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N E W  and extended uses for 'soybean oil are ex- 
pected to result from its fraetionation into 
" t a i l o r -made"  fats. Already commercial meth- 

ods of fractionation into low and high iodine value 
oils have enhanced the usefulness of soybean oil in 
the edible and paint  oil fields. Methods are also 
potentially available for  the separation of valuable 
minor constituents of the oil such as sterols, phos- 
phatides, pigments, and tocopherols; however frac- 
tionation of the glycerides, the major  constituents 
of soybean oil, will probably constitute the critical 
problem in regard to increasing the volume of soy- 
bean oil utilized. 

The success of any at tempted glyceride fractiona- 
tion must ult imately depend on the arrangement  of 
fa t  acid radicals in the glycerides of the oil. Of the 
several pa t t e rns  for  the glyeeride s tructure of soy- 
bean oil that  can be conceived, the most readily dis- 
tinguished are the monoacid triglyeeride pat tern,  the 
even distribution pattern,  and the random distribu- 
tion pattern.  The greatest degree of fraetionation is 
possible theoretically if only one fat  acid occurs in 
each triglyceride, e.g., the monoacid triglyceride pat- 
tern. Even and random pat terns provide for an in- 
creasing number  of individual glycerides bu t  their 
segregation presents an increasingly difficult problem. 

Agreement is complete on at least one point re- 
garding which of these three alternative pat terns  of 
glyceride s t ructure  exists. Glycerides are known to 
occur " m i x e d "  rather  than arranged in the pure 
monoacid triglyceride pattern.  The pat tern  of dis- 
t r ibut ion of fa t  acids in the mixed glyceride is how- 
ever a mat ter  of considerable disagreement. Hilditch 
proposed and continues to maintain that  the " r u l e  
of even d is t r ibu t ion"  applies qualitatively to both 
animal and plant fats (1). Soybean oil is described 
as one of those oils following the even pat tern  (9).  
Such an even pa t te rn  implies "biological  specificity" 
in the synthesis of glyceride molecules (3). By con- 
trast, the random pat tern  of arrangement,  which 
Longenecker has considered to be followed in the 
case of animal fats, is based purely upon considera- 
tions of statistical probabil i ty  (4). Norris and Mat- 
till, and Riemenschneider, et al. have obtained data 
on animal fats which are best described by the con- 
cept of random distribution (3, 5). Dauber t  has 
recently shown that  a part ial  random scheme ac- 
counts for  the fat  acid distribution in corn oil bet- 
ter than either even or random pat terns (6). 

At least a par t  of the disagreement over the pat- 
tern of distribution stems from the degree of strict- 
ness with which the random and the even pat terns 
are considered. Hilditch would have the rule of even 
distribution applied as a generalization which covers 
" t h e  general t rend of the observed facts more or 
less adequa te ly"  (2).  In defining the rule, the limits 
are so broadly  drawn as to make evaluation of its 
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validity impossible in many instances, such as in the 
case of the following: " a  minor component which 
forms much less than about a third of the total fa t ty  
acids (3 g., 15% or less), will not occur more than 
once in any glyceride molecule" (1).  In a similar 
way, the proposal of certain random pat terns may 
be said to obscure the contrasts. Allowed sufficient 
modifications of even and random rules, the differ- 
ence between the two becomes experimentally indis- 
tinguishable. Therefore in the present paper only 
simple random distribution will be considered, and 
even distribution will be defined in strict stoichio- 
metric algebraic terms. Another source of disagree- 
ment, as will be pointed out, is that present methods 
of glyceride separation are not highly effective and 
that  conclusions as to what basic tr iglyceride pat tern  
exists may depend on the efficiency of the fractiona- 
tion techniques employed. For  example, a randomly 
distr ibuted oil may appear  to be evenly distr ibuted 
if it has been incompletely fractionated. 

