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1. INTRODUCTION 
The terms "fat" and "oil" are used indiscriminately, but the choice is often 
based on whether the product is liquid or solid, and the designation may then 
depend on the climatic conditions. In treatises on human food the word 
"fat" is invariably used. In this connexion the term "edible fat" (to dis-
tinguish the product from mineral fat) is to be preferred. In scientific treatises 
the designation "lipid" has gained acceptance. 

In this survey the designations chosen are those current in the English-
speaking countries for the separate products. No mention is made of butter-
fat as this fat is fully discussed earlier in this Volume. 

2. COMPOSITION OF FATS 
Fats are mostly glyceryl esters of predominantly long (unbranched) carbon 

chain fatty acids. The principal saturated and unsaturated fatty acids that 
occur in nature as glycerides are shown in Table 1. 
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Table 1 shows that all the fatty acids mentioned have an even number of 
carbon atoms. Palmitoleic acid, oleic acid and erucic acid have one double 
bond, whereas linoleic acid and Hnolenic acid have two and three double 

TABLE 1. Principal saturated and unsaturated fatty acids that occur in nature 

Saturated fatty acids Unsaturated fatty acids 
Trivial name Gross formula Trivial name Gross formula 

Caproic acid 
Caprylic acid 
Capric acid 
Laurie acid 
Myristic acid 
Palmitic acid 
Stearic acid 
Arachic acid 

C6Hi202 
C8Hi602 
C10H20O2 
C12H24O2 
C14H28O2 
C16H32O2 
C18H36O2 
C20H40O2 

Palmitoleic acid 
Oleic acid 
Linoleic acid 
Linolenic acid 
Erucic acid 

C16H30O2 
C18H34O2 
C18H32O2 
C18H30O2 
C22H42O2 

bonds, respectively. Glycerol is a trivalent alcohol and three fatty acid mole-
cules can be bound to form a glyceride. These triglycérides may be built up 
of glycerol with one fatty acid : 

CH2—O—CO—Ri 
I 

CH—O—CO—Ri 
I 

CH2—O—CO—Ri 

of glycerol with two different fatty acids: 
CH2—O—CO—Ri CH2—O—CO—Ri 
I I 

CH—O—CO—Ri or CH—O—CO—R2 

I I 
CH2—O—CO—R2 CH2—O—CO—Ri 

or of glycerol with three different fatty acids : 
CH2—O—CO—Ri CH2—O—CO—Ri CH2—O—CO—R2 

I I I 
CH—O—CO—R2 or CH—O—CO—R3 or CH—O—CO—Ri 
I I I 

CH2—O—CO—R3 CH2—O—CO—R2 CH2—O—CO—R3 

If it is borne in mind that if glycerol is esterified with three different fatty acids 
no fewer than 18 positional isomers may be formed, it is self-evident that the 
edible fats are extremely complicated mixtures. 

Apart from the triglycérides, the natural, refined fats contain the following 
accompanying substances to a total of about 2 % : mono- and diglycerides, 
sterols, phospholipids, colourants, vitamins, hydrocarbons. 
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3. WINNING AND REFINING OF FATS 

A. Winning 

Vegetable fats are obtained from fruits or seeds that have been sorted into 
grades. The quality of all vegetable products depends on the climatic condi-
tions under which the growth process has taken place. Consequently, the 
quality is by no means constant and the price of fruits or seeds is determined 
by yield and by the quality of the fat obtained from them. 

The fat from fruits is won immediately after harvesting, for fruits have a 
high water content which promotes fermentative conversions. After cleaning 
to remove stems, dust, sand, etc., the fruits are cold-pressed at low pressure. 
In this way the highest quality of fat is obtained. Subsequently, the mass is 
pressed at increased temperature and pressure, after which the pulp is 
finally extracted with petroleum benzine or hexane. 

Seeds need not be processed immediately, provided that they are stored in 
a dry and cool atmosphere. Moisture and heat promote enzymatic processes 
and mould growth. After cleaning, the seeds are broken and/or ground, 
pressed and subsequently extracted or immediately extracted. Extraction 
results in a higher yield than pressing. Before pressing, the mass is brought 
to a certain humidity and temperature in order to induce a spongy structure 
from which the oil flows out easily under pressure. The remaining meal 
containing many proteins is used for animal food. 

The conclusion that the processing of mouldy seeds may have serious 
consequences was reached in 1960 when in England, according to estimates, 
about 100,000 turkey chicks died. At first it was thought that a new disease 
had broken out, but investigations showed that the cause was in the groundnut 
meal with which the birds had been fed. This meal contained the highly toxic 
aflatoxin, which is produced by strains of the aerobic mould Aspergillus 
flavus. Aflatoxin infections have been observed before. They are most fre-
quently found in groundnuts. In the ground the seeds are protected by the 
husk, but on harvesting and during storage this husk is bruised and broken, 
so that moisture can enter the seeds.1 Groundnuts are now subjected to a 
very thorough inspection and methods have been developed to separate the 
dark-coloured, infected nuts from the sound nuts. The oil obtained from 
toxic nuts contains no aflatoxin, which is removed from the oil during the 
refining process. 

A method for the semi-quantitative determination of aflatoxin in ground-
nut meal, groundnuts and peanut butter is described by de Iongh et al.1 

Among the sources of edible fats, rice bran occupies a special position. 
During rice-hulling, the cells are damaged, so that water, enzymes and oil 
come into contact with one another. This contact gives rise to the occurrence 

13 
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of fat-splitting which, also because of the prevailing relatively high tempera-
ture, proceeds so rapidly that approx. 1 % free fatty acid is formed per hour. 

Vegetable oils should preferably be stored unrefined. By nature they con-
tain antioxidants that prevent deterioration. However, these anti-oxidants 
are active for a limited period, so that after a certain storage time a large 
part of the natural stability is lost. The main cause of deterioration is oxida-
tion but fat-splitting also may occur. Oil should preferably be stored cool and 
dry, and air and light should be excluded. 

Animal fats are generally obtained by rendering immediately after 
slaughtering. In the unrefined condition they have less satisfactory keeping 
properties than have vegetable fats because the natural protection by anti-
oxidants is considerably lower. In general, it is advisable to subject the animal 
fats to a pre-refining treatment. This applies particularly to fish oils, which, 
owing to enzyme action in the unrefined condition, have a relatively high 
free fatty acid content. Pre-refining consists of neutralization at a temperature 
of approx. 100°C during which the enzymes are inactivated. In addition to 
oxidation products, whale oil often has a high sulphur content, which is 
undesirable, especially during hydrogénation. The pre-refining treatment is 
intended to remove substances which have an unfavourable influence on 
the refining process. 

B. Refining 

The object of the refining process is to make the crude product suitable for 
consumption. To this end, mucilage, free fatty acids, colourants, carbohydrates, 
resins, phosphatides, oxidation products, etc., should be removed. The 
refining process is adapted to the quality of the crude product. A crude fat 
of poor quality should be refined rigorously to remove certain substances that 
later may have an unfavourable influence on the keeping properties. This 
generally also applies to animal fats. As a result of the refining process, not 
only undesirable substances but also valuable substances (such as vitamins 
and also those preventing the oil from deteriorating) are removed. However, 
vitamins can be added to the refined product later. 

In general, all crude fats are refined. An exception is the cold-pressed olive 
oil (so-called virgin oil) which is highly appreciated for its characteristic 
taste. The refined product should be odourless, and should have a neutral 
taste and a light colour. The refining process consists of the following treat-
ments: 1, degumming; 2, neutralization; 3, bleaching; 4, hardening (hydro-
génation), if necessary; 5, deodorization. 

L Degumming 
Only those products having a relatively high content of phosphatides are 

degummed. This applies especially to soybean oil and, to a lesser degree, to 
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groundnut oil. The fat is treated with lukewarm water, as a result of which 
the phosphatides swell and enter the water layer. By centrifuging the water 
layer, the so-called soya lecithin is obtained which is used as an emulsifier. 
Another advantage of this pre-treatment is that the neutralization proceeds 
more readily and with fewer losses. 

2. Neutralization 
The fat is neutralized by treatment at an increased temperature with a more 

or less dilute alkali solution. As a result of this treatment the free fatty acids 
are converted into soap. This soap removes most impurities from the oil and 
enters the water layer. After alkali treatment the oil is washed with water. 

3. Bleaching 
Bleaching improves the colour and removes soap residues, oxidation 

products, flavouring substances, etc., from the fat. Before bleaching, the fat 
is dried by heating to approx. 100°C in vacuo. The bleaching process proper 
is likewise carried out at approx. 100°C in vacuo to avoid oxidation by 
atmospheric oxygen and to remove volatile substances that unfavourably 
influence odour and taste. As bleaching agent a montmorillonite-containing 
clay is used. The clay itself has little activity and is activated before use by 
treating with sulphuric acid or hydrochloric acid. Too high an acidity of the 
bleaching earth should be avoided, since this may cause hydrolysis of the 
triglycérides. Palm oil, the red colour of which is due to its carotene content, 
requires more intensive bleaching: a higher percentage of bleaching earth is 
used and a higher temperature is applied. Sometimes a small amount of 
active carbon is added to the bleaching earth. The bleaching earth is removed 
from the fat by filtration. Another form of intensive bleaching is the so-
called heat-bleach during which process the fat is heated to a high tempera-
ture for a short time. 

4. Hardening 
Hardening is applied to remove the odour and taste of marine oils and if 

necessary to impart the desired consistency to, e.g. groundnut oil, cottonseed 
oil, soybean oil and palm oil for use in the manufacture of margarine. 
Hardening, or hydrogénation, is a catalytic process during which unsaturated 
fats are converted into saturated compounds by hydrogen gas under the in-
fluence of a nickel catalyst. After hardening, the fat is filtered, post-neutralized 
and bleached as described above. These treatments are essential to remove 
traces of catalyst and impurities which have formed during the hardening 
process. Neutralization and bleaching must also precede the hardening 
process because the crude oil contains too many substances which may 
poison the catalyst. 
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5. Deodorization 
Deodorization is carried out to remove fat-soluble odoriferous and flavour 

constituents such as aldehydes, ketones and traces of free fatty acids. Aldehydes 
and ketones are readily perceptible even in contents of 1 g to 1000 kg fat and 
less. Substances are even known of which 1 mg per ton fat is detectable. 
Deodorization is effected by blowing steam through the fat heated to 165— 
200°C for several hours. To avoid oxidation by atmospheric oxygen, this 
treatment is carried out at a pressure of 4-20 mm Hg. Before deodorization, 
a small amount of citric acid is often added to bind traces of metals which 
act as pro-oxidizing agents. 

Since the quality of fats deteriorates on storage, particularly as a result of 
oxidation, deodorization is preferably applied just before processing to end-
product. 

C. Requirements for Refined Products 

The standards to be set for a well-refined product are: it should be odour-
less; it should have a neutral taste; the colour should be as light as possible; 
it should have good keeping properties; the product ordered must be supplied 
in its pure form and not mixed with other fats. 

The following can be said as regards keepability. Refined oils contain 
hardly any water, so that fat-splitting cannot occur. The refining process has 
also made enzymes inactive and has removed a great part of the metals which 
may influence the oxidation catalytically. By far the most important cause of 
deterioration is oxygen, which may be responsible for two entirely different 
processes: rancidity and reversion. 

Rancidity occurs after advanced oxidation. The changes taking place in 
the oil before rancidity is organoleptically perceptible can be detected 
chemically from, e.g. change in the peroxide value. 

Reversion, i.e. the occurrence of an unpleasant flavour and taste (off-
flavour), which is rarely identical with that of the crude product, may be 
caused by the action of even extremely small amounts of oxygen. Control 
methods to follow the process which leads to off-flavours have not yet been 
developed. This is understandable if it is borne in mind that even 1 mg of a 
certain component in 1000 kg oil is distinctly perceptible organoleptically. 
Neither as yet can indications be given about the prevention of reversion. In 
general, addition of antioxidants has no effect at all, nor has the exclusion 
of contact with atmospheric oxygen. A good survey of research into the cause 
of the occurrence of reversion has been given by Debruyne.3 Hoffmann4 

succeeded in isolating and identifying some volatile products from reverted 
or oxidized soybean oil. 

It is generally known now that reversion must be ascribed to oxidation of 
linolenic acid and higher unsaturated fatty acids. During this oxidation, 
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odourless and tasteless precursors are formed which on decomposition 
yield aldehydes, which cause the off-flavours. As has been stated, this de-
composition is not prevented by antioxidants and may take place in the 
absence of oxygen. Hydrogénation of the higher unsaturated fatty acids is not 
necessarily the solution, because isolinoleic acid may be formed which like-
wise may be responsible for the formation of off-flavours.5 

Generally speaking fats can be divided into two groups, stable fats and 
unstable fats. Hydroperoxides are formed more slowly in the stable fats than 
in the unstable fats. Moreover, these hydroperoxides are more stable, and 
the decomposition products (aldehydes) have a higher flavour and taste 
threshold, so that more must be present before they can be perceived organo-
leptically. The division of the fats into stable and unstable ones will be 
discussed further on p. 373. An interesting study of the relationship 
between molecular structure and flavour perceptibility of aliphatic aldehydes 
is that by Meijboom.6 

From the foregoing it follows that reversion cannot yet be prevented even 
if the fats have been subjected to the most careful treatment. 

4. CLASSICAL, CHEMICAL AND PHYSICAL METHODS 
FOR THE ANALYSIS OF FATS 

By classical methods are meant those methods that were developed with 
simple equipment before 1940. In view of the complicated composition of the 
vegetable and animal fats, it is not surprising that all over the world attempts 
have been made to develop methods with which a rough impression of this 
composition can be obtained. The result of laborious work by many specialists 
is therefore a wealth of mostly empirical and semiquantitative methods. A 
greatdeal of experience is required for thecorrect application of these methods. 
The results supply valuable indications for chemists experienced in this field. 

