1887 71| 1992
8| 1576 8! 16:80 8| 1785 8| 18+90 8| 19°94
9] 1579 9| 1683 9| 1788 9| 18-92 9] 19°97
1+0610 | 1581 ||1°0650 | 1686 || 10690 | 17°90 || 1-0730| 1895 || 1*0770 | 20°00
1] 1584 1 16:88 1| 1793 1| 1897 1] 2002
2| 1587 2| 1691 2| 17°95 21 19«0 2 | 20°05
3| 1589 3| 16°94 3| 1798 3| 1903 31 20°07
4| 1592 4| 1696 4| 1801 4| 19c5 4! 2010
5| 15'94 5] 16°99 5| 1803 5| 1908 5| 20°12
6| 15:97 6| 17°01 6| 18006 G| 1910 6| 20°15
71 1600 7| 17°04 71 1808 711913 71 2018
8| 1602 8| 17:07 8| 181 8| 19°10 81 2020
9| 16°04 9| 17°09 9 1814 g 19418 9| 2¢:23
1+0620 | 1607 |l 1°0660| 17°12 {{1°0700 | 1816 || 1°0740 | 19°21 | 10780 | 2026
1| 1610 1| 1714 1| 1819 1| 1923 1| 20°28
2} 1613 2| 1717 2| 1822 2| 19:26 2| 2031
3| 1615 3| 1720 3| 1824 3| 19°29 3| 20°34
4| 16°18 4} 1722 4| 1827 4] 1931 41 2030
5| 16-21 5| 1725 5| 1830 5| 1934 5| 2939
6| 16-23 o6l 1727 6 1832 6! 1937 6 | 20+41
7] 1626 7| 1730 71| 1835 71 1939 7| 20°44
8| 1628 8( 1733 8| 1837 8| 1942 8| 2047
9| 16:31 9| 17°35 9| 1840 9| 1944 9| 20:49
1°0630 | 16-33 || 1*0670 | 17°38 || 1°0710 | 1843 || 1°0750 | 19°47 | 1'0790 | 20°52
1} 1636 1} 17°4X 1| 1845 1| 19°50 11 20°55
2| 1639 2| 17°43 2] 1848 2| 19°52 2| 2057
3| 1641 3} 17°46 31| 1850 3| 19°55 3| 20°60
4| 16°44 4| 17:48 4] 1853 4| 19°58 4| 2062
51 1647 51 17°51 5| 1856 5| 19°60 5| 2065
6] 16449 6| 1754 6| 18:58 6] 19:63 61 2068
71 1652 71 1756 71 1861 71 1965 7| 2070
8! 1654 811759 8| 1863 8| 19:68 81| 2073
9| 1657 9| 17:62 9| 1866 9| 19471 9| 2075
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TaBLE XXII—continued
|

Grams Grams Grams Grams Grams

Sp. gr of Sp gr of Sp gr of Sp gr of Sp gr of
at |Extract at Extract at Extract at Extract at Extract
15°/15° n 15°/15° n 15°/15° in 15°/15° n 15°/15° mn
100CC 100 ¢ C 100 CC 100CC 100CcC
10800 | 2078 || 10840 | 2183 | 10880 | 2288 | 1°0920 | 2393 | 1°0960 | 24°99
1| 20+81 12186 1| 22°91 1| 2396 1| 2501

2| 2083 2| 2188 2| 2293 2| 2399 2| 2504
312086 3| 21491 3| 22496 3| 2401 31! 2507

4| 2089 4| 2194 4| 22'99 4| 2404 41 2509

51 2091 5| 21°96 5| 2301 5| 2407 5| 2512

6| 2094 6| 2199 6| 23°04 6] 2409 6| 2514

7| 20°96 7| 2202 7| 2307 7| 24112 71| 2517

8| 20°99 8| 22+04 8| 2309 8| 2414 8| 2520

9! 21°02 9| 2207 9l 2312 9| 2417 9| 2522
1:0810 | 21°04 || 10850 | 2209 {10890 | 2314 || 1°0930 | 24°20 | 1:0970 | 2525
1| 21°07 1| 2212 1| 2317 1| 2422 1| 2528

2| 2110 2] 22°15 2| 2320 2| 24°25 2| 2530

3) 2112 31 2217 3] 2322 3| 2427 3| 2533

4| 21°15 4| 22°20 4| 2325 4| 24°30 4] 2536

5| 2117 5| 2222 5| 2328 5| 2433 5{ 2538

6| 2120 6| 2225 6| 23:30 6| 2435 6| 2541

7| 2123 7| 2228 7] 2333 7] 2438 71 2543

8| 21°25 81 22:30 8| 2335 8| 24:41 8| 2546

9| 21-28 9| 2233 9| 2338 9| 2443 9| 2549

1 0820 | 2131 || 10860 | 22:36 |[1°0900 | 23:41 [ 1°0940 | 24°46 || 10980 25°51
1{ 2133 1] 2238 1| 2343 1| 24°49 1| 25°54
22136 2| 22+41 2| 23°46 2| 24°51 2| 2556

3| 2138 3] 22:43 3| 2349 3| 24'54 31 2559

4] 2141 4| 22°46 4| 2351 4| 24°57 4| 2562
512144 5] 2249 5| 2354 5| 2459 51 2564

6| 21:46 6| 22°51 6| 2357 6| 2462 6 2567

7| 2149 71 22°54 7| 2359 7| 2464 7| 2570

81 21-52 8| 2257 81 2362 81 2467 8| 2572
912154 9| 22°59 9| 2365 91 2470 9| 2575
1-0830 | 21+57 | 10870 | 22+62 [ 1°0910 | 2367 || 1*0950 | 2472 | 1°0990 | 2578
1| 2159 1| 2265 1| 2370 1| 2475 1| 2580

2| 2162 2| 22:67 2| 2372 2| 2478 2| 2583

3| 2165 3| 22+70 3| 2375 3| 2480 3] 2585

4| 21°67 4| 22472 412377 4| 2482 4| 2588

5| 21:70 5| 22+75 5| 2380 5| 2485 5| 25°91

6| 2173 6| 2278 612383 6| 24-88 61 2593

7{ 2175 71 2280 7| 2385 7| 24°91 7| 2596

8| 2148 81 2283 8] 2388 8| 2493 8| 2599

9 2180 9| 2286 9| 23901 9| 24°96 9| 2601
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TaBLE XXII—continued
Grams Grams Grams Grams Grams
Sp gr of Sp gr of Sp gr of Sp gr of Sp gr of
at LExtract at Extract at Extract at Extract at Extract
15°/15° m 15/15° in 15°/15° n 15°/15° n 15°/15° m
100cCC 100 CC 100 cC 100 cc. 100cc
1:1000 | 26:04 || 1:1030 | 26°83 || 1+1060 | 27:62 || 1-1090 | 2841 | 1°1120 | 29-20
1| 2606 1| 2685 1| 2765 1| 2843 1| 2923
2| 26:09 2| 2688 2| 27:67 2| 28:46 2| 2925
3] 26:12 3| 26491 3| 2770 3| 28:49 3| 29:28
4| 2614 4| 2693 4| 2772 4| 2851 4] 2931
5| 2617 5| 26:96 5| 2775 5| 2854 512933
6| 2620 61 26:99 6| 2778 61 2857 612936
7| 2622 7| 2701 71 2780 7| 2859 7| 29°39
8| 2625 8| 2704 8| 2783 8| 2862 | 8| 29:41
9| 2627 9| 2707 9| 27:86 9| 2865 9] 29°44
1'1010 | 26°30 ||1:1040| 27°09 (| 11070 | 2788 || 1*1100| 2867 | 1°1130| 29:47
1| 2633 1| 2712 1| 27°91 1| 2870 ‘ 1| 2949
2| 2635 2| 2715 2| 2793 2| 2843 21 29°52
3| 26-38 3| 2717 3| 2796 3| 2875 | 3| 2954
4| 2641 4| 27°20 4| 2799 4| 2878 4| 2957
5| 2643 5 2722 5| 28-01 5| 28-8x 51 2960
6| 2646 6] 2725 0| 2804 vl 2883 [ 6| 2962
71 26449 7| 2727 71 2807 7| 2886 71 2965
8| 2651 8| 2730 8| 28-09 81 28-88 8| 2968
9| 2654 9] 27:33 9| 2812 9| 2891 9 2970
1:1020 | 26+56 |[11050 | 27°35 || 1-1080 | 2815 || 1*1110 | 28°94 |t1°1I40 | 29*73
1] 2659 1! 2738 1| 2817 1| 2896 112976
2| 2602 2| 2741 2| 2820 2| 28:99 2| 2978
3| 2664 3| 2743 || 3| 2822 3| 2902 3| 29°81
4| 2667 4| 27:46 4] 2825 4| 2904 4| 29-83
5| 26+70 51 2749 5| 2828 5| 29:07 5| 29:86
6| 26°72 Ol 2751 6| 2830 61 29°09 6| 29'89
7| 2675 71{27°54 7| 2833 7| 2912 7| 29+91
8| 2678 81 2757 8| 2836 8| 2915 8| 29:94
9] 2680 9| 27:59 9| 2838 9| 2917 9 29:96
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a platinum dish, the residue in either case being incinerated. To this end,
the residue is first very carefully charred over a tiny flame and the dish
then placed in a small cold muffle, which is gradually heated to incipient
dark redness. The temperature should not be allowed to go beyond this
point, so that fusion of the ash and loss by evaporation may be avoided.
In general it is easy to burn the carbon completely, but if this cannot be
done the temperature of the muffle need not be raised ; it will suffice to
allow the dish to cool, to moisten the carbonaceous residue with water,
to evaporate it quite to dryness and to heat again to nascent redness, this
treatment being repeated if necessary. When incineration is complete,
the dish is allowed to cool in a desiccator, and rapidly weighed.

(b) If the wine contains not more than 30 grams of dry extract per
litre, the extract obtained directly may be utilised; when the extract is
greater than this, 50 c.c. of the original wine are evaporated and the ash
determined on the residual extract.

In either case the dish with the extract is placed on an asbestos sheet
and the drying of the extract commenced over a small flame, care being
takento avoid loss. The dish is subsequently heated directly overa flame, the
extract being charred, the mass extracted with water, the aqueous extract
filtered through a small ashless filter, all the carbon burnt away, and the
aqueous extract and filter added to the same dish.

The whole is evaporated to dryness on a water-bath, dried on asbestos
or in an air-oven, heated carefully to dull redness and cooled, the ash being
then taken up in a few drops of saturated ammonium carbonate solution,
again taken down to dryness, heated to dull redness, cooled in a desiccator
and weighed.

6. Determination of the Total Alkalinity of the Ash

The alkalinity is due mainly to potassium carbonate formed by the
calcination of the potassium bitartrate.

The ash from the preceding determination is taken up in a little boiling
water and transferred completely to a small dish. After addition of two
drops of phenolphthalein and 50 c.c. of N /10-hydrochloric acid, the liquid
is heated to incipient boiling, which is maintained for 3-5 minutes, with
frequent stirring. When the liquid has cooled, the excess of acid is titrated
with N/10-caustic soda solution. The alkalinity is expressed in c.c. of
N-alkali per litre of wine or as potassium carbonate (c.c. of N-alkali X 0-06g).

The values obtained by the procedure here described do not represent exactly
the alkalinity of the ash, but are somewhat too low. This is due to the action
which the phosphoric acid—present in the wine as primary phosphite—exerts
on the alkaline carbonates during incineration It has, therefore, been sug-
gested ! that the alkalinity of the ash be determined after elimination of the
phosphoric acid by precipitation. Such procedure has not, however, been
adopted in practice and most of the available data refer to the method described
above.

! Farnsteiner : Zeitschr. Unt. Nahr- und Genuss-mittel, 1907, X111, p. 305; 1908,
XVI, p. 629.
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7. Determination of the Acidity

The acidity of wine is due to organic acids, some of which are fixed—
tartaric, malic, succinic—whilst others, such as acetic and also formic,
butyric and propionic, which are found in minimal proportions, are volatile ;
carbonic acid plays no part in the acidity of wine.

The acidity of wine is distinguished as #ofal, volatile and fixed, the last
representing the difference between the first two. The determinations
are made as follows *:

1. Total Acidity.—25 c.c. of the wine are shaken to expel any carbon
dioxide present (with sparkling wines gentle heating on a water-bath is
necessary) and then titrated with N /4-potassium hydroxide, very sensitive
dry litmus paper being used as indicator: multiplication of the number
of c.c. of alkali used by 0-750 (or 0:49) gives the total acidity as grams of
tartaric (sulphuric) acid per litre of the wine.

2. Volatile Acidity.—This is determined by distilling the wine in
a current of steam and estimating the acidity of the distillate as follows :

50 (or 25, if the wine is acid or acetous) c.c. of the wine are diluted
with an equal volume of water in a round-bottomed flask holding about
250 c.c. and fitted with a double-bored rubber stopper.

Through the latter pass: (1) A glass tube about 4 mm. wide drawn
out at the bottom to 1 mm., this reaching into the liquid and almost to
the bottom of the flask ; this tube is connected with a steam generator
or a flask fitted with a safety tube containing at least a litre of water; (2)
another tube provided with a safety bulb and connected with a condenser
leading to a flask of about 300 c.c. capacity with a mark at 200 c.c.

The wine is first distilled without steam until the volume is reduced to
25 c.c., when the steam is turned on (not at too great a pressure, since other-
wise the liquid may be forced over), the distillation being regulated so
that the volume of liquid in the flask is kept practically constant at 25 c.c.

The distillation is stopped when 200 c.c. of distillate have been obtained,
this requiring about 45 minutes. The distillate is titrated with N/1o-
alkali in presence of phenolphthalein.?

1 A new method has recently been introduced of regarding the acidity of wine,
the latter being expressed in terms of the quantity or concentration of the hydrogen
ions present. As is well known, the amount of these ions depends on the nature of
the acids, which are stronger the more capable they are of dissociating when brought
into solution. For determining the concentration of the hydrogen ions of wine, or
the acid energy, the method most commonly used at the present time is based on the
velocity of inversion of saccharose by the acids of the wine. It is carried out at a
temperature of 76°%—obtained by means of a boiling carbon tetrachloride bath—after
the destruction of the invertase. The wine, in whicha given quantity of saccharoseis
dissolved, is brought to the above temperature and from the amount of saccharose
inverted in a given time an inversion constant is calculated, which represents the
acid energy of the wine. The data obtained up to the present are limited to a few
wines and it is not yet possible to deduce any conclusions of a general character. For
fuller information, special publications should be consulted : Quartaroli : Stas. sper.
agr. Ital., 1910, p. 87; 1912, p. 90 ; Dutoit and Duboux : Analyse des Vins par volu-
metrie physico-chimique, Lausanne, 1912 ; Mensio and Garino : Ann. d. R. Acc. &’ Agric.
di Torino, Vol. LVI.

* Neutralisation is just reached when a drop of the alkali gives a distinctly pink
coloration which persists for a few moments. This coloration disappears after some
time owing to hydrolysis of the esters of the wine which pass over into the distillate.
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The volatile acidity is expressed as grams of acetic acid per litre, the
number of c.c. of N/1o-alkali being multiplied by o-120 (or 0-240) if 50
(or 25) c.c. of the wine were taken.

3. Fixed Acidity.—This is determined by difference. The volatile
acidity is multiplied by 1-25 to refer it to tartaric acid, the number thus
obtained being subtracted from the total acidity calculated as in (1) ; the
remainder represents the fixed acidity in grams of tartaric acid per litre.

The acidity of a wine bears a certain relation to its alcoholic strength, dimin-
ishing as the latter increases. On this basis Halphen and Gautier have estab-
lished rules for the detection of the walering of wine. The methods of applying
these rules are given below. As regards Itahan wines 1t must, however, be
pointed out that, although these rules furnish sound indications for most of
such wines, yet they do not seem to apply to the wines of certain special districts.

(@) Halphen's vule (acid : alcokol ratio).

To apply this rule, the alcoholic strength (by volume) and the fixed acidity
of the wine are determined. The latter, expressed as sulphuric acid, is increased
by o+ (this corresponding with the maximum value of the volatile acidity in
ordinary normal wines), and the value thus obtained divided by the alcoholic
strength ; the quotient is the ratio sought.

This ratio is compared with that established experimentally by Halphen
for wine of the same alcoholic strength. Halphen’s values are expressed by
the formula :

x == 1160 — 0°07 ¥,
y being the alcoholic strength of the wine.

If the ratio found is less than that calculated by the above expression, water-
ing may be suspected.

For Italian wines, Possetto and Issoglio give the following values of the
Halphen ratio:

Alcoholic|

Strength, %° | °? 02 03 o4 o5 | 06 | o7 | 08 | o9

15 |o110 | — — — — — — — — —
14 0+180 | 0173 |0°166 | 0°159 | 0+152 | 0145 [0°138 | 0*131 | 0124 | 0117
13 | 0250 | 0243 |0°236 | 0°229 | 0°222 | 0+215 | 0*208 | 0201 | 0194 | 0°187
12 0+320 [0°313 | 0306 | 0:299 | 0:292 | 0285 | 0278 | 0+271 | 0264 | 0°257
11 0390 {0+383 [0+376 | 0:369 | 0°362 | 0-355 | 0348 1 0341 | 0334 | 0327
10 0:460 [ 0°453 {0°446 | 0439 | 0°432 | 0:425 [ 0°418 | 0411 | 0°404 | 0°397
0:530 | 0523 | 0°516 | 0509 | 0502 | 0495 | 0°488 | 0481 | 0:474 | 0467
0600 | 0593 | 0586 | 0579 | 0°572 | 0565 | 0°558 | 0551 | 0°544 | 0537
0670 |0+663 | 0:656 | 0°649 | 0:642 | 04635 | 0*628 |0+621 | 0-€14 | 0*€O7
0°740 | 0+733 | 0726 | 0719 | 0+712 | 0*705 | 0:698 | 0:691 | 0-684 | 0677
0-810 | 0803 | 0796 | 0+789 | 0+782 | 0775 [ 0768 | 0+761 | 0*754 | 0-747
o-880 | 0:873 [0:866 | 0°859 | 0-852 | 0-845 | 0-838 | 0-831 | 0824 | 0+817
.0°950 | 0°943 | 0936 | 0°929 | 0°922 | 0°915 | 0908 | 0901 | 0894 | 0°887

WL 0 O\ 0O

If the value found for the wine is above that given in this table, the wine
is normal, but if it is lower, addition of water 1s suspected ; when the deficit
is 0°120, or even 0°100, these two authors regard watering as proved.

EXAMPLES : (1) Alcoholic degree, 10; fixed acidity, as sulphuric acid
per litre, 3:96. (396 + 0+7) - 10 = 0°466. Value from table, 0-460; wine
consequently regarded as normal.
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(2) Alcoholic strength, ¢; fixed acidity, 3°35. (3°35 + 0+7) <~ 9 == 0°472.
Value from table, o°530. Addition of water consequently suspected.

(3) Alcoholic strength, 8; fixed acidity, 2:98. (2°98 + 0:7) -~ 8 ==0-460.
Value from table o-6co. Watering regarded as proved.

(b) Gautier’s rule (sum of alcohol and acidity).

This rule is applied as follows : To the total amount of alcohol * in 100 c.c.
of the wine are added the fixed acidity per litre expressed as sulphuric acid
and one-tenth of the volatile acidity, also as sulphuric acid per litre.

From this sum are deducted :

1. The quantity of extraneous acids added to the wire, expressed as sulphuric
acid per litre.

2. The quantity of alcohol which mgy be assumed to be derived from alcoholi-
sation of the wine calculated as described later (see Determination of Glycerine).

3. The value o:20 for every gram of potassium sulphate exceeding 2 grams.

According to Gautier, the value of the sum, alcohol + acidity, varies between
13 and 17, a value below 12°5 indicating addition of water.

EXAMPLES ; (1) An ordinary dry wine had an alcoholic strength 1o,
while total acidity plus one-tenth of the volatile acidity per litre (as sulphuric
acid) is 4-20. Since 10 + 4°20 == 14°20, which exceeds 125, the wine is regarded
as normal.

(2) Percentage of alcohol, 8 and acidity 3-36; 8 + 3°36 == 11-36, which
is less than 12-5, so that the wine is watered.

8. Determination of the Total Tartaric Acid

This is precipitated as potassium bitartrate by addition of excess of
a potassium salt and the solution then titrated with N/4-alkali.

100 c.c. of the wine are treated in a beaker with 2 c.c. of glacial acetic
acid, o5 c.c. of 209, potassium acetate solution and 20 grams of pure,
powdered potassium chloride. The latter is dissolved by protracted shaking
and 20 c.c. of g5% alcohol then added. The liquid is shaken further and
the precipitation of the potassium bitartrate assisted by energetic rubbing
of the walls of the beaker with the end of a glass rod. After a stand of 15
hours at about 15°, the liquid is filtered through a Gooch crucible charged
with asbestos, the liquid being poured on when the pump is in action. The
beaker is washed two or three times with a few c.c. of a solution of 15 grams
of potassium chloride in 25 c.c. of 959, alcohol and go c.c. of water, the
crystalline precipitate and the crucible being washed with the same solution,
of which 20 c.c. altogether are used ; for this purpose a test-tube is fitted
as a wash-bottle.

The crucible is washed externally and placed in a beaker of hot water,
the precipitate being completely dissolved by removing the crucible and
washing it with a jet of hot water, The liquid is then titrated in the hot
with N/4-caustic soda, litmus paper being used as indicator.

The number of c.c. used is increased by 0-6 to correct for the solubility
of the bitartrate in the reagents used and the sum multiplied by 0-375 to
obtain the grams of total tartaric acid per litre.

1 The total alcohol is given by the sum of the alcohol present in the wine and of
that which would be produced by fermentation of the sugar still present ; the latter
amount of alcohol is calculated by multiplying the percentage Of sugar by 0-55.

A.C. II. 13
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9. Determination of the Sugars

The object of this determination, which is carried out principally with
sweet wines, is to estimate the reducing sugars and any saccharose which
may have been added to the wine. Both the optical and chemical methods
are used (see also Sugars, General Methods). The polarimetric method
is also sometimes used with sweet wines in order to ascertain if dextrin or
commercial glucose has been added (see later, p. 196).

1. Preparation of the Solutions : Polarimetric Tests.—100 c.c.
of the wine are neutralised in a porcelain dish with caustic potash solution,
care being taken not to render the liquid alkaline.* The alcohol is evaporated
off on a water-bath and the residue introduced into a 200 c.c. flask, into
which also the dish is rinsed several times with water. A slight excess
(about 5 c.c.) of basic lead acetate solution is added, the precipitate formed
being allowed to settle and sufficient saturated sodium sulphate solution
added, drop by drop, to precipitate the excess of lead. When further
addition of the sodium sulphate solution fails to produce a precipitate,
the liquid is made up to 200 c.c. with water, shaken, allowed to settle and
filtered by decantation through a dry filter.

Part of the filtrate serves directly for saccharimetric reading and for
the determination of the reducing sugars by means of Fehling’s solution
(see later), while another part is wnwerted. For this purpose 50 c.c. of the
filtrate are heated in a 100 c.c. flask with 5 c.c. of hydrochloric acid (sp.
gr. 1-10) for a quarter of an hour in a water-bath at 68-70°; the liquid
is then cooled rapidly, neutralised with caustic soda (best with a solution
standarised with respect to the hydrochloric acid of sp. gr. 1:10), made up
to volume and filtered, if necessary, through a dry filter.

The readings of the non-inverted and inverted solutions in the Ventzke
scale saccharimeter are multiplied by 2 and 4 respectively in order to obtain
the polarisations P and P, of the undiluted wine before and after inversion.?

If these polarisations are equal, saccharose is not present, and in this
case the reducing sugars are determined as in 2.

If, however, P, is below P, the wine contains saccharose, which is cal-
culated as indicated in 3 (below).

2. Determination of the Reducing Sugars.—This determination
is made volumetrically with Fehling’s solution, 10 c.c. of the latter, diluted
with 40 c.c. of water being used for each test.

The determination is made on the uninverted liquid prepared as described
above and diluted, if necessary, to give a solution containing not more
than 19, of reducing sugars {0-5-19,), so that 5-10 c.c. will be required to
reduce completely the above quantity of Fehling’s solution.

The necessary dilution may easily be deduced (if saccharose is not
present) from the percentage of extract present in the wine, since this,
diminished by 2, gives approximately the percentage of reducing sugars ;

1 Since even a small excess of alkali may produce decomposition of the sugar, it
is well, after exact neutralisation, to add a drop of dilute acetic acid ; the very faint
acad reaction thus produced has no effect on any saccharose which may be present.

2 The formuiz given below 1n which the polarisations occur refer to vessels graduated
in Mohr c.c.
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it must further be remembered that, in the preparation of the liquid, the
wine has been diluted to double its volume. If the extract has not been
determined, a preliminary test is made by adding to boiling Fehling’s
solution, drop by drop from a graduated pipette, the filtered saccharine
liquid prepared as described above. The addition is continued and the
boiling maintained until the cuprous oxide formed assumes a bright colour
readily distinguished with practice. This point represents the completion
of the precipitation and may be checked by filtering a few drops of the
boiling liquid, acidifying with acetic acid and testing with potassium ferro-
cyanide. The quantity of the saccharine liquid used in this preliminary
test indicates how many times the liquid must be diluted to give a solution
suitable for the determination.

This dilution is effected by running the necessary volume of the sac-
charine liquid from a burette into a 100 c.c. flask and making up to the
mark with water. The liquid thus diluted is placed in a burette and various
tests made with Fehling’s solution and with different volumes of the liquid,
as already described (see Sugars, General Methods), until with two quantities
of the liquid differing by 0-I c.c., in one case only is a trace of copper detect-
able in the filtrate.

The mean of these two last determinations gives the volume @ c.c. of
the diluted saccharine liquid necessary to reduce completely 10 c.c. of
Fehling’s solution diluted with 4o c.c. of water. If # represents the number
of volumes of dilute saccharine liquid obtained from 1 vol. of wine, the
reducing sugars g per litre of wine, calculated as invert sugar, are given
by the formula :

157
ge= ST57
a
To ascertain if the reducing sugars found contain excess of levulose or
of glucose, the theoretical polarisation, on the assumption that the reduc-

ing sugars consist of invert sugar, -nay be calculated by means of the
formula :

27419

where g is the quantity of reducing sugar per litre and ¢ the temperature
at which the polarisation is determined. If the polarisation found, P, is
greater—or more dextro-rotatory—than the calculated value, there is
excess of dextrose; but if less—or more levo-rotatory—there is excess
of levulose.

The respective quantities of levulose / and glucose 4 per litre may also
be calculated by the formule :

;10 {03048 ¢ — P)
9278 -— o004t
d=g-—1
where P is the polarisation (with the proper sign) of the undiluted wine.

For the application of these formulz in the case when saccharose is
present, see later, 3.
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In general, normal wines contamn shghtly more levulose than dextrose, the
latter being the more readily acted on during fermentation The opposite
case may occur in genuine 'wines, but often results from addition of glucose or

dextrin (see below, 10).

3. Determination of the Saccharose.—The quantity s of saccharose
per litre is calculated by means of Clerget’s formula:
o 26048 (P —P,)

s 14266 —0-5¢

where P and P, are the polarisations (with the proper signs) of the undiluted
wine before and after inversion determined as indicated above, I.

The value of s may be checked by determining the reducing sugars
in the inverted solution with Fehling’s solution, as in 2 (above), the differ-
ence between the reducing sugars before and after inversion being multiplied
by 0-95.

When saccharose is present, the occurrence of levulose or glucose
in excess is ascertained by calculating the theoretical polarisation for the
inverted liquid and comparing it with the polarisation P, found after inver-
sion., Further, to determine the quantities of glucose and levulose composing
the reducing sugars, the formule given above (2) are applied to the results
obtained with the inverted liquid. Since, however, the quantities thus
calculated include the glucose and levulose formed by the inversion of the
saccharose, the amounts of pre-existing glucose and levulose are deduced
by subtracting from each of the values found the amount of the saccharose,
s, divided by 1-90.

10. Detection of Dextrin and of Impure Glucose

Wine may contain dextrin and other unfermentable substances (iso-
maltose, etc.) in consequence either of the addition of commercial glucose,
which contains such substances as impurities, or of their direct addition
with the object of increasing the extract. Their detection is carried out
as follows:

(a) If the wine contains, at the most, 1 gram of reducing sugar per
litre and is levo-rotatory or inactive or has a dextro-rotation not exceeding
+ 0-8 saccharimetric divisions (+ 0-3 circular degrees), it has suffered no
admixture with impure glucose.

(b) If the wine contains more than I gram of reducing sugar per litre
and has a rotation between + 08 and + 17 saccharimetric divisions, it
is probable that it contains dextrin and other unfermentable but optically
active substances which accompany glucose.

(c) If the wine contains more than 1 gram of reducing sugar per litre
and exhibits a rotation exceeding + I-7 divisions, dextrin is tested for as
follows :

100 c.c. of the wine are evaporated to 5 c.c. and the residue treated,
with shaking, with 909, alcohol until no further precipitate is formed.
After 2 hours the liquid is filtered, the precipitate being dissolved in 30
c.c. of water and the solution introduced into a 100 c.c. flask, together with
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1 c.c. of hydrochloric acid (D 1-x2). The flask is closed with a stopper
traversed by a glass tube a metre long and is immersed in a boiling water-
bath for 3 hours; the liquid is then neutralised with soda, madc up
to 100 c.c. and tested with Fehling’s solution. Any reduction indicates
the presence of dextrin, since those bodies present in natural wines which
are precipitable by go9%, alcohol do not yield sugars when heated with
hydrochloric acid.

The impurities which accompany the glucose are tested for as follows :

A volume of 210 c.c. of the wine is evaporated to one-third of its bulk,
the residue being taken up in sufficient water to give a solution containing
about 159, of sugar and the solution placed in a flask and seeded with a
little fresh, optically inactive yeast. Fermentation is allowed to proceed
at 20-25° C.

The fermented liquid is treated with a few drops of 209, potassium
acetate solution and evaporated in a porcelain dish on a water-bath to a
dense syrup. The latter is shaken with 200 c.c. of go9 alcohol, the liquid
being filtered and the residue and the filter washed with go % alcohol. Most
of the alcohol is distilled off and the remainder evaporated, the residue
being made up with water to 10 c.c., well mixed with 2—3 grams of pure
animal charcoal and filtered into a small cylinder. The solid residue is
washed with small proportions of boiling water until the total volume,
cooled to 15° C., amounts to 30 c.c. If this liquid gives a rotation greater
than + 144 saccharimetric divisions, the wine contains starch glucose.
If the rotation is + 14, or slightly less, the charcoal is again washed with
hot water until a further 30 c.c. of filtrate is obtained, any rotation this
liquid shows being added to the previous one. If the second rotation is
as much as one-fifth of the first, a third washing of the charcoal becomes
necessary.

11. Determination of the Glycerine

The procedure here varies according as ordinary wine containing little
sugar or sweet wine is concerned.

1. Ordinary Wine (containing not more than 29, of sugar).—I00 c.c.
of the wine are evaporated to about I0 c.c. in a round-bottomed porcelain
dish on a water-bath. 5 grams of quartz sand (not too fine) are then added
and milk of lime, prepared with 409, of calcium hydroxide, until the reaction
is strongly alkaline, the evaporation being continued until a soft paste,
capable of easy manipulation with a glass rod, is obtained. The residue
is heated on the water-bath with 50 c.c. of 969 alcohol, the whole being
mixed with a glass rod until a homogeneous paste is obtained ; the forma-
tion of solid crusts should be avoided as far as possible. The liquid is then
filtered through a pleated filter into a flask and the dish and filter washed
several times with 69, alcohol, of which about 150 c.c. in all should be
used. A few pieces of pumice are added to prevent bumping and the flask
connected with a condenser and the alcohol distilled off until about 10 c.c.
of liquid remain. The condenser is then removed, the remainder of the
alcohol expelled on the water-bath and the cold, syrupy residue dissolved
in 10 c.c. of absolute alcohol; 15 c.c. of anhydrous ether are then added,
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t.he precipitate formed being allowed to settle and the clear ethereal-alcoholic
liquid filtered through a small filter into a tared wide-mouthed weighing-
bottle “'lt.ll 4 ground stopper. The flask and the filter are subsequently
washied with two or three small quantities of a mixture of 2 volumes of
absolute “lf‘c’l_“ﬂ with 3 volurnes of anhydrous ether.

