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T ttE TOXIC NATURE Of heat-abused oils has been the 
subject of much discussion in the l i terature.  
Fraet ionat ion of these oils has yielded various 

poiymerized products  which, when fed to rats, have 
resulted in interferences with good nutr i t ion and the 
appearance  of pathological symptoms. 

Po]ymerized oils have been prepared  in m a n y  ways, 
by different methods of t rea t ing  the oils and by using 
various types of oils as s tar t ing  materials.  Many con- 
flicting reports  of the impaired  nutr i t ion result ing 
f rom the ingestion of these polymers are available. 
Crampton  and co-workers (1) heated soybean and 
sunflower seed oil anaerobically for 24-26 hrs. and re- 
ported the product ion of a toxic substance result ing 
f rom the polyunsa tura ted  nature  of the f a t t y  acids of 
these oils. Johnson and co-workers (2), in experi- 
ments in which rats  were fed diets containing heated 
corn oil, heated margarine,  and heated but ter  fat,  con- 
firmed the observation that  the toxic effect of the 
heated oils resulted f rom their  polyunsatura ted  f a t t y  
acid content since in animals fed the heated corn oil 
the growth rate was considerably lower than  in the 
control animals receiving fresh oil; in animals fed 
heated margar ine  only moderately  reduced growth 
was observed as compared with the control animals 
whereas the ingestion of heated but ter  fa t  had no dele- 
terious effect on growth. In  all of these groups how- 
ever no permanent  metabolic damage was produced. 
Exper iments  in which heat-polymerized menhaden 
oil and linseed oil were fed to rats  also resulted in the 
observation that  the toxicity was associated with poly- 
merizecl polyunsatura ted  f a t ty  acids contained in these 
oils (3). 

These interferences with nutr i t ion can be remedied. 
In  experiments repor ted by Kauni tz  (4) the toxicity 
induced in rats  by feeding a heat- treated oxidized 
cottonseed oil was par t ia l ly  nullified by the addition 
o'f fresh oil to the diet. Other investigators reported 
that  the toxicity of thermal ly  polymerized fats  could 
be par t ia l ly  overcome by supplementat ion with pyr i -  
doxine (5). 

Recently studies have become available which indi- 
cate that  the laboratory  heat - t rea tment  of oils, on 
which the above reports  are based, are unreal is t ical ly 
drastic. Melnick (6) has reviewed crit ically these 
earlier reports  and has concluded that  the findings 
are i r relevant  to pract ical  operatio'ns. Thus, in a sur- 
vey by Melniek and associates (6-8) of operations by 
86 different potato chip manufacturers ,  it was shown 
that  the f ry ing  oils and fats used in these operations 
had only a 1% decrease in iodine value, which was of 
no nutr i t ional  significance. Results f rom our labo- 
r a to ry  have shown that  heated margar ine  fa t  caused 
no decrease in nu t r i t iona l  value in tests conducted 
on rats  (9). Rice and co-workers (10) repor ted studies 
of 34 samples of used fats  obtained f rom restaurants ,  
bakeries, and potato-chip producers  and showed that  
even the most severe usage caused only slight decreases 
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T A B L E  I 
Desc r ip t i on  of Oils 

Oil or f a t  

Soybean oil 

~bean oilL.P ............ 

Soybean oilH.P ........... 

ttonseed oil 

t tonseed oilH .......... 

r d  

rdt t  

Condi t ions  
of heat ing 

6 1 0 ~  
70 rain.  

610~  
100 rain.  

610~ 
70 rain.  

40O~ 
60 rain.  

610~  
70 rain.  

~.V-. 

12s 

120 

116  

112 

106  

61 

59 

Decrease  in  I .V .  
r e s u l t i n g  f rom 

heat ing % 

6 

10 

5 

3 

Viscos i ty  
( cent is tokes  

at 27~ 

52 

92 

114  

55 

83 

67 

78 

in caloric availabil i ty and slight increases in liver size 
in tests with rats. 

