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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. 

Acknowledgment 
The technical assistance of C. R. Seholfield in deter- 

mining the spectral analysis of the fats is grateful ly  
acknowledged. 

RE~E/~ENCES 
1. Banks,  G. L., Chalk, A. J'., Dawson,  J'. E., and  Smith, J .  F., 

Nature ,  174, 274 -275  (1954) .  
2. Brice, B. A., Swain,  ~ .  L., t terb ,  S. F., Nichols, P.  L. Jr . ,  and  

Riemenschneider, R. W., J .  Am. Oil Chemists'  Soe., 27, 2 7 9 - 2 8 7  
(1952) .  

3. Chalk, A. J., and  Smith, g. F., Trans .  F a r a d a y  Soc., 53, 1 2 1 4 -  
1244 (1957) .  

4. Cooney, P. )~., Evans ,  C. D., Schwab, A. W., and  Cowan, J .  C., 
J .  Am. Oil Chemists' Soc., 35, 152 -156  (1958) .  

5. Filer, L. ,%. Jr . ,  IVIattil, K. F., and Longenecker,  H. E., Oil and 
Soap, 21, 289 -292  (1944) .  

6. Frankel ,  E. N., Evans,  C. D., and_ Cooney, Pa t r i c ia  M., manu-  
script  in prepara t ion .  

7. ) ' rankel ,  E. N., Evans,  C. n . ,  and  Cowan, J .  C., J .  Am. Oil Chem- 
ists' Soc., 84, 5 4 4 - 5 4 6  (1957) .  

8 �9 Golumbic, Calvin, Oil and  Soap 20, 105 -107  (1943) .  
9. Lips, H.  J., J .  Am. Oil Chemists'  Soc., 34, 513 -515  (1957)�9 
10. Luckmann ,  F. :H., and  Melnick, D., J .  Am. Oil Chemists' Soc., 

32, 175 -176  (1955) .  
11. Oliver, G. D., Singleton, W. S., and  Bailey, A. E., Oil and  Soap, 

21, 188-193  (1944) .  
12. Swift, C. E., NTann, G. E., l~isher, O. S., Oil and  Soap, 21, 3 1 7 -  

320 (1944) .  
13. Swift, C. E., Rose, W. G., and  Jamieson,  O. S., Oil and  Soap, 19, 

176-180  (1942) .  
!4 .  Thompson, C. i~., and  Steenback, I-I., Arch.  Biochem. and  Biophys.,  

4, 15-22  ( ] 9 4 4 ) .  
15. Uri,  N., Chem. and  Ind. ,  5 1 5 - 5 1 7  ( J a n e  16, 1956) .  
16. Unpublished da ta  of the authors .  

[ R e c e i v e d  A u g u s t  7, ] 9 5 8 ]  

Solubilities of Vegetable Oils 
Ethanol- Hexane Mixtures I 

in Aqueous Ethanol and 
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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 
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T A B L E  ][ 

Ana lys i s  of Vegetable  0 i l s  

Oil 

lVIowr ah  oil .......... 

Safflower oil ......... 

P e a n u t  oil ........... 

Cottonseed  oil 
( re f ined)  ........... 

Sp. Gr .  

0 .9108 
(0 .91 to 0.918 

F .F .A.  

0 .8566 
0.857 to 0.87 

0 ,9146 i 0,78 
(0 .9243)  

1.36 
1(1.0 to 3.9 

1.00 
(0.6 to 1.9 

I o d i n e  va lue  Saponi f i cat ion  
( W i j ' s )  va lue  

58.99 194.1 
(53 to 70)  (188  to 200)  

144.00 194.9 
(140  to 150)  (188 to 194)  

90.78 190.6  
(83 to 98)  (185 to 192)  

108.30 197 .4  
(lOO to 116)  (190  to 198)  

beyond the boiling point. Lowering of solubility tem- 
pera ture  is very  desirable for  var ied reasons, hence 
the effect of n-hexane addit ion to alcohol on the solu- 
bil i ty of vegetable oils is also to be studied so that  
opt imum extraction conditions can be established. 

Appara tus  and E x p e r i m e n t a l  l~rocedure 

The appara tus  employed is essentially the same as 
described previously (4, 7). I t  consists of a mild- 
steel vessel 2 in. in diam. and 5 in. high, closed at the 
bottom and fitted with a flange at the top. The vessel 
is closed with another  flange, through the eenter of 
which passes a steel paddle stirrer.  The t empera tu re  
of the vessel is controlled by a " S u n v i e "  controller 
within 0.5~ 

Samples are drawn through a needle valve, located 
near  the bottom. The appara tus  is also equipped with 
a pressure gauge and a thermometer  well. 

