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INSEED OIL, like other seed fats, has been considered 
to conform to the general " r u l e  of even distri- 
bu t ion"  (5 ) ;  however with the application of 

improved methods of glyeeride separation an in- 
creasing divergence has been noted. Thus Walker  
and Mills (9), using chromatographic adsorption 
analysis, obtained fractions of linseed oil with iodine 
values so high (246.5) as to indicate the presence of 
trilinolenin, a glyceride not permit ted under  the 
" s t r i c t  even distribution pa t t e rn . "  While holding 
that linseed oil "fol lows the customary rule of even 
d is t r ibut ion ,"  Hildi teh and Seavell describe an im- 
proved fractional  crystallization :in a recent publi- 
cation (6) and calculate from a fract ion of iodine 
value 214 that  as much as 5.1% of trilinolenin may 
be present in the whole oil. 

The countercurrent-distr ibut ion technique has been 
shown to constitute a valuable tool for  the s tudy of 
the glyceride s t ructure  (4). Acquisition of an au- 
tomatic 200- tube countereurrent-  distribution instru- 
ment afforded an oppor tuni ty  to apply  the high 
resolving power of this instrument  to the separation 
of the complex glyceride mixture of linseed oil. [[he 
present paper  reports  three fractionations obtained 
with this instrument.  

Experimeutal Procedure 
The eountercurrent-d:istribution equipment ~,4 used 

is similar to the instrument  described in detail by 
Craig, Hausmann,  Ahrens, and Harfenis t  (2),  being 
ful ly  automatic in its solvent introduction, mixing, 
settling, transfer,  and collection operations. I t  dif- 
fers f rom that  ins t rument  in possessing 200 tubes 
with larger solven~ capacity (80 ml. each) and in its 
improved solvent introduct ion and collection systems. 

The linseed oil used for the distributions of Figures 
1 and 2 was that  one which was also analyzed by the 
collaborators on the Spectroscopy Committee of the 
American Oil Chemists' Society in 1948 (8).  The 
present sample was stored at  0°F . ( - -18°C. )  in a 
sealed glass bottle. I t  was a raw, winterized (i.t,., 
dewaxed) oil supplied by the Minnesota Linseed Oil 
Company. Iodine value of the oil at the time of its 
receipt was 182.2 as determined by the Analytical 
Unit  of the Nor thern  Utilization Research Branch. 
The polyunsaturated acid comp~i t ion data of the 
committee report  have been recalculated, using the 
revised constants for  na tura l  linoleie and linolenie 
acids determined by Briee, Swain, Nichols, and Rie- 
mensehneider (1).  These r e c a l c u l a t e d  values are 
50.8% linolenic acid and 14.8% linoleie acid. Our 
iodine value and fat  acid analyses, which are used in 
the calculations of this paper, are as follows: iodine 
value, 183.5; linolenie aeid, 52.3%; linoleic acid, 
14.9%; oleic acid, 24.3%; and saturated acids, 8.5%. 

i P r e s e n t e d  at  the  mee t i ng  of the  A m e r i c a n  Oil Chemis t s '  Society, 
Minneapol i s ,  :Minn., Oct.  1 1 - 1 3 ,  1954. 

~ P r e s e n t  address: Monsanto Chemica l  Company ,  St. Louis ,  Mo. 
~The  coun t e r cu r r en t -d i s t r i bu t i on  a p p a r a t u s  w a s  cons t ruc ted  by the  
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Pentane-hexane and fu r fu ra l  were selected as sol- 
vents for  the distribution to be presented in Fig- 
ure 1. The pentane-hexane (bgiling range 35 ° w 
60°C.) was distilled on a steam bath to exclude the 
possibility of a non-volati le residue. F u r f u r a l  was 
distilled under  vacuum, and 0.01% hydroquino.ne was 
added to inhibit  oxidation and resultant  discoloration. 

