
456 THE JOURNAL OF THE A3IERICAN OIL r SOCIETY, .NOVEMBER, 1952 

Though these curves indicate a minimum of about  
one hour for  a pract ical  holding-time, it seems quite 
probable  f rom other available information (1, 3) that  
still shorter  chilling periods can be used when the 
miscella is agi tated dur ing the chilling period. In  the 
present  experiments  the miscella was chilled f rom 
room tempera ture  by  setting the centr ifuge bottle in 
a ba th  at  the desired tempera ture  and was not stirred. 
I t  has been shown (1, 3) that  crystallization proceeds 
much more rapidly  when the solutions are even gently 
agitated every 10 minutes. I t  can thus be expected 
that  with the relatively violent agitat ion in industrial  
chilling units the curves corresponding to those in 
F igure  1 would flatten out much sooner and that  
therefore a chilling period considerably below one 
hour would be feasible under  those conditions. 

Cold Tests. Cold tests were obtained by a modifi- 
cation (3) of the A.O.C.S.  Official Method Cc 11-42 
Cold Test. Winterized oils were obtained in all the 
above experiments  in which a holding-time of one 
hour or longer was used. There was very good agree- 
ment  between the cold tests obtained and those pre- 
dicted for an oil of this par t icular  iodine value (see 
Ref. 3, Fig. 10). I f  5.6% of solid is removed f rom an 
oil having an iodine value of 110, like that  of the 
present  oil, the winterized oil would be expected to 
fail the cold test between 6 and 20 hours. The actual 
fai lure found when this amount  of solid was removed 
f rom a 30% oil concentration at --12~ with a 1-hour 
holding-time, was between 8 and 15 hours. A 2-hour 
holding-time at the same concentration and tempera-  
ture resulted in the removal  of 6.8% solid and a cold- 
test fai lure somewhere between 24 and 40 hours. The 
predicted cold test would have been just  below 20 
hours. All samples that  had more than 7.0% solid 
removed dur ing the winterization experiments passed 
more than a 40-hour cold test. 

Settling Qualities of the Solid Separating. No spe- 
cial settling tests in graduated  conical centr ifuge tubes 

were performed.  Measurements of the settling were 
however made as before (1) on each sample af ter  
centr i fuging in the 250-ml. eentrifug~ bottles. The 
results indicated that  the reduction in holding-time 
did not have an appreciable effect upon the settling 
characteristics of the solid. 

Summary 
The purpose of this investigation was to determine 

whether and under  what conditions it would be prac- 
ticable to use holding-times of less than three hours  
in the solvent winterization of cottonseed oil in 85-15 
acetone-hexane mixture.  Since the output  of the chill- 
ing unit  varies inversely as the holding-time required, 
it is advantageous to use the shortest feasible holding- 
time. Systematic winterization data were obtained on 
a labora tory  scale for different oil-solvent ratios and 
tempera tures  using the technique previously described. 

The results indicate that,  under  the static chilling 
conditions used in these experiments,  the holding-time 
can be reduced f rom three hours to 1 hour by  using 
either a higher oil concentration, a lower chilling tem- 
perature,  or both. However,  on the basis of previously 
reported data it is known that  with agitat ion dur ing 
chilling, such as would be encountered in commercial 
continuous chilling units, the rate of crystal  format ion 
would be fu r the r  increased. Under  practical  condi- 
tions therefore the ad jus tment  of tempera ture  and 
concentrations should make it feasible to use holdiP.g- 
times even shorter than one hour with a correspond- 
ing increase in the capacity of the chilling units. 
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Influence of Alkali Concentration and Other Factors on the 
Conjugation of Natural Polyunsaturated Acids as Determined 
by Ultraviolet Absorption Measurements I 
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U L T R A V I O L E T  spectrophotometrie analysis is 
the most impor tan t  method employed today for  
determinat ion of the polyunsatura ted  constitu- 