In  the present paper  fraetionations of soybean oil, 
both original and published in the li terature,  are 
assembled. The results obtained by adsorption an- 
alysis, by  countercurrent  extraction, and by  crys- 
tallization are compared with results predicted under  
monoaeid, even, and random patterns in an at tempt  
to throw fur ther  light on the s tructure of soybean 
glyeerides and to assess the potentialities of soybean 
oil for  industrial  and food uses. 

Calculation of Glyceride Composition 
Distribution of fa t  acids within the glyceride mol- 

ecules of soybean oil has been calculated in accord- 
ance with the monoacid, random, and even distribu- 
tion patterns.  Since an oil of the approximate fat  
acid composition of 9% linolenic, 53% linoleic, 23% 
oleie, and 15% saturates was used in much of the 
experimental work, these figures are taken for the 
present calculation. To effect a simplification, satu- 
rates are assumed to be stearic acid. 

According to the monoacid pattern,  soybean oil 
would consist of 9% trilinolenin, 53% trilinolein, 
23% triolein, and 15% trisaturates. These figures are 
included in Table I, which summarizes the calcula- 
tions for  the three patterns.  

According to the elementary concept of the even 
distribution theory, linolenic, oleic, and saturated 
acid groups can be present only singly in the tri- 
glycerides since these acids occur in the oil in per- 
centages of less than 3 3 ~ % .  Following this rule, 
linoleie acid is present in every triglyceride molecule 
at least once; and in 59% of the molecules it must 
occur twice. Limited by  these restrictions, only six 
constitutional glyeeride structures are possible. They 
are a) stearo-oleo-linolein (S.OL),  ~ b) s tearo-di-  
linolein (SLL) ,  c) stearo-linoleno-linolein (SLeL) ,  
d )  oleo-dilinolein (OLL),  e) oleo-linoleno-linolein 
(OLeL),  and f)  linoleno-dilinolein (LeLL) .  Four  
linear equations can be wri t ten as described by  Do- 

*Apparently t h r o u g h  a t ypograph ica l  error this glyceride is g iven  as  
saturated-oleo-linolenln by I t i ld i tch ,  Meara, and H o l m b e r g  ( 9 ) .  Other-  
w i se  the proposed structures are in agreement. 
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T A B L E  I 

Iod ine  Value and Calculated Composit ion of Soybean Glycerides U n d e r  )~Ionoacid, Even,  and R a n d o m  Dis t r ibu t ion  P a t t e r n s  

Glyceride a 

~SS 
gSO ................................ 
~ 0 0  
~SL.. . ,  
SSLe  ........................................ 
300 .................... 
~ O L ( A )  ............ 
SOLe .................................... 
DOL .................. 

95.72 
63.97 
32,06 
64.11 
64.26 

32.13 
32.20 

Fa t  acid per  cent of glyceride 

0 L 

31.76 
63.66 

31.60 

95.70 
31.90 31.67 
31.97 
63.95 31.75 

Le 

31.45 

31.52 

Iod ine  
va lue  

0.0 
28.54 
57.21 
57,21 
86.01 
86.01 
86.01 

114.95 
114.95 

Nonoac id  
per  cent  

15,00 

23.00 

S L L ( B )  ......................................................... 
~ L L ( D )  
OOLe ............................................. 
S L L e ( C )  
SLeLe .............................................................. 
OL Lo(E)  
LLL  .............................................. 
3LeLe  ................ 
b L L e ( F )  
bLeLe  .......... 
LoLeLe ...................... 

32.20 
32.05 
64.09 

32.28 
32.35 32.12 

32.19 

1 S ~ Sa tu ra t e ;  0 ---- Oleic; L ~ Linoleic  Le ~- Linolenie.  

63.49 
63.64 

31.82 

31.89 
95.67 

63.93 
32,04 

31.59 
31.59 
63.32 
31.66 

63.47 
31.74 
63,62 
95.64 

114.95 
144,01 
144.01 
144.01 
173.21 
173.21 
173.21 
202.54 
202.54 
232,00 
261,60 

53.00 

9.00 

E v e n  R a n d o m  
per cent  per  cent 

0.34 
1.55 
2.38 
3,58 
0.61 
1.22 

20.97 10.97 
1.86 
8.41 

17.14 12.64 
33.94 19.38 

1.43 
7.02 4.29 

0.36 
11.71 6.58 

14.89 
0.56 

9.22 7.58 
1,29 
0.07 

erschuk and Daubert  (6) relating the fat  acid con- 
tent of these six component  glycerides to the fat  
acid content of the whole oil. A fifth equation states 
that the sum of these six glycerides equals 100% 
while the sixth equation relates the iodine value of 
the individual  glycerides to the iodine value of the 
whole oil. The equations are given in Table II. 

