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Introduction 

T ALL OIL represents a large potential  source of 
fa t  acids and rosin acids in the United States. A 
recent survey (1) indicates that  in 1942 the pro- 

duction was 178,000 pounds per day and that  816,000 
pounds per day might  be produced if all of the poten- 
tially available tall oil were recovered. This survey 
also points out that  tall oil ia the United States is 
produced only by  the southern paper  mills, where the 
greatest  volume of pine wood is processed by  the sul- 
fate process, f rom which tall oil can be recovered. 
The average composition of a number  of crude tall 
oils was reported to be 58% rosin acids, 36% fat  
acids and 6% unsaponifiable. Apparent ly ,  most of 
the tall oil produced in the United States is used as 
such either crude or refined, without separat ion of 
the rosin and fa t  acids. A booklet (2) published by  
one of the large producers  of tall oil lists a number  of 
uses such as in asphalt  emulsions, soaps for laundries 
and textile scouring, metal  cleaning, emulsions, flota- 
tion agents, cut t ing oils, etc. 

In  spite of the large industrial  use of tall oil very 
little information is available concerning the compo- 
sition of the fa t  acids which constitute one-third or 
more of the oil. This is especially true of tall oil 
f rom American sources. The booklet previously men- 
tioned (2) states that,  " t h e  fa t ty  acids present  are 
nearly all unsa tura ted  18 carbon acids, some oleie and 
pr incipal ly  liuoleic ac id ."  The most complete exanli- 
nation of the fa t  acids of a tall oil appears  to have 
been nlade by  Niessen (3). He examined a sample 
of tall oil obtained f rom Michael Bartel  and Company 
of Regensburg.  The fa t  acids were isolated as methyl  
esters by  means of the well-known preferent ia l  esteri- 
fication process, (4) followed by  removal of free rosin 
acids with alkali and distillation of the methyl  esters. 
The recovered fa t  acids showed no saturated acid con- 
tent  by  the Twitchell lead sa l t  alcohol method. They 
had an I. V. of 166 ( K a u f m a n n )  and a T. V. of 96 
( K a u f m a n n ) .  The calculated composition was re- 
ported to be:  oleie acid, 22.7%; linoleic acid, 71.3%; 
linolenie acid, 6.0%. I f  revised empirical  constants 
(5) were used instead of K a u f m a n n ' s  theoretical thio- 
cyanogen values, the calculated composition would 
have been about  5% lower in oleic, 10% higher in 
linoleic, and 5% lower in linolenie acid content. 

In  view of the lack of published data on American 
tall oil the following results on the fa t  acid composi- 
tion of representat ive samples are presented. Five 
different crude and one refined tall oil were obtained 
f rom different producers  in the southern United 
States. The fa t  acids were isolated as methyl  esters 
by  a method similar to that  employed by  Niessen (3) 
and were analyzed by  two independent  methods. One 
method was by  determinat ion of I. V. and T. V. The 
other method was based on the spectral  method of 
Mitchell (6). 

Experimental 

T H E  samples of tall oil were analyzed for  approxi-  
mate rosin and fa t  acid content by  the method of 

preferent ia l  esterifieation and double t i t ra t ion de- 
scribed by  Hast ings  (7) with the results shown in 

Table I. Sample A is a refined oil, and the others are 
crude tall oils. The values for  the crude tall oils lie 
within the range of accepted composition except that  
rosin acid content is slightly lower than average. 

T A B L E  I 

A n a l y s e s  of T a l l  Oil S a m p l e s  

S a m p l e  

A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

U . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
]) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F a t  
A c i d  

61 
4 2  
4 5  
38  
36  
4 5  

R o , d n  
A c i d  c?~ 

32  
4 4  
4 6  
4 6  
4 1  
38  

The fa t  acids were separated as methyl  esters by 
the following procedure:  150 gins. of tall oil were 
mixed with 100 gins. of absolute methanol containing 
5 gins. of sulfuric acid. The mixture  was refluxed 
for 60 minutes, cooled, and diluted with water. The 
mixture  of rosin acids and fa t  esters was extracted 
with ethyl ether, and the ether solution was washed 
with an excess of 5% NaOH solution to remove most 
of the rosin acid. The solution was washed several 
times with water  and again with caustic, and finally 
several times with water.  Af te r  drying over Na.oSQ 
and evaporat ion of ether, the crude methyl  enters 
were distilled at a constant pressure of 2 ram. through 
a five-inch lagged Vigreux column. 

