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NOTES ONTRE CHEMICAL ANALYSIS OF FOOD. 

By MAJOR J. N. ATKINSON, 

Royal A'rmy Medical Corp8. 

INTRODUCTlON. 

THIS paper is the outcome of some experience gained in the Hygiene 
Laboratory at the Royal Army Medical College, London, during a short 
course in food analysis. Although the work cannot be claimed to be 
entirely original, the methods and processes detailed have been tried out in 
this laboratory for the first time and been found satisfactory. 

The object of the paper is to revise and confirm publishedanalyticai 
methods, and to give the experience gained in personal visits to ,the factories 
and labor,atories of food manufacturing firms. The methods employed are 
those that incline to a practical, more than academical, application, and are 
mostly in daily use in those laboratories where routine analysis, as opposed 
to teaching, is the primary consideration. 

It has moreover not been possible in the time available to gain a very 
extensive experience in these methods, and in most cases the apparatus 
was improvised at shortnotice. Some of the apparatus is now on order 
and it is proposed to include parts of the work in future courses. 

FOOD MANUFACTURE. 

In every branch of modern industry the chemist is being more and more 
called upon to devise new methods of manufacture, to control production 
by analysis, and carry out research. The manufacture of food is by no 
means the least of his activities in industry. So much in fact has scientific 
control advanced that I have visited a factory in which, in addition to the 
usual laboratory chemist, the manager and his assistants were all chemists. 
The hit and miss methods of the past generation, and the" old family 
recipe" have gone by the board, being replaced by the exact science of 
colloidal chemistry. 

Attached to each laboratory is a small experimental factory, where the 
chemist tries out and perfects his preparations before mass production is 
commenced. ' 

The directors of these firms are not philanthropists and therefore by new 
methods, and new substitutes, they all endeavour to cheapen and increase 
the sales of the article. The valuable work of these laboratories cannot be 
assessed in the balance sheet but the directors are well aware of their value. 
One ,such laboratory I visited costs £100,000 per annum. 

We may well inquire whither we are going? Are we to forsake the 
"good wholesome food" of our forefathers for the tinned and bottled 
varieties now so cheaply and easily obtained? The factsarei that were it 
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not for the ingenuity and researches of food chemists, all our food would be 
dearer and the poorer classes less well nourished than at present. The 
modern tendency of communities to herd together in large cities makes the 
supply of fresh food to our tables almost an impossibility. r.rhe chemist 
steps in, obtains the article III season in large quantities. preserves, 
processes, and packs it at an economic price. 

While the chemist is in control of manufacture, it is becoming more 
and more obvious that the purely analytical examination of foods by 
chemical or bacteriological methods is of small value in the determination 
of its" quality," from the purchaser's point of view. 

'True its every constituent may be determined with accuracy, its 
preservative content assessed, but little information is obtained reg!1rding 
the freshness, cleanliness, and quality' of the original material. For 
instance, it is quite impossible by' purely chemical means to determine 
whether jam or tomato sauce is made from pulp or from fresh ingredients-'
the former being an- imported lllass of very unappetizing nature, crudely 
packed. ' 

Thus it is that perception by the senses plays a large part in analytical 
methods, the appearance, flavour, and odour of the article playing a 
great part in its acceptance. In fact, the modern method of control 
consists in the examination of a factory for suitability and cleanliness, and 
sending a representative while the article is being manufactured. This 
inspector examines the raw material, sees it processed, packed, and labelled. 
These methods are adopted by the Indian Stores Department and the 
Supply Reserve Depot. An R.A.S.C. officer even proceeds to South 
America to supervise the manufacture of preserved rpeat when occasion 
demands. 

Chemical analysis therefore has its limitations, and it is the interpre
tation of results rather than the figures themselves that give the most 
accurate information. 

- SOME ANALYTICAL METHODS. 
- . 

I have selected three subjects :-
(1) The determination of benzoic acid. 
(2) The.determination of moisture. 
(3) The chemical estimation. of vitamins A, B, and C. 

(1) The Determination of Benzoic Acid. (Co H&.COOH). 