An excellent survey of those methods of investigation which are important 
for production control and specification was published by Mehlenbacher. 7 
In addition to many interesting data on principles and procedures, this work 
also contains detailed procedures for analysis. In this respect reference 
should also be made to the collections of standardized procedures of the 
American Oil Chemists' Society,8 of the Deutsche Gesellschaft für Fett-
wissenschaft,9 of the British Standards Institution10 and of the International 
Union of Pure and Applied Chemistry.11 The fact that standardization was 
introduced proves that there was no correspondence regarding the way in 
which the analyses were carried out, so that the results could not be compared. 
There are even differences between the nationally and internationally stan-
dardized procedures. In order to obtain satisfactory and comparable results, 
one should keep strictly to the details of the method to be applied. 
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Because of the existence of literature mentioned, a short discussion of a 
number of the current procedures will suffice. The choice of the methods 
reviewed below is based on the assumption that the products to be investi-
gated are refined. Organoleptic tests which play an important part in the 
assessment are discussed in Volume I. The methods of investigation can be 
divided into : 

A. Determination of degree of oxidation and stability, 
B. Chemical characteristics, 
C. Physical characteristics, 
D. Determination of impurities and composition, 
E. Qualitative tests. 

Application of these methods is dealt with in: 
F. Application of the methods. 

A. Determination of Degree of Oxidation and Stability 

The most conventional methods are: (1) Kreistest, (2) peroxide value, 
(3) active oxygen test. 

1. Kreistest 
The Kreistest is a test for epihydrin-aldehyde and not for peroxides. 

However, a positive result obtained with this colour reaction may point to the 
presence of peroxides. This test must not be used for all fats. Further details 
are given on p. 373. 

2. Peroxide Value 
The peroxide value is the number of milliequivalents of peroxide oxygen 

present per kilogram of fat. Often the number of millimoles peroxide oxygen 
is reported and the result is then half that of the "peroxide value". In this 
case the term "Lea-value" is frequently used. 

3. Active Oxygen Method 
This is the method most frequently applied for determining the stability of 

a fat. By stability is meant the resistance a fat offers to oxidation. Consequently 
there is a certain correlation between the result of the method and the keep-
ability of a fat during storage, which, however, in view of the many possible 
variations in storage conditions, cannot easily be found. Any correlation 
will have to be based on personal experience. The principle of the determina-
tion is as follows. The fat is heated to high temperature while passing through 
purified air. This treatment is continued until the peroxide value has reached 
a certain level. These peroxide values have been chosen in such a way that 
they correspond approximately with the point at which rancidity is organo-
leptically perceptible. As will be mentioned on p. 373, this does not apply in 
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all cases. For those fats to which the above does not apply, the end-point 
should be established organoleptically. 

B. Chemical Characteristics 

Two properties of the fats are frequently used for the analysis: 1. saponifi-
ability of the triglycérides; 2. occurrence of unsaturated in association with 
saturated fatty acids. 

1. Saponifiability 
When a fat is boiled with an excess of potassium hydroxide in ethanol, 

the triglycérides hydrolyse, and glycerol and soap are formed. The amount of 
alkali necessary for this saponification is a measure of the saponification 
value (SY) and of the mean molecular weight of the fatty acids originally 
bound as triglycérides. It is customary to express the saponification value in 
the number of milligrams of potassium hydroxide necessary for the saponifi-
cation of one gram of fat. It follows that the saponification equivalent of the 
fat is 56,100/SV. This value is one-third of the mean molecular weight of the 
fat. After taking one-third of the molecular weight of the glycerol rest into 
account, the mean molecular weight M of the fatty acids is (56,100/SV) — 
12-67. 

In the above discussion it has been assumed that apart from triglycérides 
no other components were present. If the refined fat to be investigated con-
tains free fatty acids, and mono- and diglycerides which may have been formed 
on storage under unfavourable conditions, the formula for M remains valid. 
Since the fat contains unsaponifiable constituents, however, an error of 
approx. 1 % is invariably made. If the percentage of unsaponifiable is known 
(see p. 370), a correction can be made. Although the procedure is simple, 
reproducibility of the results obtained is not very high. An explanation for 
the less satisfactory reproducibility cannot be given, although some sources 
of errors can be indicated. A statistical investigation into the reproducibility 
of the results of nine laboratories for five samples of fat has shown that in 
one and the same laboratory there may be a variation of three units, and 
that between the results of various laboratories there may be a difference of 
five units. 

2. Unsaturation 
The current methods for measuring unsaturation are: (a) determination 

of the iodine value (IV); (b) determination of the thiocyanogen value (TV). 
The methods are based on the addition of halogen and thiocyanogen, 
respectively, to double bonds. 

(a) Iodine value. Various methods are known for determining the iodine 
value. The method developed by Wijs in which iodine monochloride is used 
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as reagent is the one most frequently applied. Apart from addition of halogen 
to the double bonds, substitution often occurs. The choice of iodine mono-
chloride as reagent is based on the fact that with this substance under certain 
conditions negligible substitution occurs with complete addition. These 
conditions are laid down in detail in the procedure. The reaction time of the 
reagent can be shortened considerably by adding mercuric-acetate to the 
reaction mixture. Conjugated double bonds, which may occur in oils after 
bleaching, do not react stoichiometrically. In such cases the hydrogen addi-
tion value can be used successfully. 

The iodine value is expressed in g halogen, calculated as iodine, absorbed 
by 100 g fat. The reproducibility of the iodine value is not very high. From 
statistical investigation in eight laboratories the following values can be 
given for the scattering in the results of any laboratory. 

Iodine value Scattering 
10 ±0-3 
70 ±1-5 
90 ±1*7 

130 ±2-1 
180 ±2-3 

(b) Thiocyanogen value. This empirical method is very sensitive but its 
application requires experience. It is based on the fact that thiocyanogen 
(SCN), which in many respects behaves like halogen, differs from halogens 
in that its addition to double bonds is more selective. The method is intended 
for fats containing oleic acid, linoleic acid and linolenic acid. Apart from 
these acids, only small percentages of higher unsaturated acids or unsaturated 
acids of higher or lower molecular weight should be present. Conjugated 
double bonds must be absent. The addition of thiocyanogen proceeds as 
follows : 

1 mole fatty acid with 1 double bond absorbs 1 mole SCN 
1 mole fatty acid with 2 double bonds absorbs approx. 1 mole SCN 
1 mole fatty acid with 3 double bonds absorbs approx. 2 moles SCN 
Hence, only with respect to fatty acids with one double bond does thio-

cyanogen behave like halogen. These rules for fat analyses were formulated 
by Kaufmann. 

By combining iodine value and thiocyanogen value—calculated as iodine 
value—oleic acid and linoleic acid contents can be determined. If, in addition, 
linolenic acid is present, the content of saturated fatty acids should be known. 
Calculation of the composition is based on the additivity of iodine value and 
thiocyanogen value. The values for the pure components present in the equa-
tions as constants depend on the strength of the reagent used. For the 
method of the American Oil Chemists' Society8 the values mentioned in 
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Table 2 for the glycerides apply. For fats which, in addition to oleic acid, 
contain only linoleic acid the following applies: 

173-3Y + 86-0X = 100 IV 
92-5Y + 85-5X = 100 TV 

from which it follows that 
% oleic acid = X = 2-525 TV-1-348 IV 

% linoleic acid = Y = 1-246 IV-1-253 TV 
The content of saturated fatty acids is then: 

% saturated fatty acids: AS = 100-(Y+X) 
Such relationships apply when IV and TV of the fatty acids have been 
determined. 

TABLE 2. Iodine value and thiocyanogen value of pure triglycéride 

Glyceride Content % I.V. T.V. 

Olein X 86-0 85-5 
Linolein Y 173-3 92-5 
Linolenin Z 261-8 159-8 

For fats containing linolenic acid as well as oleic acid and linoleic acid, the 
content of saturated fatty acids should be known so that three equations with 
three unknowns can be drawn up. 

The precision of thiocyanogen values is of the same order as that of the 
iodine value. The scattering of both values is expressed in the contents 
calculated. Consequently, the accuracy of the fatty acid composition calcu-
lated is not great. 

The significance of this determination has decreased considerably owing 
to the development of Chromatographie methods, with which the composition 
of a fatty acid mixture can be determined much more accurately. 

C. Physical Characteristics 

These include: 1. specific gravity and refractive index, 2. melting behaviour, 
and 3. colour measurement. 

L Specific Gravity and Refractive Index 
It has been shown that both constants are related to SV and IV. 
Lund12 derived for the refraction of fats the formula : 

n4¿ = 1-4688-0-00008 SV+tf IV 
The factor a is 0-0001 for solid fats and 0-00010-0-00011 for liquid fats. 
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The refractive index at other temperatures can be found by making a 
correction per degree C of 0Ό0036 for solid fats and of 0-00038 for liquid 
fats. 

Lund's equations should be applied with caution since they do not hold 
good in all cases. The equation for the refractive index is applied to the 
identification and control of the hardening process. The SV and IV of the 
product to be hardened are determined, the refractive index measured and 
the following equation derived : 

n*D = C+CiXlV 
The'values of C and C\ can be found by calculation. 

2. Melting Behaviour 
As fats are complicated mixtures of a large number of components, they 

do not display a melting point but a melting range. Moreover, triglycérides 
may crystallize in various polymorphous forms. The melting point of the 
stable form should be determined by preference. The transition between the 
various crystal forms varies for different fats and often proceeds very slowly, 
so that a determination of the melting point would be very time-consuming. 
As a compromise, procedures have been standardized in which the pre-
treatment of the fat has been described accurately. The pre-treatment consists 
basically in keeping the fat at a prescribed temperature for a certain period. 
In this way the results can be compared although they have no physical 
significance. 

(a) Open capillary tube method. With this method the softening point or 
slip point is measured. The reproducibility of this method leaves much to be 
desired. Differences of 3-4°C between the results may occur. 

(b) Closed capillary tube method. The result of this well-known method is 
also called clear point. 

(c) Titre. The temperature at which the liquefied fatty acids prepared from 
the fat solidify is called titre. Owing to the heat of crystallization the tempera-
ture rise, and the highest temperature attained is the titre. This method is 
used by preference for the classification of hydrogenated products. The 
reproducibility is satisfactory. 

(d) Dilatometry. The dilatation (D) is the expansion which occurs on iso-
thermal melting of a fat which has been solidified previously in an accurately 
described way. Then the dilatation is the difference in volume of the fat and 
of the supercooled liquid at the same temperature. If a fully crystallized fat 
is heated and no transitions into the crystalline form occur, the volume-
temperature curve is similar to that shown in Fig. 1. 

Straight line AC represents the expansion of the solid phase, CD the 
expansion which takes place during the transition from solid into liquid 
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phase, and straight line DE the expansion of the liquid phase. The dilatation 
at h°C is now the volume increase AF, i.e. the difference in volume between 
solid phase at h°C and liquid phase undercooled to ¿i°C. The dilatation of a 
fat is invariably related to 25 g. 
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FIG. 1. Volume-temperature curve of a pure substance. 

Temperature 

FIG. 2. Dilatation curve of a pure substance. 

If AF, BG, etc., from Fig. 1 are plotted against temperature (Fig. 2), the 
dilatation curve is formed. 

Transitions in the crystalline form which may occur during heating appear 
from the shape of CD. The final melting point, the temperature at which the 
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fat is just completely liquid, is the point at which the S-shaped curve CD 
changes into straight line DE. In Fig. 1 the melting point is represented by 
point tm. 

(e) Differential thermal analysis. This non-classical method for assessing 
the melting behaviour of fats is based on the following principle. The tempera-
ture of a sample of fat during heating or cooling at a constant rate is measured 
continuously. The same procedure is followed for a reference substance 
which is in the same bath, displays no transitions in the solid phase, but 
otherwise has the same thermal properties as the fat. The temperature differ-
ence between fat and reference substance is recorded. As long as no transitions 
in the crystalline form of the fat occur, the temperature difference is 0°C. 
When transitions occur, the temperature difference deviates from 0°C and 
its course is characteristic for the type of fat. 

Apparatus and procedure are described by Haighton and Hannewijk.^ 
The various factors influencing the shape of the melting curves, the pre-
treatment of the fats and differential thermal analysis (DTA) curves of some 
fats are discussed by Hannewijk and Haighton.14 

3. Colour Measurement 
The colour can be measured by: (a) comparing the colour of the oil with 

that of standard glasses, e.g. with the help of the Lovibond tintometer; 
(b) comparing the colour of the oil with that of standard solutions. Both 
methods are subjective, since the results depend on the sensitivity of the eye 
of the observer for colour differences and colour intensity. 

The colour of fats is usually composed of yellow and red components. In 
addition, green originating from chlorophyll may occur. However, chlorophyll 
is removed from the fat by refining. In general, the colour becomes darker 
on storage owing to deterioration. 

(a) Comparison of the colour with colour glasses. The current method is 
that in which a Lovibond tintometer is used. This apparatus was developed 
about 70 years ago and was the first instrument with which a colour could 
be measured. The method is based on the fact that all colours are combinations 
of yellow, red, blue components, perhaps modified by grey. The individual 
colours are numbered glasses. The combination of glasses that most closely 
approaches the colour of the object under examination (solid or liquid) is a 
measure of the colour. Yellow and red glasses are used for measuring the 
colour of melted, refined fats. The colour is expressed as: a yellow + b red, 
in which a and b represent the total of the numbers of the yellow and red 
glasses, respectively. 