ents of fats  and oils. Since publicat ion in 1943 of a 
spectrophotometric method for determination of lin- 
oleic and linolenic acids in fats  and oils (12), the 
method has been subjected to numerous changes or 
to suggested changes by  various investigators. The 
method has been extended to include arachidonic acid 
(2) and modified to increase the t ransparency  of the 
medium (14, 4). Efforts  to improve the sensitivity 
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and accuracy of the method by  including certain 
correction factors (4, 5, 17) or by  variat ions of the 
conditions of isomerization (1, 3, 9, 10) have been 
described. Recently this labora tory  has published 
new and more accurate constants for  use in the spec- 
t rophotometric  analyses of the more common natura l  
fats  and oils (6). These new constants were deter- 
mined on acids isolated by  physical means in their  
na tura l  geometrical configuration whereas the earlier 
constants were determined on chemically p repared  
bromina t ion-debromina t ion  acids. The la t ter  acids 
contain substant ial  proport ions of geometrical iso- 
mers other than  the imtural  all-eis type (11). Geo- 
metrical  isomers vary  in their  rates of conjugation 
dur ing alkali t reatment ,  result ing in significant dif- 
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ferences in their observed specific extinction coeffi- 
cients (7, 13). 

The effect of alkali concentration and time of isom- 
erization was studied by  Holman and Bur r  (10). 
They found that  maximum yields of diene from lin- 
oleie acid are produced over a wide range of alkali 
concentrations, but  to produce maximum triene, tet- 
raene, and pentaene from their respective unconju- 
gated acids a strong alkali concentration is needed. 
Application of their optimum conditions more than 
doubled the specific extinction coefficient of araehi- 
donic acid, as compared with that  obtained by the 
isomerization conditions of Beadle and Kraybi l l  (2). 
Owing to the presence of pentaene as an impur i ty  in 
their arachidonic acid and low yields and poor repro- 
ducibility of conjugated isomers f rom linoleic and 
linolenic acids, Holman and B u r r  did not recommend 
any definite set of spectrophotometric constants for 
use with their isomerization conditions. Their  poly- 
unsaturated acids were prepared by a bromination- 
debromination method. 

Since unconjugated diene, triene, tetraene, and pen- 
taene acids in their natural  configuration were avail- 
able to us from previous work (7, 8, 16), it was of 
interest to extend the s tudy of the effect of alkali 
concentration and time of heating on the spectral 
properties of these acids. Attention was also given 
to the selection of isomerizing conditions that  could 
be used as a basis for  a more sensitive spectrophoto- 
metric method of analysis, par t icular ly  for tetraene 
and pen taene  acids. Analyses of a series of fats in 
which the selected conditions were employed were 
compared with analyses by  s tandard methods. 

E x p e r i m e n t a l  

Natural  methyl  linoleate, methyl  linolenate, methyl 
arachidonate, methyl eicosapentaenoate, and docosa- 
pentaenoate prepared by  physical methods (7, 8, 16) 
had iodine values of 172.2, 259.1, 313.7, 393.3, and 
368.0, respectively, as determined by the half hour 
Wijs method. 

Preparation of Alkali-Isomerizing Reagents. The 
procedure for the preparat ion of KOH-glyeol  rea- 
gents was essentially that  described in the A.O.C.S. 
Tentative Method Cd7-48 (15). Ethylene glycol was 
heated to 190~ for 10 minutes and allowed to cool 
to 150~ and the calculated amount of alkali was 
added to give solutions of 6.6, 11.0, 18.0, 21.0, and 
27.0% K O H  by weight. The alkali solutions were 
again heated to 190 ~ for 10 minutes and then cooled 
to room temperature.  A blanket of nitrogen was kept 
over the reagents at all times. The strength of each 
solution was checked by t i t ra t ing a weighed aliquot 
with s tandard acid, and then adjusted to __+0.1 of the 
desired weight percentage with ethylene glycol that  
had been dried by  heating to 190 ~ for 10 minutes. 

