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PREFACE TO THE SECOND EDITION

THE last decade has witnessed rapid advance in the chemistry
of food ; so far as analysis is concerned this has been parti-
cularly noticeable in the development of methods for the deter-
mination of important constituents present in small quantity.
and of traces of various impurities. So, while advantage has
been taken of the opportunity for thorough revision and correc-
tion of errors in the first edition, particular attention has been
given to methods for the determination of preservatives, of
metallic impurities, of fluorides and substances such as ascorbic
acid and enzymes, which though small in quantity are dietetic-
ally important. The useful Lane-Eynon method for sugars
has been included, with the necessary tables, also the Reichert-
Polenske-Kirschner process as now standardised and the
Hortvet process. Advantage has also been taken of the good
work of the Society of Public Analysts’ Committee on Con-
densed Milk, and more detail is given on jams and jam
standards, meat and fish products, milk (including the new
designations), dried milk, eggs, infant foods and various food
fats.

The increase in the size of the volume, which would have
been necessitated by the inclusion of much new matter, has
been avoided by changes in the type and make-up of the pages.
The book, being intended for laboratory use, has been kept in
a concise form.

It is a pleasure to acknowledge the help received from my
assistants, Mr. H. S. Howes and Mr. J. U. Lewin, in preparing
this edition.

H. E. Cox.

11, BILLITER SQUARE,
Loxpon, E.C. 3.






PREFACE TO THE FIRST EDITION

THE chemistry of food has developed so much in recent
years that it is quite impossible to deal adequately with its
analysis in the compass of one small volume. To the specialist
no text-book is really adequate or contains just that informa-
tion which he seeks. Fully conscious of these limitations the
writer has endeavoured therefore only to present the elements
of the subject and to do that in a manner suitable to the
requirements of chemists who have no special experience in
this branch of their science. One of the chief difficulties in
writing such a book is to decide what not to include.

The methods given are, with only a few exceptions, those
which have been well tried and found reliable ; in the few
cases no process has yet been found completely satisfactory.
It is hoped that sufficient has been included to provide an
adequate survey of the foodstuffs considered and to suggest to
the intelligent worker lines on which further investigation can
be made. The point of view is rather that of the requirements
of public health and of the Sale of Food and Drugs Acts than
that of the worker in a particular branch of the food industry.
Every chemist who undertakes the examination of foodstuffs
must have a competent knowledge of ordinary organic and
inorganic analysis and be familiar with the usual physical
instruments ; no account of such is therefore included.

Microscopy is not given quite the prominence it deserves, not
for lack of appreciation of its usefulness but because it is a
sufficiently important branch to necessitate a volume to itself ;
several such volumes are available, such as Greenish’s ‘‘ Food
and Drugs” and Clayton’s ‘Compendium of Food Micro-

scopy.”

The author will be grateful to any one directing his attention
vit



viii PREFACE TO FIRST EDITION

to errors, which are sure to have crept in, so that they may be
eliminated.

All temperatures are in degrees Centigrade and refractive
indexes at 40°, unless otherwise expressly stated.

H. E. Cox.

THE LABORATORY,
11, BILLITER SQUARE,
Lonpon, E.C.
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THE
CHEMICAL ANALYSIS
OF FOODS-

CHAPTER I

SUGARS, SYRUPS, TREACLE, HONEY, JAM,
MARMALADE

CARBOHYDRATES are the leading product of plant life and
constitute the largest proportion of an ordinary diet; they
exist in a great variety of forms, which are included in the
general formula, C,(H,0),. Until quite recent years only
those in which “2” is 6 or a multiple thereof were known,
but, as the result of the work of E. Fischer and others,
carbohydrates are now known in which there is any number
of carbon atoms from 2 upwards, and, as in the case of rhamnose
(CgH,305), some in which hydrogen and oxygen are not present
in the proportion required to form water.

The more important carbohydrates of natural occurrence
fall into two distinct classes: those which are sweet and
crystallisable, sugars, and those which are not crystallisable,
such as the starches. Chemically, five principal groups
are recognised : monosaccharoses, di-, tri-, tetra- and
polysaccharoses. The monosaccharoses are subdivided into
groups distinguished by the name biose, triose, tetrose, pentose,
hexose, etc., up to nonose containing 9 carbon atoms; of
these the hexoses are by much the most important. Further,
according to whether the particular member has the properties
of an aldehyde or a ketone, the name aldose or ketose is applied.

It is proposed here to discuss only those carbohydrates
which enter into the composition of foods. The more

CHEM. ANAL. OF FOODS. 1



2 SUGARS AND SUGAR PRODUCTS

important members and some of their properties are set out
below : —

Re-
: action
Rotation M%]lt:l?g hg'i;}::;g \?vlth
Name. Formula, 15 polnt. of Feh-
| e, | gt | Ing>
tion
MONOSACCHAROSES
Pentoses.  Arabiose | CH Oq |4 1047°-1057 160° 160° -+
Hexoses.  Dextrose Ce¢H 04 + 5270 146° 204-5° -}-
Laovalose " — 93-8° 95° 204-5° -}
Galactose v + 81:5” 163-5° | 204-5° -4
Mannose ’s +  14-5° 132° 186° -}
DISACCHAROSES.
Sucrose CoH,,0,, |+ 66:5° 160° — -
Tactoso . 4 55-3° 205° 200° -+
Maltose ' + 139 5° — 190° -}
TRISACCHAROSE.
Raffinose | (,,Hpu0,6 |+ 104° 118°-1197  — -
POLYSACCHAROSES.
Starch (CeH1 O3 |+ 200° 1 — — —
Cellulose . + —_— - —
Inulin ' — 387 40° 178° —
Glycogen ys + 191° —_ - - —
Dextrin Vs -+ 198”2 —_ - —

Gencral reactions by which the carbohydrates may be
identified or estimated are as follows: When warmed with
concentrated sulphuric acid they swell up, blacken, and evolve
carbon dioxide, sulphur dioxide, and other gases. When to
an aqueous solution in a test tube are added a few drops of an
alcoholic solution of a-naphthol and strong sulphuric acid is
poured down the side of the tube, a deep violet coloration is
produced which is discharged on the addition of excess of
alkali (Molisch’s reaction). In common with other aldehydes
and ketones, many of the sugars react with phenylhydrazine,
giving rise to osazones, many of which have a characteristic
micro-crystalline appearance and melting point. For the
preparation of the osazone about 2 gm. of the sugar are
dissolved in 10 ml. of water, 4 gm. of phenylhydrazine in

1 The specific rotatory power of starch and of dextrin varies according to
the variety.



GENERAL PROPERTIES OF SUGARS 3

10 ml. of dilute acetic acid are added, and the mixture is
heated in the water bath for an hour, then set aside to cool.
The crystals may then be examined with the microscope, or
filtered off, washed, dried and their melting point determined.

Some of the sugars exert a considerable reducing action on
copper solutions or silver nitrate, producing a reddish
precipitate of cuprous oxide or a silver mirror respectively.
The reagent most useful for their detection or quantitative
estimation is that of Barreswil or Fehling. This reagent
consists of two solutions which must be kept separately ;
equal volumes are mixed together as required for use. No. 1
contains 69-28 gm. of copper sulphate, CuSO,5H,0, dissolved
in water to produce 1 litre, and No. 2 is prepared by dissolving
100 gm. of pure sodium hydroxide and 346 gm. of sodium
potassium tartrate in water and diluting the solution to 1 litre.!

A reagent useful for qualitative purposes is that of Barfoed,
which is prepared by dissolving 6-5 gm. of crystallised copper
acetate in 100 ml. of water and adding 2-5 ml. of dilute acetic
acid just before use ; it has the peculiarity of being reduced by
monosaccharoses and not by disaccharoses, so that it is
available for the detection, say, of dextrose or leevulose in the
presence of lactose or maltose.

Carbohydrates are generally optically active ; the direction
and extent of the rotation depends upon concentration,
temperature and other factors, which are considered in
connection with the various sugars.

Arabinose. This pentose is widely distributed in plants
and occurs to some extent in animal tissues, usually in the
form of its anhydrides or pentosans, which yield arabinose
(with xyloses) on hydrolysis. It is a crystalline sugar having
m.p. 160° and specific rotatory power [«];, -+ 104° to 4- 105°.
When distilled with dilute hydrochloric acid it yields furfural
which gives characteristic colour reactions with resorcinol or
phloroglucinol.  Arabinose reduces Fehling’s solution and
forms a phenylosazone melting at 160°. In admixture with
other sugars it may be estimated in the same manner as

! A large number of modifications of Fehling’s reagent have been suggested ;
the above formula is given because it is desirable to keep the amount of alkali
to & minimum,

1—2



4 SUGARS AND SUGAR PRODUCTS

pentosans (see p. 97) or, if no other reducing sugar is present
in the solution, it may be estimated by Fehling’s reagent in
the manner described on p. 15.

Dextrose. Dextrose, grape sugar or glucose, is a crystalline
substance having m.p. 146°, [«]}} 4+ 52-7; it occurs also as
crystals having one molecule of water of crystallisation ; it is
readily soluble in water and in alcohol, but not in dry ether.
It exists in a great variety of animal and vegetable foodstuffs
and is produced on a large scale by the hydrolysis of starch ;
it is also formed by the hydrolysis of disaccharoses such as cane
sugar, hence is present to a small extent at least in commercial
foodstuffs prepared therefrom. Dextrose readily reduces
Fehling’s or Barfoed’s solutions, forms a characteristic
osazone, and is readily fermented by yeast. It is well known
that, chemically, dextrose and many other sugars exist in
levo-rotatory and inactive forms, but these varieties do not
arise in connection with foods.

When starch is dissolved in dilute acids, maltose, dextrins
and other products are formed which finally yield dextrose ;
in this country dilute sulphuric acid is generally employed,
whereas in America hydrochloric acid is more usual. Sago,
maize, rice or other cereals are boiled in cast-iron or copper
vats under pressure with the diluted acid ; after the reaction
the solution is neutralised, filtered, decolorised and con-
centrated in vacuum pans. The corn syrup thus produced
contains, besides water, a large proportion of maltose and
dextrin, and is generally further purified by concentration to
about 85-86 per cent., followed by the addition of a few
crystals of dextrosc which serve as nuclei for the crystallisation
of a large quantity ; the crystals are separated from the mother
liquor by centrifuging. The following table shows the com-
position of good commercial glucose. Methods for the analysis
of such substances are given on p. 33.

Water . . . 10 to 20 per cent.
Ash . . . 1, 15
Dextrose. . . 20 ,, 60 v
Maltose . . . 10 ,, 40 '
Dextrin . . . 5,20 .

Proteins . . . Trace, up to 0-15 per cent,
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Lzevulose, fructose or fruit sugar, as its name indicates,
is commonly present in fruits and their products, and is levo-
rotatory. It exists in considerable quantities in honey and is
a colourless substance obtainable as crystals of m.p. 95°; it
readily reduces Fehling’s solution and forms with phenyl-
hydrazine a characteristic osazone having m.p. 204°-205°
The specific rotation of levulose is considerably influenced
by temperature, a feature due to alteration in the chemical
equilibrium of the isomerides of which it is composed ; at
15° [a]p is — 93-8°, the temperature change per degree is
-+ 0-6385°, so that the rotation decreases with rise of
temperature and at about 87° a solution of invert sugar
exhibits no rotation, since the dextro-rotation due to dextrose
is exactly neutralised by the leevo-rotation due to the levulose.
1t also exhibits to a marked extent the phenomenon of muta-
rotation ; when a solution is freshly prepared it has a much
higher rotatory power than that of the same solution after
standing a few hours ; this is frequently the case with sugar
solutions, hence in their polarimetric estimation it is important
to eliminate this factor, otherwise serious errors may be
introduced. This may be done either by allowing the solution
to stand several hours before making the observations or,
more conveniently, by adding a few drops of ammonia, which
establishes the optical equilibrium at once.

Galactose occurs in a polymerised form in many gums;
commercially it is a product of the inversion of lactose. It
readily crystallises with one molecule of water—CgH,04. H,0—
in the form of a white powder having m.p. 120°, but the
anhydrous variety melts at 163-5°. It exhibits muta-rotation
and has a considerable temperature coefficient, at equilibrium
[«]i® is + 81-5°. Fehling’s solution is reduced, the taste is
sweet, and the osazone melts at 204-5°,

Mannose occurs in nature in its condensation products as
mannosans and exists to a small extent in honey. It has
m.p. 132° [«]}® 4+ 145, and readily reduces Fehling’s solution,
and forms an osazone having m.p. 186°.

Sucrose, saccharose or cane sugar, (C;;H,,0y), is well
known as the most important member of the sugar group and
one which enters largely into the composition of foodstuffs.
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It forms crystals of m.p. 160°, is strongly dextro-rotatory,
having [a]}} 4 66:5°, and does not reduce Fehling’s solution.
This sugar does not form an osazone. In common with other
disaccharoses it is readily inverted by heating with dilute
mineral acids, giving rise to equivalent quantities of dextrose
and levulose which together form ““ invert sugar.” The same
change may also be brought about by yeast and certain
enzymes. .

Sucrose is commonly manufactured from the sugar cane,
beet or maple; during the purification of the product
advantage is often taken of the fact that it forms complex
saccharosates with lime or strontia which are not very soluble
in water ; these are precipitated and filtered out of the crude
syrup, and subsequently decomposed by carbon dioxide.
Other properties of this important sugar are referred to in
connection with its estimation in commercial products.

Lactose, or milk sugar, has the same empirical formula
as saccharose but a different structure; hence it differs
materially from it in chemical and physical properties. 1t
occurs to the extent of about 5 per cent. in milk (¢g.v.), but
has not been demonstrated in plant products. It exists as a
white crystalline powder of m.p. 203°-205° with decomposition,
has only a mildly sweet taste, and readily forms a mono-
hydrate which is stable at 100° but decomposes at 130°.
This point is of some importance in connection with the total
solids in milk ; but although the hydrate C,,H,,0,,.H,0 is
not completely dehydrated until the temperature reaches 130°,
it seems likely that under the normal conditions of drying in
the oven at 100° the total solids include lactose in a partly
dehydrated condition. Lactose reduces Fehling’s solution,
forms an osazone melting at 200°, and is inverted by dilute
acids, yielding equal quantities of dextrose and galactose.
The rotatory power of this sugar is + 55-3°, which is the
equilibrium or y form of the a-hydrate and g-anhydride which
exist when the solution is first prepared.

Maltose occurs naturally in plants, leaves and seeds, and
in malt. In each case it is probably produced by the decom-
position of starch. It consequently occurs in commercial
glucose and corn syrups. It is usually prepared by the action
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of the enzyme diastase on malt, and exists as a slightly sweet
sugar forming a hydrate which is decomposed at or below 100°.
It reduces Fehling’s solution, has [«]}} + 139-5, with a
temperature coefficient of — 0-095°. (The specific rotation of
this sugar is considerably dependent on the concentration of
the solution ; the above figure is for a 10 per cent. solution.)
The osazone melts at 190°. Maltose may be hydrolysed by
dilute acids at about 80°, and yields thereby two molecules of
dextrose ; this fact may be utilised for its estimation. A
biochemical method is given by Davis (loc. cit., p. 14).

Raffinose (or melitose), C;gH;,044, is the only important
trisaccharose of interest to the food analyst ; it occurs in beet
sugar, hence in molasses, and in certain cereals. It forms a
monohydrate melting at 80°, but in the anhydrous state melts
at 118:5°. Its behaviour with Fehling’s solution and with
phenylhydrazine is exactly like saccharose, the optical rotation
[«]p is -+ 104° without appreciable muta-rotation, and on
hydrolysis with strong acids it yields dextrose, leevulose and
galactose ; weak acids form levulose and a disaccharose-
melibiose. The polarimeter is not reliable for the estimation
of raffinose since this sugar is almost invariably associated in
practice with relatively large amounts of other sugars. Accurate
results are obtainable by fermentation methods based on the
fact that top and bottom yeasts hydrolyse raffinose to leevulose
and melibiose and to galactose and dextrose respectively.
Quite small quantities of raffinose in commercial products can
be accurately estimated by this method, the details of which
are given on p. 14.

