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SUMMARY 
t. The melting points of binary mixtures of oleic, 

linoleic, and linolenic acids have been reported. 
2. The oleic-linoleic acid system has eutectics for the 

a and fl forms of oleic acid of 75.2 and 76.3 mole per 
cent linoleic acid, at - -10.0 ° and --9.8 °, respectively. 

3. Linoleic and linolenic acid mixtures show only 
melting points intermediate between the pure acids. 

4. The oleic-linolenic acid system has eutectics for  the 
a and/3 forms of oleic acid of 82.7 and 85.5 mole per 
cent linolenic acid, a t - -15 .7  ° and --15.1 °, respectively. 
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Experimental 

M O S T  colorimetric methods for the quantitative 
determination of carotene in biological mate- 
rial are based upon a comparison of the nat- 

ural yellow color of this pigment in fat-solvents with 
that of known concentrations of carotene or other suit- 
ably prepared standards. These methods usualh- require 
saponification of  the material and subsequent extraction 
with solvents which separate carotene from xanthophyll 
and associated carotenoid pigments of a similar color. 
This separation of pigments is especially important 
whenever the results of carotene determinations are to 
be interpreted in terms of vitamin A activity. Of the 
carotenoid pigments found in plant material, only caro- 
tene and cryptoxanthin are known to have value as a 
source of vitamin A. 

In the case of butterfat it appears possible to make 
a reasonably accurate estimate of its carotene content 
from a determination of total yellow color. Palmer (7) 
first showed carotene to be the principal yellow pig- 
lnent in butterfat. Baumann and Steenbock (2) con- 
cluded from spectrophotometric studies that about 95 
per cent of the natural pigment in butterfat was caro- 
tene. Their  work was substantialh, confirmed by Gillam 
(3) who found 94 per cent of the'color in the u11saponi- 
fiable matter of butterfat to be due to carotene, the 
remaining 6 per cent being due to xanthophyll. Gillam 
has suggested that for routine work a spectrophoto- 
meter be used to determine the carotene content of 
butterfat.  He suggests that the light absorption of the 
unsaponifiable matter be determined at 455-460 mil- 
limicrons and that the absorption due to carotene be 
taken as 94 per cent of this value. 

Shrewsbury and Kraybill (8) found that the deter- 
mination of carotene in butterfat  by direct color com- 
parison with potassium dichromate standards, as in 
the WillstS.tter and Stoll method used by Palmer (7) ,  
gave results which were much too high. Their  high 
results were attributed to the greater color intensity of 
carotene in butterfat than in the usual solvents (4) .  

Barnett ( I )  proposed a colorimetric method which 
made allowance for the increased color of carotene in 
oil. This investigator determined the carotene of butter- 
fat with the aid of  a spectrophotometer, the results 
being taken as the true carotene content of the sample. 
In these determinations cocoanut oil was used to dilute 
the butterfat and also as a blank. The carotene content 
of the same samples was then determined eolorilnetric- 

all)'. In the colorimetrie determinations 0.2 per cent 
solution of potassium dichromate was used as a color 
standard and the concentration of carotene calculated 
from Palmer's chart (7) .  By dividing the concentra- 
tions obtained by the spectrophotometric method by 
those obtained by the colorimetric method an average 
correction factor of 0.28 was secured to be applied to 
the colorimetric determinations. This factor when ap- 
plied to the colorimetric determinations corrected for 
the increased color intensity of the carotene in fat. Only 
a narrow range of carotene concentrations was covered 
in this work. 

Baumann and Steenbock (2) determined the carotene 
content of butterfat spectrophotometrically, carotene 
dissolved in purified cottonseed oil being used for a 
standard. Shrewsbury and Kraybill (8) and Leuschen 
et a/. (6) dihlted butterfat with petroleum solvents 
previous to spectrophotometric determinations of caro- 
tene. Treichler, Grimes, and Fraps (9) deemed it advis- 
able for routine work to devise a spectrophotometric 
method whereby the carotene content of butterfat could 
be determined without previous dilution with other oils 
or solvents and without the need of a blank to correct 
for the absorption of light by the fat itself. These in- 
vestigators have prepared a table of conversion factors 
which when applied to spectrophotometric density read- 
ings at 470 and 480 millimicrons express the carotene 
content of butterfat in parts per million. 