The weighing bottle is then placed on a hot water-bath and the solvent
evaporated below its boiling point. The bottle is dried in a steam-oven
for an h.nnr, closed, allowed to cool in a desiccator and weighed. The
nerease 1 weight, multiplied by 10, gives the amount of glycerine per litre
of the wine,

2. Sweet Wine.—The following method, devised by G. Fabris,? is
used 50 ¢.c. of the wine are well mixed in a round-bottomed porcelain
dish Wmf about 5 grams of siliceous sand (not too fine) and 6-10 grams
of very fine, sieved, slaked lime? by means of a glass rod. The dish is
pl:-u-z:d on & water-bath to evaporate the liquid, the mass being frequently
stired, especially when it becomes very thick. The evaporation should
then e carefully watched and should be suspended when the contents of
the dish assume the consistency of a soft paste still easily miscible with
the glass rod, with which also the drier parts adherent to the walls of the
vessel should be readily detached ; this stage is usually reached after
about two hours’ heating. The dish is then withdrawn from the water-
bath and about 30 c.c. of hot ¢69, alcohol added. By means of an iron
spatula the solid portions adhering to the rod and to the walls of the capsule
are completely removed and the whole thoroughly pounded with the alcohol
with a pestle, the coagulum formed during the addition of the alcohol being
triturated as much and as carefully as possible. The pestle and the spatula
are washed with 9694 alcohol (30-40 c.c.) and the dish heated again on
the water-batl, the contents being stirred with the rod until the alcohol
just begins to boil ; ebullition must, however, be avoided as it might easily
lead to loss of liquid. The hot liquid is placed on a dry filter and the insoluble
part washed two or three times by decantation with hot 969, alcohol, care
being taken to keep the funnel covered with a clock-glass and not to add
fresh liquid before the preceding quantity has completely drained away.
If the solid part does not seem sufficiently powdered, it is again pounded
with the pestle and then poured on to the filter, where it is washed repeatedly
with hot 9694 alcohol until the volume of the filtrate is about 200 c.c.

‘The alcoholic liquid, which should be collected in a conical flask of about
300 ¢.c. capacity, is gently distilled on a water-bath, a few pieces of pumice
being added to prevent bumping. The flask is subsequently left open on
the water-bath until the little remaining liquid becomes syrupy. When
cold the resicdue is treated, little by little and with shaking, first with 10
e.c. of absolute alcohol and then with 15 c.c. of anhydrous ether. The
flask is then corked and the liquid left until it becomes clear and then filtered
through a small dry filter into a tared cylindrical weighing-bottle about 6
em, high and 4 cm. wide and fitted with a ground stopper. The dish and

\ Aun Labor. chim, centrale Gabelle, 1897, 111, p 225.

* The amount of lime to be added should be about equal to that of the sugars
contained m the 5o c.c. of wine.
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the filter are washed three or four times w1tl;; a=smxture of 2 volumes
absolute alcohol and 3 volumes of anhydrous ethée, MQM
all The bottle 1s placed on a scarcely lukewarm watef b3y G Ade
ate the ether slowly; the tempeiature of the bath 1S~ thiems expel
the alcohol, but not to make 1t boil  Finally, the bottle with the syrupy
residue 1s kept 1n a steam-oven for an hour, allowed to cool 1n a desiccator
and weighed The weight found, multiplied by 20, gives the glycerine
per htre of the wine.}

If the amount of glycenne found exceeds 0 59%, 1t 1s well to repeat the
determination with a smaller quantity, say 25 c¢c¢, of thc wne

The determination of the glycerine 1s sometimes of importance m deciding
if a wine has been ‘fortified ”” by addition of alcohol It 1s known that the
normal alcoholic fermentation of the sugars of wine yields besides alcohol, also
a proportional quantity of glycerine This quantity varres from a muumum
of 7 to a maxmmum of 14 grams per 100 grams of alcohol Thus, introduction
of the value of 4, the grams of alcohol per 100 ¢ ¢, and of g, the grams of glycerine
per litre of a wine 1nto the formula:

100 g
10a’

gives the ratio x between the glycerine and alcokol, which should be higher than
7 with wine to whicli no alcohol has been added

The mummum percentage of alcohol added by weight, y, may be calculated
by means of the formula

ymd - G'
7
where 4 1s the number of grams of alcohol 1n 100 c ¢ of the wine and G the
grams of glycerine per litre This formula gives, as 1s stated, the muumum
value for the added alcohol, being based on the mimmal ratio between glycerine
and alcohol, 1e, 7 100. It 1s, however, evident that a lhimted proportion
of alcohol might be added to a wine with a glycerine alcohol ratio of 9 without
being detectable in this way
EXAMPLE A wue contamns 8 grams of alcohol per 100 cc¢ and 6-68
grams of glycerine per hitre. The glycerine-alcohol ratio will be
100 X 668
8 X 10
which, bemng greater than 7, indicates absence of added alcohol
The same wine, after addition of alcohol, contains ro-5 grams of alcohol
per 100 c ¢, whilst the glycerine has remained almost unchanged at 66 grams
per hitre The glycerne-alcohol ratio 1s now .

= 83,

which 1s less than 7 and mdicates fortification

12. Determination of the Depth of Colour

This is carried out especially with red wines, principally * vins de
coupage.” Use is made either of Salleron’s wine-colorimeter, which gives both
the intensity and the character of the colour, or of some other colorimeter,

! If the weighed glycerme 1s agamn treated with alcobol and ether, filtered and
evaporated as descnibed above, the same weight of glycerine should be obtained.
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such as Duboscq’s, in which comparison is made either with a typical wine
or with an artificial coloured solution.

1. 1, Salleron’s Wine.colorimeter.—This apparatus (Fig. 5I) con-
sists of a stand on which are fixed (1) ten discs of silk, the colours of these
varying gradually from
violet-red to red, and (2)
ten perfectly white discs.
Along this stand runs an
apparatus carrying two
tubes, A and B, inclined at
45° and  corresponding
exactly with the series of
coloured and white discs respectively. B is arranged so that the thick-
ness of a layer of coloured liquid placed therein can be adjusted and
measured exactly.

Salleron takes as unit a wine which, in a layer 3 mm. deep, exhibits
an intensity of colour equal to that of one of the tints of his wine-colorimeter
scale. Thus, a wine which in this apparatus requires a thickness of 1:5
mm. would have a depth of colour double that of the unit.

The colorimetric observations should not be made in artificial light.

2. Duboscq’s Colorimeter.—This consists (Fig. 52) of two glass
vessels into each of which a glass
cylinder may be lowered by means of
a rack and pinion. Light reflected
from a mirror underneath passesalong
the axes of the two vessels and cylin-
ders into a system of two prisms, by
means of which the two halves of the
field of the eye-piece at the top are
illuminated.

The two liquids to be compared
are placed in the two vessels and the
glass cylinders adjusted until the two
halves of the field appear equally
illaminated ; the respective depths of
colour of the two liquids are then
inversely proportional to the thick.
nesses of the layers. Three observa.
tions should be made with varying
depths of the two liquids and the
mean of the three results taken. In
the case of wine, a 0-19, solution of
Bordeaux red is used as comparison
liquid.

13. Detection of Extraneous Colouring Matters

1, In Red Wines.—These may be coloured with artificial organic
colours (usually mixtures, such as vinolin) or with vegetable colours.
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@) TESTS FOR ARTIFICIAL ORGANIC CoLoURs. Use is made of Arata’s
test, which is that most commonly employed, and of Girard’s and Ké&nig's
tests.! Arata’s test serves for the detection of all artificial organic colouring
matters of acid character, Girard’s method for that of basic and some acid
compounds, and Konig’s for that of basic derivatives.?

1. Avata’s method. 100 c.c. of the wine are gently boiled in a flask to
about one-third of its volume, 2 -4 c.c. of 109, hydrochloric acid and about
half a gram of carefully defatted (with ether) white embroidery wool being
then added and the boiling continued for 5 minutes.

The flask is withdrawn from the flame and the liquid poured off, the
wool being repeatedly washed with cold water in the same vessel and
then boiled for 5 minutes with 100 c.c. of water acidified with hydro-
chloric acid. The latter is then decanted off and the treatment repeated
until a water remaining colourless on boiling is obtained.

The wool is next washed repeatedly with cold distilled water to eliminate
the acid liquid and subsequently boiled gently for about 10 minutes with
about 50 c.c. of waterand 10 drops of ammonia solution (D 0-gIo) to dissolve
any artificial colouring matter fixed by the wool.

The alkaline liquid is decanted into another flask, diluted with an equal
amount of water and boiled until it ceases to smell of ammonia ; it is then
allowed to cool somewhat, and sufficient hydrochloric acid added drop by
drop to render the liquid distinctly acid, excess being avoided. A thread
of defatted wool, 10-15 cm. long, is then placed in the liquid and the latter
boiled for about 5 minutes,

If the wool thus obtained, after thorough washing with cold water, is
coloured distinctly red, the conclusion may be drawn that the wine was
coloured artificially with an organic dye of acid character, i.e., with a sul-
phonated azo- or fuchsine derivative (vinolin, Bordeaux red, etc.)

If, however, the coloration is feeble or uncertain, the woollen thread
is treated with 50 c.c. of water and 10 drops of ammonia (D o-g10), the
colour being refixed, by the exact procedure described above, on a fresh
woollen thread 6-8 cm. long. If this third fixation yields even a feeble pink
coloration, the presence of artificial organic colouring matter is indicated
with certainty.

Sometimes, especially with intensely coloured natural wines, the second
or third woollen thread assumes a brownish-yellow coloration, which should
be neglected.

2. Girard's test. 50 c.c. of the wine are neutralised with 109, ammonia
(D 0-960), a further quantity of 5 c.c. of the same ammonia solution being
added and the liquid poured into a separating cylinder of about 100 c.c.
capacity. 15 c.c. of amyl alcohol are added and the whole shaken slowly,
to avoid emulsification, for about 10 minutes. After settling, the liquid
below the amyl alcohol is run off and the alcoholic liquid washed three
times with water (100 c.c. in all), filtered through a small dry filter and

! 1f identification of the separate colouring matters is desired, the methods described
later in the chapter dealing with colouring matters may be employed.

? With lapse of time, sometimes after a few months, certain artificial colouring

matters undergo modifications and chemical decompositions by which they are de-
colorised or precipitated ; they cannot them be traced directly in wine,
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acidified with acetic acid. If the wine contains soluble, artificial, organic
colouring matter, the amyl alcohol, either before or after acidification, will
be coloured distinctly red, orange-red or pink. Here, too, no notice should
be taken of faint yellow or greenish-yellow colorations, which may be
obtained with some highly coloured natural wines.

3. Konig's test. 50 c.c. of the wine are neutralised with 109, ammonia
(D 0-g60), an excess of 5 c.c. of the same ammonia beingaddedand the liquid
boiled gently with about 0-5 gram of defatted white wool until the alcohol
and excess of ammonia are expelled. The wool is thoroughly washed with
water and heated in a test-tube in a water-bath with 10 c.c. of 109, caustic
potash solution until the wool is dissolved.

When cold, the brown liquid is carefully shaken in a separator with
one-half its volume of ether for about 5 minutes. After standing, the
ethereal layer is separated, filtered through a dry filter and acidified
with acetic acid.

If the wine is genuine, the ether remains colourless even after addition
of acetic acid; coloration of the ether before or after acidification indicates
the presence in the wine of artificial organic colouring matters of basic
character (fuchsine, etc.).

(b) DETECTION OF VEGETABLE COLOURING MATTERS. Proof of the
presence of these substances presents special difficulties owing to their
analogy with those naturally contained in wine. The various methods
proposed give useful conclusions only when comparison tests are made both
on a genuine wine of the same type as that under examination and on the
same genuine wine to which the vegetable colouring matter presumed to
be present has been added.}

2. In White Wines.—White wines may be coloured artificially with
caramel or artificial organic dyes (substitutes for caramel, caramelin).
The latter are detected as in red wines; in this connection it should be
borne in mind that the yellow colours usually added to wines do not consist
of individual colouring matters but are mixtures of a yellow material with
a brown, a red or, sometimes, a blue compound.

Caramel is detected as follows :

(a) By means of paraldehyde. 10 c.c. of the wine, 30-50 c.c. of paralde-
hyde (according to the depth of colour) and 1520 c.c. of absolute alcohol
are repeatedly shaken in a tall, narrow test-glass with a ground stopper so
that the liquids mix completely. If the wine does not contain caramel,
a white precipitate forms on standing ; in the opposite case, the adherent
precipitate formed during the course of 24 hours is yellowish-brown or
dark-brown according to the amount of the extraneous colouring matter.
The supernatant liquid is decanted off and the precipitate washed with
absolute alcohol (to eliminate the paraldehyde), dissolved in a little hot
water and filtered. The filtrate is evaporated to 1 c.c. 2 and then poured
gradually into a fresh solution of phenylhydrazine hydrochloride (2 parts

1 For these methods reference may be made to the following publications: Pos-
setto : La chimica del vino; M. A. Gautier: La Sophistication des vins ; Ch. Girard
et Sangle-Ferriére : Analyse des matidves alimentaives; J. Bellier: Ann. de chim.
analyt., 1900, pP. 407.

¢ From the colour of the filtrate the amount of caramel added may be judged.



WINE 203

of phenylhydrazine hydrochloride, 3 parts of sodium acetate and 20 parts
of water). No precipitate forms if the wine is pure, whilst if it contains
caramel there is formed, even in the cold, but better after heating on a
water-bath for a very short time, a white precipitate which is deposited
completely after 24 hours * as an amorphous mass (soluble in hot ammonia
and reprecipitable by dilute hydrochloric acid).

If the wine contains small quantities of caramel, it is advisable, before
treating it with paraldehyde, to concentrate it to one-half or one-third of its
volume over sulphuric acid in a vacuum, but keat should not be applied. Further,
in presence of marked quantities of sugars, it is necessary, before the treatment
with phenylhydrazine hydrochloride, to redissolve and reprecipitate with
paraldehyde the precipitate obtained with the latter, the bulk of the sugars
being thus eliminated.

It should be noted that genuine wines may give a precipitate as a result
of the treatment with paraldehyde, but such precipitate is white and is not
precipitated from its aqueous solution by phenylhydrazine.

(b) By means of albumin., 10 c.c. of the wine are treated with 1 c.c.
of albumin solution, prepared by filtering fresh white of egg through thick
white woollen and diluting the filtrate with an equal volume of 159, aqueous
alcohol solution. Genuine wine gives a marked turbidity caused by the
precipitation of the colouring matter of the wine and the filtrate is sensibly
less coloured than the wine. If, however, a white wine with considerable
colour produces no or scarcely any turbidity and the filtrate is not appre-
ciably less coloured, the addition of caramel may be suspected.

In doubtful cases, check experiments with a genuine wine to which caramel
has been added should be made.

14. Determination of the Sulphates

This determination may be made to ascertain if the wine is plastered
beyond the allowable limits or to determine the quantity of sulphates
present.

1. Determination of the Extent of Plastering.—In Italy plaster-
ine of ordinarv wine for conanmntian is allowed to an amount corresnonding
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gives a precipitate with a drop of dilute sulphuric acid, the plastering is
below 0-29%,.

2. Determination of the Total Sulphates.

() An approximate determination may be made by means of the
barium chloride solution prepared for determining the extent of plastering.
To this end, separate quantities of 50 c.c. of the wine are treated with different
volumes of the barium solution until a filtrate is obtained which remains
almost clear with a drop of either the barium solution or dilute sulphuric
acid; the amount of the reagent used gives approximately the quantity of
sulphates present.

(b) 100 c.c. of the wine, acidified with 5 c.c. of dilute hydrochloric acid,
are heated to boiling in a beaker and treated drop by drop with a very hot
109% barium chloride solution until precipitate no longer forms.* The
liquid is carefully boiled for a few minutes and the covered beaker then
left for about 6 hours on a steam-bath. A drop of the barium solution
is then added to the perfectly clear liquid to make sure that the precipitation
is complete, the hot liquid being decanted on to a filter and the precipitate
washed repeatedly by decantation with boiling water containing 109, of
alcohol and slightly acidified with hydrochloric acid. The precipitate is
finally transferred to the filter and the washing continued until a drop of
the filtrate leaves no residue when evaporated on a watch-glass ; the funnel
is then left in an oven at 100° until the bulk of the water is expelled.

While still moist the filter is placed in a platinum crucible and carefully
incinerated and calcined at a dull red heat (not in a blowpipe flame), the
crucible being inclined to facilitate access of the air. After being cooled
in a desiccator, the crucible is weighed : BaSO, X 0-7468 == K,SO,.

When the wine contains a marked quantity of sulphurous anhydride, this
should first be eliminated by boiling the strongly acidified wine (with HCI) for
some time in an atmosphere of carbon dioxide.

15. Determination of the Chlorides

This determination may be made either to ascertain if the wine is salted
beyond the permitted extent or to find the quantity of chlorides present.

1. Extent of Salting.—In ordinary wines the chlorides present should
not correspond with more than 1 gram of sodium chloride per litre. To
ascertain if this limit has been exceeded a silver nitrate solution is prepared
capable of precipitating this amount of chlorides from a given quantity of
wine.

Reagent. 1453 grams of pure fused silver nitrate are dissolved to I
litre.2

Procedure. 50 c.c. of the wine are carefully boiled in a beaker for about
2—-3 minutes, the vessel being removed from the flame and 2 c.c. of pure
concentrated nitric acid added gradually and with stirring. This amount
of acid is usually sufficient to turn even a deeply coloured wine a yellowish

1 As a rule 10 c.c. of the banum chloride solution suffice even for heavily plastered
wines.

2 If it is desired to use N/1o-silver mitrate solution, 8:56 c.c. of this should be
added per 50 c.c. of the wine,
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colour ; if the latter does not appear, a few more drops of the acid are added,
10 c.c. of the silver solution are then added, the liquid being stirred, allowed
to cool and filtered : if the filtrate gives a precipitate with the silver reagent,
the wine is salted beyond the permissible limit.

2. Determindtion of the Chlorides.—350 c.c. of the wine, rendered
faintly alkaline with caustic soda solution,' are evaporated to dryness in
a platinum dish and the residue carefully incinerated as described on p.
1go. The ash is extracted with hot water acidified with nitric acid and the
chlorine determined in the solution obtained, which should be distinctly
acid :

(a) Volumetrically by Volhard’s method. A known volume of N/10-
silver nitrate solution, more than sufficient to precipitate the chlorine present,
is added and the excess measured, without filtration, by means of an equiva-
lent ammonium thiocyanate solution, ferric alum being used as indicator:
I c.c. N/1o-silver nitrate == 0003545 gram Cl = 0-00585 gram NaCl.

(b) Gravimetrically. The filtered nitric acid solution of the ash is pre-
cipitated with excess of silver nitrate in the usual way: AgCl -+ 2:453 =
NacCl.

16. Investigation of the Nitrates

The following methods may be employed :

1. WiTH DIPHENYLAMINE. With a solution of diphenylamine in sul-
phuric acid, nitric acid gives a blue coloration.

Reagent. o-1 gram of diphenylamine is dissolved in 100 c.c. of pure
concentrated sulphuric acid.

Procedure. 100 c.c. of the wine are treated in a porcelain basin with
a slight excess of slaked lime,? the liquid being evaporated to dryness and
the residue, detached as far as possible from the walls of the vessel, well
mixed with 30 c.c. of 959, alcohol. After 10 minutes the liquid is filtered
into a small porcelain dish and evaporated on a water-bath. The residue
is treated with 1 c.c. of distilled water and one-half of the liquid dropped
carefully on to the sulphuric acid solution of diphenylamine in a wide test.
tube. If an intense blue coloration is obtained, the residual liquid is diluted
with water and the test repeated; in this way an idea of the amount of
nitrate is obtained.

The reaction being very sensitive, it is necessary to make sure that none of
the reagents employed contain nitric acid.

2. By REpUcTION TO NITRITE. This is based on reduction of the nitrate
to nitrite by ferrous sulphate and sulphuric acid and on the colour reaction
of nitrous acid with starch paste and iodide.

Reagents. (a) A suspension of 1 gram of starch in 100 c.c. of water is
heated on a water-bath and stirred until lumps disappear, 4 grams of pure
zinc chloride being added and the heating on the boiling water-bath con-

! The N/4-alkali used for determining the acidity of wine may be employed with
advantage.

¢ Prepared by igniting carefully picked Carrara marble in a crucible and hydrating
with distilled water.
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tinued for half an hour. The liquid is then allowed to cool and 1 gram of
potassium iodide dissolved in it.

{b) Saturated ferrous sulphate solution, which before use is boiled with
iron wire and a few drops of pure sulphuric acid.

Procedure. 100 c.c. of the wine are evaporated in a flask to 10 c.c.,
allowed to cool and treated with 6 c.c. of the saturated ferrous sulphate
solution and 4 c.c. of concentrated sulphuric acid.! The flask is
connected with a vertical condenser about 50 cm. long and heated carefully
over a small flime so that excessive frothing of the mass is avoided. The
distillate is collected in two or three well-cleaned tubes, each containing
23 c¢.c. of the iodide-starch paste acidified with 2 drops of dilute sulphuric
acid ; the tubes are inclined so that the distillate flows down the walls.
In presence of nitrites, a blue ring forms at the zone of separation between
the starch and the distillate.

This method may be associated with the preceding one in the case of sweet
wines, which would froth considerably in presence of sulphuric acid. To this
end the alcoholic liquid obtained as in 1 is diluted with a little water, the alcohol
expelled and the liquid then distilled with ferrous sulphate and sulphuric acid,
as just described.

17. Determination of the Total Phosphoric Acid

Phosphorus is present in wines as phosphates of calcium, potassium,
magnesium, etc., and also in organic form, probably as acid glycerophosphate
of potassium and calcium. The addition of phosphate, which sometimes
replaces plastering, naturally increases the quantity of phosphorus present.

Phosphorus may be determined in either of the two following ways :

I. As MAGNEsSIUM PYROPHOSPHATE. The organic matter of the wine
is oxidised by means of nitric acid and the phosphorus then estimated as
magnesium pyrophosphate.

Reagents. (a) 150 grams of ammonium molybdate are dissolved in
a litre of cold water and the solution poured into a litre of nitric acid of
sp. gr. I-2.

(b) Magnesia mixture, prepared by dissolving 68 grams of magnesium
chloride and 165 grams of ammonium chloride in water, adding 260 c.c.
of ammonia of sp. gr. 0-g6 and making up to a litre with water.

Procedure. 200 c.c. of the wine are evaporated almost to a syrup in
a porcelain dish over a naked flame, the residue being taken up in nitric
acid (D 1:14) and the solution transferred to a half-litre flask so that the
volume of the liquid with the acid used for rinsing out amounts to 150200
c.c. The liquid is carefully evaporated to a small volume, 80-100 c.c. of
the same acid being then added and the solution heated almost to dryness.
If the liquid is brown, the addition of nitric acid is repeated ; it is then
allowed to cool and 8-10 c.c. of concentrated sulphuric acid added, after
which heat is applied. Immediately voluminous red vapours are developed
and the liquid becomes dark ; on cooling, a few drops of concentrated nitric
acid are introduced, the flask being slightly inclined.

! The sulphuric acid should be free from nitrous products, the acid prepared by
the contact process serving well.
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If the liquid turns brown when heated, more nitric acid is added, this
procedure being continued until the liquid remains white or only faintly
yellow and is perfectly clear. On cooling, 50 c.c. of distilled water are
added, then concentrated ammonia little by little until the reaction is almost
neutral, and finally 100 c.c. of the niolybdate solution; the whole is then
heated on a water-bath and subsequently left in a warm place for 6 hours,
after which the liquid is decanted on to a filter and the precipitate washed
by decantation and dissolved in concentrated ammonia. The ammoniacal
solution is filtered through the same filter into another beaker, the filter
being washed with dilute amimonia. The amméniacal solution is treated
with hydrochloric acid until a permanent precipitate just begins to form
and, after cooling, with 5 c.c. of ammonia; 10 c.c. of magnesia mixture
are then added, gradually and with stirring, care being taken not to touch
the sides of the beaker with the rod. Finally 40 c.c. of ammonia are added
and the liquid left for a day and then filtered, the precipitate being washed
with water containing ammonia (I part of ammonia solution of sp. gr.
0-96 and 3 parts of water), dried and ignited. The weight of magnesium
pyrophosphate from 200 c.c. of the wine, multiplied by 3:18775, gives the
amount of phosphoric anhydride per litre.

2. As AmmoniUM PHosPHOMOLYBDATE. The phosphoric acid is
separated from the nitric acid solution of the ash asammonium phospho-
molybdate.

Reagent. 40 grams of powdered ammonium molybdate are dissolved
in a mixture of 320 c.c. of water and 8o c.c. of 20%, ammonia (D 0-925)
and the solution poured into a cold mixture of 480 c.c. of 30% nitric acid
(D 1-18) and 170 c.c. of water. The reagent should be left at rest for some
days in the dark before use.

Procedure. 50 c.c. of the wine are evaporated in a platinum dish with
about I gram of a mixture of nitre (1 part) and sodium carbonate (3 parts).
The residue is charred, the carbonaceous matter washed with dilute nitric
acid, the acid liquid filtered into a beaker, the residue washed with water
and filter and residue thoroughly dried in an air-bath and incinerated in
the original dish. The ash is moistened with nitric acid and taken up in
boiling water, the solution being filtered into the beaker in which the first
acid filtrate was collected and the filter and dish washed several times
with hot water.

The acid liquid is evaporated to about 10 c.c. and, when its temperature
lias fallen to 50°, treated with 50 c.c. of the ammonium molybdate reagent
at 45-50°.

After some time, 7-8 grams of ammonium nitrate are added and the
liquid stirred to dissolve the salt and heated for about an hour at 45-50° C.

The ammonium phosphomolybdate thus obtained is collected in a tared
Gooch crucible charged with asbestos and washed with water acidified
with 19, of nitric acid (D 1:18) until a drop of the filtrate leaves no residue
when evaporated on a watch-glass ; the crucible is heated in an oven at
70-80° to constant weight: ammonium phosphomolybdate X 0-0378 =
phosphoric anhydride.
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18. Detection of Citric Acid

Dénigés’ reaction is used, the procedure being as follows :

Reagents. (a) Mercury sulphate solution obtained by dissolving 5 grams
of mercuric oxide in 100 c.c. of water and 20 c.c. of concentrated sulphuric
acid.

(b) 29% potassium permanganate solution.

Procedure. 10 c.c. of the wine are shaken with about 1 gram of lead
peroxide, 2 c.c. of the mercuric sulphate solution being then added and the
solution again shaken and filtered. To 5-6 c.c. of the filtrate, heated to
boiling, are added a drop of the permanganate solution and, after decolor-
isation, 9 other drops in the same manner. Normal wines give only
a slight turbidity, whilst those acidified with citric acid show an intense
turbidity or, when the amount of the acid exceeds about o-5 gram per litre,
a white, flocculent precipitate. It is well to make control tests with natural
wines and with others containing known amounts of citric acid.

19, Detection of Free Mineral Acids

The acid most commonly added to wines is sulphuric acid. The method
of testing is based on the difference in the way the electrical conductivity
varies in a natural wine and in a wine containing mineral acid when small
quantities of caustic alkali are added. With a natural wine the conduc-
tivity is increased by such addition, whilst one containing mineral acid
shows first a diminution of conductivity, which increases only when all
the free acid is neutralised. The following apparatus and reagents are
required ! :

Apparatus. (1) A Wheatstone bridge (Kohlrausch modification) repre-
sented diagrammatically in Fig. 53 and including :

{(a) A small induction coil I furnished with an interruptor which can
vibrate very rapidly and so produce a buzzing sound.

ooQ0O €

F16. 53

() A platinum wire about 02 mm. in diameter, uniformly calibratcd
and stretched along a scale 1 metre long, divided into millimetres and fitted
with a movable index C, which serves to make contact with the wire.

(¢) A resistance box R, exactly calibrated.

(d) A small telephone receiver T.

' G. Bosco and R. Belasio: Annal di Chim. applic., Vol V, p- 233.
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(2) A cell X, formed of a glass cylinder 3:5 ¢cm. in diameter, closed with
an ebonite 1id traversed by a thermometer reading to tenths of a degree
and by two glass tubes which are filled with mercury and to the ends of
which are fused two electrodes of platinised platinum E E,! these being
arranged either horizontally (Fig. 54) or vertically (Fig. 55) and about
I cm. apart.

(3) A thermostat consisting of a water-bath to maintain the liquid in
the cell at a constant temperature, since the different readings must be
made at the same temperature.

Reagent. N/10-potassium hydroxide solution.

Arrangement of the apparatus. This is shown diagrammatically in Fig.
53. The alternating current from the induction coil 7 flows to the contact
C and to the wire joining the rheostat R with one of the plates of the cell X,
there dividing into two currents, one flowing through the known resistance
R and the part a of the wire and the other, by means of two copper wires

li

E E

F16. 54 F1G. 55

dipping into the mercury tubes, through the cell X and then through the
part b of the stretched wire. To the two ends of the latter the tele-
phone receiver T is connected. Fig. 56 gives a general view of the
apparatus.

Procedure. Some of the wine is vigorously shaken to expel most of
the carbon dioxide present and, after standing, exactly 20 c.c. are made
up with water to 100 c.c. in a measuring flask. Of this diluted wine, 25 c.c.
are introduced into the cell, care being taken that no gas-bubbles remain
adherent to the electrodes. The cell is then placed in the thermostat and
introduced into the circuit. When the temperature of the electrolyte
has become constant, the induction coil is started and the resistance of
the rheostat regulated (with the cell described, about 150 ohms will be

! The electrodes are platinised by immersion in a 39 platinum chloride solution
containing 0-02-0-03!%, of lead acetate and passage of a continuous current of §-2-6:3,
amperes, the poles of the current being frequently inverted. Electrodes thus platinised
should be velvety-black.

AC. IL 14
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required) so that the telephone receiver gives the minimal sound when the
movable mndex is at about the middle of the scale ; the exact point on the
seale is read off

The plates are then removed from the cell and the latter, carefully taken
from the thermostat : 0'I ¢ ¢. of N/10-caustic potash solution is then added
from a graduated pipette, the end of which touches the wall of the cell as
near as possible to the surface of the liqmd. The latter is mixed—care
being taken that no bubbles remain adhering to the electrodes—and the
cell again placed in the thermostat and a second reading taken at the same
temperature as the first. Successive readings are made in the same way
after addition of successive tenths of a cc. of the N/1o-alkali.

In this way are obtained a number of values of 2 (mm.), 1e., the dis-
tances from the zero of the scale to the position of the movable contact
giving the minimal sound in the telephone receiver.

Fic. 56

To follow the variation of the conductivity as alkali is added, the values
of a:b are calculated, b having the value (1000—a). The values of this
ratio are given in Table XXIII,

If a:b increases continuously, the wine contains no free acid, but if
it first diminishes and only increases after a certain amount of alkali has
been added, the presence of free mineral acid may be concluded. It is
convenient to represent graphically the relation between the values of @ : b
and of the amounts of alkali added.

EXAMPLES: (1) 25 c.c. of a red wine, diluted 1 to 5, gave an initial value
of a, 490 mm., after successive additions of o1 c.c. of N/10-KOH, the values
of a were 495, 500, 505, 510, 516, 521 and 527 mm. Thus a.b continually
increases and the wine does nof contain free mineral acid.

{2) Similarly, another red wine, diluted 1:35, gave readings of 556, 554,
553, 552, 551, 552, 554, 556 and 559 mm, As these first fall and then rise,
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20. Detection and Determination of Antiseptics

The wanbiseptics most connnonly nad for the paearvation of wine ate
atdplin dioxide, sahoybie sod, o acd, Buonides, abetol, foraikdehyde
upl wmotiopme  bhey are detected and dotermpned as follows

1, Sulphur Dioxide, [los o detentined by omvertiaygg it nto sl
phuric aeil by means of aqueats asdie sodntion and estunating either the
wmount of jodine wved up m the oxidation or tee slplsee acul formed,
It should be borne i intnd that sulphur dioxide oxidises with great ease
n contact with the ur, o that it shoudd be determmed as soon as the bottle
8 opraed and without dltenng the wine,

(@) Torar se1em g PHoxipe

Reagents. {1} N/to wedine solution contamng 6:33 grams of lodine
per htre, o § grams of potassam todide per litre being added to dissolve
the iodine,

{(2) Seslium thusulphate solution containing 12-40 grams of the crystal:
ised salt (Na,5,0, 4+ sH,0) per litre,

(3) Starch paste (ser Vol. 1, p. 379).

To determine the titre of the sodium thiosulphate with respect to the
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iodine, 20 c.c. of a solution containing 3-874 grams of pure potassium.dichro-
mate per litre are shaken with 10 c.c. of 109 potassium iodide solution and
5 c.c. of hydrochloric acid (D 1-1) and then diluted with about 100 c.c. of
water, the iodine liberated being titrated with the thiosulphate solution in
presence of starch paste ; the 20 c.c. of dichromate solution set free exactly
02 gram of iodine.

Procedure. A stout-necked, round-bottomed flask of about 300 c.c.
capacity is closed by a rubber stopper through which pass (1) a tapped funnel,
(2) a glass tube drawn out to a point and reaching almost to the bottom of
the flask and (3) a glass tube connected with a vertical spiral condenser.
The end of the condenser is tightly connected with either a bulbed tube of
about 75 c.c. capacity or other absorption apparatus.

The air is completely expelled from the apparatus by means of a current
of carbon dioxide passed through the drawn-out tube and 50 c.c. of the
standard iodine solution introduced into the absorption tube. Through
the tapped funnel 100 c.c. of the wine and 2 c.c. of concentrated hydrochloric
acid are poured into the flask, which is then carefully heated until half the
wine has distilled over, the current of carbon dioxide being maintained
meanwhile. The iodine solution, which should still be brown, and the
rinsings of the absorption tube are titrated in a beaker with the thiosulphate
solution in presence of starch paste. The number of c.c. of iodine solution
reduced, multiplied by 0-016, gives the total sulphurous acid per litre of
the wine.

