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s tab i l i ty  tes t  on  t he  soya  oil showed  t h a t  T B H Q  provides  
m a x i m a l  p r o t e c t i o n  at  f ry ing c o n d i t i o n s  (Fig. 13). Ac tua l  
f ry ing tes ts  p repar ing  p o t a t o  chips wi th  soya oil as a f ry ing  
m e d i u m  i l lus t ra te  t he  " c a r r y - t h r o u g h "  ef fec t iveness  of  
T B H Q  in to  fr ied foods - - even  at  re la t ively  low c o n c e n t r a -  
t ions  (Fig. 14). The  low ef fec t iveness  o f  BHA and BHT 
a n t i o x i d a n t s  also is i l lustrated.  

REFERENCES 

1. Lundberg, W.O., "Autoxidation and Antioxidants," Vol. I, 
lnterscience Publishers, New York, NY, 1961. 

2. Lundberg, W.O., Ibid., Vol. II, 1962. 
3. "Bailey's Industrial Oil and Fat Products," 3rd Edition, edited 

by D. Swern, Interscience Publishers, New York, NY, 1964. 
4. Schultz, H.W., E.A. Day and R.O. Sinnhuber,"Symposium on 

Foods: Lipids and Their Oxidation," The AVI Publishing Co., 
Westport. CT. 1962. 

5. Weiss, T.J., "Food Oils and Their Uses," The AVI Publishing 

Co., Westport, CT, 1970. 
6. Emanuel, N.M., and Yu N. Lyaskovshaya, "The Inhibition of 

Fat Oxidation Processes," Pergamon Press, New York, NY, 
1967. 

7. Sherwin, E.R., JAOCS, 53:430 (1976). 
8. Thompson, J.W., and E.R. Sherwin, Ibid. 43:683 (1966). 
9. Sherwin, E.R., and J.W. Thompson, Food Technol. 21:106 

(1967). 
10. "Effectiveness of TBHQ Antioxidant in Refined Vegetable 

Oils," Eastman Chemical Products, Inc., Publication no. 
2F-204A, November 1974. 

11. Sherwin, E.R., and B.M. Luckadoo, JAOCS 47:19 (1969). 
12. ?Official and Tentative Methods of the American Oil Chemists' 

Society," AOCS, Champaign, IL, 1971, Method Cd 12-57. 
13. "A Study of the Stabilization of ~thole-Crude, Once-Refined 

and Oxidized Crude Palm Oil with TBHQ Antioxidant," 
Eastman Chemical Products, Inc., Publication no. 2G-215B, 
February 1978. 

14. "Alternatives in Processing Soybean Oil using TBHQ Antioxi- 
dant," Eastman Chemical Products, Inc., Publication no. 
2G-207C, December 1978. 

Metabolic Aspects of Positional 
Monounsaturated Fatty Acids Isomers 

E.A. EMKEN, Northern Regional Research Center, Agricultural Research, 
Science and Education Administration, U.S. Department of Agriculture, Peoria, I L 61604 

A B S T R A C T  

Absorption and distribution of positional cis and trans octadecenoic 
acid isomers in lipids from rat, egg and human tissues are reviewed. 
Selected data on enzyme, single-cell, and whole-animal studies with 
positional octadecenoic acid isomers are summarized and compared. 

I N T R O D U C T I O N  

Part ial  h y d r o g e n a t i o n  of  soya  oil is used to increase  the  
f lavor  and  o d o r  s tab i l i ty  by  reduc ing  the  level of  poly-  
u n s a t u r a t e d  fa t ty  acids and,  in par t icular ,  the  l ino len ic  acid 
c o n t e n t .  H y d r o g e n a t i o n  or  h a r d e n i n g  also impar t s  desirable  
phys ica l  qual i t ies  useful  in the  f o r m u l a t i o n  of  margar ines  
and  shor ten ings .  Soya  oil p r o d u c t s  are h ighly  pa la tab le  and 
are widely c o n s u m e d  in the  U.S. In fact ,  i t  can be e s t ima ted  
t h a t  h y d r o g e n a t e d  soya  oil c o n t r i b u t e s  ca. 22% of  the  

visible and  nonvis ib le  fa t  c o n s u m e d  in the  A m e r i c a n  diet.  
Table  I i l lus t ra tes  the  e f fec t  of  var ious levels of  par t ia l  
h y d r o g e n a t i o n  on the  c o m p o s i t i o n  of  soya  oil (1). 

