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TABLE II 

Degassing of Phenanthrene in DEHS (5 g.) at 25~ and 
l0  -5 to 10 -~ ram. Hg in Cold Finger Unit 

Initial Residual 
eoncentra- Yield ( % ) concentra- Expt. Time (hrs.) tion tion a 
(p.p.ra.) (O,p,m,) 

l 1 144 20 115 
2 2 1 4 4  3 9  8 7  :; 3 144 59 5,~ "4 3 58 56 25 
5 3 291 50 146 6 3 72 50 38 

Calculated by subtraction of the distillation yield from the initially 
dissolved phenanthrene. 

Scope and Limitations of the Method 
The aim of the degassing of fats and oils is two- 

fold: isolation of volatile, odoriferous substances in 
a form which allows further investigation, and prep- 
aration of tasteless oil samples for stability studies. 

Isolation of volatiles can be achieved with all three 
degassing units; each of them has its merits. Al- 
though the cold finger is evidently by far the most 
efficient, the spiral capillary is to be preferred when 
only the highly volatile substances are of interest. 
The U-tube is used for routine work, generally when 
larger amounts of distillate are expected and when 
higher temperatures are necessary. To overcome the 
relatively long distance between flask and condenser. 
the connecting bridge B (Figure 1) can be heated 
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Fro. 6b. Recovery of phenan th rene  vs .  t ime (cold-f inger) .  

electrically to the same temperature as (or slightly 
higher than) the sample. 

When the total removal of volatile matter is re- 
quired at the lowest possible temperature (e.g., to 
prevent decomposition of the sample), the cold finger 
unit should be used. When, for example, PNO (per- 
oxide content 4.4 mmole per kg.) with a definite 
" n u t t y '  flavor was degassed for 3 hrs. at 60~ the 
residual oil (peroxide content 4.3 mmole per kg.) 
was found to be completely tasteless. At the tempera- 
ture used, no appreciable decomposition of peroxides 
had occurred, demonstrating that the peroxides of 
PNO are tasteless. This is in agreement with observa- 
tions of Lea (8). 

One of the drawbacks of the degassing method is 
that only small samples can be treated. By using 
the manifold a total of 1 kg. oil can be degassed per 
day. As flavor compounds often occur in extremely 
low concentrations, the distillate obtained may still 
be insufficient to permit unambiguous physical and 
chemical identification. 

Water is always present in the samples to be de- 
gassed and forms another problem because it may 
interfere with subsequent analysis, e.g., gas chro- 
matography. Drying before degassing with eonven- 
tional drying agents (e.g., sodium sulfate) or with 
a molecular sieve of the Linde type does not always 
lead to satisfactory results. 

The water may also be removed from the distillate 
by fractional distillation in accordance with the 
method of Niegisch and Stahl (3). Their degassing 
methods are similar to that described in this paper. 
In our method lower pressures are used, thereby 
reducing the degassing time. Moreover their trapping 
system is rather complicated and tends to spread the 
distillate over a much larger surface, which hampers 
the recovery. 
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Filtration-Extraction of Safflower Seed on a Bench Scale 
E. L. D'AQUIN, JOSEPH POMINSKI, H. L. E. VIX, and E. A. GASTROCK, 
Southern Regional Research Laboratory, 1 New Orleans, Louisiana 

D a t a  are  p resen ted  to show t h a t  f i l t r a t ion-ex t rac t ion  can be 
successful ly  app l i ed  oll a bench-scMe to e x t r a c t  whole or de- 
eor t i ca ted  safflower seed to a res idua l  l ip ids  content  in meal  
of about  1.0%, 

Recommended procedure  and  ope ra t i ng  condi t ions  for  proc- 
ess ing  th i s  seed are  given.  These were found  to be adequa te  
wi th in  the  l i m i t a t i o n s  of  t he  s t u d y  and are  not  to be  considered 
opt imum. They are  s imi la r  to those employed for  f i l t ra t ion-  
ex t r ac t ion  of mos t  h igh-oi l -content  m a t e r i a l s  except  tha t ,  for  
safflower, severe i n i t i a l  ro l l ing  is necessary  and tha t  efficient 
p rocess ing  of  decor t iea ted  seed requires  an add i t i ona l  step of 
r e ro l l ing  of  the cooked m a t e r i a l s  p r ior  to ex t rac t ion .  

x One of the laboratories of the Southern Utilization Research and 
Development Division, Agricultural Research Service, U. S. Department 
of Agriculture. 