Hand and Sharp (5) devised a photoelectric colori- 
meter fitted with suitable glass filters for the rapid 
determination of carotene in milk fat. This instrument 
in the hands of a capable operator should prove very 
satisfactory. 

The fact that equipment for spectrophotometric 
methods of analysis is not available in many labora- 
tories often makes it necessary to rely upon the less 
direct methods for the determination of carotene. A 
method which is applicable to butterfat and which has 
been found to fit in well with the procedures ordinarily 
employed in determining butterfat constants, i.e., melt- 
ing point, iodine number, etc., is herein described. The 
method is based upon the direct comparison of the 
color of butterfat samples contained in cylindrical 
bottles of uniform diameter with that of solutions of 
potassium dichromate of known concentration. Al- 
though not designed to replace the more accurate meth- 
ods of analysis, the proposed procedure sllould be of 
practical value in grading butterfat  samples for caro- 
tene content. 
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Experimental 
The butterfat was obtained from butter produced 

by Jersey cows receiving graded levels of prairie hay 
as the sole source of vitamin A in the ration. Regu- 
lation of the carotene intake of the cows during com- 
plete lactation periods made it convenient to secure a 
large number of  butterfat samples of  varying carotene 
content. Further,  it has made possible a study of nor- 
mal variations in carotene content of both the blood 
plasma and butterfat of the Jersey breed during suc- 
cessive lactation periods. The results of these latter 
studies are to be published in due time. 

The butter was representative of that produced by 
individual cows during each month of lactation. It 
was melted at 60 ° C. and the fat separated by filtration 
into cylindrical glass bottles fitted with plastic screw 
tops. During this procedure, exposure to light was mini- 
mized and the filtered fat samples were stored in an 
electric refrigerator until used. 

The selection of uniform sample bottles in this work 
is important since they serve not only as storage con- 
tainers holding an ample amount of fat for chemical 
determinations but also as receptacles in matching the 
color of the fat with that of potassium dichromate 
standards. They take the place of test tu~oes of uniform 
bore commonly employed in colorimetric work. These 
bottles which have a capacity of 40 ml., are 110 ram. 
in height and have an inside diameter of 22 mm. They 
can be purchased from most supply houses at a smail 
cost and need only be selected with respect to uni- 
formity of diameter and color of glass. As a rule, only 
a few bottles need be discarded as unsuitable. 

Solutions of potassium dichromate of progressively 
increasing concentration were prepared from a 0.2 
per cent stock solution, 1, 2, 3, _ ....... , 20 ml. of the 
stock solution being diluted with the proper amount 
of redistilled water to make the total volume of each 
25 ml. These dilutions were made in standard sample 
bottles described above and each bottle labeled accord- 
ing to the number of ml. of 0.2 per cent dichromate 
used in making the dilution. A comparator block placed 
in front of a daylight lamp was used to facilitate com- 
parison of the color of the butterfat  samples with that 
of the potassium dichromate standards. The block held 
six bottles by means of vertical holes bored 70 ram. 
deep and 30 mm. in diameter. Smaller holes bored 
perpendicular to these completely through the Mock 
allowed light to pass through the solutions. The fat 
sample was warmed to 60 ° C. and placed in the block 
with a series of five dichromate solutions that closely 
approached the sample in color. The position of tt(e 
fat sample was then shifted between bottles of the 
dichromate solutions until a match in color was ob- 
tained. The sample was then numbered to correspond 
with the label on the matching dichromate solution. 

The actual carotene content of the butterfat was 
determined with a Bausch and Lomb Spectrophoto- 
meter according to the procedure outlined by Treichler, 
el  al. (9) .  Color density readings were made at 470 and 
480 millimicrons. 

Results 
Table 1 summarizes the important data obtained in 

making the color comparisons and carotene determina- 
tions. The several concentrations of potassium dichro- 
mate solution used as color standards with which the 
color of the butterfat was compared are given in the 
second column of this table. The minimum, maximum 
and average carotene content (spectrophotometric) of 
butterfat samples that matched the color of each 
standard is given in the last four columns. 