The polysaccharoses will be discussed after the consideration
of methods of analysis of commercial sugar products.

Cane Sugar and its Products

The cane sugar of commerce in this country is obtained from
the sugar cane or beet, and, as it so readily crystallises, is
generally of a high degree of purity ; cube sugar and the
white granular form usually contain more than 99-5 per cent.
of sucrose. It is a remarkable fact that the sweetness of a
sample of sugar is not conditioned merely by the amount of
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sucrose it contains, but is much influenced by the acidity ;
the presence of 0-2 or more per cent. of organic acids in an
80 per cent. sugar imparts a sweeter taste than that of a pure
sugar free from acid. A small quantity of salt has a similar
effect. White sugar, whether from beet or cane in the unrefined
condition, usually contains reducing sugars and some gummy
substances which are only partly soluble in water; even
refined sugar occasionally contains insoluble matter producing
a white turbidity ; this may be calcium sulphite which has
escaped the filter cloth and become oxidised to sulphate.
Also fine icing sugars sometimes contain small quantities of
starch added to prevent caking. A small quantity of a blue
dye is often added to make sugar appear more white. The
following tables show the usual composition of different kinds
of sucrose :—

Pro- Other non-
—_— Water. | Sucrcse. | Glucose. tei Ash. | saccharine
ein. matter.

Per Per Per Per Per Per

cent. cent. cent. | cent. | cent. cent.

Java white sugar . | 0-30 | 98:60 | 0-30 {0-10|0-20 | 0-50
Cuban white sugar . |0-40|97-32| 1-10 | 0-14 1 0-50 | 0-54
Beet sugar (white) . | 0-71 | 97-70 | Trace.| 0-55 | 0-58 | 0-46
Beet (recrystallised) . | — {9975 — | — |012]| 013
“ Demerara *’ sugar . |1-05 | 96-85 | 1-056 |0-38 | 0-45 | 0-22
Best West Indian cane | 0-10 [ 99-50 | 0-23 | — [0-02| 0-15
English beet (best) . | 0059990 — | — |0:01| 004

Under the Preservatives, etc., in Food Regulations sugar,
including solid glucose and cane syrups, may contain sulphur
dioxide not exceeding 70 parts per million. A long-standing
practice exists of adding small quantities of tin chloride to
certain types of sugar, such as Demerara sugar ; it is claimed
that the tin acts as a mordant for the natural colour of the
sugar. The amount of tin found in these sugars is usually
much less than 140 parts per million, but the desirability of
the practice is very questionable from the consumer’s point of
view. Tin, if present, can be determined in the ash by the
method given on p. 109.

The exact estimation of sucrose is always carried out by
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the polarimeter. Methods dependent on specific gravity or
refractive index of saccharine solutions, while useful for certain
kinds of routine work, are not sufficiently accurate for the
analysis of pure sugars. Methods dependent on copper
reduction are more tedious and generally less accurate than the
polarimeter.

The specific rotatory power, at temperature ¢°, of a substance
in solution, using a sodium lamp, is expressed by the formula

100 @
lgd
where a is the observed rotation, I the length of the tube in
decimetres, g the number of grams of solute per 100 gm. of

solution, and d the density. This may be more simply
expressed as

(1) =

) 100 a
[l = e

where ¢ is the concentration in grams per 100 ml. of solution,
but it has to be borne in mind that the specific rotation depends
to a small extent upon the concentration of the solution on
which the observation is made. For this reason, when great
accuracy is required the so-called ““ normal weight ”* of sugar
should be taken, this being the quantity of sucrose which in
100 ml. of solution will, in a 200 mm. tube, give a rotation of
100 divisions on an arbitrary scale known as the sugar scale,
which will be found on most polarimeters; thus when the
normal weight of sugar is taken, the observed rotation (some-
times termed degrees V.) gives directly the percentage of
sucrosc. For many purposes it is convenient to use the sugar
scale even when not dealing with pure sucrose solutions ; in
any case it is a simple matter to convert angular degrees into
degrees on the sugar scale by multiplying by the appropriate
factor :—

On a Ventzke or Schmidt and Haensch instrument, where
the normal weight is 26 gm., 1° on the sugar scale = 0-3466
angular degree.

On the Soleil-Dubosq or Laurent saccharimeters, using
16:3 gm., 1° sugar scale = 0-2167 angular degree,



10 SUGARS AND SUGAE PRODUCTS

The standard weight of sugar which should be taken for
different instruments varies slightly with the particular
instrument and is usually stated by the maker. For most
purposes, however, the following weights may be taken with
the common types of polarimeter :—

Ventzke . . . . 26-05 gm.
Soleil-Dubosq . . . . 1635
Laurent. . . . . 1627
Schmidt-Haensch . . . 2605 ,,

For the estimation of sucrose when no other sugars are
present, it is sufficient to dissolve the normal weight in water,
make the solution up to 100 ml., filter if necessary, and observe
the rotation. The amount of the sugar is simply calculated
from the formula already given. This process is applicable to
any saccharine liquid which contains only one optically active
substance ; when two or more are present the methods given
in subsequent pages must be employed. The specific rotation
of the principal sugars when in solution of about 10-15 per
cent. concentration may be taken to be as follows for sodium
light at 20° C. :—

Arabinose -+ 104:5°
Dextrose. + 52:7°
Lavulose — 93-8°
Invert sugar — 20:0°
Galactose -+ 81-5°
Mannose -+ 14-5°
Sucrose + 66-5°
Lactose . . . . . - 553°
Maltose . . . . .+ 139-5°
Raffinose. . . . . -+ 104-0°

As it is essential for accurate polarimetric readings that the
solution to be examined shall be not only clear but colourless,
it is frequently necessary to resort to the use of decolorising
agents. For this purpose lead acetate and alumina cream are
employed ; animal charcoal is not recommended. It has been
shown that when an excess of basic lead acetate is added,
errors may be introduced in strong sugar solutions by the lead
precipitate carrying down with it some dextrose or laevulose.
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It is therefore preferable to add normal lead acetate and to use
only a very slight excess (W. A. Davis has shown that no such
occlusion occurs in the case of dilute sugar solutions). With a
dark-coloured syrup the normal weight should be dissolved in
about 50 ml. of water, then a few drops of 10 per cent. lead
acetate solution and about 5 ml. of hydrated alumina cream
are added, the solution is made up to 100 ml., filtered through
a dry paper, and polarised in the usual way.

Alumina cream is prepared by adding a slight excess of
ammonia to a saturated solution of alum, then adding more
alum solution until the reaction is just acid.

When pure syrups of known composition are being
examined, the refractometer affords a rapid and fairly
accurate method for the estimation of their sugar content.
The ordinary Zeiss-Abbe instrument may be used for this
purpose, or a dipping refractometer. The specific gravity is
also of use, but does not yield quite such good results. The
table on p. 12 shows the specific gravity and refractive index
of solutions of cane sugar.

Moisture in sugars may be estimated with fair accuracy by
drying in a flat-bottomed dish at 105° for five hours, or until
there is no further loss in weight. Fructose must be dried in
vacuo at 70°—above this temperature it undergoes some
decomposition. In the case of lactose it must be remembered
that the hydrate is only decomposed at 130° ; all other common
sugars lose their water of crystallisation at or below 100°.

For the estimation of sucrose in sugars in the presence of
invert sugar as in molasses, syrups or similar products, the
modified Clerget-Herzfeld method of double polarisation is
most convenient ; it depends upon the fact that the dextro-
rotation of sucrose is changed to a leevo-rotation on hydrolysis
by acids or enzymes. Changes of temperature affect the
rotatory power of levulose considerably, so that it is essential
to make the readings at a definite temperature ; 20° is most
convenient. Also raffinose and other carbohydrates are
inverted by acid and may seriously affect the accuracy of the
process unless the inversion is carried out under carefully
defined conditions. 26-05 gm., or the normal weight of the
sugar or syrup, are diluted with about 60 ml. of water,



SPECIFIC GRAVITY & REFRACTIVE INDEX OF SUGAR SOLUTIONS

Specific
gravity
at 15-5°.

1-0000

1-0019
1-0039
1-0060
1-0078
1-:0099
1-0118
1-0138
10158
1-0178
1-0198
1-0218
1-0238
1-0259
1-0279
1-0299
1-0320
1-0341
1-0361
1-0382
1-0403
1-0424
1-0445
1-:0466
1-0487
1-0508
1-0529
1-0551
1-0672
1-0593
1-0615
1-0637
1-0659
1-0681
1-0703
1-0725
1-0747
1-:0769
1-0791
1-0813
1-0835
1-0857
1-0879
1-0902
1-09256
1-0949
1-0972
1-0995
1-1018
1-1041
1-1064
1-1087
1-1110
1-1133
1-1157

13330
1-3337
1-3344
1-3351
1-3359
1-3366

1-3501
1-3509
1-3517
1-3525
1-3533
1-3541

1-3622
1-3630
1-3638
1-3647
1-3655
1-3664
1-3672
1-3681
1-3689
1-3698
1-3706
1-3715
1-3723
1-3732
1-3740
1-3749
1-3758

Sucerose
per cent

CELEPITSON UL LBV =ZCO

bt ek d bed
goucuoaicucsucuaucunicacunsaow

12-0
125
13-0
13-5
14-0
14-5
15-0
15-5
16-0
16:5
17-0
17-5
18-0
18-5
19-0
19-5
20-0
20-5
21-0
21-5
22-0
22-5
23-0
235
24-0
245
25-0
255
26-0
26-5
270

Specific 9 S < Specific 9 SUCTO8e
gty | n )| S ity | e )| L.
1-1181 | 1-3767 | 27:5 | 1-2609 | 1-4307 | 550
1-1205 | 1-3775 | 28-0 | 1-2637 | 1-4318 | 555
1-1229 | 1-3784 | 28:5 | 1:2666 | 1-4329 | 56-0
1-1253 | 1-3793 | 29-0 | 1-2695 | 1-4340 | 56-5
1-1276 | 1-3802 | 29-5 | 1-2724 | 1-4351 | 57-0
1-1300 | 1-3811 | 30-0 | 1-2753 | 1-4362 | 57-5
1-1324 | 1-3820 | 30-5 | 1-2782 | 1-4373 | 58-0
1-1348 | 1-3829 | 310 | 1-2811 | 1-4385 | 585
1-1373 | 1-3838 | 31:5 | 1:2840 | 1-4396 | 59-0
1-1397 | 1-3847 | 32-0 | 1-2870 | 1-4408 | 59-5
1-1421 | 1-3856 | 32-5 | 1-2900 | 1-4418 | 60-0
1-1446 | 1-3865 | 33-0 | 1-:2929 | 1-4431 | 605
1-1471 | 1-3874 | 33-5 | 1-:2959 | 1-4441 | 61-0
1-1496 | 1-3883 | 34-0 | 1-2989 | 1-4454 | 61-5
1-1520 | 1-3893 | 34-5 | 1-3018 | 1-4464 | 62-0
1-1545 | 1-3902 | 35-0 | 1-3048 | 1-4475 | 62-5
1-1570 | 1-3912 | 35-5 ] 1-3078 | 1-4486 | 63-0
1-1595 | 1-3920 | 36-0 | 1-3109 | 1-4497 | 63-5
1-1620 | 1-3931 | 36-5 | 1-3139 | 1-4509 | 64-0
11645 | 1-3939 | 37-0 | 1-3169 | 1-4521 | 64-5
1-1670 | 1-3950 | 37-5 | 1-3200 | 1-4532 | 65-0
1-1695 | 1-3958 | 38-0 | 1-3230 | 1-4544 | 655
1-1720 | 1-3969 | 38-5 | 1-3261 | 1-4555 | 66-0
1-1744 | 1-3978 | 39-0 | 1-3291 | 1-4567 | 66-5
1-1769 | 1-3988 | 39-5 | 1-3322 | 1-4579 | 67-0
1-1794 | 1-3997 | 40-0 | 1-3354 | 1-4591 | 675
1-1820 | 1-4007 | 40-5 | 1-3384 | 1-4603 | 68-0
1-1846 | 1-4016 | 41-0 | 1-3416 | 1-4615 | 68-5
1-1872 | 1-4026 | 41-5 | 1-3447 | 1-4627 | 69-0
1-1898 | 1-4036 | 42-0 | 1-3478 | 1-4639 | 69-5
1-1924 | 1-4046 | 42-5 | 1-3509 | 1-4651 | 70-0
1-1950 | 1-4056 | 43-0 | 1-3541 | 1-4663 | 70-5
1-1977 | 1-4066 | 43-5 | 1-3573 | 1-4676 | 71-0
1-2004 | 1-4076 | 44-0 | 1-3604 | 1-4688 | 71-5
1-2031 | 1-4086 | 44-5 | 1-3636 | 1-4700 | 72-0
1-2057 | 1-4096 | 45-0 | 1-3668 | 1-4713 | 72-5
1-2084 | 1-4106 | 45-5 } 1-3700 | 1-4725 | 73-0
1-2111 | 1-4117 | 46-0 | 1-3732 | 1-4737 | 735
1-2137 | 14127 | 46-5 | 1-3764 | 1-4749 | 74-0
1-2164 | 1-4137 | 47-0 | 1-3796 | 1-4762 | 745
1-2191 | 1-4148 | 47-5 | 1-3829 | 1-4774 | 750
1-2218 | 1-4158 | 48-0 | 1-3862 | 1-4787 | 755
1-2246 | 1-4169 | 48-5 | 1-3894 | 1-4799 | 76-0
1-2273 | 1-4179 | 49-0 | 1-3927 | 1-4812 | 765
1.2300 | 1-4190 | 49-5 | 1-3960 | 1-4825 | 77-0
1-2328 | 1-4200 | 50-0 | 1-3993 | 1-4838 | 77-5
1-2356 | 1-4211 | 50-5 | 1-4025 | 1-4850 | 78-0
1-2384 | 1-4221 | 51-0 | 1-4059 | 1-4863 | 78-5
1-2411 | 1-4232 | 51-5 | 1-4092 | 1-4876 | 79-0
1-2439 | 1-4242 | 52:0 | 1-4126 | 1-4888 | 79-5
1-2467 | 1-4253 | 52-5 | 1-4160 | 1-4901 | 80-0
1-2495 | 1-4264 | 53-0 | 1-4193 | 1-4914 | 805
12523 | 1-4274 | 53-5 | 1-4220 | 1-4927 | 81-0
1-2552 | 1-4285 | 54-0 | 1-4260 | 1-4941 | 81-6
1-2580 545 1-4954 | 82:0

1-4296

1-4294
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defecated, and made up to 100 ml., and the rotation is observed
in a 200-mm. tube, preferably using the sugar scale; let D
be the direct rotation. Now take 50 ml. of the solution
(= half the normal weight), add 5 ml. of concentrated hydro-
chloric acid, dilute to about 90 ml. in a 100-ml. flask, and
place the flask with a thermometer in it in a water bath kept
at 72°-73°; note when the temperature of the flask rises to
69° and keep the mixture at this temperature, with occasional
shaking, for exactly five minutes, then cool to 20° quickly,
adjust the volume to the mark and observe the rotation in a
200-mm. tube at this temperature ; the observed reading is
doubled so as to represent the normal weight and may be

denoted by T. Then the sucrose percentage, S = %))—bbl—);g),
= 2
or if ¢, the temperature, is 20°, S = 0-7564 (D — 1).

This method may readily be extended to the estimation of
another sugar such as invert sugar or lactose in the presence
of sucrose. The normal weight for sucrose (26-05 gm.) is
dissolved in water, defecated and diluted to 100 ml. Then if
D is the direct rotation and the percentage of sucrose calculated
by the Clerget-Herzfeld formula is denoted by S, then the
percentage of the other sugar X is given by the equation

(D — 8) 665

X = [o]p (of the other sugar)

In the case of lactose or of invert sugar, the equation
becomes
. (D —8)665 D — 8) 665
)
respectively.  These formulx do not apply when a third
optically active substance is present, such as glucose in a
syrup or treacle which contains cane sugar and invert sugar.
It has been shown that the Clerget constant varies slightly
with the concentration, with the rate of heating, and with the
time which elapses between inversion and polarisation. A
small error is also introduced by the differing volumes of the
lead precipitate in the case of molasses or syrups containing
much protein matter or amino compounds,
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In using this method for the analysis of syrups or jams it
must be remembered that hydrochloric acid under the
conditions of the experiment will hydrolyse other carbo-
hydrates to a greater or lesser extent. Maltose or dextrins
arc only slightly affected, as for complete inversion they require
about four hours’ heating ; lactose also is not much hydrolysed
under these conditions, so that Clerget’s method may be used
with reasonable accuracy in the presence of glucose, dextrins,
maltose or lactose. The probable limit of accuracy of the
Clerget process is about 4- 0-5 per cent.