Based  on the close cor re la t ion  ob ta ined  to da te  between 
bench- and  indus t r i a l - sca le  f i l t r a t ion -ex t rac t ion  resul ts  fo r  a 
wide va r i e t y  of oil crops, there  should be l i t t l e  difficulty en- 
countered  in  the process ing  of safflower on a commercia l  scale. 

S 
AFFLOWER, a relatively new cash oilseed crop in the 
United States, is now a well-established and profit- 
able source of oil for the surface-coating industry 

and of protein for livestock feeds (1). Production of 
this seed has increased from about 34 million pounds 
in 1950 to about 228 million pounds in 1959 (2). Trade 
sources estimate the 1960 crop at 274 million pounds. 

Safflower seed oil is a high-grade product for indus- 
trial and food uses. The meal is low in protein (18- 



JANUARY, 1961 D'AQ~II~ ET AL.: FILTRATION-EXTRACTION 45 

21%) and high in fiber (35%) because of the high 
hull content. Decortication of the seed, either prior  to 
or af ter  oil removal, is now considered feasible (3) 
and yields a meal of about 40% protein content. 

Safflower seed is processed commercially into oil and 
meal by mechanical pressing alone or followed by 
solvent extraction. As far  as is known, there are no 
processes in use today for solvent-extracting this seed 
directly. 

Fi l t rat ion-extract ion is an established commercial 
process for  the continuous extraction of cottonseed, 
soybeans, sunflower seed, and rice bran (4, 5) without 
prepressing. I t  has also been applied on a bench- or 
pilot-plant scale to a wide var ie ty  of other oil-bearing 
seeds, nuts, beans, germs, brans, and press-cakes and 
has proved efficient with every one tested to date (6). 
The over-all process is similar for  all oleaginous crop 
materials (6). Only minor process luodifications de- 
pend on differences in oil content and in inherent 
physical characteristics. This feature makes it readily 
adaptable for  conversion from one feedstock to an- 
other. Previous experimental  work has shown that 
bench-scale data is practically directly translatable 
to full-scale operations. 

This paper therefore presents bench-scale data to 
show material  preparat ion and extraction conditions 
found adequate for the processing of safflower seed 
by the filtration-extraction process. The s tudy was 
completed in 1957; however publication of the results 
is believed to be warranted by the increasing impor- 
tance of safflower as a domestic crop. The results 
show that  this seed, either whole or part ia l ly  decorti- 
cated, can be efficiently processed by filtration-extrac- 
tion to a residual lipids content of about 1.0 while 
employing an acceptably low solvent-meats ratio. 

Raw Material and Equipment 

The seed used in the s tudy was obtained from a 
commercial processor in California and was repre- 
sentative of the 1956 crop. The cleaned seed analyzed 
35.2% oil, 5.7% moisture, and 44.1% hulls. 

Decortication was done with a No. 148 Bauer  Bros. 
laboratory at tr i t ion type mill, followed by screen- 
ing. The mill is equipped with 8-in. diameter oppos- 
ing plates, one stat ionary and the other rotat ing at 
3,600 r.p.m. 

Size-reduction and flaking were done with a French 
5-high stand of 12-in.-wide, s tandard diameter rolls; 
a set of Allis-Chalmers 1-pair high, 12-in. diameter 
cracking rolls; and a set of Allis-Chalmers 1-pair 
high, 12-in. diameter smooth rolls. 