Unfortunately ,  the sum of the first four equations 
is equivalent to the fifth equation, and actually only 
five independent equations relate the six unknowns.  
An approximate method of solution must  therefore 
be used instead of the precise methods of determi- 
nants or of s imultaneous equations.f  

P e r  cent 
Glyceride acid F i r s t  approx ima t ion  

avai lable  of c o m p o s i t i o n - - %  

L e L S  ................................................. 

LeLO ................................................ 

L e L L  ................................................ 

15 

23 

19.871 
57.67 

15 27 
5-~.6~ X : 7.02 

~N27 ~ 1 0  77 
~7. 7 

19.67 27 ~ X  = 9.21 

1 5 3 . 0 - - 3 3 . 3 3 ~ 1 9 . 6 7 .  After  f u r t he r  approximat ions  the composit ions 
obtained, as shown in Table I I ,  are L e L S - - 7 . 0 2 % ,  L e L O - - 1 1 . 7 1 % ,  
and L e L L - - 9 . 2 2 % .  

The structure of the six glyceridcs and the approx- 
imate solutions or the calculated percentages for the 
composition obtained from these equations are given 
in Table I. When these percentages are substituted 
in the six equations, the check values given in the 
last column of Table II are obtained, indicating the 
solution is sufficiently exact. 

The underly ing  assumption of random distribution 
is that there is no directional force such as "biologi-  
cal specificity" to influence the plant's  synthesis of 
triglycerides. Under random distribution the reac- 
tion of fat  acids with glycerol is considered to be 
purely a problem of statistical probabil i ty involving 
the combinations of 4 fat acids, 3 at a time, yielding 
20 combinations 

n a -[- 3n 2 ~ 2n 
6 ~-- 2 0 ( 6 )  

Equations describing this pa t te rn  have been pub- 

~As a first  approximat ion,  for  example, the l inoleno-l inolein which 
composes 27% of the glycerides may  have stearic, oleic, or a second 
linoleic acid group as a th i rd  component  acid. Tile a ssumpt ion  is made 
tha t  these three glycerides wil l  occur in  amounts  propor t iona l  to the 
stearic, oleic, and l inoleic acids avai lable  for reaction.  T h u s :  

lished (6, 11) and have been used to calculate the 
random distr ibution given in Table I. 

A theory of par t ia l  r andom distr ibution has been 
proposed by  Bernstein (12) which purpor t s  to con- 
sider both the relative reactivit ies of the p r i m a r y  and 
secondary hydroxyl  groups of glycerol and the reac- 
t ivi ty  of the individual  fa t  acids. Since it  is impossi- 
ble at present  to evaluate these factors, this theory 
is not considered further .  Such an  approach to the 
constitution of vegetable oils appears  theoretically 
more valid than  the simple random pat tern.  How- 
ever this must  remain a field for  fu ture  investigation. 

Exper imenta l  Fract ionat ions  
A ready index of the efficiency of any  glyceride 

fract ionat ion process is given b y  the spread of iodine 
values between the high and low unsa tura ted  frac- 
tions obtained, for  example, as between extract  and 
raffinate fractions in systems of immiscible solvents 
or between solid phase and solution in the case of 
crystallization. To compare efficiencies of separation, 
iodine values and the proport ions of each fract ion 
for  even and random distr ibution pa t te rns  may  be 
a r ranged  as is done in Figures  1, 2, and 4. These 
curves are calculated f rom the data of Table I by  
repeatedly dividing the glycerides into a high and 
a low iodine value group and by  calculating the per- 
eentage of the total that  each group represents and 
the average iodine value of each group. The lowest 
and highest curves are the limits of fraet ionat ion 
imposed by  the random distr ibution pat tern.  The 
next higher and next  lower are the curves for  the 
fract ionat ion limits according to even distribution. 
Between these theoretical separat ion curves are the 