In carrying out the polarimetric estimation of sugars by
acid inversion it is usually more convenient to make the initial
solution up to 100 ml., after defecation if necessary, then to
invert 50 ml. by heating with 5 ml. of hydrochloric acid at the
appropriate temperature (p. 13) ; then, after cooling, make the
volume of the inverted solution up to exactly 55 ml. If the
direct reading is made in a 200-mm. tube and the invert
reading in the 220-mm. tube, no corrections for dilution are
required.

Raffinose, which is usually present in beet molasses, may be
roughly estimated by Clerget’s acid inversion method. Normal
weights are used and the readings made on the Ventzke scale ;
the formulz giving the percentage of raffinose then are :—

0-514D — I D-—-S
R 7T E
where D and I are the direct and invert rotations measured at
20° and R and S the percentages of raffinose and sucrose
respectively.

A lengthy but more exact method for the estimation of
raffinose by yeast is given by Davis (J. Soc. Chem. Ind., 1916,
35, 201). The sugar solution is defecated by lead acetate and
the excess of lead removed by hydrogen sulphide, the latter is
boiled off and the solution cooled, neutralised, made just acid
with acetic acid, and diluted to 100 ml. ; to 95 ml. are added
5 ml. of autolysed solution of invertase from top yeast (for
preparation see J. Soc. Chem. Ind., 1910, 29, 443). The enzyme
is allowed to act for eighteen to twenty-four hours, and the
rotation is then observed at 20°. To 95 ml. of this hydrolysed
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solution are now added 5 ml. of autolysed solution from bottom
yeast and the mixture kept at room temperature while deter-
mining the rotation daily until constant. A change in rotation
of 1° Ventzke corresponds with 0-239 gm. of melibiose or 0-352
gm. of anhydrous raffinose per 100 ml. of the solution, if the
readings are taken in the 200-mm. tube.

Estimation of Sugars by Copper Reduction

Two methods are available for the estimation of sugars by
Fehling’s solution—gravimetric and volumetric ; in either case
it has to be borne in mind that proteins and certain other sub-
stances reduce alkaline copper tartrate ; hence solutions con-
taining such substances must be purified before the estimation
of the sugars.

For quantitative purposes the cuprous oxide precipitated on
boiling the sugar solution with Fehling’s rcagent may be
weighed as cuprous oxide, cupric oxide, or as copper ; the last
named is perhaps the most convenient and accurate. It is
important to adopt uniform conditions of precipitation, even
to the point of uniformity of the size and covering of the
beaker, otherwise small errors due to surface oxidation will be
introduced. The weight of copper oxide found is not strictly
proportional to the weight of the particular sugar, so that a
simple factor is not accurate for the calculation of the results,
although it may sometimes be of use for an approximation.

The recipe for Fehling’s solution is given on p. 3. For the
gravimetric process 50 ml. of the mixed Fehling solution are
introduced into a 400 ml. squat-form beaker covered with a
clock glass ; to it is added such volume of water that when the
sugar solution is introduced the total volume will be 100 ml.
This is heated in a bath of boiling water so adjusted that the
height of water outside the beaker is at the level of the solution
inside, but the beaker should not rest on the bottom of the
bath. After five minutes the measured volume of sugar solu-
tion is added, the cover immediately replaced, and the heating
continued for exactly twelve minutes. The precipitate is then
rapidly filtered off, washed with hot water, ignited and weighed.
For the filtration an ordinary Gooch crucible may be used and
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the cuprous oxide ignited in air to CuO. The writer prefers to
use a hard glass tube of the form indicated in Fig. 1 ; when this
is used in conjunction with a small funnel and a filter pump, the
filtration, washing, drying and ignition are the work of only a
few minutes, and the whole estimation may be carried out in
about half an hour. The glass tube is lightly plugged with
washed asbestos, attached to the Kipp hydrogen gencrator,
and ignited in a current of hydrogen, then cooled and weighed.
After filtration the cuprous oxide is washed, first with water,

" ASBESTOS
PLUG

then with 5 ml. of alcohol to facilitate drying, then dried for a
few minutes in the oven and ignited in the current of hydrogen
at the Kipp for about five minutes, cooled in the hydrogen, and
the weight of copper noted. A convenient alternative to
weighing the cuprous oxide after filtration is to dissolve it in
a known quantity of acid ferric sulphate solution and titrate
the iron so reduced with 0-1 N potassium permanganate as
recommended by Bertrand.

When a reducing sugar is to be estimated in the presence of
cane sugar, a blank test should be made under the precise con-
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ditions given above and the correction applied, as there is
usually a small reduction of Fehling by the cane sugar on heat-
ing in boiling water. Sugar solutions which have been inverted
by mineral acids must be neutralised with sodium carbonate
before adding the copper solution.

The amount of sugar equivalent to the quantity of copper
or copper oxide reduced may be obtained from the following
tables (which are those of Elsdon, Analyst, 1923, 48, 436). Such
quantity of the sugar solution should be taken that the preci-
pitate of copper oxide weighs between 0-10 and 0-3 gm.

For convenience in calculating the sugars in jams and similar
substances, the reducing values of carbohydrates are often
expressed by “ K which is termed the ‘ cupric reducing
power ”’ and is defined as the copper oxide reduced by 100
parts of the substance calculated as dextrose; thus a syrup
which contained 45 per cent. of reducing sugars expressed as
dextrose would have a K value of 45.

For many purposes, and particularly when a number of sugar
estimations have to be made, a volumetric process based on
Fehling’s solution is preferable. The elegant method of Lane
and Eynon has displaced most of the earlier ones, and has been
officially adopted by several sugar associations. This process
depends upon the use of a 1 per cent. aqueous solution of
methylene blue as internal indicator ; under the appropriate
conditions the methylene blue is decolorised by the sugar solu-
tion as soon as the Fehling solution has all been reduced. It is
important that the sugar solution to be titrated should not
contain appreciable quantities of lead or of calcium salts ; these
if present may be removed by means of potassium oxalate,
excess of which does not interfere with the determination. The
quantity of sugar taken should be such that the 10 or 25 ml.
of Fehling’s reagent, which is made up as stated on p. 3,
requires from 15 to 50 ml. of the sugar solution in the titration.
The method is as follows : 10 or 25 ml. of Fehling’s solution
are pipetted into a hard glass flask of about 300 ml. capacity,
to it are added from a burette 15 ml. or more of the sugar
solution and the mixture is boiled on a wire gauze for 10 to 15
seconds, then further additions of the sugar solution are made,
with a few seconds’ boiling between each addition until the
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QuanTITIES OF CoPPER OXIDE PRODUCED UNDER STAN-
DARD CONDITIONS BY VARIOUS CARBOHYDRATES

Quantities expressed in Milligrams in all cases

Cupric| Cup- Dex- Lavu- dgg‘;d ?l'r%‘gﬂ Mal- | Invert | Cane
oxide. g:?iudsc Copper. trose. Starch. lose. Ig’“ﬁ“" lac- | tose. sugar. | sugar,
' 12722 | tose.
01.H0.
100 | 899| 799 — —_ — 59-2] 562 725 — —_
101 | 90-8| 80-7| — —_ — 59-8| 568} 732 — —
102 | 91-7| 81-5| — — — 60-4| 57-3| 740 — —
103 | 926 82-3| — — — 61-0| 679| 747 — —
104 { 935 831 — — . 61-6| 585 754 — —
105 | 94-4| 839 — — — 62-2| 591 762 — —_
106 | 95-3| 847 — — —_ 62:8| 596| 769 — —
107 | 96-2| 855 — — —_ 63-4| 602} 776 — —
108 | 97-1| 86-3| — -— — 64-0| 60-8| 783| — —
109 | 98-0) 871 — —_ — 64-6| 61-3| 79-0| 44-9 | 42-6
110 | 98-9| 879} — — —_— 65-2| 61-9| 79-8| 45-3 | 43-0
111 | 99-8| 88.7] — — — 65-8| 62-5| 80-5| 457 | 434
112 |100-7| 89-5| — —_ —_ 66-4| 63-0| 81-3| 46°1 | 43-7
113 {101-6| 90-3| — — —_ 67-0| 63-6| 82-0| 46-5 | 4.1-1
114 | 102-5| 911 — —_ —_ 67-6| 642} 82-7| 46-9 | 445
115 | 103-4| 91-:9| — —_— 49-8| 68-2| 64-8f 835 47-3 | 449
116 {104-3}| 92.7| — — 50-2| 688 65:3| 84:2| 47-7 | 45-2
117 | 105-2| 93-5| — — 50-6| 69-4| 659| 84-9| 48:0 | 456
118 | 106-1| 943| — — 50-9| 70-0| 66-5| 85-7| 484 | 46-0
119 | 107-0| 95-1| — — 51-3] 170-6] 67-0| 86-4| 48-8 | 46-3
120 | 107-9| 959 46-5 | 41-8 | 61-7| 71-2| 67-6| 87-2)| 49-2 | 467
121 |108:8| 96-7| 469 | 42-2 | 52-1} 71-8| 68:2| 87-9| 49:6 | 47-1
122 11097} 97-5| 47-3 | 425 | 52-6| 172-4| 68-7| 88-7| 50-0 | 474
123 {110-6| 98-3| 47-7 | 42-9 | 52-8| 73-0| 693! 89-4| 50-4 | 47-8
124 | 1115 99-1 48-1 | 43-2 | 63-2| 73-6| 69-9| 90-2| 50-8 | 48:2
125 {1124 ( 99-9| 485 | 43-6 | 53-6 742 70-5| 91-1| 51-2 | 486
126 | 113:31100-7 | 48-8 | 44-0 | 54-0| 74-8| 71-0( 91-9| 61-5 | 490
127 | 114.2101-5| 49-2 | 44-3 | 64-3| 75-4| 716 92-8| 51-9 | 49-3
128 | 115-1|102:3 | 49-6 | 44-7 | 54-7| 76-0| 72-2] 93-6| 52:3 | 497
129 [ 116-Q}103-1| 50-0 | 450 | 55-1| 766} 72:7| 94-5| 52-7 | 50-0
130 | 116-9 | 103-9 | 50-4 | 454 | 65-5| 77-2| 73-3| 95-3| 53:1 | 504
131 {117.8|104-7 | 50-8 | 45-7 | 55-9| 77-8] 73-9| 959| 63-5 | 50-8
132 | 118-7|105-5| 51-2 | 46-1 | 56-3| 78-4| 744 96-6| 53-9 | 51-2
133 | 119-6 | 106-3 | 51-5 | 46-4 | 56-7| 79-0{ 75-0| 97-2| 542 | 515
134 {120-5/107-1| 51-9 | 46-8 | 657-1| 79-6| 75-6| 97-9| 54-6 | 51-9
135 {121-4|107-9| 52-3 | 47-1 | 67-6| 80-2| 76-2( 98-5| 55-0 | 52:2
136 | 122.3 {1087 | 52-7 | 474 | 57-9| 80-8| 76:7| 99:2| 554 | 626
137 | 123-2|109-5| 63-1 | 47-8 | 58-3| 814 77-3| 99-8| 558 | 53-0
138 | 124-1|110-3| 63-5 | 48-1 | 68:7| 82-0| 77-9|100-5| 66-2 | 53-3
139 {125-0|111-1| 53-8 | 48-5 | 69-1| 82-6| 78-4|101-3| 6566 | 53-7
140 | 125-9 {111-9| 54-2 | 48-8 | 59-5| 83-2| 79-0|102-0| 57-0 | 54-2
141 | 126:8{112-6| 64-6 | 49-1 | 69-9| 83-8| 79-6|102-7| 67-4 | 54-6
142 1127-7 |113-4| 6549 | 49-5 | 60-3| 84-4| 80-2|103-4| 57-8 | 550
143 | 128:6|114-2| 55-3 | 49-8 | 60-8| 85-0| 80-7|104-2| 58-2 | 55:3
144 | 129-5 {115-0| 55:7 | 60-2 | 61-2| 85-6| 81-3|104-9| 58-6 | 557
145 | 130-4 {1158 | 56-0 | 50-5 | 61'7] 86-2| 81-0|{105-6| 590 | 56-1
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QUANTITIES OF CoPPER OXIDE—contd.
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132.2
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1340
1349
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1385
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119-0
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1214
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1238
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121-2
121-9
122-7
1234
124-2
124-9
125-6
126-4
127-1
127-9
128-6
129-4
130-1
130-8
131-5
1322
123-0
1337
134-4
135-1
135-8
136-6
137-3
138-1
1388
139-6
140-3
141-1
141-8

142-6

< St
$8R2223338
HINVPRODOND W

74-2
74-6

764
75-8
76-2
76-6
77-0
776
77-9
78-3
78-7
79-1
79-6
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Qwoh e

[=ReyoN0o)
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A TRORORHR DG 0D 0 162D G = <169 D s 1 69 D G 1 00 he S G 1 00 > O
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SUGARS AND SUGAR PRODUCTS

QuaNTITIES OF COPPER OXIDE—Ccontd.

Cupric
oxide.

Cup-
rous
oxide.

Copper.

Dex-
trose.

Starch.

Lzvu-
lose.

Hy-
drated
lactose.

CioHo;
Oll.Hz(g.

Anhy-
drous
lac-
tose.

Mal-
tose.

TInvert
sugar.

Cane
sugar,

196
197
198
199

201
202
203

206
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
236
236
237
238

240
241
242
243

246

176-3
177-2
178-1
179-0
179-9
180-8
181-7
182-6
183-5
184-4
185-3
186-2
187-1
188-0
188-9
189-8
190-7
191-6
192-5
193-4
194-3
195-2
196-1
197-0
197-9
198-8
199-7
200-6
201-5
202-4
203-3
204-2
205-1
206-0
206-9
207-8
208-7
209-6
210-56
211-4
212-3
213-2
214-1
215-0
215-9
216-8
217-7
218-6
219-5
220-4

156-6
157-4
158:2
159-0
159-8
160-6
161-4
162-2
163-0
163-8
164-6
165 4
166-2
167-0
167-8
1686
169-4
170-2
171.0
171-8
172-6
173-4
174-2
175-0
175-8
176-6
177-4
178-2
179-0
179-8
180-6
181-4
1822
183-0
183-8
184-6
185-4
186-2
187-0
187-7
18856
1893
190-1
190-9
191-7
192-5
193-3
194-1
194-9

195-7

76-0
76-4
76-8
77-2
717-6
78-0
78-4
78-8
79-2
79-6
80-0
80-4
80-8
81-2
81-6
82-0
82:4
827
83-1
835
839
84-3
84-7
85-1
85-5
86-0
86-4
86-9
87-3
87-8
88-2
88-7
89-1
89-6
90-0
90-4
90-8
91-2
91-7
92:1
92:6
92-9
93-4
93-8
94-2
94-6
95-0
95-4
95-8
96-2

68-4

69-8
70-2

82-9

A
ORI O

Q® o
>
W

836
84-0
84-5
84-9
85-3
85-7
86-1
866
87-0
87-4
87-8
88-2
88-7
89-1
89-56
89-9
90-4
90-8
91-3
91-7
922
92-6
93-1
93-6
94-0
94-4
94-9
95-4
95-8
96-3
96-8
97-2
97-7
98-1
98-6
99-1
99-6
100-0
100-4
100-9
101-3
101-7
102-1
102-6
103-0
103-4
103-8
104-3
104-7
105-1

117-2
117-8
118-4
119-1
119-7
120-3
121-0
121-6
122-2
122-8
123-4
124-1
124-7
125-4
126-0
126-6
127-2
127-8
128-5
129-1
129-7
130-3
130-9
131-6
132-2
132-8
133-4
134-0
134-7
135-3
135-9
1365
137-2
137-8
1384
139-0
139-6
140-2
140-9
141-5
142.1
142-7
143-3
144-0
144-6
145-2
145-8
146-4
147-0

147-6

111-3
111-9
112-5
113-1
113-7
114-3
114-9
115-5
116-1
116-7
117-3
117-9
118-5
119-1
119-7
120-3
120-9
1216
122-1
122-6
123-2
123-8
1244
125-0
125-6
126-2
126-8
127-4
127-9
128-5
129-1
129-7
130-3
130-9
131-5
132-1
132-7
133-3
133-9
134-4
135-0
135-6
136-2
136-8
137-4
138-0
138-6
139-1
139-7
140-3

143-3
144-1
144-8
1455
146-3
1470
147-7
148-4
149-2
149-9
150-6
151-4
152-1
152-9
153-6
154-4
155-1
155-8
156-6
157-3
158:1
158-8
169-6
160-3
161-0
161-8
162-5
163-2
163-9
164-7
165-4
166-2
166-9
167-6
168-3
169-1
169-8
1705
171-3
172-0
172-8
173-5
174-3
1750
1767
176-6
177-2
177-9
1786
179-3

79-9
80-3
80-7
81-]
818
81-9
82-4
828
83-2
83-6
84-0
84-4
84-8
85-2
85-7
86-1
865
87-0
874
87-8
883
88-7
89-2
89-6
90-0
90-4
90-9
91-3
91-8
92-2
926
931
93-5
93-9
94-4
94-8
96-2
95-6
961
96-5
97-0
97-4
97-8
98-3
08-7
99-2
99-6
100-0
100-4
100-8

75-9
76-2
76-6
770
77-4
77-8
78-2
78-6
79-0
79-4
79-8
80-2
80-6
81-0
81-4
81-8
82-2
82-6
83-0
8356
83-9
84-3
84-7
85-1
85-5
85-9
86-3
86-8
87-2
87-6
88-0
88-5
88-9
89-3
89-7
90-1
90-5
90-9
91-4
91-8
92-2
92-6
930
93-4
93-8
04-2
94-6
95-0
96-4
958



FEHLING®'S METHOD

QUANTITIES OF CoPPER OXIDR—COntd.