Cooking was conducted in a Loomis 15-lb.-capac- 
ity, vapor-tight, steam-jacketed, mixer type of vessel 
equipped for controlled addition and removal of 
moisture. 

All of the above equipment units have been de- 
scribed in greater detail in previous reports (7,8).  

Fi l t rat ion-extract ion of the prepared materials was 
carried out by using a s tandard 51~-in. bench-scale 
filter test unit. A description of this appara tus  and 
detailed instructions for its use are contained in a 
previous publication (9).  

Experimental 
The seed was prepared by the s tandard opera- 

tional steps for  fil tration-extraction in the following 
sequence: decortication (where required) ,  flaking, 

mois t  cooking,  c r i sp ing ,  and  r e ro l l i n g .  The  pre-  
pared materials were then evaluated for their  ex- 
traction characteristics. 

Based on previous work (6), conditions selected 
for both preparat ion and extraction of safflower were 
approximately those found adequate for the efficient 
processing of materials of the type characterized by 
high hull and /o r  high oil contents, such as flaxseed 
(10), sesame (7), and peanuts (11). 

The experiments were planned to observe the effects 
on extractabil i ty of partial  decortication of the seed; 
moisture level during cooking; moisture level af ter  
dry ing  and crisping; and rerolling of the crisped 
material prior to extraction. 

Preparation of Seed for Extraction. The different 
operating conditions for prepar ing the seed for ex- 
t ract ion are given below and in Table I. 

Decortication. For  Exper iment  4 the seeds were 
par t ia l ly  deeorticated by one pass through the Bauer  
nlill. For  the best results, clearance between the 
plates were carefully adjusted to provide practically 
complete hulling with minimum shattering of the 
meats. The large hulls were separated over a stand- 
ard 10-mesh wire screen. In this manner  about 62% 
of the original hulls were removed. The hull frac- 
tion contained no visible meats particles. 

Flaking. The 5-high rolls were employed to crack 
and flake the seeds for Experiments  1, 2, 4; for  Ex- 
periment 3 the 1-pair-high rolls were used. 

Cookh~g and Crisping. Cooking was conducted in 
a manner  which sinlulated the operation of a con- 
ventional stack-type cooker, i.e., the cooking cycle 
was carried out in the following successive stages: 
material  preheating, moisture addition, mild cooking, 
and part ial  moisture removal by drying. In the first 
stage the material was heated to 170~ in a period 
of about 18 rain. The required amount of water was 
spray-injected over a period of about 6 rain. while the 
temperature  was simultaneously elevated to about 
212~ In the next stage these temperatures  and 
moisture levels were maintained nnder  reflux con- 
ditions for  about 10-25 rain. The final stage was 
part ial  drying. Total cooking cycle was about 45 rain. 
The hot, moist material was discharged from the 
cooker and passed through an 8-mesh screen. I t  was 
then spread on open trays for about 20 rain. while 

T A B L E  I 
Preparation of  S a f f l o w e r  S e e d  f o r  E x t r a c t i o n  

E x p e r i m e n t  No  . . . . . . . . . . . . . . . . . . . . . . . . .  i 1 2 3 4 

R a w  material. 
D e c o r t i c a t e d  ( y e s / n o )  . . . . . . . .  No 
H u l l s  r e m o v e d ,  ~ of  t o t a l . . .  0 
L i p i d e s ,  % ~. . . . . . . . . . . . . . . . . . . . . . . . .  3 5 . 6  
M o i s t u r e , %  h . . . . . . . . . . . . . . . . . . . . . . . .  4 . 7  

F l a k i n g  : i 
Ro l l s ,  t y p e  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 - h i g h  
Clearance, corrug., in . . . . . . . . . .  ] . 0 2 5  
C l e a r a n c e ,  s moo t h ,  i n  . . . . . . . . . . .  i . 0 1 6  
Clearance, s moo t h ,  i n  . . . . . . . . . . .  i . 0 0 8  
Clearance, s moo t h ,  i n  . . . . . . . .  ] . 0 0 2  

