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T A B L E  ][ 
Tes t  Resu l t s  f r o m  a Cent r i f low R e n d e r i n g  Plant  

( B a s i s :  1,000 lbs. R a w  Material 

Total fat content of r a w  mater ia l . . .  

W e i g h t  of f inal  p roduc t s  
Recovered fat ............................... 
C rack l i ngs  ..................................... 
S t i c k w a t e r  a .................................. 

Total .............................................. 

C r a c k l i n g s  ......................................... 
Solids ............................................ 
Water ............................................ 
Fat ................................................ 
Fat  lost .......................................... 

Stickwater ......................................... ] 
Solids ............................................. I 
Water ............................................ } 
Fat ................................................. / 
Fat lost .......................................... / 

t �9 otal loss of fat ................................ 

F a t  Yield ........................................... 

L a r d  Tallow 

84.5 % 

�9 841.0 lb. 
73,8 lb. 

174.2 lb. 

1089.0 lb. 

73.B lb. 
28.7 % 
67.2 % 

4 . 1 %  
3.03 lb. 

174.2 lb. 
a.8 % 

95.6 % 
0.6 % 
1.04 lb. 

4.07 lb. 

99.5 % 

76.5 % 

761.0 lb. 
73.0 lb. 

253.0  lb. 

1087.0 lb. 

73.0 lb. 
28.4 % 
67.8 % 
3.8 % 
2.77 lb. 

253.0 lb. 
1.9 % 

97.4 % 
0.7 % 
1.77 lb. 

4 .54 lb. 

99.5 % 
a Con ta ins  the  condensa te  f r o m  d i rec t  s t e am hea t i ng .  
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throughout  the world, either installed and operat ing 
or under  construction. F igure  4 shows a typical  
installation of approximate ly  8,000 lbs. per hour of  
raw-fa t  capacity. This installation is extremely com- 
pact  and automatized. The hasher in the foreground 
is equipped with a hydraul ic  l i f ter  for  dumping  raw 
fa t  into the feed hopper.  The raw fa t  enters  the 
hasher and comes out a purified, cooled fa t  which 
discharges f rom the plate heat-exchanger shown in 
the r ight  foreground.  

Numerous data have been obtained f rom the many  
installations when operat ing on various types  os fa ts  
producing lard and tallow. This continuous process 
gives an extremely high yield and a high-quali ty fat .  
Table I gives mater ial  balance data  for  an average 
rendering plant.  Fo r  an easy means of calculating, 
a 1,000-lb. basis was used for  all data. 

The lard fa t  in this case contained 84.1% fa t  in 
the raw mater ia l  while the tallow stock contained 
76.5% fa t ;  the recovery of fa t  in both cases was 
99.5%. 

Recent information received f rom Denmark,  where 
the purified lard f rom a Centriflow plant  was ra ted 
by  an impar t ia l  research institute, gave the following 
results: peroxide value 0.2 me, free f a t t y  acid 0.08%, 
and  total  water  0.16%. F a t  content in the cracklings 
was 4.0 %. I t  was fur ther  stated by  this same research 
insti tute tha t  the Swift  Stabil i ty Test for  average 
Danish fa t  was 3.9 hrs. while the Centriflow fa t  tested 

7.0 hrs. There were no antioxidants  added in either 
case. 

Conclusion 
I t  has been shown that  the Centriflow Animal  F a t  

Process will continuously render  various types of raw 
f a t t y  tissue and ill every case produce a high-quali ty 
fa t  wi th  a high yield. The fa t  produced shows prac- 
t ically no increase in free f a t t y  acids dur ing process- 
ing;  the taste is neutral ,  the color light, the water  
content extremely low, the insoluble content  nil, and 
the yield generally higher than  99% and quite often 
over 99.5% of the fa t  content of the raw material .  

Summary 

A new process for  render ing animal fa t  employing 
low tempera tu re  and short  contact is described. This 
system gives an extremely high yield of qual i ty  fa t  
and at the same time produces cracklings of low 
fat-content.  

The individual  pieces of equipment  are shown 
along with their  functions, which when combined into 
the continuous process make for  a rendering opera- 
tion of high efficiency. 