Cupric
oxide.

Cup-
rous
oxide.

Copper.

Dex-
trose.

Starch.

Levu-
lose.

Hy-
drated
lélctge.
1212
0. Hz0.

Anhy-
drous
lac-
tose.

Mal-
tose.

Invert
sugar.

Cane
sugar.

246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263

266
267

283

295

221-3
2222
223-1
224-0
224-9
225-8
226-7
227-6
228-5
229-4
230-3
231-2
2321
233-0
2339
234-8
235-7
236-6
2375
238-4
239-3
240-2
241-1
242-0
242-9
243-8
244.7
2456
246-5
247-4
248-3
249-2
250-1
251-0
2519
252-8
253-7
254-6
255-5
256-3
257-2
258:1
259-0
259-9
260-8
261-7
262-6
2635
264-4

196-5

197-3

198-1

198-9

199-7

200-5

201-3
202-1

202-9
203-7

204-5
205-3
206-1
206-9
207-7
208-5
209-3
210-1
2109
2117
212-5
2133
214-1
214-9
215-7
216-5
217-3
2181
218-9
2197
220-5
221-3
2221
222-9
223-7
224-5
225-3
226-1
226-9
227-7
228-5
229-3
230-1
230-9
231-7
232-5
233-3
234-1
2349

265-3

2357

96-6

97-0

97-5

97-9

98-3

98-7

99-1

99-5

99-9
100-3
100-8
101-2
101-6
102-1
102:5
102-9
103-4
103-8
104-2
104-7
105-1
105-5
105-9
106-3
106-7
107-1
107-6
108-0
108-4
108-8
109-2
109-6
110-0
110-4
110-8
111-2
111-7
112-1
112:5
1129
113-4
113-8
114-2
114-6
115-0
115-4
1159
116-3
116-7
117-2
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98-2

98-5

98-9

99-3

99-7
100-1
100-5
100-8
101-2
101-6
101-9
102-3
102-7
103-1
103-5
103-9
104-3
104-7
105-1
105-5

105-5
106-0
106-4
106-9
107-3
107-8
108-2
108-7
109-1
109-6
110-0
110-5
110-9
111-4
111-8
112-3
112-7
113-2
113-6
114-1
1145
115-0
1155
1159
116-4
116-9
117-3
117-8
118-2
1187
119-2
119-6
120-1
120-6
121-0
121-5
121-9
1224
122-8
123-2
123-7
1241
124-6
125-1
125-6
126-0
126-5
126-9
127-4
127-8

148-2
148-9
149-5
150-1
150-7
151-4
152-0
152-6
153-2
153-8
1544
155-0
1557
156-4
157-0
157-6
158-2
158-8
159-4
160-0
160-6
161-2
161-8
162-4
163-0
163-7
164-4
165-0
165-6
166-2
166-8
167-4
168-0
168-6
169-2
169-9
170-5
1711
171-7
172-3
173-0
173-6
174-2
174-8
1755
176-1
176-7
177-6
1784

179-0

140-8
141-4
142-0
142-6
143-2
143-8
144-4
145-0
145-6
146-2
146-8
147-4
148-0
148-6
149-2
149-8
150-3
150-9
151-5
152-1
152-6
153-2
153-8
154-4
154-9
155-5
156-1
156-6
157-2
157-8
158-4
158-9
159-5
160-1
160-7
161-3
161-9
162-5
163-1
163-7
164-3
164-9
1655
166-1
166-7
167-4
1680
168-7
169-3
170-0

180-1
180-8
181-6
182-3
183-1
183-8
184-5
185-3
186-1
186-8
187-6
188-3
189-1
189-8
160-5
191-3
192-0
192:7
193-4
194-2
194-9
195-6
196-4
197-1
197-9
198-6
199-4
200-1
200-8
201-6
202-3
203-0
203-7
204-5
205-2
205-9
206-7
207-4
208-2
208-9
209-7
210-4
211-1
211-9
212-6
213-3
214-1
214-8
215-5
2163

101-2
101-7
102-1
102-5
102-9
103-3
103-8
104-2
104-6
105-0
105-4
105-8
106-3
106-7
107-1
107-5
108-0
1084
108-8
109-2,
109-7
1101
110-5
111-0
111-4
111-8
112-3
112-7
113-1
113-6
114-0
1144
114-8
115-2
1157
116-1
116-5
117-0
117-5
117-9
118-3
118-8
119-2
119-6
120-1
120-5
121-0
121-4
121-9
122-3

96-7
96-2
97-6
97-0
97-4
98-8
98-2
99-6
99-0
99-4
100-1
100-5
100-9
101-3
101-7
102-1
102-5
102-9
103-3
103-8
104-2
1046
105-0
105-4
105-8
106-2
106-6
107-0
107-4
107-9
108-3
108-7
109-1
109-5
109-9
110-3
110-7
111-2
111-6
112-0
1125
112:9
113-3
1137
114-1
114-5
115-0
1154
115-8
116-3
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SUGARS AND SUGAR PRODUCTS

QUANTITIES

oF CorPER OXIDE—contd.

Cupric
oxide.

Cup-
rous
oxide.

Copper.

Dex-
trose.

Starch.

Laovu-
lose.

Hy-
drated
lactose.
Ci2Hoo

033 H0.

Anhy-
drous
lac-
tose.

Mal-
tose.

Invert
sugar.

Cane
sugar,

296
297
298
299

301
302
303
304
305
306
307
308

310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
346

266-2
267-1
268-0
268-9
269-8
270-7
271-6
272-5
273-4
274-3
275-2
276-1
277-0
277-9
278-8
279-7
280-6
281-5
282-4
283-3
284-2
285-1
286-0
286-9
287-8
288-7
289-6
290-5
291-4
292-3
203-2
294-1
295-0
295-9
296-8
297-7
298-6
299-5
300-4
301-3
302-2
303-1
304-0
304-9
305-8
306-7
307-6
308-5
309-4
310-3

117-6
1181
1185
1189
119-4
119-8
120-2
120-6
121-1
121-5
121-9
122-2
122-8
123-2
123-7
124-1
124-5
125-0
125-5
125-9
126-4
126-8
127-3
127-7
128-2
128-6
129-1
129-5
130-0
130-4
130-9
131-3
131-8
132-2
132-6
133-1
133-5
133-9
134-4
134-8
135-3
135-7
136-2
136-7
137-1
137-6
138-0
138 5
139-0
139-4

105-9
106-3
106-7
107-1
107-5
107-9
108-3
108-6
109-0
109-4
109-7
110-1
110-5
1109
111-3
111-7
112-1
112-5
112-9
113-4
113-8
114-2
114-6
115-0
115-4
115-8
116-2
116-6
117-0
117-3
117-7
1181
118:5
118-9
119-3
119-7
120-1
120-5
120-9
1214
121-8
122-2
122-6
123-0
1234
123-8
124-2
1246
125-0
1255

128-3
1287
129-2
129-6
130-1
130-6
131-0
131-5
132-0
132-4
132-9
133-3
133-8
134-3
1347
135-2
135-7
136-2
136-7
137-2
137-6
138-1
1386
139-0
139-5
140-0
140-5
141-0
141-5
142-0
142-5
143-0
143-5
144-0
144-5
145-0
145-5
146-0
146-5
147-0
147-5
148-0
148-5
149-0
149-5
150-0
150-4
150-9
151-4
151-9

179-8
180-4
181-0
181-7
182-3
183-0
183-6
184-3
1850
1856
186-2
186-9
1876
188-2
1889
189-6
190-2
190-8
191-4
192-2
192-8
193-4
194-1
194-8

170-6
171-3
171-9
1726
173-2
173-8
174-5
175-1
175-7
176-4
177-0
177-6
178-3
1789
1795
180-1
180-7
181-3
181-9
182-6
183-2
183-8
184-4
185-0

195-4 | 185-6

196-0
196-7
197-4
198-0
198-7
199-3
200-0
200-7
201-4
202-0
302-7
203-4
204-0
204-7
205-4
206-0
206-7
207-4
208-0
208-7
209-4
210-0
210-7
211-3

2120

186-2
186-9
187-5
188-1
188-7
189-4
190-0
190-7
191-3
191.9
192-6
193-2
1939
194-5
195-1
195-8
196-4
197-1
197-7
198-3
198-9
199-5
200-2
200-8
201-4

217-0
217-8
2185
219-3
2200
220-7
221-5
222-2
222-9
223-6
224-4
225-1
225-8
226-6
227-3
228-1
228-8
229-6
230-3
231-0
231-8
232-5
233-2
234-0
2347
235-4
236-2
236-9
287-7
238-4
239-2
2399
240-6
2414
242-1
242-8
243-5
244-3
245-0
2457
246-5
247-2
2480
248-7
249-5
250-2
250-9
351.7
252-4
253-2

122-8
123-2
1237
1241
1246
125-0
1255
125-9
126-4
126-8
127-3
127-7
128-2
128-4
129-1
129-6
130-0
1305
130-9
131-4
131-9
132-3
132-8
133-2
1337
134-2
134-6
135-1
1355
136:0
136-4
136-9
137-3
137-8
138-2
138-7
139-1
139-6
140-0
140-4
140-9
141-4
141-9
142-3
142-8
143-2
143-7
144-2
1447
145-1

1167
117-1
117-6
1180
118-4
118-8
119-2
119-7
120-1
120-5
121-0
121-4
121.8
122-2
122-6
123-0
123-5
123-9
124-4
i24-8
125-2
125-7
126-1
126-6
127-0
127-4
127-9
128-3
128-7
129-2
129-6
130-0
130-4
130-9
131-3
131-7
132:1
1325
133-0
133-5
133-9
134-4
134-8
135-3
135-7
136-2
136-6
137-1
137-5
138-0



FEHLING'S METHOD

QUuANTITIES OF COPPER OXIDE—conid,

Cupric
oxide.

Cup-
rous
oxide.

Copper.

Dex-
trose.

Starch.

Hy-

.| drated

lactose.
CioHy;

0,1.H0.

Anhy-
drous
lac-
tose.

Mal-
tose.

Invert
sugar.

Cane
sugar,

346

362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
38%
385
386
387
388
389
390
391
392
393
394
395

311-2
312-1
313-0
3139
314-8
315-7
316-6
317-5
318-4
319-3
320-2
321-1
322-0
322-9
323-8
3247
3256
3265
327-4
328-3
329-2
330-1
331-0
331-9
332-8
3337
334-6
3355
336-4
337-3
338-2
339-1
340-0
340-9
341-8
3427
343-6
344-5
3454
346-3
347-2
348-1
349-0
349-9
350-8
351-7
252-6
3535
354-4
3553

276-4
277-2
2780
278-8
2796
280-4
281-2
282-0
282-8
2836
284-4
285-2
286-0
286-8
287-6
288-4
289-2
290-0
290-8
291-6
292-4
203-2
204-0
204-8
295-6
206-4
297-2
298-0
298 8
299-6
300-4
301-2
302-0
302-8
303-6
304-4
305-2
306-0
306-8
307-6
308-4
309-2
310:0
3108
311-6
312-4
313-2
3140
314-8
3156

139-9
140-4
140-8
141-3
141-7
142.2
142-6
143-1
143-5
144-0
144-5
144.9
145-4
145-9
146-4
146-9
147-4
147-9
148-4
148-9
149-4
149-9
150-3
150-8
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-6
157-1
157-5
158-0
1585
159-0
159-5
160-0
160-5
161-0
161-4
161-9
162-3
162-8

125-9
126-3
126-7
127-1
127-5
127-9
128-3
128-8
129-2
129-7
130-1
130-5
131-0
131-4
131-8
132-2
132-7
133-1
133-5
134-0
1344
1349
135-3
1357
136-1
136-5
136-9
137-3
137-7
138-1
138-5
138-9
139-3
139-7
140-1
140-5
141-0
141-4
1419
142-3
142-7
143-2
143-6
144-0
1445
144-9
145-3
145-8
146-2
146-6

212-6
213-3
214-0
214-6
215-3
216:0
216-6
217-3
2180
2187
219-4
220-0
220-7
221-3
222-0
222-6
223-4
224-0
224-6
225-3
126-0
226-6
227-3
228-0
2286
229-3
230-0
230-6
231-3
232-0
2326
233-2
234-0
234-6
235-2
2359
236-6
237-2
23749
238-6
239-2

12399

240-6
211-2
241-9
242-6
243-2
243-9
24146
245-2

202-0
202-7
2033
203-9
2045
205-1
205-8
206-4
207-1
207-7
208-3
209-0
209-6
210-3
210-9
211-5
212-1
212-8
213-4
214-0
214-7
215-3
216-0
216-6
217-2
217-8
218-4
219-1
219-7
220-3
220-9
221-6
222-2
222-8
2234
224-0
2247
225-3
2259
226-6
227-2
227-9
2285
229-2
229-8
230-4
231-1
2317
232-4
233-0

253-9
2447
2554
256-1
256-9
257-6
258-3
259-1
259-8
260-5
261-3
262-0
262-8
2635
264-3
2650
265-7
2665
267-2
267-9
268-6
269-4
2701
270-8
271-6
272-3
2730
2737
2745
275-2
2759
276-7
277-5
278-2
279-0
279-7
280-4
281-2
281-9
282-7
2834
284-2
281-9
285-6
286-4
287-1
287-8
288-5
289-3
290-0

145-6
146-1
146-6
147-2
147-7
148-2
1487
149-2
149-7
150-2
150-7
1561-2
151-7
152-2
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159-3
159-8
160-2
160-6
161-1
161-5
161-9
162-4
162-8
163-3
163-7
1641
161-4
165-0
165-5
166-0
166-5
167-0
167-5
168-0
168-5
169-0

138-5
138-9
139-4
139-8
140-3
140-8
141-3
141-7
142-2
142-7
143-2
143-6
144-1
144-6
145-1
145-5
146-0
146-4
146-8
147-3
147-7
148-2
148-6
149-1
149-6
150-0
150-4
150-9
151-3
151-7
152-1
152-6
153-0
153-4
153-8
154-2
1547
155-1
155-6
156-0
156-4
156-9
157-3
157-8
158-2
158-7
159-1
159-6
160-0
160:5

23
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QUuUANTITIES OF COPPER OXIDE—Ccontd.