Method for Isomerization. The isomerizing equip- 
ment, i.e., test tubes, n i t rogen-dis t r ibut ing head, and 
bath, was identical with that  described in the A.O.C.S. 
method. A 1- x 10-inch test tube containing 11 grams 
of KOH-g]ycol reagent was placed in the bath (main- 
tained at 180 ~ C.), blanketecI with nitrogen, and heated 
for  15 minutes. An accurately weighed 70-80-rag. sam- 
ple contained in a 1-ml. glass cup was added to the 
reagent, and the tube was removed from the bath and 
shaken vigorously for 5 seconds and then replaced. 
This shaking operation was repeated at 30-second 
intervals unti l  the contents appeared clear and ho- 
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mogeneous. A test tube containing reagent, but  no 
sample was treated similarly for  use as a blank. The 
reaction was accurately timed with a stop watch from 
the moment of addition of the sample. Af te r  being 
heated for the desired length of time, the tube was 
removed from the bath and cooled rapidly in cold 
water. The isomerized mixture was diluted to known 
volumes with absolute methanol until  suitable optical 
densities were reached. Appropria te  readings were 
made in a Model DU Beckman spectrophotometer. 

Resu l t s  and Discuss ion  

E]~'ect of KOH Concentration and Time of Heating 
on Degree of Conjugatio~ of Methyl Arachidonate. 
Prel iminary  experiments on a somewhat impure sam- 
ple of methyl arachidonate (I .V. 306) were carried 
out under  the conditions suggested by  Holman and 
Bur r  (10), that  is, 5 ml. of reagent (23 g. KOH/IO0 
ml. ethylene glycol solution), 15 to 25 rag. of sample, 
8 minutes of reaction time but  isomerization at tem- 
perature  of 180~ instead of 178 ~ Under these con- 
ditions it was difficult to get reproducible results. 

Af ter  some experimentation in varying the amount 
of reagent and weight of sample, it was found that  
satisfactory reproducibi l i ty could be obtained with 
11.0 g. of reagent, 70 to 80 rag. of sample, 8 minutes '  
reaction time, and a temperature  of 180~ I t  was 
noted that  the specific extinction coefficient at 300 m~ 
under  these conditions was just a little more than 
half that obtained by Holman and Burr .  Time curves 
at different K 0 H  concentrations, other factors remain- 
ing constant, were then determined in an effort to 
approach their  maximum value. 

The plots of the specific extinction coefficients 3 of 
methyl araehidonate (I .V. 306) against time with dif- 
ferent  K O H  concentrations are shown in Figures 1 to 
5. As the K O H  concentration is increased, the maxi- 

3 Specific extinction coefficient ---- D /bc  where D ~--- spectral density of 
the solution (compared with solvent), b ~ length of cell, and  c ~ con- 
centrat ion in grams/ l i te r .  
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mum conjugated diene formation decreases. The lower 
KOH concentrations cause a tendency to plateau near 
a maximum conjugated diene formation whereas the 
higher KOH concentrations cause a maximum diene 
conjugation in less than 8 minutes and then show a 
decrease. With the 27% KOH concentration however 
the plateau again appears although at a lower level. 
The maximum triene conjugation from methyl araehi- 
donate is in the same relative order;  the greater the 
KOH concentration the lower the maximum triene 
conjugation. There is also a rather definite decline 
in triene with an increase in time. Conjugated tetra- 
ene formation however is just the reverse; the greater 
the KOH concentration the greater the formation of 
conjugated tetraene until  the maximum is reached 
with 21% KOH concentration. With the 27% KOH 
concentration, maximum conjugated tetraene falls 
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sharply to a low level. Dur ing isomerization at this 
KOH concentration considerable difficulty was ex- 
perienced in keeping the sample in solution which may 
account for the erratic values. 

F rom these results it appears that a concentration 
of 21% KOH and 15 minutes '  reaction time gives 
maximum tetraene conjugation. Despite the fact that  
this sample of methyl arachidonate was somewhat im- 
pure, these conditions of isomerization gave a specific 
extinction coefficient at 300 m/~ that is in good agree- 
ment with the maximum value found by Holman and 
Burr  (10). 