The recovery of this preservative from food is still unsatisfactory. 
Its physical properties are such that it is highly volatile,. and therefore 
easily lost during recovery: it has however the advantage of being soluble 
in chloroform, ether and petroleum ether. It is mainly harmless' and is 
permitted as. a preservative in parts ranging from 70 (seventy) to 2,000 
(two thousand) per million in fruit juices, cordials, ginger beer, mi~eral 
waters, coffee extract, pickles and sauces made from fruit and vegetables. 
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Of the methods in use the following are perhaps the best known :
(1) Monier-Williams. Analyst, 1927, lii, 153, 229, 257, 572. 
(2) Leather. Analyst, 1931, lvi, 299. 
(3) Nicholls. Analyst, 1927 ,lii, 585; ibid., 1928, liii, 19. 
(4) Grossfeld. Zeits. Untersuch. Nahr. Genussm., 1915, xxx, 271-273 

(Abstract, Analyst, 1916, p. 97). 
While these methods are useful in consultative work, they are too 

complicated and laborious for general routine analysis. 
All theEe methods are based on one of the two following principles: 

(1) Extraction of the benzoic acid by means of an immiscible, solvent such 
as ether in cases where an emulsion is not formed, and (2) steam distilla
tion in cases where an emulsion is formed, especially when fats and oils 
are present. The Monier-Williams and Leather methods are based on 
this principle. The Nicholls method is the best to employ when the amount 
of acid is small; this process in fact becomes inaccurate with amounts 
over five 'milligrammes; it depends on the oxidization of benzoic acid to 
salicylic with hydrogen peroxide a~d the determination of salicylic acid 
colorimetricallyon the addition of ferric chloride. 

Of the simpler determinations the method in use in this laboratory is 
an example. It, gives with suitable modifications an experimental error of 
some 2 per cent. ' It is a modified steam distillation process. The sample 
is made acid. with phosphoric acid (the preservative is usually added in the 
form of sodium benzoate), rapidly distilled over in steam, and 100 millilitres 
collected in 10 millilitres of N /10 sodium hydroxide. Alkalinity is main
tained by additions if necessary, using phenol-naphthalein as an indicator. 
The amount of N/10 soda neutralized is equivalent to the acid distilled 
over (1 millilitre N /10 N aOH = 0'0122 gramme CSH5.COOH). 

Another simple method Ifoundin use in the Navy, Army and Air Force 
Institute Laboratory consists, after acidification; of extraction by ether, 
washing in water, separation and evaporation of the ether at 300 C. . The 
residue is dried and weighed, or when dissolved in neutral alcohol titrated 
against N/IO soda. This method would be considerably improved by the 
addition of 5 per cent permanganate solution, and subsequent decoloriza
tion with sulphur dioxide. 

The results of the steam distillation process are usually high, due in 
part to the small amounts of the undermentioned substances which are 
likely to distil over: salicylic acid, cinnamic acid, volatile fatty acids, i.e. 
butyric, carbon dioxide (either in the water to produce steam or in the 
sample). 

Similarly iriboth methods substances used on the Continent andU .S.A. 
such as para-chlorobenzoic acid, ethyl and propyl esters of para~hydroxy
benzoic acid and beta naphthol may confuse the results unless detected 
primarily. ' 

The method about to be described was seen during a personal visit to 
the laboratory bf a large catering firm. Six such apparatus (see fig. 1) were 
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J. N. Atkinson 87 

in daily use for the control of benzoic acid in coffee extract and tomato sauce. 
The method is rapid, accurate, and simple, and. particularly useful with 
fluids. With improvised apparatus I tried this method and· found anexperi
mental error of 0-5 per cent under conditions in which a known quantity of 
benzoic acid was added to a coffee extract free from preservative. 

The method is essentially a modified Soxhlet arrangement using chloro
form in place of ether. It consists in extraction by chloroform, after 
prior acidification, and final titration against N/10 soda. Fallacies arise 

APPARATUS FOR THE RECOVERY 
OF BENZOIC ACID 

FIG. 1. 

from two sources: (1) The above-mentioned continental preservatives: (2) an 
unduly acid sample of chloroform, causing the forma.tion of an emulsion 
which will bring over a deposit. . 

Method.-About fifty millilitres of the sample are placed in the extractor 
(vide fig. 1) and 200 millilitres of chloroform (previously distilled) in the 
reservoir. The condenser is connected and heat applied. By the circular 
process of volatilization and condensation the chloroform gradually extracts 
all the acid "\Vhich pours into the reservoir. After tvvo.hours have elapsed 
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88 Notes on the OhemicalA.nalysis of Food 

the chloroform is cooled, and directly titrated against N/IO soda, the quantity 
neutralized representing the amount present; a simple calculation will give 
parts per million. 

A limit test may be devised by the addition, in the first instance, of 
sufficient N/IO soda to neutralize the acid. The disappearance of the colour 
from phenolphthalein would indicate that the sample contains preservative 
above the limit. Practical points of importance area sufficiently large 
condenser and the addition of a small amount of chloroform through the 
condenser before the process is complete. 