E igh t  liters of each of these two solvents were placed 
in a 5-gal. jar  and agitated with an air s t irrer  to at- 
tain equilibrium. Af te r  separation of the phases 40 
ml. of the lower layer  were introduced into each of 
the 200 tubes of the appara tus  with the exception 
of tube 0. This tube was filled with solvents and lin- 
seed oil as described below. The upper-phase solvent 
was placed in the reservoir, and the pump, which dis- 
penses the upper  solvent into tube 0 at each decan- 
tat ion stage, was adjusted to deliver 2.5 ml. Pr io r  
to introduction of the solvents the apparatus  was 
flushed with nitrogen. 

Linseed oil was mixed with the hydrocarbon fur- 
fura l  solvents before introducing the system into tube 
0 as follows: 15 g. of the oil were placed in a sep- 
ara tory  funnel  with 5 ml. of the upper  solvent. The 
lower solvent was added with shaking unti l  the vol- 
ume of the lower phase equMled 40 ml .  This immis- 
cible furfural-hydroearbon-oi l  system was placed in 
tube 0, and the automatic distr ibution process was 
begun. Because of  the effect of high oil concentration 
on the mutual  solubility of the hyper-  and hypophasic 
solvents, the volume of the lower layer  tended to in- 
erease in the lead tube as the distr ibution proceeded. 
This difficulty w ~  counteracted by removing amounts 
of lower layer  just  ahead of the lead tube equal to the 
excess being developed. Af te r  a few initial t ransfers  
the concentration of oil dropped sufficiently lo~w as 
not to affect the sNvent levels in the tubes. When 200 
transfers  had been completed, the fract ion collector 
was turned on and the combiner was set to. unite 
eight effluent fract ions in each of the collector tubes. 
Another  600 t ransfers  were then completed. At  this 
point  M1 of the glycerides had passed out of the ap- 
paratus into the first 75 tubes of the fract ion collector. 

Total weight and iodine values were determined for 
the glyeeride fractions in the cotleetor. Since fu r fu ra l  
dissolved in the oil-hydrocarbon layer  would interfere  
with evaporations and speetro-analyses, it was first re- 
moved by washing the pentane-hexane solutions three 
times with equal volumes of 75% ethanol. The pen- 
tane-hexane solutions were then placed in 25-ml. vol- 
umetric flasks and diluted to volume with pentane- 
hexane. Portions (10-nil.) were t ransfer red  to tared 
50-ml. Er lenmeyer  flasks. Af ter  remoxal of the pen- 
tane-hexane under  reduced pressure the glycerides in 
the flasks were obtained by weighing. Iodine vMue~s 
were determined for the glyeeride fractions by the 
1-hr. Wijs  method (7). Since the sample sizes were 
generally determined by amount in the Er lenmeyer  
flasks, the volume of reagents was proport ionately 
scaled down to aliow proper  excesses of "Wijs reagent. 

At  seleeted points in the distribution curve where 
the tubes contained sufficient weight of material, the 
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remaining 15 ml. of solution were used for  the de- 
terminat ion for  f a t t y  acid composition of the glyc- 
eride fractions. Po lyunsa tura ted  acids were deter- 
mined by the 45-min. isonierization method of Brice 
e t  al.  (1),  and calculations were made, using their  
revised constants. Results are reported as percent- 
ages of linolenin and linotein. Olein was calculated 
by  combining spectrophotometric  and iodine value 
data. Sa tura ted  glyeerides were estimated as the dif- 
ference between the total  glycerides and the summa- 
tion of the unsa tu ra ted  gIycerides. 