In add i t ion  to the  changes  in f a t t y  acid compos i t i on ,  the  
s t ruc tu r e  of  a p o r t i o n  of the  u n s a t u r a t e d  f a t t y  acids is re- 
a r ranged to f o r m  cis  and t r a n s  pos i t iona l  i somers  (2-4). The  
d i s t r ibu t ion  of  t h ~ o n a l  i somers  in the  m o n o u n s a t u -  
ra ted  f r ac t ion  f r o m  h y d r o g ~ m a ~  soya  oil is i l lus t ra ted  in 
Figure i for  a commerc i a l  n ickel  h y ~ a t e d  soya  oil. 

The  c o n t r i b u t i o n  of  pos i t iona l  isome-e'-rs~t~o the daily 
A m e r i c a n  diet  is e s t ima ted  in Table  II (5) to  be ca. 9 g, 
which  is ca. 0.6 of  a t ab lespoon .  Thus ,  the  indiv idual  
m o n o m e r  i somers  c o n t r i b u t e  ca. 80  calor ies /day,  which  is 
n o t  par t icu la r ly  s ignif icant .  The  n u t r i t i o n a l  and  biological  
i m p a c t  of  these  i somers  in the  h u m a n  die t  is d i f f icu l t  to  
assess. We do k n o w  t h a t  due to b i o h y d r o g e n a t i o n ,  r u m i n a n t  

T A B L E  I 

Fatty Acid Composition (%) of Soybean oil (SBO) and Partially Hydrogenated Soybean Oils (1) 

Fatty acid a SBO HSBO-1 b HSBO-2 b HSBO-3 b 

16:0 11 11 11 11 
18:0 4.1 4.3 7 10.5 
c-18: I c 22 29 33 18 
t-18:1 c -- 12 12 51 
9c, 12c-18:2 54 31 22 -- 
9c, 12t- and 9t,12t-18:2 - 4 6 - 
9 t , 1 2 t - 1 8 : 2  . . . .  
9c,13t- and 8t, 12t-18:2 - 2 4 9 
Conjugated isomers - 2 0. 5 
18:3 (all isomers) 7.5 2.3 2.0 - 
~ 2 0 : 0  1 1 1 1 

aAbbreviadons used: Geneva numbering system used for fatty acids, where the first number indicates 
the position of the double bond; the c or t following the first number indicates cis or trans configuration, 
if known; and the second number indicates number of carbons in the acyl chain, with the number 
following the colon designating the number of double bonds. 

bHSBO = partially hydrogenated soybean oil. 
Clncludes positional octadecenoic acid isomers. 
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FIG. 1. Distribution of cis-; trans-; and total positional octadecenoic 
acid isomers in a salad oil containing commercially hydrogenated 
soya oil. 

fats contain most  of the isomers present in hydrogenated 
soya oil. In fact, 437 fat ty acids have been identified in 
bovine milk fat (6). Distribution of the major monounsatu- 
rated isomers in but ter  is given in Figure 2 (7). These fat ty 
acid isomers have been consumed by man for centuries, and 
appreciable levels of hydrogenated soya oil have been con- 
sumed since about  1940 with no obvious short-term dele- 
terious effects. Long-term, multiple-generation feeding 
studies with rats have indicated no apparent  effect on 
growth, size or reproduction, and pathological changes in 
vital organs were not  detected (8). 