The esters distilled at  a t empera tu re  corresponding 
essentially to 18 carbon methyl  esters, leaving a 
considerable residue of high boiling mater ial  which 
appeared  to consist of unsaponifiable mat te r  and 
polymerized acids. The distilled esters were saponi- 
fled, the soap solutions were extracted with ether to 
remove unsaponifiable matter ,  and the free acids 
were recovered. They were analyzed for  iodine value 
( r a p i d  Wijs  method)  (8), thioeyanogen value (24 
hrs., 0.2 N) (9) and sa tura ted  acids by  the low tem- 
pera ture  method of Earle  and Milner (10). Spec- 
t rophotometr ic  measurements  were made on the acids 
before isomerization, and on the acids af ter  alkali 
isomerization according to the s p e c t r a l  a n a l y s i s  
method of Mitchell (6), using a Beckman quartz  
spectrograph.  

Table II is a summary  of the analytical  data  thus 
obtained. The constants for the various samples fall 
within a fa i r ly  nar row range. The yields of distilled 
ester are 80-90% of those expected f rom the fa t  acid 
content of the tall oils, except sample C, where exces- 
sive loss was caused by  bad emulsions dur ing the 
alkali washing to remove rosin acid. 

The absorpt ions at 2680 A before isomerization cor- 
respond to 0.3 to 0.6% of conjugated liuolenic acid. 
using Kass '  constant of 215 (11) for  the specific a of 
a pure  conjugated linolenic acid. tIowever,  alkali 
isomerization conditions did not change the value 
appreciably.  Fur thermore ,  the absorpt ion at 2900 A 
and at 3000 A was usually slightly higher than  at 
2680 A. These facts  would indicate that  the absorp- 
tion at 2680A was no doubt  due to a trace of some 

1 P a p e r  No.  65 ,  Journal Series, Research Department, General Mills, 
I n c .  
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T A B L E  I I  

Analyt ical  Data  on Fa t  Acids of Tall Oil 

Sample 

A 
B ............................. 
C 
D 
E, 
F ........................................ 

Yield, dist,. 
ester, % 

of oil 

60 
36 
31 
33 
33 
39 

Non-sap, 
in dist. 
e s t e r %  

3.2 
3.7 
4.4 
4.6 

Methyl l inoleate ............................................................ 

a~ 
Nd 

1.4596" 
1.4692 
1.4685 
1,4670 
1,4694 
1.4683 
1,4583" 

I.V, 

129.0 
132.0 
132.0 
128.2 
133.1 
123.2 
172.5" 

T.V.  

91.4 
92.0 
89.0 
88,0 
91.0 
B7.3 
92.8* 

Determ. 
% sat. 

Specific alpha, 1 g in . /1000  ml. 1 cm. 

At  2340 A At  2680 ~. 

Before  After  
isom. iso1T~. 

7.0 10.8 39.2 
6.4 11.8 40.8 
7.8 13.5 43.1 
6.5 13,3 42.9 
6.7 15,2 45.5 
7.0 10.9 39.0 
.... 0 .68? 87.0~ 

Before After  
isom. isom. 

0.7 0.6 
1.3 1.1 
1.5 1.2 
0.8 0.6 
0.8 0.7 
0.7 0.6 
0 .2 t  07 

* Values for  methyl ester, all other values for free acid. 
# Values determined on methyl ester and calculated to free acid. 

absorptive impuri ty  and not due to linolenic acid. In 
view of these considerations it appears most reason- 
able to consider linolenic acid to be absent. 

The absorptions at 2340 A before isomerization 
correspond to a content of 9 to 13% of conjugated 
linoleic acid (Table I I ) ,  using Kass'  constant of 115 
for the specific a of a pure conjugated linoleic acid. 
The conjugated linoleic acid was undoubtedly formed 

'by the action of the alkali and heat during the cook- 
ing of the wood from which the tall oil was derived, 
resulting in a part ial  isomerization of the linoleic 
acid. 

I N calculating the total linoleie ~:~ acid from spectral 
data, two different methods may be used. In the 

first method, the total linoleie acid is calculated di- 
rectly from the specific a at 2340 A after  isomerization 
(using the constant 87.1, of Mitchell). In the second 
method the content of normal linoleie acid is calcu- 
lated from the difference in absorption before and 
af ter  isomerization (using the 87.1 constant),  and to 
this is added the conjugated linoleic acid (calculated 
from absorption value before analytical isomeriza- 
tion) to give total linoleic acid content. 