Measured v o h m e s  of oil and alcohol were intro- 
duced to the apparatus .  The ratio of oil to alcohol 
was such that  there was always excess oil except at 
and beyond the critical point  at which complete ntis- 
cibility occurred. The mixture  was st irred at about 
250 r.p.m, for 3 hrs. at the desired t empera tu re  and 
allowed to stand for  1 hr. at the same temperature .  
The samples of the superna tan t  liquid were taken in 
tared ice-cooled flasks by opening the needle valve. 
The flasks were t ight ly  corked and weighed. Alcohol 
was removed by heat ing the flask on a water-bath,  
and the resul t ing oil was weighed af ter  dry ing  in an 
oven at 101~ to a constant weight. Knowing the 
weight of the solution and the oil, the sa turat ion 
solubility was calculated and expressed as grams of 
oil per  100 g. of solvent. Various strengths of aqueous 
alcoholic solutions were p repared  by  diluting absolute 
alcohol, and the s t rength was determined by finding 
the Sp. Gr. and was expressed as weight percentage. 
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9 5 %  e t h a n o l .  

Results  and Discuss ion  

The analyses of vegetable oils employed for  the 
solubility determinat ion are given in Table I. The 
usual range of values of the oils are shown in paren- 
theses in Table I. 

The saturat ion solubilities of the oils were deter-  
mined f rom 40 ~ to 100~ in 85 to 99.9% ethanol. 
The results are presented in Tables I I  to V. 

F rom Tables I I  to V it is seen that  the saturat ion 
solubility of vegetable oil depends on the concentra- 
tion and the t empera tu re  of aqueous ethanol. The 
solubilities are very  low at low tempera tures  in all 
tests and increase t remendously  as the critical tem- 
pera ture  is reached at any  par t icular  concentration. 
All the investigated oils have complete miscibili ty at 
70~ in absolute alcohol (99.9%). As the alcohol 
concentration is decreased, the solubility t empera tu re  
increases. At  80~ safflower, mowrah, and peanut  
oils have complete miscibili ty in about 98% ethyl 
alcohol. In  about 95% ethanol, mowrah and refined 
cottonseed oils are soluble at 100~ and safflower and 
peanut  oils at 90~ The solubility results of cotton- 
seed oil in 95% ethanol obtained by  the authors  are 
compared with reported data  in F igure  1. Some 
spat ter ing of the results is seen. The results of Sato 

T A B L E  IX 

S a t u r a t i o n  Solubi l i t ies  of M o w r a h  Oil  in  A q u e o u s  So lut ions  of E t h a n o l  

Concentrat i r  of e thanol  Rat io  of oil to e thanol  Sa tura t ion  solubil i t ies  expres sed  as g, of oil per  10O g. of so lvent  
wt,  % by  vo lume  100oc.  

85.35 ...................................................................... 

89.38 ...................................................................... 

95.75 ..................................................................... 

98.70 ...................................................................... 

99.88 ..................................................................... 

1 : 5 a t 5 0 ~  
1 : 2  at lOO~ 

1 : 5  to 60~ 
1 : 2 a f t e r  6O~ 

1 : 5 up  to 70~ 
1 : 2  a f t e r  70~ 
1 : 1  at  100~  also 

1 : 5  up to 6O~ 
1 : 2  a f t e r  60~ 
i : 1 a t  80~ also 

1 : 5  up  to 50~ 
1 : 2 a f t e r  50~ 
1 : 1 at  70~ 

40~ 

1.93 

3,35 

6.72 

7.98 

50~  

0,12 

2 ,14 

4.84 

8.86 

11.50 

60~ 

2.72 

5.94 

12.74 

23.19 

7O~ 

4.66 

8.15 

26.86 

CMa 

80"C, [ 90~ 

5.49 

1.4.21 

ClY[ a ...... 

7 .27 

22.93 

4 ,35 

9.74 

GMa 

C31 = Completely miscible .  
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TABLE Ill 
Saturation Solubilities of Sa~]ower Oil in Aqueous Solutions of Ethanol 

79 

Concent ra t ion  of e thanol  
wt. % 

85,36 ..................................................................... 

90.56 ..................................................................... 

95.75 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

98.00 ..................................................................... 

99.94 ..................................................................... 