P lan t  operat ing informat ion and mater ia l  balances 
combined with flow sheet and actual  p lant  photo- 
graphs  i l lustrate the efficiency, ease of operation, and 
compactness of the Centriflow Animal  F a t  Process. 
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Tocopherol Oxidation in Fats. Hydrogenated Soybean 
C. D. EVANS, E. N. FRANKEL, and PATRICIA M. COONEY, Northern Utilization 
Research and Development Division, Agricultural Research Service, 
U. S. Department of Agriculture, Peoria, Illinois 

Oil 

S TUDIES on the ant ioxidant  behavior of tocopherol 
have been general ly confined to lard  p r imar i ly  
because na tura l  toeopherols are essentially absent 

in this fat. Soybean oil is almost never used for  anti-  

1 Presented at the  49 th  annual  meeting, A m e r i c a n  Oil Chemis t s '  Soci- 
ety, ~remphis, Tenn., April 2 1 - 2 3 ,  1958.  

oxidant  evaluations because experience has shown 
tha t  i t  does not respond to ant ioxidant  t reatments .  
This lack of response is a t t r ibuted to the high con- 
tent  of na tu ra l  tocopherols (0.15%) in soybean oil 
(14). Few studies have been made on tocopherol loss 
in autoxidizing soybean oil, hydrogenated soybean oil, 
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or the methyl esters of soybean fa t ty  acids although 
Golumbie (8) showed that  the concentration of toeoph- 
erol and the nature  and erigin of the fat  markedly 
influenced the course of oxidation. 

Luckmann and Melnick (10) found a greater to- 
copherol loss when hydrogenated soybean oil was 
aerated in iron tubes than in gla~s tubes. In the 
previous paper  we reported (7) that  the initial rate 
of toeopherol loss in autoxidizing fats is small in 
highly unsaturated vegetable oils but  is appreciable 
in lard containing added toeopherol. Our studies 
have indicated that  unless peroxide-free oils are used 
and unless trace metals are adequately complexed be- 
fore autoxidation is started, widely varying results 
on toeopherol loss will be obtained. The purpose of 
the present paper  was to s tudy the effect o~ hydro- 
genation on tocopherol loss during autoxidation of 
soybean oil. 

Experimental 
Commercially refined and deodorized soybean oil 

was hydrogenated in a Pa r r  2 pressure-reaction appa- 
ratus under  mildly selective conditions, using 0.4% 
nickel catalyst at a tenIperature of 200~ and a 
pressure of 5 -10  p.s.i. Hydrogenations were ter- 
minated at predetermined levels of hydrogen uptake. 
A commercially hydrogenated soybean oil of iodine 
value 76 was also included in the autoxidation study. 
Polyunsatura ted  fa t ty  acids were determined in the 
hydrogenated fats by the 45-rain. spectrophotometric 
method of Brice et al. (2). 

A control run  was made, submitting the original 
soybean oil to all the conditions of hydrogenation 
except that  nitrogen was introduced into the bomb 
instead of hydrogen in order to evaluate the trace- 
metal contamination resulting from the hydrogena- 
tion catalyst. The hydrogenated samples were filtered 
through heavy paper  pads with the aid of Fil tercel 
and were clear and free f rom any trace of turbidity.  
All samples were re-deodorized at 210~ for 2 hrs. 
before the autoxidation tests were started. Citric acid 
was added on the cooling side of deodorization to the 
respective samples as a 1% alcoholic solution. Oxida- 
tion tests were conducted under  A.0.M. conditions. 
Small samples were removed periodically for  analysis 
by methods described by the authors (6, 7). 

During oxidation all of the hydrogenated samples 
developed a deep-reddish coloration that eventually 
bleached out near the end of the induction period. 
Spectral  measurements revealed a broad absorption 
maximum at 460-470 m~ in the oxidized samples that  
was not present in the initial fats. This red coloration 
may be at t r ibuted to chroman 5-6 quinone, which is 
formed on the oxidation of fats containing gamma- 
toeopherol (12). 

Results 
Init ial  evaluations showed that the slightly hydro- 

genated oils were less stable than the original soybean 
oil. Reduced stability could not be at t r ibuted to a 
loss of toeopherol dur ing hydrogenation, but  it was 
demonstrated that  residual nickel catalyst was pres- 
ent in all hydrogenated samples and that  it markedly 
affected the oxidation results. As measured by the 
peroxide induction point, tile stability of the original 
oil was about 5 hrs., which was extended to 6.5 hrs. 
by the addition of 0.01% of citric acid. F igure  1 

The mention of firm names or t rade  products  does not imply tha t  
they are endorsed or recommended by  the U. S. Depar tment  of Agricul- 
ture  over other  firms or s imilar  products  not  mentioned. 
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shows that  the catalyst-treated but nonhydrogenated 
oil was contaminated by residual catalyst, conse- 
quent ly  this oil exhibited no induction period. When 
this same oil was protected by citric acid, a stability 
equal to that  of the original oil was obtained (Fig- 
ures 1 and 2). Peroxide induction points are the 
usual indexes employed in measuring stabili ty;  how- 
ever their selection is highly empirical and to a con- 
siderable extent dependent  upon the judgment  of 
the individual making the selection. An examination 
of the curves in Figure  3 will i l lustrate this point. 