Cupric Cup- Dex- Lavu- dg{“.d A;g‘u);d- Mal- | Invert| Cane
oxide. o‘;g:;se Copper. trose. Starch. lose. lgct??e. lac- tose. | sugar. | sugar.
: 22122 | tose.
0;1.HZ0.
396 |356-2|316-4 |163-3 | 147-1 | 176-5| 245-9 233-.6 290-7 | 169-5| 160-9
397 |357-1|317-2|163-7 | 147-5 | 177-0 | 246-6 | 234-3 | 291-5 | 170-0 | 161-4
398 (3580|3180 |164:2|147-9|177-4| 247-2 | 234-9 [292-2 | 170-5 | 161-8
399 |358-9|318-8|164-7 | 148-3 | 177-9| 247-8 | 235-6 [ 293-0 | 170-9 | 162-3
400 |359-8|319-6 | 165-2 | 148-7 | 178-4 | 248-6 | 236-2 | 293-7 | 171-4 | 162-8
401 |260-7 | 3204 | 165-7 | 149-1 | 178-9| 249-2 | 236-8 | 294-5 | 171-9 | 163-2
402 3616 (321-2|166-2|149:6 | 179-4 | 249-8 | 237-4 | 295-2 | 172-4 | 163-7
403 (362-5322-0166:7 [ 1560-0 | 179-9 | 250-5 | 237-9 | 295-9 | 172-8 | 164-1
404 |363-4|322-8|167-2|150-5|180-4| 2511 | 238-5|296-7 | 173.3 | 164-5
405 |364-3|323-6 | 167-6 | 150-9 | 180-9 | 251-7 | 239-1 | 297-4 | 173-8 | 165-0
406 |365-2 | 324-4 | 168-1 |151-3 | 181-4 | 252-3 | 239-6 {2982 | 174-31165-4
407 |366-1|325-2|168-6|151-8|181-9| 2529 | 240-2 | 298-9 | 174-7 | 165-9
408 1367-0]326-0|169-1(152-2|182-4 | 253-5 | 240-8 | 299-7 | 175-2|166-3
409 |367-9|326-8 |169-6|152-7 | 182-8 | 254-1 | 241-4 | 300-4 | 175-7 | 166-8
410 |368-8|327-6170-1|153-1|183-3| 254-7 | 242:0 {301-1 |176-2|167-2
411 |369-7|328-4|170-6 | 153-5|183-8| 255-4 | 242-6 | 301-8 | 176-7 | 167-7
412 |370-6|329-2|171-1 | 154-0 | 184-3 | 256-0 | 243-2 | 202:6 | 177-2 | 168-2
413 |371-5|330-0|171-6 | 154-4 | 184-8 | 256:6 | 243-8 | 303-3 | 177-7 | 168-7
414 |372-4330-8(172-1 |154-9 | 185-3 | 257-2 | 244-4 | 304-0|178-2 | 169-2
415 [373-31331-5|172-5|155-3 | 185-8 | 257-8 | 244-9 | 304-7 | 178:7 | 169-6
416 |374-2(332:3|173-0 | 1557 | 186-3 | 2584 | 245-5| — |179-2|170-1
417 [375-1(333-1]173-5|156-2|186-8| 259-0 | 246-1 | — |179-7]|170-6
418 |376.0|333-9 1740 | 1566 | 187-3 | 259-6 | 246:7| — |180-2)171-1
419 |376-9|334-7|174-5|157-1 | 187-8| 260-2 |247-3| — [180:7[171-6
420 |377-8|335:5|175-0 | 157-5 | 188-3 | 260-9|247-9| — |181-:2]172-1
421 |3787(336:3|175-5|157-9|188-8 | 261.5|248.5| — |181-7|172:6
422 1379-6|337-1|176-0 | 158-4 { 189-3 | 262-1{249-1| — |182-2|173-1
423 1380-5(337-9|176-5|158-8|189-8 | 262-8|249-7| — |182:7|173-5
424 | 381-4|3387|177-0|159-3| 190-3 | 263-4 |250-2; — |183:2|174-0
425 | 382:3|339-5|177-4 [ 159-7 [ 190-8 | 264-9|250-8 | — |183-7|174-5
426 | 383-2|340-31177-9|160-1|191-3 | 264-5|251-4| — |184-2 175-0
497 (384-1(341-1(178-4(160-6|191.8 | 265-4 |252-0| — |1847|175-4
428 |385-0]341.9178-9|161-0|192-3| 266:0|252-6| — |185:2|175-9
429 |385-9|3427(179-4|161-5|192-7| 266-6 |253-2| — (1857|1764
430 |386-8|343-5(179-9|161-9|193-2| 267-2 253-8| — |(186-2|176-0
431 |387-7|344-3|180-4 | 162-4 | 193-7| 267-9|254-4 | — |186-7)177-4
432 |388-6|345-1|180-9|162-8 (1942 268-6 |255-1 | — |187-2|177-9
433 389-5]|345-9|181-4 |163-3|194-7| 269-2 |255-7| — |187-7/178-3
434 |390-4|346-7|181-9(163-7|195-2| 269-9|256-3| — |188-2{1788
435 | 391-3|347-5|182.5|164-2 | 195-7| 270-5 |267-0| — |188:7|179-3
436 |392-2|348-3|183.0|164-7|196-3| 271-2|257-6| — |189-21179-8
437 |393-1|349-1|183-5(165-1|196-8| 271-8|258-2| — |189-7]|180-2
438 |394-0{349-9 [ 184-0 {165-6 | 197-3 | 272-4 |258-9 | — [190-2{180-7
439 | 394-9 | 350-7 | 184-5 | 166:0 | 197-8| 273-1[259-5| — |190-7]181-2
440 | 395-8|351-5|185.0 [ 166-5| 1984 | 273.8|260-1| — |191-2|181-7
44) |396-7(253-3|185-5|167-0|198-9 | 274-4 [260-7 | — |191:7|182-2
442 |397-6|353-1|186-0|167-4|199-5| 275-1 {261-4 | — |192-2|182-7
443 {398-5|353-9 {1865 | 167-9 | 200-0 | 275-8 [262-0 | — |192-7|183-2
444 |399-4 | 354-7|187-0|168-3 | 200-5 | 276-4 |262-6| — |193-2]|183:6
445 |400-3 | 355-5 | 187-5|168-8|201-1| 277-0{263-3| — 193-7|184'1
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QuANTITIES OF CoPPER OXIDE—contd.

Cupric | Cup- D L araicd ross | Mat- | avert | ¢

1 , - r al- ve

oz dc’:c orxoigz Copper trg:e. Starch. los?.l 'SCL?I“' l:cu:g tose. sr:lgar. su;:;‘;(:'.

: 1Moz | goge.
011 H0.

446 (401-2{356-3 |188:0169-2 {201-6 | 277-7|263-9| — [194-2184:6
447 | 402-1 3571 1885|1697 | 202-1 |, 278-4 | 264-5| — |194:7|185-0
448 | 403-0|357-9|189:0|170-1 | 202:6 | 279-0 |265-2| — |195-2|1855
449 | 403-9|358-7 | 189-5|170-6 | 203-1 | 279-7 | 2658 | — |195-7 | 186-0
450 | 404-8 | 359-5{190-0 (1710 { 203-6 | 280-4 (266:4| — |196:3 1865
451 | 405-7 1360-3 |190-5|171-5|204-2 | 281-0|267-0{ — |196-8|187-0
452 | 406-6 | 361-1 | 191-0 | 171-9 | 204-7 | 281-7 ({267-7| — |197-3|187:5
453 | 407-51361-9 | 191-5|172-4 [ 205-2 | 282-4 1268-3| — |197-9|188-0
454 | 408-4 ( 362-7 {192-0 | 172-8 | 205-7 | 283-0 {2690 — |198-4|188:5
455 1 409-3|363-5]192-5]173-3 |206-2 | 283-7 12696 — |198-9|189-0
456 |410-2|364-3 |193-0 | 173-7|206-8 | 284-4|270-2| — |199-5|189-5
457 | 411-1|365-1|193-5|174-2207-3 | 285-1|270-9| — |200-0|190-0
458 | 412:0(365-9 | 194-0 | 174-6 | 207-8 | 285-8 | 271'5{ — |200:5|190-5
459 | 412-9|366-7 | 194-5| 175-1 | 208-3 | 286-5|272-2| — |201-1|191-0
460 | 413-8 1 367-5|195-0| 175-5 | 208-8 | 287-2|272-8| — |201:6|191-5

blue colour is nearly discharged. Then 3 or 4 drops of the
methylene blue solution are added, and the addition of the
sugar solution to the boiling mixture continued at intervals
until the indicator is completely decolorised. It is usually
necessary to make two titrations, because the boiling and
titration must be completed in not less than two nor more than
four minutes. So when the approximate titre has been found
this volume, less about 0-5 ml., is run into the 10 or 25 ml.
of Fehling’s solution and the mixture boiled for two minutes,
then the methylene blue is added and the titration completed
in one further minute by adding the sugar solution, a few drops
at a time, at ten-second intervals until the blue colour is dis-
charged. The end point is quite sharp in daylight or with the
use of a daylight bulb in artificial light ; the bulb should be
quite near the boiling flask and be shaded from the eyes. A
burette with a rubber pinch cock is better than one with a
glass tap, and it is convenient to have it suspended, but
not clamped, above the titration flask. The proportions
of the various sugars, equivalent to the 10 or 25 ml.
of Fehling’s solution, are shown in the tables on pp. 26-30.
These give a wide range of sugar concentrations to which the
method can be applied. Lower concentrations can be brought
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up by the addition of small quantities of the appropriate

sugar.

Another useful method for the determination of dextrose
(and other sugars) is based upon its oxidation by iodine to

Mavrose TABLE

For 10 ml. of Fehling’s solution. For 25 ml of Fehling’s solution
:;‘.L':;’ Hydrated maltose Anhydrous maltose Hydrated maltose Anhydrous maltose
solution C12H12041 H20. Ci1aH2201 C1aH13011,H30. CisH2a0n
required.

Factor,® ?{fo e Factor * a’{)‘},’ N Factor.t )l‘(fo L Factor.t ﬂﬁl o

15 813 542 72 515 208 2 1388 1978 1319

16 81-2 507 171 482 207 8 1298 1974 1233

17 81-1 417 710 453 2074 1220 1970 1159

18 &1 0 450 770 427 2071 1151 196-7 1093

19 80-9 426 769 405 206-8 1088 196-5 1034
20 808 4040 768 3838 2065 10323 196 2 980 7
21 807 3843 767 365-1 206:1 981-6 195 8 9325
22 80-6 366-4 766 3481 2058 935-5 195 5 888 7
23 805 3500 765 3325 2054 893 2 1951 8485
24 804 335-0 76-4 3183 205-1 8545 194 8 8118
25 804 3215 76 4 305 4 2048 8190 1945 7181
28 803 308-8 763 293 4 204-4 786 3 194-2 7470
27 802 297-0 76-2 282 2 2041 756 0 1939 718 2
2 80-1 286-1 761 2718 203 8 7279 193 6 6915
29 80-0 276-0 76-0 262-2 2035 7017 1933 6666
30 80-0 266-6 760 2533 2032 6773 1930 643 4
31 799 2578 759 2449 2029 654-3 1928 621-6
32 799 249-7 759 2372 202 6 633-1 1925 601-4
33 798 2419 758 2208 2023 6130 1922 5682 4
34 798 234 6 758 2229 2020 594 3 1919 564 6
35 791 2276 517 2162 2018 576 5 1917 547-7
36 79-6 221-1 756 2100 2015 5597 1914 5317
37 79-6 215-0 756 204 3 201-2 5439 191-2 516 17
38 795 209 2 755 198 7 2010 5289 1910 5025
39 795 203-8 755 1936 200-8 5147 190-8 4890
40 794 1985 754 188 6 2005 501-3 190-5 476 2
41 794 193-7 754 184 3 2003 4885 190 3 464-1
42 793 188 8 753 179 4 200-1 476-3 190-1 4525
43 793 1843 753 175-1 199 8 464 7 189 8 4415
44 792 180-0 752 171-0 199 6 453 6 1896 4309
45 792 1759 752 1671 1994 4430 1894 4209
46 791 1720 75:1 1634 1992 433-1 1892 4114
47 791 168-3 751 159-9 1990 4236 1890 402-4
48 791 1647 751 156-5 198-9 414 4 188 9 3937
49 790 161 2 50 1531 198 7 4055 188 8 3852
50 790 158 0 750 150-1 198 6 3972 188 7 3773

* Mg. of maltose corresponding to 10 ml. of Fehling's solution.
t n 25ml ,

gluconic acid, as described by Willstater and Schudel (Ber.,
1918, 51, 781): and investigated by Hinton and Macara
(Analyst, 1924, 49, 2) :

CeHy404 + I, + 3NaOH ——» HO.CH,(CHOH),CO,Na +
9Nal + 2H,0.
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The reaction is specific for aldoses and, as ketoses are not
affected, may be applied in the presence of sucrose or levulose.
To a quantity of sugar solution which should contain about
0-05 to 0-08 gm. of dextrose is added 20 ml. of 0-1 N iodine

LacTtosE TABLE

For 10 ml. of Fehling's solution. For 26 ml. of Fehling's solution.
):&g:: Hydrated lactose, Anhydrous lactose. Hydrated lactose Anhydrous lactose!
solution C12H23011, H30, C12H32011. C13H32 011, H10. C13H33011.
equired.
Factor.® {[0% o Factor ¢ }% ber Factor.t %“‘, per Factor.t }‘0"') ,"’5’
15 683 455 649 432 1725 1150 1639 1093
18 68.2 426 648 405 172 1 1076 163-5 1022
17 68:2 401 048 381 1717 1010 163-1 960
18 68-1 378 847 359 1714 952 162-8 906
19 681 358 64-7 340 1711 900 162-6 855
20 680 3400 646 3230 1709 8545 162-3 8118
21 68-0 323-8 64-6 307-6 170-6 812-4 1620 772:3
22 68-0 3091 64 6 293-6 170-4 174 6 181-8 7358
23 679 295-4 84-5 280-6 170 2 740 0 1616 703-0
24 679 282-9 645 268-8 170-0 708 6 1616 673-1
25 67-9 2716 645 2580 169-9 6795 161-4 6455
26 67-9 261-0 845 2480 1697 6527 161-2 6201
27 67-8 2511 64 4 2385 169-56 627-9 161-0 596-5
28 67-8 242-1 64-4 2300 169-3 604-8 160-8 5746
29 67-8 233-8 64-4 222-2 169-2 583-3 160-7 554-1
30 678 2260 644 2147 169 0 5633 160-6 §35-1
31 67-8 2187 64-4 207-8 168-9 544-8 160-5 517-8
32 678 2119 64-4 201-3 168-8 527-4 160-4 501-0
33 67-8 205-6 64-4 1953 168-6 511-0 140-2 485 8
34 67-9 199-7 846 189-7 168-5 4956 160-1 470-8
35 679 194-0 645 1843 168-4 4811 160 0 4570
36 67-9 188.6 84-5 179-2 168-2 467-3 159-8 4439
371 67-9 183:5 6456 174-3 168-1 454-3 180-7 4316
38 67-9 178-7 84-6 169-8 168-0 4421 159-6 4200
39 67-9 1741 64-5 165-4 187-9 430-6 169-5 409-0
40 679 169-7 645 161-2 1678 4195 159-4 398-5
41 68-0 1656-9 646 1576 1677 409-0 1693 3886
42 68-0 161-9 64-6 163-8 167-6 399-1 169-2 3701
43 680 168-1 646 160-2 167-6 3897 159-2 370-2
44 68-0 164-7 64-6 147-0 167:5 380-7 159-1 361-7
45 681 1513 64-7 1437 1674 3721 159-0 3535
46 68:1 148-0 64-7 140-6 167-4 363-9 169-0 3467
47 68-2 1451 64-8 137-8 1673 356-0 168 9 338-2
48 68-2 1421 64-8 135-0 167-2 348-3 168-8 3300
49 68-2 139-2 648 1322 167-2 3410 168-8 324-0
50 68-3 136 6 649 1298 167-1 334-2 158-7 3178