It is customary to fix a ratio of yellow to red as a standard for the colour 
of the fat. If the colour of the fat is not satisfactory and it contains too much 
red, a correction can be made by adding chlorophyll. In other words, the 
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red colour can, to a certain extent, be compensated by the green chlorophyll. 
Naturally the brightness decreases. Such "adulteration" is not detectable in the 
Lovibond. However, the presence of chlorophyll can be detected with a simple 
hand spectroscope or spectrophotometrically. 

The Wesson method, which is frequently used in the U.S.A., is based on 
the same principle as, and is a modification of, the Lovibond method. A 
disadvantage is that relatively great differences may occur between the results 
of various observers. The differences between the results of various laboratories 
are even greater. The causes are (1) variation in the sensitivity to colour 
differences and colour intensities of the observers, (2) careless cleaning of the 
standard glasses and (3) the source of light. On the other hand, there is the 
advantage that people not familiar with laboratory methods are also able to 
get an impression of the colour from the values in which it is expressed. This 
is why the method is still widely used in commercial circles. 

Meanwhile, attempts are being made to develop an objective, scientifically 
justifiable system of colour measurement using a spectrophotometer. By 
extending the measurement over the entire visible range, the colour could 
be expressed in the red, blue and green co-ordinates of the colour triangle. 
The colour could then be described in accordance with the method of the 
C.I.E. (International Commission on Illumination). Measuring and calcula-
tion take time and the position of the colour in the colour triangle conveys 
little to the outsider. 

Attempts to express the colour of fats in the absorption at some wave-
lengths of visible light have not as yet led to a satisfactory solution. 

(b) Comparing the colour with that of standard solutions. The Gardner and 
the dichromate methods should be mentioned here. In the Gardner method 
use is made of 18 numbered solutions of ferric chloride and cobaltic chloride 
in hydrochloric acid. In the dichromate method the colour is expressed in 
the number of mg potassium dichromate per 100 ml of an aqueous solution 
the colour of which corresponds with that of the liquid or melted fat. It goes 
without saying that differences in hue between standard solutions and fat 
may occur. If this is so, the colour is approached as closely as possible and 
the colours are subsequently compared with respect to brightness. 

D. Determination of Impurities and Composition 

Refined fats usually contain few impurities. If the crude fat had been 
contaminated with, e.g. fuel oil, the contaminant would have been partly 
removed during the refining process. The taste, however, would be influenced 
in such a way that the fat would be declared unfit for consumption. Con-
tamination with solvents is not to be feared since they are fully removed 
during deodorizing. On storage, various factors may have an unfavourable 
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influence upon the quality of the fat, by far the most important being oxida-
tion by atmospheric oxygen. Methods of investigation for detecting oxidation 
have been discussed on p. 362. Measurable hydrolysis under the influence 
of moisture only occurs in those fats containing lower fatty acids, such 
as coconut oil and palm kernel oil. With hydrolysis a situation soon arises 
in which the fat no longer meets requirements organoleptically. Hence, 
determination of moisture and acid value may be important. 

1. Determination of Moisture 
Water is very slightly soluble in refined fat. One method of detecting 

particularly small amounts of moisture is based on the formation of acetic 
acid and hydrochloric acid from acetyl chloride. However, this and all 
other methods for the determination of moisture, have been displaced by 
Karl Fischer's method, which is specific, simple, rapid and accurate, and is 
to be preferred by far. The Karl Fischer method has found general acceptance 
and various instrument manufacturers have now marketed special apparatus. 

2. Determination of Free Fatty Acid 
The free fatty acid is preferably determined by titration in a homogeneous 

medium. The acid value (AV) is defined as the number of mg potassium 
hydroxide necessary to neutralize the free fatty acids in 1 g fat. If the free 
fatty acid content of coconut or palm-kernel cil has to be expressed in 
percentages by weight, the calculation is based on the molecular weight of 
lauric acid. 

5. Determination of the Unsaponifiable Components 
By unsaponifiable is meant the material that after complete saponification 

can be extracted from the soap solution with the chosen solvent and is not 
volatile at the temperature at which the residue of the extract is dried. This 
group includes, e.g. higher alcohols, sterols, hydrocarbons, vitamins and 
pigments. As solvent light petroleum or ethyl ether is used. In general, ether 
acts more rapidly as extractant than light petroleum, as the solubility of the 
unsaponifiable material in ether is better. This also means that with ether as 
extractant higher values are generally found. Owing to various sources of 
error the accuracy of the method is not great and is often unsatisfactory. 

4. Determination of Volatile Fatty Acids 
The determination of volatile fatty acids is important only for butter and 

for coconut and palm kernel oil containing lower fatty acids. The methods 
in accordance with which the volatile fatty acids are determined are empirical 
and measure the steam-volatile fatty acids, both soluble and insoluble in 
water. The amounts determined depend on the procedure. Reproducible 
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values can only be found if the dimensions of the apparatus and the details 
of the procedure are strictly adhered to. 

The steam-volatile fatty acids soluble in the distillate are titrated with 
alkali. This titration expressed in millilitres of 0-1 N alkali per 5 g fat gives 
the Reichert-Meissl value (RMV). The fatty acids, insoluble in the distillate 
are dissolved in ethanol and titrated. This titration likewise expressed in the 
number of millilitres of 0-1 N alkali per 5 g fat gives the Polenske value (PV). 
The water-soluble fatty acids, i.e. the RM fatty acids, can be further split 
into fatty acids which form water-soluble silver salts and fatty acids which 
form water-insoluble silver salts. The number of millilitres of 0-1 N alkali 
necessary to neutralize the water-soluble fatty acids forming water-soluble 
silver salts is called the Kirschner value (KV). 

Summarizing, the determinations yield the following comparable data. 
RMV: the steam-volatile water-soluble fatty acids (mainly butyric acid 

and caproic acid). 
PV: the steam-volatile, water-insoluble fatty acids (mainly caprylic, 

capric and lauric acids). 
KV: the steam-volatile, water-soluble fatty acids forming water-soluble 

silver salts (butyric acid). 
The carrying out of these determinations requires some training. The re-
producibility attained by an experienced laboratory assistant is satisfactory. 
These methods are important for detecting the components in butterfat-fat 
mixtures as well as butter adulterations. 

5. Determination of Saturated Fatty Acids 
The determination of the saturated fatty acids by removing the un saturated 

fatty acids after oxidation is a time-consuming and laborious method, but it 
yields satisfactory results. 

E. Qualitative Tests 
Of the many qualitative tests which have been developed, the following are 

most often used. 

1. Detection of Vegetable Fat in Animal Fat 
The detection of vegetable fats is based on the fact that the acetates of the 

sterols of vegetable fats have a higher melting point than has the cholesterol 
in animal fats. A melting point above 115°C which on continued crystal-
lization increases to at least 117°C proves the presence of phytosterols, and 
thus the presence of vegetable fat in animal fat. This test can be confirmed 
by a microscopic examination of the sterols obtained by saponification of the 
acetates. 
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2. Polybromide Test 
This test can be carried out on the fat as such as well as on the fatty acids. 

Fatty acids with three or more double bonds, such as linolenic acid, add 
bromine to form polybromides which are insoluble in ether. 

3. Detection of Beef Tallow or of Hardened Fats in Lard {Borner Reaction) 
This test is based on the fact that the glycerides of the saturated fatty acids 

of lard on the one hand and of beef tallow and hardened vegetable fats on 
the other display constitutional differences which express themselves in the 
melting behaviour of the glycerides as well as in that of the fatty acids freed 
from the glycerides. If the difference between the melting points of tri-
glycérides and corresponding fatty acids lies below certain tabulated values, 
the lard has been mixed with beef tallow or hardened vegetable fat. 

4. Dectection of Sesame Oil {Baudouin Reaction) 
This colour reaction demonstrates the presence of sesamol or substances 

which separate sesamol under the experimental conditions. These substances 
are only present in sesame oil. With refined and/or hardened sesame oil the 
reaction may be negative. Thus a conclusion can only be drawn if a refined 
fat reacts positively. 

5. Detection of Cottonseed or Kapokseed Oil {Halphen Reaction) 
This colour reaction is negative for refined and/or hardened fats. The fat 

of animals fed crude cottonseed oil gives a positive reaction. 

6. Detection of Sulphur Olive Oil 
The highest quality of olive oil is obtained by cold-pressing, which is often 

followed by extraction with carbon disulphide. With this test the addition of 
sulphur olive oil to virgin olive oil can be demonstrated. 

F. Application of the Methods 

1. Determination of Oxidation State and Stability 
With respect to organoleptic behaviour the fats can be divided into two 

groups: stable and unstable. The stable fats are generally those which contain 
oleic acid and a small amount of linoleic acid as unsaturated fatty acids. The 
unstable fats contain linolenic acid and higher unsaturated fatty acids, as 
well as oleic acid and linoleic acid. 

The distinction between stable and unstable fats is not clear-cut. Thus, it 
may happen that some fats that are usually stable sometimes behave as 
unstable fats. Determination of the oxidation state and stability is carried out 
for stable and unstable fats in different ways. 
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(a) Organoleptically stable fats. On storage, the peroxide value at first 
increases slowly without being organoleptically noticeable. This increase 
behaves for animal fats in a different way from that for vegetable fats. 

With animal fats the peroxide value increases slowly and gradually until a 
value of approx. 20 has been reached (induction period). At this value a 
sharp bend occurs in the curve showing the relationship between peroxide 
value and time. After the curve has bent the increase in the peroxide value 
proceeds rapidly. It has been established that rancidity occurs when the 
peroxide value has reached 20. Previously, however, taste-reversion often 
occurs. Thus animal fats often develop an animal taste before rancidity occurs. 

With vegetable fats no sharp bend in the curve of peroxide value against 
time occurs. Moreover, after reaching a maximum value a decrease takes 
place. A distinct induction period cannot be pointed out, but it has been 
shown experimentally that the influence of the oxidation process on odour 
and taste becomes appreciable when the peroxide value has reached 100. 

For both animal and vegetable fats the Kreistest is negative immediately 
after deodorization; it becomes positive on continued oxidation, even before 
the oxidation becomes appreciable organoleptically. The red colour increases 
in intensity with time and consequently proceeds in the same direction as the 
peroxide value. 

(b) Organoleptically unstable fats. These fats behave quite differently. A 
fat that is organoleptically unpalatable may have a peroxide value of zero. 
On the other hand, a fat which organoleptically meets the requirements may 
display a strongly positive Kreistest. Neither on the basis of the Kreistest nor 
on that of the peroxide value can conclusions be drawn regarding the oxida-
tion state or stability. Stability should be assessed organoleptically. 

On applying the active oxygen method to fats that have been partly 
oxidized, the increase in peroxide value with time may deviate from the course 
outlined above. The peroxide value determined during the test is an equili-
brium value which is brought about by peroxide formation as well as by 
peroxide decomposition at the temperature of the test. The peroxide values 
measured during the first few hours are generally relatively high. After this 
time, however, they adapt themselves to the normal level. 

A satisfactorily refined fat which comes up to the organoleptic require-
ments has a free fatty acid content of at most 0-1 %. Free fatty acids may be 
formed in coconut oil and palm kernel oil on storage. This can be checked by 
determining the acid value. 

2. Chemical Characteristics and Qualitative Tests 
It is customary to determine the saponification and iodine values of each 

sample of fat. In addition the refraction of both the fat and its fatty acids 
is an important criterion in commercial practice. These values serve as 
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identification. The characteristic values of the fats most frequently applied in 
food stuffs are shown in Table 3. As is evident from the table, the term "charac-
teristic range" is more appropriate than "characteristic values". The fact that 
saponification value and iodine value lie within the ranges applicable to the 
fat investigated does not always mean that the sample has been identified. 
Leaving the hardened fats out of consideration (at any rate the marine oils, 
which are always hardened), it appears that the ranges for saponification 

TABLE 3. Characteristic ranges for vegetable and animal fats 

Titre 
Thio- fatty Sat. 

Sap. Iodine cyanog. Unsap. acids fatty 
Fat value value value % (°C) acids 

Vegetable fats 
Coconut oil 
Palm kernel oil 
Palm oil 
Groundnut oil 
Soybean oil 
Rapeseed oil 
Sunflower oil 
Cottonseed oil 
Maize oil 
Olive oil 

245-265 
240-255 
195-205 
185-195 
185-195 
165-180 
185-195 
190-200 
185-195 
185-195 

8-10 
14-20 
45-60 
85-105 

125-140 
95-110 

125-135 
100-115 
105-130 
80-90 

6-8 
13-18 
44^48 
68-78 
78-82 
75-80 
76-81 
61-66 
71-78 
70-80 

<0-5 
<1 
<1 
<1 

0-5-20 
<1·5 
<1·5 

0-5-1-5 
1-2-2 

<1·8 

20-24 
20-28 
40-47 
26-32 
20-27 
10-18 
16-20 
31-37 
16-20 
17-26 

88-93 
81-87 
41-50 
15-23 
10-18 
3-8 
8-14 

22-29 
10-15 
9-18 

Animal fats 
Beef tallow 190-200 35-50 38-41 <0-5 
Lard 190-205 45-75 46-52 <0-8 
Whale oil 180-205 100-140 — 1-4 
Menhaden oil 190-195 155-180 — 0-6-1-8 
Herring oil 180-195 120-150 — 1-4 

value as well as for iodine value of palm oil, beef tallow and lard overlap. 
Thus there are combinations of SV and IV that apply to all three fats. 
However, the colour of palm oil is characteristic and the reaction for vegetable 
in animal fat can be applied. A positive Borner test makes it possible to 
differentiate between beef tallow and lard. It is not always as easy as that, 
however. An iodine value of 105 may indicate groundnut, rapeseed, cotton-
seed or maize oil. Rapeseed oil can then be recognized by the SV, maize oil 
by the low titre of the fatty acids. When the Halphen test is positive, the prob-
lem is solved. However, this test may also be negative for refined cottonseed 
oil. If this is so, the titre of the fatty acids may provide a way out of the diffi-
culty, at least if it does not have a value of 31 or 32. 
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A standard scheme for the identification of a fat cannot be given. There 

are many others, apart from the quantitative and qualitative methods given. 
Experience is required to choose the correct method. Moreover, many methods 
are too specialized and time-consuming for application in a control laboratory. 