Absorption of Hydrogenated Soya Oil and Specific Isomers 

How well isomeric fats are absorbed has been fairly well 
established. The digestibility of various fats is shown in 
Table III and indicates that  hydrogenated vegetable oils are 
well absorbed (9). The triglycerides associated with chylo- 
microns, which are the initial carriers of ingested fat, have 
been analyzed from humans fed deuterium-labeled 9c-; 9t-; 
12t-; and 12c-18:t  (10). I t  is apparent  from the curves in 
Figure 3 that  9t-; 12t-; and 12c-18:1 isomers are absorbed 
at a rate almost exactly equal to oleic acid. 

Analysis of the positional isomers in human tissue con- 
firms that  all the positional isomers normally present in 
hydrogenated soya oil are absorbed and incorporated into 
the tissue lipids (11). Discrimination does occur against 
some of the isomers, particularly in the liver for 10t- and 
10c-18:1 (see Fig. 4). Dietary histories on these subjects 
indicate that, despite large variation in the amount  of 
hydrogenated fat consumed, a surprisingly constant level of  

positional isomers in the human adipose tissue was found 
which resembles the positional isomer distribution in 
hydrogenated soya oil. These data suggest that  accumula- 
tion of isomers beyond a specific level in tissue is moder- 
ated by the body. 

Distribution of Positional Isomers in Lipid Classes 

Analysis of liver lipids from rats fed partially hydrogenated 
safflower oil demonstrates that  the positional 18:1 isomers 
are both discriminated against and preferentially incorpo- 
rated into rat liver phosphatidylcholine (12). The most  
striking feature of the data in Figure 5 is the strong dis- 
crimination against the 10c- and 10t-18:1 isomers and the 
strong selective incorporat ion of the 12-, 13-, and 14-18:1 
isomers compared to 9c-18:1. The data in Figure 5 are 
plot ted as selectivity values which are the log of the isomer/ 
9c-18:1 ratio in the sample divided by the isomer/gc-18: l  
ratio which was fed. Data for rat kidney, muscle, heart, 
lung, spleen and adipose phosphatidylcholine samples are 
similar to the liver data for the cis positional isomers (12). 
Selectivity values for trans-18:l  isomers showed greater 
variation among the various tissue lipid samples. 

Radioisotope-labeled positional isomers have been fed to 
the laying hen and their incorporat ion into egg lipids com- 
pared to oleic acid (13). Selectivity values for egg tri- 
glycerides and phospholipids also are included in Figure 5 
f o r  c o m p a r i s o n  w i t h  ra t  liver phosphatidylcholine 
selectivities. 

Selective incorporat ion of 8t- and 12t-18:1 vs 9c-18:1 in 
egg lipid classes is compared in Figure 6 (14). Incorporat ion 
of both the 8t- and 12t-18:1 isomers into egg lipids follows 
a very similar pattern, except  for cholesteryl ester. Selec- 
tivities for the 12t-18:1 isomer also are larger than for the 
8t-18:1 isomer. Large preferential incorporat ion of  these 
isomers was found for the 1-acyl posit ion of both phos- 
phat idylethanolamine (PE) and phosphatidylcholine (PC), 
and negative selectivities were found for the 2-acyl position. 
The large difference in the selectivities of cholesteryl ester 
for 8t- and 12t-18:1 reflect the importance of double-bond 
position in determining the distribution of these isomers. 

Selectivity values for various blood plasma lipid classes 
from human studies in which deuterium-labeled 9t-; 12t-; 
and 12c-18:1 isomers were fed are shown in Figure 7 
(10,15,16). These values indicate that  the 9t- and 12t-18:1 
isomers both are preferentially incorporated into PC and 
sphingomyelin but  to a much less extent  than the 12c-18:1 
isomer. In contrast  to these positive selectivities, the cho- 
lesteryl ester fraction exhibited a very strong discrimination 
against the 9t- and 12t-18:1 isomers and a small negative 
selectivity for the 12c-18:1 isomer. 