The second method is apparent ly  a more direct and 
strict interpretat ion of the data, since it assumes only 
that the absorption before isomerization is due to 
conjugated linoleie acid and that the increase in ab- 
sorption upon isomerization is due to normal lino]eic 
acid. 

The authors feel, however, that the first method 
probably gives a more accurate estimation of total 
linoleic acid, based on the following considerations: 
i t  is reasonable to suppose that the conjugated lino- 
leic acid found in the fat  acids was caused by a 
partial  isomerization of normal linoleie acid originally 
Present, due to the action of alkali and heat during 
the cooking. This amount  of isomerization corre- 
sponds to only about two minutes of the  25 minutes 
used in the analytical isomerization, and from the 
nature of the time-reaction curve (6) of the analyt- 
ical is0merization, this amount of additional time 
would have very  little effect on the analytical method. 
The difference of 3% to 4% of linoleie acid between 
methods 1 and 2 lies in the following facts:  As Kass 
has pointed out (11), when normal linoleie acid is 
alkali isomerized, it attains a constant maximum of 
about 75% conversion to conjugated linoleie acid, 

* The te rm linoleic acid is used to des ignate  any ectadecadienoic acid ; 
normal  l inoleie acid to des ignate  the 9.13 l inoleic acid found in  the 
usua l  vegetable oils, and  con juga ted  linoteic acid to des ignate  the con- 
juga ted  octadecadlenotc acids (10, 12 or 9, 11) ,  Altered l inoleic acid 
is used to des ignate  the non-conjuga ted  l inoleie acid which is formed in 
about 25% yield when normal  l inoleie acid is a lkal i  con juga ted  to the 
max imum degree, and which is not identical  wi th  the or ig ina l  or the 
conjugated  l inoleie acid (see discuss ion in text ) .  

while the 25% which remains uneonjugated is not 
identical with the original linoleic acid but  is prob- 
ably geometrically isomerized. The isomeric linoleie 
acid thus formed in 25% yield is certainly not a 
polymerization product  since alkali isomerized linoleic 
acid is distillable with negligible residue if excessively 
long or intense heating is avoided. Furthermore,  Von 
Mikuseh (12) has shown that  total unsaturat ion re- 
mains essentially unchanged during alkali isomeriza- 
tion. This altered linoleie acid represents an isomer 
(or isomers) which would not be detected by spectral 
analysis if it were present in the original mixture 
before analytical isomerization, since it does not rear- 
range to a conjugated form upon t reatment  with hot 
alkali. 

If, in fact, the 9 to 13% of conjugated linoleic acid 
found in the fat  acids of tall oil was due to a partial  
alkali isomerization of normal linoleie acid present in 
the wood, then a corresponding amount of altered 
linoleic acid would be present which would not be 
included in method 2 of calculation but  would be in- 
cluded in method 1. Therein lies the explanation of 
the 3-4% higher values for linoleic acid by method 1. 
Method 1 assumes that  the same ratio of altered to 
conjugated linoleic acid was formed in the partial  
isomerization which occurred during cooking, as is 
formed in the analytical method, and that the two 
forms survived in the same ratio during isolation of 
the acids. 

Oleic acid content was calculated from the spectral 
data by two methods. In the first method (column 3), 
it was obtained by the difference between 100 and the 
Sum of % total linoleic (method 1) plus % saturated 
acids determined. In the second method (column 
5), oleic acid content was calculated from I. V. and 
total linoleic acid as determined by spectral analysis 
(method 1), using the formula given by Mitchell 
(6). In this case, saturated acids were determined 
by difference (column 6). 

In calculating the composition from I. V., and T. V., 
]ino]enic acid was assumed to be absent, in view of 
previous considerations. The presence of some con- 
jugated linoleic acid makes questionable the exact 
application of this method since I. V. and T. V. of 
conjugated linoleic acid have not been established. 

T H E compositions of the fat  acids, shown in Table 
III ,  are reported to the nearest whole percentage 

in view of the previously considered possible sources 
of error  involved in any t reatment  of the analytical 
data. The compositions calculated by the different 
methods show appreciable variations for a given 
sample but  perhaps not more than might be expected 
from the nature  of the mixture.  
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T A B L E  I I I  

Ca lcu la ted  Composit ion of Ta l l  Oil F a t  Acids 

139 

Sample  1 

%, co~aj. 
l inolcic l inoleie  

F r o m  I .V.  & T.V. .  A s s u m i n g  
F r o m  Spec t rophotomet r ic  Analys i s  no L ino len ic  

4 9 

% oleie 
by I . ¥ .  