Rat io  of oil to e thanol  
by volume 

1.*z 

1.* 5 u p  to  60~ 
1 : 2 a~ter 60~ 

1 : 5  u p  to 60~ 
1 : 2 af ter  60~ 
1 : 1  at  9 0 ~  also 

1 : 5  up  to 60~ 
1 : 2 a f te r  60*0. 
1 .* 1 a t  8O~ a l so  

1 : 5  u p  to 50~ 
1 : 2  a t  60 ~ and 70~ 
1 : 1 at  7 0 ~  also 

Sa tu ra t i on  solubi l i t ies  expressed as g. of oil per  100 g. of solvent  

40~ 

1.09 

3.38 

6.07 

10.97 

50~ 

0.70 

1.29 

4.96 

10.60 

16.52 

60~ 

1.91 

7.10 

11.87 

28.02 

/ 2.45 I 3.73 / 

10.23 17.91 

20.64 0]~ a 

C]~a ...... 

90~ 

5.28 

CMa 

100~ 

3.56 

a Clef --~ Completely miscible. 

T A B L E  I V  
Sa tu ra t ion  Solubi l i t ies  of P e a n u t  0 i l  in  Aqueous Solut ions of E thano l  

Sa tu ra t ion  solubil i t ies  expressed as g. of oil per  100 g. of solvent  
Concent ra t ion  of e thanol  

wt.  % 

90,00 ....................................................................................... 

95.00 ........................................................................................ 

98.00 ....................................................................................... 

99.94 ....................................................................................... 

Rat io  of oil to ethanol  
by volume 

1 : 5  up  to 6OoC. 
1 : 2 af ter  60~ 

1 : 5 u p  to  6O~ 
1 : 2 af ter  6O~ 

1 : 5  up to 60~ 
1 : 2 af ter  60~ 

1 : 5  u p  to 60~ 
1 : 2 a t 7 0 ~  
1 : 1  at  70~ also 

40~ 

1,37 

2.4G 

8.61 

8.2~ 

50~ 60~0. 

2.35 2.67 

3.52 6.83 

11.48 15.67 
! 

10.26 18.77 

/cC. 

. 2 3  

.77 

.85  

!M a 

80~ 

5,54 

25.31 

C~r 

90~ 

9.17 

CM a 

.~ C1%[ ---- Completely miscible. 
(Solubi l i t ies  in  90, 95, 98% ethanol  are recalculated resul ts  of R a m a  K a n t h  Rao ' s  repor t  submit ted  to Regiona l  Research Labora tory . )  

TAB LE V 
Sa tu ra t ion  Solubi l i t ies  of Cottonseed Oil in Aqueous Solut ions of E thano l  

Sa tu ra t i on  solubi l i t ies  expressed as g. of oil per  100 g. of solvent  
Concent ra t ion  of e thanol  

wt. % 

90.00 (crude oil) ................................................... 

95.00 (refined oil) ................................................. 

98.00 (c rude  oil) ................................................... 

99.94 (refined oil) ................................................. 

Rat io  of oil to ethanol  
by volume 

1 : 5  up to 70~ 
1 : 2 after 70~ 

1 : 5  up to 60~ 
1 : 2 af ter  60~ 
1 : 1 at  100~ also 

1 : 5  up  to 60~ 
1 : 2  af ter  60~ 

1 : 5  up  to 60~ 
1 : 2 af ter  600C. 
1 : 1  at  700C. also 

4 O ~  5 0 ~  6 O * C .  

1.35 2.05 3.02 

2.97 4,14 5.54 

10.50 16.20 29.55 

9.12 13.51 21.88 

70oc. ! 

- - I  
5.22 

8.22 

CMa 

CMa 

80~ 9O~ / - -  

12,24 20.86 [ 

lOO~ 

CMa 

..... ~ 

a ClV[ ---- Completely miscible.  
(Resul ts  of crude oil are recalculated resul ts  f rom R a m a  Kan th  Rao ' s  repor t  submit ted  to Regiona l  Research Labora tory . )  

T A B L E  VI 
Sa tu ra t ion  Solubi l i t ies  of Mowrah  Oil in  E thano l  ( 9 9 . 8 8 % ) - - - t t e x a n e  Mixtures  

Composi t ion of mix tu re  by volume 

1 0 0 %  ethanol  ............................................................................................ 

90% ethanol  ~- 10% n-hexane .................................................................. 

Dens i ty  of 
solvent  

mix tu re  

d~ ~ 

0.76922 

8 0 %  ethanol ~- 20% n-hexane .................................................................. 0 .75732 

a CM ---- Completely miscible. 