The loss of tocopherol dur ing autoxidation and its 
relationship to peroxide development in soybean oil 
and in oil contaminated with residual catalyst are 
shown in Figures  I and 2. The rate of tocopherol 
destruction in the control oil and in the citric acid- 
protected oils was slow with a total loss of less than 
10% tocopherol over the first 8 to 10 hrs. The induc- 
tion period was followed by a period at which the 
rate of destruction of the tocopherol was increased 
autocatalytically. Time required to reach the break- 
point in tocopherol destruction is approximately dou- 
ble that  required for  the peroxide induction period. 
Usually the tocopherol break-point will be associated 
with the time at which the peroxide level has accumu- 
lated to a value of about 50. The exception is in the 
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FIG. 2. Effect of citric acid on tocopherol loss and peroxide 
development in soybean oil oxidized under A.O.M. conditions. 
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Fro. 3. Toeopherol loss and peroxide development in mildly 
hydrogenated soybean oil oxidized under A.O.M. conditions. 

residual catalyst-contaminated oils where destruction 
of tocopherol begins immediately  and proceeds rap id ly  
unti l  85 or 90% has been destroyed. In  the presence 
of metal  contaminat ion about one-third of the tocoph- 
erol was destroyed before a peroxide value of 50 was 
attained. 

F igure  3 shows the loss of tocophcrol and the per- 
oxide development in hydrogenated oils which are 
protected with 0.01% citric acid. Although at iodine 
values of 112 and 101 the peroxide induction point 
has not been great ly  extended, the peroxides accumu- 
late at a somewhat slower rate. The initial rate  of 
tocopherot loss in these samples was greater  than  in 
the nonhydrogenated oil and again did not show a 
break in the rate  of destruction unti l  the peroxide 
value accumulated to a peroxide level of about 50. 

When iodine values of the fa t  are lowered to 85, 
76, and 64, respectively, impor tan t  differences are 
immediately  apparen t  in the relationship between 
the peroxide development and tocopherol destruction 
curves (F igure  4). At  an iodine value of 64, perox- 
ides never accumulate to any  extent, and the tocoph- 
erol shows a constant rate of loss over the entire 
period of oxidation. I n  the commercially hydrogen- 
ated sample, with an iodine value of 76, the break 
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~IG. 4. Toeopherol loss and peroxide development in hydro- 
genated soybean oil oxidized under A.O.M. conditions. 

in the tocopherol curve occurred approximate ly  at a 
peroxide value of 30. However  the initiM rate  of 

loss  of tocopherol for  this sample is in the same order 
of magni tude  and in line with the other hydrogen- 
ated samples. 

F igure  5 shows the pronounced protection given 
toeopherol by  0.01% citric acid dur ing autoxidation 
of a hydrogenated oil (I.V. 85). These results are 
similar to those obtained in the control oil contami- 
nated with residual catalyst  (F igure  1). Similar  data  
(curves not shown) were obtained in all the hydro-  
genated samples where the loss of tocopherol follows 
approximate ly  a first-order reaction when metals are 
present  and not inact ivated by chelation. 

Data  obtained f rom the autoxidation curves are 
summarized in Table I. Results on vegetable oils (6) 
showed an increase in the initial rate  of toeopherol 
oxidation with decreased unsatura t ion  of the fats. In  
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FIe. 5. Effect of citric acid on tocopherol loss and peroxide 
development in hydrogenated soybean oil. 

the present  s tudy this relationship was found to exist 
in hydrogenated  soybean oils when the iodine value of 
the oil was reduced to 101. Below this iodine value 
the initial ra te  of tocopherol oxidation decreased as 
compared with the control soybean oil. 