7 8 

% % 
l inoleie  oleic 

54 

52 

46 

C/cat. 
by diff. 

47  

48 

52 

9 

10 

12 

12 

13 

9 

% oleic 
by diff. 

45 (1 )  
42 ( 2 )  

47  ( 1 )  
44  (2 )  

49  ( 1 )  
46  (2 )  

49  (1 )  
46  ( 2 )  

52 ( l )  
48 (2 )  

45 ( 1 )  
42  ( 2 )  

48 
51 

47 
50 

43 
46 

44 
47 

41 
45 

48 
51 

~o sat. 
detd. 

53 

53 

47 

44 

43 

47 

44 

47 

50 

47 

50 

42 

2 

0 

4 

8 

5 

8 

We  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 48 45 7 . . . . . . . . . . . . . . . .  

c/v sat. 
by d~ff. 

I t  is the opinion of the authors that  the composi- 
tions shown in the first four  columns of figures 
(method 1) in Table I I I  are p robab ly  the most reli- 
able representat ion of the actual composition of the 
fat  acids. The variat ion in composition between vari- 
ous samples is relatively small, and the average com- 
positions of the fa t  acids of tall oil is seen to be 48% 
linoleic, 45% oleic, and 7% saturated acids. 

Sample D 'was chosen as a representat ive sample 
for a more detailed examination by  fract ional  distil- 
lation. Six hundred and sixty grams of the crude oil 
were esterified and made free of rosin acid in a man- 
ner-s imi lar  to that  previously described. The crude 
methyl  ester (330 gins.) was subjected to fract ional  
distillation through a Podbielniak Hyperea l  column 
with the results shown in Table IV. The I. V., T. V., 
and spectrophotometrie data were all measured on the 
fat  acids which had been made free of unsaponiflable 
mat ter  With the exception of fractions 4, 5, and 6, 
each of which had a low content of unsaponifiable 
matter .  Samples 4, 5, and 6 were analyzed as methyl  
esters and for un i formi ty  the results were calculated 
to free acid  and repor ted as shown. Fract ions 1 
through 7 were taken at a constant regulated pressure 
of 5 ram. with a reflux ratio of 6 to 1 (20 to 1 sett ing).  

At  this point, the pot t empera ture  had reached 
295 ° C., so the pressure was decreased, and fraction 
8 was collected without  reflux. Fraet ion  9 was ob- 
tained by  distillation of the residue (af ter  fraction 
8) in the small flask with a short Vigreux column. 
The cut-off on the previous distillations (Table I I )  

corresponded approximate ly  to a point including 
fract ion 8, where the yield of distilled ester, based 
on original tall oil, is 34.4%, compared to 33% for 
the same tall oil in Table I I .  

Inspection of Table IV indicates that  there is pres- 
ent in f ract ion 1 a high percentage of a low-boiling 
unsaponifiable material ,  amount ing to a little over 
1% of the total crude esters. This mater ial  was 
liquid, and appeared  to be of a terpene nature.  
Fract ion 2 corresponds to methyl  palmitate  in boil- 
ing point and in equivalent weight of the isolated fa t  
acids. The melt ing point of the fa t  acids of fract ions 
1 and 2, a f ter  recrystallization, confirmed the presence 
of palmitie acid and indicated that  it was the prin- 
cipal fa t  acid component. Fract ions 3, 4, and 5 rep- 
resent intermediate fract ions between C~,, and (',~ 
methyl  esters. The break between C~ and C~s esters 
was not as sharp as was usnally obtained with this 
column on nomnal mixtures.  This may have been 
caused in par t  by  the presence of an unsaponifiable 
component which is seen gradual ly  to decrease to a 
minimum of 1.0% in fract ion 6, which is the main 
C~s fraction' as shown by  boiling point and equiva- 
lent weight. All of the fract ions through 6 contain 
little conjugated linoleic acid, as indicated by  the 
absorption before isomerization. 