Another aspect of quality control is the detection of admixtures. A sound 
knowledge of the market situation may be important, because for deliberate 
admixing an inexpensive fat will be used. Detection of admixtures is much 
more difficult than the identification of a pure fat. Frequently, detection will 
appear to be impossible with the equipment available in a control laboratory. 
Even where groundnut oil has been admixed with coconut oil, it is not easy 
to establish the correct content, in spite of the fact that SV and IV lie wide 
apart. Differential thermal analysis may be useful. 

Using the characteristic ranges in Table 3, the following data can be 
calculated for a mixture of groundnut oil and coconut oil with an SV of 210 
and an IV of 70: 

% groundnut oil from SV, 58-79 
% groundnut oil from IV, 63-80. 

Thus, the content of groundnut oil is 63-79%. SV and IV of the mixture may 
be more favourable, for the purpose of analysis, e.g. SV = 200, IV = 70: 

% groundnut oil from SV, 75-93% 
% groundnut oil from IV, 63-80%. 

These figures would indicate a groundnut oil content of between 75 and 80%. 
It goes without saying that determination of the composition of fat mix-

tures with approximately the same SV on the basis of the IV only is extremely 
inaccurate. Furthermore, the ranges of the IV may overlap, which makes 
determination of the mixing ratio impossible. 

It should be noted that the ranges in Table 3 are extremes; in practice 
narrower limits can often be chosen, depending on such factors as source of 
raw materials. 

5. MODERN METHODS OF ANALYSIS 

A. Fatty Acid Analysis 

Using the classical methods, it is possible, at the cost of time-consuming 
analyses, to get an impression of the fatty acid composition of fats. The com-
position of the unsaturated fatty acids could be calculated from iodine value 
and thiocyanogen value if the content of saturated fatty acids was known and, 
apart from oleic acid, only linoleic acid and linolenic acid were present. This 
method has now been completely superseded by an indirect spectrophoto-
metric method with which higher unsaturated fatty acids can be determined. 
It cannot be applied, however, if the fat contains a relatively high content 
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of ira«.s-unsaturated fatty acids; these can be determined by infrared 
spectroscopy. Finally, the complete fatty acid spectrum can now rapidly be 
determined by means of chromatography. 

1. Determination of Poly-unsaturated Acids by Ultra-Violet Absorption 
Spectrophotometry 

This empirical method is less time-consuming, more accurate and more 
universally applicable than that in which the results of iodine value and thio-
cyanogen value are used. The procedure is based on the fact that by treatment 
with alkali non-conjugated double bonds are converted into conjugated 
double bonds which display specific absorption bands in the ultraviolet. 

The method is empirical because the isomerization to conjugated systems 
does not proceed quantitatively. Moreover, the optimum isomerization attain-
able depends on the unsaturation. The isomerization of the highly unsaturated 
fatty acids is promoted by a relatively high alkali concentration and a short 
heating period; that of the less unsaturated fatty acids by a lower alkali 
concentration and a longer heating period. Consequently, two analytical 
procedures have been drawn up, i.e. a procedure for the case when almost only 
linoleic acid and linolenic acid are present and one for those cases in which 
higher unsaturated fatty acids are present as well as linoleic acid and linolenic 
acid. These methods can be applied for the determination of unsaturated 
acids in fats containing only or mainly the natural or c¿s-isomers of the non-
conjugated poly-unsaturated acids. The product to be investigated may 
contain only small amounts of conjugated material and of such substances 
(pigments) as might display considerable changes in absorption after alkali-
isomerization. 

The method can without any objection be applied to beef tallow, which 
contains a relatively small amount of ¿ra^-unsaturated acids. For partially 
hardened fats, however, which may contain relatively high percentages of 
¿raws-unsaturated acids, the values found are too low. 

Further details of this method and full procedures are given in the book 
by Mehlenbacher.7 (See also A.O.C.S. Official methods Cd 7-588 and 
D.G.F.—Einheitsmethode C-IV 69). 

2. Determination of tmns-Unsaturated Acids 
The fatty acids bound in the vegetable fats generally contain isolated 

double bonds in the eis configuration. During the treatments the crude fat 
should be subjected to, particularly partial hydrogénation, trans isomers are 
formed. 

In the fats of ruminants small percentages of ira^-unsaturated fatty acids 
are naturally present. The amount of trans isomer can be determined by 
means of a characteristic absorption band in the infra-red part of the 
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spectrum. In the spectrum of glycerides a broad interfering absorption occurs 
in the same spectrum area. Thus, it is essential not to use the fat as such for 
the measurement but the fatty acids isolated from the fat by saponification, 
after conversion into the methyl esters, because the fatty acids proper, too, 
display an interfering absorption. It is remarkable that the glyceride inter-
ference with non-hardened animal fats is less than with partially hardened 
fats. The apparent difference in trans content determined in animal fat as 
such and in the corresponding fatty acid methyl esters is approx. 3 %. For 
partially hardened fats this difference may be as high as 10%. The cause of 
this phenomenon is not as yet known. 

For procedures see Mehlenbacher? and A.O.C.S. Tentative method 
Cd 14-61.8 

5. Chromatographie Methods for the Identification and Determination of 
Fatty Acids 

The classical methods for determining the fatty acid composition are based 
on a separation into groups and the results yield semi-quantitative data. 

Hilditch and his school15 were pioneers in the determination of the complete 
fatty acid spectrum. They fractionated in vacuo the methyl esters of the fatty 
acids isolated from a fat. The fatty acids could still not be fully separated 
but the fractions obtained could often simply be further analysed. Meanwhile, 
this time-consuming method has long been superseded by the much more 
rapid Chromatographie methods, which enable most fatty acids to be identified 
and determined. Knowledge of the fatty acid spectrum of fats has been 
extended considerably by gas chromatography in particular. The incorrect-
ness of the original theory that the fats contain only fatty acids with an even 
number of carbon atoms has been demonstrated with this technique. 

(a) Column chromatography. Adsorption chromatography over, e.g. 
aluminium oxide or silica gel appeared to yield less satisfactory results than 
partition chromatography. As the name indicates, the latter technique is 
based on a partition equilibrium, between two liquid phases. Thus, partition 
chromatography is based on the same principle as liquid-liquid extraction. 
Originally, water or methanol on silica gel was used as immobile phase and a 
suitable organic solvent as mobile phase. In view of the slight solubility of 
fatty acids in the polar immobile phase, however, some artifice has to be 
used to achieve reasonable results. The first to succeed in developing a 
system with a non-polar immobile phase and a polar mobile phase were 
Boldingh1^ and Howard and Martin17. In contrast to the technique formerly 
used, this method is referred to as reversed-phase chromatography. 

As immobile phase Boldingh used vulcanized rubber powder, which he 
allowed to swell with benzene. Howard and Martin used silanated silica gel 
as hydrophobic carrier for the non-polar solvent. The results for mixtures of 
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saturated fatty acids are very satisfactory. Any unsaturated fatty acids present 
enter the fraction containing the saturated acid with two CH2-groups less 
per double bond. Thus, a double bond is equivalent to two CH2-groups, i.e. 
oleic acid cannot be separated from palmitic acid, nor can linoleic acid from 
myristic acid, or linolenic acid from lauric acid. As a result of full hydrogéna-
tion oleic acid, linoleic acid and linolenic acid are converted into stearic acid. 
From the data obtained for the separation before as well as after hydrogéna-
tion, the fatty acid composition can be calculated. 

These methods have meanwhile been superseded by the procedures dis-
cussed below. 

(b) Paper chromatography (P.C.). The separation of a fatty acid mixture 
on paper is also based on the reversed-phase partition principle. No more than 
in column chromatography does a separation occur between saturated and 
unsaturated fatty acids. The best-known and most frequently applied quanti-
tative methods are those of Kaufmann and Nitsch1^ i9 and that of Schlenk 
et al.20 Kaufmann and Nitsch use a high-boiling hydrocarbon as immobile 
phase and develop the chromatogram with a mixture of acetic acid and water. 
The advantage of applying this eluant is that no association of fatty acid 
molecules takes place. The fatty acids are rendered visible by converting them 
into copper salts which are then treated with potassium ferrocyanide. As a 
result, brown-red spots of the copper ferrocyanide complex are formed. 
Seher21 gives a procedure for quantitative analysis based on photometric 
measurement of the spots obtained. 

As has been said, it is necessary to Chromatograph before as well as after 
hydrogénation of the sample in order to obtain information about the entire 
spectrum. An elaborate procedure has been given by Kaufmann and Kara-
batur.22 The unsaturated fatty acids can also be hydrogenated directly on 
the paper.2^ 

During the treatments necessary for rendering the fatty acids visible in the 
form of the copper ferrocyanide complex, losses of low-molecular fatty acids 
often occur because these fatty acids dissolve in the wash liquid on washing 
the paper. The method of Rost24 does not have this disadvantage. According 
to this author, the fatty acids are rendered visible by the formation of copper 
diethyl dithiocarbamate. Another advantage of this procedure is that the 
spots, after being cut out, can be extracted with boiling ethanol. The absorp-
tion at 435 ηιμ of the ethanolic solution of the copper diethyl dithiocarba-
mate indicates the amount of fatty acid. This measurement is more accurate 
than photometric evaluation of the spots. 

Schlenk et al.20 apply siliconized filter paper and develop with acetic acid-
water or formic acid-acetic acid-water mixtures. The unsaturated fatty acids 
are rendered visible by treating the chromatogram with iodine vapour. If the 
chromatogram is first treated with a-cyclodextrin and then with iodine 
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vapour, the saturated fatty acids appear as white spots, and the unsaturated 
fatty acids as blue to dark-brown spots against a purple background. 

(c) Thin-layer chromatography {T.L.C). In thin-layer chromatography the 
separation takes place on a layer of adsorbent adhering to a glass plate. All 
adsorbents suitable for column chromatography can be used. Silica gel, 
alumina and kieselguhr are most frequently used. 

This method has many advantages over paper chromatography: develop-
ment of the chromatogram, which in paper chromatography takes 15-20 hr, 
takes only 1 hr in thin-layer chromatography; resolution is greater; and the 
thin layer is resistant to aggressive reagents. 

By giving the layer a thickness of 1 mm and using more plates, such an 
amount of the mixture to be separated can be used that the individual 
components are usually present in sufficient quantity to permit further 
investigation. This very important method, which can be used in every 
laboratory, has been described by Stahl.25 

When the same reagents are used as for paper chromatography, kieselguhr 
plates appear to be less suitable, as was found by Kaufmann and Khoe.26 

The fact is that the excess reagent should be washed out. In paper chromato-
graphy this presents no difficulties. However, in T.L.C. the adsorbent layer 
on the plate is easily damaged. This layer can be strengthened by making it 
water-repellent with dichlorodimethylsilane, but there is a risk that because 
of too intensive fixation the reactions on the plate may be interfered with. 
Kaufmann and Khoe therefore used gypsum plates, which can easily be 
washed out. 

A technique in which use is made of thin-layer chromatography on silica 
gel impregnated with silver nitrate has been described by de Vries and 
Jurriens.27 

(d) Gas chromatography. Strictly speaking, this technique belongs to 
column chromatography, but because of its special properties it will be treated 
separately. 

The column consists of an inactive carrier which is covered with the im-
mobile liquid phase. Celite is often used as carrier; and apiezon, silicone oil 
and a polyethylene glycol ester are frequently used as immobile phase. The 
vapour of the mixture to be separated is passed through the column at an 
elevated temperature with the help of an inert gas. Thus, an exchange 
between a vapour phase and a liquid phase takes place. This is why the 
technique is called gas-liquid chromatography (G.L.C.). Separation takes 
place as a result of differences in vapour pressure and solubility. Since 
equilibrium is attained very rapidly, the time of analysis is short. Moreover, 
the columns are very efficient because the resolution is great. 

The components separated in the column are eluted by the carrier gas. 
Physical methods are used for detecting the components in the carrier gas. 
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During analysis the chromatogram is automatically recorded. In view of the 
high boiling point and the occurrence of association of fatty acids, they are 
first converted into the methyl esters ; thus, a column temperature of approx. 
200°C is usually adequate. Conversion into methyl esters may take place by 
interesterifying the triglycérides with methanol under the influence of hydro-
chloric acid, sodium methylate or barium fluoride; by treating the fatty acids 
isolated from the triglycérides with methanol and hydrochloric acid; or by 
treating the fatty acids with diazomethane. The latter method is preferably 
applied when lower fatty acids (e.g. coconut fatty acids) are present. Treat-
ment with diazomethane is carried out at low temperatures, and loss of 
relatively volatile fatty acid is thus prevented. It should be borne in mind, 
however, that diazomethane is toxic and explosive, and certain precautions 
have to be taken. 

A chromatogram of a fatty acid mixture displays a number of peaks. 
Every fatty acid is identified by the position of the peak in the chromato-
gram, which consequently gives a clear picture of the qualitative composition 
of the mixture. 