Ratio of oil and solvent 
mix tu re  by volume 

See Table I I  

1 : 5  a t 4 0 ~  
1 : 2  at  50 and  60~ 
1 : 1 at  60~ also 

1 : 1  at  40~ and  
at  50~ 

Sa tu ra t i on  solubi l i ty  expressed as g. of 
oil per  100 g. of solvent  mix tu re  

40~ I 50~ 6O~ _ _  

17.36 29.10 CM a 

45.57 CN[a ...... 

70~ 

CMa 

et al. (8) are normal ly  expected to be lower than  
those obtained in the present  investigation as there is 
no proper  mixing of oil and alcohol in the sealed-tube 
method (8). However  the results as compared in 
F igure  1 are higher than  the results of present  au- 
thors. I t  is l ikely that  they have used crude cotton- 
seed oil for  their  investigations, and the presence of a 

fa i r  percentage of free f a t t y  acids in crude oils in- 
creases the solubility of the oil in ethanol. The results 
of Har r i s  et al. (1) are lower than those of the au- 
thors;  however the d ispar i ty  is lesser at lower tem- 
peratures.  Magne and Skau ' s  solubility data (2) are 
higher than those of Har r i s  et aI. (1) but  lower than  
the results of the present  authors. The results of 
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Rama Kanth  Rao et al. (4) are higher because of the 
usage of crude cottonseed oil. Hence the dispari ty in 
the results may result f rom either the method em- 
ployed or from the quali ty of the oil used. The effect 
of various methods of determination of solubility on 
the solubility of oil is shown in Figure  2. I t  is seen 
that  the sealed-tube method and flask method (3) give 
lower solubility results than those of the present appa- 
ratus because of improved agitation and elimination 
of visual observations of turb id i ty  temperatures. 

Solubility determinations were also made with vari- 
ous mixtures of different concentrations of alcohol 

I 0 0  

9 0  

8 0  

u j 6 0 -  
[E 

~< 5o 
e,-. 
LLI 

4o 
llJ 
1 - 3 0  

2 0  

l 0  

0 
0 

I i i ~ �9 , 

e--$E&LED-TU mr NETHOO. 
o -  FLASK METHOD (3). 
D-PRESENT METHOD. 

ii0 i 1 I I I I I I 
P..O 3 0  4 0  5 0  6 0  7 0  8 0  9 0  

S A T U R A T I O N  S O L U B I L I T Y .  
GRAMS OF O I L / I O 0  GRAMS OF SOLVENT 

I 0 0  

Fro.  2. S o l u b i l i t y  of  c o t t o n s e e d  oil  d e t e r m i n e d  b y  v a r i o u s  
m e t h o d s .  

/ / "N, ~:0 % the mixture. 

4 t I I ! 
0 0 2 0  5 0  4 0  5 0  6 0  7 0  8 0  9 0  tO0  

SATURATION SOLUB/LITZ 
GRAMS OF OIL/ / I  O 0  GRAMS OF SOLVENT. 

FIG. 3. S o l u b i l i t y  of  m o w r a h  oi l  i n  9 5 . 7 %  e t h a n o l - h e x a n e  
m i x t u r e s .  

above the boiling point of alcohol even if the concen- 
trat ion is 98%. In 95% ethanol they are miscible 
between 90 ~ and 100~ Addition of a good solvent, 
like n-hexane, increases the solubility of oils, and the 
solubility temperatures are lowered. From the results 
obtained by various methods of solubility determi- 
nation it is found that  the apparatus  employed in 
the present work yields more reliable results by elimi- 
nating the visual observation of turb id i ty  tempera- 
tures, ensuring vigorous st irr ing and allowing suffi- 
cient amount of time to at tain equilibrium conditions 
in determining the solubilities of vegetable oils. 

(95.7 and 99.9%) and n-hexane. The critical solubil- 
i ty temperatures are considerably lowered and the 
solubility of mowrah oil increases with the increase 
of hexane content (shown in Figure  3 as volume per- 
centage) in the mixture for  any par t icular  tempera- 
ture. I t  was also observed, as can be seen from Table 
VI, that the addition of n-hexane to absolute alcohol 
(99.9%) increases the solubility of mowrah oil con- 
siderably and lowers the solubility temperature.  

Summary  

The solubility of vegetable oils in aqueous ethanol 
depends on the concentration of alcohol and temper- 
ature of the system. At  ordinary  temperatures  even 
absolute alcohol is not a good solvent for  vegetable 
oils since the solubility is even less than 10 g. of oil 
per 100 g. of alcohol. 3/Iowrah, safflower, peanut, and 
cottonseed oils are soluble in absolute alcohol at 70~ 
All the oils investigated are found to be miscible 
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