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T HE various theories (1, 2, 3, 4, 5) that have been 
advanced to explain the cause of flavor reversion 
in fats and oils may be classified into three main 

categories. The source of the objectionable flavors 
and odors may be considered (a) a glyceride con- 
stituent, (b) a non-glyceride constituent, or (c) a 
complex formed by interaction of these two. From 
a study of the properties of a simulated linseed oil 
and from other evidence, Armstrong and McFarlane 
(1) concluded that the causative agent of flavor rever- 
sion in linseed oil was present in the glyceride portion 
of the oil. In the case of flavor reversion in soybean 
oil the causative factor has not yet been definitely 
located among the three possibilities cited. It was 
thought that one or more of the possible causes might 
be eliminated by studying the flavor characteristics 
of a simulated soybean oil whose constituent fatty 
acids originated from sources other than soybean oil. 

The present paper deals with an investigation of 
the flavor characteristics of a triglyceride mixture 
whose unsaturated fatty acid composition approxi- 
mated that of soybean oil. The flavors appearing in 
the synthetic product under various conditions were 
compared with those in soybean and cottonseed oils. 

Experimental 
Preparation of Fatty Acids. Highly purified stearic 

and palmitic acids were prepared from crude acids 
(Neofat) by fractional distillation of their methyl 
esters and subsequent repeated fractional crystalliza- 
tion of the respective acids from ethyl ether. Stearic 
and palmitic acids were the only saturated acids used 
in the synthesis of the simulated soybean oil. 

Oleic acid (I. V. 89.9) was prepared from the mixed 
fat ty acids of olive oil by fractional distillation of the 
methyl esters and low-temperature crystallization by 
the methods of Wheeler and Riemenschneider (6) and 
Brown and Shinowara (7). 

Linoleic acid (I. V. 180.3) was prepared by de- 
bromination (8) of tetrabromostearic acid obtained 
from cottonseed oil fa t ty  acids. After distillation of 
the crude acid the purified product was stored in a 
sealed ampule at --30 ° C. 

Linolenic acid (I. V. 265.6) was prepared from lin- 
seed oil fat ty acids by a modification of the method 
of Rollett (9). The hexabromostearic acid, recrystal- 
lized from t~luene (10), was suspended in ether and 
treated witl~ three times the theoretical amount of 
zinc dust. The hexabromostearic acid, which was 
nearly insoluble in the solvent, gradually disap- 
peared during the course of the debromination reac- 
tion. The linolenie acid, after distillation, was stored 
in a sealed ampule at --30 °. 

Preparation of SimTdated Soybean Oil. A mixture 
of fat ty acids containing 103.5 g. of linoleic acid, 20.3 
g. of linolenic acid, 39.2 g. of oleic acid, 32.5 g. of 
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palmitic acid, and 7.5 g. of stearic acid, was es~erified 
with 21.2 g. of glycerol at a temperature of 125 ° C. 
according to the procedure of Wheeler, Riemen- 
schneider, and Sando (11). The esterification was 
followed by measuring the water evolved and in seven 
hours the reaction was 95% completed. 

The product was light yellow and was liquid at 
room temperature. I t  possessed a characteristic flavor 
which was not entirely removed by three successive 
deodorizations (12). A bland and colorless product 
was finally obtained by passing a petroleum ether 
solution of the oil through a column of activated 
alumina (>90% recovery) and then deodorizing the 
recovered oil. The fatty acid composition as deter- 
mined spectrophotometrically (13) and the analytical 
constants of the simulated oil before and after chro- 
matographic treatment on a column of activated 
alumina are given in Table I. 

TABLE I 

Analysis of Simulated Soybean Oil 

B e f o r e  After 
Alumina Alumina 

Treatment Treatment 

Iodine Value . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 9 , 2  1 2 6 . 3  
Saponification Equivalent . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 8 4 , 9  2 8 7 . 6  
Refractive Index at 3 0  ° . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 4 7 0 1 5  1 . 4 6 9 9 3  
Fatty Acid C~omposition. 

LinoIenic acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 . 2 %  1 1 . 6 %  
Linoleic acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 6 . 2 %  4 6 . 8 %  
Oleic acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 3 . 2 %  1 8 . 3 %  
Saturated acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9 . 4 9 ~  2 3 . 6 %  

Accelerated Flavor Stability Tests. (1) Light Ex- 
posure--Ten-ml, samples of the oils were exposed in 
Petroff culture flasks under nitrogen to a G-E reflec- 
tor-drying lamp as previously described (14). 