The resolution being high, the peaks of saturated and unsaturated fatty 
acids do not coincide, and a single analysis thus gives a full picture. Poly-
ethylene glycol ester should be chosen as immobile phase in order to obtain 
also a separation between the unsaturated fatty acids. The surface area of 
the peaks indicates the amount of fatty acid and also forms the basis for the 
quantitative analysis of mixtures. The total of the areas of all peaks is put at 
100. The results of the quantitative interpretation of a chromatogram, 
however, are not in harmony with the high resolution. A possible solution 
is the use of an integrator to measure the peak areas during the analyses. 

It is difficult to choose between the many methods at present in use and the 
ever increasing range of equipment. In this respect the book by Burchfield and 
Storrs28 may be useful. An attempt to arrive at a standardized procedure for 
determining the composition of fatty acid mixtures was made by the American 
Oil Chemists' Society, which drew up the Tentative Method Ce 1-62. This 
does not deal with the preparation of the methyl esters of the fatty acids. As 
yet there is no agreement about the best method. The fact that the way in 
which the methyl esters are prepared may influence the quantitative results 
was demonstrated by Kaufmann and Mankel.29 

4. Application of Fatty Acid Analysis 
Table 4, which gives the fatty acid composition of a number of vegetable 

and animal fats, demonstrates the great advantages of modern analytical 
methods. Apart from groundnut oil and rapeseed oil, the fatty acid composi-
tions of the various types of which differ greatly, the mean compositions are 
given. 
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For purposes of identification and to establish whether the fat under 
investigation is a pure fat or a mixture, it is usually sufficient to know the 
qualitative fatty acid composition. To this end the Chromatographie methods 
described on pp. 337-380 can be used. 

The method which requires the least apparatus is the paper-chromatogra-
phic technique. The method developed by Kaufmann and co-workers18· 22>23 

is, after some practice, very suitable for use in factory laboratories. If the 
apparatus necessary for thin-layer chromatography is available, the method 
of Kaufmann and Khoe26 can be used. Gas chromatography, however, is to 
be preferred. If paper or thin-layer chromatography is used for the identifi-
cation of a fat, it is advisable always to develop on the same paper or on the 
same plate a chromatogram of the fatty acids of a reference fat or reference 
fats. It goes without saying that the original composition of the fat to be 
identified must not be changed by crystallization or hydrogénation. 

As we have seen, groundnut oil, rapeseed oil, cottonseed oil and maize oil 
are, on the basis of saponification values and iodine values, indistinguishable 
from one another. On a fatty acid chromatogram groundnut oil is immediately 
detectable from the presence of saturated fatty acids C20 and higher, and 
rapeseed oil from the presence of unsaturated fatty acids C20 and higher. 
Cottonseed oil and maize oil both contain much linoleic acid and can be 
distinguished from each other from the ratio between the content of palmitic 
acid and oleic acid. 

When the differences in composition are relatively small (e.g. beef tallow 
and lard), gas-liquid chromatograms give most information, because on the 
recorder charts the peak areas can be assessed more easily than can size and 
intensity of spots on paper or thin layer. 

With mixtures it is often very difficult, and in some cases impossible, to 
determine the composition. 

B. Determination of Sterols, Animal Fat in Vegetable Fat, Tocopherol, 
Sesamin and Sesamol, Gossypol and Antioxidants 

All these compounds are minor constituents of the fats. Some, such as 
sesamol and gossypol, are completely or partly removed during the refining 
process. Nevertheless, it may be desirable to have an analytical method. 

1. Determination of Sterols 
All fats contain sterols. Cholesterol is characteristic for animal fats. The 

vegetable fats contain phytosterol, which is a collective noun for a number of 
sterols. The sterols are present partly as free sterols and partly as esters. The 
free sterols are determined by precipitating them with digitonin. The total 
sterol content is determined by the same method after saponification and 
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precipitation with digitonin. The content of bound sterol follows from the 
difference between total sterol and free sterol. Full procedures are given by 
Mehlenbacher. 7 For the total sterol content see also the method of the 
International Union of Pure and Applied Chemistry.11 

2. Determination of Animal Fat in Vegetable Fat 
By means of reversed-phase paper chromatography the cholesterol can be 

separated from the phytosterol. As immobile phase Copius Peereboom and 
Roos30 used paraffin oil. The chromatogram was developed with acetic acid, 
after which the sterols were rendered visible with phosphomolybdic acid or 
antimony trichloride. As a result of this separation it is possible to demon-
strate the presence of vegetable fat in animal fat and conversely. The fact 
that the presence of animal fat in vegetable fat can be determined is particu-
larly important, because a sufficiently sensitive method for this purpose has 
not been hitherto available. 

The cholesterol content of animal fats being generally lower than the phyto-
sterol content of vegetable fats, Copius Peereboom and Roos have used the 
fact that cholesterol occurs for 95-90 % as free sterol, phytosterol on the other 
hand for approx. 50%. Thus, by starting from the free sterols the cholesterol 
content of the sterol mixture was increased and the limit of detection con-
sequently lowered. An imperfection of the method is that brassicasterol, 
which is present in rapeseed oil, cannot be separated from cholesterol. 
Brassicasterol, however, is only a small part of the total sterol content. 
Furthermore, sterols are present for approx. 85 % as esters in rapeseed oil. 
Thus, if the determination is based on the free sterols, interference by 
brassicasterol is very slight and can probably be neglected. 

In view of the advantages that thin-layer chromatography offers, Copius 
Peereboom and Beekes31 studied the separation between cholesterol and 
phytosterol on kieselguhr plates impregnated with undecane. After bromina-
tion on the plate, it also appeared to be possible to separate brassicasterol 
from cholesterol. A combination of thin-layer chromatography and paper 
chromatography was used by Harke and Vogel.32 Thin-layer adsorption 
chromatography is used to isolate the sterol fraction from the unsaponifiable 
fraction or immediately from the fat. This means a considerable saving of 
time with respect to precipitation with digitonin. The sterol fraction is then 
further investigated by paper chromatography. Because the sterol contents 
of the various fats differ, the limit of detection varies for each individual 
case. In favourable cases approx. 2-5% animal fat can be demonstrated in 
vegetable fat. 

The way in which animal fat can be detected in vegetable fat by gas 
Chromatographie analysis of the sterol fraction has been described by Recourt 
and Beerthuis.33 The sterols are isolated from the unsaponifiable by thin-layer 
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chromatography. Brassicasterol does not interfere with the determination 
but an unknown compound does. This compound is probably an alcohol 
which is present in the unsaponifiable fraction of palm oil. This unknown 
component shows a peak in the same place as cholesterol. By comparing the 
height of this peak with another peak in the chromatogram of palm oil 
sterols, the influence of the unknown compound can wholly or partly be 
compensated. The limit of detection of this method generally lies between 2 
and 5 % animal fat in vegetable fat. 

3. Determination ofTocopherol 
Tocopherols are present in all vegetable fats. They protect the fats against 

oxidation and are active antioxidants. In animal fats smaller amounts of 
tocopherol are present. The determination of total tocopherol is based on its 
reducing properties. A complete procedure for the determination of total 
tocopherol is given by Mehlenbacher.? 

The tocopherol fraction consists of a number of components, which are 
indicated as a-, ß-, y-, <5-, ε-, ζ- and ^-tocopherol. With respect to a-toco-
pherol (vitamin E), /?- and y-tocopherol have a biological activity of approx. 
40%, the other components of 10% or less. The pattern of activity as anti-
oxidant is the reverse, a-tocopherol being least active. A separation of the 
tocopherol fraction into its individual components is therefore important. 
The Analytical Methods Committee S.A.C34 gives a full procedure. 

The unsaponifiable fraction of a fat or a fat mixture is chromatographed 
over activated bleaching earth (floridin) to remove vitamin A and other 
reducing substances that interfere with the determination. The eluate is then 
chromatographed on paper. Complete separation does not take place, β-
and y-tocopherol are determined together, as are ε- and ^/-tocopherol. 

4. Determination of Sesamin and Sesamol 
In addition to sesamin, sesame oil contains sesamol in both free and bound 

form. The bound form is called sesamolin. The significance of these related 
substances lies in their use as antioxidants. They are also used as indicators 
in countries where margarine must contain sesame oil. A method for the 
quantitative determination of these compounds is given by Mehlenbacher.7 

5. Determination of Gossypol 
Gossypol is an oil-soluble yellow pigment of cottonseed. The toxic pro-

perties of this compound have led to the development of analytical methods. 
Because gossypol should not be present in well-refined fats, reference to a 
paper Chromatographie analytical method will suffice. This method was 
specially developed for determining traces of non-esterified gossypol by 
Schramm and Benedict.35 (See also Mehlenbacher.7) 
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6. Determination of Antioxidants 

As has been stated, valuable components, as well as undesirable substances, 
are removed from the fats by the refining process. These valuable components 
include compounds which protect the fat against oxidation and, hence, are 
active antioxidants. It has therefore become common practice to add 
synthetic antioxidants to the refined fats in order to improve the keeping 
properties. On the other hand, the opinion is growing that the addition of 
synthetic substances to foodstuffs in order to improve the quality may have 
undesirable consequences. 

Antioxidants frequently used nowadays are propylgallate, butylated 
hydroxyanisole (BHA) and butylated hydroxytoluene (BHT). Seher36 

investigated a number of commercially available butylated hydroxyanisoles 
by thin-layer chromatography and demonstrated that all these preparations 
consisted of various components. With some exceptions, the products 
contained non-converted starting material, notably monomethylated hydro-
chinone. Because hydrochinone has been put on the list of dangerous sub-
stances by the "International Union against Cancer", it is probable that 
addition of butylated hydroxyanisole will be prohibited. Objections have 
also been made to the use of butylhydroxytoluene. 

There is every indication that in the next few years many changes will be 
made in the range of officially permissible products, and there is little point 
in giving analytical procedures for certain products. An exception can prob-
ably be made for gallates, which may now officially be used in many countries. 
The detection and quantitative determination of propylgallate in fats has 
been described by Mahon and Chapman.37 

The analysis of antioxidants is in general not easy, because commercial 
products are often mixtures of compounds having a synergistic action on each 
other. For example, citric acid increases the effect of propylgallate. Another 
reason for the addition of citric acid is that it sequesters metals such as iron 
and, especially, copper that exert a pro-oxidative action. A survey of the 
permissible compounds has been given by Seher.38 In this survey methods for 
the isolation of antioxidants from fat are also described. A method by which 
many different antioxidants can be detected qualitatively by means of thin-
layer chromatography has been given by Seher.36 For improvements in the 
technique and for obtaining quasi-quantitative results see also Seher.3^ 

C. Analysis of Monoglycerides and Lecithin 

Both products are obtained from fats and used as emulsifiers. Mono-
glycerides are prepared from a fat by partial hydrolysis or from fatty acids 
by incomplete esterification with glycerol. Lecithin is mainly obtained as by-
product from soybean oil as described on p. 359. 
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1. Analysis of Monoglycerides 
Monoglycerides occur in two forms : 

CH2OH CH2OH 
I I 

CHOH CH—O—CO—R 
I I 

CH2—O—CO—R CH2OH 
a-Monoglyceride /5-Monoglyceride 
or 1-isomer or 2-isomer 

Commercial products used as emulsifiers in the preparation of margarine 
contain 30-60% monoglyceride. The equilibrium composition between the 
two isomers lies in such products almost entirely on the side of the 1-isomer. 
Concentrates are also commercially available in which the monoglyceride 
content has been raised to approx. 95 % by molecular distillation. The content 
of 1-isomer in such concentrates immediately after preparation is relatively 
low. During ageing, however, the 1-isomer content increases and after a few 
weeks the equilibrium lies again almost entirely on the side of the 1-isomer. 

Apart from monoglyceride, the commercially available products contain 
di- and triglycérides and glycerol. Soap is sometimes added to this mixture. 

The commercially available products can be investigated either chemically 
or chromatographically. 

(a) Chemical method for the analysis of monoglyceride. The method is 
based on the fact that adjacent hydroxyl groups react with periodic acid. 
Thus only 1-monoglyceride is determined. The methods most frequently 
used are those of Pohle and Mehlenbacher,40 Kruty, Segur and Miner41 and 
Brokaw, Perry and Lyman.42 

A complete account of the method of Pohle and Mehlenbacher has been 
given by Mehlenbacher.7 (See also A.O.C.S. official method Cd. II-57.8) 
For a complete description of the method of Kruty, Segur and Miner, see 
D.G.F. Einheitsmethode C-VI 5 (61).* 

Both methods give the number of equivalents of 1-monoglyceride. The 
mean molecular weight of the bound fatty acids should be known in order 
to calculate the percentage of weight of monoglyceride. In accordance with 
the method of Pohle and Mehlenbacher, the periodic acid used for the oxida-
tion of monoglyceride is determined. Because the maximum amount is only 
25 % of the blank, the monoglyceride content is calculated from a relatively 
small difference between two titrations, which does not make for accuracy. 
This drawback has been eliminated by Kruty et al. The reproducibility of the 
results of the Kruty method is therefore better. When using the Kruty method, 
however, it should be borne in mind that dimethylformamide and sodium 
arsenite are toxic, the former being moreover a powerful skin irritant. 