® Mg. of lactose corresponding to 10 ml. of Fehling’s solution.
A » " » 25 ml, "

solution (i.e., a considerable excess) and 5 ml. of 0-5 N sodium
hydroxide solution. The mixture is allowed to stand in a dark
place for ten minutes, then acidified with 5 ml. of 2 N sulphuric
acid and the excess of iodine titrated, without delay, with 0-1 N
sodium thiosulphate solution. A blank test is put on at the
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same time and the difference between the two titrations is
calculated as dextrose ; 1 ml. 0-1 N iodine == 0-00901 gin. of
dextrose. The method is applicable to the estimation of
glucose in honey. Lactose can be similarly estimated in the

INVERT SuGAR TABLE FoR 10 ml. FEHLING SOLUTION

Solutions contalning besides fnvert sugar :—
:;ln“" No sucrose 1g sucrose per 100 ml | 5 g. sucrose per 100 ml.| 108 sucrose per 100 ml. |25g. sucrose per 100 nil.
wolution
required)

Invert Mg inmvert Invert Mg fnvert Invert Mg invert Tovert |Mg.invert | Invert [Ag.lnvert
Sugar sugar sugar BUGAT sugar sugar sugar sugar sugar sugar

factor® [per 100 ml. ] factor® per 100 ml factor® per 100 mol.]  factor® | per 100 ml, (ugr' per 100 1l
15 505 336 499 333 476 a7 46 1 307 434 289
16 506 316 500 312 476 297 461 288 434 271
n 50-7 298 601 205 476 280 46-1 271 434 256
18 508 282 50-1 278 47-6 264 461 266 433 240
19 50-8 267 50-2 264 47-6 250 46-1 243 433 227
20 509 2545 50-2 2510 476 2380 461 2305 432 216
21 51-0 2429 50-2 2390 47-6 2267 46 1 219-5 432 208
22 510 231-8 60-3 228 2 47-6 216-4 46-1 209 5 431 196
23 511 222-2 50-3 2187 478 207-0 461 200-4 430 187
24 51-2 2133 60-3 209 8 476 198 3 461 192-1 42-9 170
25 512 2048 50-4 2016 A76 190-4 46-0 1840 428 m
26 513 1974 60-4 1938 47-6 1831 46-0 176 9 42-8 164
27 51 ¢ 190 4 50-4 186 7 476 176 4 46 0 170 4 421 168
28 514 1837 60-5 180 2 4717 1703 46-0 164 3 427 162
29 516 177-8 506 1741 477 1845 46 0 168 6 426 147
30 515 17 50-5 1683 417 1590 460 1533 425 142
31 5186 166-3 5060 163 1 47-7 1539 4569 148:1 425 137
32 516 161-2 506 1568-1 471 149-1 459 1434 424 132
33 67 156-6 606 1633 471 14456 459 1301 42:3 128
34 517 162 2 50-6 1489 4717 1403 45-8 1349 42-2 12¢
35 518 1479 507 1447 477 136-3 458 1309 422 121
36 518 1439 507 140-7 477 1326 45-8 127-1 421 117
37 519 140-2 5017 1370 4717 128-9 457 1236 42:0 114
38 519 136 6 50-7 1336 471 126-5 4517 1203 420 1
39 520 1333 508 130-2 471 122:3 457 117:1 419 107
40 52:0 1301 508 1270 411 1192 456 1141 4138 104
41 521 127-1 b0 B 123-9 471 116 3 4656 1z 418 102
42 52:1 124-2 508 121-0 477 11356 456 108-6 417 99
43 522 121 4 508 1182 471 1109 4506 105-8 416 97
44 522 187 509 116 6 477 108 4 465 103 4 416 04
45 52:3 1161 509 131 4117 106 0 454 1010 414 92
46 523 137 509 1108 477 1037 45-4 98-7 414 090
47 H 4 111 4 509 108 2 4717 101:5 453 96-4 413 88
438 52 4 109 2 509 106 0 4717 99-4 453 943 412 86
49 525 107 1 510 104 0 477 97 4 452 92-3 41-1 84
50 525 1051 510 1020 477 954 452 904 4190 82

* Mg. of Invert sugar corresponding to 10 mi. of Fehling's solution.

presence of sucrose, 1 ml. 0-1 N iodine = 0-0180 gm. lactose
hydrate. Maltose may also be titrated, I ml. 0-1 N = 0-017 gm.
maltose.

Sucrose can be estimated by iodine titration before and after
inversion (at 60° C. for ten minutes). The factor for the 0-1 N
iodine solution is then 1 ml. = 0-017 gm. sucrose.
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Syrup, Treacle and Honey

By the terms “ syrup,” ““ golden syrup,” and  treacle,” are
understood products obtained entirely from beet or cane sugar,

INvERT SuGAR TABLE.

25 ml.

Dextrost TABLE

Bolutions contalning besides invert sugar :—

For 10 ml. of Fehling's
solution.

For 25 ml of Fchllng's

Mi.of Ml of solution.
sugar No sucrose. 1 g. sucroac per 100 ml. SUgAr
x‘lx‘:xtllrt?l Mg invert Mg. invert :gh:xtllr%?i Dextrose |Mg.dextrose | Dextrose | Mg.dextrose
g | aar | |ioyertouger | v * factor.® | per 100 ml | factort | per 100 ml.

15 1236 824 1226 817 15 491 327 120 2 801

16 1236 772 122:7 167 16 49-2 307 1202 151

17 123-6 727 122:7 721 17 49-3 289 1202 707

18 1237 687 1227 682 18 493 274 1202 668

19 1237 861 122-8 648 19 49 4 260 1203 633

20 1238 619-0 1228 614-0 20 495 2474 1203 6015
21 1238 589 5 122:8 584 8 21 495 235 8 1203 5729
22 123-9 663-2 1229 5568 2 22 496 2265 120 4 547-3
23 1239 5387 1229 534-0 23 4917 216 1 120 4 623 6
24 124-0 6167 1229 612-1 24 498 2074 1205 5019
25 1240 496 0 1230 4920 25 498 1993 1205 482 0
26 1241 4713 123-0 473-1 26 499 1918 1206 4637
27 124-1 459 7 1230 4556 27 499 1849 1206 446-8
28 124-2 443 6 123-1 4396 28 50 0 178 5 1207 4311
29 124-2 4283 1231 4244 29 50-0 1725 1207 416 4
30 1243 4143 1231 4104 30 501 1670 1208 4027
31 124-3 4010 123-2 3974 31 50-2 1818 1208 3897
32 124-4 3887 1232 3860 32 50-2 1569 1208 37176
33 124 4 3770 1232 3134 33 503 162 4 1209 366 3
34 124:5 366-2 1233 3626 34 503 148 0 1209 356 6
35 1245 3558 1233 3523 35 504 1439 1210 3456
36 1248 346:1 1233 342:6 36 504 1400 1210 3363
37 124-6 336-8 1234 3335 37 506 136 4 1211 3274
38 1247 3281 1234 3247 38 6506 1329 1212 3188
39 1247 319-7 1234 3164 39 50-6 1296 121-2 3107
40 1248 3119 1234 2086 40 506 126 5 1212 3031
41 1248 304-4 1235 3012 41 607 1236 1213 2059
42 1249 297-3 1235 2941 42 507 1208 1214 289 0
43 124-9 290 5 1236 287-3 43 50-8 118 1 1214 2824
44 1250 2841 123-6 2809 44 50-8 1165 1216 2761
45 1250 2779 1236 27417 45 509 1130 1218 2701
46 126-1 272:0 1236 268-7 48 50-9 110 6 1216 264'3
47 125-1 2063 1237 263 1 47 610 1084 1216 258 8
48 125-2 260-8 1237 267-7 48 61-0 106 2 1217 2535
49 125-2 255-6 1237 252:6 49 510 104-1 12117 2484
50 1253 2506 1238 2476 50 51-1 1022 1218 2436

* Mg. of !nvert sugar correaponding to 25 ml, of Fehling’ssolution.

* Mg. of dextrose corresponding to 10 ml. of Fehling's solution.
t w  25ml, »

”

”

"

”

and therefore composed of sucrose and invert sugar with only
small quantities of other sugars.
glucose or corn syrup, which is sometimes sold under fancy
names. Treacle or molasses varies much in composition, not
only according to its quality, but depending to some extent
on the variety of sugar, cane or beet, and the district from

A common adulterant is
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which it has been obtained ; it exists as an uncrystallisable
syrup containing a large percentage of sucrose and invert sugar
together with traces or small quantities of proteins, other
carbohydrates, such as dextrin or raffinose, and organic acids.

LazvurLose TABLE

For 10 ml. of Fehling's For 25 ml. of Fehling’s
Ml. of solution rolution.
sugar
solution
required | Laevulose | Mg lacvulose] Laevulose | Mg laevulose

factor.® per 100 ml factor t per 100 ml.
15 522 348 1274 849
16 523 327 127 4 796
17 52-3 308 1275 750
18 52-4 291 127-5 708
19 52:6 276 1276 672
20 525 2625 1276 6380
21 52-6 250 6 1277 608-1
22 527 2396 12717 580 6
23 527 2291 1278 5555
24 52-8 2200 1278 5325
25 528 211-3 1279 5115
26 529 2033 127-9 491-9
27 529 196-0 1280 474 0
28 530 189-3 128-0 457-2
29 53-1 183-1 128:1 441-6
30 532 1772 1281 4270
31 53-2 1717 1281 4133
32 533 1665 128 2 400 5
33 53-3 1616 128-2 3885
34 53-4 1570 128-3 377-3
35 534 1526 1283 366 7
38 535 148-¢ 128 4 3566
37 535 1447 128 4 3470
38 53-8 1409 1285 3381
39 6536 1373 128 5 3296
40 536 1340 1286 3215
41 537 1309 128 6 3137
42 5317 1279 1286 306-2
43 538 1251 1287 299 2
44 538 122 4 128 7 292-5
45 539 1198 1288 286 2
46 539 1172 1288 280 0
47 539 114-7 1289 274 2
4R 540 1124 1289 2686
49 540 110-2 1200 263 2
50 54-0 1080 1290 2580

*Mg. of lacvulose corresponding to 10 ml. of Fehling's solation.
t ow ”» 25 ml. .

Ling (J. Inst. Brewing, 1914, 20, 185) has shown that it is
possible to differentiate between cane and beet products by
the determination of protein (N x 6-25); cane sugar and
molasses contain less protein than the corresponding beet
products, as is shown by the following figures for raw
products :—
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Sucrose Protein

per cent. per cent.
Cane sugar 85 to 96 0-40 to 0-85
Beet sugar .91 ,, 95 0-90 ,, 2-20
Cane molasses . 55, 58 3:00 ,, 4:50
Beet molasses 48 ,, 495 9-50 ,,10:5

Contrary to the statements in certain published papers, no
reliable diagnosis of the origin of a sugar can be made
from the ash or its composition ; so much depends upon the
particular variety or the country of origin of the cane or beet.

Any considerable quantity of dextrose in syrups or molasses
indicates the addition of corn syrup.

The following tables show the percentage composition of some
of these products :—

GOLDEN SYRUP
2 3

Per cent. Per cent.

4

Per cent.

Per cent.
Sucrose 31-7 26-1 339 34-5
Invert sugar. 45-3 47-5 39-6 456
Ash 1-63 35 1-2 2-2
Glucose . None. — 0-2 —
Water and organic matter
(not sugar) 21-37 23-9 251 17-7
MorAsSES
Cgm\le. Beqt.
"1 2, EN "4 5
Per cent. Per cent, Per cent. Per cent. Per cent,
Sucrose 36-5 31-7 34-1 48-8 495
Reducing sugars 23-2 21-0 18-0 57 6-5
Organic matter (not
sugar) 12-3 17-7 156 16-8 14-8
Ash 80 10-4 9-0 85 82
Water . 200 19-2 233 20-2 21-0
(Pure) GLUCOSE SyRUP
Dextrose . 117 17~2} 385
Maltose 22-9 16-4 i
Dextrin 44-8 477 42-0
Water . . 213 19-3 19-0
Total reducing sugar
as maltose 55-2 61-6 63-2
Ash and protein . Trace. Trace. 0-5
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The estimations of water and ash in syrups present no
difficulty. For the former it is convenient to weigh about
1 gm. of the syrup into a tared flat-bottomed dish containing
about 5 gm. of ignited silver sand, then add and mix with it a
few ml. of warm water and dry first on the water bath, then in
the oven at 105°. When an appreciable amount of fructose is
present in the syrup, drying at 105° introduces a small error,
since this sugar begins to decompose at 756° in the presence of
water. For accurate results in the presence of fructose, it is
necessary to dry the syrup on sand at 70° in vacuo. The ash
should be determined by ignition over an Argand burner, care
being taken that there is no loss due to draughts.

The approximate amount of water may be found by taking
the specific gravity of a 10 to 20 per cent. solution and dividing
this figure minus 1, by 0-00386 ; this gives the total solid matter,
and the difference is taken as water per cent.

For the estimation of the sugars present, 26-05 gm. are
dissolved in water, defecated, diluted to 100 ml., and the rota-
tion observed before and after inversion as described on p. 13.

At this concentration genuine syrups generally show a direct
rotation of about + 23° V. in a 200-mm. tube, whereas those
adulterated with glucose give a much higher reading, and on in-
version the rotation remains positive, or is only slightly negative.

The following examples make this plain :—

GENUINE SYRUP
Direct rotation (200 mm. tube) - 22-4

Invert . . . . — 223
Corresponding to :—
Cane sugar . . . 337 per cent.
Invert sugar . . . 376,

ADULTERATED SYRUP

Direct rotation . . . 1032
Invert . . . . .+ 1760
“K?” value . . . . 31-2
Corresponding to :—
Cane sugar . . . 20-5 per cent.
Invert sugar . . . 10-1 ’

Glucose syrup . . 504,
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In the case of genuine syrups the proportion of cane sugar is
estimated by means of the Clerget-Herzfeld formula, and the
invert sugar from the equation given on p. 13, but in one con-
taining glucose the latter formula is no longer applicable. In
such case it is necessary also to determine the cupric reducing
power (“K* value). The calculation of the proportion of
glucose syrup is then based on the assumption, which is approxi-
mately true, that glucose syrup is a chemical entity having a
mean K value of 42 and rotation -+ 170° V. at 20° (. The
errors 80 introduced are not large. The necessary equations
for the calculation are :—

042G +10 I—=K . . . . . . ()
170G — 03261 =D —8 . . . . . (i)

where (&, I and 8 are the percentages of glucose syrup, invert
sugar and sucrose respectively, D is the direct polarisation in
Ventzke degrees. S is first calculated from the Clerget formula,
then G and I are readily found by solving the two simul-
taneous equations. Similar results are given by a formula due
to Dyer (Analyst, 1900, 25, 95) :—

031 K + (D — 8)

Glucose syrup percentage = 183

As is shown by the table on p. 31, commercial glucose is a
mixture containing, besides water and ash, dextrose, maltose,
dextrin, and a small proportion of protein matter. While it
is usual and convenient to consider glucose syrup as a distinet
substance when estimating its amount in other syrups or in
jams, marmalade or honey, it is sometimes desired to examine
glucose syrup itself and estimate the various carbohydrates
present. In the older text-books a substance named * gallisin ”’
was commonly described as a non-fermentable sugar, and many
analyses of glucose syrups state the percentage of this sub-
stance. It is now known that ‘ gallisin ” consists mainly of
isomaltose, and is formed by the action of concentrated
hydrochloric acid or emulsin on dextrose. Kor the analysis of
commercial glucose it is therefore necessary only to estimate
dextrose, maltose and dextrin, but no really satisfactory
method has yet been evolved ; that of Wiley is probably the
2
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best. Estimate the total organic solids, ¢.e., total solids less
ash, denoted by O, the cupric reducing power K, and the
specific rotation S. Then, assuming that [«], for glucose,
maltose and dextrin are respectively 4+ 52-7, 4+ 139-2 and
-+ 198, it may be calculated that—

Maltose -+ dextrose -+ dextrin = O. . (i.)
Maltose = 3-195S 4642 K — 6-:326 O (ii.)
Dextrose = K — 0-62 9 maltose . . (iii.)
Dextrin = O — (dextrose and maltose). (iv.)