T A B L E  I I  

Equa t ions  Descr ib ing  Even  Di s t r i bu t ion  

Check 
values  

1. Linolenic  acid:  
0% A ~- 0% B 4-31.59% C 4- 0% D -~- 31.66% E 4- 
31.74% F ---~ .956 X 900 ~ 860.4 ........................................ 

2. Linoleie  ac id :  
31 .67% A 4- 63 .49% B ~- 31 .82% C 4- 63 .64% D 4- 
31 .89% E 4- 63 .93% F ~ .956 X 5300 ~ 5068 . . . . . . . . . . . . . . . . . . . .  

3. Oleic acid:  
31.90% A 4- 0% B 4- 0% C 4- 32.05% D 4- 32.12% E 4- 
0%F ~.956 X 2300 ~2198 ............................................... 

4. Sa tu ra ted  acids :  
32 .13% A 4- 32.20% B 4- 32 .28% C 4- 0% D 4- 
0% E 4- 0% F z 1500 X .956 ~-~ 1434 ................................. 

5. Tr iglycer ides  : 
% A 4 -  % B @ % C4-  % D 4- % E 4- % F : 100 ................ 

6. Iod ine  va lue :  
86 .01% A 4- 114 .9% B 4- 144 .0% C 4- 144.0% D 4- 
173 .2% E + 2 0 2 . 5 %  F ~--- 13502 ........................................... 

884.2 

5099.2 

2132.9 

1452.3 

100 

13567 
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T A B L E  I I 1  

I so la t ion  of H i g h  and  L o w  I o d i n e  Va iue  Glyeer ides  f r o m  Soybean  Oil 
Raff inates  and  E x t r a c t s  by Adsorp t ion  Ana lys i s  

Sample  

Crude  soybean  oil .................................. 

Raff ina te  
Before  adsorp t ion  ............................. 

A f t e r  f irst  adsorpt ion ,  
f r ac t i ons  

4 .................................................... 
5 ........ , ........................................... 
6 .................................................... 
7 ............. : ...................................... 
8 .................................................... 

Combined  f r a c t i o n s  ........................... 

A f t e r  second adsorp t ion ,  
f r ac t i ons  

9 .................................................... 
10 .................................................... 
11 .................................................... 

Combined  f r a c t i o n s  ........................... 

E x t r a c t  
Be fo re  adsorp t ion  ............................. 
A f t e r  adsorp t ion ,  
f r ac t i ons  

15-16 ............................................ 
17-20 ............................................ 

Combined f r a c t i o n s  ........................... 

I o d i n e  
va lue  

135 

96.85 

88.01 
90.49 
91.97 
96.05 
98.27 

91.60 

78.79 
77.28 
78.95 

78.20 

170.97 

195.48 
202.69 

199.12 

Linolen  
ac id  

9.0 

2.34 

1.52 
1.67 
1.87 
2.25 
2.67 

1.84 

0.67 
0.85 

19.15 

35.28 
38.43 

36.90 

P e r  cent  of 
c rude  oil 

IO0 

21.3 

4.01 
3.78 
3.64 
1.98 
1.27 

14.68 

5.20 

24.0 

0.50 
0.53 

1.03 

curves for  actual fractionations obtained by adsorp- 
tion analysis (Figure 1), countercurrent  extraction 
(Figure 2), and low-temperature crystallization (Fig- 
ure 4). 