If loss of iodine is feared owing to an excessive current of carbon dioxide,
the liquid from the absorption tube is boiled for a quarter of an hour under
a reflux condenser and the sulphuric acid then precipitated and determined
as barium sulphate : BaSO, X 2744 = SO, per litre of the wine,

(b) ComBINED SULPHUR DIoxXIDE.! This is determined by means of
iodine solution after the free sulphur dioxide has been transformed directly
in the wine into sulphuric acid.

Reagents. (1) Solution containing 2:5 grams of iodine and 3+5 grams
of potassium iodide per litre.

{2) Sodium arsenite solution prepared by heating 1 gram of arsenious
acid and 3 grams of pure sodium carbonate with 600-700 c.c. of water and
making up the cold liquid to a litre. Solutions (1) and (2) should exactly
correspond.

(3) N/20-iodine solution, N /20-sodium thiosulphate solution, and starch
paste prepared as in (a).

Procedure. The volume of iodine solution (1) required to oxidise the free sul-
phurousacidin 1o c.c. of the wine is first approximately determined, starch
paste being used as indicator; if the wineis red and highly coloured, it should
be suitably diluted. In a flask arranged as for the preceding determination
(a), 100 c.c. of the wine, 2 c.c. of concentrated hydrochloric acid and the
necessary amount of the iodine solution are placed. After some minutes
sodium arsenite solution is added in amount corresponding with the iodine
solution used and hence capable of destroying the whole of the iodine added.

! ;\diathieu and Billon, sez U. Gayon and J. Laborde; Vins (Paris and Liége, 1912),
P. 148.
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The combined sulphurous acid, which has not been attacked by the iodine
is next determined as in (a), either by titrating the residual iodine in the
absorption tube or by estimating the sulphuric acid formed.

() FREE SurLpHUROUS AciD. This is represented by the difference
between the total and combined sulphurous acid. It may be checked by
determining the sulphates in the residues after the total and combined
sulphurous acids have been distilled; the difference between these two
gives the sulphate corresponding with the free sulphurous acid: BaSO, x
2+744 = SO, per litre.

2. Salicylic Acid.—Use is made of the violet coloration with ferric
chloride, the procedure being as follows :

50 c.c. of the wine, acidified with a few drops of dilute hydrochloric acid,
and 50 c.c. of a mixture of ether and petroleum ether (equal volumes) are
mixed in a separating funnel by inverting the latter repeatedly, care being
taken not to emulsify the liquid. When the ethereal liquid has completely
separated, it is filtered through a dry filter and left to evaporate spontan-
eously. The dry residue is dissolved in a few c.c. of water and the solution
treated drop by drop with a neutral ferric chloride solution so dilute as
to be scarcely coloured (dilute ferric alum solution may also be used). A
distinct violet coloration indicates the presence of salicylic acid.

If the addition of the ferric salt produces a brownish coloration owing
to the presence of tannin in the solution and so masks any coloration due
to salicylic acid, it is necessary to repeat the extraction on the residue
obtained, after acidifying it with a few drops of dilute hydrochloric acid,

Carbon disulphide may also be used as solvent.

Some natural wines contain substances which may give a feeble violet colora-
tion, so that only when a distinct positive reaction is obtained with the above
procedure can the presence of salicylic acid be affirmed.

3, Boric Acid.—Use is made of the orange-red coloration given by tur-
meric in presence of a solution of a borate acidified with hydrochloric acid.

(a) DETECTION. 50 c.c. of the wine are evaporated in a platinum dish
and incinerated in presence of sodium carbonate, the ash being taken up
in 5 c.c. of hydrochloric"acid diluted to 109,. Into the solution is dipped
a strip of curcumin paper,* which is dried on a clock-glass over a water-
bath. If the paper assumes an orange-red coloration, changed to blackish-
blue by a drop of a 29, solution of anhydrous sodium carbonate, boric
acid is present.

This test is sensitive only in presence of at least a milligram of boric acid
in the hydrochloric acid solution. Consequently, a positive result indicates
certain addition of boric acid to the wine, since the test is not sufficiently sensitive
to detect the traces of boric acid (np to 0-002 gram per litre) which may be
found in certain natural wines from volcanic regions.

() QUANTITATIVE DETERMINATION. The coloration given by the
hydrochloric acid solution of the ash in presence of turmeric is compared
with those obtained with solutions containing known quantities of boric
acid.

1 For the preparation of this paper see this volume, p. 8.
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100 c.c. of the wine, rendered faintly alkaline by means of a 109, solution
of pure sodium carbonate solution, are evaporated on a water-bath and the
residue calcined until the ash is quite free from carbon. The ash is treated
with 5 c.c. of hydrochloric acid diluted to 109, and the solution poured
into a test-tube, while the dish is washed with 15 c.c. of 959, alcohol and
this also introduced into the test-tube, 15 c.c. of hydrochloric acid (D 1-19)
being then added. After cooling, the liquid is treated with 02 c.c. of a
0:1% alcoholic solution of pure curcumin,! mixed and left in the dark for
half an hour. In presence of a larger or smaller proportion of boric acid,
the liquid assumes a coloration varying from an intense red to a pale pink,
whilst in absence of boric acid it remains yellow.

If the test gives a positive result, a 19, boric acid solution is prepared
and with varying quantities of this a series of tests are made with the same
amounts of acid, alcohol and curcumin as are used in the case of the wine.
By comparison of the colours, the amount of boric acid in the wine may
be judged.

When the ash, on treatment with hydrochloric acid, is seen to contain a con-
siderable proportum of iron, the latter should be eliminated in order that exact
results may be obtained. The ash, acidified with hydrochloric acid, is rendered
alkaline with sodium hydroxide solution to precipitate the iron, the mixture
being hecated and filtered and the residue washed with boiling water until the
filtrate is no longer alkaline ; the filtrate is evaporated to dryness and the dry
residue tested as clescribed above.

4. Fluorides.—Fluorides are detected by liberating the hydrofluoric
acid and characterising the latter by its corrosive action on glass, the method
of Blarcz and Vandam * being used :

100 ¢.c. of the wine are mixed in the cold with a few drops of 209, sodium
sulphate solution and 10 c.c. of 109 barium acetate solution and left to
scttle for 12 hours, by which time a clear liquid usually separates over a
voluminous precipitate ; the greater part of the clear liquid is then decanted
off. If, however, the decanted liquid is still turbid, it is boiled and filtered
hot. In either casc the precipitate remaining on the bottom of the vessel
is collected on the filter previously used, washed with a little distilled water,
dried in an oven at 100-110° and incinerated with the filter in a platinum
crucible.

The ash is then treated with 1 or 2 drops of water and a few drops of
concentrated sulphuric acid. A rubber ring is at once fixed round the edge
of the crucible and on this is placed a thin sheet of glass coated on the
lower side with carnauba wax or high melting point paraffin wax, portions
of which have been scratched off with a wooden point. The rubber ring
ensures perfect contact with the glass strip and prevents loss of the hydro-
fluoric acid vapour. The crucible is then placed on an asbestos card, which
is gently heated with a small flame for about half an hour. Fusion of the
wax is prevented by placing filter-paper soaked in water on the glass and
a small tlin-walled beaker of ice and water on the filter-paper.

1 See footnote, p. 8.

2 Ann. de chim. analyt., 1905, p. 73; 1907, P. 466 ; Ann. des Falsifications, 1909,
2, p. 160,
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When the heating is over, the glass is removed, heated and cleaned
with a cloth soaked in petroleum ether. If the wine contains fluoride, the
glass will show persistent etching, visible to the naked eye. No atter;tion
is paid to images which appear when the glass is breathed on but disappear
when the glass dries.

5. Abrastol (calcium g-naphtholsulphonate).—This is decomposed by
prolonged boiling with hydrochloric acid into calcium sulphate, sulphuric
acid and f-naphthol, the last being then identified.

200 c.c. of the wine are boiled for an hour in a reflux apparatus, or heated
for 3 hours on a water-bath, with 8 c.c. of hydrochloric acid. When cold
the liquid is shaken with 50 c.c. of petroleum ether and the ethereal layex:
filtered and evaporated on a water-bath at as low a temperature as possible.
The residue is dissolved in 10 c.c. of chloroform and the solution boiled for
2 minutes in a test-tube with a piece of caustic potash and a few drops of
alcohol. Any abrastol present is thus converted into S-naphthol which,
with the potash, gives a deep blue coloration rapidly changing to brown
and then to yellow.

If the wine contains only a small quantity of abrastol, the chloroform
turns greenish and the lump of potash blue.

6. Formaldehyde.—This is tested for in the first portions of the dis-
tillate of 100 c.c. of the wine by means of the reactions characteristic of
formaldehyde (see Beer, p. 170).

Wines may contain formaldehyde derived from urotropine (hexamethy-
lenetetramine) used to desulphite them. In this case 50 c.c. of the wine
are acidified with 10 drops of sulphuric acid and distilled slowly. The first
10 c.c. of distillate are discarded and the next 20 c.c. divided into two
portions and tested for formaldehyde.

21. Artificial Sweetening Agents

These are usually saccharin (and the saccharinates) and dulcin or sucrol.

1. Saccharin.--This is detected and determined as follows :

In a porcelain dish 250 c.c. of the wine are evaporated on the water-
bath to about one-half the volume to expel the alcohol, and the residue and
the water used for rinsing out the dish returned to the measuring flask.
The hot liquid is acidified with 3 c.c. of concentrated acetic acid and then
cooled and treated with 20 c.c. of a 209, solution of normal lead acetate.?

After about half an hour, the excess of lead is eliminated by addition
of 40 c.c. of a solution containing 109, of sodium phosphate and 109, of
sodium sulphate, and the volume made up to 250 c.c. by means of distilled
water. The liquid is mixed, left until the precipitate settles and filtered
through a dry filter, exactly 200 c.c. of filtrate being collected.

This liquid is evaporated on a water-bath to about 6070 c.c. and trans-
ferred to a separating funnel, where it is acidified with 10 c.c. of dilute
phosphoric acid (1 :3) and shaken vigorously with about 100 c.c. of a
mixture in equal volumes of ether and benzene. When the two layers
have separated well, the lower aqueous liquid is run off into a flask. By

1 A. Bianchi e E. Di Nola : Boll. ckim. farmaceutico, XL VII, p. 559.
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gentle rotation and shaking of the funnel, the aqueous acid drops adhering
to the walls are caused to collect at the bottom and are then added to the
acid liquid in the flask. The ether-benzene mixture is then poured into
another separating funnel, and the extraction of the aqueous liquid repeated
once or twice in the same way. The united ethereal liquids are washed
by energetic shaking with a few c.c. of water and, after removal of the latter,
are filtered through a double dry filter into a beaker.

The bulk of the filtrate is distilled off and the remaining liquid evaporated
to dryness in a porcelain dish on a water-bath, together with a few c.c. ot
the distillate with which the distilling flask is rinsed. The residue is dis-
solved in the hot in about 50 c.c. of distilled water and while the dish is
kept on a water-bath and the liquid stirred with a rod, an approximately
normal solution of permanganate is added drop by drop. The addition of
permanganate, which is for the purpose of destroying any substances
extracted along with the saccharin, is discontinued when the liquid remains
pink for some minutes.

The liquid thus obtained is filtered into a separating funnel, acidified
with dilute phosphoric acid and shaken vigorously with an equal volume
of ether. The procedure described above is followed, the extraction being
repeated two or three times and the united ethereal liquids washed by
shaking with 3-4 c.c. of water. After removal of the water most of the
ether is distilled off and the remainder of the liquid and a few c.c. of the
distillate used to rinse out the flask transferred to a tared glass dish and
evaporated to dryness at a gentle heat, and the residue weighed.

If this residue does not taste sweet, the wine does not contain saccharin,
but if it has a persistent sweet taste, the presence of an artificial sweetening
agent is certain. Saccharin is identified as follows:

(@) By the melting point. 1If there is sufficient of the residue, its m.pt.
is determined (m.pt. of saccharin, 224°)—after recrystallisation if it is not
perfectly colourless and crystalline.

(b) By conversion into salicylic acid. For this purpose a little of the
sweet residue is dissolved in a few c.c. of alcohol and to the solution in a
test-tube is added a small piece of caustic soda. The liquid is then heated
in a paraffin wax bath, slowly at first to expel the alcohol and afterwards
rapidly to about 260°, this temperature being maintained for some minutes.
When cold the residue is dissolved in a little water and the solution placed
in a small separating funnel, acidified slightly but distinctly with dilute
sulphuric acid and the salicylic acid formed extracted by shaking the liquid
with an equal volume of ether. The ethereal solution is carefully evaporated
and the residue treated with a fresh, very dilute solution of ferric chloride.
If the wine contains saccharin, the characteristic violet coloration will be
given by the salicylic acid formed by the action of the alkali on the sac-
charin.

(¢) By testing for sulphur. The sulphur contained in the saccharin
(orthobenzoicsulphinide) is converted into sulphuric acid by fusion with
pure potassium nitrate and sodium carbonate in the following manner :

The remainder of the sweet residue is treated with a few c.c. of a dilute
sodium carbonate solution and the liquid filtered into a platinum dish and
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evaporated to dryness. The residue is mixed with 4-5 times its weight
of powdered sodium carbonate and the mixture gradually added to fused
nitre.

When cold, the product of the reaction is taken up in water and the

solution acidified with hydrochloric acid and treated with barium chloride
for the detection of sulphuric acid.

The methpd given above is, of course, applicable to the detection of either
saccharin or its compounds, of which the most commonly used are the sodium,
ammonium and magnesium derivatives.

2. Dulcin.—When the residue from the extraction with the ether-
benzene mixture is sweet, whilst the presence of saccharin is excluded by
the reactions indicated above, tests are made for other artificial sweetening
materials, among them dulcin,

For this purpose, another portion of the wine (250-500 c.c.) is treated
by the method used for the extraction of saccharin. In the residue from
the evaporation of the ether-benzene mixture, dulcin is identified as follows :

(a) Part of the residue is heated carefully for a short time with 2 drops
of phenol and 2 of concentrated sulphuric acid. The reddish-brown syrup
is diluted with a few c.c. of water, and on to the solution in a test-tube are
poured a few drops of ammonia or sodium hydroxide solution. If the
residue contains dulcin, the zone of contact between the two liquids exhibits
a blue or violet-blue coloration according as ammonia or soda is used.

(b) Another part of the residue is suspended in 5 c.c. of water, treated
with 2—4 drops of mercuric nitrate solution ! and boiled for 5-10 minutes.
In presence of dulcin the liquid becomes violet, the distinctness of the colora-
tion being enhanced by addition of lead peroxide.

22. Detection and Determination of Extraneous Metals

Wine may contain metals either due to practices which are not per:
missible (aluminium—owing to the presence of alum—barium, strontium)
or derived from the vessels in which the wine has been kept or from mixtures
used to combat diseases of the vines (copper, lead, zinc).

They are detected by analysis of the ash, especially in the following
manner :

1. Alum.—Alum is usually added to wines to restore the colour, to
clarify them, to impart a more astringent taste and often to mask watering.
It is determined by precipitating the aluminium as hydroxide and weighing
as oxide.?

500 c.c. of the wine are evaporated to dryness and the residue charred,
the carbonaceous mass being powdered and boiled with dilute hydrochloric
acid for a few minutes. The liquid is filtered into a platinum or porcelain

1 From 1 to 2 grams of freshly precipitated yellow mercuric oxide are dissolved in
nitric acid and the liquid treated with caustic soda solution until a small quantity of
precipitate is formed, diluted with water to 15 c.c. and decanted.

% In examining 2 wine in which alum is suspected, it is important to analyse any

sediment, since a large part of the alum is gradually deposited in this in the form of
insoluble aluminium phosphate.
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dish, the residue washed with hot water acidified with hydrochloric acid,
and the filtrate heated to boiling and treated with excess of pure sodium
hydroxide.

In this way, the iron hydroxide and the phosphates of the alkaline
earths remain undissolved, whilst the alumina passes into solution. After
standing for some time on a water-bath, the liquid is filtered into a platinum
or porcelain dish and the residue washed with hot water. The filtrate is
boiled for 2-3 minutes with excess of ammonium chloride, the aluminium
being thus precipitated as hydroxide, which is collected in a filter supported
by means of a small platinum cone in the funnel and washed with hot
water containing a little ammonijum chloride and ammonia, slight suction
being applied at the end of the washing.

The precipitate is dissolved in a httle hot dilute hydrochloric acid and
the aluminium hydroxide reprecipitated with ammonium chloride and
ammonia. The precipitate is allowed to settle, washed by decantation and
then on the filter with slightly ammoniacal hot water. The weight of
oxide obtained after igniting in a platinum crucible in a blowpipe flame
is multiplied by two and the result diminished by the quantity normally
present in wine (0-0I-0-04 gram Al,O, per litre). The remainder is calculated
as alum.

2. Lead, Copper, Zinc.—500 or Io00 c.c. are evaporated to small
volume, treated with excess of hydrochloric acid and then, while heated
on a water-bath, wtili small quantities of potassium chlorate until the
liquid is as nearly colourless as possible. This liquid, which containg any
of the above metals present, is diluted with water, heated, and subjected
to the action of a current of hydrogen sulphide. Any precipitate, which
will contain lead and copper sulphides, is collected on a small filter, while
the filtrate is tested for zinc according to (c). The precipitate, washed
with hydrogen sulphide solution and dried, is ignited with the filter in a
porcelain dish. The residue is taken up in a little nitric acid (D 1-2), gently
heated, diluted with a little water and filtered into a porcelain dish, the
filtrate being used for the detection of lead as in (&) and for that of copper,
as in (b).

(@) Detection of lead. The filtrate is evaporated with 1-2 c.c. of dilute
sulphuric acid until white fumes develop, a precipitate of lead sulphate
being formed if lead is present. Confirmation is obtained by collecting
the precipitate, dissolving it in a few c.c. of a hot, concentrated ammonium
tartrate solution and testing with potassium chromate.

(b) Detection of copper. The filtrate from the lead sulphate is made
alkaline with ammonia, a more or less intense blue coloration being obtained
in presence of copper. As a confirmatory test, part of this liquid is acidified
with acetic acid and the copper precipitated with a drop of potassium
ferrocyanide solution.

(c) Detection of zinc. The filtrate from the lead and copper sulphides
is boiled to eliminate the hydrogen sulphide and 1 or 2 drops of nitric acid
added to oxidise the traces of iron present. The liquid is then rendered
alkaline with ammonia to separate the phosphates and filtered, the filtrate
being acidified with acetic acid and part of it treated with hydrogen sulphide,
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which will give a white precipitate in presence of zinc, while another part
is tested with a drop of potassium ferrocyanide.

3. Barium and Strontium.—The ash from 100 c.c. of wine, prepared
in the usual way, is taken up in dilute hydrochloric acid and the filtered
solution evaporated to dryness, the residue being examined spectroscopically
for barium and strontium. If these are present, they are determined by
the ordinary methods.

23. Microscopic Examination

Examination is made of a drop of the deposit obtained when the wine
is either allowed to stand or centrifuged or, with very turbid wine, a drop
of the latter itself may be examined. A magnification of 500 diameters
is first used, but detection of the smallest bacteria requires about 1000
diameters.

The organisms may be fixed and stained as follows : A drop of the wine
or deposit is evaporated on a microscope slide placed on an asbestos sheet
heated at 60°, the dry residue being passed rapidly through a bunsen flame
so as not to cause browning. The slide is cooled and immersed for 5 minutes
in aqueous fuchsine solution or, better, in gentian violet prepared by mixing
10 c.c. of a saturated solution of the violet in 95%, alcohol with 100 c.c.
of water and adding 1 gram of phenol.  The preparation is carefully washed
with water, which removes the excess of the stain but leaves the coloured
micro-organisms adhering to the slide,

Of the different organisms causing alterations and diseases in wine,
only those associated with ¢ fleurs de vin *’ and acetous fermentation can
be identified with certainty.

I'leurs de vin is due to Mycoderma vini, which is elliptical in form and
exhibits two or three distinct vacuoles.

Acetous fermentation (souring) is caused by Mycoderma aceti, which
consists of oval cells with a marked constriction in the middle, resemblance
to the figure 8 being thus produced. The cells are considerably smaller
(about 10 times) than those of M. vini. In some cases several individuals
are joined in a chain.

As regards other organisms which are the cause of serious alterations
in wines, uncertainty still exists as to their identity. The most recent
investigations indicate that they are capable of different functions and
thus yield different products, one or another disease being caused according
to the conditions under which they exist.

T'ourné or poussé wines exhibit principally rod- or thread-like micro-
organisms, which appear rigid and are sometimes joined at the ends and
sometimes angular; bitter wines show thin, stiff bacilli, 5-6x long, some-
times united and encrusted with the colouring matter of the wine.

*
* ok

The most important conclusions to be drawn from the analysis of a wine
are those giving indications as to its genuineness, and the certdinty and ease
with which they attain this end vary in the three following cases.

(@) 4 sample of the genuine wine is available for comparison. In this case
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it is sufficient to determine in the two wines those components which are of
special interest in relation to the scope of the analysis. If any differences occur,
the way in which the wine has been treated will be evident. Thus, if a wine
exhibits general and proportional deficiencies of its constituents, mere watering
is proved, and the extent of this may be calculated. If, however, as frequently
happens, besides watering, addition of tartaric acid has occurred, the alcoholic
strength will be lowered, but the acidity will not be lowered in the same propor-
tion, and so on.

(b) No genuine sampleis available, but in formation as to the ovigin and quality
of the wine. In this case the analytical data obtained are considered, both as
regards any regular relations between the various components and in comparison
with those of genuine wines of the same type from the same or a neighbouring
district and if possible of the same seasorn.. The analyst should, therefore, have
at his disposal as complete as possible a list of analyses of genuine wines from
different regions, with data referring at least to the principal constituents, viz.,
the alcohol, acidity, extract, ash and sugars.

(¢) Nothing is hknown as to the ovigin of the wine. In this case judgment
presents the greatest difficulty, being necessarily based on the analytical data.
The latter must be considered to ascertain if they are normal with respect to
those usually accepted and if the relations between them correspond with what
have been established for genuine wines.

Im eveyy case the geneval cvitevia and dala to be borne in mind in the evaluation
of the data obtained on analysis of a wine are as follows :

Physical characlers, After standing, a sound, genuine wine should be per-
fectly clear and of a clean, brilliant colour; it should have a characteristic
vinous odour, unmixed with other odours denoting disease or defects in the
wine.

Alcohol. The proportion of alcohol varies from a minimum of 6—79% by
volume to 16-17%.

Addition of alcohol (fortification) may be proved either by comparison with
the alcohol content of genuine wines of the same origin and type or, if such
data are lacking, by means of the glycerine.alcohol ratio. A less proportion
of glycerine than 7 per 100 of alcohol may be taken as an indication of forti.
fication.

Extract. This varies from about 15 to about 45 grams per litre. The lowest
values are found especially with white wines, while red wines, especially * vins
de coupage,” have usually somewhat higher extracts. The extract is sometimes
increased by addition to the wine of dextrin and glycerine.

Ask. In ordinary wines the weights of ash and extract are approximately
in thé ratio 1:10. A greater proportion of ash may be due to some treatment
of the wine, such as plastering, addition of alkaline salts to correct acidity, salt,
phosphate, alum, or impure mineral substances (kaolin, Spanish clay) used as
clarifying agents.

Total alkalinity of the ask. This alkalinity, expressed in c.c. of N-alkali
per litre is, on the average, ten times the number of grams of ash per litre. A
low value of the alkalinity of the ash may indicate some treatment of the wine
such as plastering or addition of phosphate of free mineral acid, resulting in
decomposition or precipitation especially of the potassium bitartrate, on which
the alkalinity of the ash largely depends.

Total acidity. This acidity, expressed as tartaric acid, varies from 4-5 to
15—-16 grams per litre. Wines rich in alcohol are relatively less acid than those
of low alcohol content, owing to precipitation of the potassium bitartrate by
the alcohol. Further, the total acidity of a wine diminishes as the wine ages,
in consequence of precipitation of this salt and also of the tamnin and likewise
of decomposition of the malic acid into lactic acid of one-half the equivalent
acidity. On the other hand, the total acidity may be increased indirectly as
a result of certain diseases of the wine which increase the volatile acidity.
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When necessary, the acidity of a wine is augmented by addition of tartaric
or citric acid, and mineral acids, especially sulphuric acid, are sometimes used.

Volatile acidity. In ordinary red wines this acidity is, on the average, 04—
0:8 gram per litre, expressed as acetic acid, and in white wines is somewhat
less. Insomewines, richin alcohol and extract, such as’s vins de conpage,” it may
surpass the above limits without producing an acetous character. In any case,
however, if the volatile acidity exceeds 2 grams per litre, the wine is unsuitable
for consumption. )

Sugars. These vary in amount with the quality and type of the wine.
Sweet wines may contain marked quantities—even more than 1 5% —especially
if derived from must from withered grapes. In ordinary dry wines, the sugars
vary from 5 to 20 grams per litre, a small portion being pentoses and conse-
quently unfermentable. Wines do not naturally contain saccharose, which is,
however, sometimes added, more particularly to must poor in sugars.

Glycerine. This is a normal product of the alcoholic fermentation of grape
must, 7-14 grams per 1oo grams of alcohol being regarded as the limiting amounts
thus produced.

Glycerine may be added to wine either to mask fortification by restoring
the alcohol-glycerine ratio to its normal value or to disguise watering by increas-
ing the proportion of extractive matters. Glycerine is also added to wine which
is too harsh or astringent. When of considerable extent, such addition is
detected by means of the glycerine-alcohol ratio, which should not exceed
14 : 100.

Colouring maiters. The colour of wine is due to a group of colouring matters
known as cenocyanins and it constitutes, especially as regards its tone and
brilliancy, one of the most valued qualities of wines, particularly of those to
be used for correcting poorer wines. In this case special importance
attaches to the froth, which should be a brilliant garnet-red. As a result of
the action of atmospheric oxygen or of special processes of decomposition, the
colouring matter of wine undergoes transformation into insoluble products, so
that, with age, wine tends to become decolorised.

In close relation to the colouring matters are the tannins, the amount of
which may be as high as 4—5 grams per litre. Tannin also tends to disappear
with lapse of time, partly by precipitation and partly by decomposition. Tannin
is sometimes added to wine, on which it exerts a preservative action, mainly in
virtue of its property of coagulating albumin.

Sulphates. The amount of sulphate in wine, expressed as potassium sul.
phate, varies from o'z to 06 gram per litre. This quantity may, however, be
considerably increased as a result of plastering or addition of calcium sulphate
during the fermentation of the must.

This treatment is permitted [in Italy] provided that the wine, when ready
for consumption, contains not more than 2 grams of sulphate, calculated as
potassium sulphate, per litre; with choice wines containing not less than 15%
of alcohol by volume, greater plastering is allowed.

Plastered wines show increased ash, while the alkalinity of the latter is
diminished. These wines are sometimes subjected to de-plastering, that is
elimination of part of the sulphate, by barium or strontium salts, but this treat-
ment is not permissible and these elements should not be found in genuine wines.

Phosphoric acid. The amount of this acid naturally present in wines is
0°2~0+6 gram (P,0;) per litre. Addition of dicalcium phosphate is sometimes
made to wine and in this case the proportion of P,0; may be increased to 1:5
gram per litre, the ash also being considerably augmented.

Chlorides. These are present in wine in only small proportions—about
0:02-0°03 grams per litre, calculated as sodium chloride. With the object of
increasing the savour of wine and of reviving the colour, as well as of disguising
watering and raising the amount of ash, common salt is sometimes added.
This is allowed to the extent of 1 gram of sodium chloride per litre.
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It must, however, be noted that certain wines from salt regions or maritime
districts may contain considerable quantities of sodium chloride. In these
cases, the analytical results are compared with the composition of genuine
wines from the same locality, After sea transport, wines sometimes contain
sodium chloride as a result of infiltration of sea water throngh the walls of the
containing vessels.

Nitrates. These are not usually present in wine, although they may occur
in small quantities even in genuine wines. The existence of nitrates in a wine
cannot, thercfore, be attributed with certainty to addition of water containing
nitrates, and thus has no absolute value as a criterion of watering. A marked
reaction for nitrates may, however, be of value as indicating watering.—which
should be confirmed by other determinations-—or may point to addition of
nitric acid.

Antiseptics. In general, it is forbidden to treat wine with any antiseptic,
excepting sulphurous acid in limited proportions.

Extraneous wmetals. Natural wines contain only minimal quantities of
alumina—o-01-0-04 gram per litre——but the amount may be increased to as
much as 0-2-0+3 gram per litre by treatment of the wine with substances contain-
ing alum,

Natural wines do not contain copper, lead, zinc, barium or strontium.

VINEGAR

Vinegar is prepared from a number of different materials and goes
under the names of wine vinegar, malt vinegar, cider vinegar, glucose (or
sugar) vinegar, spirit vinegar (from potato or cereal spirit), artificial vinegar
(diluted, more or less pure acetic acid), etc., although these descriptions
are not always justified by the origin of the product.

The better vinegars are adulterated in a number of ways, artificial
vinegar, mineral acid, etc., being added. Coloration with caramel or
artificial organic dyes is not uncommon, while treatment with flavouring
agents, such as pepper, cayenne and ginger is also practised.

The following tests or a selection of them may be made:

1. External Properties.—The colour, clarity and odour are first noted.
A turbid vinegar should be examined, if necessary with a lens or microscope,
to ascertain if the turbidity is due to organisms (vincgar eels, etc.). The
odour and taste are best observed by diluting the vinegar somewhat with
tepid water, and should also be tested after the vinegar has been ncutralised
as exactly as possible with soda ; the latter test serves to indicate prin-
cipally the presence of alcohol, aldehydes, or empyreumatic substances
derived from pyroligneous acid. Lastly, the vinegar is diluted with water
to ascertain if any turbidity is produced in this way.

2. Specific Gravity.—This is determined at 15° by means of the
Westphal balance (see chapter on Spirits).

3. Extract.—s50 c.c. of the vinegar are evaporated to a syrupy con-
sistency in a platinum dish on a water-bath, the residue being taken up
in 50 c.c. of water and again evaporated to a syrup. This addition of water
and evaporation are again repeated twice with the object of expelling the
acetic acid completely. The residue is then dried in a steam-oven for 2%
hours, allowed to cool in a desiccator and weighed.

The colour, odour and solubility in water and alcohol of the extract
pbtained are noted,
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4. Ash and Alkalinity of the Ash.—The methods given for wine are
followed

5. Acidity.—In general only the total acidity 1s determuned 1m some
cases, however (for instance, when the vinegar contains other free acids
than acetic), the fixed and volatile acidities are determined

(2) ToTaL ACIDITY 10-20 cc of the vinegar, measured exactly, are
diluted with about an equal volume of water and titrated with N-sodium
hydroxide 1n presence of a few drops of phenolphthalein If the hqud
15 too highly coloured to allow the change of colour to be seen, either a
greater amount of water is added or a drop of the hqud 1s withdrawn and
tested with the indicator (se¢ Wine, p 191)

The acidity 15 expressed n grams of acetic acid per 100 cc (1 cc
N-NaOH = 0 06 gram of acetic acid) or as percentage of acetic acd by
weight

Use 1s also made of special forms of apparatus, known as acefumeters, which
admit of rapid and easy 1if not very exact, determmation of the total aaidity
of vinegar

(b) FixFp AciDITY This 15 ¢stimated on the residue from the dis-
tillation of the vinegar under reduced pressure,! ths bemg
carried out as follows

Use 1s made of a flask 4 of about 150 ¢ ¢ capaaty,
furmshed with a short side-tube and a bulb B holding about
50 cc, and closed by a rubber stopper traversed by a
tapped funnel C (about 20 cc ), the stem of which reaches
almost to the bottom of the flask (Fig 57)

The flask 4 15 immersed 1n a boiling water-bath and
connected with a receiver, which 1s then evacuated by
means of a water-pump Exactly 5 c¢c of the vinegar
are next mtroduced into the funnel, allowed to flow into
the flask, and there distilled until the volume is reduced to
2-3 ¢ ¢ , without interruption of the operation, 20 cc of
distilled water are then mtroduced and the volume agan
reduced to 2-3 ¢ ¢, two stmilar additions of distilled water
being subsequently made When the volume n the flask
15 finally reduced to about 5 ¢ ¢, the operation 1s stopped
and the hqud transferred quantitatively mmto a comcal
flask, the fixed acidity being then deterruned by titration
with N/10-sodium hydroxide either i presence of phenol-
phthalein or, with a highly coloured residue, with the help of htmus
paper.

The fixed acidity 1s usually expressed in grams of sulphuric acid per
100 cc of vinegar (I ¢cc¢ N/10-NaOH := 0 0049 gram of H,SO,).

The distillate may be tested with silver mitrate to ascertain if any addition
of hydrochloric acid has been made.

(c) VoLATILE AcIDITY. Ths 1s calculated by difference.