C o o k i n g  ( y e s / n o ) . . . . . . .  . . . . . . . . . . . . .  i No  
M o i s t u r e ,  m a x i m u m ,  % . . . . . . . . . . . . .  
T e m p . ,  m a x i m u m ,  ~  . . . . . . . . . . .  [ 
Time, m i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 
M o i s t u r e ,  % a f t e r  c o o k i n g . . .  L 
~ o i s t u r e ,  % a f t e r  c r i s p i n g . .  I f 

Retelling ( y e s / n o )  :e . . . . . . . . . . . . . . .  [ Xo  
T y p e  r o l l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Clearance, s moo t h ,  i n  . . . . . . . . . . .  
M o i s t u r e ,  % . . . . . . . . . . . . . . . . . . . . . . . . . .  

.No 
0 

3 5 . 6  
4 .7  

5 h i g h  
. 0 2 5  
. 0 1 6  
. 0 0 8  
. 0 0 2  

Y e s  

1 3 . 0  

Y e s  
5 - h i g h  

. 0 0 8 ,  . 0 0 2  
1 2 . 9  

~ 0  
0 

6.1 

1 - p r . q l i g h  
. 0 4 0  
. 0 0 7  

Y e s  
1 1 . 7  
2 1 0  

4 7  
1 0 . 6  

8 .3  

Y e s  
1 - p r . - h i g h  .oog , 

Y e s  
62 
4 3 . 9  

4 .0  

5 - h i g h  
. 0 2 5  
. 0 1 6  
. 0 0 8  
. 0 0 2  

Y e s  
3 5 . 8  
2 0 8  

4 5  
2 9 . 7  b 
1 7 . 8  

Y e s  
1 -pr .  h i g h  

. 0 0 3  
1 6 . 7  

Y l a k e d  s e e d  a n a l y z e d  b y  Off ic ia l  a n d  T e n t a t i v e  M e t h o d s  of  Ameri- 
can Oil  C h e m i s t s '  S o c i e t y .  

b C o o k e d  m a t e r i a l  f u r t h e r  d r i e d  to  2 0 . 0 %  m o i s t u r e  c o n t e n t ,  b e f o r e  
c r i s p i n g .  

c O n l y  h a l f  of  m a t e r i a l  w a s  r e r o l l e d .  
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the moisture content was fur ther  reduced by flashing 
and the material  became crisp and granular.  

For  Experiments  2, 3, and 4 the maximum moisture 
content dur ing cooking was varied between 11.7 and 
35.8%. Moisture content af ter  cooking varied between 
10.6 and 20.0%. 

Rerolling. Because previous work with high oil 
content seed had indicated that better extraction effi- 
ciency could be obtained with improved comminution, 
a portion of each cook batch was passed through either 
the 5-high or the 1-pair-high rolls to evaluate the 
effect of fu r the r  reducing the average-particle size. 

Extraction. The standard filter test apparatus  em- 
ployed for  extraction was specifically designed to 
simulate closely the operating steps and conditions 
for slurrying, vacuum filtration, countereurrent  wash- 
ing, etc., to which a prepared material would be sub- 
jected on a pilot- or commercial-scale continuous ro- 
t a ry  horizontal vacuum filter. Criteria used were the 
same as for  other oil-bearing materials, i.e., extract- 
ability, as measured by percentage of residual lipids 
in extracted meal;  and mass velocity (rate of filtra- 
tion of liquids through the filter bed, expressed as 
pounds per hour  per square foot of filter screen area).  

Conditions employed for extracting the various 
preparations are listed in Table II .  

The solvent-extracted meals were air-desolventized. 
and each was analyzed for moisture and residual 
lipids content. 