The data  of F igu re  2 were obtained upon the same 
sample of linseed oil but  with the use of a solvent 
system in which linseed oil glycerides have lower par-  
t i t ion coefficients than  in the pentane-hexane-fur fura l  
system and in which improved resolution of the more 
sa turated glyeerides was observed. This solvent sys- 
tem consisted of a mix tu re  of pentane~hexane-fur- 
fura l -ni t roethane in a 2:1:1 ratio. Except  for the 
difference in solvent system and the use of 5 ml. of 
uppe r  phase solvent, the procedure  of this distribu- 
tion was similar. I n  this exper iment  however two ati- 
quots were combined for  analysis instead of eight. The 
port ion of the curve corresponding to eight and nine 
double bond glycerides was only cursori ly checked in 
this experiment,  and results are not included in the 
figure. The results  of speetrophotometr ie  analyses 
on samples of this exper iment  are represented in 
F igure  3. 

A second sample of linseed oil ( I .V.  184.1) was 
studied for  comparat ive  purposes. I t  was obtained 
by  the cold pressing of flaxseed (Variety,  Marine 
grown in the St. Paul ,  Minnesota., area  and obtained 
th rough  the courtesy of J .  O. Culbertson).  The ex- 
pressed oil was f rac t ionated with pentane-hexane fur-  
rura l  system and analyzed for  eight and nine double 
bond glycerides as described in connection with the 
da ta  of F igu re  1. 

Results 
Weight  and iodine value data  are plot ted v e r s u s  

t r ans fe r  number  in F igure  1. The total  weight curve 
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is made up of four  component  curves, two of which 
are well resolved, a th i rd  of which is par t ia l ly  re- 
solved, and a fourth,  large unresolved curve. As 
indicated by the iodine values, the bell-shaped curve 
on the left  consists of gtycerides possessing nine dou- 
ble bonds per  glyeeride molecule. The next  curve to 
the r ight  must  represent  glycerides with eight dou- 
ble bonds, and the next peak, Curve 3, mus t  represent  
glycerides with seven double bonds. The remaining 
curve represents  all of the other g]ycerides, which 
have a lesser degree of unsaturat ion.  

Table I lists the, results of the analyses per formed 
on the f ract ions indicated by  the arrows on the total  
weight curve of F igure  1. Spectrophotometr ic  an- 
alysis of glycerides in t ransfer  numbers  591-599 and 

T A B L E  I 

Analyses  of F r a c t i o n s  f r o m  the  C o u n t e r c u r r e n t  D i s t r i bu t i on  of L inseed  
Oil C o r r e s p o n d i n g  to F i g u r e  1 

Curve  T r a n s -  I o d i n e  
n u m b e r  f e r  va lue  

n u m b e r  

9 625-633 255.1 
591-599 257.9 

8 481-488 233.0 
465-473 236.5 

7 369-377 197.7 

Unre -  273-281 134.0 
solved 241-249 73.7 

Spectro- iodine  va lue  
ana lyses  

S 

- -1 .4  
- -3 .7  

2.8 

13.8 
30.5 

0 

% 
8.8 

3.7 
10.9 

26.2 

45,5  
59.0 

L 
. . . . . . . .  i % 

- -0 .5  
---0.8 

31.7 
26.2 

11.3 

14,5 
5.8 

Le  

% 
94.9 

102.3 

66.0 
66.6 

59.5 

26.2 
4.7 

Tr iglyc-  
er ide  

L e L e L e  

L L e L e  

L L L e  
O L e L e  

625-633 from Curve number 9 shows that it contains 
essentially trilinolenin. This co nelusion is confirmed 
by iodine values of 255.1 and 257.9, which approach 
the theoretical value of 261.6. Speetrophotom~ric 
analysis of glyeerides in transfer numbers 465-473 
and 481-488 from Curve 8 are calculated within the 
limits of error of the spectro-iodine value method to 
be roughly two-thirds linolcnin and one-third linolein. 
The experimental iodine values of 233.0 and 230.5 
compare very well with the theoretical iodine value 
of 232.0 for linoleo-dilinolenin. Speetrophotometric 
analysis of the glyeerides of numbers 369-377 from 
Curve 7 shows 26.2% olein, 11.3% linolein, and 59.5% 
linolenin. There are two possible glyeerides which 
contain seven double bonds indicated by the experi- 
mental iodine value of 197.7 (theoretical 202.5), 
namely, dilinoleo-]inolenin and oleo-dilinolenin. Cal- 
culation of the proportions of these two glyeerides 
which would account, for the compositional data are 
17.2% dilinoleo-linolenin and 82.8% oleo-dilinolenin. 
The analyses for the glycerides of transfer numbers 
241-249 and 273-281 from the remaining curve show 
the tendency of the fractions toward the more pen- 
tane-hexane soluble portion of the curve to contain 
less of the highly mIsaturated glycerides and more 
of the saturated types. 