Frac t ion  7 shows a slightly higher boiling point 
than the main C~s fraction, and it also has a higher 
content of unsaponifiable mat te r  and of sa turated 
acids, and considerable conjugated linoleie acid. The 
equivalent weight of the acids is still quite close t o  

T A B L E  I V  

D a t a  on F r a c t i o n s  F r o m  Dis t i l l a t ions  of Ta l l  0 i l  Es t e r s  

F r a c t i o n  B . P .  
No. °C. 

81-162  
162 -167  
168 -176  
176-182  
182 -186  
186 
186-190  
190 -175  
180 

10 Res ..... 

P r .  
mm. 

5 
5 
5 
5 
5 
5 
5 

5-2 
.35 

% Wt. 
of total 

2.3 
3.8 
1.3 
2.5 
7.6 

42 .8  
2.5 
6.1 
6.2 

24 .9  

Sum 
% wt. 

2.3 
6.1 
7 .4  
9.9 

17.5 
60.3  
62.8 
68.9  
75.1 

100 .0  

U n s a p .  % 

60.0  
9.2 
6.0 
2.8 
1.4 
1.0 
7.4 

10 .0  
24 .2  
39 .0  

Eq.  wt.* 
ac ids  

250  
254  
269  
277 
279  
280  
282  
291 
338 
315 

I . V .  
acids  

31.0 
11.1 
40.7  

113.0  
139.2  
127.1  
112 .0  
127.3  
151.1 
106 .2  

T . V ,  
ac ids  

23 .7  
11A) 
20 .6  
75 .5  
93 .6  
90 .4  
86.7  
95 .0  

108 .0  
51.6  

cA sat.  
ac ids  

79.1) 
70.4  
20.3 

0.4 
2.0 

10.5  
2,0 
9,2 

Sp. a acids  
2 3 4 0  X 

Befoce Af te r  
isom. isom. 

2.9 3.2 
[).5 0.7 
2.7 17.6  
2.7 39.7  
1,0 4 8 . 0  
1,2 a6 .7  

29 .2  37 .5  
68.3  72.5  

26 .9  41 .8  
6.6 14.3 

* Eq.  wt .  of first s ix fract ions  detd. on dist .  methyl  esters and corrected for  unsap ,  con ten t  of f r ac t ion .  U n s a p . - f r e e  fatty acids  of last  fou r  
fract ions  used for oq. wt .  detn. 
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C,8. Apparen t ly  the C18 conjugated esters are higher 
boiling than the C~8 non-conjugated esters. The ac- 
cumulat ion of stearic acid in this fract ion following 
the main C~8 fract ion is to be expected. Fract ion  8, 
which was collected with much less effective fractiou- 
ation has an equivalent weight of acids considerably 
above that  of C~, acids, indicating an appreciable  
contaminat ion with higher molecular weight acids. 
This f ract ion is remarkable  in that  the conjugated 
linoleic acid is highly concentrated in it, with rela- 
t ively little normal  linoleic (compare absorpt ion be- 
fore and a f te r  isomerization). 

Fract ion  9 is still higher boiling, has higher un- 
saponifiable content, but  is lower in apparen t  con- 
jugated  acids. The equivalent weight indicates acids 
at  least as high as C22. A more detailed examination 
with refract ionat ion would be necessary to establish 
the nature  of these higher acids. Fract ions 7, 8, and 
9 all gave negative qualitative tests for  rosin acid. 
The residue is quite high in unsaponifiable matter .  
The acids of the residue free of unsaponifiable matter ,  
were quite viscous, and are apparen t ly  a mixture  of 
polymerized acids and high molecular weight mono- 
basic acids. The low equivalent weight compared to 
fract ion 9 would also indicate an appreciable amount  
of dimerized and tr imerized linoleic acid (eq. wt. 
280). 

The calculated compositions of the fractions fronl 
the distillation are shown in Table V. The calculated 
linoleic content of f ract ion 1 is p robably  meaningless 
but  is small enough to be of no great  significance. 
On fract ion 2 t h e  % saturated acids determined is 
about  9% lower than that  calculated f rom spectral  
analysis or f rom I. V. and T. V. with the result  that  
the oleic content by  difference is 9% higher than by  
the other two methods. The calculated oleic content 
(which varies f rom 10.5 to 20.2% according to method 
of calculation) is p robab ly  due to palmitoleic acid 
since the oleic content of the next f ract ion is much 
lower. I f  the iodine number  of palmitoleic acid were 
used in calculating the oleic content of this fraction, 
the calculated oleic value would be 1 to 2% lower. 
On fract ion 3 the results of the various methods o'f 
calculation a r e  in somewhat bet ter  agreement,  but  
the % satura ted  acids determined is about  4% lower 

than that  calculated by  the two methods where it is 
obtained by difference. On fractions 4, 5, and 6 the 
compositions calculated by the various methods are 
in good agreement.  These three fractions make up 
about  53% of the total sample of crude esters, 70% 
of the total distilled esters, or 77% of the distilled 
esters up to and including C,,~ esters ( through frac- 
tion 8). 