Selectivity values for the acyl positions of human plasma 
PC, using phospholipase-A2 to remove the fat ty  acid in the 
2-acyl position, are given in Table IV (10). The values in 
this table show that  both the 9t- and 12t-18:1 isomers are 

TABLE II 

Estimamd Daffy Consumption of Specific Positional Octadecenoic Acid Isomers (5) a 

Positional octadecenoic acid isomer (g) 
6 7 8 9 10 11 12 13 14 Total 

c-18:1 0.01 0.14 0.24 6.41 0.37 0.54 0.68 0.14 0.03 8.6 
t-18:I 0.01 0.27 0.65 1.56 1.53 1.26 0.82 0.48 0.29 6.8 

Total isomer content  minus 9c-18:1 = 9.0 g 

aBased on estimated content of c-18:1 and t-18:1 in hydrogenated soybean oil of 25 and 
20%, respectively, and on an estimated daily per capita consumption of 34 g hydrogenated 
vegetable oil. 
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selectively incorpora ted  into  the 1-acyl posi t ion of  PC but  
no t  in to  the 2-acyl posit ion,  whereas 12c-18:1 is selectively 
incorpora ted  in to  both the 1- and 2-acyl positions.  The 
difference be tween  the 12c /9c  incorpora t ion  into  the 1- 
and 2-acyl PC posit ions is 38.4-fold compared  to 5.4-fold 
for 12 t /9c .  The large selectivity values for 12c-18:1 suggest 
that  12c-18:1 is being dis tr ibuted similarly to l inoleic acid 
because of  the locat ion and configurat ion of  the 12c double  
bond. These data indicate that  the 12c double bond may be 
of  part icular  impor tance  in the control  of  fa t ty  acid dis- 
t r ibut ion in lipid classes. However,  the lack of  accumula t ion  
of  the 12c-18:1 isomer  in human tissue lipids (as shown 
earlier in Fig. 4) indicates that  lipid metabol i sm is con- 
trolled in order  to prevent  unusually high accumula t ion  of  
this isomer. 

E n z y m a t i c  Studies  

In vi tro studies have been used to determine  the inf luence 
of  double bond posi t ion and conf igurat ion on the act ivi ty 
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FIG. 2. Dis~ibution of cis and 
isomers in butter (7). 
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TABLE llI 

Digestibility of  Fats (9) 

Melting Coefficient of digestibility (%) 
Fat or oil point (C) Human Rat 

Mutton 50 88. 0 84.8 
Hydrogenated cottonseed 54 - 6 K 7 
Hydrogenated cottonseed 46 94.9 83.8 
Hydrogenated peanut 50 92.0 -- 
Hydrogenated peanut 52.4 79.0 -- 
Hydrogenated corn 43 95.4 -- 
Margarine 35 96.7 97. 0 
Soybean - -- 98. 5 
Lard 37 -- 96.6 
Butter 34.5 -- 90. 7 
Trip almitin 66.5 -- 27.9 
Tristearin 70 -- 18. 9 

~t kkxtweFed Composteu,% t I~=lfed r,~mpo~eA.% A ~'d6:l-d2 34.2 o 9C-16:14 s 30.9 
@ 9C-19:14s 34,7 b, l?.c-16:bd~ 34.9 
o 9/-19:1d,i 31.1 n 2t- 9 : 4  z 34.3 

OV L I l I I I I I l I I I 
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Time, hr 

of  a variety of  enzymes.  These studies have uti l ized en- 
zymes responsible for acyl transfer to phospholipids ,  cho- 
lesteryl ester hydrolysis  and format ion ,  acyl CoA activa- 
tion, desaturat ion,  e longat ion,  tr iglyceride hydrolysis  and 
fl-oxidation. Space does no t  pe rmi t  a comple te  review of  
the many excel lent  papers in this area; consequent ly ,  only 
cursory coverage is included in this paper. A more comple te  
review of research involving isomeric fa t ty  acid and specific 
enzyme  systems has been published recent ly (17). 