F16 57

1 Roos et Mestrezat , Bull, de [’4ssoc des chwm, de swcr , 1907—1908, P. 41,
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6. Detection of Free Mineral Acids.-—-This may be effected by one
of the following methods: o o

() WiTH METHYL VIOLET. A little of the vinege}r is diluted l.lllfll its
total acidity is about 29, 20-25 c.c. of this liquid being treated with 4 or
5 drops of 0019, methyl violet solution ; if thg colour changes to bluc or
green, the presence of free mineral acid is indlcatefi.

The coloration obtained should be compared with that produced by
adding the same quantity of methyl violet solution to 20-25 c.c. of a 29

solution of pure acetic acid. . .
Highly coloured vinegars should be first treated with animal black

which has been carefully washed with acid.

(3) By Diarysis.! This serves in the case of coloured vinegars and is
carried out as follows : I00 c.c. of the vinegar are boiled with 7-8 grams
of finely powdered barium chloride,? 50 c.c. of the cooled liquid being heated
to 50-60° and dialysed through washed parchment paper in a dialyser con-
taining 50 c.c. of distilled water. After 5~-10 minutes, 10 c.c, of the dialysate
are withdrawn and tested with methyl violet as under (2). Medri, how-
ever, regards metanil yellow as more sensitive than methyl violet and takes
10-12 drops of a 0-19, solution of it for each test. In presence of mineral
acid the lemon-yellow colour of the metanil yellow changes to orange-
yellow or garnet-red or fuchsine-red or violet-red, according to the amount
of the acid.

7. Determination of the Mineral Acid.—This may be carried out
by the following slight modification of Schidrowitz’s method ®:

The method is based on the fact that slightly dissociated acids, such
as acetic, tartaric, etc., do not exhibit their acidity towards methyl orange
in presence of alcohol. If, then, a definite quantity of alkali is added to
a genuine vinegar and the added alkali then neutralised in presence of methyl
orange by means of an aqueous-alcoholic solution of sulphuric acid, the
amount of the latter will correspond exactly with that of the alkali, since
the acetic acid liberated from the acetate formed does not react with the
indicator. If, however, a vinegar contains free mineral acid, the amount
of sulphuric acid required will be diminished in accordance with the quantity
of the alkali united with the free mineral acid: the amount of the latter
will thus correspond with the difference between the alkali added and the
sulphuric acid necessary for its neutralisation.

When the liquid is coloured it is difficult to observe the change of colour
of the indicator ; in such case, use is made of papers prepared by immersing
filter-paper in a 0-19% methyl orange solution and drying in an oven.

The determination is carried out as follows : 5 c.c. of N /2-caustic soda
are added to 20 c.c. of vinegar and the liquid evaporated to dryness. The
residue is taken up in a mixture of 2 c.c. of water and 2 c.c. of absolute
alcohol and the liquid titrated with an aqueous-alcoholic N /2-sulphuric

U L. Medri: Boll. chim. farmaceutico, 1909, XLVI1I, p, 331.

* The treatment with barium chlonde is to precipitate any sulphuric acid present
and to liberate from the barium chloride a corresponding amount of hydrochloric acid,
which dialyses with much greater rapidity.

3 The Analyst, 1903, XXVIII, p. 233.
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acid solution, prepared by making 100 c.c. of the N.acid up to 200 c.c.
with absolute alcohol ; neutrality is reached when a drop of the liquid
produces a reddish-brown spot on the methyl orange paper. 1If this occurs
immediately the acid is added, the 5 c.c. of N/2.soda was insufficient to
neutralise the free mineral acid present in the vinegar and the test must
be repeated with a larger quantity. The free mineral acid corresponds
with the volume of N/2-soda less that of N/2-sulphuric acid used: 1 c.c.
N/2-NaOH := 0-0295 gram of H,50, or 0-0182 gram of HCL

8. Phosphoric Acid.—This is determined on the ash, as in the case
of wine (g.v.).

9. Detection and Determination of Extraneous Free Organic
Acids.

(@) OxaLIC ACID: I. Qualitative. 50 c.c. of vinegar, rendered slightly
alkaline with ammonia, are heated to boiling and treated with a slight
excess of calcium sulphate ; in presence of oxalic acid, a white crystalline
precipitate of calcium oxalate is obtained.

2. Quantitative. The precipitate is filtered off, washed, ignited and
weighed : 1 part of CaO = 2°25 parts of H,C,0, 4 2H,0.

(b) TARTARIC ACID: I. Qualitative. 100 c.c. of the vinegar are con-
centrated on the water-bath to a syrup, which is heated gently with alcohol
and the solution filtered. A dilute alcoholic potassium hydroxide solution
is added drop by drop to the filtrate, the walls of the vessel being rubbed
meanwhile with a rod, the addition being continued until no further forma-
tion of precipitate takes place.

To ascertain if the precipitate is really cream of tartar, the following
test, due to Dénigés, is used : When the crystalline precipitate has settled,
the supernatant liquid is decanted off and the precipitate washed with a
fine stream of alcohol into a dish, the excess of alcohol being then evaporated.
Some of the remaining crystals are introduced into a test-tube containing
3 c.c. of concentrated sulphuric acid and 3 drops of a resorcinol solution
prepared by dissolving 2 grams of pure resorcinol in 100 c.c. of water acidified
with 5 c.c. of sulphuric acid. The solution is heated to 130-140°: in
presence of tartaric acid, a distinct carmine coloration is produced.

2. Quantitative (total tartaric acid). 100 c.c. of the vinegar are treated
in a beaker with I c.c. of 209, potassium acetate solution and 15 grams
of powdered potassium chloride. When the latter has dissolved, 20 c.c. of
95% alcohol are added, the subsequent procedure being as indicated for
the determination of the total tartaric acid in wine (g.v., p. 193).

{¢) Citric AciD. This is tested for by means of Dénigés reaction, as
in wine (see p. 208).

10. Detection and Determination of the Alcohol.—x1. Qualitative.
100 c.c. of the vinegar, neutralised exactly with sodium hydroxide (towards
litmus paper), are distilled, the first 4-5 c,c. of distillate being tested for
alcohol by Rimini’s reaction (see Varnishes).

2. Quantitative. 400 c.c. of the vinegar, neutralised exactly with sodium
hydroxide, are distilled, the first 200 c.c. of distillate being again distilled
and 100 c.c. of distillate collected. From the density of this distillate the

A.C. II, 16
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nu1ber of grams of alcohol per 100 c.c. are determined (see p. 179) and

thence the grams of alcohol per 100 c.c. of the vinegar.
11. Detection of Aldehydes.—100 c.c. of the vinegar are neutralised

exactly with caustic soda and distilled, the first 10 cc. of distillate being
tested for aldehyde by means of Schiff’s reagent (see p. 244).

12. Determination of the Glycerine.—As in wine (q.v.).

13. Determination of the Sugars (reducing substances).—See
Wine, p. 194.

14. Detection of Heavy Metals.—200 c.c. of the vinegar, made alkaline
with sodium carbonate and containing a little nitre, are evaporated, the
residue mncinerated and the ash examined by the ordinary analytical methods.

The following alternative procedure may also be used : 200 c.c. of the
vmegar are evaporated to about 50 c.c. and then gently heated with 10 c.c.
of concentrated hydrochloric acid, a few crystals of potassium chlorate
being introduced from time to time until the liquid becomes colourless or
only pale yellow. The excess of chlorine is expelled by boiling, the liquid
being afterwards treated with 10 granis of sodium acetate, diluted to about
100 c.c. and subjected to the action of hydrogen sulphide. In presence
of heavy metals, a precipitate is obtained which is analysed, particularly
for copper, lead, tin and zinc, by the usual analytical methods.

15. Detection of Bisulphates.—The presence of bisulphates is revealed
by the tests for free mineral acids and by analysis of the ash.

16. Detection of Pyrogenic Impurities.—The following tests serve
mainly to detect the presence of pyroligneous acetic acid :

(@) 15-20 c.c. of the vinegar are neutralised with sodium hydroxide
and heated on a water-bath: in presence of empyreumatic substances, a
characteristic odour recalling that of smoke is obscrved.

(b) 100 c.c. of the vinegar are distilled, the first 10 c.c. of distillate being
treated, gradually and with shaking, with 2 c.c. of 0-19, potassium per-
manganate solution. With genuine vinegar, the mixture remains coloured
pink for at least 5 minutes; if, however, the permanganate is immediately
decolorised and considerably more is required to give a pink coloration
persistent for 5 minutes, the presence of pyrohgneous acetic acid is indicated.

17. Detection of Caramel.— This is carried out as with wine (see
p. z02).

18. Detection of Artificial Organic Dyes.—As in wine.

19. Detection of Pungent Substances.—The presence of pungent
substances (pepper, pimento, mustard, ctc.) in vinegar is detected by
neutralising 50 c.c. exactly, cvaporating, and tasting the residue. To
obtain more certain indications, the residue is extracted with ether, the
ethereal solution evaporated and the residuc then left tasted.

20. Detection of Preservatives.—Tests are made especially for
salicylic acid, boric acid and formaldchyde, the methods given for wine
being employed.

21. Detection of Dextrin.—The method used in the case of wine is
used; it serves to detect addition of glucose to the vinegar.

22, Distinction between Fermentation Vinegar and Wood Vinegar.,
~Wine vinegar may be characterised by its special aroma, by the presence
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of bitartrate and glycerine, by the percentage and properties of the extract,
by the proportion, composition and alkalinity of the ash, by the presence
of small quantities of alcohol, aldehydes, etc.

Spirit vinegar is characterised by the presence of small amounts of
alcohol and aldehydes, by the very small proportions of extract and ash—
the latter being usually neutral and free from phosphates-——and by the high
ratio of acidity to extract.

Distilled vinegar (made artificially from acetic acid), besides by the
absence of the elements characteristic of wine and spirit vinegars, is char-
acterised by the small proportions of extract and ash, by the high ratio
of acidity to extract and, if the acetic acid used were not sufficiently pure,
by the presence of pyrogenic impurities.

There are also special reactions, based on the detection of fermentative
bacteria or of their products, which serve to indicate the presence of fer-
mentation vinegar; these reactions naturally give positive results also
when the fermentation vinegar is mixed with artificial vinegar. The most
reliable of these reactions is that of Kraszewski !: roo c.c. of the vinegar,
rendered alkaline with sodium hydroxide, are shaken (gently, to avoid the
formation of an emulsion) in a separating funnel with amyl alcohol. The
latter is afterwards decanted off and evaporated, the residue being taken
up in a little water and the solution acidified with dilute sulphuric acid
and treated with a few drops of a solution of iodine in potassium iodide.
In presence of fermentation vinegar, a slight precipitate or a turbidity is
formed.

23. Detection of Denatured Alcohol.—As in spirits (g.v.).

24. Detection and Estimation of Arsenic.--As in beer (g.v.).

*
* ok

Wine vinegar is yellowish-white or wine-red according to the colour of the
original wine, and it has a pleasant ethereal odour due to the csters formed
during fermentation and a distinctly acid, but not acrid or repulsive, taste.
Its density varies from 1-015 to 1-020, and its total acidily lies, for good vinegars,
between 6 and 8 grams of acetic acid per 1co c.c.; weak vinegars are, however,
sold having acidities as low as 4 grams per 1co c.c. The exiract left on evapora-
tion varies from 1-2 to 2+2 grams per 1¢o c.c. and resembles that of wine. The
ash amounts to 0:12-0°35 gram per 100 c.c.,, contains phosphates and has an
alkalinily of 1-06—4°52 c.c. ot N-alkali ver 100 c.c. The ratto of acidity to extract
may attain a maximum of 5-6 for vinegar from red wine or 7+9 for that from
white wine.

Wine vinegar usually contains also small quantities of untransformed alcokol
(about 19%), glycerine (0-2—0+75 gram per 1co c.c.), potassium bitartrate, nitro-
genous substances and aldehydes, together with traces of chlorides, sulphates
and lime.

Spirit vinegay is originally colourless, but it is generally coloured with caramel
or with artificial organic dyes to render it more closely similar to wine vinegar.
It smells of acetic acid and has a strongly acid taste, but lacks the characteristic
aroma of genuine wine vinegar. Its density is about 1-010. When evaporated
it leaves very little extract (0-2—0+6 gram per 100 c.c.), which yields but traces
of ash (0-02~0+06 gram per 100 c.c.), this being usually neutral and free from
phosphates. The ratio of acidity to extract is much higher than with wine vinegar

s

} Zeitschr. Nahr- und Genuss-mittsl, 1906, I, p. 386,
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(r0-30 or even more). The aciudity, expressed as acetic acid, varies from 6 to ¢
grams per 100 c.c. As in wine vinegar, small proportions of alcohol and alde-
hydes are present.

Avtificial vinegar, obtained by dilution of acetic acid (wood vinegar) is also
colourless of itself but is usually coloured artificially. It is devoid of aroma
and has an unpleasant, buming, acid taste. Its demsity lies between 14035
and 1-0€o and the weight of exiract between 015 and 0°26 gram per 100 c.c. ;
very little ask 1s left. If the acetic acid used were impure (pyroligneous acetic
acid), the characteristic empyreumatic odour 1s observed when the neutralised
vinegar is evaporated, while the distillate yielded by the vinegar absorbs con-
siderable quantities of permanganate; these characters may be lacking when
the acetic acid has been sufficiently purified (especially by means of perman-
ganate). Artificial vinegar does not give the Kraszewski reaction characteristic
of fermentation vinegar.

Whatever its origm, good comestible vinegar should be clear and free from
mineral acids, other organic acids than acetic, pungent substances, metals,
preservatives and pyrogemic impurities. Artificial colouring is allowable,
provided it is attained with harmless colouring matters.



CHAPTER VII
SPIRITS AND LIQUEURS

Spirits occurring in commerce may be distinguished as industrial and
potable spivits. The former are crude if obtained directly by distillationt
of the products of fermentation, recttfied if they have been subjected to
further treatment for purification, or denatured if containing substances
which render them unusable for drinking. Potable spirits are given special
names according to the nature of the raw materials from which they are
prepared. Thus, brandy is obtained by distillation of wine (cognac) or
wine lees or marc (eau de vie), rum from cane-sugar molasses, kirschu asser
from cherries, whisky from cereals, etc.

Rectified spirit is also used for the manufacture of Zigueurs, by addition
of various substances, such as natural or artificial essences, sugars, bitter
principles, etc.

The tests to be made on spirits and liqueurs include a certain number
which are common to all these products, such as determinations of the
alcoholic strength, extract and ash, and tests for impurities and denaturing
agents ; other investigations are made only with certain products, examples
ofthese being the examination of kirschwasser for hydrocyanicacid, the deter-
mination of sugars in liqueurs, etc. The former are treated under General
Methods and the latter in the Special Part,

The results are expressed as follows : Alcohol in percentage by volume
to two decimal figures; extract,sugars and ash in grams per litre to two
decimal figures ; impurities of the alcohol in milligrams per 100 c.c. of anhy-
drous alcohol ; the free and combined hydrocyanic acid and benzaldehyde
in milligrams per litre to the nearest milligram.

Sampling.—Whatever the product to be examined, sampling is of
the utmost importance. The sample should be taken from the vessels
or casks after the mass has been well mixed or it should be drawn in portions
from different levels by means of special siphons.! If the product is dis-
tributed between several casks, quantities from each proportional to the
contents should be mixed. It is, however, always preferable, especially
when there is no absolute certainty as to the identity of the products in
the different vessels, to take a separate sample from each and to indicate
the quantity represented by each sample.

The amount of liquid necessary for analysis varies according to the
determinations required ; in general 0-5-I litre is sufficient. Each sample
should be stored in a clean, dry bottle, which is filled and then tightly closed.

1 This is absolutely necessary, especially when the spirits are contained in large
vessels holding many hectolitres, since layers form which may vary in specific gravity
and hence in alcoholic strength,
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GENERAL METHODS
1. Objective Characters

Observation should be made of the colour, brightness, smell and taste
of the sample Of especial importance is tasting, which, to an expert,
may give valuable indications concerning the quality of the product.

In judging of the smell and taste of an alcoholic liquid, the following
procedure is to be recommended. Into a conical flask of about 200 c.c.
capacity ! are poured a few c.c. (20-25) of the liquid and sufficient tepid
water to bring the strength to about 309, by volume, the flask being closed
and shaken and then opened and smelt. A little of the tepid liquid is held
in the mouth for a few moments and then rejected, the impression on the
palate both during and after contact with the liquid being noted. More
certain results are obtained if comparison is made with a standard spirit.

Only with practice is it possible to judge of the greater or less purity
of the alcohol, of the nature of the predominant impurities and of the special
aromas characteristic of the ditterent products.

Another method of testing consists in pouring a small quantity of the
liquid into a glass, the walls being moistened and the excess then eliminated ;
the glass is then covered with a sheet of paper and left until the following
day. Added perfumes in particular may be detected in this way.

When liqueurs or other products rich in extraneous matters arc to he
examined, it is convenient to taste both the product itself and also its dis-
tillate—freed, if necessary, from essential oils—in order to arrive at a
decision as to the quality of the alcohol used in the manufacture.

2. Determination of the Alcohol

The quantity of alcohol contained in spirits, i.e., the alcoholic sérength,
1s determined either indirectly from the specific gravity or directly by means
of alcoholometers.

With a product containing no appreciable amount of fixed matters
(which may be detected by evaporating a little of the material in a dish
on the water-bath) and no considerable quantity of volatile matters other
than ethyl alcohol and water, such as volatile acids and bases and essential
oils, the specific gravity is taken on the liquid as it stands. With a spirit
containing appreciable quantities of extraneous substances it is, however,
necessary first to eliminate these by the following preliminary treatment.

1. Preliminary Treatment.—When the extraneous matters are
fixed (extracts, sugars, etc.) or are volatile acids or alkalies, method (4)
is used, whereas when they are essential oils, procedure (B) is employed.

(4) In PRESENCE OF FIXED MATTERs. Two cases present thcmselves,
according as volatile acids or alkalies are present or absent.

(1) If the liquid is free from volatile acids or alkalies and does not
contain more than about 609, of alcohol (by volume), a 100 or 200 c.c.

! In practice, special glasses widened at the base and cylindrical in the upper part
are used for tasting.
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flask is filled almost up to the mark, then placed for some time in a water-
bath at 15° C. and finally made exactly up to the mark. The liquid and
the rinsings of the flask with distilled water are introduced into a larger
flask which is connected with a condenser, at least three-fourths of the
liquid being distilled over into the original measuring flask ; the distillate
is brought to 15° C. and made up to the mark with distilled water. The
specific gravity of this liquid is then dctermined.

If the liquid contains more than 609, of alcohol, 100 c.c. of it are diluted
to about double the volume and the distillate made up to 200 c.c. with
distilled water. The specific gravity is then dctermined as before.

(2) When volatile acid or alkali is present, this is neutralised cxactly
with dilute caustic alkali or sulphuric acid, the subscquent procedure being
as described above.

(B) In PRESENCE OF VOLATILE O1Ls. These may be expelled as follows :

(1) In a separating funnel, 50 c.c. of the liquid are shaken carefully,
s0 as to avoid emulsification, with 100 c.c. of 109, sodium chloride solution
and 100 c.c. of vaseline oil. After a rest of a few minutes, the liquid is
again cautiously shaken; this operation is repeated three or four times,
the liquid being finally left until the two layers separate completely. The
lower alcoholic liquid is allowed to flow into a conical flask and the vaseline
oil washed scveral times with fresh sodium chloride solution, about 75 c.c.
of the latter being used. This washing liquid is placed in the flask with
the alcoholic liquid and the whole distilled, the distillate being collected
in a 200 c.c. nicasuring flask. The distillate is made up to volume and its
specific gravity determined, the quantity of alcohol calenlated, multiplied
by four, giving the alcoholic content of the liquid.

(2) The alcoholic liquid is diluted until its apparent alcoholic strength
is about 309, by volume. Of the liquid thus obtained, 100 c.c. are shaken
with 100 c.c. of mineral oil {obtained by collecting the fractions of Russian
petroleum which boil at 140.230° and have the sp. gr. about 0-812), the
aqueous alcoholic layer being separated after standing. The petroleum
is washed a couple of times with a little water (about 25 c.c. each time),
which is mixed with the aqueous alcoholic liquid ; the latter is then distilled
twice, the distillate being made up to 100 c.c. The specific gravity of the
distillate gives the exact strength of the liquid diluted to about 309, so
that, the dilution being known, the strength of the original liquid is readily
deduced.

Elimination of the volatile oils is not usually necessary, but is required only
with certain special products, such as essences for liqueurs, which give a dis-
tillate turning turbid and depositing small oily drops on dilution with water.

2. Determination of the Alcoholic Strength from the Specific
Gravity.—The specific gravity of the alcoholic liquid is first determined
by means of the apparatus here described and the alcoholic strength then
deduced as described later (p. 236).

(1) APPARATUS AND METHODS OF USING THEM. Use is generally made
of the Westphal balance or the picnometer.

(a) Westphal balance. This consists of a hydrostatic balance (Fig.
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58), the column being formed of two parts, one movable inside the other
so that it may be raised or lowered at will. It may be rendered perfectly
vertical by means of a screw, the point of which forms one of the three feet
of the base of the column. The latter carries at the top a support furmshed
with a double inchned steel plane on which rests, by means of a knife-edge,
a beam with unequal arms. The shorter arm is the thicker and heavier
and terminates in a cylindrical swelling provided with a point which, when
the beam is in equilibrium, corresponds exactly with another point fixed
to the stand. At the end of the longer and lighter arm is a hook to which
can be hung, by means of a fine platinum wire, a cylindrical glass float
usually containing a thermometer ; this arm is divided, between the point
of support and the point at which the float is suspended, into ten equal
parts, marked by notches.
The dimensions and weights
G of the different parts of the
apparatus are so regulated
that, when the column is
absolutely vertical and the
float attached to the hook,
the beam is in equilibrium.
To make the column verti.
cal, use is made of the screw
which forms one of the feet
and should be in the same
plane as thebeam, as shown
in the figure,

If now the float is im-
mersed in a liquid, the
equilibrium is disturbed,
. and to re-establish it a

Fic. 58 series of riders the weights

of which are in the pro-

portions 1000, 100, 10 and I, are placed at the proper positions on the
graduated arm. One of the weights of the first of these magnitudes is
equal to the weight of distilled water at 15° C.! displaced by the float, so
that, when attached at the end of the arm, it will restore equilibrium when
the float is immersed in water at this temperature. When a liquid other
than water is used, equilibrium is re-established by placing the different
weights, beginning with the heaviest, at different positions on the beam ;
with a liquid heavier than water (i.e., with sp. gr. between 1 and 2), one
of the weights of the first magnitude is always placed at the end of the arm.
1f equilibrium is attained when the weights of the four magnitudes occupy
respectively the eighth, ninth, fifth and eighth divisions of the beam, the specific

gravity of the hquid at 15°/15° will be 0-8958. 1f two weights of the first mag-
nitude are placed one at the end and the other at the second division, and one

BT o ey Co oo = s o A
Tl e ‘fﬂ'—"x:'!‘\:!_—"‘ik*‘-"

! Westphal balances are sometimes graduated at other normal temperatures, e.g.,
*19+5° or 20°, according to the purposes for which they are intended.
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each of the second and fourth magnitudes at the seventh and fifth divisions
respectively, the sp. gr. will be 1:2705.

Before the Westphal balance is used, the screwed foot (found on the
side of the shorter arm) should be regulated so that the pillar is vertical,
this being shown by the beam being in equilibrium when the float hangs
from the hook in the air. To test the accuracy of the instrument and
weights, the float is immersed in distilled water at the normal tempera-
ture !; equilibrium should then be restored by each of the heaviest weights
hung in turn at the extremity of the arm. Equilibrium should also be
maintained by two of the weights of the second magnitude placed respec-
tively at the ninth and first divisions, or the eighth and second, or the
seventh and third, or the sixth and fourth, or both at the fifth division (one
hung on the curved extremity of the other). Equilibrium should also be
attained (1) with a weight of the first magnitude at division g and one of
the second magnitude at the end of the arm, (2) with both these at division
9 and a weight of the third magnitude at the end, or (3) with all three at
division g and a weight of the fourth magnitude at the end.

Care should always be taken that the float is equally immersed, the
twisted part of the platinum wire and the same length of the latter being
below the surface in the position of equilibrium ; no air-bubbles should be
adherent to the float. In making an observation, the beam is allowed to
oscillate freely ; when it comes to rest, the fixed and movable points should
correspond exactly.

When the float of a Westphal balance is replaced, the new float should
have exactly the same weight as the old and since the magnitudes of the
rider weights depend on the volume of the float, the series of weights must
be changed at the same time. This may be avoided by using Reimann’s
floats, which have a fixed and definite weight and volume ; the ordinary
type has, with the suspension wire, a weight of 15 grams and displaces 5
grams of distilled water at the normal temperature, the weights being 35,
05, 0-05 and 0-005 grams respectively.

(b) Picnometers. These consist of glass vessels with narrow necks
marked at a certain point. The picnometer is weighed empty, then filled
with water up to the mark and finally filled with the liquid concerned.
Before adjusting the liquid exactly to the mark, the picnometer is kept
at the proper temperature (for spirits usually 15°) for a time sufficient to
ensure the assumption of this temperature by the liquid. If P, P’ and
P” are the weights thus found, the specific gravity of the liquid is:

pr—p
PP

Exact determinations, even with small quantities of liquid, may be

made with Sprengel’s picnometer, consisting of a U-tube terminated by

two capillary tubes bent at right angles; one of these tubes—the less
narrow—is furnished with a mark. This is filled by applying suction at

1 To determine the temperature of the liquid accurately it is best to use, not the
thermometer contained in the float, but a separate tested thermometer, which should
indicate fifths or tenths of a degree.
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TaBLE XXIV

Determination of the Alcoholic Strength from the Specific
Gravity

Specific
Gravity
at

15°/15°.

Alcohol
% by
Weight.

Alcohol

Volume.

Grams
of

% by | Alcohol

per
100 C.C,

Specific
Gravity
at
15°/15°

Alcohol

Weight,

Alcohol
% by

Volume.

Grams
of
Alcohol
per
100 C.C

Specific
Gravity
at
15°/15°

049710
0+9705
0+9700
049695
0-9690
09685
0-9680
09675
09670
0:9665
0-9660
09655
0+9650
0:9645
0+9640
0-9635
0:9630
049625
049620
0:9615
0-9610
049605
09600
0'9595
0+9590
0+9585
0+9580
09575
0°9570
0-9565
049560
09555
049550
0:9545
09540
049535
049530
049525
09520
0:9515
0'9510
049505
049500
0°9495
0+9490
0-9485
0-9480
049475
0°+9470
09465

20452
20492
2132
21471
22°10
22449
22+87
23425
2363
24°CO
2437
24°73
2509
2545
2581
26+16
2651
26-85
2719
2753
27-86
28+19
28:52
2885
29:17
2949
29-81
30°12
3043
3074
31-05
31-36
3166
31:96
3225
3255
32+84
3313
3342
3371
3399
34-28
3456
3484
35°11
3539
3566
35°94
36+21
36+48

|
¢
|
|

2508
2556
26403 |
26-50
2696
27°42
27-87
28-32
28-76
29°20
29-64
30-06
30°49
30-91
31-32
31°73
32:14
3254
3293
3333
3371
3410
3447
3485
3522
3559
3595
3631
3667
3702
3737
3772
38:06
3840
3874
3907
39:40
3973
40°06
40°38
40°70
41-02
4133
41-64
4195
4226
42°57
4287
4317
4347

1991
20-28
20-66
21 03
21-°40
21+76
2212
2247
22:82
2317
2352
23-86
2419
2453
2485
2518
2550
2582
2613
26°45
2675
2706
2736
27 66
27°95
28-24
2853
28-82
2910
29-38
20966
29+93
30+21
30448
3074
3101
3127
3153
3179
3205
32-30
32°55
32+80
3305
3330
3354
33478
34°02
3426
34°50

09460
0:9455
0:9450
049445
079440
0°9435
0°9430
0°9425
0-9420
0°9415
09410
0°9405
0°9400
0-9395
09390
09385
0-9380
0-9375
0-9370
0°9365
0-9360)|
0+9355
0°9350
09345
09340
09335
0°9330
049325
0-9320,
0°9315
0+9310
09305
0+9300)]
09295
049290
0°9285
0°9280
049275
0:9270
049265
049260
049255
049250
0°9245
049240
0°9235
049230
049225
0°9220
049215

4377
44°06
44°35
44+64
44°93
45°22
4550
4579
46-07
46-35
4663
46490
47:18
47°45
47°72
47 99
4826
48:53
4880
49°06
49°33
49°59
49+85
50°11
5037
5062
5088
5014
51439
51-64
51+89
52+14
5239
5264
5289
5314
5339
5363
5388
5412
5436
5460
5484
5508
5532
55°56
55:80
56-03
5627
56°50

3473
34+96
35'20

41+38

4178
4197
4217
42:37
4256
4276
4295
4314
43'33
43'52
4371
43'90
4409
4428
4447
44°65
4484

0-9210
09205
0-9200
09195
09190
09185
09180
09175
0-9170
0-9165
049160
09155
09150
09145
09140
09135
0+9130
0:9125
09120
0-9l15
0°9110
09105
09100
0°9095
0°9090
0°9085
0-9080
0°9075
09070
09065
09060
0°9055
0°9050
0:9045
0°9040
0:9035
049030
049025
049020
049015

049010
0+9005
049000
08995
0+8990
08985
0+8980|
08975
0-8970
08965

Alecohol

Weight.

58.06
58-27
58:49
5871
5893
5915
59°36
59°58
59+80

Alcohol
% by
Volume

56-74
56:97
57421
57°44
5767
57°90
5813
5836
5859
58-82
5905
5927
5950
59°72
5995
6017
6040
60-62
60-84
61-06
61:29
6151
61:73
6195
62:17
6239
6261
62:82
63-04
6326
6347
6369
63-91
6412
6434
6455
6476
6408
6519
6540
65461
6582
6603
6624
6645
66-66
66-87
67-08
6729
6750

Grams

Alcohol
per
100 ¢ C.

4503
45+21
4540

4576
4595
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TABLE XXIV-—continued

Specific
Gravity
at
15°/15°%

Alcohol
% by
Weight.

Alcohol
% by

Volume,

Grams

Alcohol
per
100 c.c.

0-8960
0-8955
0+8950
08045
08940
0-8935
08930
0-8925
0:8920
08915
0-8910
08905
0-8gc0
0-8895
0-88g0
0-8885
0-8880
0-8875
0-8870
0-8865
0-8860
088355
08850
0:8845
08840
08835
0-8830
0-8825
08820
0-8815
0:8810
0-8805
0-8800
0-8795
08790
0-8785
08780
08775
0:8770
08765
08760
08755
0-8750
0-8745
0+8740
08735
0-8730
08725
0-8720
08715
o:8710
0-8705

6002
6023
60445
60-66
60-88
61-10
61+31
6153
61475
61-96
6218
62-39
6261
62-82
63-04
6325
6347
6368
63-90
6411
6433
64'54
6475
6497
6518
6540
65-61
65-82
66-04
66-25
6646
66-67
66-89
67-10
67431
67452
6774
67-95
68:16
68-37
68+58
68-80
69°01
6922
6943
69+64
69+85
70+06
7027
70+48
7070
70491

6770
67-91
6812
68+32
6853
68+73
68-94
6914
69:34
6955
6975
6995
70116
7036
7056
7076
7096
7116
71436
71-56
7176
7196
7215
72*35
7255
7274
7294
7314
73'33
73'53
7372
7392
7411
7430
7449
74'69
7488
7507
7526
7545
7564
7584
7602
76:21
76-40
7659
76+78
76°97
77°15
77°34
77°53
7771

5373
5389
54°05
5422
5438
5454
5471
54'87
5503
5519
5535
5551

5567
5583
5599
5615
5631

5647
5663
5679
56:94
5710
5726
57'42
57°57
5773
57-88
58-04
58-19
58-35
58-50
58:66
5881

58-96
5912
5927
59°42
59°57
5973
5988
60-03
60°18
6033
60-48
60+63
60-78
60493
61-08
61+23
6138
61+52
61-67

Speafic
Gravity

at
15°/15°%,

0-8700
0-8695
0+8690)
0-8685
0-8680
08675
08670
0-8665
0.8660
0-8655
08650
0-8645
08640
08635
0-8630
0-8625
0-8620
0-8615
0-8610

0-8605
0-8600
0-8595
0-8590
0-8585
0-8580
0+8575
0+8570
08565
0+8560
0-8555
08550
0+8545
0+8540!
0+8535
0+8530
0+8525
048520
08515
0-8510
0:8505
08500
08495
0+8490
08485
0+8480,
0-8475
0:8470
08465
0+8460
0+8455
0+8450|
08445

Alcohol
% by

. | Volume.

77°90
78-08
7827
7845
78:64
7882
79°00
7918
7937
7955
7973
7991
8009
8027
8045
80463
8081
80+99
81417
8134
8152
81-70
8r-87
82-05
8223
82:40
8257
82:75
82:92
8310
83-27
8344
8361
83-78
8396
84-13
8430
8447
8464
84:80
84:97
85:14
85431
85:47
8564
85-81
85:97
86-14
8630
86-46
86:63
8679

Grams
of
Alcohol
per
100 c¢.c.