The investigation repor ted here was under taken  to 
evaluate the nutr i t ional  qual i ty (and safety)  of 
several heated fats, containing different concentra- 
tions of polyunsatura ted  f a t t y  acids, using unheated 
samples as controls. The investigation was limited to a 
s tudy  of thermal  nonoxidative polymers p repared  
under  rigid labora tory  conditions. I t  was desired to 
relate changes in physical constants, such as viscosity 
and iodine value, with several nutr i t ional  indices. I t  
has been our experience tha t  diets which seem to be 
adequate for growth and maintenance may  be quite 
unsat isfactory for reproduct ion where different types 
of stresses are brought  to bear on the animal. The 
survival  of groups of these animals was followed over 
their  life span, and when a 75% mor ta l i ty  was reached 
in each group, the animals were sacrificed and analyses 
of tissues for cholesterol were conducted. 

s 
Soybean oil, cottonseed oil, and lard 3 were heated 

as described below. The changes in various physical 
constants are shown in Table I. Hea t  was applied to 
these samples i n  vacuo  to reduce peroxide formation.  

The  soybean a n d  cottonseed oils were  commercially refined and were  
p u r c h a s e d  t h r o u g h  r e g u l a r  t r a d e  channels .  The  l a r d  was  p u r c h a s e d  f rom 
A r m o u r  and  Company  and w a s  refined and  bleached i a  the pi lot  plant  
of the Glenv iew L a b o r a t o r i e s  of the N a t i o n a l  D a i r y  P r o d u c t s  Corpora-  
t ion.  All heated oils were  subject  to doae ra t ion  s ince th is  is p a r t  of the 
deodor iza t ion  process .  

T A B L E  I I  
B a s a l  Diet  

Cons t i tuen t  % of Dier 

Casein . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cellulose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sa l t  m i x t u r e  a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fat  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sucrose  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Choline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D r y  vitamin mix b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mixed  toeopherols  ( 3 4 % )  .. . . . . . . . . . . . . . . . . . . . . . . . . .  

24  
4 
4 

15 
52 .5  

0 .24  
0 .19 
0 .03  

V i t a m i n  A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 , 0 0 0  u n i t s / k g  diet 
V i tamin  D .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 , 0 0 0  u n i t s / k g  diet 
V i t a m i n  Ble 60 # g / k g  die t  

a Wesson  modif ica t ion of Osborne-Mendel  sa l t  mix tu re .  
b D r y  V i t a m i n  M i x :  T h i a m i n  tIC1 4 .59 ,  R ibo f l av in  1.72,  N iac in  3.82,  

Folio acid  0 .638 ,  P y r i d o x i n e  L 7 2 ,  Ca p a n t o t h e n a t e  3 .82 ,  Menad ione  
0 .319 ,  B io t i n  0 .159 ,  V i t a m i n  C 12.7 ,  P -aminobenzo ic  acid  38.6,  Ino-  
si tol  31 .9 .  
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T A B L E  !II 
Food Consumpt ion ,  Food Efficiency, and  Diges t ib i l i t y  of V a r i o u s  H e a t e d  and  U n h e a t e d  F a t s  

639 

Die t  S.O. S.O.L.P. S.O.H.P. L a r d  La rd r t  CSO CSOH 

Food consumpt ion  (g . )  
Weeks  1 -  2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 -  4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 -  6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 -  8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9-10 ........................................................................ 

Food efficiency 
G a i n  in  w t . / g ,  food ea ten  
Week  2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D iges t ib i l i ty  (%) ................................. 

63 
93 

105  
103  

97 

0 .63 
0 .36  
0 .27  

98 

69 
95 

103 
104  
105 

0 .47  
0 .31  
0 .24  

93 

Values  a re  the ave r ages  of resu l t s  ob ta ined  f rom 15 male  r a t s  p e r  ' roup. 