T A B L E  I I  

Bench-Scale  F i l t r a t i on -Ex t r ac t i on  of P r e p a r e d  Safflower Seed :' 

Cooked F lakes  R a w  

/ I 
E x p e r i m e n t  No ] - - ~ -  I 
D e c o r t i e a t e d  (yes~no'i'.'.'..d No I 
Rerol led ( y e s / n o )  ........... No / 

] 
O p e r a t i n g  condi t ions  : 

t t e x a n e - m e a t s  ra t io ,  / 
lb . / lb  ........................ 1.3 I 

S l u r r y i n g  t ime, rain ..... 40 
S l u r r y i n g  t im e , ~  ........ 125 
Cake th ickness ,  in ....... 
V a c u u m , i n .  H g  ............ : 4'-"7 
Washes ,  temp. ,  ~  ........ 125 

E x t r ac t i on  resu l t s  : 
Mare,  % hexane  .......... 
Mass  velocity,  lbs . /  

h r . / sq ,  f t  .................. 
Ex t r .  meal,  desol 
vent ized  : 

Lip ides ,  %b ............. 
Mosture ,  %b ............. 

2 A  2 B  
No No 
No Yes 

1.3 
40 

145 
1% 

135 

43 35 
90 

3400 

0.33 1.17 
7.8 9.5 

1.3 
40 

140 
2 

2 - 4  
135 

34 

3200 

3 A  3 B  
No No 
No Yes 

1.3 1.3 
40 40 

130 125 
2 2 

2 4 2 4 
130 125 

.... 2S 

.... 3300 

4 A  4 B  
Ye~ Yes 
No Yes 

1 .3  1 . 3  
40 40 

130 130 
I% IV_. 

4 4 
13o 13o 

2900 2900 

0.68 2.10 1.50 2.52 1.30 
9.0 9.3 9.2 19.0 16.6 

T h r e e  w a s h e s  u s i n g  oil-free hexane ;  f i l ter-screen size, 60 x 60 mesh.  
b Ana lys i s  by  Official and  T e n t a t i v e  Method~ of A m e r i c a n  Oil Chem- 

ists '  Society. 

Results and Discussion 

The results show that  safflower seed, either whole 
or decortieated, can be processed by the s tandard fil- 
t rat ion extraction-procedure to yield materials which 
can be extracted at high filtration rates to about 1.0% 
residual lipids content. 

Exper iment  1 demonstrates that flaked safflower seed 
cannot be successfully processed in the raw state and 
that it must be moist-cooked to agglomerate " f ines . "  
This is necessary to insure an adequately rapid rate 
of filtration of liquids through the cake bed. 

In Exper iments  2, 3, and 4, with the cooked flakes, 
filtration rates obtained throughout  are in acceptably 
high range (9) for  commercial-scale application at 
the solvent-meats ratio employed. Residual lipids con- 
tent of the extracted meals from the rerolled cooked 

materials is in the desirably low range of 0.67 to 
1.50%. Solvent content of the solvent-damp extracted 
meal (marc) averaged 33% by weight. This is eonsid- 
ered relatively low in comparison with that obtainable 
with other commercial processes and is a t t r ibuted to 
the effectiveness of vacuum drainage. Solvent-meats 
ratio of 1.3 to 1.0 is considered comparatively low in 
comparison with other extraction processes for  a ma- 
terial of this high oil content. 

Investigation of cooking conditions for safflower 
seed indicated that moisture content, temperature,  
and cooking cycle are not critical factors and can be 
varied within reasonable limits. 

Exper iment  2 gave the best over-all results with 
nndecorticated seed and shows that acceptable extrac- 
tion was achieved by severe initial rolling of the seed, 
as was found necessary for the processing of flaxseed 
(10) and sesame (7). The data fu r the r  show that 
rerolling was not required to insure residual lipids 
reduction to around 1.0%. The importance of severe 
rolling is demonstrated by the higher residual lipids 
values obtained in Exper iment  3, in which relatively 
mild rolling was enlployed. In Exper iment  2 the high 
filtration rates obtained with the rerolled prepara- 
tions allow considerable margin for fu r ther  reduction 
of the residual lipids content through the use of more 
severe initial eomminution. Since rerolling insures 
fu r ther  reduction in residual lipids, a plant operator 
could elect to employ this additional step to achieve 
better extraction or equal extraction at a lower sol- 
vent-meats ratio or with a shorter s lurrying period or 
with less severe initial eomminution. 