The  enzyme  acyl CoA:phospho l ip id  acyl transferase (EC 
2.3.1.23) is involved in the transfer of  fa t ty  acid CoA 
derivatives to lysophosphat idylchol ine  to fo rm PC. The 
ef fec t  of  double bond posi t ion and conf igurat ion on the 
rate of  transfer to 1-acyl and 2-acyl PC is shown in Figure 8 
(18). This figure shows a striking variation in the react ion 
rates, which are dependen t  on both  the double  bond con- 
figuration and posit ion,  and is useful in rat ionalizing the 
selectivity data f rom rat, chicken and human studies. In 
general, the various cis and trans 18:1 isomers in hydro-  
genated soya oil are transferred at a higher rate to the 1- 
acyl PC posi t ion than for 9c-18:1. In this respect,  the fa t ty  
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FIG. 3. Uptake of deuterated trans-9-; trans-12-; cis-12-; and cis- 
9-octadecenoic acids into human chylomicron la-iglycerides. 

FIG. 4. Distribution of cis and trans positional octadeeenoic  acid 
isomers in various human tissue total lipids. 
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acid isomers resemble saturated fats. The relative reaction 
rates for transfer of fat ty acids to the 2-acyl position of PC 
also show dramatic variations among different isomers but, 
in contrast  to 1-acyl PC, the 2-acyl PC substrate has the 
highest rate of reaction with 9c-18:1. With both 1-acyl and 
2-ac_y! PC as substrates, the 12c-18:1 gave relatively high 
reaction rates wlaich suggests that  the acyl CoA-phospho- 
lipid acyl transferase is involved in producing the high 
selectivities found for 12c-18:1 in human plasma Iipids 
(Fig. 7). Also, the low 10t-18:1 transfer rates for the 1- 
position of PC indicate acyl CoA:phosphol ipid  acyl trans, 
ferase has a major role in the distribution of  this isomer in 
rat liver phosphatidylcholine (Fig. 6) and in human liver 
tissue (Fig. 4). 

The dependence of rat liver cholesteryl ester hydrolase 
(EC 3.1.1.13) activity on double bond posit ion is shown in 
Figure 9 for a series of cholesteryl cis-octadecenoates (19). 
This enzyme is not  as sensitive as the acyl transferases to 
double bond position. The rate of hydrolysis of the cho- 
lesteryl ester substrates gradually decreases the further the 
double bond is located from the center of the fat ty  acid 
chain, which suggests that once the cholesteryl ester of the 
fatty acid isomer is formed, its ra te  of turnover in tissue 
lipid should be slower. 

The double bond position for the 7 through 16 cis-18:l 
isomers has little effect on the rate of hydrolysis of tri- 
glycerides by pancreatic lipase (EC 3.1.1.3) (20). This lack 
of discrimination probably accounts for the lack of dis- 
crimination against absorption of triglycerides containing 
monounsaturated isomers. 

The rate of formation of the acyl CoA esters of posi- 
tional trans and cis fat ty  acid isomers by rat liver micro- 
somes and mitochondria  was found to be dependent  on the 
double bond position and configuration. The reaction rates 
for the 4-15 trans positional isomers were determined and 
found to be lowest for the 9t-18:1 isomer (21). At  similar 
fat ty acid concentrations, there was no difference in the 
rate of activation for the cis-18:l positional isomers (22). 
However, when the concentration of the cis positional 
isomers was tripled, two- to three-fold differences were 
found in the rate of CoA ester formation. Somewhat sur- 
prisingly, the 8c-, 9c-, and 10c-18:1 isomers had the lowest 
rates; the fat ty  acids containing double bonds farthest from 
the center of the fat ty  acid chain had the highest rates. 
Considerable variation in the maximal rate of acyl CoA 
ester formation for the various cis and trans positional 
isomers was also found to be dependent  on pH, age of 
microsomal preparation, fat ty acid concentration and 
temperature,  and illustrates the difficulty of obtaining in 
vitro data comparable to in vivo data. 