(2) Heat Treatment~Fifty-ml.  flasks containing 
10 ml. of the oil samples were evacuated to less than 
one mm. pressure and then inserted into an oil bath 
maintained at 200 ° C. After one hour, the flasks were 
removed, cooled, and the contents diluted with an 
equal quantity of mineral oil. Heating of the oil 
samples in vacuo instead of in air was necessitated 
by the lack of antioxidants in the simulated oil. 

Taste Panel. The flavor testing was done as de- 
scribed earlier (15) by a panel of six well-trained 
individuals. To obtain a permanent record of the 
flavor judgments of the panel, the 10-point flavor 
scoring system of Dutton et al. (16) was employed. 

Results and Discussion 
The results given in Table II  show the comparative 

flavor scores of samples of simulated soybean oil 
versus soybean oil, cottonseed oil versus soybean oil, 
and cottonseed oil versus simulated soybean oil after 
exposure to the G-E reflector-drying lamp and after 
heat treatment. I t  will be noted that the flavor rat- 
ings obtained in the comparison of the simulated 
soybean oil with soybean oil are quite close to those 
for the comparison of cottonseed oil and soybean oil. 
This might lead one to anticipate little difference 
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TABLE II 
Flavor Tests of Simulated Soybean, Soybean, 

and Cottonseed Oils 

Oil 

S~.mulated Soybean ............................. 
Soybean .............................................. 

Cottonseed .......................................... 
Soybean .......................... ; ................... 

Cottonseed .......................................... 
Simulated Soybean ............................. 

Light Exposure 

0.5 hr. 1 hr. 

8.5 5.4 
5.3 3.6 

8.2 7.8 
5.4 4.6 

8.2 8.2 
4.8 5.0 

Heat  
Treatment 

lhr. 

7.0 
3.8 

7.7 
4.5 

7.5 
4.0 

be tween  the flavor s tabi l i t ies  8 of cot tonseed oil a n d  
soybean  oil. Ac tua l ly ,  as shown in  Table  I I ,  there  is 
a m a r k e d  difference. Poss ib ly  th is  a p p a r e n t  discrep- 
a n c y  is due to the fac t  t ha t  there is no s t a n d a r d  basis  
of compar i son  be tween  the var ious  pa i r s  examined,  
i.e., the second sample  of. a n y  g iven  p a i r  is j u d g e d  
solely on the basis  of the va lue  ass igned to the first. 
To obvia te  this  lack of a s t a n d a r d  of reference  a l l  
possible pa i r s  of the three  oils had  to be tested. F r o m  
the i n f o r m a t i o n  in  Tab le  I I  the oils m a y  be a r r a n g e d  
in  the  fo l lowing o rder  of decreas ing flavor s t a b i l i t y :  
cot tonseed 2> s imula t ed  soybean  > soybean.  

The flavor pane l  u n a n i m o u s l y  agreed  t h a t  the fla- 
vors p roduced  b y  hea t  a n d  l igh t  t r e a t m e n t  of the 
s imu la t ed  oil were d i s t inc t ly  d i f ferent  f rom those 
a p p e a r i n g  in  soybean  oil u n d e r  the same condi t ions.  
The flavors were difficult to describe, b u t  grassy,  hay-  
like, a n d  other  flavors typ ica l  of rever ted  soybean  oil 
were absent .  D r y i n g  a n d  pe rs i s t en t  a f te r tas tes  evi- 
den t  i n  the soybean  oil were sometimes encoun te r ed  
in  the  s imula t ed  oil. 

The effect of tocopherol  on the flavor qua l i t y  a n d  
s t ab i l i t y  of the s imu la t ed  soybean oil was nex t  in= 
vest igated.  Refined soybean  oil is r epor ted  (17) to 
con ta in  0.02% of a-tocopherol a n d  0.10% of 7-toco- 
pheroh  A sample of the s imula t ed  oil c o n t a i n i n g  these 
concen t ra t ions  of added  ~- a n d  7-tocopherol  was ex- 
posed to the G-E l amp  for  one hou r  and  compared  
to a s imi la r  sample  of the s imula ted  oil c o n t a i n i n g  no 
added  an t iox idan t .  The flavor scores were 7.5 for  the 

SA clistination is made in this paper between the terms flavor stability 
and flavor reversion. The latter is applied only to the characteristic taste 
and flavor of light and heat-treated soybean oil. The former is used in 
s broader sense to designate the relative flavor qualities among the sev- 
eral oils examined. 

fo rmer  sample  a n d  5.5 for  the  la t ter .  Despi te  th is  
i m p r o v e m e n t  in  flavor s tab i l i ty ,  the tocopherol  d id  no t  
appea r  to change the q u a l i t y  of the flavor a n d  no 
revers ion effects were a p p a r e n t .  This  was also f o u n d  
to be the case when  a sample  of the s imula t ed  oil con- 
t a i n i n g  0.10% of a- toeopherol  was shelf-s tored i n  l igh t  
at room t e m p e r a t u r e  for  n i n e  days. 