(2) The Determination of Moisture. 
Moisture is one of the important constituents of a food. In some cases, 

i.e. butter, legal limits are specified, more to prevent adulteration than to 
avoid decomposition. It is, however, well understood by manufacturers 
that a moist article is much more prone to decomposition than a dry one, 
and for this reason alone specifications usually limit the amount permitted. 
This limit is highly important in the case of grain, such as, for example, 

. pearl barley, for use in the hospitals abroad. The Indian Store Department 
haveeonsiderable difficulty in obtaining this article in accordance with the 
specification limit-12 per cent. 

The usual method of determination is by heating a weighed amount in 
an extraction oven, after evaporation if necessary, to constant weight, and 
calculating the weight lost as moisture. While this is possible with most 
foods, certain containing protein and carbohydrates are liable to charring 
and, in addition, do not readily part with moisture unless very finely 
divided-condensed milk, for example. 

An apparatus designed for a different purpose, that of estimating the 
amount of moisture present in lacquers and paints, can be readily impro
vised for all kinds of foods. There are three in use in the Indian Stores 
Department Laboratory. 

Method.-Ten grammes 9f the sample, say cheese, are ground up in 
dried silver sand and put into the still (vide fig. 2). About 200 millilitres 
of petroleum ether, having a boiling point preferably between 100° to 1200 C., 
although 80° to 100° C. will give satisfactory results, are added. Moisture 
in the form of steam is distilled over with the petroleum when heat is 
applied. The moisture falls through the petroleum in very small droplets 
to the bottom of the reservoir where the quantity is read off directly. The 
completion of the distillation is evident by the clearing of the petroleum. 
Practical points are that the single tube from the still should be of sufficient 
bore to permit the return flow, and the condenser large enough to prevent 
evaporation at the top. A spiral rod is occasionally run through the 
condenser to clear it of condensed moisture. . 

I used an improvised apparatus in this laboratory with successful results; 
There is perhaps one disadvantage, and that is that the results are not 
accurate to the second place of decImals, .butit 'furnishes a ready and rapid 
means of determination. 
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J. N. Atkinson 89 

The moisture in fats and dry foods is equally well determined. The 
petroleum ether must be of the correct boiling point,for if it:is lower 
steam cannot get over. 

The whole process is complete in half an hour, and·this greatly minimizes 
the time necessary to obtain constant weight. 

(3) The Estimation of Vitamins A, E" B2 and C. 
The chemistry of the vitamins has advanced to su~h an extent nowadays 

that chemical tests for their estimation are daily in use. There are, of course, 

APPARATUS FOR. DETERMINATION 
OF MOISTURE. 

FIG. 2. 

CONDENSER 

MEA5U121NG 
TUBE 

three methods by which their presence may be demonstrated-biological, 
physical, and chemical-but in fact they merge into each other, the colori
metric tests by chemicals being in reality spectroscopic, and the experimental 
animal an agent in an obscure reaction. 

Biological, tests are the standard ones, and it, is on these that inter
national units arEl still' based, but, like the spectrographic, they are 
expensive and, not generally available in most .laboratories. One therefore 

7 
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90 Notes on the Ohemical Analysis of Food 

resorts to chemical methods, which if they do not give exact determinations 
at least 'serve as useful estimations of the quantities present. In all these 
methods, it must be remembered that what in other estimations would be 
classified as a ,/ trace only," are in fact microchemical estimations of great 
value. 

A diet to be satisfactory should, as is well known, consist of first-class 
biological protein in sufficient quantity, have the correct calorie requirements, 
and the accessory food factors-vitamins A, Bl> B 2, C, D and E.,-should be 
present. Fats and carbohydrates are abundant usually. The diet must 
stand alone on all three factors, and no deficiency in one can be made 
up by another. 

This ideal is rarely possible under modern conditions, and the general 
public live very close to avitaminosis which rarely manifests itself 
in a degree beyond increased disease incidence, lowered vitality, and 
malnutrition. 