Exper iment  4 shows that part ia l ly  decorticated 
.~fflower (62% of hulls removed) can be processed as 
efficiently as whole or undecortieated seed except that  
rerolling was required to achieve extraction down to 
around 1.0%. Residual lipids content was 2.5% with- 
out rerolling but, with retelling, was reduced to 1.3%, 
which is equivalent to about 0.8% on an undeeorti- 
eated meal basis. Solvent-meats ratio of 1.3 to 1.0 is 
extremely low, considering the high oil content of the 
seed af ter  deeortication. Moreover the high filtration 
rate or mass velocity (2,900) obtained indicates that 
residual lipids in meal could be fur ther  reduced by 
employing more severe flaking up to the point where 
the filtration rate would be lowered to a vahle of 
around 2,000, which is still sufficiently high for com- 
inereial application. 

The processing of decorticated safflower would pre- 
sent a number of i lnportant economic advantages over 
processing of the nndecortieated seed. A sizable re- 
duction in the amount of hulls to be handled would 
permit use of smaller equipment units throughout  
for any given plant capacity and at tainment  of higher 
protein content (up to 40%) in the meal product  
without requir ing meal screening equipment. Against 
these advantages would be balanced the equipment 
required for deeortication and disposal of the sep- 
arated hulls. 

On the basis of results obtained in this investigation 
the following conditions are recommended as ade- 
quate (not necessarily optimum) for the filtration- 
extraction of safflower seed. 

a )  U n d e c o r t i c a t e d  Seed .  C o n d i t i o n s  f o r  p r e p a r t ~ t i o n  a r e :  
f l a k i n g  t h r o u g h  5 - h i g h  r o l l s  t o  a t h i c k n e s s  o f  0 . 0 0 4 - . 0 0 6  i n . ;  
p r e h e a t i n g  t o  1 7 0 ~  a d d i t i o n  o f  w a t e r  a n d / o r  s t e a m  t o  a 
m o i s t u r e  l e v e l  o f  1 2 - 1 8 %  i n  5 10  m i n . ;  c o o k i n g  a t  212  2 1 5 ~  
f o r  ] 0  20 r a i n . ;  d r y i n g  a t  2 1 5 - 2 2 5 ~  t o  a m o i s t u r e  c o n t e n t  o f  
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1 0 - 1 2 % ;  c r i sp ing  by  evapora t ive  cooling to a t e m p e r a t u r e  of 
abou t  130~  and  a mois tu re  content  of about  8 -10%.  Con- 
d i t ions  su i t ab le  fo r  ex t rac t ion  a re :  s l u r r i ng  for  40 min.,  hexane- 
mea t s  ra t io  of 1.2-1.4 to 1, three  washes, cake th ickness  of 2 
in., vacuum of 3-6 in. of mercury ,  and  t e m pe r a tu r e  of s l u r r y i n g  
and  washes of abou t  140~ ` . 

b)  D e c o r t i c a t e d  Seed .  Condi t ions  recommended would be the 
same as  for  undeco r t i ca t ed  seed except  tha t ,  p r ior  to ext rac t ion ,  
the cr isped m a t e r i a l  would be rerol led  in  1-pair-high f laking 
rolls set a t  a c learance  of abou t  0.002-.003 in. 

Acknowledgment 

Appreciat ion is expressed to John  A. Kneeland, 
Pacific Vegetable 0i l  Corporation, for furnishing the 
safflower seed used in the investigation and to Stanley 
Kol tun for  his able assistance in conducting par t  of 
the experimental  work. 