Adsorption Analysis: A fractionation of soybean 
oil by adsorption analysis has been published (13). 
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C. N .R .R .L .  pilot plant .  
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E.  "Solexol"  pilot plant .  
F.  L a b o r a t o r y  n i t ropara f i ln -pe t ro leum ether  counter-  

c u r r e n t  d is t r ibut ion .  
G. L a b o r a t o r y  f u r f u r a t - h e x a n e  c o u n t e r c u r r e n t  

d i s t r ibu t ion .  

tu 160 

.J 
X 
tiJ 
z 
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8o 
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- \ 

. . . .  
Low IV. Fract ions 

4 0  
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F I G .  l .  E x p e r i m e n t a l  f r a c t i 0 n a t i o n  b y  a d s o r p t i o n  a n a l y s i s  
a n d  t h e o r e t i c a l  s e p a r a t i o n s  o f  s o y b e a n  g l y c e r i d e s .  

A. R a n d o m  pa t t e rn .  
B.  E v e n  pa t t e rn .  
C. Adsorp t ion  ana lys i s .  

Iodine values of fractions recovered af ter  passage of 
a crude soybean oil through a single column packed 
with alumina ranged from 104 to 178. These frac- 
tions have now been arranged in an order to give 
progressively increasing iodine values. The percent- 
age yields vs. iodine values of the fractions have 
been calculated and are plotted in Figure  1. Com- 
parison of these curves with the theoretical separa- 
tion curves shows that  the degree of fraetionation 
given by  passage through a single adsorption column 
is insufficient to permit  any conclusion concerning 
the pat tern  of fa t  acid distribution. H o w e v e r  the 
sharp inflections at the high iodine value end of the 
upper  curve and at the low iodine value end of the 
lower curve (Figure  1) are suggestive of random dis- 
tr ibution. Since 17.6% of the glycerides, and pref- 
erentially the more unsaturated glycerides were not 
recovered from the column, the iodine value of the 
recovered oil is 128 rather  than 135. This loss also 
causes the low iodine value fraction curve to drop 
below the theoretical limits on the r ight  of the graph. 

The two points (1 and 2) of Figure  1 representing 
the highest and lowest iodine values were obtained 
by the adsorption analysis of raffinate and extract  
fractions from the pilot plant  extraction column em- 
ploying the furfural -heptane system. The raffinate 
comprised 21.3% of the original crude soybean oil 
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FIG. 4. Experimental fractionations by crystallization and 
theoretical separations of soybean glycerides. 

A. Random pattern. 
B. Even pattern. 
C. Golumbic, Martin, and Daubert (7). 
D. Hilditch, Meara, and Holmberg (9)�9 

and had an iodine value of 96.85. Fi f teen grams of 
this f ract ion were adsorbed on an alumina column 
by  use of the procedure previously described (13), 
except for  a developing solvent which consisted of 
30% diethyl ether in hexane. Af te r  the 100-ml. frac- 
tions were eluted, weighed, and analyzed, the lowest 
iodine value fractions (data  in Table I I I )  were com- 
bined to give a composite fract ion with an iodine 
value of 92.33. A 5-gm. aliquot was readsorbed on an 
alumina column of one-third the cross sectional area 
but  of length equal to the first column. F rom this 
second adsorption, three fractions comprising 5.2% 
of the crude soybean oil were isolated. Their  com- 
bined iodine value was 78.2. This iodine value (Point  
1, F igure  1) is less than  86.01, the lowest iodine value 
permit ted under  the even distr ibution pat tern.  These 
three low iodine value fract ions were also analyzed 
spectrophotometrical ly for  linolenic and linoleic acids. 
The saturated acid content on a molar  basis (pal- 
mitic-stearic 3:1)  of each fract ion is also calculated 
with the use of the iodine value, and, while these fig- 

u r e s  possess inherent ly large error, they do exceed 
3 3 ~  % and indicate the presence of disaturates which 
should not occur under  the even distr ibution pat tern.  
The presence of some linolenic acid (Table I I I )  even 
in these low iodine value fract ions is of practical  im- 
portance in any scheme proposing to produce a lino- 
lenie-aeid-free fract ion f rom soybean oil. Point  2 in 
Figure  1 is based upon a similar adsorption analysis 
but  of an extract  f ract ion f rom the pilot p lant  col- 
umn. The extract  with an iodine number  of 170.89 