Any manufacturing process, therefore, that will introduce a better' 
balance in the vitamin content is a desirable one. Of late years manufac
turers have included the fat-soluble vitamins A and D in their products, 
under licence frbm the Pharmaceutical Society. Margarine is one of these 
products, and in many cases the best variety now contains more vitamins 

. per gramme than winter butter. . 
Some of the vitamins can now be manufactured synthetically. In some 

cases only the precursor is available, and in others the containing substance 
is modified to increase the percentage. Vitamin D is obtained in pure 
form; B carotin requires conversion by animal passage; wheat germ oil 
is used as a source of vitamin E ; ,and marmite for vitamin Bl and B2• 

I saw vitamin D in the process of manufacture at the laboratory of 
a firm specializing in this work. It is obtltinedprimarily from yeast, also 
the ~urce of vitamin Bl and B2 , the lipoid portion of which contains 
small amounts of ergosterol and other sterols. It is irradiated in ether' 
solution for two hours under a mercury vapour lamp and treated with 
meta-dinitro-benzoate chloride. It crystallizes out as a calciferol dinitro
benzoate, leaving a dark sticky mass of by-product~ It is now purified 
and appears as a soft snow like powder-C2sH .. O-calciferol, the isomer of 
ergosterol. 

It is not possible here to discuss the merits of synthetic versus natural 
vitamins, nor in fact to describe hypervitaminosis. I have submitted 
a recommendation to the Professor of Hygiene, R.A.M. College, to include 
vitamins A and D in the supplies of margarine to the troops at home and 
abroad, which I consider to be valuable assets. 

The Estimation of Vitamin A.-B. carotin is the precursor of vitaminA. 
The cOllversion occurs in animal tissue: C4oH/i6 - C20HSOO. 

The calorimetric test with antimony trichloride bad its origin in the 
observation tbat cod-liver oil gave a purple colour with dehydrating agents, 
such as sulpburic acid. Next it was found that arsenic tricbloride gave a 
blue colour and finally Carr and Price used antimony. 
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The test is carried out as follows :
Required: 

Lovibond tintometer and attachment. 
Solution of antimony trichloride CB.D.H.). 
Chloroform. 
Cod-liver oil, halibut oil, butter, margarine. 

91 

A 20 per cent solution of the substance to be tested is made in the 
chloroform, 0'2 millilitre of this solution is mixed in' the special container 
with 2 millilitres of antimony chloride solution: 

A blue colour at once develops, remains con~tant some ten seconds, and 
passes off into a neutral tint. Speed is therefore essential for accurate 
matching and it is advisable to bring up the blue glass to six units, the 
yellow to three or four units, and adjust finally when the container is in 
position. About three observations are necessary. The light must be 
constant and the attachment provides this. . 

The vitamin content of cod-liver oil should produce a "blue value" of 
SlX. It is a limit test. 

The test fairly closely correlates with the biological and spectroscopic 
methods, but interfering substances sometimes mask it. There are definite 
grounds for assuming that a high, low, or ?egative result indicates a similar 
condition of vitamin A content. The test is better carried out on the 
unsaponifiable matter, especially with butter and margarine. Inhibitory 
substances produce a low result but substances found to enhance the colour 
are rarely met. 

It must be remembered that the test as described in the British Pharma
copreia, 1932, is a limit test and attempts to give it a quantitative basis 
usually result in failure. Colour values below two and above ten are 
inconsistent. 

In the case of butter or margarine it is necessary to remove the fats and 
fatty acids by saponification. Ten grammes of the margarine with 2 milli
litres of 50 per cent pot. hydroxide solution and 10 millilitres of alcohol are 
heated for ten. minutes at 50° C. On completion of saponification water is 
added to 100 millilitres. Of this 25 millilitres are extracted twice with 50 
millilitres of ether. The two extractions are mixed and 5 grammes of 
sodium sulphite with 0'5 gramme of ammonium citrate are added; this 
quantity is usually 88 millilitres of which two-thirds are taken and gently 
evaporated-the equivalent of 1 gramme margarine. The residue is dis
solved in 5 millilitres of chloroform forming a 1: 5 dilution. Using the 

. Lovibond tintometer various dilutions are made until there is complete 
absence of any colour. 
_ This observation is difficult. The number of dilutions necessary tp 
produce the result are noted and a comparison made with summer butter. 
It is usually found that butter requires between thirty to fifty dilutions. 

In the factory laboratory I visited, the vitamin A content of margarine 
was standardized at thirty-six dilutions. Before dispatch all samples 
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92 Notes on the Ohemical Analysis of Food 

certified to contain the vitamin are examined under the ultra-violet light, 
when the yellow fluorescence, characteristic of the vitamin, is noted. 

The Estimation of Vitamin B t and B 2.-There are no purely chemical 
tests for the vitamin B. Attempts to assay the vitamin by the phosphoric 
acid (P 205) content of the germ are not satisfactory. 

A very simple test is the following; The" silver husk" of the rice 
grain is a measure of vitamin B, which lies in the deeper layers of the 
pericarp. It is removed by' polishing and its absence or presence may be 
demonstrated. 