63 
88 

107 
103 
103 

0 .49  
0 .30  
0 .28  

91 

72 
91 

113 
119  
108 

0.43  
0.33  
0 .16  

93 

65 
97 

100  
1 1 4  
103 

0 .53  
0 .33  
0 .17  

94 

66 
95 

109 
115  

96 

0 .50  
0 .36  
0 .23  

96 

67 
97 

107  
107  

96 

0 .58  
0 .37  
0 .23  

93 

The control soybean oil (S.0.)  was deaerated and 
packed direct ly into gallon eans which had been flushed 
with nitrogen. The low-polymer soybean oil (S.O.L.p.) 
was heated at 610~ f0V 70 rain. at a pressure of 2 
millimeters. A small amount  of steam was introduced 
for  agitation. The oil was then cooled and packed di- 
rectly into ~itrogen-flushed cans. The high-polymer 
soybean oil (S.O.~.p.) was treated similarly except for  
the longer heating period, 100 rain. 

The control cottonseed oil (CSO) was t reated simi- 
lar ly  to the control soybean oil. The t rea tment  and 
handl ing of the heated cottonseed oil (CSO~) was 
identical to that  given the low-polymer soybean oil. 

The control lard was 100% leaf lard which, a f ter  
refining and bleaching', was subjected to a light de- 
odorization at 400~ for  60 rain. at 2 mm. of pressure. 
The heated lard product  was obtained f rom the control 
lard by processing under  conditions identical with 
those used for  the low-level polymer  soybean oil. 

All fats  were included in the diet at the level of 15% 
(Table I I ) .  The diets were fed to groups of 30 male 
and 30 female rats  f rom weaning. 

T A B L E  I V  

R e p r o d u c t i v e  P e r f o r m a n c e  of Female  Ruts  Fed  H e a t e d  and  Un-  
hea ted  Cottonseed Oil and  H e a t e d  and  U n h e a t e d  L a r d  

Ca tegory  Ls.rdH 

Females  bred . . . . . . . . . . . . . . . . . . . . .  
L i t t e r s  cas t  ( % )  ................. 
L i t t e r s  ( a t  b i r t h )  

To ta l  No. r a t s  ................. 
N o . / l i t t e r  . . . . . . . . . . . . . . . . . . . . .  

L i t t e r s  ( a t  3 days)  
Tota l  No. r a t s  . . . . . . . . . . . . . .  
Av. w t . / r a t  . . . . . . . . . . . . . . . .  

Li t t e r s  ( a t  21 days)  a 
To ta l  No. r a t s  ............... 
Av. w t . / r a t  . . . . . . . . . . . . . . . . . .  

% Mortali t ,y 
0-- 3 days  . . . . . . . . . . . . . . . . . . . . . .  

4 - 2 1  days . . . . . . . . .  

CSO CSOH 

93 100 

1 2 4  153 
9.5 10.9  

91 101  
6.6 7.0 

56 63 
34 .5  31.9  

27  27 
20 15 

L a r d  

14  
72 

80 
8.0 

59 
6.7 

53 
33 .8  

36  
2 

14  
72 

93 
9.3 

52 
6 .4  

38 
3 1 . 4  

4 4  
7 

a L i t t e r s  were  cut  to seven a t  t h ree  days.  

Results and Discussion 

Food consumption was measured dur ing the first 
10 weeks, and food efficiency was calculated for six 
weeks. The results are shown in Table I I I .  No sig- 
nificant differences were observed in the animal~ fed 
the heated fats  as compared with the control animals 
fed the unheated fats. Digestibili ty measurements  how- 
ever indicated that  small decreases in digestibili ty 
were obtained with the heated soybean and cottonseed 
oils (Table I I I ) .  