comprised 24% of the original oil. Adsorpt ion an- 
alysis of 15 grams of this extract  gave the high 
iodine value fractions listed in the lower section of 
Table I I I .  In  this instance the highest iodine value, 
202, is at the uppe r  l imit  which could occur under  
even distr ibution and therefore cannot be cited in 
favor  of either the even or the random theory of 
distribution. Spectrophotometrie  data h o w e v e r  do 
indicate that  linolenie acid is present  in two frae- 
tions in excess of 3 3 ~  %. No dilinolenin is permit ted  
under the even distr ibution arrangement ,  and  lino- 
lenie acid should never account for  more than  one- 
th i rd  of any fraction. Point  3 represents a fraction- 
at:on of another  extract  but  of lower initial iodine 
value. 

Countercurrent Extraction: Much work has been 
done on liquid-liquid extraction of soybean oil (8, 
10, 14, 15, 16). At  present, soybean oil is fraction- 
ated on a commercial scale with the use of fur fu-  
ral and hydrocarbon solvents (8). Countercurrent  
extraction with propane also presents a potential  
method for the fraet ionat ion of soybean oil (10). 
F igure  2 shows published pilot-plant data for  fur-  
fura l  and propane extraction processes. In  addition, 
pi lot-plant  data f rom the Nor thern  Regional Research 
Labora tory  are included. Over the range of extract  
yields (19-83%) these la t ter  data compare very fa- 
vorably with any  fract ionat ion yet  reported for soy- 
bean oil, laboratory  operations not excluded. 

Fract ionat ions in this l abora to ry ' s  pilot plant  were 
carried out on a solvent-extracted, degummed soybean 
oil (iodine value 133.9). The extraction tower was 
18 feet 4 inches tall, 2.4 inches inside diameter, and 
packed with one-quarter  inch Raschig rings. I t  was 
operated at 120~ with fu r fu ra l  enter ing near  the 
top, oil at the midpoint,  and heptane near  the bot- 
tom of the tower. Twenty  par t s  of f u r fu r a l  to one 
of oil were used. The heptane to oil rat io was in- 
creased f rom 1.9 to 3.0 to give extract  yields ranging 
f rom 19 to 83%. Solvents were removed f rom the oil 
fract ions in a series of conventional evaporators  and 
s t r ipping stills. 

The C r a i g  countercurrent  distr ibution appara tus  
is of par t icular  interest  for  laboratory-scale counter- 
cur rent  extract ion studies. Exper iments  can read- 
ily be repeated, and operat ing conditions are easily 
varied. An added advantage is that  the appara tus  
provides a definite and constant number  of extrac- 
tion stages. A general description of and operat ing 
methods for this equipment  have been published in 
detail (17). 

In  the fur fura l -hexane  fract ionat ion reported here, 
2 grams of crude soybean oil were dis tr ibuted be- 
tween hexane and fu r fu r a l  in a 25-tube model (one- 
half  inch tube diameter) .  Each tube contained hexane 
and fu r fu ra l  in a 1 to 4 ratio except tube 0 to which 
the oil sample was added in place of the hexane. 
Af te r  a 24-stage distr ibution the contents of each 
tube were removed f rom the appara tus  and the fur-  
rura l  layer extracted three times with pentane-hexane. 
The petroleum ether extract  was then water-washed 
successively three times and the solvent removed un- 
der vacuum. The oil f r a c t i o n s  were weighed and 
iodine values determined where size permit ted.  Fig- 
ure 3 shows tube number  plot ted against  iodine value 
and fract ion weight. In  F igure  2 iodine value is plot: 
ted against  the percentage yield along with results of 
the pilot-plant countercurrent  extractions. Conditions 
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of operation for  the Craig machine make comparisons 
with pi lot-plant  data  unwar ran ted  except to note tha t  
the fraet ionat ion made with the pilot-plant equip- 
ment  is superior to that  made in a 25-tube Craig dis- 
t r ibut ion apparatus .  
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Fro. 8. Countercurrent distribution of soybean glycerides be- 
tween hexane and nitroparaffins. 