If the normal weight of the sample is taken and the polari-
meter reading is made in Ventzke degrees, the equation (ii.)
becomes

Maltose == 2120 D 4 4642 K — 6326 0 . (v.)

where D is the direct reading.

Glucose is liable to be contaminated with arsenic, hence all
samples should be examined for this impurity, which may be
estimated directly, without destruction of organic matter,
by either the Marsh or Gutzeit process (sec p. 70).

Sugars and syrups are permitted to contain small quantities
of sulphur dioxide (for quantities see p. 315), so it is usually
necessary to estimate the amount. The quickest method is by
steam distillation into excess of 0-05 N iodine ; this process is
reliable and applicable to most foodstuffs provided that
sulphides are not present. About 200 ml. of water are placed
in a round-bottomed flask, as shown in Fig. 2, and well boiled ;
then 25 or 50 gm. of the material are added through the funnel
and followed by 20 ml. of hydrochloric acid. The burner
should then be turned up and boiling effected as quickly as
possible. The distillate passes down an efficient condenser
and is collected, by aid of the adapter illustrated, in water
containing a drop or two of 0:05 N iodine and a few drops of
starch solution. The iodine solution is then run in from a
burette as the distillation proceeds, so that the blue colour
just remains. Generally all the sulphur dioxide will be evolved
within five minutes, but the end point is taken when the blue
colour, due to 0-1 ml. of 0-05 N iodine, persists for a minute.
Each 1 ml. of 005 N iodine = 0-0016 gm. SO,. In order to
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confirm that the distillate does contain sulphur dioxide, the
solution remaining after titration may be acidified with
hydrochloric acid, boiled to a lower bulk, and the sulphuric
acid precipitated by addition of barium chloride and
weighed as BaSO,; in this case a ““ blank ” on the reagents
must be made and the
barium sulphate therefrom
deducted.

Honey

The essential constituents
of honey are dextrose, levu-
lose and sucrose, together
with small amounts of mineral
matter, proteins, wax, pollen,
and sometimes mannitol and
dextrins. The composition
varies considerably and is
largely influenced by the
feeding of the bees ; also, as
certain cnzymes are present
which are active in fresh
honey, the proportions of
different sugars are liable to
change on keeping, and a
small proportion of sucrose
originally present may
cntirely disappear in the
course of months. For a long
time it was usual to regard
with suspicion any honey which gave a positive optical rotation,
as such would be occasioned by the addition either of glucose
or cane sugar, but, as will be seen from the following tables
of the analyses of known samples, a proportion of cane sugar
up to about 12 per cent. is not incompatible with the genuine-
ness of a sample. The presence of more than about 5 per cent.
of cane sugar suggests either that the bees have been fed on
cane sugar and the honey is not matured, or that it is
adulterated. In general, the proportion of invert sugar exceeds

2—2

Fia. 2.
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60 per cent., and the rotation before and after inversion is
negative.

Honey. English. | English. | Russian.| Californian. (Sl?;";_ Chilian.t

Water . per cent.| 20-50 | 19-20 |17-32 | 17-90 |16:32 | 21-50
Ash . s 020 015 | 0O-11 0-11 0-67 | 2-:00
Protein. " 0:25] 014 | 0-11| Trace. - —
Dextrose ,, |36-80 | 34:20 }76-32 3785 |\ ge.aq } 6000

Levulose ,, 32-35 | 33-10 36-01 |J
Cane sugar ,, 1-:30 | Trace.| 1-60 - 10-21 | 16-50
Acidity as formic

acid . . - - 0-12 - 009 | —
Direct rotation. - - - — + +

Browne (Bull. No. 110, U.S. Bureau of Chem.) gives the
analyses of a number of American honeys which show that in
a few cases as much as 12 per cent. of dextrin is present ;
these samples were strongly dextro-rotatory, as shown in the
following table :—

AmERICAN HOXNEYS

No. of | Polarisation Invert |- ; Unde-
samples. at 20°. Water. sugar. Sucrose. Ash. Dextrin. termined.

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent,

34 |— 85 |15-67 (7316 | 3-60 | 0-07 | 0-34 | 1-71
to to to to to to to

— 228 |19-18 | 77-57 | 442 | 0-20 | 0-82 | 7-01

92 | — 7-00 | 14-54 [ 71-11| 0-03 | 0:07 | 1-10 | 3-27
to to to to to to to
—24-00 | 19-88 | 7685 | 3-12 | 0-44 | 4-10 | 569

4 | — 4901356 | 65-80| 272 | 0-51 | 5:59 | 1:57
to to to to to to to
-+11-00 | 17-47 | 69-02 | 4-31 | 0-:79 |12-95 | 4-69

A German conference in 1921 adopted a specification for
artificial honey with the provision that it must be so labelled.
The requirenents are : good flavour and keeping properties,

" 1 0f doubtful purity.
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ash less than 3 per cent., added starch syrup not to exceed
20 per cent., cane sugar not exceeding 25 per cent., water not
more than 22 per cent.; and the honey must give a strong
reaction in Fiehe’s test.

During the manufacture of invert sugar, from which artificial
honey is made, decomposition products are always formed
which may be recognised by their reaction with resorcinol or
B-naphthol and hydrochloric acid. Fiehe’s test for technical
invert sugar is as follows : Extract about 1 gm. of the honey
in a mortar with a little ether, filter, evaporate off the ether
and apply a drop of resorcin solution (1 gm. in 100 ml. hydro-
chloric acid); in the presence of technical invert sugar a
cherry-red colour, changing to brown-red, is quickly produced.
This test is characteristic of artificial honeys and is not given
by genuine honeys, even if they have been heated and long
stored, although a momentary pink colour sometimes appears
if they have been much heated. A useful qualitative test for
added starch syrup, which always contains dextrin, is also due
to Fiehe. The proteins are precipitated from a 30 per cent.
solution of the honey by adding tannin solution and allowing
the mixture to stand overnight ; then to 2 ml. of the clear
filtered solution are added 2 drops of hydrochloric acid and
20 ml. of alcohol (96 per cent.). Genuine honey remains clear,
whereas starch dextrin gives a distinct turbidity or a precipitate.
The limit of sensitiveness is about 5 per cent., and although
absolute reliance should not be placed upon these tests, they
are generally trustworthy and afford useful information or
confirmation. Another test of utility is based on the fact that
natural honey which has not been heated contains diastase
and other enzymes ; but on account of the natural variation
in the diastatic activity of honey, this measurement alone
should not be relied upon to detect adulteration. To determine
the diastatic activity prepare a series of test tubes with 1 ml.
of 0-2 per cent. starch solution, 8 ml. of phosphate buffer
solution of pH 50, and add 5, 4, 3, 2 and 1 ml. of 20 per cent.
solution of the honey. Then incubate the tubes at 37° for
half an hour, cool and add a drop or two of iodine solution to
test for starch. Artificial or heated honey will give the deep
blue colour of starch iodide, whereas with genuine honey the
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starch will have been hydrolysed. (For a full discussion of
diastase in honey, see Lampitt, Hughes and Rooke, Analyst,
1929, 54, 381 ; 1930, 55, 666.) Ley’s silver hydroxide test and
Lund’s tannin reagent are not, in the writer’s experience, so
reliable as those quoted above.

The total solids of honey may be estimated by drying about
2 gm. mixed with sand ¢n vacuo at 70° C.; if dried in air at
100° or in the water oven, the result will be slightly erroneous on
account of the presence of levulose, but the erroris not serious for
most purposes. The ash is estimated by ignition over an Argand
burner; in general it should not exceed 0-35 per cent., and the
presence of more than a mere trace of sulphate suggests adul-
teration with corn syrup. Protein (N X 6-25) is estimated in
the usual way by the Kjeldahl method ; the acidity is calculated
as formic acid, litmus being used as indicator, although it is by
no means certain that the acid present is formic acid.

The polarimeter affords the most useful information as to
the genuineness or otherwise of a sample of honey. The
normal weight is dissolved in water, defecated and polarised
as usual, and another portion of the solution inverted as
described on p. 13. Bi-rotation is liable to occur with honey,
and should therefore be guarded against, and since much
leevulose is present the temperature should be exactly 20°.
Genuine honey, under these conditions, shows a reading of
+ 5° V. to — 20° V., which is not much altered by inversion.
Sometimes a genuine honey will give a direct reading as high
as + 8° V. when much cane sugar is present, and this may be
considerably reduced or even changed in sign on inversion.

Cane sugar is calculated by the Clerget-Herzfeld formula as
usual. When the polarimetric readings fall within the above
limits it is not always needful to make further estimations to
show that the honey is genuine, but if the readings are outside
those limits or for any reason a complete analysis is necessary,
the cupric reducing power must be determined and calculated
as dextrose. The dextrin should then be estimated by weighing
8 gm. of honey into a 100-ml. flask, making up to the mark
with 96 per cent. alcohol, then thoroughly shaking and allowing
the mixture to stand overnight. The clear solution is decanted,
and the precipitate collected on a filter, washed with alcohol,
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then dissolved in hot water, dried on sand, and weighed. If
the weight is quite small, say not more than 0-3 gm., it may
be taken as dextrin; if the weight of crude dextrin exceeds
this figure it should be dissolved in water and the rotation,
before and after inversion, determined, then the weight of
sucrose and invert sugar calculated therefrom deducted from
that of the crude dextrin.

When the dextrin percentage is quite small the sucrose (s),
dextrose (d) and fructose (f) can be calculated from the
polarisation and K value, by the formulze

d+0915f =K
07193 K +4s—D
S = 2:08
(D = direct polarisation on Ventzke scale at 20°.)

and sucrose by the Clerget formula.

When an appreciable quantity of dextrin is present, the com-
position may readily be calculated in terms of sucrose, invert
sugar and dextrin, as Clerget’s formula gives the cane sugar, and
the K value divided by 0-915 gives the invert sugar ; or the weight
of reduced copper may be calculated directly to invert sugar by
means of the tables on p. 18. By this method any added glucose
would be included in the calculation as invert sugar, but its pre-
sence would be indicated by the abnormal polarisation values and
the qualitative test of Fiehe. 'The iodine titration method re-
ferred to on p. 26 is available for the direct estimation of glucose,

A microscopic examination of honey should always be made,
genuine honey almost invariably showing some pollen grains
and traces of wax besides crystals of sugar. Starch granules
should be absent. The honey is diluted with about twice its
volume of water and allowed to settle overnight in a conical
glass. The sediment, which will include the pollen grains, is
removed with a pipette and mounted on miecro slides.
Separation with the centrifuge is not so satisfactory.

Jam and Marmalade
Much discussion has taken place on the subject of the
proper composition of jam. The following agreed standards
were published by the Society of Public Analysts in 1930,
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and these are generally, though not universally, accepted.
Two qualities of jam are fixed : (1) First-Quality Jams, and
(2) Second-Quality Jams. The basis of such standards are
(@) a minimum percentage of soluble solids, and (b) a minimum
fruit content for each variety of jam. All jams, whether first
or second quality, shall contain at least 68-5 per cent. of total
soluble solids by refractometer reading when cold, uncorrected
for insoluble solids.

SivaLE-FrUIT JAMS
The minimum percentage of fruit content in finished jams
of first quality (or, expressed in other terms, the number of

pounds of fruit required to be used in making 100 1lb. of finished
jam) in each of the following named varieties shall be :—

Fruit content. Fruit content.

Per cent. Per cent.
Strawberry . . .42 Red plum . . .40
Raspberry . . . 38 Damson . . . 38
Black currant . .30 Apricot . . . 401
Red currant . .35 Blackberry . . . 38
Green gooseberry . .35 Loganberry . . .38
Red gooscherry . .40 Cherry . . . . 45
Greengage . . .40 Peach . . . . 401!
Victoria plum . .40 Rhubarb . . . 45
Green or golden plum . 35

1 Apricot and peach jam: The equivalent of four 5-kilo tins of apricot or
peach pulp, containing no added water.

Mixep Jams
The minimum percentage of fruit content in mixed jams and

the minimum proportions of each named fruit present shall
be as follows : —

Fruit content.

Per cent.
Strawberry and gooseborry . . . 40 (20/20)
Gooseberry and strawberry . . . 40 (30/10)
Raspberry and gooseberry . . . 40 (20/20)
Gooscberry and raspberry . . . 40 (30/10)
Raspberry and red currant . . . 40 (20/20)
Plum and apple . . . . 40 (20/20)
Apple and plum . . . . 40 (30/10)
Blackberry and apple . . . 40 (20/20)
Apple and blackberry . 40 (30/10)

Household, two-fruit j jams, or any other
jams not mentioned in the schedulo . 40
Two-fruit jams: Tho figures in brackets against these denote the respective
proportions of each named fruit to be present. The proportions for two-fruit
jams not specially mentioned to be on the same basis,
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Single-fruit jams of second quality shall contain not less
than 20 per cent. of the named fruit :—

Minimum Minimum
fruit content. fruit content.

Per cent. Per cent.
Strawborry . . .20 Red plum . . .20
Raspberry . . .20 Damson . . .20
Black currant . .20 Apricot . . .20t
Red currant . .20 Blackberry . . .20
Groon goosoberry .20 Loganberry . . .20
Red gooscherry . .20 Cherry. . . .20
Greengage . . .20 Peach . . . .20
Victoria plum . .20 Rhubarb . . .20

Green or golden plum . 20

! Apricot and peach jam: The equivalent of two 5-kilo tins of apricot or
peach pulp, containing no added water.

Mixep Jams

The minimum percentage of fruit content in mixed jams of
second quality shall be 20 per cent., and the minimum
proportions of each named fruit present shall be as follows :—

Minimum

fruit content
total proportion.

Per cent.
Strawberry and gooseberry . . .20 (10/10)
Goosoberry and strawberry . . .20 (15/5)
Raspberry and gooseberry . . .20 (10/10)
Gooseberry and raspberry . . . 20 (15/5)
Raspberry and red currant . . .20 (10/10)
Plum and applo . . . .20 (10/10)
Apple and plum. . . . . 20 (15/5)
Blackberry and apple . . .20 (10/10)
Apple and blackberry 20 (15/5)

Housohold, two-fruit, Jams, or any othex
jams not mentioned in the schedule . 20

Two-fruit jams: The figures in brackets against these denote the respective
proportions of cach named fruit required to be present. The proportions for
two-fruit jams not specially mentioned to be on the same basis.

Any jam not conforming to the standards for first quality
shall be described on the label by the name of the fruit or
fruits, accompanied by the words * with other fruit juice ” in
letters of size equal to that of the name of the fruit or fruits ;
except that where a jam, e.g., mixed jam, contains no added
fruit juice or pectin the words * with other fruit juice ” may
be omitted.
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The examination of jam may be divided into three parts :
the identification and estimation of the fruits or other pulp
used, the estimation of the different sugars, and thirdly, the
detection or estimation of preservatives, dyes, or saccharin,
and artificial thickening substances such as gelatin or agar-agar.
The determination of soluble and insoluble solid matter is
useful as well as the examination of the pulp with a hand lens
and the microscope. For this purpose 50 gm. of the jam are
weighed out, diluted with warm water and well mixed ; then,
when all the saccharine matters appear to be in solution, the
pulp is filtered off on to a fine linen filter, well washed with
hot water, and the filtrate made up when cold to 250 ml. An
aliquot part of this is dried in a tared basin. The pulp on
the filter is removed to a basin, dried and weighed. In the
case of jam containing large stones, such
as plum or damson, the weight taken
should not include any stones. An
approximation to the total soluble solids
may be quickly made by determining the
refractive index at 20° and referring to the
table on p. 12, reading the solids as cane
sugar.

The microscopic examination of the pulp
must be made on a fresh quantity before drying. Apple pulp
may be detected by boiling with water, decanting, and then
adding strong iodine solution to the residue; in the presence of
apple pulp, little blue-black patches due to amylo-dextrin will be
seen. Confirmation must be made by the microscope, as the
iodine test is not absolutely reliable. The characteristic appear-
ance of apple pulp is shown in the figure ; apricots and pears
show a somewhat similar structure. Muttelet (Analyst, 1922, 47,
398) has proposed a quantitative method for the recognition
or detection of apple pulp by the isolation and estimation of
malic acid. 1t is a common practice to return the total acidity
of jam as malic acid, but in certain fruits there is actually little
or none of this acid (sce also p. 101).