In  fract ions I to 6 inclusive, the amount  of con- 
juga ted  linoleic acid is so small as to make little 
difference whether method 1 or method 2 is used to 
calculate total linoleic acid content. Method 1 was 
actual ly used. Fract ions  7, 8, and 9 are quite high 
in conjugated linoleic acid, and considerable differ- 
ences are shown when their compositions are cal- 
culated by  the two methods. 

A CTUALLY,  unpubl ished data f rom this labora- 
tory  indicate tha t  the altered linoleic acid ester 

distills with t he  conjugated acid ester at a tempera-  
ture above ord inary  Cls esters. This fact  would make 
the total  linoleic acid calculated by  method 1 the 
more accurate determinat ion of total linoleic acid. 

The calculations on fract ion 7 involving I. V. (col- 
umns 5 and 6) and I. V. and T. V. (cohmms 7, 8, 9) 
are at wide variance with those obtained directly 
f rom spectral  data. The calculations on subsequent 
fract ions f rom I. V. and T. V. gave meaningless val- 
ues which are not recorded. This is to be expected in 
view of their  very high content of conjugated linoleic 
acid. The calculations ou fract ion 9 a~d residue are 
of doubtful  significance since the equivalent weight 
indicates the presence of a large amount  of acids of 
high nmlecular weight of unknown identity. 

As was previously mentioned, the cut-off on the 
distillation of the esters described in Tables I I  and 
I I I  corresponded approximate ly  to a point including 
fract ion 8. I t  is evident from equivalent weights in 
Table IV that  this corresponds quite closely with 
complete removal of (~,~ esters. A calculated compo- 
sition of the composite of fract ions 1 to 8 inclusive 
should, therefore, agree with the composition of this 
oil (D)  shown in Table I [ I .  The composite of frac- 
tions I to 8 inclusive, calculated f rom data in Tables 
IV  and V (method 1) has a fa t  acid composition as 

T A B L E  V 

Calculated Composit ion of F rac t ions  of Distil led Esters  

Frac t ion  
No. 

¢~ conj. 
Iin. 

2.5 

0.4 

2.3 

2 .:1 

0.9 

1.1 

25.4 

59.3 

23.4 

5.7 

% total 
lin. 

3.7 

0.8 

21.2 

45.0 

52.7 

42.6 

43.1 (1)  
35.0 (2)  

83.3 (1)  
66.1 (2)  

48.0 (1)  
40.5 (2) 
16.4 (1)  
14.5 (2)  

Analysis  by Spectral  Method 

3 4 

% oleic % sat. 
diff. det. 

20.2 79,0 

8.4 70.4 

34.7 20.3 

46.9 0.4 

55.4 2.0 

46.4 10.5 
54.5 

14.7 2.0 
31.9 

42.8 9.2 
50.3 

% oleic 
I . V .  

27.0 

10.5 

4.9 

35.0 

47.1 

55.4 

(37.8)  

% sat. 
diff. 

69.1 

88.7 

73.9 

20.0 

0.2 

2.0 

(19.1) 

[in. 

8.5 

0 

24.9 

44 2 

52.9 

42.8 

(29.6)  

Analysis  by I, V. & T .V.  

8 9 

% % sat. 
nleic diff. 

17.3 74,2 

12.0 88,0 

0 75.1 

37.0 18.8 

46.3 0.8 

55.0 2.2 

(65.2)  (5.2) 
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follows: saturated acids 9.0% (7% in Table I I I ) ;  
oleic acid 46.5% (44% in Table I I I ) ;  total linoleic 
acid 44.3% (49% in Table I I I ) ;  conjugated linoleic 
acid 6.8% (12% in Table I I I ) .  The fact that con- 
jugated linoleic acid recovery and also total linoleic 
acid recovery is about 5% low is probably due to 
polymerization of this amount of the conjugated ester 
during the longer period of heating at the higher pot 
temperatures involved in the detailed fractional dis- 
tillation. The agreement of the two sets of figures 
as given above is fairly good and is even closer if 
allowance is made for the loss of 5% of conjugated 
linoleic acid by polymerization. 