For the determination of the total monoglyceride content the method 
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developed by Brokaw is used. By isomerizing monoglyceride with perchloric 
acid, a mixture of approx. 87 % 1-isomer and approx. 13 % 2-isomer is formed 
under the experimental conditions. If the 1-monoglyceride content of this 
mixture is determined and the result multiplied by a factor of 1*15, the total 
monoglyceride content is obtained. The medium in which the isomerization 
takes place is not suitable for applying the method of Kruty and co-workers, 
and the 1-monoglyceride content of the isomerized product must be deter-
mined by the method of Pohle and Mehlenbacher. A procedure has been 
given by Mehlenbacher. ? Any soap present in the product should first be 
converted into fatty acids in the following way. Weigh accurately a few 
grammes of sample. Transfer the weighed amount into a separating funnel 
and dissolve in 100 ml warm diethyl ether. Add 25 ml of a 10% citric acid 
solution in water (also warm) and shake vigorously to decompose the soap. 
Wash the ethereal solution with 25 ml portions of warm distilled water until 
the wash water is neutral with respect to methyl orange. Transfer the ether 
solution into a weighed flask. Evaporate the ether on a steam-bath, dry the 
residue by dissolving in acetone and then evaporate the acetone completely. 
Cool in a desiccator and weigh. Weigh off the amount required for determin-
ing the mono-content, dissolve in chloroform and treat this solution by the 
method by Pohle and Mehlenbacher. Brokaw's method is used in those 
cases in which the equilibrium between 1- and 2-monoglyceride has not yet 
been attained, and is thus particularly applicable for distilled products. 

(b) Chromatographie method for the analysis of monoglycerides. Chemical 
methods determine only the monoglyceride content. A hydroxyl value could 
be determined from the glycerol-free product in order to calculate the di-
glyceride content, but it makes little sense. The hydroxyl value determination 
is not very accurate and small errors in the monoglyceride content influence 
the calculation of the diglyceride content considerably. Thus, with this method 
an approximated value at most is found for the diglyceride content. 

Using the Chromatographie method of Quinlin and Weiser,4^ mono-, di-
and triglycérides can be separated and determined quantitatively. The 
method is based on the adsorption affinity of hydrated silica gel for hydroxyl 
groups. The fractions obtained are evaporated and weighed. Glycercl is 
strongly adsorbed and can be eluted with absolute ethanol. If the sample 
contains soap, it should first be washed with citric acid to free the fatty 
acids, during which treatment glycerol is removed at the same time. Soap 
clogs the column, whereas fatty acids do not interfere with the determination. 

The fatty acids are mainly eluted with the diglycerides, the mono- and 
triglycéride fractions containing only small amounts of fatty acids. They 
can be removed from the fractions by washing them with dilute alkali. The 
fatty acid content can subsequently be determined by acidifying the collected 
wash liquor, taking up the fatty acids in light petroleum, and evaporating^ 
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drying and weighing this solution. It is better to pass the eluates over an 
anion-exchanger in the hydroxyl form. The fatty acids are bound on the 
anion-exchanger and the eluate contains only the glyceride. If, in addition, 
the fatty acid content has to be determined, the anion-exchanger can be 
washed out with an alcoholic potassium hydroxide solution. The fatty acids 
are liberated by acidifying and then extracted with light petroleum. After 
evaporating the solvent, the fatty acids can be weighed. When commercially 
available products are investigated, the silica gel column should be renewed 
after three determinations. The silica gel prescribed by Quinlin and Weiser 
is rather expensive. It has been found, however, that a less expensive product 
can also be used. Malinckrodt silica gel to which, after drying overnight at 
120°C, 5% water has been added is very suitable. It should be ascertained, 
however, whether application of such a product makes it necessary to modify 
the procedure. This applies particularly with respect to the volumes of the 
elution liquids and to the number of times the column can be used. The 
procedure Mehlenbacher7 gives for this method only mentions silica gel 
without further data. 

A method in which any fatty acids present do not enter the glyceride 
fractions has been described by Carroll.44 The separation of mono-, di- and 
triglycérides is carried out over Florisil (activated magnesium silicate). 
According to Carroll, this product is very suitable for this purpose and gives 
the results very rapidly. Any fatty acid present is eluted only after the glyceride 
fractions. However, glycerol should be removed beforehand by washing 
with citric acid. 

2. Analysis of Lecithin 
Commercially available lecithin is a complicated mixture obtained by 

degumming vegetable fat, mainly soybean oil. In addition to the phospho-
lipids, which act as emulsifier, commercial lecithin contains oil-soluble com-
pounds such as glycerides, fatty acids, sterols and sterol esters, and water-
soluble compounds such as carbohydrates, salts and amino acids. 

The quality of commercial lecithin, which is used as raw material in the 
manufacture of margarine and chocolate and used as bread-improver, is 
assessed on the basis of: (a) taste and colour, (b) water content, (c) insoluble 
impurities, (d) acetone-insoluble fraction (mainly phospholipids), (e) phos-
phorus content, (f) acid value. 

(a) Taste and colour. Preferably, taste is assessed of a 1 : 10 solution in 
groundnut oil. The standards which should be set for taste cannot easily be 
defined and are moreover dependent on the lecithin content of the margarine. 

Colour can be measured with the Lovibond tintometer. A 1 : 10 lecithin 
solution in benzene is prepared, and the colour of the solution is measured 
in the quarter-inch cell. Here, too, the standards which should be set depend 
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on the lecithin content of the end-product. A dark colour of the lecithin 
may be objectionable in a margarine containing approx. 0-5% lecithin. 

(b) Water content. Water content can be determined by distillation with 
toluene (A.O.C.S. Tentative Method Ja 2-468). However, the values found 
are often too high. 

Weight loss can also be determined by heating in a vacuum drying-oven 
at a pressure of 10 mm. A constant value is obtained when the temperature 
is 60°C. At higher temperatures, even after a heating period of 10 hr and 
more, no constant values are obtained. However, the Karl Fischer method 
is to be preferred. Because this method makes it possible to work with 1 g 
samples, the product should be thoroughly homogenized. 

(c) Insoluble impurities. These impurities are determined by dissolving the 
product in benzene, filtering the solution and weighing the residue (A.O.C.S. 
Official Method Ja 3-55»). 

(d) Acetone-insoluble fraction. The acetone-insoluble fraction is considered 
to consist of phospholipids (A.O.C.S. Official Method Ja 4-468). The com-
mercial product also contains other compounds insoluble in acetone, such 
as carbohydrates. The amount in which these compounds are present in the 
product depends on, e.g. source, age and ripeness of the seeds from which 
the crude fat was prepared. Consequently, the method does not give an exact 
determination of the phospholipid content. For an exact determination of 
the phospholipid content of commercial lecithin use can probably be made of 
chromatography, e.g. over a silica gel column. 

(e) Phosphorus content. The phosphorus content is a measure of the 
phospholipid content (A.O.C.S. Official Method Ja 5-558; D.G.F. Einheits-
methode C-III 16 and C-VI 49). Commercially available lecithin invariably 
contains a small amount of inorganic phosphate, and the value found does 
not represent only organically bound phosphorus. 

(f) Acid value. The acid value is determined by titration in a mixture of 
light petroleum and alcohol (A.O.C.S. Official Method Ja 6-558). The 
value of this determination is doubtful: sometimes fatty acids are added to 
the commercial product to make it thin-flowing and sometimes citric acid is 
added. In such cases the acid value of the fat can be determined by titrating 
an acetone extract of the product. It should also be taken into account that 
a completely fat-free soya lecithin has an acid value. 

D. Determination of Trace Metals 

Because fats come into contact with metal during the treatments they have 
to undergo to become a well-refined product both during storage and during 
transport, they contain traces of metals as impurities. Citric acid is often 
added to fat to bind metal traces, it is true, but this does not remove the metals 

14 
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completely; moreover, the further treatments and the subsequent storage 
take place in metal. 

The presence of metals such as iron and, especially, copper has an un-
favourable effect on the keepability of fats, because these metals act as pro-
oxidants. The amount of metal in fat is extremely small and is expressed in 
parts per million. To determine this amount very sensitive methods are 
therefore required. The methods used for determining metals are generally 
based on the isolation of the metal from the fat, followed by determination 
of the amount. The methods in which the metal is isolated quantitatively 
are to be preferred. However, these methods are time-consuming. 

It goes without saying that high standards should be set for all chemicals 
used for the determination of trace metals ; all the glassware to be used should 
be thoroughly cleaned, and care should be taken to avoid contamination. 

1. Determination of Copper Without Previous Isolation 
A very rapid method for the determination of copper in fuel oil and other 

petroleum products was developed by Zall, McMichael and Fisher.45 This 
colorimetric method is based on the formation of a yellow complex of 
neocuproin with copper. A disadvantage is that only the ionogenic copper 
and the copper liberated by neocuproin from any less stable complexes 
present is measured. 

As yet, little is known about the form in which the copper is present in the 
fat. It is certain that metals are present as metal soaps; in addition, however, 
complex bound metal, metal as such in extremely finely divided form and 
metal in insoluble form (e.g. scale) may be present. 

No positive data can be given about the influence of e.g. complex bound 
metals or of metals in insoluble form on the keepability of fats. 

2. Isolation of Metal Traces from Fat 
Metal can be isolated from fat by: (a) extraction with mineral acid, (b) 

application of a cation exchanger, (c) dry-ashing, and (d) wet-ashing. 
Extraction with mineral acid is simple and has the advantage that relatively 

large samples can be used. However, a disadvantage is that only ionogenic 
copper and copper from those complexes which are unstable under the 
conditions of the treatment are liberated from the fat. Another question is 
whether, with very low contents of ionogenic copper, the copper is extracted 
quantitatively. 

Isolation with an ion-exchanger is likewise simple. This method has 
the same disadvantage as the extraction method, probably to an even higher 
degree. In dry-ashing and wet-ashing all the metal present in the fat is ob-
tained; thus, these methods are to be preferred. 

It is self-evident that all chemicals used in the isolation of the metals must 
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be very pure so that the amount of metal added by the chemicals is small in 
relation to the amount to be determined. 

(a) Extraction with mineral acid. A procedure is given by the British 
Standards Institution.™ The fat is extracted by shaking with hydrochloric 
acid at approx. 95°C. Dilute nitric acid is added and the mass is shaken 
again. This method is used for copper. 

For iron a modified method is used, which experience has shown to be also 
suitable for the simultaneous extraction of copper, iron, lead and nickel. Hydro-
chloric acid only is used, because nitrate interferes with the colorimetric deter-
mination of lead with dithizone. The extraction can be carried out as follows. 
To 100 g fat or margarine 10 ml approx. 5 N hydrochloric acid is added. The 
mixture is heated in a steam-bath. The mass is then shaken vigorously until a 
fine emulsion is formed. After separation, the acid layer is removed and the 
extraction with 10 ml hydrochloric acid is repeated twice. The fat is then 
washed with 10 ml water. If the extract is colourless or only light-coloured, 
it is evaporated to approx. 30 ml. When the extract is strongly coloured and 
iron and nickel must be determined, the extract is brought to pH 8 with 
ammonia and bleached at boiling temperature with hydrogen peroxide. The 
fat can also be extracted in a homogeneous phase by adding isopropanol to 
the mixture of fat and hydrochloric acid. 

(b) Application of a cation exchanger. When a solution of the fat is passed 
over a strongly acid cation exchanger, the copper ions are bound on the cation 
exchanger. They can be liberated by washing the ion exchanger with mineral 
acid. 

(c) Dry-ashing. During dry-ashing of organic material the possibility of 
ignition should be avoided as much as possible in order to prevent losses. 
Losses may also occur by evaporation of volatile metal compounds, and by 
reaction of the metal with or absorption to quartz, porcelain or platinum 
in which the dry-ashing is carried out. Full details about dry incineration 
have been given by Dunlop,46 Thiers,47 Gorsuch48 and the Analytical Methods 
Committee S.A.C.49 A good procedure for dry-ashing of fats has been given 
by Mehlenbacher.7 After ashing, the ash is dissolved in as little concentrated 
hydrochloric acid as possible, after which the mass is evaporated almost to 
dryness. The residue is then taken up in water. 

A new and attractive development is that in which ionized oxygen is used,50 

thus eliminating many of the objections to dry-ashing. 
(d) Wet-ashing. A good method is that of Oosting,51 in which sulphuric 

acid and perchloric acid are used. With this method 10 g fat can be digested 
in a Kjeldahl flask by addition of 50 ml sulphuric acid (95-97 %) to approx. 
10 g fat. The mixture is gently heated over a small flame. When the mass 
foams strongly the flask is removed from the flame for a moment and the 
foaming suppressed by squirting some water in the neck of the flask. After 

14* 
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the strong foaming has stopped (approx. 15-20 min), the mass is heated more 
strongly until it is fully carbonized. When the mass is dry, 5 ml sulphuric 
acid is added; if necessary, this addition is repeated. The sulphuric acid is 
added to dilute the perchloric acid. Dropping perchloric acid on a dry carbon 
mass may give rise to an explosive reaction. When the sulphuric acid refluxes 
in the neck of the bottle, 5 drops of perchloric acid (70%) are added. The 
addition of 5 drops of perchloric acid each time is repeated until a clear, 
colourless liquid has been obtained. 

This method can also be applied to margarine. With very low metal con-
tents there is a danger that the blank value may become too high, in which 
case dry-ashing is usually required. With dry-ashing, moreover, larger amounts 
of sample can be processed. 

3. Colorimetric Determination of the Metals 
(a) Determination of copper. This determination is based on the formation 

of a coloured complex with diethyldithiocarbamate or with dibenzyl-
dithiocarbamate. These reagents are not the most sensitive but they are 
selective; thus, interference by other ions does not occur so long as the right 
determination conditions have been chosen. 