The figures in Table 1 are in substantial agreement 
with the accepted fact that an increase in the carotene 
content of butterfat  is associated with an increase in 
depth of color. Due to the green tinge of very dilute 
dichromate solutions there was difficulty in matching 
the color of many of the samples of low carotene con- 
tent. Possible errors in obtaining a correct match are 
very likely reflected in the spread of the minimum and 
maximum carotene values shown in Table 1. Although 
more refined methods of colorimetry which are avail- 
able would probably overcome this difficulty, they 
would detract from the simplicity of the procedure. 
Further,  it was found that the order of results was 
not changed when the color comparisons were made 
with test tubes of considerable smaller diameter than 
that of the bottles specified in the method. It appears 
therefore that with some experience the method may 
be adapted to even smaller samples of butterfat than 
those available in the present study. 

When the average values were plotted against color, 
the latter being expressed in terms of potassium di- 
chromate concentration, the plotted points tended to 
fall on a straight line connecting the point of  lowest 
concentration with that of the highest. It is possible 
therefore with the aid of  the figures in Table 1 to 
estimate with a fair degree of accuracy the carotene 
content of butterfat samples which fall between these 
two extremes, 0.23 and 8.07 micrograms per gram. The 
formula for a straight line 3 ........ ax q- b was used in 
obtaining the average values given in the last column 
of Table I. In this formula, rearranged to give 

y - - b  
x , x is the lnicrograms of carotene per gram 

a 
of fat, y is the concentration of matching dilute di- 
chromate solution in per cent, and b and a are factors, 
0.012 and 0.018 respectively. Where y is more con- 
veniently expressed in terms of ml. of stock dichromate 
used in making up the dilute standard, the factors b 
and a become 1.45 and 2.30 respectively. The observed 
and calculated average values are in fair agreement. 
It is recognized that the figures obtained for the actual 
carotene content of the butter fat samples are based 
upon spectrophotometric methods involving calcula- 
tions that may introduce some error. The method and 
calculations are discussed in detail by Treichler, et al. 
(9) .  In view of the instability of carotene and its 
alteration in physical properties with change of solvent 
as pointed by Hand and Sharpe (5) and others it 
appeared more desirable to ~oase results upon spectro- 
photometric determinations made on actual butterfat 
samples than upon solutions of carotene in oil or 
other solvents. 

Summary 
A simple method is described for determining the 

carotene content of butterfat  under conditions where 
extreme accuracy is not required. A direct comparison 
is made of the color of the melted fat with that of 
known concentrations of potassium dichromate solu- 
tion. Since there is no loss of fat from dilution or in 
transferring from one container to another, the method 
is adaptable to small samples that later can be used 
for the determination of the usual fat-constants. 

The dichromate solutions are prepared by dilution 
of measured amounts of a 0.2 per cent stock solution 
to a volume of 25 ml. These dilute solutions and the 
fat samples are contained in cylindrical sample bottles 
of uniform diameters and their color matched with 
the aid of a comparator block placed before a "day- 
light" lamp. 

72  



a p r i l ,  1 9 4 1  o i l  & s o a p  

T A B L E  I.  

M I N I M U M ,  M A X I M U M  A N D  A V E R A G E  C A R O T E N E  C O N T E N T  
O F  B U T T E R F A T  S A M P L E S  W H I C H  M A T C H E D  I N  C O L O R  
V A R I O U S  C O N C E N T R A T I O N S  O F  P O T A S S I U M  D I C H R O M A T E  

S O L U T I O N .  

The carotene content of the fat in micrograms per 
gram can be obtained from the figures given in Table 

y - - b  
1 of the text or calculated with the formula x . . . .  

Stock 
dichromate 

solution S t reng th  
(0.2 per  of Carotene content  
cent) in dilute Number  mic rog rams  per g r a m  of fa t  
dilute dichromate of Mini-  Maxi-  Calculated 

s tandard  s tandard  samples m u m  ~ m u m *  Ave rage  average**  

ml. per cent  
2 0.016 13 0.10 0.40 0.23 0.23 
3 .024 25 0.40 1.15 0.60 0.67 
4 .032 16 1.01 1.70 1.26 1.11 
5 .040 23 1.18 2.00 1.55 1.54 
6 .048 5 1.05 2.24 1.64 1.97 
7 .056 8 1.81 3.58 2.42 2.41 
8 .064 7 2.21 3.74 3.03 2.85 
9 .072 6 2.20 3.98 3.07 3.28 