The microscopic appearance of the common fruit pulps is
described in Clayton’s ‘“ Compendium of Food Microscopy,”
though it must be remembered that the prolonged boiling

Fig. 3. Apple pulp.
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which jam undergoes in manufacture materially alters some
of the characteristic structures.

The real difficulty in the analysis of jam is the estimation
of the fruit content. In addition to determining the insoluble
solids as a basis for this, lead numbers and soluble non-sugar
solids have been suggested, but in the writer’s opinion are not
generally so useful, though they may be of service in doubtful
cases (cf. Analyst, 1934, 59, 231, 248). Having determined
the insoluble solids, reference to data published by Macara
(Analyst, 1931, 56, 35), and by Lampitt and Hughes (ibid.,
1928, 53, 32) will show the range of variation in the natural
fruits. The following data have been accumulated for some of
the commoner jams and serves for an estimation of fruit
content on an average basis. It will be realised that
averages are not an adequate basis when a prosecution is
contemplated. All possible data, including pectin content
and acidity, must be taken into account, and variations
due to inequalities in the filling of pots and in sampling
considered.

Minimum 1?11{?!?!3?1 A\V:cmge f:::u:illflt ,,}1“&.?5 ;IO

Fam. fruit content |  solids in I"’;‘rtl':;;"' solids in to fruit in

Per cent fruit. : Jam. the jam.

' Per cent. Per cent. Per cent. Per cent.
Strawberry . 42 1-9 0-68 0-80 0-28
Raspberry . 38 55 071 2-10 0-28
Black currant . 30 55 1-50 1-65 0-45
Gooseberry . 35/40 2-25 1-10 0-90 0-43
Greengage . 40 1-5 1-10 0-60 0-44
Victoria plum . 40 1-2 1-:00 0-50 0-40
Damson . . 38 1-6 1-10 0-65 0-44
Apricot, . . 40 2-0 1-00 0-80 0-40
Blackboerry . 38 81 0-90 3-10 0-35
Loganberry . 38 7-2 0-65 2-70 0-25
Cherry . . 45 2-1 0-35 0-95 0-16

The average composition found for a number of different
kinds of jams and marmalade is shown in the following table ;
some of the data is from Hartel and Solling (Zett. Unters. Nahr.
Genussm., 1911, 21, 168) :—
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o | Sotuble | A8 | Tavert | o Sugar
Jam. ?:?xlx‘é?elﬁ. solids. 23(];; sugar. Sucrose. fotr;"fct. Ash. | Glucose.
Per Per Per Per Per Per Per Per
cent cent. cent, cent, cent. cent. cent. cent,
Raspberry .| 5-14 |70-05 | 1-08 | 39-46 | 26-89 | 370 | 0-37 | —
Apricot .| 1:90 | 80-66 | 1-87 | 5253 | 21-:38 | 6-75 | 0-57 —_
Strawberry . | 2-37 | 73-45 | 1-22 | 36-60 | 32-82 | 4-03 | 0-41 —
Quince .| 541 | 5195 0-68 | 30-56 | 1576 | 5-63 | 0-30 —_
Gooseberry . | 2:74 | 5798 | 1-12 | 46:00 | 524 | 5:84 | 0-27 —
Cherry .| 742 16966 | 1-03 | 43-00 | 21-25 | 540 | 045 | —
Pumpkin .| 1-28 16398 | 0-03 | 3-26 | 58-03 | 2:69 | 0-34 —
Apple L] 1:39 | 5225 | 0-42 | 20-84 | 29-11 | 229 | 0-15 —
Blackberry . | 365 | 5570 | — |20-65|29-35 | 1-55 | 0-50 —_
Marmalade . | 3-80 | 70-40 | 0-25 | 35-70 | 19-30 | 1-95 | 0-63 | 12-82
. 270 | 64:10 | — | 2555 | 3460 | 3-50 | 0-45 —
. 265 |66:35| — |14:67|32:65| 4-05 | 0-38 | 14-60

An important constituent of many fruits and therefore of
jams, is pectin ; on the presence and amount of this substance
the solidifying power of the conserve largely depends. Pectin
is stated by Tutin (Biochem. J., 1922, 16, 704) to be the methyl-
isopropenyl ester of pectic acid, this latter substance has the
formula C,,H,,0,4, and forms a calcium salt which is insoluble
in acetic acid. It appears from the work of Tutin, Tollens,
and others, that the pectin is the same in all the common
fruits and vegetables. In the presence of sugar and acid it
forms a gel ; the gelatinising power is much influenced by the
acidity, quite a small increase in which is said to be equivalent
to a considerable quantity of sugar.

Several methods have been published for the estimation of
pectin, the more important of which are those of Carré and
Haynes (Biochem. J., 1922, 16, 60), of Wichmann, which
has been adopted by the American Association of Official
Agricultural Chemists (see p. 96), and that of J. King (Analyst,
1925, 50, 371). King heats 50 gm. of the jam on the water
bath with hot water and disintegrates the tissue with the aid
of a glass rod, then adds hot alcohol little by little, with
constant stirring until the volume reaches 300 c.c. The mass
at the bottom is frequently stirred for about two hours, or
until no gelatinous particles are visible; then the whole is
filtered on a coarse paper, using the pump if necessary towards
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the end of the filtration. The filter and its contents are washed
back into a beaker with warm alcohol, treated again with
300 ml. of alcohol, and refiltered. The pectin is dissolved
from the residue with boiling water and the solution filtered
and cooled, a small excess (about 0-02 N) of sodium hydroxide
is added, and the solution is allowed to stand for an hour to
complete the hydrolysis. After this time acetic acid is added
to give a concentration of free acid of about 0-1 N, then 20 ml.
of 10 per cent. calcium chloride solution. The mixture is
allowed to stand for an hour, then boiled and filtered through
a tared paper. The gelatinous precipitate is washed with
boiling water, then transferred again to the beaker, boiled
with 300 ml. of water, filtered once more through the same
paper, dried and weighed as calcium pectate.

King gives the following percentages of calcium pectate for
some of the common varieties of jam :—

Plum and apple . . . . 013
Blackberry and apple . . . 025
Plum . . . . . . 046
Damson . . . . . 053
Raspberry . . . . . 031
Gooseberry . . . . . 045

Agar-agar is sometimes added to stiffen jellies or jams.
This substance is the product of certain marine alge common
in Japan and parts of Australia; it consists largely of the
carbohydrate gelose, and is readily hydrolysed by boiling with
even dilute acids, such as are found in fruits ; on this account
the estimation of agar-agar is surc to give somewhat low
results. It becomes partially hydrolysed during the boiling
of the conserve. Parkes (Analyst, 1921, 46, 239) gives a simple
method for its detection ; 50 gm. of jam and 500 ml. of water
at about 50° are well mixed and left to stand in a warm place
with occasional stirring until disintegrated, then allowed to
settle, and filtered through a folded filter. A little alumina
cream may be used to facilitate filtration. The insoluble
matter is washed with warm water, the filter and contents are
then transferred to a porcelain basin and boiled for a few
minutes with about 50 ml. of water, then thrown immediately
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on to a folded filter. The filtrate, on cooling, will set into a
gel if it contains any appreciable quantity of agar ; if only a
small amount, such as 0-1 per cent., be present it may be
necessary to evaporate the filtrate to a small bulk before it
will gel successfully.

King (loc. cit.) takes advantage of the presence of the group

' 0 500N which letely hydrolysed longed
g a whnichn 18 compiete y roiysed on proionge:
{05007 pletely y prolong

boiling with hydrochloric acid, and can be precipitated with
barium chloride. One hundred grams of the jam are de-sugared
by treatment with hot water and alcohol as described for the
estimation of pectin, and filtered. The residue is boiled for
some minutes with 200 ml. of water, filtered, again boiled and
refiltered, the fluid being kept at a temperature of at least 80°
during the filtration to ensure that all the agar passes into the
filtrate. The latter is concentrated to, say, 300 ml., and the
free sulphate estimated on 100 ml. ; care should be taken to
add the hydrochloric acid at the last minute only, so as to
minimise hydrolysis of the agar. The remaining 200 ml. are
boiled for six hours with 100 ml. of hydrochloric acid, con-
centrated to about 25 ml., diluted, filtered while hot and
precipitated with barium chloride. The weight of agar-agar
is found from the formula 15 [1-5 (@ — 2b) ] where a is the
weight of BaSO, from the total sulphate on 200 ml., and b is
the weight of BaSO, from the free sulphate in 100 ml. The
solution, after the addition of barium chloride in the final
precipitation, should be allowed to stand overnight as the
BaSO0, is precipitated very slowly.

Another method for the detection, but not estimation, of
agar-agar depends upon the microscopical detection of the
diatoms which are almost invariably present in commercial
agar. A quantity of the jam is warmed with dilute sulphuric
acid, potassium permanganate is added until most of the
organic matter is destroyed, and the sediment is then examined
under the microscope ; diatoms, if present, suggest the addition
of agar jelly, but Parkes (loc. cit.) draws attention to the fact
that kieselguhr or diatomaceous earth is sometimes used in
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filtering agents for fruit juices ; hence the presence of diatoms
must be interpreted with care. A full illustrated list of
diatoms which are characteristic of agar-agar is given by King
(loc. cit.).

Dextrin may be detected by alcohol precipitation as described
under honey, and its presence is suggestive of added starch
syrup, although certain fruits contain dextrins ; these may be
distinguished by dissolving the crude dextrin in water and
adding iodine solution. Erythrodextrin, which is characteristic
of corn syrup, gives a red colour.

The sugars present in pure jam should be sucrose with a
varying proportion of invert sugar. Glucose is sometimes
considered to be an adulterant in the case of jam, although in
marmalade it has been held that an amount up to about 15
per cent. is unexceptionable, as it is said that the presence of
such quantity renders the marmalade less liable to the growth
of moulds. For the estimation of the sugars 65-12 gm. are dis-
solved in about 200 ml. of water, defecated with lead acetate
and alumina cream, diluted to 250 ml. and the sugar estimated
in the filtrate, both before and after inversion, by Clerget's
method.

If the solution is too highly coloured for polarimetric obser-
vation even after trecatment, the gravimetric or volumetric
method of copper reduction may be used. In this case the
copper weighed is calculated to invert sugar from the tables
given, bearing in mind that 1 gm. of sucrose yiclds on inversion
105-25 gm. of invert sugar, so that the increase in invert sugar
after inversion must be multiplied by the factor 0-95 to give its
equivalent in cane sugar.

The presence of glucose is indicated if the rotation after
inversion is positive or only slightly negative. In this case it
is necessary to determine the cupric reducing power ; then the
proportions of cane sugar, invert sugar and glucose syrup are
given by the formule on p. 33. Dry glucose may be deduced
with fair accuracy by assuming 20 per cent. of water in glucose
syrup. The amount of glucose found by the writer in a number
of genuine jams did not exceed 3 per cent. Hartel and Solling
(loc. cit., p. 43) found larger quantities of starch syrup in many
of the jams they examined.
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The preservative—other than sugar—most usually found in
jam or marmalade is sulphur dioxide ; it is permitted to the
extent of 40 parts per million, and may be determined as
described on p. 35. Salicylic acid used to be the favourite before
the advent of the preservative regulations. In marmalade or
pale-coloured jams it may be detected by shaking out with
ether and allowing the ether to evaporate, then dissolving the
residue in a little water and adding a drop of solution of ferric
chloride ; a characteristic violet colour is given in the presence
of salicylic acid. Under similar conditions benzoic acid, which
is sometimes used, gives a buff-coloured precipitate not always
easily seen. Some jams, when so treated, give a coloured ether
extract which masks the colour of traces of salicylic acid. 1In
such cases the quantitative method of Harry and Mummery
(Analyst, 1905, 30, 124) gives good results, and may be applied
to foodstuffs in general with but slight modification for parti-
cular substances. To 50 gm. of the sample in a flask marked
at 300 ml. are added a little water, then 15-20 ml. of saturated
basic lead acetate solution and a slight excess of sodium
hydroxide solution. The alkali throws down excess of lead
and dissolves some lcad hydroxide and proteins, which are
precipitated in a suitable form by the addition of a small
excess of dilute hydrochloric acid. The contents of the flask
are therefore just acidified, shaken and diluted to 300 ml., then
filtered. Two hundred ml. of the clear colourless filtrate are
extracted three times with ether, the ether solutions are
mixed, distilled off at a low temperature, and the residue
dissolved in a few drops of alcohol and made up to, say,
100 ml. with water. The salicylic acid is now estimated
colorimetrically by adding to 50 ml. (or a lesser volume
diluted to 50 ml.) in a Nessler glass 1 ml. of solution of
ferric chloride and matching it against a suitable volume
of standard 0-01 per cent. salicylic acid solution similarly
diluted to 50 ml. For the estimation of benzoic acid, if
present, see p. 106.

Boric acid is not often found in jam or marmalade, and in
examining the ash for this substance by means of turmeric
paper it should be noted that certain fruits contain a minute
amount of boric acid or some substance which gives a slight
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turmeric reaction. If present, boric acid may be estimated by
the method described on p. 93.

Saccharin is occasionally found in jam, and may be added
to compensate for the lack of sweetness due to an addition of
glucose. In the absence of salicylic acid, the simplest method
of testing is to extract the acidified and diluted jam with a
mixture of equal volumes of petroleum ether and ether, then
wash the extract once with water and evaporate off the volatile
solvent. The residue should be tasted. 1f it contains saccharin
the characteristic sweet taste will be noticed and confirmation
is obtained by fusing gently with a small picce of sodium
hydroxide, then dissolving in water and testing for salicylic
acid with ferric chloride. The method may be made approxi-
mately quantitative, but obviously cannot be applied in the
presence of salicylic or benzoic acid. When either of these is
present it must be removed before testing—benzoic acid by
heating the extracted matter in the oven at 100° to volatilise
the benzoic acid, leaving the saccharin unchanged, and salicylic
acid, by making the residue from the acid ether extraction
alkaline and warming it gently with excess of potassium per-
manganate ; the salicylic acid is thereby oxidised, excess of
permanganate removed by a drop of sulphurous acid, and the
residue then fused with sodium hydroxide and tested with
ferric chloride as before.

The addition of artificial dyes to jams may be detected by
transferring the dye to wool. If the test is carried out as
follows it is usually possible to distinguish between added dye
and the natural colour of certain fruits. Add a tuft of white
wool to about 20 gm. of jam diluted with 50 ml. of water,
acidify with acetic acid, and boil for five minutes ; remove the
wool, wash it under the tap, then boil it with water containing a
trace of ammonia, which extracts the colour ; remove the wool,
acidify the solution, and boil it with a fresh piece of wool, wash
the wool under the tap and dry it between filter paper. The
colour may sometimes be identified by the ordinary tests (for
details of tests, see Green’s ‘“ Analysis of Dyestuffs,” 1915 ed.,
p- 59, or Clayton, J. Soc. Dyers and Color., 1937, 53, 178). For
the identification of the dyes prohibited by the Minister of
Health, see Appendix.
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The following organic colours are permitted to be added to
foodstuffs in America and in Canada :—

Red Shades. Yellow Shades.
107  Amaranth. 4 Naphthol yellow S.
56 Ponceau 3R. 94 Tartrazine.
517 Erythrosin. 11 Sudan I.

16 Butter yellow.
Yellow O.B.
Yellow A.B.

Orange Shades.
85 Orange I.

Green Shades. Blue Shades.
435 Light green 692 Indigo carmine
S.F. yellowish. di-sulphonic acid.

(The numbers refer to the numbers of the colours as listed in
Green’s edition of Schultz-Juliuy’ * Systematic Survey of
Organic Colouring Matters,”” 1904.) These dyes may be added
to an amount not exceeding 2 grains per pound, and must con-
tain less than 10 parts per million of arsenic, and be free from
heavy metals.

In England a larger variety of dyes appears to be in
common use. Those more frequently met wi