The rapid  lowering in the rate  of tocopherol loss 
can be related to the marked  decrease in linoleic acid 
content of the oil. The tocopherol induction point  
shows an inverse relationship with the linoleic acid 
content of the sample. Thus the tocophcrol inductiou 
point  disappears with a decrease of linoleic acid al- 
though the iodine value is approximate ly  70. The 
marked  difference in the relative rates of toeopherol 
oxidation in hydrogenated soybean oil and in lard of 
similar iodine vMues can also be accounted for by the 
elimination of most of the linoleic acid f rom the hy- 
drogenated fat. In  both phases of oxidation it is 
shown (Table I )  that  with each decrease in uusatu- 
rat ion the rat io  of the rate  of tocopherol loss to the 
peroxide development is increased. This is explained 
on the assumption of the relat ively greater  stabil i ty 
of the more sa tura ted  fa t  hydroperoxides and a cor- 
respondingly greater  chance for  reaction with tocoph- 
erol. Fu r the r  basis for  substant ia t ing this hypothesis 
has been obtained by  the authors in studies with 
methyl  esters of f a t t y  acids. 
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Tocopherol  Oxida t ion  in  H y d r o g e n a t e d  Soybean  Oils Autoxid ized  a t  100~ 

VOL. 36 

Soybean  oil samples  Iodine  
va lue  

Composition 

Control  ................................. 126.0 
Control  @ 0 . 0 1 %  

ci t r ic  ac id  ......................... 126.0 
Control  ~- r e s idua l  Ni  cata- 

lyst  -I- 0 . 0 1 % c i t r i c  ac id  .... 126.0 
t I y d r o g e n a t e d  + 0 .01% 

ci t r ic  ac id  ......................... , 112.7  
t t y d r o g e n a t e d  @ 0 . 0 1 %  

ci t r ic  ac id  ......................... I 101.7 
H y d r o g e n a t e d  ~ 0 . 0 1 %  [ 

c i t r ic  ac id  ......................... I 65.6 
Hydrogena tede - I  - 0 . 0 1 %  } 

eitr ie  ac id  ......................... I 76.1 
~ Iyd rogena ted  ~- 0 .01% 

ci t r ic  ac id  ......................... 64.1 

7.~5 hr5 

7.05 6 

7.80 5 

6.10 6 

2.28 8 

0.12 12 

0.05 24 

0.08 > 8 0 0  

P e r o x i d e  deve lopment  

Pe rox ide  I 
Lino-  Indue -  va lue  at  I n i t i a l  
lenic t ion ] end of [ r a t e  ~ 

per iod  induc t ion  
ac id  [ [ pe r iod  [ 

Cata- 
lyzed 
r a t e  b 

Lino-  
leic 
ac id  

26 
48.6 

49.6 

35.4 

23.3 

7.28 

4.06 

1.85 

me./kg. 
3.0 

1.9 

3.8 

1.6 

5.9 

5,7 

6.4 

me./kg./hr. 
1.6 18.0 

1.2 18.0 

1.7 17.0 

0.88 9.1 

0.74 6.5 

0.47 1.3 

0.27 0.6 

0.062 ...... 

Tocophero] loss 

Indue -  va lue  at 
t ion end of 

pe r iod  induc t ion  
per iod  

] h r s ~  

11 

14 

18 

50 

65 

Pe rox ide  
va lue  at 
end of 

induct io~ 
per iod  

me./kg. 
53.8 

54.7 

41.5 

48.4 

56.9 

53.8 

30.9 

a R e f e r s  to changes  o c c u r r i n g  d u r i n g  the  induc t ion  per iod.  
R e f e r s  to changes  o c c u r r i n g  a f t e r  the  induc t ion  period.  

e Commerc ia l  sample  of h y d r o g e n a t e d  soybean  oil. 

Cata- 
I n i t i a l  lyzed 
r a t e  a r a t e  b 

~/g./hr. 
8.9 89 

3.6 83 

4.0 83 

12.0 71 

12.1 67 

7.4 15 

5.3 7.5 

2.2 .... 

Ra t io  of tocopherol  
loss to peroxide  

deve lopment  

Cata- 
I n i t i a l  lyzed 

5.7 4.9 

3.1 4.6 

2.4 4.9 

13 7.8 

16 10 

16 12 

20 12 

36 .... 