Table I I  lists the chemically distinguishable glye- 
erides possible by combinations of the four  fa t  acids 
and the corresponding iodine values. Stearie and pal- 
mitic acids are considered together as sa turates  in the 
calculations. The percentages of glyeerides possible 
under  the nlonoaeid, even, and random pat te rns  of 
distr ibution of f a t t y  acids are  also listed. Under  the 
monoacid pat tern ,  glyceride composition is identical 
with the f a t ty  acid composition ai~d allows only four  
glycerides. The " s t r i c t  even p a t t e r n "  distributes the 
f a t t y  acid in the widest possible manner  in the tri- 
glycerides. I t  permits  six triglycerides,  whose per- 
centages are calculated a s  previously described (4). 
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TABLE II 
Iodine ~¢alue and Calculated Composition of Linseed Oil Glyeerides 

Under Monacid, Even, and Random Distribution Patterns 

Number 
Glyeer- double Iodine Mono- Even 

ide bonds value ~cid 

SSS 

SSO 

S 0 0  
SSL 

SSLe 
0 0 0  
SOL 

SOLe 
O0L 
SLL 

OLL 
OOLe 
SLLe 

SLeLe 
OLLE 
LLL 

OLeLe 
LLLe 

LLeLe 

LeLeLe 

0 

1 

/ 3 / 
/ 

4 
J 

J 
I 

6 
1 

17 
s 

0 

28.54 

57.21 
57.21 

86.01 
86.01 
86.01 

114.95 
114.95 
114.95 

144.01 
144.01 
144.01 

173.21 
173.21 
173.21 

292.54 
202.54 

232.00 

261.6(( 

% 
8.5 

24.3 

14.9 

52.3 

0.6 

6,5 

8.3 
25.2 

7(6.5 

1 2 . 9  

Random 

% 
(1.1 

0.5 

[.5 
0.3 

1.1 
1.4 
1.9 

6.5 
2.6 
0.4 

1.6 
9.3 
4.0 

7.0 
11.4 

0.3 

19.9 
3.5 

12.2 

14.3 

The random pattern is that calculated by statistical 
probability, accounting for the proportions of the 
fatty" acids present in linseed oil. Under this pattern 
the number of constitutionally different combinations 
of four acids is 

n :~ + 3n 2 -t- 2n 
- -  20 (3 ) .  

6 
Trilinoh~nin represented by the area under Curve 

9 of the total weight curve corresponds to 18.2% of 
the total glyeerides. Linoleo-dilino]enin represented 
as the area under Curve 8 is 12.28% of the total glye- 
erides. Curve 7 is estimated to represent 23.6% of 
the total glyeerides. Based on the speetrophotometric 
analyses for linotenin and linolein in Table I, these 
glycerides are dilinoleo-linolenin, 4.1%, and oleo-di- 
]inolenin, 19.5%. Table I I I  coinpares the experimen- 

TABLE III 
Comparison of the Experimentally Determined Percentages of IIighly 

Unsaturated Glyeerides of Linseed Oil With Those Allowed 
Under Even and Random Distribution Patterns 

Distribution Trilino- Linoleodi- 
_.  pattern .1 lenin 1 linolenin 

Even . . . . . . . . . . . . . . . . . . . . . . . . . .  / .... 1 12.9 
R, andom ..................... i 14.3 / 12.2 
Experimenta,( ............. ! 18,2 t 12.3 