In  Figure 6 the specific extinction coefficients of 
methyl arachidonate are plotted against percentage of 
KOH for a reaction time of 15 minutes. The sharp 
peak for tetraene production with relatively small 
changes in alkali concentration emphasizes the care 
that must be taken in preparing the reagent. 

Effect of KOH Concentration on Pure Polyunsatu- 
rated esters. In  the preceding experiments to deter- 

I.- 
Z 
la.I 

I.I. 
taJ 
0 
U 

Z 
0 

I.- 
U 
Z 

I -  
X 

U .  

e l  

6 0  

5 0  

4 0  

3 0  

ZC 

I I 1 

e33 mp 

5 I0  15 2 0  25 
T I M E ,  M I N U T E S  

FIG. 5. Specific extinction coefficients of methyl arachidonate 
vs. time of isomcrizutioa at 180~ in 27% KOI-I glycol. 



T H ~  JOURNA~ OF THE .AMERICAN OIL CHEMISTS'  SOCIETY, NOVEMBER, 1952  459  

I I I I I 

6 0  e.... 2 s s m p  / ,4.%, _ 
uJ ~ '.... ~ / \ 

~.~ ~ 233m 

0 

Z 
0 

o / /  
_z 

.r g 
~ 30 , v 7  
_u a00 m~ t / ~ ~, " 

~ 2 0 -  
s ' s m p l  | I I 

I 0  t 5  2 0  2 5  

A L K A L I  C O N C E N T R A T I O N .  ~ . K O H / W T .  

Fro. 6. Specific extinction coefficients of methyl arachidonate 
vs. KOI~ concentration when isomerized at 180~ for 15 
minutes. 
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mine optimum conditions of isomcrization a slightly 
impure sample of methyl arachidonate was used. In 
the following work methyl arachidonate of greater 
purity and other polyunsaturated esters were em- 
ployed. A comparison was made of the absorption 
curves produced when the methyl esters of the pure 
naturally occurring acids were isomerized for 15 min- 
utes at 180~ with 21% KOH glycol reagent and 
when isomerized for 45 minutes at 180~ with 11% 
KOH glycerol (6). All dilutions were made with ab- 
solute methanol. These curves are shown in Figures 
7 to  11. 

The methyl linoleate curves are almost identical for 
the two methods of isomerization. For the other esters, 
methyl linolenate, methyl arachidonate, methyl eico- 
sapentaenoate, and methyl docosapentaenoate, it is evi- 
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dent that the increase in alkali concentration favors 
the formation of a mixture of conjugated isomers in 
which the isomers having the greatest possible number 
of conjugated double bonds predominate. 

Greater differences than expected were observed in 
the spectral properties of the two pentaenes when con- 
jugated with 21% KOH. These differences could pos- 
sibly be ascribed to a) an unknown impurity in the 
preparations, b) conditions of alkali isomerization not 
optimum for producing maximum conjugation in each 
compound, c) different positions of the double bonds, 
or d) different geometrical configurations of the C2o 
and C~_~_ pentaene acids. Unfortunately the amount of 
material available precluded a more detailed study of 
this phenomenon. 
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The absorpt ion curves shown in F igure  11 for isonl- 
erized methyl  docosapentaenoate are somewhat differ- 
ent f rom corresponding curves shown in a previous 
paper  (8, F igure  2). The present  curves represent  
average values of a greater  number  of determina- 
tions taken on several prepara t ions  of comparable 
unsaturat ion.  

The specific extinction coefficients of the na tura l ly  
occurring acid esters when isomerized for  15 minutes 
with 21% K O H  glycol reagent are given in Table I. 