Discussion 

]Joss of tocopherol in hydrogenated fat  follows an 
autocatalytic-type curve which shows a distinct induc- 
tion period (zero-order phase), followed by a period 
of rapid oxidation. The zero-order phase exists as 
long as the peroxide value remains approximately 
below 50. Direct air oxidation of tocopherol in fat  
systems is negligible (9, 16). Rapid autoxidation of 
tocopherol occurs only under  those conditions where 
a relatively high level of hydroperoxide has accumu- 
lated. The time interval  necessary for the buildup of 
a sufficient free radical concentration, i.e., the hydro- 
peroxide level, is suspected to be related more directly 
to the linoleic acid content of the system rather  than 
to the iodine value. 

Much of the improvement in oxidative stability 
imparted to soybean oil by hydrogenation may be 
lost by reason of the amount of residual catalyst 
remaining in the fat. Loss of oxidative stability in 
hydrogenated fats with iodine values as low as 80 is 
shown by both the high peroxide level at the induction 
point (usually in the P.V. range of 100) and the 
high loss of tocopherol, approximately 70-80% at the 
time of the peroxide induction point. Long induction 
periods arc not obtained in soybean oil hydrogenated 
to commercially usable levels unless the oils are pro- 
tected by the addition of a metal-inactivating agent. 
The pronounced effect obtained through chelation in 
improving stability and in preventing the destruction 
of toeopherol is well demonstrated in Figures 1 and 5. 

Realization of the importance of a trace-metal hy- 
droperoxide catalyst and the function of a metal 
chelate is fundamental  to understanding the mech- 
anism of fa t  autoxidation. Uri  (15) has stated that  
the free radical reactions are metal-catalyzed and that  
the kinetics of the reaction indicate molecular com- 
plex formation takes place between the metal and 
oxygen. The evidence of Chalk and Smith (3) indi- 
cates that  the metal catalyst functions by interaction 
with the hydroperoxide and not with the substrate. 
Banks et al. (1) have in terpre ted the final constant 
rate of oxygen absorption, which is independent of 
the peroxide content, as being evidence of a unimolec- 
ular  breakdown of a hydroperoxide metal-catalyst 
complex. Previously (4) we showed that  citric acid 
is not a sufficiently strong chelating agent to remove 

iron from the postulated hydroperoxide metal com- 
plex, and only at exceedingly high concentrations 
would citric acid remain effective. With  increasing 
peroxide concentration the formation of the metal 
hydroperoxide complex is favored over the formation 
of the citric acid complex. The results of the present 
s tudy indicate that  the catalytic phase of the tocoph- 
erol oxidation can be logically explained on the basis 
of a metal-hydroperoxide complex. Thus the auto- 
catalytic phase of the destruction of tocopherol may 
be triggered by a sufficient accumulation of stable 
hydroperoxide,  which can cause a rapid release of 
metal bound by the citric acid chelate. Once the metal 
is dissociated f rom the citric acid chelate, the increas- 
ing concentration of peroxides would constantly shift  
the reaction towards the release of more iron. 

The rate of tocopherol destruction in a hydrogen- 
ated fat  that  is not protected with a metal inactivator 
exhibits first-order kinetics. This rate curve is typical 
of the many published for tocopherol or antioxidant  
loss in autoxidizing fats (5, 8, 11, 12). Curves of this 
type are presented as evidence that  the loss of anti- 
oxidant coincides with the rapid development of per- 
oxides; however the effect of metal contaminants was 
not considered. Unprotected vegetable oils and lard 
give this type of curve, and a discussion and interpre- 
tation of the results are presented in a separate paper  
(6). In  chelate-protected fats  it might be expected 
that  the rates of oxidation of tocopherol, a f te r  the 
induction period, would be the same as in the unpro- 
tected sample. This expectation was not found to be 
true for  this series of hydrogenated soybean oils, as 
can be seen in Figure  5. Apparen t ly  the residual 
effects of the chelate or its complex prevent  tocoph- 
erol destruction from obtaining the kinetics of a first- 
order reaction. In  nonhydrogenated vegetable oils 
(Figure  1) the two rate curves appear  to be more 
similar and the chelate-protected oil curve is simply 
the nonprotected oil curve displaced by the extent of 
the induction period. 

In  this series of hydrogenated soybean oil samples 
the shape of the oxidation curve, af ter  the induction 
period, changes progressively from a more nearly auto- 
catalytic type of reaction at high unsaturat ion to a 
zero-order reaction at low unsaturation.  Each curve 
in the series of oxidations must be looked upon as a 
composite or summation curve, made up l i teral ly of 
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hundreds of curves representing each type of glyc- 
eride molecule present in the ~ubstrate. Tocopherol 
oxidation curves are probably different for  each type 
of glyceride even though iodine values of the sub- 
strates are the same. Kinetic studies made on such a 
heterogeneous substrate as a hydrogenated fat  cannot 
be unequivocally interpreted.  