Dilinoleo- 
linotenin 

3.5 
4.1 

Oleo di- 
Iinoleniu 

36.5 
19.9 
19.5 

tally determined percentages for certain of the more 
unsaturated glyeerides with those calculated under 
even and random patterns. Since the difference be- 
tween the content of linoleo-dilinolenin found experi- 
mentally and that calculated by either random or 
even pattern is less than the experimental error, no 
conclusion can be drawn, from these data as to the 
type of distribution. However trilinolenin and dilin- 
oleo-linolenin, which are not permitted under the even 
pattern, were found to be present in amounts close to 
those calculated by the random pattern. Oleo-dilin- 
olenin, which is pernfitted under both patterns, was 
isolated in an amount which compares more closely 
with the random pattern than with the even pattern. 

The data of Figure 2 obtained with the use of pen- 
tane-hexane- furfural- nitroethane solvent system are 
essentially a further separation of the mlresotved 
1)ortion of Figure 1. If as indicated, the pattern of 
distribution for linseed oil is random, the unresolved 

curve of Figure 2 should be comprised of the 16 re- 
maining constitutional glyeeride types. While the 
resolution of these glycerides is still incomplete in 
the data of Figure 3, certain observations may be 
made by considering the weight curve, the iodine 
value curve, and the iodine value of individual glyc- 
erides given in Table II. No evidence, for glyeerides 
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having less than two double bonds is apparent, i.e., 
iodine values less than 57. According to random 
theory, these glycerides should comprise only 0.6% 
of the oil. Failure to detect them therefore is not 
surprising. The curve composed of glycerides having 
two double bonds is largely superimposed upon the 
larger cmrve for glyeerides having three unsaturated 
groups per glyceride. Glyeerides with four double 
bonds appear as a shoulder of the major peak for 
glycerides having five double bonds. The curate com- 
posed of glycerides having six unsaturated groups is 
incompletely resolved from the curve for glyeerides 
with seven double bonds. 

The analyses of individual fractions for their fat ty 
acid content are given in Figure 3. Qualitatively the 
changes observed in fa t ty  acid composition are com- 
patible with the anticipated glyceride compositions 

8 0 -  

Z 
to  6 0 -  
iv. a. to XLe x~'x x ~  

40 x"~x 
c~ 

" ~ ' x ? . t ~ i  ~ ;¢ o . . . . . . .  

0 0 S '~I 1 I 1- " I 
481 441 401 361 321 281 241 

TRANSFER NUMBER 
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c u r r e n t  d i s t r i b u t i o n  shown in F i g u r e  2. 
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L e - - l i n o l c n i e  
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TAI~LE iV 
Comparison of Experimental Analyses for Fatty Acids with Values Based on the Random Pat tern of Distribution 

9 Double bonds 8 Doable bonds [ 7 Double bonds 6 Double bonds 5 Double bonds 4 Double bonds 
Acid . . . . . . .  ' - 

. . . . . .  Theory I Exp. 1 Theory t Exp. 1 I Theory Exp. 1 Exp. 2 Theory Exp. 2 _ T h e o r y  Exp. 2 I Theory I E x[!:.2 

aturates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  --2.5 2.8 11.3 12.7 15.0 9.1 I 10.4 I 24.5 I 14.8 
,leie .... 4,4 .... 7.3 2"g:6 26.2 21.5 20.5 21.0 45.5 ] 51.4 ] 41,2 ] 52,0 
,inoleic .............................. __ --0.6 33.3 28.9 1O.O 11.3 11.1 21.9 24.4 16.0 12.7 ] 11.9 ] 16.0 
5nolenic ............................ 10'0'.0 98.4 66.7 66,3 61.4 59.5 55.9 45.0 39.6 29.5 25.5 22,6 17.2 