A. Weigh t .  
B.  Iod ine  value .  

The data indicated by  point No. 1 on the graph  
(Figure  2) were obtained by  a separa tory  funnel  
extraction of the pi lot-plant  raffinate (iodine value 
96.85) described above. A 100-gram portion of the 
raffinate dissolved in 100 ml. of hexane was extracted 
50 times with 400 ml. portions of hexane-equil ibrated 
furfura l .  Af te r  evaporat ion of the hexane, the frac- 
tion was analyzed for  iodine value and saturates. The 
iodine value of the glyeerides was 80.96 and the iodine 
value of the free acids, 83.60. The sa tura ted  acid con- 
tent, determined by  crystallization (18) was found to 
be 34.2% of the acids on a weight of acids basis or 
36.15% on a molar basis, assuming a 3:1 ratio of 
palmitic to stearic acids. 

I n  repeat ing this experiment,  two funnels were 
employed in a countercurrent  flow system. Af te r  48 
equilibrations, the iodine values of the two hexane 
layers were 74.38 and 76.75 and comprised 0.81 and 
3.15% respectively of the original soybean oil. These 
data are also plotted in F igure  2 as circled crosses. 
The fa t  acids of the combined fract ions had an iodine 
value of 76.06 and the sa tura ted  acid content, as de- 
termined by  crystallization, was 35.51%. Calculated 
f rom iodine value and spectrophotometrie data, the 
sa turated acid percentage was 38.06. Assuming a 3:1 
ratio of pahnitic to stearic acid, the molar f ract ion 
of sa turated acids was 37.5'3% by  crystallization and 
40.2% by  the I.V.-spectro method. The unsaponifi- 
able content of the combined fractions was 1.3%. 

Also repor ted  in F igure  2 is an exper iment  in 
which 20 grams of oil were dis t r ibuted between equal 
volumes of petroleum ether and nitroparaffin solvents 
(20% nitromethane,  80% ni troethane)  in a 29-tube 
model (1 inch tube diameter) .  Af te r  a 28-stage dis- 
t r ibut ion the contents of each tube (169 ml.) were 

removed f rom the appara tus  and evaporated under  
vacuum. The oil fract ions were weighed and iodine 
values were determined. I t  is apparen t  tha t  the iodine 
values of fract ions obtained were lower than  those 
permi t ted  under  the even pat tern .  Unfor tuna te ly  in 
this instance the low iodine value fract ions were t o o  
small to permit  both iodine value and sa tura ted  acid 
analysis, bu t  the saturate  content may be assumed to 
be higher than  37%. 

Crystallization: Several publications on the low- 
tempera ture  crystallization of soybean oil are found 
in the l i terature  (7, 9, 19, 20, 21). When these are 
compared by  plot t ing in graphical  fo rm the fract ion 
percentage against  iodine value, the crystallizations 
of Golumbic, Martin,  and Dauber t  (7) and of Hil- 
ditch, Meara, and Holmberg  (9) appear  to have been 
the most efficient. These data, shown in F igure  4, are 
compared to the theoretical separation curves. I t  is 
apparen t  tha t  a wide divergence exists between these 
fractionations.  Although t t i ld i teh ' s  data  are not in- 
consistent with the theory of even distribution, the 
fraet ionat ion appears  less efficient than  that  of Go- 
lumbie 's .  The shape of the g raph  for  Golumbic 's  data  
is not indicative of even distribution, and his isolation 
of 5% of the oil with an iodine value of 79 is not 
compatible with the even distr ibution pat tern .  Fur -  
ther, this fract ion is reported to have 56.2% of satu- 
rated acids. 