The antioxidant efficiency of natural  tocopherol in 
hydrogenated soybean oil cannot be considered high 
if  it is evaluated in terms of preventing peroxide 
development. In trace-metal-contaminated fats its 
effectiveness is low. Uri (15) regards toeophero] as 
much inferior to butylated hydroxyanisole or propyl 
gallate, and he does not regard it as the most: powerful  
of the natural  antioxidants present in vegetable oils. 
Peroxides develop to ra ther  high levels for edible 
fats by the time the rapid autoeatalytie stage is 
reached. In all eases where the fat  is protected by 
citric acid, the peroxide levels are more than 100 
before the toeopherol levels are reduced to 50% of 
their  initial value. I t  must also be borne in mind 
that  the initial tocopherol level in soybean oil is 
0.15%, which is higher than that  normally used in 
the evaluation of antioxidants. This level may be 
pro-oxidant in its effect and higher than the optimum 
level, which is also a factor in the development of 
high peroxide levels at the time of the peroxide in- 
duction point (11, 13). 

Summary 
The destruction of tocopherol was studied during 

autoxidation of a series of hydrogenated soybean oils 
of decreasing nnsaturation. The presence of trace 
amounts of residual hydrogenation catalyst markedly 
increased the rates of oxidation of the fat  and the 
destruction of the tocopherol to such an extent that  
the induction period was entirely eliminated. The 
catalytic effect of the residual hydrogenation catalyst 
was eliminated by the use of 0.01% citric acid. To- 
copherol antoxidation curves obtained with citric acid- 
protected fats are typical  autoeatalytie rate curves 
showing a distinct induction period. The initial rate 
of loss of tocopherol is increased at iodine values of 
112 and 101, then decreased as the iodine values of 
the fat  are lowered to 90 and below. The time of the 

tocopherol induction period increases with the de- 
crease in iodine values of the hydrogenated fat. 

Increase in the time of the induction period is more 
closely associated with the liuoleie acid content of the 
fat  than to the over-all iodine value. The autocatalytic 
rates of destruction of tocopherol, i.e., rates beyond 
the induction period, decreased with the degree of 
hydrogenation of the fat  and show a rapid change at 
iodine values where a marked lowering of the ]inoleic 
acid occurs. When essentially all of the linoleic acid 
has been removed from the oil, the autocatalytic 
phase of tocopherol destruction has also been elimi- 
nated, and at this iodine value the tocopherol oxidizes 
at a constant rate. 

The disappearance of tocopherol per unit  of perox- 
ide accumulated was shown to increase appreciably 
with the degree of hydrogenation. The greater de- 
struction of toeopherol is a t t r ibuted to reactions with 
the more stable fat  hydroperoxides, which aecmnulate 
to a greater  extent in the hydrogenated soybean oil 
than in the original oil. 
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Solubilities of Vegetable Oils 
Ethanol- Hexane Mixtures I 

in Aqueous Ethanol and 

R A M A L I N G A M  K A P A R T H I  2 and K. S. CHARI,  3 Department of Chemical 
Engineering, University o~ Cincinnati, Cincinnati, Ohio 

ATIONAL A P P R O A C I {  dO the design of an efficient 
extraction unit  to extract  vegetable oils f rom 
oleaginous materials requires a knowledge of the 

solubilities of various vegetable oils in the proposed 
solvent. The published data on the solubilities of oils 
in ethanol are scanty. Taylor,  Larson, and Johnson 
(10) made a phase-rule s tudy of different systems of 
oils and alcohols to determine the amount of oleic acid 
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necessary for  complete miscibility with 90% alcohol 
and absolute alcohol at 25~ Solubilities of soybean 
oil (4, 9), cottonseed oil (1, 2, 4, 8), peanut  oil (4, 8), 
and other oils, like sesame (4, 8), corn, linseed, and 
tung oils, are reported in the l i terature (5, 6). The 
miscibility data were obtained for different oils by 
the sealed-tube method (2, 8, 9, 10). The purpose of 
the present investigation is to determine the solubili- 
ties of edible and nonedible indigenous vegetable oils 
in various concentrations of alcohols at different tem- 
peratures I t  is known that  alcohol is a good solvent 
for  oil extraction at elevated temperatures,  mostly 