61:82
6197
62-11
62-26
62+40
62:55
6269
6284
62+98
6313
6327
6341
63:56
63+70
6385
63499
6413
64°27
64°41

65-11
6525
65-39
65°53
6567
6581
6594
66-08
6622
6636
66-49
6663
6676
66-90
6703
67:16
67°30
67443
6757
67-70
6783
6796
68-09
6823
68-36
68-49
68-62
68-75
68:88

Specific
Gravity
at
15°/15°.

0-8440
0-8435
0-8430
0-8425
0+8420
0-8415
0-8410
0-8405
08400
08395
0-8390
0-8385
0-8380
0-8375
0-8370
0-8365
08360
08355
08350
0+8345
0 8340
8335
08330
08325
0-8320
0-8315
0-8310
08305
08300
0-8295
0-8290
5-828¢
0+8280
0-8275

08270
0+8265
08260
0+8255
0-8250
08245
0-8240
0-8235
0+8230
0-8225
0-8220
08215
0-8210
0-8205
0-8200
08195
08190
0:8185

Alcohol
% by
Weight.

81-83
82:03
8223
82:43
82:63
82:83
8303
8323
8343
8363
83-83
84-03
8422
8442
84-62
84-82
85-01
8521
8541
8560
85-80
85:99
8619
86-38
86-58
86-77
86:97
87-16
87-35
8755
8774
87:93
8812
88.31
88:50
88:69
88-88
89:07
8926
89:45
89:64
89:83
90-02
90°20
9039
90+58
90+76
9095
91°13
91:32
91:50
91°68

Alohol
% by

8695
87.11
87.28
87-44
87:0641
87:706
8792
88.08
88:23
88-34
88-55
88.71
88-80
89:02
89418
89-33
8948
80:04
8974
8994
()4)'()')
Gtie2 4
Ot) eq4
955
gere74)
9084
999
9114
9129
91°4 3
91-58
91+72
9187
92-01t
92°15
92°30
92°44
92°58
92-72
9286
93°00
93°14
9328
93°41
93°55
9368
9382
9395
94°09
9422
94°35
94°48

Volume.

235

Grallls
of
Aleolinl
e
IO Cuf®e

(;g'()(r
OOl 3
(120
O 30
(r)e 52
(eI 18]
977
Oyt
Feeeced
74015
710'17
Fareae
74152
gueeles
70477
AR
A RARS
FARRE
71-20e
71-a8
Frohtt
7[ Ol
78°71
7185
7197
728y
q2edl
7233
72°44
72:50
727
72°7%
e AL
7302
731
7324
7340
7347
7358
7.3:00)
738
7391
742
741 3
74°24
74°35
74'45
74°56
7466
74°77
7487
7498
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TABLE XXIV—continued

i Grams Specifi Grams i Grams
SGpem_ € | Alcohol | Alcohol of Gpecx. tc Alcohol | Aleohol of gpem. tc Alcohol | Alcohol of

TaVity i or by | 9% by |Alcohol ‘g‘:‘ Y| 9 by | % by | Aleohol ‘g‘t" Y| % by | % by |Alcohol
Weight.| Volume. T + | Weight.| Volume. Weight. | Volume. T

15°/15°. | O€ - roge e, || T5°/15% ¢ : rol;e (l;.c. 15°/15%) O ° xogec.c.

0:8180|91-87 | 94°61 | 75°08 {{0°8095| 9490 | 9673 | 76:76 || 0-8015| 9763 | 98-52 | 78-19
0+8175|92°05 | 94°75 | 75°19 ||0-8090| 95-08 | 96+85 | 76-86 ||0-8010| 97-80 | 9863 | 7827
081701 92-23 | 94-87 | 75:29 l0°8085| 95-25 | 96:96 | 76:95 | 0-8005| 9797 | 9874 | 7836
08165 92°41 | 95°00 | 75:39 ||0-8080| 9543 | 97:08 | 77-04 | 0-8000| 98-13 | 98-84 | 7844
081609259 | 9513 | 7549 (|0-8075) 9560 | 97°19 | 7713 | 0+7995| 98-30 | 98:95 | 78-52
0-8155!92+77 | 95:26 | 75:59 |0-8070! 95:77 | 9731 | 7724 ||0-7990| 98-46 | 99-05 | 78+61
0+8150|92+96 | 95-38 | 7569 ||0-8065| 9594 | 97°42 | 77°31 ||0-7985| 98-63 | 99+15 | 78-69
0-8145(9313 { 95°51 | 7579 ||0*8060| 96-11 | 97:54 | 77:40 ||0-7980| 98-79 | 99-26 | 7877
081409331 | 9563 | 75:89 | 0°8055| 96-29 | 97°65 | 77°49 ||0°7975| 98:95 | 9936 | 78:85
0-8135|9349 | 95:76 | 75°99 ||0-8050| 96°46 | 97:76 | 7758 ||0+7970| 99-11 | 99:46 | 78:93
0-8130| 9367 | 95:88 | 76:09 ||0-8045| 96:63 | 97:87 | 7767 [10+7965| 99-28 | 99-56 | 79:01
0:8125] 9385 | 96-00 | 76:19 ||0°8040| 9679 | 97°99 | 77+76 i|0+7960} 99+44 | 9966 | 79:08
0+8120|94:03 | 9613 | 76-29 ||0-8035| 9696 | 9809 | 7785 | 0+7955| 99-60 | 99-76 | 79:16
08115 94-20 | 96-25 | 76:38 [0-8030| 97:13 | 98:20 | 77:93 ||0+7950| 99+76 | 99-86 | 7924
0-8110194°38 | 96:37 | 76:48 1|0-8025{ 97°30 | 98:31 | 78-02 l0+7945| 99-92 | 99°95 | 7932
0+8105 | 94+55 | 96:49 | 7657 [ 0-8020]| 9747 | 98:42 | 78:30 ||0+7925|100-00 {100:00 | 79:36
0-8100 | 94°73 | 9661 | 7667

the narrower of the two tubes, while the other is immersed in the liquid.
Filter paper is then carefully applied at the end of the narrow tube so that
the latter remains full of the liquid, which is drawn to the mark in the wider
tube. The two ends of the tubes are then covered with small ground caps.

2. CALCULATION OF THE ALCOHOLIC STRENGTH FROM THE SPECIFIC
GraviTy. The alcoholic strength is now deduced from the specific gravity
by means of suitable tables. Those commonly used are calculated for
specific gravities at 15° C. referred to water at the same temperature and
from these Table XXIV is deduced. The part of the table which refers
to alcoholic liquids containing up to 26%, of alcohol by volume and is used
especially for beer and wine, is given in full (i.e., for specific gravities differ-
ing by only o-0001) in the chapter dealing with wine (see Table XXI, pp.
179 et seq.).

The second column of Table XXIV gives the percentage of alcohol by
weight (grams of alcohol in 100 grams) in aqueous alcohol of the specific
gravity shown in the first column ; the third column gives the number of
c.c. of alcohol in 100 c.c. and the fourth the number of grams of alcohol
in 100 C.C.

If the specific gravity is determined directly on the liquid, the table
gives directly the percentages of alcohol. If, however, it is determined
on the distillate made up to the original volume, the percentage of alcohol
by voluine and the number of grams of alcohol in 100 c.c. are read off d1rect1y,
these numbers being doubled when the distillate is made up to twice the
original volume. The percentage of alcohol by weight in the original liquid
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is found by determining the specific gravity s of the latter at 15°/15° and
applying the formula :
T

0:999154 s
where g is the number of grams of alcohol in 100 c.c. of the distillate, %
the dilution of the latter, 0-999154 the weight in grams of 1 c.c. of water
at 15° C. and x the required percentage of alcohol by weight in the liquor
under examination.

3. Direct Determination of the Alcoholic Strength by means of
the Alcoholometer.—In practice the determination of the specific gravity
and the use of tables are avoided by direct determination of the alcoholic
strength by means of hydrometers with suitable graduation known as
alcoholometers.

The one most commonly used is that of
Gay-Lussac which is graduated at 15° C.
and gives the alcoholic strength by volume
(number of c.c. of alcohol in 100 cc. of
the liquid at 15° C.). In Ttaly and certain
other countries, the official alcoholometer
is thdt of Tralles; this differs from the
preceding only in being graduated at 15-56° - —- el -« - o
C. (60° F.), so that its indications differ from
those of the Gay-Lussac alcoholometer.?!

The alcoholometer should be carefully
cleaned and dried and then gradually im-
mersed in the liquid contained in a cylindri-
cal vessel and maintained at the required
temperature ; it should be gently agitated
to detach any adherent air-bubbles. It is
then left to itself and when equilibrium has been attained, the reading
on the stem corresponding with the level surface of the liquid (see Fig.
59) is determined.

When the alcoholometric determination is made at a temperature other
than that for which the instrument is graduated, the readings require
corrections, which are taken from tables which have been compiled.

Fi6. 59

1 In Great Britain and Ireland, and in most British colonies, the strength of spirit
is often expressed in relation to that of so-called proof spirif, namely, ” that which at
the temperature of 51° F. weighs exactly twelve-thirteenths of an equal measure of
distilled water ” at the same temperature. Proof spirit contains 49-289, by weight
or 57:109% by volume of absolute alcohol and has the specific gravity o-9rg76 at
15°6°/156°C. A spurit is said to be 25 degrees under proof when 100 vols. of it contain
75 vols. of proof spirit or 25 degrees over proof when 100 vols. of it yield 125 vols. of
proof spirit on dilutior: with water. If W and V represent the percentages of absolute
alcohol by weight and volume respectively, P the percentage of proof spirit and D
the specific gravity, the following relations hold :

P =V x 17525, 0r V =P x 0+5706
Ve=WD x 126, or W ==(V X 0+7938)-~ D
P=WD x 2208, or W == (P X 0+453)-- D

The official alcoholometer is the*Sikes’ hydrometer, which is a gilded brass instru-

ment and is provided withr a number of auxiliary weights to allow of its use with spirits

of widely varying strengths, [Translator.]
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TaBLE XXV

Table for the Dilution of 100 c.c. of Alcohol of 100-90-19, by Volume
to bring it to 909, by Volume

Concentra-| Water to || Concentra-{ Water to Conoentra-l Water to || Concentra-|{ Water to
tion of | be added tion of | be added tion of | be added tion of | be added
Alcohol. (c.C.). Alcohol, ic.c.). Alcohol. (c.c.) Alcohol. (c.c.).

100 132 975 97 95 64 925 31
999 131 97°4 9°5 94°9 6-3 924 3

99:8 12+9 973 9'4 94°8 61 92:3 29
99°7 128 972 9°2 947 6 922 27
99°0 12°6 97°1 9'1 94°6 59 921 2+6
99°5 12:5 97 -9 945 1 57 92 2°5
99°4 12°3 ‘959 8:9 944 56 91°9 24
99°3 12°2 96-8 8.7 94°3 55 91-8 22
992 12 967 8:6 942 53 917 211
99°1 11°9 9646 85 94°1 52 9146 2

99 118 96°5 83 9¢ 51 91°5 148
98+9 117 96°4 8-2 939 | 5 914 17
98-8 11°5 96°3 81 938 48 913 16
98:7 114 96°2 7°9 93°7 47 91°2 174
98-6 113 96°1 7:8 936 46 91°1 13
98:5 111 96 7°7 93°5 44 91 1-2
984 10°9 959 76 934 43 90°9 11
98-3 10-8 958 7'4 933 42 908 09
98:2 10+6 957 7°3 932 | 4 907 08
984 ro-5 956 72 931 39 90°6 07
98 ro°4 95°5 7 93 38 yo'5 05
979 10°3 954 69 929 37 904 0°4
97:8 10°1 953 68 92-8 35 90°3 03
977 10 95°2 646 92+7 34 90°2 0°2
976 9-8 95°1 0°5 926 33 90°1 01

3. Determination of the Extract and Ash

As a rule spirits do not contain an appreciable proportion of fixed matter,
so that determinations of the extract and ash are scarcely ever necessary
with spirits ; they should, however, be carried out with liqueurs, the pro-
¢edure being as with wines (g.v.).

4, Detection and Determination of Impurities

The principal impurities which may occur naturally in an alcohol are
acids, esters, furfuraldehyde and other aldehydes and higher alcohols.
They are determined by the methods given below in the liquid distilled
and prepared as described.

With liqueurs it is further necessary, before investigating the volatile
impurities, to eliminate any essential oils present, but it must be remem-
bered that in such case the results obtained are not perfectly certain,
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The impurities are expressed in milligrams per Ioo c.c. of anhydrous
alcohol contained in the spirit. The sum of the different impurities, also
referred to 100 c.c. of anhydrous alcohol, represents the so-called coefficient
of impurity.

1. Preparation of the Liquid to be examined.—Some of the deter-
minations require that the alcohol should be brought exactly to the strength
of 50% (by volume). Two cases present themselves:

(A) The alcohol to be examined is weaker than 509,

In such case it is necessary to add a suitable quantity of a stronger
alcohol. For this purpose use is made of 909, alcohol, which, in its turn,
is obtained from a more concentrated alcohol by addition of the proportion
of water given in Table XXV, (p. 238).

For instance, 8:1 c.c. of water must be added to 100 c.c. 0of 96-3% (by volume)
alcohol to obtain a mixture of go9, (by volume) concentration.

When the 909, alcohol is obtained, the amount of this to be added to
100 c.c. of any alcohol having a strength between 309, and 49-9%, to bring
it to the concentration 509, is given in Table XXVI; column I gives the
concentration of the alcohol to be strengthened, column II the number of
c.c. of go9, alcohol to be added to 100 c.c., and column III the volume of
the mixture obtained.?

Thus, with a distilled alcohol’of 47-29 (by volume) concentration, 100 c.c.
must be mixed with 68 ¢.c. of go 9, alcohol to give 106°6 c.c. of 509, alcohol.?

(B) The alcohol to be examined is stronger than 50%.

In this case water must be added and the amount necessary is shown
in Fig. XXVII; column II gives the number of c.c. of water® to be added
to 100 c.c. of an alcohol of the concentration shown in column I and column
III the volume of thc mixture thus obtained.4

! These quantities are deduced from the gcneral formula :
aP-—49p
4p —ad P
which serves for the calculation of the quantity x of pure alcohol of strength a” and
specific gravity p’ (at 15°) to be added to 100 c.c. of alcohol of strength a and specific
gravity p to bring it to the strength 4 corresponding with the specific gravity P.

2 This volume is calculated from the general formula, V = (100a + za’) + 4,
where a, a’ and 4 have the same significance as in the previous note,

3 These volumes are calculated from the general formula, x =106 (a P — 4 p) +
A, which serves for the calculation of the quantity of water x to be added to 100 c.c.
of alcohol of strength a and specific gravity p to bring it to the lower strength 4 corre-
sponding with the specific gravity P.

4 This volume is calculated from the general formula, V =100 a + 4, where a
and 4 have the same significations as in the previous note.

x = 10O
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SPIRITS AND LIQUEURS (GENERAL METHODS)
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of c.c. of Water to be added to 100 c.c. of 50-1-1009, Alcohol to
give a Mixture of 509, Concentration
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4. Detection and Determination of the Aldehydes.—The aldehydes
present in spirits are mainly acetaldehyde, paraldehyde, formaldehyde,
acetal and, in small quantities, higher homologous aldehydes (butyral-
dehyde, valeraldehyde) and other aldehydes (acraldehyde, furfuraldehyde,
etc.). They are detected and determined as follows :

(A4) DeTEcTION. This is effected by one of the following tests:

1. With potash (Liebig). A mixture of equal volumes of the alcohol to
be tested and 209, potassium hydroxide solution is gradually heated in a
test-tube to boiling. Pure alcohol is scarcely coloured, whereas in presence
of smaller or larger amounts of aldehydes, a yellow or reddish brown colora-
tion is formed.

2. Schiff’s reaction. 10 c.c. of the alcohol (509%) and 4 c.c. of Schiff’s
reagent (see below: Determination) are shaken together in a test-tube
and allowed to stand. The presence of aldehydes is shown by the appear:
ance, either immediately or after some time, of a more or less intense red
coloration, which should be observed after about 20 minutes. If no colour
appears after this time, the liquid is free from aldehydes.

As this reaction is extremely sensitive and a faint coloration may be given
by other substances than aldehydes, a very slight pink colour cannot be regarded
as a certain sign of the presence of aldehydes.

3. Metaphenylenediamine reaction (Windisch). To 10 c.c. of the spirit
in a porcelain dish is added, drop by drop, 1 c.c. of fresh 109, metaphenylene-
diamine hydrochloride solution, mixing of the two liquids being avoided.
In presence of small amounts of aldehydes, after 2-4 minutes there forms
at the surface of contact of the two liquids a more or less intense yellow
or orange-red coloration, while later there appears a green fluorescence,
which is shown more especially on heating.

This reaction is very sensitive, although less so than the preceding, but
it does not lend itself to colorimetric determination.

(B) QUANTITATIVE DETERMINATION. This is carried out with the help
of Schiff’s reagent, comparison being made with a standard solution.

Reagents : 1. Schiff’s reagent. To a litre of distilled water are added
150 c.c. of fresh 0-19, aqueous fuchsine (not sulphonate) solution and then
100 c.c. of sodium bisulphite solution of sp. gr. 1-36 and, after mixing,
15 c.c. of pure concentrated sulphuric acid. After some hours the mixture
should be clear and colourless ; it should be keptin the dark in well-stoppered
bottles and should not be used until some days old.

2. Pure alcohol. Pure alcohol of commerce of at least 969, strength
is neutralised exactly, boiled for an hour in a reflux apparatus with 129
of metaphenylenediamine hydrochloride and then distilled, the first and
last portions of the distillate being discarded. The sp. gr. of the alcohol
thus obtained is determined and the strength adjusted to 909, or 509, (see
Tables XXV and XXVII). This alcohol should not colour either with
Schiff’s reagent or when heated for an hour with an equal volume of con-
centrated sulphuric acid in a bath at 120°.

3. Standard solution. 0-1387 gram of aldehyde-ammonia (freshly pre-
pared, washed with anhydrous ether and dried over sulphuric acid), corre-
sponding with o-I gram of acetaldehyde, is dissolved in a 100 c.c. flask’in
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about 50 c.c. of 509, alcohol free from aldehydes. The solution is then
treated with 227 c.c. of N-sulphuric acid and 2-5 c.c. of pure g0%, alcohol
(so that the strength is not altered by the water of the normal sulphuric
acid) and the whole made up to 100 c.c. with pure 509, alcohol. The liquid
is mixed and filtered, and exactly 50 c.c. of the filtrate diluted to a litre
with pure 509, alcohol. The solution then contains 0-05 gram of acetalde-
hyde per litre.

Procedure. 10 c.c. of the spirits, brought to 509, strength, are placed
in one test-tube and 10 c.c. of the standard solution in another, 4 c.c. of
Schiff’s reagent being added in each case and the tubes then closed, shaken
and left for 20 minutes. If the two liquids then have about equally intense
colorations, they are compared in the colorimeter. Otherwise the test is
repeated, a less quantity being taken of the alcohol giving the deeper colora-
tion and this made up to I0 c.c. with pure 509, alcohol ; this is necessary
because the intensities of the coloration are not proportional to the aldehyde-
content, except when the differences are small. When sensibly similar
colorations are obtained, the liquids are compared in the Duboscq colori-
meter.

Calculation of the results. Suppose ¢ c.c. of the spirits to be examined
(509%) are made up to 10 c.c. with pure 509 alcohol. If in the colorimeter
m millimetres of this liquid correspond with #’ millimetres of the standard
aldehyde solution, 100 c.c. of the 509, spirits will contain (5 x 10 X m’') -
(¢ X m) milligrams of aldehyde. If, on the other hand, the colorimetric
test requires dilution of the standard solution (¢’ c.c. being made up to
10 c.c.), the result is given by (5 X ¢’ X m’) - (10 X m). The result
must be corrected for the dilution or concentration of the original spirit to
bring it to 509, strength and is then calculated so as to correspond with
100 c.c. of anhydrous alcohol.

EXAMPLES : (1) 100 c.c. of 45% spirits are mixed with 12:1 c.c. of pure
90% alcohol to give 1118 c.c. of 509, strength. After dilution of 5 c.c. of this
spirit to 10 c.c. with pure 509 alcohol, and treatment with Schiff’s reagent, a
column 12 mm. deep was found to correspond with a column of the standard
aldehyde solution 10 mm. deep. 100 c.c. of the spirit diluted to 50% thus
contain

5 X o X o 8-3 mgrms. of aldehyde.
12

5
100 C.c. of the original 45% spirit contain
83 X 1118 _ 1.8 mgrms. of aldehyde,
100

and the amount of aldehyde referred to 100 c.c. of anhydrous alcohol will be
83 X 1118
45
(2) With another sample of 45% spirit, it was necessary to dilute 5 c.c. of
the standard aldehyde solution to 10 c.c., 9 mm. of this liquid then corresponding
with 10 mm. of the spirit under investigation (duly brought to 509% strength).
Thus, 100 c.c. 0f the spirits (50%) contain

5X 3 x 2 2:25 mgrms. of aldehyde,
10 10

== 206 ImMgrms.
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100 cc. of the original 45% spints
225 X__Iil_f == 2+50 Mgrms
1L0

and 100 cc of anhydrous alcohol

225 X 1118 s.25 mgrms of aldehyde
45
5. Detection and Determination of Furfural.—(4) QUALITATIVE
TeEST 10 cc of the spirits are shaken with 10 drops of aniline and 1 c.c.
of concentrated acetic acid and then allowed to stand 1n presence of
furfural, a red coloration forms either immediately or after some time.

This reaction 1s extremely sensitive, freshly distilled pure amline should
be used and the acetic acid should be pure and should not give the furfural
reaction Spinits which have been stored in woodeu casks give with aniline
acetate a yellow coloration which disturbs the reaction, m such cases the
spirit should be distilled before testing

(B) QuANTITATIVE DETERMINATION. The above reaction may be
utihsed for a colorimetric determination

For this purpose a standard solution containug 0-005 gram of furfural
per litre of pure 509, alcohol 1s prepared, the spint to be tested being also
brought to 509, concentration. 10 ¢ ¢ of each of the two hquds are treated
at the same time with 10 drops of aniline and I ¢c¢ of concentrated acetic
aad. If, after 20 minutes, the colorations are approximately similar, they
are compared 1n the Duboscq colorimeter , 1if, however, the two colorations
differ greatly, the test 1s repeated m the manner described for the deter-
mnation of the aldehydes (see above). The proportion of furfuraldehyde
present 1s readily calculated from the colorimeter readings

6. Determination of the Higher Alcohols.—The hgher alcohols
found 1n spirits are the products of secondary fermentations and consist
principally of amyl alcohol, together with 1sobutyl, butyl, propyl and, in
small amounts, higher homologous alcohols.

Ther presence in marked quantity 1s defected by the turbidity appearing
on dilution of the spirit with water and by the amyhc odour observed when
a little of the spint is rubbed between the hands.

For the quantitative determination of these impunties, the following
two methods are available, the first being preferable with potable spints
and liqueurs and the second with industnal spint.

1. CoLoRIMETRIC METHOD (Rocques). This 1s based on the brown
coloration given by alcohols (especially those with non-normal chains)
when heated with concentrated sulphuric acid. It should be carried out
on the alcohols brought to a definite strength and freed from aldehydes,
which also give an intense brown coloration with sulphuric acid. The
determination is made colorimetrically, by comparison with a suitable
standard solution.

Standard solution. This is prepared from isobutyl alcohol, which, of
the higher alcohols, is that giving the deepest coloration with sulphuric
acid; the higher alcohol predominating in spirits is, however, amyl alcohol.
Naturally the results obtained are conventional, but are always comparable
one with the other.
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The isobutyl alcohol to be used should be prepared as follows: The
isobutyl alcohol of commerce is subjected to three successive distillations.
In the first of these the fraction passing over at 106-5-107-5° is collected
and again distilled slowly through rectification bulbs, the fraction dis-
tilling at 106-7-107-1° being distilled a third time, when the portion boiling
at 106-8-107° is collected; this is the fraction employed. Pure ethyl
alcohol, which gives no reaction with sulphuric acid (see p. 244), is also
prepared and made up to 66-7%, (by volume) strength ! ; with this a solution
containing 0-667 gram of isobutyl alcohol per litre is prepared.

Preliminary preparation of the alcoholic liquid. The spirit must be freed
from aldehydes and made up to a definite strength. ‘I'o this end, 100 c.c.
of the spirit, made up to 509, strength (see p. 245), are placed in a flask of
about 250 c.c. capacity together with 2 grams of metaphenylenediamine
hydrochloride and a few pieces of pumice, the liquid being then boiled fairly
gently under a reflux condenser for an hour. After cooling, the liquid is
distilled, exactly 75 c.c. of distillate being collected in a flask of that capacity.
The liquid thus collected contains all the alcohol existing in the 100 c.c.
of spirit and will contain, therefore, 66-79% of alcohol (by volume) ; this
is used for the reaction.

Procedure. Into a perfectly clean, dry flask of capacity about 100 c.c.
and with a neck about 20 cm. long, are poured 10 c.c. of the spirit to be
examined (prepared as described above) and, by means of a pipette, 10 c.c. of
pure concentrated sulphuric acid, which is allowed to flow down the side of
the flask so that it does not mix with the alcoholic liquid ; the flask is at
once vigorously shaken and placed in a bath at 120°. This bath may
contain a 699, calcium chloride solution ; the level and concentration are
kept constant by means of an inverted flask full of water and closed by a
stopper traversed by a large glass tube, the external extremity of which is
cut obliquely and just reaches the surface of the solution in the bath. The
flask is kept in the latter for exactly an hour and is then allowed to cool.

At the same time 10 c.c. of the standard solution are treated similarly in
another flask, the two colorations of the cold liquids being compared in the
colorimeter. Since the depth of the coloration is not proportional to the
quantity of higher alcohols present, the two colorations to be compared must
not differ greatly ; if dilution of the spirit or of the standard solution is
necessary, this must be made with pure 66-79, alcohol. If the liquids are
kept in well-stoppered tubes in the dark, the colorations remain unchanged
for some days, so that it may sometimes be convenient to prepare a series
of standards with different quantities of the isobutyl alcohol.

In calculating the results, use may be made of the general formule
given for aldehydes (p. 245), it being remembered that the standard solution
corresponds with the distillation product of a solution of 0:500 gram of
isobutyl alcohol in a litre of 509, alcohol when the distillation is carried

1 Alcohol of 667 % strength may be prepared by adding 3779 c.c. of distilled water
to a litre of 909, alcohol. If the alcohol available is more concentrated than 909,
either (1) it is first brought to this strength (see Table XXV) and then diluted as above,
or (2) the amount of water necessary to be added is deduced from the formula given in
footnote 3 on p. 2309.
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out under the same conditions as with the spirit to be examined, namely,
by distilling 100 c.c. and collecting 75 c.c.

EXAMPLE : The spirit was of 459 strength; 100 c.c. of it was mixed
with 12-1 ¢ ¢. of pure yo %, alcohol to give 1118 c.c. of 509% alcohol. The colora-
tion obtained by the treatment described above corresponded with that given
by an isobutyl alcohol solution of one-half the standard concentration; smce
the standard corresponds with 500 mgrms, of higher alcohols per litre of 50%
alcohol, the spirit under examination, at 509, strength, contains 25 mgrms.
per 1co c.c. Consequently 1co cc. of the original alcohol of 45% strength will
contain

25 X 111:8
e < 2795 Igrms.
of higher alcohols and roo c.c. of anhydrous alcohol in the spirit will contain
w = 62+1 mgrms.
45

(B) Rése’s MeTHOD. This method, with modifications introduced by
Stutzer and Reitmayr, is based on the varying degrees of solubility in
chloroform shown by ethyl alcohol and its impurities, especi-
ally the higher alcohols usually found in impure spirit. Q
Measurement is made of the change of volume—propor. EaS
tionate to the amount of impurities—produced in a definite {
volume of chloroform placed in contact with a definite volume
of the alcohol to be examined.

Reagents. 1. Chloroform. The chloroform should be
pure and dry. To obtain it in this condition, it may be
shaken first with concentrated sulphuric acid, the acid
layer being then separated and the chloroform washed .
several times with water in a separating funnel. The last [
trace of acid is neutralised by agitating the chloroform with -
a little dilute sodium carbonate solution ; it is dried by leav-
ing it in contact with fused calcium chloride for a day and is
then distilled and stored in a bottle with a ground stopper. [

2. Pure alcohol. This is prepared as described on p. 244 .
and is brought to the strength of 309,, use being made of the F
formula : [

% = 32187 a — 100 P, o
in which x is the amount of water to be added to 100 c.c. ;J
of pure alcohol of strength a and sp. gr. p.

Apparatus. The apparatus (fusel-oil tube) for the test
consists, in the form devised by Herzfeld and by Windisch,
of a pear-shaped glass vessel see Fig. 60) of about 200 c.c.
capacity and fitted with a ground stopper. This vessel com- g5, 6o
municates with a cylindrical bulb holding about 20 c.c. by
means of a uniform, narrow tube. The latter is graduated in twentieths
of 1 c.c. and the graduation extends from 20 to 22-5 c.c. and occupies a
length of about 18 cm., so that it is possible to estimate a hundredth of a
cubic centimetre.

Each time it is used the apparatus should be well cleaned with water,
alcohol and ether and dried by warming it gently over a flame while a current
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of air is blown through it by means of a long, narrow tube. From time to
time it is also necessary to clean the apparatus with a solution of potassium
dichromate in concentrated sulphuric acid.

Preparation of the liquid to be tested. The spirit must be freed from other
impurities, such as esters, acids and aldehydes, which might influence the
test, and is also brought to a definite strength (309%). To this end 100 c.c.
of the spirit are boiled for an hour in a reflux apparatus with a few drops
of concentrated potassium hydroxide solution, the greater part of the
liquid being then distilled and the distillate made up to 100 c.c.

This spirit is then brought to 309, strength by addition of pure alcohol
or water. When the spirit has a strength a (by vol.) less than 309 and
a specific gravity p, the quantity » of alcohol of strength a’ and sp. gr.
p’ necessary to bring 100 c.c. of the spirit to 309 is calculated by the follow-
ing formula deduced from the general one of footnote 1 on p. 239:

X = I00 0'_965_6_‘_(1‘:_?1(—)_?_
309" —0-9656 a’
The volume V' of the mixture thus obtained (see footnote 2, p. 239)
will be :

10004 + xa’

30
When, however, the spirit is stronger than 309, the number of c.c.,
x, of water to be added to 100 c.c. of the spirit is given by the formula:
x = 32187 a - 100 P,
where a is the strength (by vol.) of the spirit and # its sp. gr. The volume
of the mixture will be:

.

V = 3333 a.

Before making use of the alcoholic liquid thus diluted, it is always
advisable to verify, by means of the Westphal balance, the specific gravity,
which should be exactly 0-9656 at 15° C.

Procedure. Two pieces of apparatus are required, for measuring the
respective increases in volume of the chloroform with pure alcohol and with
the spirit to be tested. The two tubes and also the three bottles, containing
the chloroform, and the 309, spirit and alcohol are placed in a suitable
water-bath furnished with a good thermometer and kept exactly at 15°,
and left there for a:sufﬁcient time to allow them to assume this temperature.
20 c.c. of chloroform are then introduced into each apparatus by means
of a tapped funnel with a narrow stem long enough to reach the lower
receptacle, care being taken not to wet the upper part or the graduated
tube. The apparatus is then placed in the bath for about 5 minutes, the
chloroform being afterwards adjusted exactly to the lower mark of the
graduation by adding or withdrawing a little liquid with a long capillary
tube. The inner wall of each graduated tube is dried by means of a scrap
of cloth wrapped round and tied to the end of a wire. Into one apparatus
is then poured 100 c.c. of pure 309% alcohol, and into the other 100 c.c. of
the spirit (also 309); to each is next added 1 c.c. of pure sulphuric acid
of sp. gr. 1'286 at 15° C., the apparatus being then placed again in the bath
at 15° for 1520 minutes. The apparatus containing the pure alcohol is
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tightly closed and inverted so as to obtain all the liquid in the larger bulb
and then carefully brought into the original position, this procedure being
repeated several times. Next, held horizontal or slightly inclined and
supported by one hand on the graduated tube and the other at the neck,
while the stopper is held tight with one finger, it is shaken rapidly and
vigorously 150 times; it is then placed upright in the bath at 15° and by
rotating it on its axis and tapping it laterally with the finger, the whole
of the chloroform is caused to sink into the lower part. The same operations
are carried out with the tube containing the spirit. After the two tubes
have remained for 15-20 minutes in the bath, they are raised sufficiently
to read the volumes occupied by the chloroform, the differences from 20
c.c. indicating the increases in volume in the two cases.