Growth in all groups in both male and female rats  
was little affected by the presence of the heated fats  
in the diet (Figure  1). The gain in weight is charted 
over a four-month period dur ing the active growth of 
the animals. Al though o:lly a slight depression in 

TABLE V 

l~eprodue t ive  P e r f o r m a n c e  of Female  R a t s  Fed  U n h e a t e d  Soybean  Oil  
and  H e a t e d  Soybean Oil  w i th  and  wi thou t  Supple-  

ments  of L ino lea t e  m' a -Tocopherol  

Ca tegory  

Females bre5 ................... 
Litters cast (%) ................. 
Li t t e r s  ( a t  b i r t h )  

To ta l  No. r a t s  . . . . . . . . . . . . . . . .  
N o . / l i t t e r  .. . . . . . . . . . . . . . . . . . .  

L i t t e r s  ( a t  3 days)  
To ta l  No. ra~s . . . . . . . . . . . . . . .  
Av. wt./rat ................. 

Li t t e r s  ( a t  21 days)  a 
T o t a l  No. r a t s  ................ 
Av. w t . / r a t  . . . . . . . . . . . . . . . . . . . .  

% Mor t a l i t y  0-- 3 days .... 
4 - 2 1  days  

S.O. 

15 
100  

159  
10 .6  

141 
7.3 

96 
33 .4  
11 

2 15 

i 
~.O.L.P. :S.O.Hm. 

15  I-S~ 
93 80 

141 110  
10 .1  9.2 

121  72 
6.9 6.8 

88 59 
32 .9  34 .6  
16  34 

0 

I S.O.H.P. 
~- Lino-  

leate  

15 
87 

131 
10.1  

120  
6.7 

69 
38 .4  

8 
18 

S.0.H,P.@ 
a-toeoph- 

erol  

15 
10(~ 

176  
11.7  

157  
7.3 

95 
36 .5  
11 
10 

a L i t t e r s  were  cu t  to seven a t  th ree  days.  

growth in the animals fed the diet containing the 
highly polymerized soybean oil was observable at the 
end of four  months, the interference with growth in 
this group became more pronounced with time. 

When male rats  on the experimental  diets were 
mated with female rats of our sto'ek colony, there was 
no indication of any interference with gonadal de- 
velopment  or matura t ion  of sperm. Reproduction and 
lactation were normal,  t Iowever  when female rats  on 
experimental  diets were mated with male rats  of Our 
stock colony, al though no significant differences in 
reproduct ive performance  were obtained with animals  
fed unheated cottonseed oil as compared with the 
heated oil or unheated lard as compared with heated 
lard (Table IV) ,  an interference with reproduct ion 
was observed in the animals fed the highly polymer- 
ized soybean oil (Table V) .  This was most evident in 
the number  of young born and in the survival  of the 
young at three days. In  an a t tempt  to determine the 
nature  of this interference with pregnancy  and lacta- 
tion, female rats  on the high-polymer soybean oil diet 
were supplemented f rom weaning with either 100 rag. 

T A B L E  V !  

T i m e  in  Weeks  a t  W h i c h  25,  50, and  7 5 %  Mor t a l i t y  of Male  and  Fema le  
Ra ts ,  Fed  H e a t e d  and  U n h e a t e d  Fa t s ,  Was  l%eaehed 

Die t  

S . 0 .  

S .0 .L.P .  M 
F 

S.O.n.P.  M 
F 

CS0 M 
F 

CSOH M 
F 

L a r d  M 
F 

LardH M 
F 

LD2~ 
~Vks. 

75 
87 
75 
87 
82 
60 

57 
77 
82 
87 

65 
6O 
72 
82 

LDso 
Wks .  

9 7 - -  
99  

103  
101  
100  

97 

91 
107  
110  

97 

97 
88 

108  
109  

LDT.~ 
Wks .  