TABLE I 

Specific Extinction Coefficients of Pure  Natural Polyunsaturated Esters 
(Adjusted to Acid Basis) Isomerized in 11% KOH 

Glycerol and 21% KOH Glycol 

Acid 

Linoleic 

Linolenic 

Araehidonic 

Eicosapentaenoic 

Docosapentaenoic 

50% C~-50% C~ 

Wave- 
length 

m~ 
233 

233 
268 

233 
268 
315 

233 
268 
315 
346 

233 
268 
315 
346 

233 
268 
315 
346 

Specific extinction coefficients ~ 

21% KOH 11% KOI:t 
glycol 2 glyceroH 

91.6 93.9 

47.5 58.6 
90.5 48.6 

39.74 55.0 
48.24 46.8 
60.64 20.3 

39.4 48.9 
41.2 33.3 
82.4 26.8 
87.5 15.0 

43.5 50.0 
46.0 85.2 
56.9 23.8 
50.4 10.9 

41.5 ] 49.5 
43.6 34.3 
69.7 ! 25.3 
69.0 [ 13.0 

In  methanol solutions. 
2Isomerized for 15 minutes at 
3Isomerized for 45 minutes at 
4Corrected values--see  text. 

180~ under nitrogen. 
180~ under  nitrogen. 

Methyl arachidonate available for  this s tudy had an 
iodine value of 313.7, which is slightly lower than  a 
previously isolated sample (7). Therefore a small cor- 
rection was made by plott ing the specific coefficients 
against  the iodine values of a number  of samples 
ranging f rom I.V. 300 to I .V.  314 and extrapolat ing 
the coefficients to the theoretical iodine value of 318.8. 
For  comparison with values obtained by  the 21% 
K O H  glycol method, coefficients are included for these 
esters when isomerized for  45 minutes with 11% K O H  
glycerol (6, S). The data in Table I show that  the 
sensitivity of the method has been increased consid- 
erably  for  all acids except linoleic, for  which the 
sensitivity remains unchanged. 

The spectrophotometric method of analysis will not 
differentiate between acids that  have the same number  
of double bonds but  different chain length, e.g., be- 
tween C2o and C22 pentaenes. Hence, when the two 
pentaene acids are present  in a fa t  and their  chain 
lengths are unknown, it would be necessary to have an 
independent  determinat ion of one for  an accurate an- 
alysis. No sat isfactory method however is available 
for  this purpose. Therefore in the spectrophotometric 
analyses reported in this paper  the assumption was 
made that  the pentaene acids were present  in equal 
quantities. This assumption, al though not necessarily 
t rue  ii~ all fats, is in agreement  with the approximate  
proport ions found previously in beef suprarenal  lipids 
(S). Constants for equal proport ions of C_~o and C22 
pentaene acids are also included in Table I. 

A~talyses of Fats and Oils. Analyses of some com- 
mon oils and concentrates of polyunsa tura ted  com- 
ponents f rom these oils are given in Table I I .  The 
analyses were determined on a 70- to 80-mg. sample 
isomerized in 21% K 0 H  glycol reagent for  15 min- 
utes at a t empera ture  of 180~ For  comparison the 
samples were also determined by  either the modified 
A.0.C.S. Tentat ive Method Cd7-48 (15) or the method 
employing 11% K O H  glycerol and 45 minutes reac- 
tion time (6). In  general, the results are in good 
agreement  with the s tandard  methods. 

Owing to lack of absolute values for the fa t ty  acid 
composition of the samples, no claim is made that  the 
21% KOH glycol method is more precise than stand- 
ard  methods. I t  may  be superior  however because of 
the increased sensitivity in most analyt ical  regions, 
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and for the same reason it should be more adaptable 
to micro quantities of sample. Work on this adapta- 
tion is under way. 

An interesting observation was made on the compo- 
sition of lard. The two concentrates of polyunsatu- 
rated constituents of lard methyl esters (Table II)  
exhibited a definite peak in the pentaene region. The 
position of the peak and the magnitude of the absorp- 
tion strongly indicate the presence of pentaene acids 
in the original lard. This is believed to be the first 

TABLE I1 

Spectrophotometric Analyses of Various Samples of Fats a n d  
Oils Isomerized by Standard Methods and by the 2 1 %  