The main points which the fractional distillation 
reveals are that saturated acids are mostly palmitic, 
that there may be approximately 1% of palmitoleic 
acid, and that the conjugated linoleic ester is some- 
what higher boiling than the normal Cls esters and 
can be separated and concentrated by fractional dis- 
tillation. The detailed fraction distillation essentially 
confirmed the previously determined composition of 
the fat acids of tgll oil. 

Summary 
The composition of the fat acids of six samples of 

American tall oil has been determined. They are all 
quite similar in fat acid composition. The average 
values were: linoleic acid 48%; oleic acid 45%; sat- 
urated acids 7%. There is present approximately 

11% of conjugated linoleic acid, probably formed by 
the action of alkali and heat. during the cooking of the 
pulp from which the tall oil was formed. 

Detailed fractional distillation of a sample of the 
methyl esters of the fat acids showed that the satu- 
rated acids are mostly palmitic, that there may be 
about 1% of palmitoleic, and that the conjugated 
linoleic acid present can be separated and concen- 
trated by fractional distillation. 
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Report  of the Soybean Analys i s  Committee  
1 9 4 4 - 4 5  

T HIS Committee carried out collaborative analyses 
for oil on seven samples during the past vear) In 
addition, several members of the Committee car- 

ried on extensive investigations of the various factors 
influencing the determination of oil. The results of 
the collaborative tests are listed in Table 1. These 
analyses for oil content were carried out in accord- 
ance with the amplified official A.O.C.S. method as 
published in 0il & Soap, 21, 306 (1944). Samples 
Nos. 11, 12, 13, and 1945-1 were whole soybeans which 
each collaborator ground in his own laboratorY. Por- 
tions of Sample 1945-1 were dried, ground in  a ham- 
mer mill at one laboratory, and then sent to each 
collaborator. The results are shown in columns 6, 7, 
and 8 of Table 1. 

The s t a n d a r d  d e v i a t i o n  between collaborators 
ranges from 0.18 to 0.09 for the four samples of 
whole soybeans. This indicates very good reproduci- 
bility of the method in the hands of these seven 
l a b o r a t o r i e s .  W h e n  the variables introduced by 
grinding and regrinding are eliminated, however, the 
standard deviation for a 2-gram sample is 0.07 and 
for a 5-gram sample is 0.04. This latter value is a 
goal to aim for. Consideration of the results in 
Table 1 led one of the Committee, F. I. Collins of 
the U. S. Regional Soybean Laboratory, to carry out 
some experiments on grinding which are summarized 
in Table 2. Most of these results represent the aver- 
age of 16 separate oil determinations (four samples 
of each of four varieties of soybeans). The results in 

Table 2 indicate again the importance of fine initial 
grinding, and show that good regrinding is essential 
for coarsely ground soybeans. Table 2 also shows that 
if the initial grinding is sufficiently fine, regrinding 
may not be necessary. 

E l i m i n a t i o n  of the regrinding operation would 
speed up the determination of oil, reduce greatly the 
labor involved, :and, as shown by Table 1, improve 
the reproducibility of results, especially if 5-gram 
samples were used for extraction. Although repeated 
efforts have been made, it has been impossible to 
devise a method of specifying objectively the fineness 
of initial grinding necessary to eliminate regrinding. 
As Table 2 shows, any one of several types of mills 

TABLE 2 

Per Cent Oil Content (14% Moisture Basis) as Affected by 
Grindin and Regr inding 

Mill 

Wiley (2-mm.) ....................... 
Wiley (l-ram.) .............................. 
Wiley (35-mesh) 
Hammer .... 
Bauor ........................................... 
~.rcade ....... 

Strokes Regr iuding 

200 100 

18.99 18.82 
18.90 18.78 

19.02 18.92 
19.08 19.04 
19.06 19.02 
19.12 19.11 

No 
Regrind 

i8.87 
18.88 
19.10 

will grind satisfactorily, but these samples were 
ground by those skilled in the adjustment and oper- 
ation of the various mills used. Of these mills, only 
the Wiley and hammer types require no adjustment 
by the operator. The Wiley mill does not grind suffi- 