10 .080 8 2.20 5.15 4.16 3.72 
11 .088 2 4.17 4.41 4.29 4.15 
12 .096 4 3.98 4.74 4.18 4.58 
13 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.02 
14 . . . . . . . . . . . . . . . . . . . . . . . .  5.46 
15 .120 -5  4.90 7.15 5.86 5.89 
16 . . . . . . . . . . . . . . . . . . . . .  6.33 
17 .136 i'0 5.56 8.84 6.62 6.76 
18 7.20 
19 . i52  " 1 . . . . . . . . . . . .  . . . . . . . . . . . .  7.50 7.63 
20 .160 5 6.93 10.31 8.25 8.07 

* Spectrophotometr ic  determinat ions .  
*~* The  f igures  in this column were obtained 

b (see text ) .  
with the fornmla  y ~ ax  @ 

a 

in which x is the micrograms of carotene per gram of 
fat, y is the concentration of the matching dichromate 
solution in per cent, and b and a are factors, 0.012 
and 0.018 respectively. 
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T h e  M e c h a n i s m  of  t h e  A u t o x i d a t i o n  o f  Fats*  
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T H E  autoxidation of fats and oils exhibits some 
of the typical characteristics of an autocatalytic 
reaction : a latent or induction period of variable 

length during which the amount of oxygen absorbed is 
small, followed by a period of rapidly accelerating 
oxygen absorption. Not all fats show a sharply defined 
termination of the induction period; the reasons for 
this varying behavior are inherent in the source and 
nature of the fat. 

The changes occurring during the induction period 
are very different from those that follow it. They are 
less obvious, but from a practical point of view they 
are more important because once the induction period 
is Dast the damage is done. Arbitrarily the end of the 
indnction period usually coincides with or immediately 
precedes the first appearance of the products of organ- 
oleptic rancidity. For  their detection and estimation 
various tests have been devised arid standardized and 
these tests have been employed in making almost 
countless observations on the deterioration of fats (1).  

The first event is probably the addition of oxvgen 
at the vulnerable double bonds of unsaturated fat 
acids, with the formation of fat acid oxides. For  such 
oxides several formulas have been proposed, ethylene 
oxide, peroxide, moloxide, dative or oxonium perox- 
ide, ozonide,--all of which have been assumed to occur 
among the primary products of oxidation. Attempts 
have recently been made by variations in the titration 
methods, to clistinguish between different kinds of fat 
peroxides (2) .  Some of the fat peroxides are pro- 
oxygenic and their removal by a properly chosen 
adsorbent may make for greater stability of  the fat ;  
others may be quite inactive; some are highly unstable, 

~Presented in a ~ym~osium on Oxidat ion,  Rancidi ty .  and F l avo r  Re- 
vers ion of F a t s  and Oils at the Fall  Convention of the Amer i can  Oil 
Chemists  Society, Chicago, October.  1910. 

others very stable. Some are volatile, others non- 
volatile. 

The fact that some of these early oxidation prod- 
ucts are chemically more active than others may be 
explained by differences in the configuration of the 
oxygen linkage to the fat but differences between the 
original fat molecules may also be recognized. 

In their survey of autoxidation Moureu and Du- 
fraisse (3) recall the conception of Arrhenius that in 
a fluid made up of a definite chemical species, all of 
the molecules are not in the same state; a small pro- 
portion of them may be described as activated. At a 
given moment only a small portion of the entire num- 
ber of molecules can enter into reaction. The velocity 
of a reaction is regulated precisely by the proportion 
of active molecules, and by the speed with which they 
are formed. It is possible to calculate the additional 
energy which must be acquired by molecules in the 
mean state to become activated for a given reaction. 
This minimum additional energy requirement Arrhen- 
ius called the critical increment of energy. 

Many factors may facilitate the acquisition of a 
sufficient critical increment of energy by fat molecules 
in the average state. The agencies may be mechanical, 
such as collision of the molecules with the walls of the 
containing vessel; physical, such as light, especially 
ultraviolet, and heat, or they may be chemical, such 
as metals like copper and iron and their salts, and the 
fat peroxides themselves. The actual state of an acti- 
vated molecule may be visualized in various ways, 
such as the possession of a higher potential, or of 
molecnlar valence electrons (4) .  Not only does it pos- 
sess a sufficient amount of energy to take part in a 
reaction, but when it does so, a highly reactive prod- 
uct molecule is formed, whose excess energy is trans- 
ferred to another average reagent molecule, enabling 
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