116  
1 1 6  
115  
115 
117  
116  

112 
112 
116  
115  

116 
111 
115 
1 1 4  

I n c i d e n c e  
of cysts 

and  t umor s  

0 
7 
1 
6 
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T A B L E  V I I  

Cholesterol Levels  in P l a s m a  and Liver  in Aged  l~iale Rats  Fed Var ious  Fa t  Diets  

Diet  

S.O.  
S.O.L,P, 
S .O .n ,P .  , 
Lard  
LardH 
CSO 
CSOH 

Age at 
sacrifice a 

weeks 
1 1 6 ( 5 )  
115(6) 
1 1 7 ( 6 )  
1 1 6 ( 6 )  
1 1 1 ( 6 )  
1 1 6 ( 3 )  
1 1 6 ( 6 )  

W t .  at 
sacrifice 

/7. 
433  
4 7 0  
389  
451  
466  
380  
415  

P l a s m a  

Cholesterol 

Free b Total b % }~. 

rag.  % 

2 4 4 - 1  
2 8 4 - 5  
2 6 4 - 2  
2 5 4 - 3  
3 1 4 - 3  
4 1 4 - 9  
3 3 4 - 2  H 

a Numbers  in parentheses  are numbers  of animals  in each group.  
b Inc lud ing  s tandard  error of the mean.  

rag. % 
81 4- 5 32 
67 4- 8 42  
78 4- 6 33 
80 4- 3 31 
88 4- 5 35 

108  4- 7 33 
I 84 4- lO 40 

Wt.  % 
of body 

wt.  

2.3 
2 .4  
3.1 
2 .5  
2 .4  
2.5 
2 .6  

Liver 

Cholesterol 
Free b Total  b 

mg,/g, m,g./g. 
2.3 4- 0.1 3.6 4- 0.3 
2.2 4- 0.1 3.2 4- 0 .4  
2,5 4- 0.1 3 .4  4- 0 .4  
2.0 4- 0.1 3.0 4- 0.2 
2.0 4- 0.I 2.9 4- 0.1 
2.5 4- O.l 3.0 4- 0.i 
2.2 ----_ O.1 2 ,8  4- 0.2 

Lipid  

Total  b 

mg./g. 
52 .5  4- 6.1 
56 .9  4- 4.3 
46 .4  4- 6 . 1  
50 .9  4- 2 ,8  
40 .3  4- 1.7 
48 .8  4- 10 .0  
41 .2  4- 2.2 

of the essential fatty acid ester, lino'leate, or with twice 
the amount of a-toeopherol normally included in the 
diet. These animals were then bred with males of our 
stock colony as before. Although a slight improvement 
in reproductive performance was noted as a result of 
linoleate supplementation, the addition of increased 
Vitamin E yielded results comparable to those ob- 
tained with the unheated oil, indicating that the 
ingestion o'f this highly polymerized soybean oil in- 
creased the requirement for this vitamin. 

The survivals of rats fed the heated oils and the 
fresh oils were practically the same in all cases 
(Table VI) .  A 75% mortality was obtained between 
114 and 117 weeks. There was no evidence of increased 
tumor incidence in the groups ingesting the heated oils. 

The results of the cholesterol determinations in 
plasma and liver of the surviving male and female 
animals are shown in Tables VII  and VIII.  Nishida 
et  al. (11) have reported a depression in serum choles- 
terol levels as a result of the substitution of heated 
oil for fresh oil in the diet. Similar results were evi- 
dent only in female rats fecl the diet containing heated 
lard and in male rats ingesting the heated cottonseed 
oil diet. In all the other groups plasma cholesterol 
levels were unaffected by the substitution of heated 
for unheated fats. 

The concentration of cholesterol in liver of these 
animals was very similar in all eases. Total lipid 
values were similarly unchanged by the substitution 
of heated fats for unheated fats in the diet. However 
the weight of the liver of male rats fed the highly 
polymerized soybean oil, expressed as percentage body 
weight, was higher than in the other groups; this in- 
crease was not reflected by elevations in cholesterol 
and total lipid but resulted from the lower body 
weight observed in these animals. 