With pure alcohol, this increase should be about I 64 c.c.! Greater
increases are obtained with spirits containing higher alcohols, the latter
being more soluble than ethyl alcohol in chloroform. The difference between
the increases in volume in the two cases, multiplied by 06631 (volume
of amyl alcohol per 100 c.c. of 30% alcohol, corresponding with 1 c.c. of
increase), gives the higher alcohols calculated as c.c. of amyl alcohol per
100 c.c. of 309, spirit.

From the number thus found the quantity of higher alcohols per cent.
of the spirit under examination or per cent. of the absolute alcohol present

is obtained by multiplying by II% or K When the dilution has been made
00 a

with water, it is sufficient to multiply the number found by ?:% and by

3-333.2

The results given by R8se’s method are only conventional, since different
higher alcohols give different increases in volume of the chloroform; for the
three principal higher alcohols, namely, amyl, isobutyl and propyl alcohols,
the relative increases are approximately 1 :  : . Since amyl alcohol predomi-
nates and also gives the greatest increase, the results are usually calculated
as amyl alcohol. Further, if the original spirit contains esters of higher alcohols,
these are saponified on distillation with potash and the resultant alcohols are
then estimated as higher alcohols.

5. Detection and Determination of Metals

Metals, especially copper, zinc and lead, may be found in spirits in small
quantities derived from the distillation apparatus or the storage vessels.
They are detected and determined by evaporating a sufficient quantity of
the liquid, incinerating the residue and treating the ash by the ordinary
methods of qualitative and quantitative analysis.

In particular, traces of copper may be determined colorimetrically by
treating the ash with nitric acid and then rendering alkaline with ammonia.
If the liquid is blue, it is compared with standard copper solution similarly

! The test with pure alcohol as a comparison is to be made for each series of deter-
minations.

2 In some cases the higher alcohols are referred to 1 litre of alcohol, the numbers
obtained as above being then multiplied by 10.
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treated. Smaller quantities inay be detected by the blue coloration obtained
on adding a few drops of tincture of guaiacum and potassium cyanide (see
p- 207) to the spirit faintly acidified with acetic acid.

Finalty, minimal traces of copper may be detected by adding to the
liquid to be tested two or three drops of Uhlenhuth’s reagent, prepared by
dissolving o 5 gram of 1 : 2-diaminoanthraquinone- j sulphonic acid in 500
c.c. of water and adding 40 c.c. of 35% sodium hydroxide solution. This
reagent, which is red, gives a fine blue coloration in presence of copper,

6. Detection and Determination of Denaturants

The principal substances used for the denaturation of industrial alcohol
arc : pyridine bases, acetone and acetoue oils (consisting mainly of homo-
logues of acetone, especially methyl ethyl ketone), crude methyl aleoliol
and crude benzole.

A certain quantity of the spirit (c.g., 3.0 c.c.), together with the rinsings
of the measuring vessel, is distilled with a few drops of sodium lhiydroxide
solution or a little magnesium oxide to remove the fixed matters and the
colouring materials and to liberate the pyridine bases in case these are
present partly as salts; the amount of distillate collected is that of the
spirit taken.

The colourless distillate thus obtained, of whicl the aleoholic strength
is exactly measured, is used for the following tests and deterininations,

1. Detection and Determination of the Pyridine Bases. -(4)
QuarLitaTivi Trsr. 1. From 5 to 6 c.e. of the alecoholic distillate, which
should have a strength of at least 859% (by vol.), is shaken with 2 -3 c.c.
of a 595 solntion of anhtydrons cadmiwm chloride in alcohol.  In presence
of pyridine a white precipitate forms either immediately or after sonie time,

2, Prom 20 to jo cae. of the alcoholic distillate, rendered distinctly
ack] with dilute sulphuric acid, are evaporated on the water-bath to expel
the alcoho], but should not be taken to dryness.  The residue is made alkaline
with caustic soda and distifled ; the first 2 3 c.c. of the distillate (which
has a marked disagreeable odour in presence of pyridine) are acidified with
a few drops of concentrated hydrochloric acid and treated with 1%, aqueous
gold chloride wolution: a pale yellow crystalling precipitate is formed if
pyridine is present.  [f the precipitate is washed and dried and heated with
a few drops of sodiwn hydroxide solution in a small test-tube, the charac-
teristic odonr of pyridine is observed.,

() Quaxtitative DrivksiNation (19iugdis)t In a well ceaned,
tared porcelain dish an amount of the distilled spirit containing about o-1
gram of pyridine bascs is acidified with 2o 30 drops of dilute hydrochloric
acid and evaporated slowly on the water-batli almost to dryness with a
slight excess of 209, gold chloride solution (0.1 gram of pyridine bases
requires about 0-6 gram of gold chloride). The drying is completed in a
vacuum exsiccator containing sulphuric acid, the residue being taken up
in 10-15 c.c. of anhydrous ether to remove the excess of gold chloride.

After a short rest the liquid is filtered by decantation through a small

1 Comptes Kenmdus, 1903, 137, P. 329.
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filter, this treatment being repeated with fresh quantities of ether; 50 c.c.
of the latter are used in all, and the final quantity should pass through
colourless. The residue remaining in the dish, consisting of the gold salt
of the pyridine bases, 15 carefully ignited, the filter-paper being burnt in
the same dish and the metallic gold thus obtained weighed when cold:
gold X 0-401 := pyridine bases expressed as pyridine, or gold X 0-5583 =
pyridine bases. Since the specific gravity of the latter is approximately 1,
the quantity by weight indicates also the quantity by volume.

2. Detection and Determination of Ketones in absence of Alde-
hydes.'—(4) QuarLitaTIvE TesT. (2) In a small cylinder with a ground
stopper 5 c.c. of the distilled spirit, diluted with 20 c.c. of water, are treated
with a solution of paranitrophenylhydrazine 2 prepared just when required
by dissolving 0-2 gram of the hydrazine in 5 c.c. of hot 309, acetic acid,
cooling and filtering so as to obtain a perfectly clear solution. In presence
of ketones, a mass of yellow acicular crystals forms after 1—2 hours.

(b) 5 c.c. of the distilled spirit diluted, in a cylinder with a ground stopper,
with 20 c.c. of water, are treated with 2 c.c. of concentrated ammonia
solution and 3—4 c.c. of a solution prepared by dissolving 5 grams of am-
monium iodide and 2 grams of iodine in 100 c.c. of water. If, after some
hours, when the brown precipitate of nitrogen iodide has disappeared,
small crystals of iodoform are observed at the bottom of the vessel, the
presence of ketones is demonstrated.

(C) QUANTITATIVE DETERMINATION. I. Grawvimetric method. This con-
sists in adding paranitrophenylhydrazine and thus precipitating the ketones
(dimethyl and methyl ethyl) as hydrazones, which are collected and
weighed.

10 c.c. of the distilled alcohol are diluted in a conical flask with 50 c.c.

1 The presence of aldehydes is tested for by treating 3—4 c.c. of the distilled spirit
with 3—4 c.c. of Schuff’s reagent. If no coloration or only a faint pink appears, the
presence of aldehydes is excluded.

t Paranitrophenylhydrazine is sold by reliable makers of chemical products, while
it is not difficult to prepare it in the laboratory from paranitraniline, the procedure
being as follows :

Potassium sulphite solution is first prepared by saturating a solution of 10 grams
of potassium hydroxide in 50 c.c. of water with sulphur dioxide in the cold and neu-
tralising with powdered potassium carbonate (10 grams of potassium hydroxide and
50 c.c. of water require about 18 grams of potassium carbonate).

10 grams of finely powdered paranitraniline are then moistened in a beaker with
a few c.c. of water, 21 c.c. of concentrated hydrochloric acid (37 %) being added and the
mass shaken vigorously and cooled in a bath of ice and salt to -— 5° A cooled solution
of 6 grams of sodium nitrite in 10 c.c. of water is then added gradually and with shaking
and cooling after each addition. After some tine the solution is filtered rapidly through
a pleated filter-paper and the filtrate neutralised, while still kept cooled, with concen-
trated sodium carbonate solution and then diluted to 100 c.c.

The solution thus diluted is poured little by little into 50 c.c. of the potassium
sulphite solution cooled to 0° and treated with 10 grams of potassium carbonate. The
whole is shaken vigorously until a crystalline mass of potassium paranitrophenyl-
hydrazinesulphonate forms, this being filtered with the help of a pump and washed
with a little water. The salt is then heated in a dish with 40 cc. of water and 40
c.c. of concentrated hydrochloric acid on a boiling water-bath for about 10 minutes,
When cold the solution is neutralised by adding, little by little and with cooling, pow.
dered sodium carbonate, excess of solid sodium acetate being then added. After a
shortrest at 0°, the paranitrophenylhydrazine which separates is pumped off, washed
with a little water and dried, first between filter-papers and afterwards in the air.
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Procedure Tnoa } htre bottle with a ground stopper, 100 c.c. of distillec
water, exacthy 2 e of the distilled apirit and 20 c.c. of the alkaline potas
st wxlnde air shaken together, exactly to e, of the hypochlorite solution
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with the ketones in the spirit to form iodoform and from this the weight
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X of ketones, expressed as acetone, in 100 c.c. of the spirit may be calculated
by means of the formula :

To obtain the amount by volume, the value found is divided by the
density of acetone (0-8). The results may be referred to methyl ethyl
ketone by replacing in the formula the molecular weight of acetone (58) by
that of methyl ethyl ketone (72), and dividing by 0-84 (mean sp. gr. of
acetone oil) to obtain the quantity by volume.

EXAMPLE : 1 cc. of the thiosulphate solution was found to correspond
with 0:0255 gram of iodine, while 10 c.c. of the hypochlorite solution liberate
0:3939 gram of iodine.

Using 2 c.c. of the spirit, the excess of unabsorbed 1odine 1s 01657 gram,
so that the amount combimng with the ketornes 1s 03939 —— 0°1657 == 0+2282
gram. The weight of ketones, expressed as acetone, in 100 cc. of the spirit
is thus:

X =58 X 02282
761°5
which 1s equivalent to 1-05 c.c.

3. Detection and Determination of Ketones in Presence of Alde-
hydes.—(4) QUALITATIVE TEST. A certain amount of the distilled alcohol
is diluted so as to obtain about 50 c.c. of about 509 alcohol and then boiled
with 10 c.c. of 109 sodium hydroxide solution in a reflux apparatus for
15 minutes. The liquid is afterwards allowed to cool a little and then
distilled, about 30—40 c.c. of distillate being collected. The distillate is
diluted to 50 c.c. and boiled with 0-5 c.c. of syrupy phosphoric acid and
0-5 c.c. of colourless aniline in a reflux apparatus for about half an hour.
By this treatment the aldehydes in the spirit are destroyed or fixed. After
cooling to some extent, the liquid is distilled slowly, two portions of distillate
of 5 c.c. each being collected and tested for ketones by one of the two methods
given above (see p. 252). If ketones are present in more than merc traces,
positive reactions should be given by both portions of the distillate.

(B) QUALITATIVE DETERMINATION. Exactly 25 c.c. of the distilled
spirit are boiled with about 30 c.c. of water, 0-5 c.c. of syrupy phosphoric
acid and o+5 c.c. of aniline under a reflux condenser for half an hour. After
cooling, the bulk of the liquid is distilled and the distillate collected in a
50 c.c. measuring flask and made up to volume with water. The ketones
are then determined (see section 2), 20 c.c. or 4 c.c. being used according
as the gravimetric or volumetric method is employed.

4. Detection and Determination of the Methyl Alcohol.—(4).
QuarrraTive TesT. (2) 25 c.c. of the spirit are slowly distilled and the
first 3—4 c.c. of distillate mixed in a conical flask with 25 c.c. of water, 1520
drops of dilute sulphuric acid and 3-4 c.c. of 19, chromic acid solution,
and again distilled. The first 5-6 c.c. of distillate are discarded, the next
10 c.c. being treated with 1 c.c. of 49 phenylhydrazine hydrochloride
solution, 0-5 c.c. of 4%, ferric chloride solution and 2-3 c.c. of concentrated

X 50 == 0+85 gram,
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In six 100 c.c. flasks are placed respectively 2:5, 5, 7'5, Io, 15 and
20 c.c. of solution 4, the volumes being made up with solution b. These
six solutions have a total alcoliolic strength of 99 (the most convenient
for the test) and contain respectively 0-025, 0-05, 0075, 0-I, 0-15 and 0-29%,
of methyl alcohol ; these proportions, allowing for the dilution (1 : 10) of the
liquid to be tested, correspond with 0-25, 05, 0:75, I, I+5 and 29, of methyl
alcohol. These solutions will be distinguished by the numbers 1, 2, 3, 4,
5 and 6.

Apparatus. For the colorimetric comparison use may be made of the
ordinary arrangements for colorimetric determinations, although these are
not indispensable. It is well to carry out the colour reactions in exactly
similar tubes fitted with ground stoppers and having a capacity of 20-25
c.c. and a diameter of about 15 cm. (se¢ Colorimetric Determination of
Carbon in Steel, Vol. I, p. 170).

Procedure. 10 c.c. of the distilled spirit (see p. 251) of known alcoholic
strength —which should not exceed 909, *—are placed in a 100 c.c. flask
with sufficient pure ethyl alcohol, free from methyl alcohol, to bring the
total alcohol content of the 00 c.c. up to g c.c. (see Example, below), the
volume being then made up with water.

I c.c. of the solution thus prepared is placed in one of the ground-stop-
pered tubes and 1 c.c. of each of the standard methyl alcohol solutions
in six other tubes; 5 c.c. of the permanganate solution and 1 c.c. of the
sulphuric acid are introduced into each of the tubes and the latter shaken.
After about 2 minutes, I c.c. of the oxalic acid solution is added to each
tube and the latter again shaken; carbon dioxide is liberated and the
solution turns yellowish. A further 1 c.c. of the sulphuric acid solution
is added and when the liquid has become colourless, 5 c.c. of Schiff’s reagent,
the tubes being then shaken. After 1520 minutes there begins to appear
a violet coloration due to the reaction of the formaldehyde and acetaldehyde
with the Schiff’s reagent, but after 5-6 hours the coloration due to acetalde-
hyde disappears, whereas the blue coloration due to the formaldehyde
remains stable ; the comparison should, therefore, be made after the lapse
of the above time.

If it is found that the coloration is more intense than that given by
No. 6 standard solution (which corresponds with 29, of methyl alcohol),
the test is repeated with 2 c.c. of the spirit, which is made up to 100 c.c.
after addition of sufficient ethyl alcohol to bring the total alcohol content
t09%. The value then obtained in the colorimetric test must be multiplied
by s.

If the quantity of methyl alcohol present in the sample is so small (less
than 0-25%) that the coloration obtained is less than that given by standard
solution No. 1, 100 c.c. of the spirit are distilled with a small dephlegmating
column, the first 50 c.c. (exact) of the distillate being used for the colour test.

EXJ.&MPLE: lo c.c. (containing 5 c.c. of anhydrous alcohol) of a spirit of
alcoholic strength 509, were placed in a 100 c.c. flask, together with 42 c.c.

1 If the spirit is stronger than 909, it must be diluted, the-dilution being allowed
for in the calculation.
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of 95% ethyl alcohol (corresponding with 4 c.c. of anhydrous ethyl alcohol)
to bring the total alcoholic strength up to 9%, the whole being then made up
to volume. The colour reaction is carried out on 1 c.c. of this liquid and on
the standard solutions. After about 15 hours, the intensity of colour with
the spirit solution is similar to that of standard solution No. 2 (corresponding
with 059, of methyl alcohol). The methyl alcohol in the spirit amounts,
therefore, to 05 c.c. per 100 c.c.

To refer the amount of methyl alcohol to 100 c.c. of anhydrous alcohol
it is best, to avoid calculation, to make up such quantity of the distilled
spirit as contains exactly g cm. of alcohol with water to 100 c.c. and to
carry out the colour test with 1 c.c. of this solution.

EXAMPLE : If the distilled spirit in question has the alcoholic strength
41'71%, 2158 c.c. of it (corresponding with 9 c.c. of anhydrous alcohol) are
made up to 1¢o c.c. and 1 c.c. of the liquid thus obtained used for the colour
test. If the coloration obtained is comparable with that given by standard
solution No. 2 (containing 0:05% of methyl alcohol), it follows that the
9 c.c. of anhydrous spirit contain 0:05 c.c. of methyl alcohol, the amount of
the Jatter in 100 c.c. of anhydrous spirit being then calculable by simple pro-
portion.

The colorimetric method of determining methyl alcohol in spirit is very
rapid and if the conditions are faithfully adhered to, also very exact. It is
especially advantageous when the methyl alcohol is present in small amount
(up to 5-6%). When, however, the methyl alcohol occurs in larger proportions,
the gravimetric method is to be preferred (see p. 258).

5. Detection of Benzene and its Homologues—The method used
here is based on the transformation of benzene and its homologues into
the respective nitro-derivatives, which are then reduced to amino-deriva
tives, diazotised and coupled with a-naphthol.

From 50 to 100 c.c. of the distillcd alcohol are diluted with water to
make it of about 259, strength, the liquid being then treated with a little
dilute sulphuric acid and carefully distilled through a small dry condenser.
The first two or three drops of distillate are dropped on to 5 c.c. of carbon
disulphide in a small separating funnel and the liquid shaken with 4-5 c.c.
of 109, sodium carbonate solution. The two layers are allowed to separate
and the lower one, consisting of carbon disulphide with aromatic hydro-
carbons in solution, washed in a sccond scparator with a few c.c. of water
and then transferred, frece from drops of water, to a small conical flask.

Then drop by drop arc added 2 c.c. of a mixture of 1 c.c. of fuming
nitric acid with 10 c.c. of concentrated sulphuric acid, the liquid being
shaken for 5 minutes, the bulk of the carbon disulphide decanted off
and 10 c.c. of water pourcd in one lot on to the remaining acid mixture ;
the rise of temperature thus occasioned suffices to volatilise any residual
carbon disulphide. The decanted carbon disulphide is evaporated with
10 c.c. of water in a dish on a water-bath; the carbon disulphide being
expelled, both aqueous liquids—from the flask and from the dish—are
extracted together in a separating funnel with 10 c.c. of ether. The aqueous
liquid being removed, the ether is washed first with a few c.c. of water
rendered alkaline with sodium carbonate and afterwards twice with a few
drops of water ; it is then evaporated in a small dish at a gentle heat, the

A.C. I 17
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residue being treated with 20 c.c. of water acidified with hydrochloric acid,
and then with a drop of platinum chloride and 0-2-0-3 gram of zinc dust,
so that evolution of hydrogen goes on for about 10 minutes.

When this ceases, the hquid is filtered and the filtrate, which should
be acid, cooled to about 15° and treated with 5-10 drops of a 109, aqueous
sodium nitrite solution ; the acid is neutralised with sodum carbonate,
cooling meanwhile, and to the liquid, which is turbid owing to the presence
of zinc carbonate, are added 1-2 drops of alkaline a-naphthol solution (0-1
gram g-naphthol, 100 c.c. water, 5 ¢.c. of caustic soda solution of Sp. gr.
1-35). If the spirit contains benzenc or its homologues, an orange-red
coloration is produced in consequence of the formation of an azo-colouring
matter from the a-naphthol and the diazo-compound of the aniline or
analogous base.

6. Detection and Determination of the Methyl Alcohol

Methyl alcohol, besides occurring in spirits derived from denatured
alcohol—in which case the methods of detection and determination have
already been indicated (see p. 254)—may also be found in larger quantities,
especially in alcoholic beverages, liqueurs, ctc., to which it is added fraudu-
lently in place of ethyl alcohol. In the latter case its detection and deter-
mination require the previous elimination of extrancous fixed and volatile
substances.

To eliminate the fixed substances, 100 c.c. of the sample arc distilled
and exactly 100 c.c. of distillate collected. To climinate the volatile sub-
stances from the distillate, 50 c.c. of the latter arc diluted in a scparating
funnel with 100-150 c.c. of water saturated with sodium chloride and shaken
for 5 minutes with 50 c.c. of ligroin or petroleum ether.  After a convenient
rest, the lower layer is transferred to a distilling flask and the layer of ligroin
or petroleum ether washed with 25 c.c. of brine; the lower layer is mixed
with the first onc and the whole distilled through a small rectifying column,
the first 100 c.c. of distillate being collected in a measuring flask. The
distillate, of which the alcoholic strength by volume and in grams per 100
c.c. is determined, is used for the detection and determination of the methyl
alcohol.

1. Qualitative Test.—This is carried out by the method indicated
for the detection of denaturants (see p. 254).

2. Quantitative Determination.—i1. CoLoRIMETRIC METHOD. This
is recommended especially with small proportions of methyl alcohol (up
to 5-6%). To 20 c.c. of the distillate (corresponding with 10 c.c. of the
original spirit), in a I00 c.c. measuring flask, is added sufficient ethyl
alcohol, free from methyl alcohol, to give g c.c. of total alcohols in the liquid
when diluted to 100 c.c.; the liquid is then made up to volume with water.
The colorimetric determination of the methyl alcohol is carried out on
1 c.c. of this alcoholic solution according to the instructions given on p. 255.

2. GRAVIMETRIC METHOD. This is based on the fact that, by the action
of excess of potassium dichromate and sulphuric acid, methyl alcohol is
completely oxidised to water and carbon dioxide, whereas ethyl alcohol is
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oxidised only to acetic acid. By weighing the carbon dioxide formed in
the reaction, the amount of methyl alcohol present may be deduced.

Apparatus. Use is made of an arrangement similar to that described
for the determination of carbon in iron by the Corleis method (see Vol. 1,
p. 164), this including :

1. A flask of capacity 700-800 c.c., in which the oxidation is effected :
this is closed by a ground-in reflux condenser and furnished with two gas
tubes permitting of the passage of a current of air (see Fig. 9, Vol. I, p. 164).

2, A U-tube charged with soda-lime to purify the air admitted into the
apparatus.

3. A Péligot sulphuric acid tube and a calcium chloride U-tube to dry
the carbon dioxide liberated from the flask.

4. Two U-tubcs containing soda-lime in the limb on the side of the flask
and calcium chloride in the other limb (or the ordinary Geissler bulbs used
in elementary analysis), to absorb the carbon dioxide set free in the reaction.

5. A U-tubc containing calcium chloride in one limb and soda-lime in
the other, to protect the absorption apparatus from the carbon dioxide
of the air and from the moisture of the aspirator.

Reagents. A solution prepared by dissolving 30 grams of pure potassium
dichromate, frce from organic matter, in 500 c.c. of water and adding 50
c.c. of concentrated sulphuric acid.! The solution should be boiled for a
quarter of an hour to destroy any organic matter present.

Procedure. A current of purified air is first passed through the flask,
condenser and drying tubes to displace the carbon dioxide present, the
absorption tubes being then weighed and inserted in place.

The spirit to be tested is then diluted so that 100 c.c. of the liquid con-
tain not more than 12 grams of total alcohols and not more than 4 grams
of methyl alcohol, exactly 25 c.c. of the diluted spirit being then introduced
through the funnel of the condenser into the flask. The funnel is washed
down with a little water and 500 c.c. of the chromic solution, cooled to
about 5°, added; the funnel is then closed and the flask shaken and left
at rest for at least 4 hours.

After this time the condenser water is turned on and an aspirator fitted,
the flask being heated very carefully to boiling, which is maintained for
about an hour. The flame is then extinguished and a fairly vigorous current
of air passed through the apparatus for about 15 minutes to drive out com-
pletely the carbon dioxide ; the absorption tubes are afterwards weighed :
CO, X 0-727 == weight of methyl alcohol in the 25 c.c. of liquid used and
this result, divided by the specific gravity of methyl alcohol (0+7964), gives
the amount by volume.

EXAMPLE : A spirit from the distillation of a liqueur, after elimination
of the volatile substances (i.e., after dilution 1 : 2) contains 2358 grams of total
alcohols in 100 c.c. In order that 1oo c.c. of the liquid used should contain
not more than 12 grams of total alcohols, 50 c.c. of the spirit are diluted to
100 c.c. 25 c.c. of this diluted liquid give o001 gram of carbon dioxide.
Hence :

1 The purity of the reagents is established by a blank test.
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Methyl alcohol in the 25 c.c. of liquid used ==o0°:7001 X 0+727 == 0-5089
gram,

Methyl alcohol in 100 c.c. of the liquid used ==0°5089 X 4 == 2:035 grams.

Methyl alcohol in the liquid from which the volatile substances were expelled,
allowing for the dilution, := 2:035 X 2 == 4:07 grams.

Methyl alcohol in the original spirit, allowing for the dilution made in the
elimination of the volatile substances, = 4-07 X 2 == 814 grams.

Methyl alcohol by volume in the sample == 8:14 < 0:7964 == 10:22%,.

As regards this method, which is among the most exact suggested, it must
be pointed out that a very small quantity of carbon dioxide is also formed by
the oxidation of the ethyl alcohol, this quantity being practically constant and
equal, under the experimental cdonditions used, to o-0ox gram of carbon dioxide
per gram of ethyl alcohol present. This amount is very small and its neglect
introduces only a very small error, but in exact determinations it must be taken
into account. Since the quantity of the two alcohols present may be calculated
sufficiently exactly by the ordinary tables used for the determination of ethyl
alcohol from the density of its solutions, the correction necessitated by the
presence of ethyl alcohol may be introduced by means of the formula :

C —o014

65

where A4 is the total amount of alcohols in grams in the aliquot part used in
the determination, C the amount of carbon dioxide found, and » the number
of grams of methyl alcohol in the 25 c.c. of alcohol used.

It should also be borne in mind that other substances, which often accompany
ethyl alcohol, e.g., certain higher alcohols, acetone, higher ketones, various
essences, etc., are oxidised by chromic acid mixture with formation of carbon
dioxide. These substances are, however, almost completely eliminated by
the procedure indicated above.

SPECIAL PART
Industrial Spirit

As already mentioned, industrial spirit may be crude, rectified or de-
natured.

Crude spirits are colourless or yellowish, often slightly turbid liquids,
usually somewhat acid, with a more or less unpleasant smell and taste,
Rectified spirits, on the other hand, are clear, colouress, neutral, or almost
so, with the smell and taste of ethyl alcohol, and do not become turbid
when diluted with water. Denatured alcohol is usually yellowish or, if
a colouring matter has been added to the denaturing agent, highly coloured ;
the smell and taste depend on the denaturant.

Analysis of industrial alcohol is carried out by the general methods
already described. As a rule, determinations of the extract and ash are
useless, while that of the specific gravity may be made directly on the
product, without distillation.

General Investigation of the Impurities.—The tests described among
the general methods for the detection of impurities are usually long and
delicate, and when it is necessary to obtain rapidly indications as to the
purity of a spirit, the following preliminary tests may be used,
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1. Liebig’s test with potash, already described in dealing with the
detection of aldehydes (see p. 244).

2. The sulphuric acid test, carried out without previous elimination
of the aldehydes. 10 c.c. of the spirit to be tested are heated for some
time with 10 c.c. of pure concentrated sulphuric acid in a wide test-tube
in a bath at 120°: with impure spirit, the liquid turns brown. In this

reaction the aldehydes give a somewhat more intense coloration than the
higher alcohols.

3. The permanganate test. The time taken for a mixture of 50 c.C.
of the spirit with 10 c.c. of 0-029, potassium permanganate solution to
become decolorised or of a pale salmon colour at a temperature of about
18° is observed. With the purest alcohol, this requires about three-quarters
of an hour, whilst with impure alcohols a less time is necessary—in some
cases a few seconds.

***

Crude spirits are characterised, besides by the bad taste, by marked quan-
tities of volatile impurities, especially aldehydes in the more volatile fractions
(foreshots) and higher alcohols in the less volatile ones (tailings or fusel oil).

By rectification these impurities are almost completely eliminated, so that,
whilst in rectified spirit of passable quality the coefficient of impurity is about
40 mgrms., in well rectified spirit containing 95-97% by volume of alcohol, the
coefficient of impurity does not reach 10 mgrms. As a rule these spirits contain
neither aldehydes nor higher alcohols, the low coefficient of impurity being
constituted mostly of acids and esters.

TasLe XXVIII
Composition of Industrial Spirits

3 Volatile Impurities, .
: mgrms, in 100 C.c. of |
a Anhydrous Alcohol 3 5
3 b thor.
Quality. o . 'g i |y g 2 Author
AEIEIEES
< &i 5 ]
Rectified alcohol . . {956 |25 36| 0x| — |29 | 9-1| Girard and Cuniasse
Good industrial alcohol | — ! 25| 18 — | — | — | 43| Rocques .
Fine industrial alcohol | 965 |18 | 2¢4| — | — | — | 4°2| Royal Commission on
Whisky and other
Potable Spirits
Rectified alcohol . . [958 15 |25|—|—| 2 6 | Central Italian Customs
Laboratory
Rectified alcohol of fair {942 | 5 |18:-6{r1°5| — | 7°3 | 42+4 | Girard and Cumniasse
quality ]
Badly rectified indus. | 93 | 15 | 55 | 20 | 1-2 | 70 [161-2] Central Italian Customs
trial alcohol Laboratory
FUSEL OILS

These include a group of substances formed by secondary fermentations
which accompany the alcoholic fermentation and separated during the
rectification of raw spirit.
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They are colourless or yellowish-brown liquids and sometimes have
unpleasant, irritating odours. The specific gravity is about 0-83 at 15° C.
and the boiling point ranges from &o0° to 160° C., the maximum distillation
products being obtained at about 130°. The principal components are
higher alcohols of the fatty series, mostly amyl, isobutyl and propyl alcohols.
These oils do not mix with water.

A determination often required with fusel oil is the content of alcohol.

Determination of the Ethyl Alcohol in Fusel Oil.—One of the
following methods is used :

(@) 50 c.c. of the oil are vigorously shaken for a long time with about
150 c.c. of aqueous 209, sodium chloride solution. After separation into
layers, the lower aqueous one is transferred to a flask, the oily layer being
shaken with a fresh quantity of salt solution and the latter, after separation,
mixed with the first portion in the flask and the whole distilled. 100 c.c.
of distillate are collected and the alcohol content deduced from its specific
gravity at 15° . 'The amount of alcohol found, multiplied by 2, gives the
quantity of alcohol present in 100 c.c. of the product examined.

(b) 50 grams of the fusel oil are poured into a graduated cylindrical
separator of about 300 c.c. capacity, the vessel in which the weighing was
made being washed out with about 50 c.c. of water. 100 c.c. of water and
30 cc. of cumene (isopropylbenzene) (b.pt. 165-168° C., sp. gr. 0-884~
0-890 at 15° C.) are then added and the whole shaken vigorously for three
minutes. After scparation into two layers, the lower aqueous layer is
placed in a dry, tared flask of about 300 c.c. capacity, the liquid remaining
in the funnel being again thoroughly shaken with 20 c.c. of water and the
latter subsequently added to the first portion in the flask. These operations
are repeated two more times, using 20 c.c. of water in cach case. The
flask is weighed to determine the total weight of the aqueous liquid, which
is then filtered through a dry filter, the alcoholic content of the filtrate being
deduced from its specific gravity at 15°. The alcohol thus found is calcu-
lated per 100 grams of the fusel oil.

EXAMPLE : The aqueous liquid from 50 grams of fusel oil weighed 210
grams and contained 1-69%, by weight of alcohol, so that the 210 grams of aqueous

liquid contain 210 X 10 330 grams of alcohol and 1co grams of the fusel
100

oil, 72 grams of alcohol.

EAU-DE-VIE

Eau-de-vie (Brandy) is the product obtained by the distillation of marc
or wine in such a way that the strength of the distilled spirit renders it
potable, i.e., about 509,

Analysis of these products usually includes the various determinations
made on spirits (see General Methods). In some cases it is necessary to
test for certain vegetable substances with a hot, biting taste, such as various
kinds of pepper, ginger, mustard, etc., which it is customary to add to
dilute eaux.de-vie (sometimes below 309,) to increase their apparent
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alcoholic flavour. These substances are detected as with vinegar (p. 226),
200-400 c.c. of the sample being used.
-

The composition of eaux-de-vie as regards the coefficient of impurily 1s very
variable and depends especially on the state of preservation and fermentation
of the original marc. In general this coefficient is very high, being not less
than 350 mgrms. and nsing sometimes to 1800 ; in normal products, however,
it is about 700-800 mgrms.

TaBLE XXIX

Compositions of Eaux-de-vie

- Volatde Inipurites, mgrms ¢n 100 c.c
3 of Anhydrous Alcohol. -
53 i
Qualty. <% 2 . .8 E Author,
ki @ ] 3 2 59| €8
s g g |2z 2 1£5] &
* < & 1% 3 (28
| - < <
|
Auvergne , . {497 724 I 2727 | 266 1 243 | 855:1| Rocques
Burgundy . . |5i'5 |[104°8 2059 93 0-8 120 | 524°5| Rocques
Portuguese . 50 | 2502|5491 {100l o5 100 |1008-8 | Mastbaum and
! i Cardoso Pereira,
Piedmont . . {42°57 | 250 | 452 | 47 present| 453 | 1202 | Central Italian
Customs La-
] boratory
Piedmont . . |43-66 26 192 24 present | 380 | 622 Do. do.