Conclus ions  f rom organolep t ie  observat ions  have to 
be d r a w n  wi th  cons iderable  caut ion.  They  are no 
more rel iable,  in  the u l t i m a t e  sense, t h a n  are the 
organs  of taste a n d  smell  of the i n d i v i d u a l  member s  
of the flavor panel .  Thus  f a r  the resul ts  would  t e n d  
to ind ica te  t ha t  the o r d i n a r y  f a t t y  acid cons t i tuen t s  
of soybean  oil are  no t  e n t i r e l y  responsib le  for  the 
flavor character is t ics  of r eve r t ed  soybean oil. Like- 
wise, the hypothesis  t h a t  l ino lenic  acid is the sole 
causat ive  agen t  does no t  a p p e a r  l ikely a l though  i t  is 
possible tha t  this  acid con t r i bu t e s  to the flavor ins ta-  
b i l i t y  of soybean  oil, p a r t i c u l a r l y  to the pers i s tency  
a n d  d r y i n g  effects of the r eve r t ed  oil. 

S u m m a r y  

A s imula ted  soybean  oil has been synthes ized  f rom 
pur i f ied  f a t t y  acids. The flavor character is t ics  of the 
oil a f t e r  heat  a n d  l igh t  t r e a t m e n t  are descr ibed a n d  
compared  to those of soybean  a n d  cottonseed oils. 
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Report of Seed and Meal Analys i s  Committee  
May, 1946 

T H E  Seed a n d  Meal Ana lys i s  Commit tee  has u n d e r  
s t u d y  the methods  of analys is  of cottonseed, pea- 
nu ts ,  t u n g  f r u i t  a n d  the i r  meals, a n d  of soyflour. 

The S u b c o m m i t t e e  for  Cottonseed a n d  Cot tonseed 
Meal repor t s  as fol lows:  

In considering the problem of reexamining the methods 
of the A.O.C.S. for moisture in cottonseed and c o t t o n s e e d  
products it was felt that fundamental data on weight 
losses under varying conditions of type of oven ,  t e m p e r a -  
t ure ,  time, and sample preparation should be obtained. 
Through the generous cooperation of the Southern Re- 
gional Research Laboratory a thorough program of in- 
v e s t i g a t i o n  was undertaken, following the pattern used in 
"Determination of Moisture in Peanut Kernels," Hoff- 
pauir, Oil & Soap, November, 1945. The materials used 
were whole and crimped cottonseed, fumed ground c o t t o n -  
s eed ,  w h o l e  and  ground cottonseed meats, and c o t t o n s e e d  
m e a l .  As this work by Hoffpauir and Petty has been 
published in Oil & Soap, November, 1946, the results will 
n o t  b e  fully reviewed here. It  is a valuable addition to the 
literature on this subject. 

The weight loss curves indicated that (1) the drying of 
whole seed 12-16 hours (overnight) is most reliable a n d  
that (2) drying crimped seed 5 hours at 101°C. gave re- 
sults several tenths per cent lower. (3) Whole s e e d  d r i e d  
2½ hours at 130°C. gave results in close agreement with 
overnight at 1Ol°C. (4) Fumed ground seed showed a 
small continued weight loss beyond the official d r y i n g  
period of 2 hours at 101°C. (5) Cottonseed meal showed a 
very small weight loss between two and three hours' drying 
at 101°G. 

The committee undertook collaborative work, under rou- 
tine conditions, on the above materials at, and with s o m e  
modifications of, the drying periods named. Within the  
limits chosen, the variations were in general a g r e e m e n t  
with the weight loss curves of Hoffpauir and Petty. S e e  
Table I. 

On the basis of these data the majority of the c o m m i t t e e  
agree that : 
1. Drying whole cottonseed 12-16 hours (overnight) a t  

101°C. is justified as the official method for moisture. 
2. The procedure of drying crimped seed 5 hours at 101°C. 

should be removed from official methods as low r e s u l t s  