D i s c u s s i o n  

Certain observations per t inent  to the fract ionat ion 
of soybean oil can be made based on calculations for  
the even and the random distr ibution pa t te rns  such 
as has been done here. In  a recent pape r  Goss (22) 
predicted that  " r o u g h l y  the max imum difference is 
70 iodine number  u n i t s "  between raffinates and ex- 
t racts  for random and even patterns.  Over the range 
of 25% to 80% yield of raffinates or over the range 
of the pract ical  operat ing conditions this generaliza- 
tion is confirmed in the present  calculations. How- 
ever at the left  and r ight  extremes of the curves, the 
differences are 135 and 129 respectively under  the 
random pat tern .  Under  the even pa t t e rn  the corre- 
sponding differences in iodine values are 49 and 67. 

Although a random-type  distr ibution provides for  
more i n d i v i d u a l  glyceride molecules and thus in- 
creases the difficulties of f ract ionat ion of soybean oil, 
oil with this basic pa t t e rn  would have greater  poten- 
tialities as a source of glycerides of diverse proper-  
ties once efficient fract ionat iou methods were achieved. 
As many  as 20 constitutional glycerides, including the 
monoacid triglycerides, may  exist as compared to 6 
under  even distribution. 

Many at tempts  have been made to eliminate lino- 
lenic acid glycerides f rom the oil by fract ionat ion 
since ]inolenic acid has long been suspected of being 
the precursor  of off-flavors in soybean oil. I f  even 
distr ibution exists, then linolenic acid should occur 
theoretically only in glyceride components having an 
iodine value of 144 or higher (Table  I ) .  Assuming 
tha t  separations are made on the basis of iodine value, 
it should be possible theoretically to obtain 72.1% of 
the glyeerides of soybean oil, free of linolenic acid 
with an iodine value of 120, while the linolenic-acid- 
containing fract ion with an iodine value of 175 would 
comprise the remaining 27.9% of the oil (Table I V ) .  
I f  the random pa t t e rn  exists, however, linolenic acid 
would occur in glycerides possessing an iodine value 
of 86 and over. In  this case a glyceride fract ion 
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TABLE IV 

Theo':etieal Separations Permitted Under Monoaeid, Even, 
and Random Distribution Patterns 

I Linolenic acid I Linolenie acid 
free fraction containing fraction Distribution _ _  ] _ _  _ _  

pattern Per  cent Iodine Per cent lodine 
yield value yield ~r 

Monoacid ........................... 91.0 122.5 9.0 261.6 
Even ................................... I 72.1 [ 120.0 [ 27.9 I 175 
Random ............................. [ 7.9 [ 49.0 [ 92.1 I 142.4 

having an iodine value of 49 and comprising 7.9% 
of the oil could be obtained free of linolenic acid. 
While elimination from soybean oil of the glycerides 
containing linolenic acid appears to be a theoretical 
possibility under  even distribution, total removal of 
all linolenie acid from soybean oil with present frac- 
tionation methods is impractical, if not impossible, 
under  a random-type distribution. 

Data compiled here indicate that  at present it is the 
inefficiency of current  fractionati0n methods ra ther  
than the basic triglyceride pat tern  which limits the 
degree of separation obtained on soybean oil. How- 
ever when fract ionation procedures improve suffi- 
ciently, the basic pat tern  of distribution of fa t  acids 
within the triglycerides w i l l  limit the amount of 
fractionation obtainable and will thus determine the 
ultimate usefulness of soybean oil. 

Summary 
The glyceride composition of soybean oil has been 

calculated according to even and random distribution 
pat terns and has been compared with experimental  
fractionations obtained by  adsorption analysis, liq- 
uid-liquid extraction, and crystallization. Evidence 
is presented which indicates that  soybean oil does 
not follow the elementary conception of even distri- 
bution. Fract ions have been isola ted by these three 
methods with iodine values lower than that  permit- 
ted under  the rule of even distribution. Fu r the r  
data indicate the occurrence of di-saturates and di- 
]inolenin, neither of which is permit ted under  the 
rule of even distribution. 

The ultimate proof of the distribution pat tern  ex- 
isting in soybean oil, whether random or partial  ran- 

dora, must await the development and application of 
more efficient methods of fractionation. At  the pres- 
ent time separation of soybean triglycerides appears 
limited by the efficiency of fractionation procedures 
ra ther  than by  the pat tern  of fat  acid distribution. 
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