Summary 

Soybean oil, cottonseed oil, and lard were heated 
in  v a c u o  for either 70 and/or 100 rain. at 610~ and 

MALES 

~ O f  I+16 WEEKS 

4-12 WEEKS EEMA L E$ 
280 

+8 WEEKS 

2.40 I~ ~ I 6 W E E K $  

1~t "[" Ig WEEKS 
zoo + 6 WEEKS 

'8  WEEKS 

! -~ 4 WEEKS 
12.0 ,~ ~ ~" 4 WEEKS 

. o  0~ ;o ~ ~ § ~q 

4 21 DAKS ~- 21 DAYS 

! 
ol, 

so ~oLp ~%p L. c$o c,% ~o soLp s%p ,- ~ cso cs% 
F r o .  I .  G r o w t h  o v e r  a f o u r - m o n t h  p e r i o d  o f  m a l e  a n d  f e m a l e  

r a t s  f e d  f r o m  w e a n i n g  v a r i o u s  u n h e a t e d  a n d  h e a t e d  f a t s . .  

were fed to male and female rats at a level of 15% in 
the diet over a complete life span. Nutritional indices 
such as growth, including food efficiency and digesti- 
bility of the fats, reproduction and lactation, lon- 
gevity, and tissue cholesterol and total lipid were 
measured. No evidence of impaired nutrition or harm- 
fulness was observed in any group except in those fed 
the more highly polymerized soybean oil, where a de- 
crease in iodine value of 10% and a 100% increase 
in viscosity was associated with a slight depression in 
growth and an interference with reproductive per- 
formanee in the female animal. This interference with 
the reproductive process was alleviated by supple- 
mentation with ~-toeopherol. There was no evidence 
of increased tumor incidence in the groups ingesting 
the heated oils. Digestibility of the heated soybean 
and cottonseed oils was only slightly reduced. 

T A B L E  V I I I  

Cholesterol Levels  in P lasma and Liver  in Ag'ed Female  Rats  Fed Var ious  Fat  Diets  

P lasma Liver  

Die t  Cholesterol Cholesterol L ip id  

S.O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S*O*L.P . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S.O.R.P . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lard  ............................. 

LardH .......................... 

CS0 .................................. 
CSOH 

Age at 
sacrifice a 

weeks 
1 1 6 ( 5 )  
115(6) 
1 1 6 ( 6 )  
115(6) 
1 1 6 ( 4 )  
1 1 2 ( 6 )  
1 1 5 ( 4 )  

Wt. at 
sacrifice 

/7. 

288  
348  
343  
362  
3 7 0  
388  
418  

Free  b 

rag. % 
2 2 4 - 1  
2 3 4 - 2  
3 4 4 - 4  
3 1 4 - 3  
2 1 4 - 1  
3 0 4 - 2  
2 9 4 - 5  

Total  s % 1~. 

rag. % 

86 4- 5 26 
85 4- 11 41 

1 0 4  4- 5 30 
52 4- 2 40 
80 4- 6 38 
77 • 12 

Wt .  % 
of body 

wt, 

3,0 
8.2 
2.8 
2,7 
2.8 

S.O 
2.4 

Free b Total  b 

mg./g, mg./g. 
2.2 4- 0.1 2 .8  4- 0.2 
2 ,1  4- 0.1 2 ,6  4- 0.1 
2 .4  4- 0.1 2 .6  4- 0.1 
2,1 4- O.1 2 ,5  4- 0.2 
2 .2  -4- 0.1 2 .9  4- 0.2 
1.9 4- 0.1 2 .4  4- 0.1 
2.2 4- 0.2 3.1 4- 0.2 

Total  b 

rag./g. 
45 .0  • 5.7 
42 .2  • 3.3 
40 .1  4- 2,4 
42 .8  4- 4,2 
46 .2  4- 6 .5  
34 .5  4- 1.6 
53 .6  4- 2 .8  

�9 Numbers  in parentheses  are numbers  of animals  in  each group.  
b Inc lud ing  s tandard  error of the mean.  
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Fatty Acid Composition of Several Varieties of Soybeans  I 

E I. COLLINS and V. E. SEDGWICK, Crops Research Division, Agricultural Research Service, 
U. S. Department of Agriculture, Urbana, Illinois 

L ITTLE INFORMATION has been published on the 
effects of different crop years and widely spaced 
geographic locations on the percentage of f a t ty  

acids in soybean oil. F a t t y  acid composition of soy- 
bean oil for  13 varieties was reported by Alderks (1) 
and for  a single variety by Simmons and Quacken- 
bush (8). Several others also have reported fa t ty  
acid data based on single or composite samples. 