BRANDY (COGNAGC)

Cognac is spirit distilled from wine so that it retains the various volatile
substances largely constituting the bouquet of the wine, and stored and
aged for a longer or shorter time in wooden (oak) casks; by dissolution
of extractive tannin substances from the wood it assumes the well-known
amber-yellow colour.

The analysis of cognac is carried out by the general methods already
described ; in some cases it is necessary also to investigate the colouring
matters, the following procedure being employed.

Investigation of the Colouring Matters.—The yellowish colour of
brandy is due, as stated, to tannin substances derived from the wood, and
these may be recognised in general by the coloration they give with ferric
chloride and by the precipitate they yield, after evaporation of the alcohol,
with a solution of gelatine. To ascertain if the tannin is obtained from
the oak, the following test may be made : to Io c.c. of the spirit is added,
drop by drop and without shaking, a solution of 5 grams of ferrous sulphate
and 5 grams of ferric chloride in 100 c.c. of water. With oak tannin a
bluish-black coloration is obtained,

Cognac may also be coloured by addition of other substances, especially
caramel or artificial organic colouring matters.

Caramel may be detected by Amthor's reaction : To 10 c.c. of the spirit
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are added 30-50 c.c. of paraldehyde and then 15-25 c.c. of absolute alcohol
to cause the two liquids to mix. After 24 hours, any caramel present is
deposited on the walls of the vessel, to which it adheres. The liquid is
then poured away, the insoluble residue dissolved in water and the solution
concentrated on a water-bath to about I c.c., filtered and heated with
phenylhydrazine solution (2 grams of phenylhydrazine hydrochloride and
3 grams of sodium acetate in 20 grams of water) : a yellowish-brown pre-
cipitate soluble in ammonia and reprecipitated in flocks when the ammoniacal
solution is treated with dilute hydrochloric acid, serves to confirm the
presence of caramel.

To ascertain if the cognac is coloured with artificial organic colouring
matters, the alcohol is evaporated off, ammonia solution added and the
liquid extracted with amyl alcohol ; evaporation of the amyl alcohol gives
the colouring matters, which may be detected by their characteristic reac.
tions and by dyeing tests with wool in acid or alkaline solution (see also
Wine, and Colouring Matters).

*
* Xk

Composition of cognac: Whilst the original spirit distilled from wine and
used for the production of cognac is usually of 60-70% strength, the alcokolrc
strength of ordinary commercial cognac is, on the average, 45-50%, the principal
physical change occurring during ageing bemng diminution of the alcoholic
content, this being related directly to the temperature and to the nature and
dimensions of the storage cask. With casks of new oak holding 500-600 litres,
it was observed in the Charente ! that at a mean temperature of 15°, the diminu-
tion of alcoholic strength was 8-75% in the first year, 5% in the second and in
the third year, 3-75% in the fourth and in the fifth year, and 2:5% in each
succeeding year.

The extract of cognac, disregarding the small quantity of sugars (about 10
grams per litre) often added, varies from o:5 to about 3-4 grams per litre in
very old products; it consists essentially of the tannin substances from the
cask.

Genuine cognacs are usually rich in volatile impurities, the coefficient of
impuyity permitting of their distinction from non-genuine samples prepared
from rectified industrial spirit; this coefficient usually exceeds 300 mgrms.
and may be 6oo—700 in very old products.

The important changes occurring during maturation are briefly as follows :
The coefficient of impurity continually increases, mainly by augmentation of
the oxidation products, i.e., acids and aldehydes. The esters and higher alcohols
undergo no marked alteration, their proportions alone increasing indirectly
with diminution of the alcoholic strength of the liquid ; in good cognacs their
sum amounts to 250-350 mgrms. per litre, the higher alcohols being very rarely
below 100 mgrms. Thus, according to Rocques, the ratio between higher
alcohols and esters in genuine, well-prepared cognacs will lie between 1 and
2 and in the neighbourhood of 1 ; there are, however, good commercial products
in which the ratio is much higher than this figure and even exceeds 3, while
a value much below 1 is obtained with products containing added artificial
essences, these consisting principally of esters.

In judging cognacs, Lusson suggests the use of the coefficient of oxidation,
representing the proportion in which oxidation products (acids and aldehydes)
occur in the coefficient of impurity; this coefficient increases with the age of

! Rocques : Fauz-de-vie, 1913, p. 88.



RUM 265

the product. According to Lusson, the value of such coefficient—for French
cognacs at any rate—is about 10 for recently distilled products and xises to
36 for very old products, but a still greater value would indicate a non-genuine
brandy.

In artificial cognacs, the coefficient of impurity is very low and often almost
zero—with well-rectified spirits, diluted with water, sweetened and perfumed
somewhat with sugar and vanillin and coloured suitably. Sometimes essences
are used in the preparation of these products and in such cases the coefficient
of impurity consists principally of esters.

It must, however, be pointed out that special flavourings now sold for the
manufacture of cognac consist of a mixture in suitable proportions of synthetic
products, especially aldehydes, esters, and higher alcohols. When added to
rectified alcohol, these impart to it a composition similar to that of genuine
brandy. Finally, the coefficient of impurity does not serve to distinguish
between brandies and products obtained from raw spirit, but in such cases
tasting gives fairly certain indications.

TaBLE XXX

Composition of Various Cognacs

% Volatile Impurities, mgrms,
5|2 per 100 c.c. of Auhydrons -
g 5 3,§' Alcohol. ‘22:,
Quality. E; E = g _ o gg Author.
% b < | i % E‘ 3
French. . . . .|51'5[12:36{149 [133:2]25'5| 1°6 |[166:3|4755| Girard and Cuniasse
Grande Champagne,
1834. . . . . {450 (10°60|234°6| 74°3| 44°7 | 1°9 {3477 {7032 Do.
1873 Vintage . . . [590 | 1-80(|138+3(120°2| 401 | 2-5 |304'6|605°7 | Rocques
I'rench of good }47-3 516 87°5(100°1 (237 | 3 [1600(383:3| Do.
quality 46+8 | 668 | 961 1110°9 | 237 | 2°5 [152'0[385°2 Do.
Do. do. . {430 {18:56| 57°2{1056| 200 | 2'5 {162°5(347°8 Do.
Choice Prench . . |46:90[102 | 30-0{1170{ 200 18 [251-0|419°8 | Central Italian Cus.
toms Laboratory
Do. do. . . {4756/ 9'5 | 517 | 96+3 | 22°0 | 2°0 [224°0 (3960 Do.
Choice Irench, 70
yearsold . . . [431712:6 | 75 [1500|40°5| T  |497-0|772°5 Do.
Conegliano . . . [484 | ~— |89 {161:9|x1:7]| 04 |234 [496°9| Meloni (1891)
Sicilian. . . 1453 | — | 161|119°6| 104 | 1°X 252'8 5;4- Meloni
Do.. . . . .|4553] 8:90| 20:0(201-8|37°2| 07 [226 |485+7 . _
Sardinian . . . . |4815 208{ 79 [199 |[238| 1°5 |249 |[552°3 }cefgx?sl g;abl(;a;lt;yus
Piedmontese . . . |49'50{14'5 | 29°0{ 99°6|57°5 | 2'9 332 |521+0

RUM

Rum is obtained by distillation of the fermented juice of cane-sugar
or more frequently from cane-sugar molasses. It is a yellowish-brown or
reddish liquid with special odour and taste. The analysis is carried out
by the general methods already given. It is also necessary to test for
extraneous colouring matters (caramel and aniline colours), the method
used for cognac being followed. Further, if the amount of extract is large,
the sugars—especially saccharose and invert-sugar—should be determined
as described for liqueurs.
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TaBLE XXXI
Composition of Genuine Rums
2 Volatile Impunties, mgrms. o
S .| & per 100 c.c. of Anhydrous -
<g Eis- Alcohol. o B
ual 53|88 §5 Author
Quatity. 22| 25 ot oL el 88 :
Selgl| 4|86 315 |22|%E
=N -1 4 a5 @ 3 &) Q
2 lg | <& | 8|35 |=28(°
8 2R 7=
Martinique . . . |55'5| 3'92(242°1}130°2 18~3| 13 | 96°2(488-9| Girard and Cuniasse
Old Jamaica . . . |52'0| 4:80|251°5{382°0' 190 48 | 44°9|702-2| Rocques
Martinique . . . [58-2| -— [265-2{542°1 20°0 15 | 26:3{855'T| Simon
Do. . 54°1| ~— |103+4| 88 |2o-o 37 [340+0{555-1| Do.,
Do. .. 1567} = | 73°2| 49°3 154 10 [1700(308°9| Do.
Do. (from
molasses) | ~— | -— [201°3 (443 920 8.8 | 67°5(813°1| Bouis
Do. (from I
cane-sugar) | ~— | - | 834| 68:6| 18:6 18 |214°0|380-¢ Do.
Guadeloupe . . . |59°4|10'56( 78+2( 369 32~I| 14 [304-0[452+6] Sanarens
Réunion . . . . }{603]| — [177:6| 70°4| 156, 1'4 [224'0[489+0| Rocques
Jamaica . . . .| — | — [ 76'5{397°3 28-7' 63 |1626(671-4| f/Royal Commission
Do. v e w = | =] 596] 93°5]| 243 | 31 (1450|3258 on Whisky and
other Potable
Spints  (London,
1909)

The alcoholic strength of genuine rums usually lies between 509% and 80%,
but such a high strength is generally diluted before the spirit is brought into
consumption. Jamaica rum is usually quoted in commerce on a basis of 74%
and that of the French colonies on 54%.

The coefficient of impurity of genuine rums, although always high, varies
considerably with the origin and method of preparation. According to Simon’s
analyses,} genuine Martinique rums exhibit coefficients between a minimum
of 300 and a maximum of 860. Bonis 2 confirms these limits for Martinique
rums, the minimal values being obtained with rums distilled from fermented
sugar-cane juice and the maximal ones with those obtained by distilling molasses.
A knowledge of the coefficient of impurity usually permits of the distinction
of genuine rums from those mixed with rectified alcohol and from artificial
products prepared from industrial alcohol by addition of aromatic substances,
and a little sugar and colouring matter (usually caramel).

FRUIT SPIRITS

The most important of these are obtained from nut.fruits, e.g., kérsch-
wasser or wild cherry spirit, prepared by distilling the fermented whole or
crushed fruit, and Quetsch, Zwetschenbranntwein and Slivovitz, derived
from plums. Cider spirit is obtained by distilling the residues from this
beverage.

The methods of analysis are those used for other spirits; in addition,
for nut-fruit spirits, hydrocyanic acid and benzaldehyde and sometimes
nitrobenzene are tested for and determined as follows :

1. Detection and Determination of Hydrocyanic Acid,
(4) QuarrtaTive TesT. (@) Free hydrocyamic acid. About 5 c.c. of
the liquid are shaken in a test-tube with a few drops of fresh alcoholic

1 Ann. des Falsifications, 1909, p. 394. 2 Ibid., 1909, p. 521.
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guaiacum tincture (0-I gram of the resin in 50 c.c. of alcohol and 50 c.c,
of water) and 2 drops of 0-19 copper sulphate solution: in presence of
hydrocyanic acid, a blue coloration develops. If the colour appears before
the copper salt is added, the spirit contains both hydrocyanic acid and
copper.

(b) Combined hydrocyanic acid. About 5 c.c. of the spirit in a test-
tube are rendered alkaline with a few drops of 109, caustic soda solution,
the liquid being left at rest for 3-5 minutes and then faintly acidified with
acetic acid ; the subsequent procedure is as in (z). If both free and com-
bined hydrocyanic acid is present, the blue coloration will now be more
intense than that obtained as in (a).

(B) QUANTITATIVE DETERMINATION. In spirits from nut-fruits, the
hydrocyanic acid is partly free and partly combined with benzaldehyde
(cyanohydrin). That in the latter form is determined indirectly as the
difference between the total and free amounts.

Free hydrocyanic acid is determined thus: I00 c.c. of the spirit are
treated in a 300 c.c. flask with a known amount in excess of standard silver
nitrate solution (either N/s0-solution, I c.c. of which corresponds with
0-00054 gram HCN, or a solution of 3-149 grams AgNO, per litre, I c.c. then
corresponding with o0-0005 gram HCN), the liquid being diluted to the
mark with water, shaken, left to settle and filtered through a dry filter.
To 1c0 c.c. of the filtrate, slightly acidified with nitric acid, are added 5 c.c.
of cold saturated ferric alum solution, the excess of silver being titrated
with ammonium thiocyanate solution (corresponding in titre with the
silver nitrate solution used) until the red coloration disappears. From the
volume of silver nitrate solution used up by the hydrocyanic acid in 100
c.c. of the spirit, the amount of the acid is easily calculated.

The total hydrocyanic acid is determined similarly, but after the cyano-
hydrin of benzaldehyde has been decomposed. For this purpose, 100 c.c.
of the spirit in a 300 c.c. flask are rendered strongly alkaline with ammonia
and then treated with a measured excess of the silver nitrate solution. The
whole is shaken, immediately acidified with dilute nitric acid and diluted
to the mark, an aliquot part of the filtered liquid being then treated as in
the determination of the free hydrocyanic acid.

The combined hydrocyawic acid == total less free acid, and 1 gram of
combined hydrocyanic acid == 4-92 grams of benzaldehyde cyanohydrin.

The above methods cannot be used if the spirit contains chlorides, as
may happen if it has been broken down with water containing these salts.
In this case the total hydrocyanic acid may be determined by distilling
100 c.c. of the spirit and collecting at least three-quarters (which will contain
all the hydrocyanic acid present) in a dilute solution of silver nitrate of
known titre. The liquid is then made up to a definite volume and filtered,
the excess of silver in an aliquot part of the filtrate being titrated with
thiocyanate as already described. The free hydrocyanic acid, in presence
of chlorides, should be determined colorimetrically as follows: a solution
of about 0-05 gram of potassipm cyanide per litre is prepared and its exact
content of HCN determined by titration with silver nitrate and ammonium
thiocyanate. In a series of test-tubes are placed such quantities of this
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solution as, when diluted to 10 c.c., give liquids containing 2-10 mgrms.
(or more) of HCN per litre, a drop of dilute acetic acid being then added.
In another tube are placed 10 c.c. of the spirit to be tested. Into each
tube are then poured 3 drops of guaiacum tincture {0°I gram of the resin
in 50 c.c. of alcohol and 50 c.c. of water) and 2 drops of 0-X%, copper sulphate
golution. Each tube in turn is closed with the thumb and inverted once,
the colours being then compared. The results thus obtained are fairly
accurate.

2. Determination of the Benzaldehyde.—Use is made of Cuniasse
and Raczkowski’s method,! which is as follows: 200 c.c. of the spirit,
rendered alkaline with a few drops of caustic potash solution, are distilled,
as much as possible of the distillate being collected in a flask holding about
half a litre; 3-4 c.c. of Fischer’s reagent, prepared freshly and from pure
materials (2 grams of phenylhydrazine hydrochloride and 3 grams of sodium
acetate in 20 grams of distilled water), are then added and the liquid shaken
and diluted with water to about 400 c.c. After standing for about two hours
in a cool place, the liquid is filtered and the precipitate washed on the filter
with cold water containing a little alcohol. The precipitate is then dissolved
on the filter in absolute alcohol, which is added in portions of about 10 c.c.
until solution is complete, the alcoholic solution being collected in a tared
glass dish. The alcohol is then evaporated off in a vacuum and the residue,
consisting of benzaldehydephenylhydrazone, weighed: this weight X 054
= benzaldehyde in the 200 c.c. of spirit taken.?

3. Detection of the Nitrobenzene.—This is reduced by means of
zinc and hydrochloric acid and the aniline thus formed liberated by addi-
tion of alkali, extracted with ether and tested by its special reactions,
eg.:

(a) The aqueous solution gives with calcium hypochlorite a violet-red
coloration, gradually becoming reddish.

{b) The solution in concentrated sulphuric acid gives a blue colour with
a drop of potassium bichromate solution.

{c) The acid solution is coloured blue by addition of a small quantity

of potassium chlorate.

*
* %k

The mean alcoholic strength of kirschwassey is about 509%,.

The coefficient of impurily varies from 350 to more than 1500 mgrms. and
the esters preponderate greatly over the higher alcohols, so that the ratio, higher
alcohols : esters is always less than unity and thus different from that obtained
with wine spirits. The same holds for cider spirit.

Hydrocyanic acid is a characteristic component of kirschwasser and varies
in amount from 20 to 9o mgrms. per litre. The acid is mostly free in new kirsch-
wasser, but tends to combine as the spirit ages.

Prepared kiyschwasser is made either by distilling a mixture of neutral alcohol
with fermented cherry juice or by distilling the fruit which has been allowed to

L Momit. Scientifique, 1894, P. 915.

2 If the spint contains small quantities of extractive matters, the following method
may also be used : 100 c.c. of the spirit are treated in a flask holding about 400 c.c.
with 2 c.c. of Fischer’s reagent and shaken ; 200 c.c. of water are then added and after
2 hours the liguid 1s filtered, the precipitate being treated as described above.
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ferment in presence of sugar. It is not easy to distinguish these products by
analysis.

Artificial products, obtained by addition of aromatic substances to commercial
alcohol, may however be recognised, as they contain little or no hydrocyanic
acid and are rich in benzaldehyde. Kirschwasser and similar spirits are pre-
pared, although rarely, from alcohol and bitter almond or cherry laurel water
and in such cases hydrocyanic acid is present. Artificial products are generally
prepared from rectified alcohol and thus have a low coefficient of impurity and
contain only very small amounts of higher alcohols.

From the hygienic point of view, kirschwasser, etc., should contain not
more than 0:005% of total hydrocyanic acid, no added nitrobenzene and no
injurious metals. Small quantities of copper (up to 0:04% is allowed) are,
however, nearly always present in kirschwasser and sometimes traces of zinc.

Plum spirit always has a very high coefficient of impurity and contains less
hydrocyanic acid than kirschwasser.

The coefficient of impurity of cider spirit is also very high, namely, 450800
mgrms. ; here too the ratio, higher alcohols : esters is very low.

TaBLE XXXII

Compositions of Fruit Spirits

e 2 Volatile Impuritfes, mgrms.
% n a per 100 c.c. of Anhydrous 5 .
. “ g a § Alcohol Eg
Quality, g:ng . ] 4 - I E 2 Author.
T LI RN AR SR 1h
1% |2 |2 2|39 |28
s R 2 E | Fe
Kirschwasser . . . 1453 | 2:16 |100:6{2098| 8:5| 03 |110:3| 429+5| Girard and Cuniasse
Do. o« . 1499 | 164 | 51-0|1840! 80| 03 | 892| 341-1| Saglier
Do. o o . |495 ] ~— |1332(411:8] 6-9| 02 [162:0| 714°1| Rocques
Do. . . . .|502| — [1716(337°9| 141 | 0'6 [1750( 699:6] Do.
Amarene Kirschwasser| 552 | ~— [141-0(266°0| 1200 | 05 |1400| 559-5 Roux and Bonis
Saumur Quetsch . . | 60-5 | 0°76 | 630{1550| 260 18 |288-0] 533-8| Riche
Hungarian Slivovitz . | 5006| 0454 {1054 {1234 76| 1-2 | 306 268-2| Mausfeld
Quetsch . . . . |48 ~—— |316-2|536°8| 81| o1 |311°1|1172-3] Rocques
Do. cv e e | 47T | ~— |3747[3687| 64| —— {210°0{ 959°8) Do.
Cider Spirit . . . |48+ | 128 1632|2358} 615 | 1°6 [172°1| 631+2] Girard and Cuniasse
Do. .« . |64% | 014 | 25°9[639:6] 160 | 08 [169:8| 852-1] Rocques
Do. . . . |686 030 996(398:3| 200{ 09 [1030! 621-8) Do
Pear Spirit . . . | 655 | 1°20 | 84:2{2740| 76| 04 {299°5| 665-7| Do.
Do. .« 1637|042 | 960{506°4| 126 | 06 [1360| 7526 Do.

CEREAL SPIRITS

The most important of these are whisky and gin. By whisky is meant
the distillation product of the fermented worts obtained by diastatic sac-
charification of various cereals. Good whiskies are prepared by partial
rectification of the first distillate. Gin is similarly prepared, but juniper
berries are added to the still ; thus, it contains juniper oil as well as the
prdinary impurities of alcohol.

The analyses of these products are carried out by the ordinary methods.

ol
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TaBLE XXXI1II

Compositions of Whisky and Gin

__2 | “ Volatile Impunities, Mgrms.
g .1 5 per 100 ¢.¢, of Anhydrous 5 .
< § "B Aleohol. o b
° 2 | & 8 g 5
Quahty, gs 'S~ 4 I PR Author.
T R8la e | 2] % |ssl§E
ar 8 5 | 5|l 5|8 [&23;8-
8 v B b 3 5 | »8|°
e S HE I Z & |T=
Whisky « . | 476 | 2°52 | 65°5 | 52+8]| 20-0 | 0°4 [188+0(326-7| Rocques
Do. (4 yearsold). | — | — [27:3| 396 83| 11 |337-8i414°1}y . .
Do. (10 years old) | ~— | ~— [68:4| 41:5]{ 11-0| 15 |3618 [484-2 I\?;lal W(i:;:‘kmhsalgg
Do. (Scotch) . . |49°4 {234 |31°5| 93-0| 98] 33 [3000{4376 other l');otable
G . .| 4071 = 15771 980} 122 17 [157°5 (3271 Spirits, 190
Do. . . . . .|434 | ~— |105(1050| 17| 17 |1050 2239 » 1909
Do . . . . .|475|0572]| 40°4| 185} 99| 03 27'9‘ 97'0| Girard and Cuniasse

LIQUEURS

These are spirituous beverages, sometimes containing sugars, and
flavoured with essences or aromatic plant juices.

They vary widely in composition, but in general may be divided into :
Ligueurs free from sugar, such as absinthe ; liguewrs containing sugars and
bitter substances, termed bitters, and true ligueurs, which contain sugars and
essential oils or vegetable extracts.

Besides the tests and determinations already indicated among the general
methods (the tasting, determination of the specific gravity and the tests
relating to volatile impurities and to denaturants, are made on the distillate,
freed if necessary from essential oils), analysis of liqueurs includes the
following.

1. Determination of the Sugars.—Usually liqueurs contain only
saccharose, but in some cases they may contain also invert sugar and starch
glucose.

A little of the liqueur is freed from alcohol by evaporation and then
clarified with lead acetate. If a few c.c. of the remaining liquid then give
no reduction, the saccharose is determined in the saccharimeter. If, how-
ever, reduction does occur, the saccharose is determined by inversion and
calculated by Clerget’s formula, and the reducing sugars are estimated by
Fehling’s solution (see this volume, Sugars: General Methods).

2. Detection of Artificial Sweetening Materials.—The sweetening
agents especially looked for in liqueurs, particularly if these are poor in
sugar, are saccharin (orthobenzoicsulphinide, C; H, gg > NH) and

2
its sodium salt or crystallose, and dulcin or sucrol (paraphenetolecarbamide,
NH,"CO-NH'CH, 0 C,H,).

(A) DETECTION OF SACCHARIN.—I00 c.c. of the liqueur are freed from

alcohol by heating on a water-bath, the residual liquid being diluted to

1 If the liqueur has been prepared with vegetable infusions or extracts, it is some.
times convenient to submut it to preliminary defecation so as to facilitate the extraction
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100 c.c. with water, introduced into a separating funnel, acidified with 10
c.c. of dilute phosphoric acid (1 : 3) and shaken several times with 100 c.c.
of a mixture in equal volumes of (1) ether and petroleum ether boiling
below 70°, or (2) ether and benzene. It is next left at rest for about 12
hours and then again shaken three or four times ; after separation into two
layers, the aqueous acid liquid is withdrawn. The ethereal solution is
left for some time, after which the funnel is shaken somewhat so that most
of the drops of aqueous acid on the walls collect below the ethereal liquid
and can then be separated almost completely. The ethereal liquid is then
shaken vigorously with 2-3 c.c. of distilled water, which is subsequently
separated as above. The washed ethereal liquid is filtered into a flask
and the funnel and filter washed with a little of the ethereal mixture.

If a more complete extraction of the saccharin is desired, the aqueous
acid liquid may be again extracted once or twice, 50 c.c. of the ethereal
mixture being used each time; but even this treatment does not result
in the total extraction of the saccharin.

Trom the united ethereal liquids the bulk of the solvent is distilled off,
the liquid residue and the washings of the flask with a little of the distillate
being evaporated in a dish at a gentle heat on a water-bath. The residue
thus obtained is dissolved in a little hot water and treated with a potassium
permanganate solution of about normal strength, this being added little
by little to destroy any e¢xtrancous substances extracted together with the
saccharin. The addition of permanganate is continued until the liquid
assumes a persistent pink coloration, the mixture being kept at about
100° C, during the treatment.

The aqueous liquid thus obtained is filtered and acidified with a few
drops of dilute phosphoric acid and then repcatedly extracted with 50 c.c.
of ether. The united cthereal liquids are washed with two quantities of
2-3 c.c. of water, as indicated above, and then filtered through a small dry
filter into a tared glass dish and, together with the few c.c. of ether used
to wash the filter, evaporated on a water-bath at a gentle heat and the
residue weighed.

This residue may be identificd as saccharin by the following tests :

(a) In the first place by its peculiar, very persistent sweet taste.

(6) If in sufficient quantity to crystallise, by its m.pt., which, with
pure saccharin, is 223-224°; the commercial product and that obtained
by the above procedure, if not well crystallised, melt at a rather lower
temperature.

(¢) By transformation into salicylic acid. Part of the residue is treated
with a little concentrated sodium (not potassium) hydroxide solution, the

of the saccharin and to prevent the formation of an emulsion. For this purpose the
alcohol-free liquid is heated to boiling and rendered distinctly acid with 20 drops of
concentrated acetic acid and then shaken and cooled in a current of water. To the
liquid, thus cooled, are added 10 c.c. of 20% neutral lead acetate solution and, after
standing for half an hour, the excess of lead is removed by means of 20 c.c. of a solu-
tion prepared by mixing equal volumes of 20% sodium sulphate and 20 % .sodxum
phosphate solutions. The precipitate formed is allowed to settle and the liquid then
filtered, the filtrate being acidified with phosphoric acid and used for the detection
of saccharin as above. For quantitative determination, definite volumes are employed,
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water being then evaporated and the residue heated for half an hour in
an oil- or paraffin-bath at 250° C. When cold the mass is taken up in water
and acidified with sulphuric acid, the salicylic acid thus formed being
extracted with ether and detected in the residue left after evaporation of
the ether by the characteristic violet coloration given with a few drops of
dilute ferric chloride solution.

(@) By testing for sulphur. Part of the residue is gently fused with a
convenient quantity of a mixtire of dry sodium carbonate and pure nitre.
The product is dissolved in water, acidified with dilute hydrochloric acid
and tested with barium chloride.

(B) DETECTION OF DULCIN. The following method is used for the detec-
tion of dulcin or sucrol : 100 c.c. of the liqueur are mixed with about 5
grams of lead carbonate and evaporated at a gentle heat to a paste, which is
immediately treated with concentrated alcohol ; the alcoholic liquid is separ-
ated and the residue washed repeatedly with alcohol. The united alcoholic
liquids are filtered, the filtrate being evaporated slowly to dryness on a
water-bath and the residue extracted with ether. Evaporation of the
latter then yields almost pure dulcin, which may be recognised, besides by
the sweet taste and melting point (173°), by the following reaction due to
Ruggeri1: To a small quantity of dulcin, in a porcelain dish, are added
about 2 c.c. of 69 silver nitrate solution or of 59, mercuric chloride solution,
the liquid being then evaporated and frequently stirred with a glass rod
to complete dryness. If the dish is still left for some time on the water-
bath, there appears at the bottom a violet coloration, which becomes more
intense if the dish is heated for a short time on a sand-bath at 160°, par-
ticularly if mercuric chloride were used. Finally, if the dish is taken from
the bath and absolute alcohol added while it is still hot, the liquid assumes
an intense and permanent wine-red coloration.

3. Investigation of the Bitter Substances.—For the complete inves-
tigation of the various injurious bitter principles, reference must be made
to the special articles in books dealing with the subject.?

4. Determination of the Essential Oils.—This is effected by a
method * which includes distillation of the liqueur to eliminate more especi-
ally the sugars, extraction of the essences from the alcoholic distillate by
means of petroleum ether in presence of salt, and evaporation of the ether
under definite conditions.

Procedure. Into a separating funnel of about 300 c.c. capacity are
introduced successively 50 grams of recrystallised and finely powdered
common salt, 200 c.c. of the alcoholic distillate brought to about 259,
strength and 10 c.c. of petroleum ether of b.pt. about 40° C. The whole
is shaken until the salt is completely dissolved and then for about ten minutes
longer. In this salt solution the essences are almost entirely insoluble and
they are dissolved in the petroleum ether, which is easily separated from
the salt liquid owing to the marked difference in specific gravity.

X Annali del Lab. chim. centy. delle Gabelle, 1897, 111, p. 138,

? Girard, Analyse des Matidres aliment., 1904, P. 223 ; Koenig, Nahrungs. und Genuss-
mitiel, 1910, Vol. IIL, p. 302 ; Allen, Commercial Organic Analysis, Vol, VIL, p. 137.

3 Muttelet, Ann, des Falsificaitons, 1906, p. 17.
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When the ethereal layer is separated, the salt solution is transferred
to a second separator similar to the first and there treated with a further
5 c.c. of petroleum ether. This treatment is repeated a second time in the
first separating funnel, the use of the latter diminishing the loss as far as
possible. The collected ethereal liquids are dried with a little anhydrous
sodium sulphate and transferred to a tared conical flask of such capacity
that they form a shallow layer of considerable extent. By means of a
cork carrying two glass tubes a gentle stream of air is passed through the
flask, which, during the early stages of the evaporation, is placed in a bath
at about 25° C. to diminish the fall of temperature due to the evaporation
of the ether.

After the bulk of the solvent has evaporated, the flask is weighed every
five minutes until consecutive losses in weight become equal. With good
working, the losses may be reduced to 1-2 milligrams, five or six weighings
being usually required. The weight of essence obtained is referred to a
litre of the liqueur.

5. Detection of Colouring Matters.—Liqueurs are often coloured,
especially yellow, green or red. With a yellow liqueur, tests are made
more particularly for tannin substances, caramel and artificial organic
colours, the methods already indicated being followed (see Brandy, Wine).
A green colour may be due to chlorophyll if obtained by infusion of vegetable
matters, but is more often due to artificial organic colouring matters. Red
may be produced by cochineal or by coal-tar colours.

In testing for cochineal, the liqucur is diluted with water and acidified
with acetic acid, the liquid obtained being then shaken with amyl alcohol.
The alcoholic layer is separated and evaporated with addition of a little
water, the residue being treated with a few drops of 39, uranium acetate
solution. In presence of cochineal, a bluish-green coloration or precipitate
is produced, this changing to orange on addition of an acid.

* ke

In considering the results of analysis of a liqueur, account is taken of its
nature and quality and also of the quality of the alcohol used in its manufacture,
this being deduced up to a certain point from the taste and from the chemical
examination of the distilled alcohol free from essential oils.

Liqueurs should not contain artificial sweetening substances and should
be free from injurious bitter and colouring matters and from harmful metals.

AG I, 18
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ESSENTIAL OILS

Essential oils, known also as Ethereal oils, Volatile oils, or Essences, are
products of more or less complex composition, consisting mostly of mixtures
of substances with widely varying chemical functions; of these substances
the principal are as follows :

1. Hydrocarbons, rarely of the fatty series (heptane, myrcene and various
paraffins), more often of the aromatic series, such as styrene and cymene,
but usually terpenes, e.g. pinene, camphene, fenchene, limonene, dipentene,
sylvestrene and phellandrene.

2. Alcohols, such as linalool (licareol, coriandrol), geraniol (lemonol,
rhodinol, réuniol), citronellol (the rhodinol or réuniol of some authors),
terpineol, borneol and menthol. The alcohols occur in these oils both in
the free state and also in combination with acids as esters (see later).

3. Aldehydes, the most important being benzaldehyde, cinnamaldehyde,
salicylaldehyde, citral and citronellal.

4. Ketones, such as camphor, methylheptenone, carvone, fenchone.
thujone or tanacetone, pulegone and menthone.

5. Phenols, such as anethole, eugenol, safrole, thymol, carvacrol and
chavicol.

6. Actds, Esters: the former sometimes occur in small quantities free
(acetic, propionic, butyric, valeric and hydrocyanic acids) and more fre-
quently in combination with the above-mentioned alcohols as esters (formic,
acetic, valeric, myristic, tiglic, cinnamic, salicylic, etc., esters).

7. Sulphur compounds, such as alkyl thiocyanates (in mustard oil, garlic
oil and the like).

Analysis of essential oils with a view to identifying them and of deter.
mining their value and purity is based on the measurement of certain
physical characters, on the estimation of certain special components (esters,
alcohols, aldehydes, etc.), and on tests for the various substances which
are commonly used for purposes of adulteration.

These are all treated below under General Methods, the detailed
analysis of some of the more important essential oils being then described
(Special Part).

GENERAL METHODS.