under  random pattern.  However the incomplete reso- 
lution of glyceride types do not jus t i fy  the at tempt  
to make quanti tat ive calculations of glyceride com- 
positions from the fa£ acid data, such as was done 
in Table III .  In  Table IV are included the speetro- 
iodine value data  for fa t ty  acid composition averaged 
for the regions of the curve corresponding to 7, 6, 5, 
and 4 double bond glycerides. Also included are the 
values calculated from the random distr ibution pat- 
tern data  of Table I t .  Agreement for  these fractions 
of the theoretical and experimental  data (within the 
limits of experimental  error)  supports the random 
distribution hypothesis for  this sample of linseed oil. 

Another  manner  of representing glyeeride compo- 
sition data  and of comparing theoretical glyceride 
pat terns  with experimental  data is shown in F igure  
4. I t  consists of calculating iodine value for combi- 
nations of high iodine value and low iodine value 
fractions and plotting this averaged and weighted 
iodine value against the percentage which tha t  frac- 
tion represents of the whole oil. I t  is apparent  that  
the combined experimental  data of Figures  1 and 2 
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A, Even Pattern 
B, Random Pattern 
C, Experimental 

Letter to the Editor 
September 5, 1955. 

For  fu r the r  information on Acrocomia Total (the 
Mbocaya pahn) which K. S. Markley has reported 
so correctly in the July,  1955 edition of the Jour-  
nal, I would like to add my experience with these 
products  in Paraguay,  where I worked under  con- 
t ract  during the years 1939 and 1940 for one of the 
largest local factories and where I had the oppor- 
tun i ty  of processing thousands of tons of this seed. 

The reader may be interested to know that  the 
nature  of the " p u l p "  is such that, contrary  to ex- 

follow closely the limits imposed by the random pat- 
te rn  but exceed the limits imposed by the strict  even 
distribution pattern.  In fact, the deviation of the 
experimental data from the random pat tern  lines ap- 
pears to be wholly accounted for by the fact that the 
summed and averaged iodine values for  the fractions 
recovered is 176 ra ther  than 183.5 determined on "the 
whole oil. 

Evidence for the generalization that linseed oil is 
randomly constructed is to be found in the counter- 
current-distr ibution data on the expressed sample of 
linseed oil. F ro m this oil of iodine value 184.1, 
19.6% of tr i l inolenin was isolated. Consideration of 
the freshness of this oil sample, the low tempera ture  
of the process for  expressing the oil, and the slow rate  
of the uncatalyzed interesterifica~ion reaction at room 
tempera ture  leads to the conclusion tha£ the random 
distribution pa t te rn  fo u n d  in the data  of Figures  1 
and 2 are not an ar t i fac t  but  describe the s t ructure  
of linseed oil glyeerides in the natural  and native 
state. 

Summary 

Linseed oil has been fraet ionated in a 200-tube 
eountercurrent-dis£ribution apparatus.  Iodine values 
of fractions ranged from 51 to 261. As determined by 
the weight distribution curve, iodine values and spee- 
trophotometric a~lalyses, 18.2% trilinolenin, 12.3% 
linoleo-dilinolenin, and 19.5% oleo-dilinolenin com- 
bined with 4.1% dilinoleo-linolenin were isolated. 
Based upon this type of data and upon several met;h- 
ods of analysis and collation of the data, it is con- 
eluded that  linseed oil g]ycerides follow essentially 
the random pat tern  of distribution. 
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pectations, processing in continuous presses of the 
Anderson and Rosedown type was more effective and 
gave a higher yield without the addition of hull than 
with it. When the hull was used, with or without 
ground mixtures, a lower yield was obtained and the 
oil was redder and contained more free f a t ty  acid. 
At the second pressing, by either the continuous or 
hydraul ic  process, the residual oil in the cakes was 
never under  8%. The " k e r n e l "  was very  easily han- 
dled, and notwithstanding its high oil content (some- 
times up to 65%) the oil content in the cake af ter  