Samples are required of rice-polished, unpolished, and mixed-and 
also the following reagents ;-

Dilute hydrochloric acid, 25 per cent. Solution of 10 per cent pot. 
ferrocyanide, 1 part; glacial acetic acid, 1 part; distilled water, 28 parts; 
carbol fuchsin, 1 per cent; solution ferric chloride, 1 per cent. 

The sample is placed in a small porcelain basin and soaked in the 
potassium ferrocyanide solution for one minute. It is now washed in water 
and then the ferric chloride solution is added-a blue colour develops in 
about one minute. The rice is now again washed and treated with carbol 
fuchsin until well stained. Finally, the dil ute hydrochloric acid is added 
and the rice washed in it ; it is then dried in air. 

Polished rice shows entirely blue-vitamin B absent. 
Mixed sample shows entirely blue and red-vitamin B absent. 
U npolished rice shows entirely red-vitamin B present. 
Another test, with which, however, I have had no experience, is that 

in which a solution of rice polishings is treated with phosphotungstic acid, 
tbe precipitate is reduced with zinc and hydrochloric acid, and the resulting 
brown colour gives some indication of the vitamin content. 

The Estimation of Vitamin O.-'-The vitamin is now indentified with 
ascorbic acid, CsH.Os. It is interesting to note that this was the first 
vitamin to be synthesized by chemical means. 

The estimation depends on the reducing powers of ascorbic acid upon 
a dye 2: 6 dichlorophenol indophenol which becomes decolorized in the 
reaction. The test is not absolutely specific, as other substances behave 
like the acid, but it has undoubted value as a method of control in 
concentrated fruit, juices. Preservatives deprive the fruit of its vitamin. 

The following are required ;
Fresh juice of orange and lemon. 
N/1,OOO solution 2 : 6 dichlorophenol indophenol. 
Burettes. 
Large white porcelain basin and rod. 
It is first required to standardize the dye against ferrous ammonium 

sulphate. A N/l,OOO solution of ferrous ammonium sulphate is made. 
Atomic weight = 56 for Fe2 that is 28 for Fe. There is only t weight 

of Fe in 1 gramme of ferrous ammonium sulphate, so that 28 X 7 = 196 
grammes is the amount required for a normal solution, or 0'196 gramme III 

a Njl,OOO solution. 

guest. P
rotected by copyright.

 on M
ay 22, 2023 by

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-66-02-03 on 1 F
ebruary 1936. D

ow
nloaded from

 

http://militaryhealth.bmj.com/


J. N. Atkinson 93 

To 200 millilitres of distilled water, 0'196 gramme is added, also 
40 millilitres of a N /10 solution H 2S04 • The solution is now made up to 
one litre and so contains N/250 H 2S04 • 

The dye is made roughly 0'1 gramme to one litre. The strength is 
adjusted so that 25 millilitres of NIl,OOO dye neutralize 25 millilitres of 
N /1,000 ferrous ammonium sulphate (this is equivalent to 12'5 millilitres 
N/500) and no colour remains. The titration is carried out in the presence 
of 5 millilitres of saturated. solution of sodium oxalate. rrhe dye keeps 
better in a buffer solution of pH 7. 

Method.-The juice is expressed and 1 millilitre is diluted with 
3 millilitres of 10 per cent sodium acetate solution in the porcelain dish. 
The dye is run in until the blue colour remains permanent for half a 
minute. 

I tried various juices and found that: Orange juice required 12 milli
litres; . lemon juice required 10 millilitres; tomato juice required 5 
millilitres; canned grape fruit juice required 7' 5 millilitres. 

The last observation was interesting and was carried out at the request 
of the O.C., Supply Reserve Depot. The juice did not contain ~l1y 
preservati ve. 

An attempt to use the test to distinguish between pasteurized and fresh 
milk failed. The colonr appeared with less than ] millilitre in both 
samples. It would appear that the vitamin C content of fresh milk is 
less than is supposed. 

In conclusion I desire to express my thanks to the Directors and Chief 
Chemists of the undermentioned firms and Government InstitutionR, who 
so kindly permitted me to visit their laboratories and supplied me with the 
necessary information:-

Messrs. Lyons and Co. 
Messrs. Van den Berghs and J urgens, Ltd. 
Messrs. Crosse and Blackwell, Ltd. 
Messrs. Glaxo, Ltd. 
The N.A.A.F.I. 
The Government Laboratory. 
The Supply Reserve Depot. 
The Indian Stores Department. 

Finally I wish to thank Major S. Elliott, O.B.E., T.D., for his 
invaluable advice and encouragement in the preparation of this paper. 
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