REFERENCES 
1. Kromer, G. W., Fats and Oils Situation, Agr. Market Service, 

U.S.D.A., FOS-190, 37-40 (May 1958). 
2. Purdy, R. It., Cummings, L. 0., Claassen, C. E., and Knecland, 
J'. A., J'. Am. Oil Chemists' Soc., 36, No. 9, 26, 28, 30 (1959). 

3. Anon., Chem. Eng. News, 2,7, No. 16, 31-32 (Apr. 20, 1959). 
4. Haines, If. IV. Jr., Perry, G. C., and Gastrock, E. A., Ind. Eng. 

Cllem.. 49, 920-929 (1957). 
5. Furman, L. J., Amadori, ~[. E., and Guzman, F. 0., ,-1". Am. Oil 

Chemists' Soe., 36, 454-457 (1959). 
6. Gastroek, E. A.. Spadaro, J. J., Gardner, Izl. K., Knoepfler, N. B., 

and Molaison. L. J., Oil Mill Gaz., 59, No. 2, 40-41 (1954). 
7. Graci, A. ~,'. Jr., D'Aquin, E. L., Paredes, M. L., and Vix, H. L. E., 

J. Am. Oil Chemists' Soe.. 33. 645-650 (1956). 
8. King. W. H.. Knoepfler. N. B., Hoffpauir, C. L., and McCourtney, 

E. J., J. Am. Oil Chemists' Sot., 34, 27-30 (1957). 
9. Graci. A. V. Jr., Spadaro. . I .J . ,  Paredes, M. L., n'Aquin, E. L., 

and N'in. H. L. E.. J. Am. Oil Chemists' Soe., 32, 129-31 (1955). 
10. Knoepfler, N. B., Spadaro. J. J., McCourtney, E. J., and Vix, 

It. L. E., J. Am. Oil Chemists' Soe.. 33, 272-276 (1956). 
11. Pominski. Joseph, Knoepfler. N. B., Graci, A. V. Jr., ~[olaison, 

L. J., Kulkarnil B. S., and Vix, H. L. E., J. Am. Oil Chemists' Soe.. 
32, 361-364 (1955). 

[Received J u n e  6, 1960] 

Effects of Oxidized Soybean Oil 

Nutrition of the Rat 12'3 

on the Vitamin A 

MINOCHER C. REPORTER and ROBERT S. HARRIS, Department of Nutrition, Food Science, and 
Technology, Massachusetts Institute of Technology, Cambridge, Massachusetts 

Three lots  of cold-pressed soybean oil were t r ea t ed  wi lh  
b u b b l i n g  oxygen for  70, 80, and  180 hrs. a t  70~ and fed to 
r a t s  a t  a level of 18% in diets  which were n u t r i t i o n a l l y  ade- 
qua te  bu t  devoid of v i t a m i n  A. U n t r e a t e d  soybean oil was 
fed  in  s imi la r  control  diets.  Subgroups  of 15 wean l ing  ra t s  
each were g iven  g raded  in jec t ions  of v i t a m i n  A ace ta te  in t ra -  
muscu la r ly  each week. 

D i a r r h e a  developed in  the r a t s  fed  the d ie ts  con ta in ing  oxi- 
dized oil. This  condi t ion  soon subs ided in  the groups  rece iv ing 
v i t a m i n  A in jec t ions  bu t  not  in  the v i t a m i n  A-free group.  
D i a r r h e a  was not  noted  in  the r a t s  rece iv ing  the un t r ea t ed  
soybean oil, w i thou t  respec t  to the amoun t  of v i t amin  A they 
received. 

The r a t s  on the v i t am in  A-free  diets  developed deficiency 
nmre r ap id ly  when the d ie t  con ta ined  oxidized r a the r  than  the 
u n t r e a t e d  oil. The food efficiencies of the g roups  fed the oxi- 
dized oils were lower than  the controls.  The in tes t ines  of the 
groups  rece iv ing the oxidized oils were d i s tended  wi th  fluid 
and  were hemorrhag ic .  E l f l a rged  k idneys  were noted  in the 
v i t amin  A-deficient  control  as well as in  t es t  ra ts .  