Sueh studies do not indicate the wide range of 
seasonal and loeational variabil i ty which occurs. The 
s tudy by Howell and Collins (5) showed that  environ- 
mental variability, par t icular ly  differences in tem- 
perature  at the time of seed development, caused 
major  differences in linolenic and linoleic acid con- 
tents. In fact, differences associated with temperature  
were of greater magnitude than those associated with 
varieties. 

To provide more complete information on the vari- 
ability in f a t ty  acid composition of soybean oil, the 
present s tudy was done on seed produced in 1956 and 
1957 at 43 loeations in 18 states. 

Experimental 
Soybean seed from Uniform Test Groups I, I I I ,  

IV, and VI I  of the U. S~ Regional Soybean Labora- 
tory  conducted at six to 14 locations were used in 
this study. F igure  1 (7) shows the approximate area 
of the United States where each Uniform Test Group 
is grown. 

In  1956 oil was analyzed from the seeds produced 
by Groups I, I I I ,  and IV in each of four  replications 
of each var ie ty  at each location and from three repli- 
cations of Group VII.  Analyses of the 1957 oil were 
made on duplicate samples of seed from selected 
locations in common with the 1956 tests. Oil was 
extracted by the official A.O.C.S. method (2),  and 
immediately af ter  extraction f a t ty  acids in the crude 
oil were determined by the method of Collins and 
Sedgwick (4). Percentages of fa t ty  acids are reported 
on a crude oil basis. The iodine values of the crude 
oil which were used in calculating percentages of oleie 
and saturated portions were obtained from the re- 
fractive index of the oil by the method of Majors 
and Milner (6). 

The percentage values for saturated acids are 
higher than actual values because glycerol and some 

i publieation No. 326 of ~he U. S. l~egional Soybean L~boratory, 
Urbana, Ill. 

FIG. 1. Areas in the United States where soybean varieties 
in each of the maturity-classification groups are adapted as 
full-season crops. 

of the refining loss products in erude soybean oil 
were classed as saturated acids. 

S tandard  analysis of variance teehniques of Snede- 
cor (9) were used in the interpretat ion of the sig- 
nifieance of the data. 

Results 
Data for the five varieties in Group I are sum- 

marized in Table I. Figure  2 shows the variabili ty in 
composition of Chippewa soybea~ oil at 12 and nine 
locations in 1956 and 1957, respectively. Chippewa 
oil, in common with Blaekhawk, Grant,  and Man- 
darin (Ottawa),  contained about 8.5% linolenie acid 
while Monroe had about 9.5%. B]aekhawk tended to 
be lowest in both years in average percentage of lino- 
lenie acid (8.39%) at all locations, arid Monroe aver- 
aged highest (9.40%). Chippewa oil was highest in 
the percentage of ]inoleie acid (50.8%). 

Data for oils of six varieties in Group I I I  are sum- 
marized in Table II .  F igure  3 shows the variabili ty 
in composition of Lincoln soybean oil for 11 locations 
in 1956 and eight in 1957. The mean pereentages of 
linolenie and linoleie acids in Lincoln were similar 
for both crop years. In 1956 for Lincoln the ranges 
(not shown in the table) of linolenie, 7.70% to 8.98%, 
and linoleie, 49.1% to 52.9%, were similar to those 
for Chippewa in Group I, which had linolenie 7.75% 
to 9.62%, and linoleie 48.6% to 52.8%. Clark, Lin- 
coln, and She/by, three closely related varieties, con- 