By extraction of the aqueous solution the complex is taken up in chloro-
form, after which the absorption of the chloroform solution is determined 
at 435 ταμ with a spectrophotometer. The copper content, in ppm, can sub-
sequently be read on a calibration curve plotted beforehand. Sandell52 gives 
two complete procedures: one for the case when very small amounts of 
metals are present, which may interfere with the determination, and one 
that can generally be applied. An advantage of the procedure is that the 
solution of the coloured complex in chloroform can without any objection 
be evaporated, as a result of which a higher sensitivity of the determination 
is attained. The measurement is then carried out in semi-micro cuvettes. An 
advantage of the use of dibenzyldithiocarbamide is that the copper complex 
can be extracted from strongly acid medium (wet-ashing); moreover, the 
complex is more stable and the colour is less light-sensitive.53 

(b) Determination of iron. For the determination of iron the thioglycolate 
method is usually used. Procedures have been given by the British Standards 
Institution10 and by Sandell.52 However, a more sensitive reagent is 1,10-
phenanthroline or 2,2/-bipyridine. A procedure for the use of 2,2'-bipyridine 
has been given by Moss and Mellon.54 With the reagents mentioned the 
absorption of the aqueous solution as such is measured. A very sensitive 
reagent for iron is 4,7-diphenyl-l,10-phenanthroline. The advantage of using 
this reagent is that a relatively small amount of fat has to be destroyed. 
Another advantage is that the coloured compound can be extracted from 
the aqueous solution with hexanol or pentanol, which decreases the risk of 
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interference by other metals. According to this method, 1-10 μg iron can be 
determined in 100 ml water. A procedure for application to water has been 
given by Smith, McCurdy and Diehl.55 For all methods mentioned, see also 
Sandell.52 

(c) Determination of other metals. To determine the content of lead the 
dithizone method can be used, and for nickel the dimethylglyoxime method. 
For both methods see Sandell.52 

E. Glyceride Analysis 

Investigation of glyceride analysis is still in the research stage. If the fatty 
acids found in a fat were distributed over the triglycérides in accordance 
with the theory of probability, the glyceride composition could be calculated 
from the fatty acid spectrum. Investigations have shown, however, that we 
can at most speak of a restricted random distribution. A survey of the work 
carried out on glyceride analysis has been given by van der Wal.56 

In the investigations Chromatographie techniques naturally play an im-
portant part. Kaufmann and Khoe26 used thin-layer chromatography on 
gypsum-covered plates, and Kaufmann and Das57 on kieselguhr plates; 
Kuksis, McCarthy and Hammond58 separated butterfat triglycérides by 
gas-liquid chromatography. Partition chromatography on a silanated celite 
column was used by Black and Hammond.59 Meanwhile, a new Chromato-
graphie technique has been developed by de Vries60 using silica gel impreg-
nated with silver nitrate as adsorbant. The strongly selective properties of 
this adsorbant are based on differences in stability between co-ordination 
complexes of silver ions and double bonds. The considerable resolution is 
evident from the fact that even a separation between eis- and ira/w-isomers 
of fatty acid methyl esters is possible, as has been demonstrated by de Vries60'61 

using column chromatography and by Morris62 using thin-layer chromato-
graphy. A complete separation between the methyl esters of oleic acid, 
linoleic acid and linolenic acids was achieved by Wurster, Copenhaver and 
Shafer6^ who used a silver-charged cation-exchanger. Thin-layer chromato-
graphy on silica gel impregnated with silver nitrate has been used by Barrett, 
Dallas and Padley64'65 and by De Vries and Jurriens27 for the separation of 
triglycérides. Both methods provide quantitative data. 

As well as Chromatographie techniques to elucidate the triglycéride com-
position of fats, Privett and Blank66 also used reductive ozonolysis ; Youngs 
and Subbaram67 oxidation by permanganate periodate; and McCarthy and 
Kuksis,68 Jurriens, De Vries and Schouten69 and Jurriens and Kroesen70 

enzymatic methods. Jurriens and Kroesen give results of the determination 
of the triglycéride composition of cocoa butter, Sumatra palm oil, lard, 
groundnut oil, soybean oil and cottonseed oil. 
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6. FAT PRODUCTS 

In connexion with the fat products mentioned below, it has been assumed 
that they come up to organoleptic standards. Organoleptic test methods are 
discussed in detail in Volume 1 of this Series. 

A. Margarine 

Originally, margarine was a cheap substitute for butter. At present, 
however, margarine has been developed to a high-grade, independent food-
stuff, although the comparison with butter remains. Because the preparation 
of margarine offers the possibility of adjusting the end-product as much as 
possible to the standards set, margarine is, in certain respects, even in a 
favourable position. 

In general, the standard applied to margarine is that it should approximate 
the taste and certain other properties of butter as closely as possible. This 
means that the melting point of the fat phase is preferably lower than 40°C 
for digestibility; and that, on frying, a finely granular, pleasant-smelling 
sediment is formed which does not stick to the bottom of the pan. Further-
more, margarine must be easily spreadable and must not spatter on frying 
out. 

1. Fat Composition 
Only refined fats are used for the preparation of margarine. Both animal 

and vegetable fats can be used, although today the best qualities are prepared 
entirely or almost entirely from vegetable fats, some of which are more 
or less hydrogenated. The calorific value of margarine is equal to that of 
butter. 

Nutritional value concerns the influence of a foodstuff on the correct 
functioning of the human organism. Much attention is being paid to the 
physiological activity of the separate fatty acids, and dietary margarine with 
a high linoleic acid content has been prepared. It is prescribed in order to 
lower the cholesterol content of the blood serum. This is regarded as im-
portant for the prevention of certain cardiovascular diseases. 

In order to impart the desired physical properties (melting point, consis-
tency, plasticity) to the fat composition, the fats must sometimes be pre-
treated. This pre-treatment may be fractional crystallization, inter-esterifi-
cation or hydrogénation. As a result of crystallization at a temperature of, 
e.g. 25°C, high-melting triglycérides that have an undesirable influence on 
the consistency separate out. Inter-esterification requires heating the fat in 
the presence of a catalyst. In this way a random distribution of the fatty 
acids over the triglycérides may be obtained, resulting in a modification of the 
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physical properties. The melting point is raised by hydrogénation. In view 
of the significance of, e.g. linoleic acid, selective hardening is applied, during 
which mainly higher unsaturated fatty acids are hydrogenated. 

2. Substances Used in the Preparation of Margarine 
Margarine is a three-phase system consisting of liquid fat, fat crystals and 

water. Fat crystals and water are very finely dispersed in the liquid fat. In 
the present-day manufacturing process emulsifiers are in fact no longer 
necessary. However, they must be used in order to ensure a constant good 
water dispersion. As emulsifiers, commercial monoglycerides, egg yolk and 
lecithin are most often used. Monoglycerides ensure satisfactory water dis-
persion on storage at room temperature. When the margarine is heated, 
however, the water droplets coalesce, even in the presence of monoglycerides, 
to large drops, causing spattering of the hot fat. Lecithin and egg-yolk, 
whose emulsifying action is due to its lecithin and cholesterol content, 
prevent coalescence of the water droplets at high temperature. Thus, they 
act in a similar way to monoglycerides at high temperature and consequently 
have anti-spattering action. At the same time they envelop the sediment-
forming components in a protective layer and thus prevent sticking to the pan. 
The anti-spattering action of lecithin and egg-yolk is improved considerably 
by the presence of extremely small gas bubbles (nitrogen or air) in margarine. 

In order to get a pleasant-smelling, fine-grained sediment during frying, 
milk, milk sugar, sugar or glucose is added. 

As a preservative, citric acid, lactic acid, benzoic acid, sorbic acid or 
sórbate is used. Salt has a preserving action if used in large quantity. Using 
citric acid or lactic acid, the pH of the margarine can be adjusted at 4-2-4-5. 
Such a medium is not suitable for the development of micro-organisms. 
Benzoic acid is usually added as its sodium salt. However, only the non-
dissociated acid is active so that, as well as sodium benzoate, citric acid is 
added which at the same time imparts a fresh taste to the margarine. 

As flavourings, diacetyl and acetyl methyl carbinol are used. After 
Boldingh and Taylor71 had succeeded in isolating y-, δ- and ε-lactones of 
fatty acids with 8 to 14 carbon atoms as aroma components from butter, 
these were also used as flavourings and improved the taste of the margarine 
considerably. 

To impart the desired colour to the margarine, the natural carotene, 
synthetic ß-carotene or annatto is added. 

When adding vitamins it should be borne in mind that this ^-carotene has 
provitamin A action. Finally, the same fat-soluble vitamin that is present in 
butter, viz. vitamin A, is added to the margarine. Vitamin E (tocopherol) need 
not be added, because this vitamin, which is also an active antioxidant, is 
present in a sufficient amount in vegetable fats. 
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It is self-evident that the ingredients used in the preparation of margarine 
must not have an unfavourable influence upon taste, odour or colour of the 
end-product. 

3. Quality Assessment 
When the margarine meets the organoleptic requirements, apart from 

determining the water content by drying on sand at 105°C, the following 
points are important for assessing quality: (a) keepability, (b) vitamin A 
content, (c) behaviour when spread on bread and in doughmaking, (d) be-
haviour on frying. In connexion with statutory regulations, the following 
investigations may also be important: (e) investigation for colouring sub-
stances, (f) investigation for preservatives, (g) investigaton for the presence 
of butter, (h) investigation for emulsifiers. 

(a) Keepability. Mainly vegetable fats are incorporated in margarine. 
These fats contain tocopherols, which are active antioxidants. The treat-
ments the crude fats undergo during refining and, if necessary, hydrogénation 
hardly attack the tocopherols, and approx. 80% of the original amount is 
present in the refined fat. The fat composition therefore contains a sufficient 
amount of tocopherol to prevent rapid autoxidation. However, the keepa-
bility of the margarine may be less than that of the component fats. The 
ingredients used in its preparation may include metal traces that accelerate 
oxidation. Consequently, high standards are set for the raw materials with 
respect to metal content. Margarine should be packed so that contact with 
air is avoided. It should be stored in cold rooms, because oxidative attack is 
greatly delayed by low temperatures. 

Apart from chemical keepability, microbiological keepability, which 
depends on the initial degree of infection, on the factors which determine 
the rate of development of micro-organisms, and on packaging, is very 
important. In the preparation of margarine only a few raw materials are 
used that have a slight infection of their own and which have not been 
sterilized beforehand such as water and salt. When the apparatus meets the 
requirements and is thoroughly cleaned, and when care is taken to avoid 
infection from outside, the initial infection is slight. 

A prerequisite for good keepability of the margarine, then, is that the 
micro-organisms present are inhibited in their growth or that growth is made 
impossible so that they die. The composition of the water phase, especially 
if skim milk or whey has been incorporated, is in itself very favourable for 
the growth of micro-organisms. By choosing the right pH value of the water 
phase and adding preservatives, this growth can be inhibited considerably. 
A high salt content has also an inhibiting effect. Another very important 
factor is good water dispersion. Because the number of water drops in 
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margarine is much greater than the number of micro-organisms the margarine 
originally contains, the infection is localized. Now, in very small droplets 
the amount of water and the amount of dissolved substances are not sufficient 
to support bacterial growth and the micro-organisms die. In general, it can 
be said that in water drops with a diameter of less than 5 μ growth is not 
possible. If all water drops are of this dimension, there is nothing to fear. 
However, water dispersion follows the probability law, and the dimensions 
vary considerably. Large drops in the margarine and water on the surface 
certainly cause mould growth. 

Water dispersion can be measured microscopically in accordance with the 
method of Mohr and von Drachenfels.72 This method was originally 
developed for butter, and the results of Mohr and von Drachenfels therefore 
apply only to butter. 

(b) Vitamin A content. The vitamin A content of margarine can be deter-
mined by the method of Boldingh and Drost.73 In this method the unsaponifi-
able fraction of margarine, which contains the vitamin A, is purified by 
double chromatography. To this end a solution of the unsaponifiable fraction 
in light petroleum is first passed over an alumina column and then over a 
column of alumina that has been made alkaline with sodium hydroxide. The 
columns are eluted with light petroleum with increasing diethyl ether content. 
The eluate of the second column is collected in 1 ml portions. An aliquot 
of those portions containing vitamin A is collected and mixed, and the 
absorption at 325 χημ of the solution obtained is measured with a spectro-
photometer. This method is statutory in the U.K.74 

The original method of Boldingh and Drost73 requires some modification. 
On eluting the columns with 16% diethyl ether in light petroleum, it was 
stated by Boldingh and Drost, the first eluate of 5 ml need not be investigated 
for the presence of vitamin A. Experience has shown, however, that it is 
better to establish the presence of vitamin A in the first eluate, because 
variations in the activity of the columns may occur. Moreover, it is better 
to measure the absorption against a blank of light petroleum and to check 
whether this blank value is not changed by the addition of diethyl ether. 

As with every column Chromatographie method, the surface of the columns 
should always remain moistened and only a thin layer of eluate of the first 
column should be present on the second column. Finally, it has been found 
that the factor 1900, by which the specific extinction is multiplied to find the 
vitamin A content in I.U./g (International Units per gram), should be replaced 
by the factor 1830. 