The r e t rope r i tonea l  l ip ids  of the groups  on the oxidized oil 
were less unsa tu r a t ed ,  had  lower r e f r ac t ive  indices,  h igher  
peroxide  values,  and  h igher  carbonyl  values  than  comparab le  
g roups  fed  the control  oil. 

V i t a m i n  A deficiency decreased the u n s a t u r a t i o n  of the kid- 
ney and  l iver  l ip ids  b u t  inc reased  t h a t  of the re t roper i tonea l  
l ipids.  I n j ec t i ons  of inc reas ing  amounts  of v i t a m in  A pro 
duced increases  in  the u n s a t u r a t i o n  of the body  l ipids.  

The k idney  ] ip ids  of the g roups  on the oxidized oil diets  were 
less u n s a t u r a t e d  and  conta ined  more peroxid ic  compounds 
t h a n  the controls.  "Vitamin A deficiency increased  the peroxidie  
compounds in  the k idney  and  l iver  ]ipids,  even in ra t s  fed the 
control  oil. The l iver  l ip ids  of the groups  fed oxidized oil 
were less unsa tu r a t ed ,  lower in  v i t a m i n  A content ,  and h igher  
in  peroxide  compounds than  the controls.  

The v i t a m i n  A content  of the whole blood var ied  in rela- 
t ion  to the amounts  in jec ted .  The content  of tocopherol  in 
the t i ssues  were not  af fected s ign i f ican t ly  by the oxidized oil in 
the diet .  

1 Road in part at the 36th Fall meeting, American Oil Chemists' Soci- 
ety, Chicago, October 20-22, 1958. 
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The evidence ind ica tes  tha t  severely oxidized oil may  des t roy 
v i t ami n  A in the t i ssue  of the ra t ,  t he reby  h a s t e n i n g  the de- 
velopment  of deficiency on v i t ami n  A-free  diets,  r educ ing  the 
s to rage  of in jec ted  v i t ami n  A, and  inc reas ing  the v i t a m i n  A 

requirement .  
These effects are  wi th  abused  oil and  should not  be inter-  

p re ted  to mean t h a t  the mi ld ly  oxidized oils and  fa t s ,  such as 
those in the diets  of human be ings  in  this  count ry  are  toxic. 

XU.~BER of feeding studies have been conducted 
with oxidized or heated oils and fats in recent 
years. Depending oll the type of lipid, the ex- 

tent of treatlnent, and the level of feeding in the diet 
of experinlental animals, investigators have observed 
diverse effects, ranging from no observed reaction 
(1), to slight decrease in body weight (2),  to death 
of the experimental  aninlals (3). The effects of these 
treated lipids may result f rom destruction of dietary 
nutrients,  interference with diet absorption, interfer-  
ence with imtrient  metabolism, and /or  direct toxic 
reaction with the tissues. 

In an unpublished study conducted in these labora- 
lories in 1952 soybean oil was treated at 350~ for 8 
hrs. and fed at a 15')~ level in a nutritionally-com- 
plete diet to rats. The aninlals grew poorly, developed 
severe diarrhea, and died within three weeks. This 
experiment was repeated, but  this time the heated oil 
was freshly incorporated into the diet each day, and 
the diet not consunled within 24 hrs. was discarded. 
These rats grew fair ly well, they developed a mild 
diarrhea which cured spontaneously within several 
days, and most survived the 35-day experiment. As- 
say of the nutr ients  present in the diet af ter  it had 
been stored at room temperature  for 14 days revealed 
that major  proportions of the fat-soluble vitamins 
(vitamins A, D, K, and E l ,  and significant amounts 
of the water-soluble vitamins had been destroyed. A 
control diet containing the untreated oil which had 
been stored under  the same conditions showed very  
small losses in these vitamins. I t  was apparent  that  