N u t r i t i o n a l  E f f e c t i v e n e s s  in S i n g l e - C e l l  O r g a n i s m s  

Studies with single-cell organisms forced to survive on spe- 
cific isomeric fat ty  acids have determined that  nutri t ional  
effectiveness of the fa t ty  acid is markedly reduced when 
the double bond is at either end of the fat ty  acid chain 
(23). Figure 10 summarizes the effectiveness of the c-18:1 
positional isomers for supporting growth of Saccbaromyces 
cerevisiae and Escbericbia coil The 12c-18:1 isomer, which 
was found to be selectively incorporated into human blood 
plasma phospholipids, has a very low nutri t ional effective- 
ness in these organisms. The data in Figure 10 also show no 
correlation between the melting point  of the posit ional 
18:1 isomers and their nutri t ional  effectiveness. 

In  V i v o  vs In  V i t r o  R e s u l t s  

In considering the metabolism of cis and trans-octadecenoic 
acid positional isomers present in hydrogenated soya oil, 

the following features are apparent. Absorpt ion or digesti- 
bility in vivo is not  a problem because of the lack of pan- 
creatic lipase specificity which has been demonstrated in 
vitro. Both in vitro and in vivo studies indicate that some 
enzymes responsible for lipid metabolism obviously are 
capable of recognizing differences in double bond position 
and configuration. Consequently, each isomer is distributed 
differently into the various lipid classes by factors which 
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FIG. 5. Relative incorporation of octadecenoic acid isomers into rat 
liver phosphatidylcholine (A) and egg phospholipid and triglyceride 
(B). Data from references 12 (A) and 13 (B). 
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have yet to be identified. This preferential distribution is 
not  unusual, because selective distribution of the "more 
c o m m o n "  dietary fa t ty  acids such as stearate,  oleate and 
l inoleate  is well known.  For  example,  saturated fats are 
esterified at the 1-acyl posi t ion of  phospholipids,  and poly- 
unsatura ted  fats are concen t ra ted  in the 2-acyl posi t ion of  
phosphol ipids  and in the cholesteryl  esters. In fact, this 
selective ut i l izat ion of  fa t ty  acids may al low tissue mem-  
branes to achieve an opt imal  physical state suitable for cell 
funct ion.  Thus, the presence of  a variety of  fa t ty  acids, 
including isomeric  fa t ty  acids, may help the body achieve 
this goal. 

Numerous  in vi t ro  studies with specific enzymes  have 
advanced our unders tanding of  h o w  the cont ro l  of  fa t ty  
acid dis t r ibut ion occurs. In particular,  the  phosphol ip id  
acyltransferases appear  to have an impor t an t  role in this 
process. However ,  de te rmina t ion  of  the oc tadecenoic  acid 
i somer  con ten t  of  rat and human tissue lipids provides evi- 
dence that  the selectivity of  specific enzymes  in in vi t ro  
studies are strongly modi f ied  in vivo. Analysis of  human 
tissues f rom subjects consuming hydrogena ted  fats indicate  
that  a threshold level exists, at  which po in t  the accumula-  
t ion of  the various isomers tends to be self-limiting. Fo r  
example ,  if  the strong selectivities observed for the 
12c-18:1 i somer  in human b lood PC were n o t  being modi-  
fied, the tissue lipids, over a period of  years, would  contain 

TABLE IV 

I n c o r p o r a t i o n  o f  12t-18:1, 12c-18:1 and 9t-18:1 vs 9c18:1 into 
Plasma 1- and 2-Acyl Phosphatidylcholine (10,16) 

Selectivity 
Phosphatidylcholine 12tl9c 12c/9c 9t/9c 

Total 0.297 0.562 0.127 
1-Acyl 0. 731 0. 511 0. 566 
2-Acyl -0.854 0.656 -0.167 
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FIG. 8. Acyl transferase specificities of rat liver microsomes for 
incorporation of octadecenoic acid isomers into 1-acyl position o f  
PC (A) and 2-acyl p o s i t i o n  o f  PC (B) (18). 
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FIG. 9. Cholesteryl ester hydrolase specificities for cholesteryl cis- 
octadecenoate isomers (19). 
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p redominan t  levels of  this isomer.  An increase in the /3- 
oxidat ion  and turnover  rates of the isomeric fa t ty  acids at 
higher  dietary levels may explain this observation.  
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Nutritional Consequences 
of Processing Soybean Oil 