The physical characters of greatest importance in the examination of
the volatile oils are, besides appearance and odour : specific gravity, rota-
tory power, refractive index, solidifying point, behaviour on distillation,
and solubility (see sections 1—7). The components most often requiring
estimation are: esters, alcohols, aldehydes, ketones, phenols (see sections

8-11), and the most common adulterants to be looked for are: alcohol,
O7A
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mineral and fatty oils, oil of turpentine and various volatile oils of little
value (see section 12).

1. External Characters

Of special importance is the odour, which may be conveniently judged
by rubbing a few drops of the oil between the hands or by moistening with
it a strip of filter-paper or a piece of cotton-wool.

2. Specific Gravity

This is measured in the usual way, i.e., with a Westphal balance or
picnometer, generally at 15° C. If only a small quantity of material is
available, use may be made of a small U-shaped picnometer (see Spirits,
P-233). Ifatemperature other than 15°is used, the result may be corrected
by means of the coefficient 0-00075, to be added for each degree above, or
subtracted for each degree below, 15° C.

The sp. gr. of the ethereal oils at present known varies between about 0-8
and 1-2. Oils lighter than water are usually rich in hydrocarbons, alcohols
(free or esterified), aldehydes or ketones, such as dill, angelica, orange, bergamot,
caraway, citronella, coriander, cumin, eucalyptus, geranium, lavender, lemon,
neroli and rose oils. Oils with specific gravity approaching or exceeding 1
usually contain either a phenol or phenolic derivative in marked quantity or
certain ethers, such as aniseed, gaultheria, clove or sassafras oil. Volatile oils
containing sulphur compounds also have high specific gravities, e.g. mignonette
root oil and mustard oil.

The specific gravity of any oil is not, however, constant but is influenced
by the development of the original plants, the method of preparation or purifi-
cation of the oil, its age, etc.

3. Rotatory Power

This is measured with a Laurent shadow polarimeter, using yellow
light and a tube 10 cm. long (for highly coloured oils, tubes 5 or 2-5 cm.
long may be used). The observation is usually made at 15° or 20° and
for most essential oils the temperature has not a great influence on the
rotatory power ; for lemon and orange oils (g.v.) it is, however, necessary
to correct for temperature. As a rule the rotation is expressed in circular
degrees for a 10 cm. tube and is denoted by a or a.

The specific rotation, [a], may be calculated from the formula:

a

[e], = I<a
where a is the observed rotation, / the length of the tube in decimetres and
d the specific gravity of the oil.

If no polarimeter is available, use may be made of a saccharimeter
with a Ventzke scale, the different dispersive power of the quartz with
respect to essences being disregarded. In this case the saccharimetric
divisions are divided by 2:89 to obtain circular degrees. A tube I0, 5 or
2:5 cm, long is used according to the rotatory power of the oil,
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The rotatory powers of some (ssential ols vary witlun farly wide limats.
Tine measurement shonld, however, never be omitted, smce it 15 of great unse
m the detection of adulteratian, especally with ols of very gl rotatory powers,
such a8 lemon and orange oils.

4. Refractive Index

This is determined by means of refractometers, the type most commonly
used being that of Abbe.!

The Abbe refractometer (Fig. 61) consists of a heavy foot carrying a tube
¢ rotating about a horizontal axis, together with a graduated sector b.
Round the same axis rotates also a system of prisms ¢ joined rigidly to an
arm d which traverses the sector b and serves for reading the graduations.?
The lower part of the tube o consists of a graduated drum rotatable on its
own axis by means of a screw ¢
and containing a compensator to
climinate the dispersion involved
when white light is used. Lastly
the foot of the apparatus is pro-
vided with a movable mirror s.

The system ¢ contains two
prisms which join together to
form a parallelepiped. Between
them is placed a drop of the
liquid to be examined so that
when the two prisms are fitted
into place the drop expands to
I v form a thin film between them.
I P Coga The light rays are reflected from

v the mirror s through the system

of prisms into the eye.piece a.

In making an observation, the arm 4 is displaced so that, with total
reflection at the surface of the hiquid film between the prisms, the lower
half of the field of vision (which is furnished with cross-webs) appears
dark. In general the line of separation is coloured and hazy; the screw
¢ must then be turned until this line appears as sharp and colourless as
possible, The graduations of the sector and of the compensator are then
read ; finally the screw ¢ is turned to render the line of separation colourless,
this being brought back to the proper position by moving the arm 4. The
mean between the two readings of the scale of the sector b gives the refrac.
tive index with reference to Fraunhofer’s yellow 1) line ; the mean of the
two readings of the compensator serves for the calculation, by means of
a table supplied with the apparatus, of the dispersion between the Fraun
hofer 13 and F lines,

Fra, o1

U Other refra tometers are the Pulfrich and the Pulfrich immersion instruments,
The Litter 15 eavy te mampulate and gives fairly exact results, while, wath the aid of
a aproad nuxthary prisin, 1t may also be used for very small quantities of liguid.

1 In wame of the moerp reent types of apparatus the system of prisms is surrounded
by a donlide pae ket, threugh which water at eonstant temperature may be circulnted,
e with the butyoo sefractometer (e po 364
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The indeg of refraction does not vary much with different essential oils
the values lyxpg between about 1:43 and 1:62 for temperatures of about zo°:
In some cases it may, however, serve for the detection of extraneous substances'.

5. Solidifying Point

For the exact determination of the solidifying point of some essential
oils use may be made of the apparatus shown in Fig. 62.

To a large, glass, cylindrical beaker C is fitted a metal cover with a
central aperture through which passes a test-tube b: into the latter fits
another test-tube a of somewhat smaller diameter but widened at the
upper part. The tube 2 is closed with a perforated metal cover carrying
a thermometer /reading too-5°and supported

by three spring tongues conveniently fixed

below the orifice in the cover. R '
The outer vessel is first filled with cold water e

and pieces of ice (for aniseed or badiana oil) or Y:{ —

with a mixture of snow and salt (for fennel i

oil). The tube 4 is then charged with suffi-

cient essential oil to fill it toa depth of 5 cm.

and the thermometer immersed so as not to
touch the walls of thetube. The oil is allowed 1P
to cool until the thermometer indicates a tem-
perature about 5° below the presumed solidify-
ing point of the oil, solidification being then 5l
provoked by shaking and by rubbing the walls
of the tube with the thermometer. If the oil !
remains liquid, a fragment of the oil solidified
separately is dropped in, or a crystal of ane-
thole, the oil then setting immediately to a crys-
talline mass with evolution of heat. Crystal.
lisation of the product is facilitated by con-
tinual agitation with the thermometer, the
mercury column of which rises rapidly to a
maximum and there stops. This maximum
temperature represents the solidifying point
of the oil. Fi16. 62

Most essential oils solidify only at low temperatures, so that in practice this
determination is carried out with very few oils, especially aniseed, badiana,
fennel, rose and rue oils, which are rich in constituents which readily crystallise.
Where it can be made the determination furnishes a valuable criterion of the
value and purity of an oil.

Aniseed, badiana and fennel oils solidify easily owing to their content of
anethole, the first two at 15-20° and the last at 3-6°. Rose oil (Bulgarian)
solidifies at 19-24° and the German oil at 27-37°, owing to their stearoptene
content. Rue oil solidifies at 8—10° as a result of the presence of methyl nonyl
ketone. The higher the solidifying points of these oils, the more they are valued.
Lowering of the solidifying point indicates addition of extraneous substances
or the partial removal of their characteristic principles.
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6. Boiling Point: Fractional Distillation

To determine the boiling point or rather the temperature limits between
which an cssential oil distils, an ordinary distillation flask holding 60-8o
c.¢. is nsed.

Note is made of the temperature at which the first drops begin to distil,
that at which the bulk of the oil passes over and the maximum temperature

= at which the last portions distil, It

is advantageous to keep the differ-
ent fractions distilled separate, so
as to make with them investiga.
tions on the constituents of the

"=y ©0il. In order to separate these
constituents it is often useful to
carry out the distillation at reduced
pressure (20-40 mm.),

In some special cases, such as
the analysis of oil of lemon and the
like¢, the fractional distillation is
carried out in a flask with a three-
bulb head (see Fig. 63).

116, O3

Fsseutial oils, which are composed of mixtures of different substances, have
no fixed boiling point, but boil between certain limiting temperatures, often
widely separated ; these limnits le between about r20° and 300°  Fractional
distillation serves cither to scparate the various components of essential oils
vr to detect frandulent practices.  For instance, it is casy by distillation to
detect additien of alcoliol e petrolennt ether, whicly boil below 100°. Addition
of oil il {urpentine may atso, in many cases, be discovered by fractional dis-
tillalion (sev later: paragraph r2).

7. Solubility

The volatile oils are readily soluble in various organic solvents, such as
absolute aleohol, ether, chloroform, benzene, carbon disulplide, benzine.
paraffin oil, ethyl acetate and glacial acetic acid.  In dilute alcohol they
are more or less soluble according to their nature.

Of special importance in analysis is the test of sohbility in g09%, 809,
and 709} alcohol.  The test is made in a glass cylinder graduated to o-5
c.c. Into this is measured 1 c.c. of the oil, to which the alcohol is added,
little by little and with thorough shaking, until a clear solution is obtained ;
note is made of the volume of alcohol necessary.  If, as sometimes happens,
further addition of alcohol causes turbidity, note is made of this.

(ls rich in nxygenated substances (esters, phenols, etc.) often give turbid
solittums with petrelenn ether, paraffin oil or carbon disulphide, owing to
separation of drops of water, small quantities of which are dissolved and retained
ley such oils.

In 9%, 804, or %%, alcohol, any cssential oil exhibits almost constant
solubility. The test of solubility in dilute alecohol gives useful indications,
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especially as regards adulteration with oil of turpentine and with petroleum 1n
oils soluble in 70% or 809, alcohol, since oil of turpentine and petroleum are
but little soluble m alcohol of these concentrations, Fatty oils are detected
even more easily owing to their insolubility in 90% alcohol.

8, Determination of the Esters by Saponification

Many essential oils contain esters (mostly acetates) of alcohols of the
formule C,0H,;O (borneol, geraniol, terpineol, linalool), C,oH 0 {(menthol,
citronellol), C,;H,,0 (santalol). When boiled with alcoholic potash, these
esters are hydrolysed (saponified) and yield the free alcohol and the potassium
salt corresponding with the acid of the ester. Thus, the volatile oils con-
taining esters have saponification numbers, which may be determined in
a manner analogous to that used for fatty matters.

About 2 grams of the oil are weighed in a 100 c.c. flask and treated
with 10 or 20 c.c. of N/2-alcoholic potash (usually 10 c.c. suffice, 20 c.c.
being used only in cases where 10 c.c. have been shown to be insufficient).
The flask is closed with a cork traversed by a glass tube about a metre
long or by a small upright bulb condenser, and is then heated for half an
hour on a water-bath. After cooling, about 50 c.c. of water and a few
drops of alcoholic phenolphthalein solution are added and the excess of
alkali titrated with N/2-sulphuric acid.

The number of milligrams of KOH necessary to saponify 1 gram of
the oil represents the saponification number or, more accurately, the ester
number of the oil.

If the oil contains free acid (as may happen, especially with old or badly
stored oils), allowance is made for the alkali necessary to neutralise the
acid in the cold, that is, the acid number is determined and then subtracted
from the saponification number.

From the ester number the content in esters or in alcohol corresponding
with the esters is calculated by the following formule, it being assumed
that the esters are acetates, as is commonly the case:

X
(1) Percentage of esters = ester number X

ester number X m,
560

where m and m, are the respective molecular weights of the acetic ester

and of the corresponding alcohol.

(2) Corresponding percentage of alcohol =

’

The e¢ster number for any essential o0il may vary within more or less wide
limits (see Table XXXIV), but its determination is of importance in the identi-
fication of an oil, the detection of adultcration, and for judging of the quality
of the oil. With some oils, the esters rcpresent the odoriferous principle, e.g.,
linalyl acetate in bergamot, lavender and petit-grain oils, bornyl agetate.in
pine-needle oil and menthyl acetate in mint oil, the value of these 0ils being
deduced from the ¢ster content.

The ester number also serves for the detection of fatty oils, which have
very high saponification numbers.
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9. Determination of the Free Alcohols (Acetylation)

The procedure followed here varies according as the alcohols occur
alone or are accompanied by esters or by aldehydes or ketones.

1. Free Alcohols alone.—In this case the content in free alcohols
(borneol, geraniol, terpineol, linalool, menthol, citronellol, santalol, thujyl
alcohol) is determined by transforming the alcohols into the corresponding
acetates by boiling with acetic anhydride and then determining the saponi-
fication number of the acetylated product (acetyl saponification number).

To this end, 10 c.c. of the oil are boiled for an hour with an equal volume
of acetic anhydride and 2 grams of dry sodium acetate in a flask fitted
with a ground-in, upright condenser. When cold, the liquid is diluted
with water, heated for about half an hour on a water-bath and then trans-
ferred to a separating funnel. The acetylated oil is separated from the
aqueous liquid, washed with water or sodium chloride solution until it is
neutral and dried by means of anhydrous sodium sulphate. 2 grams of
this acetylated oil are then employed for the determination of the saponi-
fication number as described above (p. 279).

The percentage of alcohol in the oil may be calculated by means of the
formula :

a X m

Percentage of alcohol = )
20 {s -——a X 0-02I)

where a c.c. of N/2-KOH have been used and » denotes the molecular
weight of the alcohol concerned and s the number of grams of acetylated
product used in the determination of the acetyl saponification number.

2. Alcohols with Esters.—When an essential oil contains free alcohol
and also esterified alcohol, to ascertain the amount of the free alcohol it
is necessary to determine the ester number (as in paragraph 8, above) on
the oil as it stands and the acetyl saponification number, the free alcohol
being then calculated by means of the above formula. The esterified
alcohol (acetate) is caiculated from the ester number by means of formula
(2) on page 279 ; #otal alcohol == free alcohol + esterified alcohol.

This method gives exact results with borneol, isoborneol, geraniol, menthol
and santalol, but does not yield reliable figures with the tertiary alcohols, linalool
and terpineol. When the latter are to be estimated, the acetylation should
be carried out on the oil (5 c.c.) diluted with oil of turpentine (25 c.c.), according
to Boulez’s method.}

3. Alcohols with Aldehydes and Ketones,—When an essential oil
contains, besides the alcoholic compounds, also aldehydes and ketones,
the determination of the alcohols by acetylation is no longer accurate,
since aldehydes and ketones react with acetic anhydride. In such cases
the aldehydes may be eliminated by means of their insoluble compounds
with alkaline bisulphite or other reagent (see paragraph 10 : Detection of

\ Bull. Soc. chim. de France, 1907, Vol. I, p. 117. Instead of oil of turpentine
another solvent may be employed, such as xylene, which is not attacked at all by
acetic anhydride.
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Aldehydes), the alcohol being then determined in the residual oil obtained.
The aldehydes may, on the other hand, be transformed into the correspond-
ing alcohols by means of sodium amalgam, the alcohols being determined
before and after this action and the content of aldehydes thus deduced.
In these cases, however, only approximate results are obtainable, since
the separation or transformation of the aldehydes seldom takes place quan-
titatively.

Acetylation is of special importance with those essential oils, the value
of which depends largely on their content of alcoholic principles; such, for
instance, are mint (menthol), palmarosa, geranium, rose (geraniol), coriander,
linaloe (linalool) and sandalwood (santalol) oils.

10. Detection and Determination of the Aldehydes

1. Qualitative Tests.—Essential oils containing aldehydes give the
following reactions :

() When shaken with decolorised fuchsine solution (Schiff’s reagent)
they give immediately an intense red coloration,

(b) When heated in alcoholic solution with a small quantity of meta-
phenylenediamine they yield a brownish-yellow or intense brown coloration.

{c) When shaken with a little concentrated sodium bisulphite solution,
oils very rich in aldehydes form a crystalline mass, more or less readily
soluble in excess of the bisulphite.

2. Quantitative Determination.—The two following methods are
those commonly used :

(2) BisuLpHITE METHOD. Into a flask of about 100 c.c. capacity and
having a neck about 13 cm. long and 8 mm. in width and graduated in tenths
of a cubic centimetre, are poured 10 c.c. of the essential oil and an equal
volume of 309 sodiurn bisulphite solution. The whole is well shaken and
heated on a water bath until the crystalline magma formed begins to sink.
The bisulphite solution is then again added, gradually and with shaking,
until the flask is about two-thirds filled, the flask being left on the water.
bath until solid particles are no longer observed, the aqueous liquid is
sharply separated from the supernatant oil, and the characteristic odour
of the essential oil cannot be perceived. After cooling, a further quantity
of bisulphite is added to bring all the oily portion into the graduated neck
of the flask and make the line of separation between the two liquids coincide
with the first division of the neck.

From the number of c.c. of oily liquid, which represents the non-alde-
hydic part of the oil, the quantity of aldehydes (by volume) is calculated
by difference.

(b) SULPHITE orR BURGESS’ METHOD. Into the flask used in the preced-
ing method are introduced 5 c.c. of the essential oil, 10-20 c.c. of a saturated
normal sodium sulphite solution (409,)—freshly-prepared—and a few drops
of phenolphthalein solution, The liquid is heated on a water-bath, with
frequent shaking and occasional neutralisation of the alkalinity (caused
by formation of sodium hydroxide) by means of dilute acetic acid (1:5);
this procedure is continued until fresh addition of sulphite, followed by
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heating, causes no further red coloration. Water 1s then added to bring
the unattacked part of the oil into the graduated portion of the neck and
the volume of this part read when quite cold.

This method is also used for the determination of kefones, such as carvone
and pulegone, in caraway and pennyroyal oils.}

The determination of aldehydes and ketones 1s of importance mn the analysis
of those essential oils charactensed especially by aldehydic or ketonic principles,
e g., the citral contained in lemon and lemongrass oils, citronellal m citronella
o1l and some eucalyptus oils, benzaldehyde 1n bitter almond o1l, salicylaldehyde
in meadow-sweet o1l, anisaldehyde in aniseed and fennel oils, cummaldehyde
1 curmun oil, cinnamaldehyde 1n cinnamon o1l, carvone m caraway oil, pulegone
in pennyroyal o1l and methyl nonyl ketone mn rue o1l The determination of
the aldehydes and ketones presents, however, difficulties and the above methods
are moderately exact in only a few cases, especially when the content of aldehydes
or ketones 1s considerable The bisulphite method 1s applicable particularly
to the determination of cimnamaldehyde and benzaldehyde in cmnamon ol
and bitter almond o1, and, up to a certam point, to that of citral in lemongrass
o1l. The sulphite method gives good results in the same cases and for the
determination of carvone and pulegone

11. Determination of the Phenols

The volatile oils which contain phenols, when shaken with caustic soda
or potash solution, diminish in volume owing to the ready solubility of
the phenols in alkali. Acidification of this alkaline solution results in the
separation of the phenol, which is recogmsable by its odour and by the
greenish-blue or reddish coloration 1t gives with ferric chloride.

For determining the phenols use is made of a flask, with the neck gradu-
ated as with that employed for estimating aldehydes (see p. 281). In this,
equal volumes (usually 10 c.c) of the essential oil and of 59, caustic soda
solution 2 are shaken vigorously together, a further quantity of the alkah
solution being added to bring the unattacked part into the graduated neck
of the flask. When the two liquids have become quite separate and clear,
the volume occupied by the part of the oil insoluble in the alkali 1s read
off, the volume of the phenol being determined by difference.

Determimation of the phenols 1s of special importance in the analysis of
hop (carvacrol), thyme, ajowan (thymol), amseed, badiana, fennel (anethole),
clove bud and stem (eugenol) and sassafras oils (safrole).

12, Special Investigations

The commonest adulterations of essential oils consist in addition of
extraneous substances of little value, those most frequently used being :

1 Other methods for the determination of aldehydes and ketones are those of Bene-
dikt and Strache (carbonyl number), Hanus (phenylhydrazine), and Bennett (hydroxyl-
amine hydrochloride). See Charabot, Dupont et Pillet : Les Huules essentielles, 1899,

The carbonyl number method gives moderately exact results for the determinations
of benzaldehyde 1n bitter almond oil, of cuminaldehyde in cumin oil and of methyl
nonyl ketone 1n rue o1l. The method devised by Hanus gives, according to this author,
good results for the amount of cinnamaldehyde in cinnamon oil.

2 With volatile oils contaimng eugenol (clove bud or stem, cinnamon, pimento or
bay o), 3% sodum hydroxide solution must be employed With clove stem ol 1t
1s well to heat for ro minutes on a water-bath
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alcohol, mineral oils, fatty oils, o1l of turpentine, cedarwood oil, copaiba
ol and gurjun balsam oil. Paraffin wax and spermaceti are also used,
especially for the adulteration of rose oil.

In special cases genuine oils are adulterated with secondary products
from the treatment of certain oils, as, for instance, the terpenes of the
lemon for adulterating acid fruit oils (4.v.), or oils of high value are treated
with others of similar odour but of much lower price (geranium oil being
added to rose oil or citronella oil to melissa oil).

In Table XXXIV the most usual adulterations of the essential oils
are indicated. The more common adulterants (alcohol, mineral oils, etc.).
may, in general, be tested for as follows :

1. Alcohol.—(4) QuaLiTaATIVE TEst. Essential oils mixed with
alcohol give the following reactions :

(a) When a test-tube containing about 2 c.c. of the oil and closed with
a plug of cotton-wool in which is placed a granule of fuchsine, is heated
in a water-bath, the cotton.wool turns red.

(6) A few drops of the oil, shaken up with 5-10 c.c. of water, give a

[lky liquid (pure oils separate rapidly from the water, leaving this clear).

(c) If a certain volume (e.g., 10 c.c.) of the oil is shaken in a graduated
cylinder with an equal volume of salt water or dilute glycerine (water and
glycerine in cqual volumes) and then left to stand until the two liquids
have completely separated, the volume of the oil will be found to be
diminished owing to the alcohiol present ; the amount of the latter may
be judged approximately. If the aqueous liquid is distilled, ethyl alcohol
may be identified in the distillate by the reactions described in the chapter
dealing with varnish.

(B) QUANTITATIVE DETERMINATION. For a more exact determination,
especially with perfumery, the following method may be recommended * :
To 50 c.c. of the product in a 200 c.c. flask is added, with shaking, 59, alum
solution almost up to the mark. The liquid is cooled to 15°, made up to
volume with the alum solution, shaken and filtered through a dry filter,
the first portions of the filtrate, if turbid, being either rejected or returned
to the filter. 100 c.c. of the filtrate are diluted with a little water and
distilled, 100 c.c. of distillate being collected ; the specific gravity is then
determined and the percentage of alcohol by volume read off from the usual
tables ; multiplication by four gives the percentage of alcohol by volume
in the oil.

2. Mineral Oils.—Petroleum, heavy mineral oils and paraffin oil may
be detected in essential oils owing to their insolubility in go9}, alcohol ;
they also diminish the specific gravity.

To determine them quantitatively, the essential oil is oxidised com-
pletely with fuming nitric acid, as in the estimation of petroleum in oil of
turpentine (see Chapter IX, this volume). Some ethereal oils, such as rose,
chamomile and neroli oils, contain naturally solid hydrocarbons (paraffin
wax).

3. Fatty Oils.— Volatile oils mixed with fatty oils leave a transparent,
greasy spot when a few drops are evaporated on paper.

! D. Marino : Ann. Labor. chim. centr. Gabelle, Vol. VI, p. G61,
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These mixtures are not completely soluble in 909, alcohol, except in
presence of castor oil, which is, however, only slightly soluble in 709, alcohol.
When, therefore, they are evaporated in a dish on a water-bath, they leave
an abundant residue which has a high saponification number (180-200) and
emits an irritating odour of acrolein when heated in a test-tube with potas.
sium bisulphate. Certain ethereal oils (bergamot, lemon, aniseed and
badiana oils) themselves leave a residue on evaporation, but such residue
has not the characters of the fatty oils. The saponification number of
the oil itself may raise suspicion as to the presence of fatty oil.

Fatty oils are used to adulterate bergamot o1l, and coconut oil 1s often added
to cananga, citronella and palmarosa oils.

4. Oil of Turpentine.—This is a common adulterant for the volatile
oils and is not always easy to detect. In most cases use is made of the
specific gravity, fractional distillation and rotatory power, and the charac-
ters of oil of turpentine are described in Chapter IX (see also Oil of Lemon).

By reason of its slight solubility in 709, alcohol, oil of turpentine may
be discovered in those oils which are readily soluble in such alcohol.

In oils which do not number pinene among their components, ordinary
oil of turpentine (see Chapter IX) may be recognised by identification of
the pinene. For this purpose the fraction of the oil boiling at about 160°
is collected and is treated with a mixture in equal volumes of glacial acetic
acid and amyl nitrite in a vessel kept immersed in a mixture of snow and
salt ; hydrochloric acid of D == 1:17 (15 gram per 5 grams of substance)
is then added, little by little and with shaking. In this way pinene nitro-
sochloride is formed in white nacreous scales, which are treated with cold
969 alcohol, pumped off and washed with cold alcohol, pressed between
filter-papers and purified by dissolution in a little chloroform and reprecipi-
tation with methyl alcohol (it may also be recrystallised from benzene).
Pure pinene nitrosochloride melts at 103° to a liquid which froths and
becomes blood-red. When boiled for a moment with alcohol and a little
aniline, it gives an intensely yellow solution which turns red on neutralisa-
tion with hydrochloric acid. When it is heated for some time on a water-
bath with alcohol and an exms:of piperidine or benzylamine and then
diluted with water, the corresponding characteristic nitrolamines separate,
pinene witrolpiperidine melting at 118-119° and pinene nitrolbenzylamine
at 122-123°.

5. Cedarwood Oil, Copaiba Balsam Oil and Gurjun Balsam
Oll.—These volatile oils lend themselves readily to the adulteration of
many essential oils, owing to their cheapness and slight odour.

They may be detected in mixtures by virtue of their insolubility in
70% or 909, alcohol, their high sp. gr. (above 0-9), their high b.pt. (250—
285°) and their high rotatory power (ap = -—20° to -— 40°, — 7° to — 35°
and - 35° to — 130° for the oils of cedarwood, copaiba and gurjun balsam
respectively ; there is, however, an African copaiba oil with a dextro-
rotation of 4+ 16° to + 22°).
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SPECIAL PART

The number of essential oils which are obtained from flowers, fruits,
peel, leaves and secretions of different plants or are prepared synthetically,
is very large. Some are, however, of little commercial interest, whilst
others are of great importance, especially in certain regions. In the follow-
ing pages, attention is paid chiefly to the oils of the acid fruits (orange,
lemon, etc.), the characters of other oils being dealt with in Table XXXIV.

BITTER ORANGE OIL (Essence d’orange-bigarade)

This is obtained from the peel of Citrus bigaradia and is an intensely
yellow liquid with an orange odour and an aromatic bitterish taste. It
consists of d-limonene with small quantities of citral, methyl methylan-
thranilate and other components not well identified. Its usual adulterants
are orange and lemon terpenes, oil of lemon and oil of turpentine; these
are tested for by determining the specific gravity at 15°, by fractional dis-
tillation,! by measuring the rotation and by examining the residue left on
evaporation by the methods given for oil of lemon (see later).

*
* %k

The genuine oil should have : D ==0+852-0+857, a, at 20° = + 88°to + 96°,
b.pt. 175—200°; with 909 alcohol it gives a turbid solution. On fractional
distillation by the Soldaini and Berté method (see Oil of Lemon) it should give
a distillate with rotation (at 20° C.) not less than 3° higher than that of the oil
itself. On evaporation it should leave 3-5% of residue, which is usually dis-
tinctly red.

SWEET ORANGE OIL (Portuguese)

This is obtained from the peel of the fruit of Citrus aurantium (var.
dulcis) and is a golden-yellow liquid with an odour of oranges and a sweetish,
aromatic taste. It contains limonene (about go9,), linalool, terpineol,
nonyl alcohol, decyl aldehyde and esterified caprylic acid. If adulterated
with bitter orange oil (g.v.), the latter is detectable by determinations of
the sp. gr. at 15°, rotatory power and residue on evaporation (see Oil of
Lemon) and by fractional distillation.

As regards the rotation, this is more influenced by the temperature than
that of oil of lemon (g.v.); for temperatures, ¢, above 20°, add (¢ —20) X
13’ to the observed rotation and for temperatures below 20° subtract
(20 —¢) X 14’, to obtain the correct value at 20°.

%

The genuine oil has: D = 0:8§47-0:852; a, at 20° C. == + 9¢6° to + 98°;
b.pt. 176—200°. Owing to the narrow limits of the density and rotation adul-
teration is easily detected.

On fractional distillation by the Soldaini and Berté method (see¢ Oil of Lemon),

the rotation should be raised by at least 1° 30” and the residue on evaporation
should be 2-4%.

! The distillate exhibits faint blue fluorescence——which becomes more pronounced
on addition of alcoho}—owing to the presence of methyl methylanthranilate.
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BERGAMOT OIL

This is obtained from the skins of the fruit of Citrus bergamia and is a
greenish or greenish yellow liquid with a peculiar fragrant odour. It con-
tains : d-limonene, dipentene ; linalyl acetate (33-45%) which is the chief
constituent determining its value ; free linalool: an odourless stearoptene,
termed bergaptene (about 59) ; small proportions of fatty, resinous and
waxy substances.

The following lower qualities of bergamot oil are also obtained : Bergamot
black (Nero di bergamotto), from unripe, fallen or bad fruit, is a dark-
brown liquid, with a pungent odour less agreeable than that of the normal
oil. Rectified bergamot oil, prepared by distilling with water the residues
from the rasping of the fruit, is a colourless or yellowish liquid with a marked
burnt odour.

Bergamot oil is adulterated in various ways, e.g., with oil of turpentine,
oil or terpenes of lemon, orange terpenes, fatty oils, waxes, resin, gurjun
and Canada balsam, cedarwood oil, mineral oils, chlorinated compounds
of oil of turpentine, organic acids, various esters (diethyl succinate, triethyl
citrate, diethyl oxalate, terpinyl acetate, esters of oleic, phthalic, tartaric
and acetic acids). Such adulteration is usually made judiciously, the
genuine oil being treated with such quantities of one or more picked adul-
terants as will not alter too markedly the characters of the oil itself.?

Antsficial bergamot oils are also sold, these being composed, for instance,
of triacetin, terpenes and a little bergamot oil; such are either used as
they are or are employed as diluents of the pure oil.? Bergamot oil is
sometimes diluted also with the black or with the rectified oil referred to
above.

To decide if a sample of the oil is genuine or otherwise, it is analysed
completely as follows ;

1. External Characters ; Specific Gravity ; Rotatory Power;
Solubility in 909, and 809, Alcohol.—These determinations are made
as described under General Methods.

The liquid being coloured, the rotation must be read in a tube 2 or 2-5
cm. in length, the temperature being 15-20°.

2. Acid and Ester Numbers.—These are determined as indicated on
P. 279, the acidity being expressed also as per cent. of acetic acid (acid
number X 0-1071 = 9, of C,H,0,). From the acid number the percentage
of linalyl acetate is calculated by the formula, (ester riu{n61(2)§r)__>_<_ 196, this

5
result being then diminished by the percentage of linalyl acetate calculated

on the residue left by the oil on evaporation (se¢ paragraph 3).

3. Residue on Evaporation.—5 grams of the oil are evaporated in
a tared dish on a water-bath until the odour disappears, the residue being
then weighed and calculated for 100 grams of the oil,

1 For instance, addition of oil of turpentine or lemon or orange terpenes—which
lower the sp, gr. and the ester content-—together with fatty oils, resin, balsams and
synthetic esters—which have the opposite effect.

2 A sample of such products gave: D ==1-062, ap = + 13° and saponification
sumber =555 (Coen: Ann, Lab, chim. centy. Gabelle, Vol. VIL, p. 89).
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Of this residue, dissolved in a little neutral alcohol, the acid and ester
numbers are determined, these being due to resinous, fatty and waxy sub-
stances naturally present in the bergamot oil. The ester number is con-
verted into the corresponding percentage (#) of linalyl acetate (see paragraph
2) and the quantity of this ester contained in the percentage (r) of residue
left by the oil then calculated from the formula, (# X 7)/100. This amount
of linalyl acetate is subtracted from that found in the oil, as in paragraph 2.

4. Fractional Distillation (Romeo and Movicca’s method).—30 c.c.
of the oil are distilled either under reduced pressurc (20-30 mm.) in an oil-
bath or at ordinary pressure by direct heating, two fractions of cxactly
5 c.c. cach being collected. The rotatory power (at 15-20°) of the distilled
fractions and of the residue are determined and referred to a tube 10 cm.
long.

The mean of the rotations of the two fractions, reduced to minutes,
representing the rotation obtainable by distilling one-third of the oil, is
divided by the direct rotation of the oil, also reduced to minutes: the
quotient gives the ratio between the rotation of the oil and that of the
product (one-third) of its distillation.

5. Detection of the Aldehydes.—This is effected with Schiff’s reagent
(General Method, No. 10) on about 2 c¢.c. of the oil dissolved in pure alcohol :
in presence of aldehydes a magenta-red coloration is obtained immediately.
Also when 2-3 c.c. of the oil, diss