KOH Glycol Method 

Sample 

C o t t o n s e e d  oil 1 

Cot tonseed  oil 2 

Soybean oil 1 

S o y b e a n  oi l  2 

Methyl esters  a 
from cottonseed oil 

Methyl esters  a 
from soybean oil 

Methyl esters 3 
from linseed oil 

Meth y l  esters 4 
from lard 1 
fraction 7 

Methyl esters  4 
from lard 1 
fraction 8 

Methyl esters  ~ 
from adrenal lipids 

Component 
acid 

L i n o l e i c  

Linoleic 

Linoleic 
Linolenic 

Linoleic 
Linolenic 

Linoleic 

Linoleic 
Linolenic 

Linoleic 
Linolenie 

Linoleie 
Linolenic 
Arachidonic 
Pentaenoie 

(50% C~0-50% C~) 

Linoleie 
Linolenic 
Arachidonic 
Pentaenoic 

(50% C~o-50% C~) 

Linoleic 
Linolenic 
Arachidonic 

Method~ 

21% KOH 
glycol Standard2 

% % 
51.6 51.5 

49.1 49.4 

50.8 52.6 
7.7 8.3 

50.9 52.2 
7.7 8.3 

73.3 71.9 

62.8 62.6 
9.0 9.5 

18.1 16.6 
49.0 49.9 

23.8 25.2 
6.8 7.9 
4.4 4.8 
1.0 1.8 s 

21.2 21.8 
10.6 11.3 

7.4 8.7 
3.5 5.36 

24.1 22.9 
4.9 4.1 

15.9 16.5 

~All results are  reported as percentage of acid in sample. 
2Standard method may be either 6.6% KOH glycol or 11% KOH 

glycerol; where data were available by both methods the average values 
are given. 

Saturated esters removed by low temperature crystallization. 
4Concentrate of polyunsaturated components obtained by low temper- 

ature crystallization and high vacuum distillation. 
5Fraction obtained by adsorption separation on silicic acid. 
SCalculated from coefficients given in Table I. 

report that lard contains acids of greater unsatura- 
tion than arachidonic. 

Summary 

Optimum conditions for production of maximum 
conjugation of methyl arachidonate were determined. 
These comprise heating the sample in 21% K 0 H  gly- 
col for 15 minutes at 180~ The optimum conditions 
of isomerization have also been applied to methyl 
linoleate, methyl linolenate, methyl eieosapentaenoate, 
and docosapentaenoate prepared by physical methods. 
These conditions greatly increased the sensitivity of 
the spectrophotometric method for all the polyun- 
saturated acids except linoleic, for which the sensi- 
tivity was unchanged. 

Analyses of a series of fats and oils isomerized 
under optimum conditions and also under standard 
conditions were in good agreement. Constants are 
given for use when pentaene acids are present as 
well as for acids of less unsaturation. 

Spectroscopic evidence strongly indicates that pen- 
taene acids are present in lard. 
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A Study of the Spectrophotometric Method . for Polyunsaturated 
Fatty Acids in Cottonseed Oils and A Comparison 
with 'Chemical Methods I 
R. T. O'CONNOR, M. F. STANSBURY, H. G. DAMARE~, -~ and S. M. STARK JR., Southern Regional 
Research Laboratory, 3 New Orleans, Louisiana 

I N the evolution of the American Oil Chemists' So- 
ciety's spectrophotometric method, Cd 7-48, for 

determining polyunsaturated ~eids (1) in fats and 
oils attention was given to the development of a gen- 

1Report  of a study made u n d e r  the  Research and Marketing Act of 
1946. 

Z Present  address: 116 Elm drive, Naval Base Subdi~-ision, Charles- 
ton, S. C. 

a One of the laboratories of the Bureau of Agricultural and Industr ial  
Chemis try ,  Agricultural Research Administration, U. S. Department  of 
Agriculture. 

eral method. The purpose of the present investigation 
was to determine how much simplification could be 
made in the complicated equation specified for the 
calculation of linoleic acid content in the case of cot- 
tonseed oils without adversely affecting the precision 
and the accuracy of the results. In addition, an at- 
tempt has been made to evaluate the use of the spectro- 
photometric method for the analysis of cottonseed oils 
by a comparison of the results obtained for unsatu- 