J. EDWARD HUNTER, The Procter & Gamble Co., Winton Hill Technical Center, 
6071 Center Hill Road, Cincinnati, OH 45224 

A B S T R A C T  

A major objective of commercial processing of soybean oil into 
edible products is to remove unwanted impurities from the oil with 
the least possible effect on nutritional quality of the oil. Soybean oil 
is an excellent dietary source of essential linoleic acid and also of 
tocopherols, which serve as sources of vitamin E and natural anti- 
oxidants. The data presented in this report indicate that the nutri- 
tional quality of soybean oil is largely retained after typical com- 
mercial processing conditions. Hydrogenation does reduce the level 
of essential fatty acids; however, typical commercial salad and cook- 
ing oils and shortenings made from partially hydrogenated soybean 
oil retain nutritionally significant levels of essential fatty acids. 
Tocopherols also are present at high levels in the finished oil. 
Among the unwanted components of crude soybean oil which are 
effectively removed by processing are pesticide residues, phospha- 
tides, free fatty acids, color pigments, and compounds causing ob- 
jectionable odors and flavors. 

I N T R O D U C T I O N  

Fats and oils have long been recognized as impor tan t  nu- 
tr ients for both humans and animals because they provide a 
concen t ra ted  source of energy, contain essential fa t ty  acids 
and serve as carriers for fat-soluble vitamins. Soybean oil, in 
particular,  is an excel lent  dietary source of  linoleic acid, the 
pr imary dietary essential fa t ty  acid. An essential fa t ty  acid 
is one which the body cannot  manufac ture  and which must  
be supplied by the diet. Soybean oil also contains signifi- 
cant  levels of  tocopherols .  One of the tocopherols ,  referred 
to as vi tamin E (or &-tocopherol),  is an essential nu t r ien t  
for  higher animals, including man, and soybean oil is a good 
dietary source of  vi tamin E. Tocophero ls  provide vi tamin E 
and serve as ant ioxidants  that  help pro tec t  the oil against 
rancidity.  

In addi t ion to desirable nutrients ,  such as l inoleic acid 
and vi tamin E, crude soybean oil contains varying, but  rela- 
tively small, amounts  of  phosphatides,  free fa t ty  acids and 
color  pigments that  cont r ibute  unwanted  propert ies  to the 
oil such as color,  flavor, odor,  or instability. Fur thermore ,  
the crude oil may contain pesticide residues resulting f rom 
agricultural practices. These unwanted  substances are re- 
moved through a series of  proqessing steps which include 
degumming,  alkali refining, bleaching and deodorizat ion.  
Ano the r  processing step, hydrogenat ion,  is f requent ly  used 
to improve the stability of  soybean oil by reducing the level 
of  l inolenic acid, which is highly susceptible to oxidat ion.  
Hydrogenat ion  also is impor tan t  for convert ing l iquid oils 
to a semisolid form for greater ut i l i ty  in certain food  uses. 

One of  the objectives of  processing is to remove the 
object ionable  impurit ies f rom the oil with the least possible 
ef fec t  on the glycerides (which conta in  l inoleie acid) or the 
tocopherols ,  a n d  with the least possible loss of  oil. This 
repor t  reviews how the various processing steps may affect  
the nutr i t ional  quali ty of  soybean o i l - i n  particular,  h o w  
processing may affect  the levels of  l inoleic acid and vi tamin 
E. In addit ion,  the effectiveness of  processing in removing 
undesirable pesticide residues resulting f rom agricultural 
practices is discussed. 

Principal Processing Steps 

The major  processing steps for convert ing crude soybean oil 
into edible products  are reviewed in several publicat ions 
(1-3). Crude oil usually is prepared by extract ing soybean 
flakes with hexane and then removing the solvent. The 
crude oil contains  significant quanti t ies of  phosphat ides,  
which are largely removed by degumming,  a process that  
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