As has been stated before, ß-carotene acts as provitamin A. Thus, any 
carotene added to the margarine can be counted as vitamin A. On elution 
with light petroleum, carotene passes through the first column as a yellow 
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band. By measuring the absorption of the yellow eluate at approx. 450 ιημ, 
the carotene content can be calculated by multiplying the specific extinction 
by a known factor. If the carotene has been added as natural product, e.g. 
by adding palm oil, the value obtained should be multiplied by 0-8, because 
only the ß-carotene is active. If the carotene has been added in the form of 
synthetic ß-carotene, multiplication by 0-8 is not necessary. A procedure for 
carotene determination is given in Food Standards (Margarine) Order 1954.74 

(c) Behaviour when spreading on bread and in dough-making. Margarine fat 
consists of a solid and a liquid phase. The solid phase is formed by a network 
of fat crystals. The forces that keep the fat crystals together are partly 
reversible, partly irreversible, as a result of which the consistency of fats 
changes during kneading. This change depends on the number of irreversible 
primary bonds broken on kneading or spreading. This "work-softening" can 
be expressed numerically. To this end the yield value before and after kneading 
is measured. From the data obtained the "work-softening" can be calculated. 
The yield value can be determined with the help of a cone-penetrometer, as 
described by Haighton.75 For the method for determining the "work-
softening" see Haighton.76 

(d) Behaviour on frying. It is important for quality that the margarine does 
not spatter during frying, that a pleasant-smelling fine-grained sediment is 
formed which does not stick to the pan and that the colour of the margarine 
fat turns light brown. By a practical experiment during which frying takes 
place under standardized conditions, it can be ascertained whether the mar-
garine meets these requirements. Some procedures are given by Pardun.77 

(e) Investigation for colouring substances. The addition of colouring sub-
stance is statutory in most countries. In view of the present great interest in 
the influence of additives on the human organism, it is to be expected that 
the use of natural colouring substances will be prescribed on an increasing 
scale. 

In principle all permitted fat-soluble colouring substances which impart a 
butter colour to the margarine can be used. Szokalay78 described how a 
separation can be obtained between 12 synthetic colouring substances by 
means of paper chromatography, using the method of Lindberg. 79 The 
separation could be improved by choosing a different eluant for development 
of the chromatograms. After development of the chromatogram, the colour-
ing substances can be extracted from the paper, after which they can be 
further identified by spectrophotometry. 

The application of thin-layer chromatography for separating and identify-
ing a number of synthetic fat-soluble colouring substances, as well as some 
natural colouring substances, including carotene and annatto, has been 
described by Montag.80 Carotene can also be detected by the method de-
scribed under (b). Annatto can be detected by the Kreis method. 100 g 
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margarine fat is shaken for 1 hr with 50 ml methanol and 1-3 ml N alkali. A 
cotton thread approx. 1 m long is put in the separated methanol layer. The 
methanol is evaporated. The thread, after addition of 20 ml water, is 
heated on the steam-bath for 10 min and then washed with approx. 10% 
acetic acid. A pink discoloration indicates the presence of annatto. 

A very simple method of detecting aniline colouring substances is as 
follows. Dissolve 5 g margarine fat in 10 ml light petroleum or diethylether 
and shake this solution vigorously with 2 ml concentrated hydrochloric acid. 
A distinctly red discoloration of the hydrochloric acid layer points to the 
presence of aniline colouring substance. 

(f) Investigation for preservatives. The addition of preservatives is statutory 
in most countries. Organic acids are generally used. Cats and Onrust81 

described a qualitative paper Chromatographie method by which a number of 
acids as well as some esters can be separated. Formic acid, acetic acid, 
bromoacetic acid and lactic acid are found in the same place in the chromato-
gram. As the mobile phase is strongly ammoniacal, any halogen acetic acid 
present is partly converted into glycine; this can be demonstrated on the 
chromatogram. Bromoacetic acid, if present as ester, is not isolated by this 
method. A large number of experiments with the various acids has shown that 
the Rf values, i.e. the distance the acids cover under the experimental con-
ditions, are not constant. The ratio of the Rf values, on the other hand, 
appeared to be reasonably constant. 

Benzoic acid and/or sorbic acid are often used as preservatives. A very 
rapid method of quantitatively determining these compounds separately as 
well as simultaneously has been developed by Roos and Versnel.82 Boric 
acid can be demonstrated in the water phase of margarine. It is acidified with 
dilute sulphuric acid, extracted with diethyl ether, rendered alkaline with 
limewater, evaporated and ashed. Part of the ash is acidified with dilute 
hydrochloric acid. If the hydrochloric acid solution displays on turmeric 
paper a red-brown spot which after moistening with ammonia turns a 
greyish blue, boric acid is present. Another part of the ash can be used for 
demonstrating fluorine. It is mixed with sand and strong sulphuric acid. The 
vapour that escapes—if necessary, while heating—is collected in a drop of 
water. Turbidity of the drop indicates that fluorine is present. 

(g) Investigation for the presence of butter. The Kirschner value (see p. 371) 
gives a measure for the amount of butterfat. The fat is liberated from the 
margarine by melting and heating to 50-60°C. The liquid fat layer is filtered 
off or centrifuged and then used to determine the Polenske value and the 
Kirschner value. The butterfat content can be calculated from the following 
formula : 

% butterfat m total fat = ft , 
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in which K and P represent the Kirschner and Polenske values, respectively. 
As the Kirschner value of butterfat is not a constant but varies within 
relatively wide limits, the result yields only an approximate value. More 
accurate values are found when K- and F-values of the admixed butter are 
known. The K-value/100 is then used as denominator instead of 0-244. 

(h) Investigation for emulsifiers. Emulsifiers are substances which, owing 
to their interfacial activity, make a considerable contribution to the pro-
perties of a product. Monoglycerides and lecithin have already been men-
tioned. Other emulsifiers are, e.g., derivatives of monoglycerides, such as 
diacetyl esters, tartaric acid esters, citric acid esters and lactic acid esters, 
and sucrose esters, polyglycerol esters, etc. Thickeners are not regarded as 
emulsifiers, although they have a stabilizing effect on emulsions. For qualita-
tive investigation for emulsifiers the paper Chromatographie method of 
Kröller8^ 84 c a n be used. This method can also be used for the products 
discussed below. 

B. Salad Oils, Frying Fats and Shortenings 

1. Salad Oils 
Salad oils are usually well-refined vegetable fats. An exception is olive oil, 

which, to preserve its characteristic taste, is not refined. These products 
should meet the organoleptic requirements and possess satisfactory keeping 
properties. It is also important that when stored in temperate climates and 
in the refrigerator they remain clear. Cottonseed oil, for example, should 
therefore be pre-treated by cooling gently to 0-6°C. As a result the high 
molecular, saturated triglycérides separate off in crystalline form and can be 
removed by filtering or centrifuging. This process is called winterization. 
Sometimes crystallization inhibitors such as lecithin and oxidized fat are 
added. 

The behaviour of the salad oil at refrigerator temperature can be assessed 
with the so-called cold test. The liquid fat is placed into ice-water under the 
exclusion of air and after 5£ hr investigated for the presence of crystals. A 
procedure for this test has been given by Mehlenbacher.? (See also A.O.C.S. 
Official Method Cc-11-1953.) 

For the detection of small amounts of gum, the D.G.F. Einheitsmethode 
C-VI 2 (53) can be used. 

2. Frying Fats 
A distinction should be made between shallow frying and deep frying. 

For shallow frying margarine or butter is usually used and for deep frying, 
cooking oil and frying fats. 

The number of times such fats can be used is important. Since, during 
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use at a temperature of approx. 175°C they are subject to oxidation, they 
should contain as few higher unsaturated fatty acids as possible. Salad oil is 
therefore less suitable for deep frying. The best frying fats consist of all-
vegetable hydrogenated fats, which—particularly for fried products to be 
consumed when cold—must have as low a melting point as possible; other-
wise the product loses its gloss. Moreover, the fats or fat compositions must 
not contain coconut oil or palmkernel oil, because such mixtures tend more 
rapidly to foam. 

The smoke point has considerable influence on the behaviour of a fat on 
heating. It is the lowest temperature at which so many gaseous decom-
position products are formed that they are visible as a bluish vapour. Free 
fatty acids, especially lower fatty acids, mono- and diglycerides are consider-
ably less stable than triglycérides and consequently lower the smoke point. A 
procedure for determining the smoke point has been given by Mehlenbacher.? 
(See also A.O.C.S. Official Method Cc 9 a-48.) 

Solid fat compositions can be investigated for consistency (see p. 390) and 
for dilatation (Solid Fat Index, see, e.g., Mehlenbacher7). 

The degree of oxidation that takes place when frying fats are used can to 
some extent be established by determining the oxy-acids formed.7» 9_11 The 
increasing oxidation also appears from the course of the refractive index. As 
a result of oxidation decomposition products are formed which in turn form 
polymers. It is difficult to demonstrate and determine these oxidative poly-
mers. 

Surface-active compounds are also formed as a result of which foam 
formation occurs to an increasing extent. The effect of foam formation on 
the number of times a frying fat can be used can be assessed as follows. 
Heat a quantity of the fat in an oil-bath to the working temperature (approx. 
175°C) and pass air through the heated fat via a glass filter. In order to assess 
the foam formation, put a piece of potato in the oil at regular intervals. By 
standardizing this procedure and measuring the foam height, various frying 
fats can be compared with one another. 

Odour, taste and colour are naturally also very important factors in deter-
mining the number of times a fat can be used. 

3. Shortenings 
Shortenings, used in baking, consist of a fat composition to which in some 

cases an emulsifier has been added. Monoglycerides are often used for this 
purpose, and can be detected in the fat by the method of Kruty, Segur and 
Miner41 (see pp. 386-387). This method can also be used for determining the 
monoglyceride content of margarine, but the result is not accurate because 
the fat composition proper often contains a quantity of monoglyceride as 
large as the amount added. It should also be borne in mind that, e.g. dioxy 
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and polyoxy fatty acids interfere with the determination. Just as for the frying 
fats, the solid fat index is important for the shortenings. 

Pumpable shortenings are a recent development. They are transported in 
tanks with a stirring device, and can be stored in the same tanks. 

For shortenings which must be used for the preparation of cream, aeration 
is also of importance, and the creaming test is applied. The fat or a mixture 
of the fat and an equal amount of sugar is creamed in a mixer under standard 
conditions (type of machine, rate of heating, temperature, amount). At regular 
intervals, e.g. after 0, 5, 10 and 15 min, the specific volume of the cream is 
measured. A good picture of the creaming properties is obtained from the 
creaming curve, which shows the relationship between specific volume and 
the beating time at constant temperature (e.g. at 15, 20 or 25°C). 

In the confectionery trade shortenings are often replaced by margarines 
specially developed for various purposes (puff-pastry margarines, cake 
margarine, cream margarines and shortbread margarines). 

C. Mayonnaise and Salad Dressings 

Mayonnaise is a semi-solid emulsion of oil in water mainly consisting of 
salad oil, egg-yolk and vinegar. A good-quality mayonnaise contains approx. 
80 % fat. Because the emulsion loses its physical stability on crystallization 
of the fat phase, the salad oil should meet the requirements of the cold test. 

The egg-yolk serves as emulsifier. A large part of the lecithin in egg-yolk 
is bound to protein in the form of unstable lecithoprotein complexes. They 
are strongly emulsifying, much more so than lecithin itself. In order to obtain 
the same consistency with less fat or egg-yolk, thickeners can be added. 

Salad dressings contain less fat and egg-yolk than mayonnaise and are 
pourable. 

Fat content, egg-yolk content and investigation for thickeners are im-
portant factors in the quality assessment of these products. 

The fat content can be determined by extraction of the residue left after 
drying. Diemair and Salvisberg85 compared various methods and came to the 
conclusion that extraction with a 1 : 1 mixture of alcohol and benzene in 
accordance with the method of Hadorn and Jungkunz86 yielded the best 
results. As well as the fat from salad oil, the fat from egg-yolk is also extracted. 

Egg-yolk is a complicated mixture of substances whose composition varies 
with diet, climate, etc. Egg-yolk is obtained on an industrial scale by separat-
ing it from the white of egg. This separation is not complete; thus, a variable 
percentage of white remains in the egg-yolk. A preservative is usually added 
to the egg-yolk—for example, sodium chloride with sodium benzoate. The 
egg-yolk content can be found by determining the content of lecithin phos-
phorus.87 However, this method can only be applied when no lecithin 
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other than that in egg-yolk has been used, and when the egg-yolk added had 
not been adulterated. (For adulterations of egg-yolk see Acker, Grève and 
Beutler.88) 

In connexion with what has been said before it is better to determine the 
choline content. This determination does not exclude the use of vegetable 
lecithin, it is true, but the result may give an important indication. The 
determination of the choline content has been described by Schwarz.89 The 
results of an investigation by Wagner90 indicate that thin-layer chromato-
graphy is likely to be very useful for solving the problem of egg-yolk deter-
mination. 

As thickeners, CMC, tragacanth, starch, alginates, casein and mixtures 
of these substances are often used. A method for the detection and identifi-
cation of these substances has been described by Blumenthal.91 The inter-
fering compounds are eliminated, the thickeners are hydrolysed and the sugars 
formed are demonstrated. 

Blumenthal's isolation method for thickeners is very satisfactory. How-
ever, identification, especially when mixtures are being investigated, can best 
be made using the paper Chromatographie technique of Sulser;92 this tech-
nique has been slightly modified by Blumenthal. Various methods for the 
detection and identification of thickeners have been described by Stoll and 
Prat.9^ 

D. Creams 

Four types of cream can be distinguished: real cream, i.e. natural cream; 
reconstituted cream, prepared from butterfat and skim milk; artificial 
cream, prepared from foreign fat and skim milk; and synthetic cream, 
prepared from foreign fat and water. 

As emulsifiers, monoglyceride, lecithin, polyglycerol esters, phosphate 
esters and glycerollactopalmitate are often used. To stabilize the cream, 
egg white is added for artificial creams and thickeners for synthetic creams. 
In quality assessment of creams a fat determination, identification of the 
fat, if possible, identification of the emulsifier(s) applied, and identification of 
the thickener(s) used are important. The methods previously described can 
be used. 
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