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rivatives tested were effective antioxidants for  caro- 
tene in alfalfa meal. Insufficient data are available 
to permit  conclusions regarding relationships between 
changes in antioxidant activity and minor s t ructural  
variations. 
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Relation Between Fatty Acid ,Composition and 
Value of ,Cottonseed Oil 
MACK F. STANSBURY and CARROLL L. HOFFPAUIR, Southern Regiona.I 
Research Laboratory, 3 New Orleans, Louisiana 

Iodine 

T H O U G H  it is well known that  the iodine value 
of a vegetable oil of a given species of a plant 
is influenced by  the genetical characteristics of 

the variety and the environment under  which the oil 
is elaborated and that  the iodine value is related to 
the amounts of the several unsaturated fa t ty  acids 
present, no systematic investigation of this relation- 
ship for cottonseed oils has been found in the litera- 
ture. Such relationships have been investigated for 
soybean oils (8) and linseed oils (6). Grindley (4) 
reported data on the fa t ty  acid composition and the 
iodine value for a few cottonseed oils obtained from 
seed taken at various stages of maturi ty.  Bailey (2) 
cited that  the fa t ty  acid composition of cottonseed 
oils will seldom fall outside the limits of 44 to 53% 
linoleic, 22 to 28% oleic, and 23 to 28% saturated 
acids. 

The purpose of this paper is to report  compositional 
data on 48 cottonseed oils, varying more widely in 
iodine value than oils heretofore available in one lab- 
oratory for investigation, and to correlate the per- 
centages of the fa t ty  acids present with the iodine 
values, providing a basis for  approximating the fa t ty  
acid composition of a cottonseed oil f rom its iodine 
value. 

The oils investigated were obtained from 48 lots 
of cottonseed selected from 312 samples whose oils 
had previously been analyzed for iodine value. They 
were selected to give an even distribution in iodine 
values between limits of 89.8 and 117.0 and, as shown 
in Table I, represent a random distribution of sam- 
ples with respect to 8 varieties, 13 stations, and 3 
years. The seed were from experimental growths of 
the Division of Cotton and Other F iber  Crops and 
Diseases of the Bureau of P lant  Industry,  Soils, 
and Agricul tural  Engineering. The seed cottons were 
picked from freshly opened bolls and dried. Hence 
the seed were subjected to little if any field damage 
as is shown by  the analyses of the oils for  free fa t ty  
acids. On receipt of the ginned seed they were stored 
in sealed containers at 0~ Storage at this tempera- 

1Report  of a s tudy made u n d e r  the Research and  Market ing  Act of 
1946. 

2Presented a t  the spr ing  meeting of the American Oil Chemists '  So- 
ciety, New Orleans, La.,  May 1-3, 1951. 

ZOne of the laboratories  of the B u r e a u  of Agr icul tura l  and  Indus t r ia l  
Chemistry, Agr icu l tu ra l  Research Administrat ion,  U. S. Depar tment  of 
Agricul ture.  

ture and at less than 8% moisture has been shown 
previously to preserve cottonseed with no significant 
change in chemical composition (10). 

The oils were extracted f rom approximately 140 g. 
of freshly separated and ground meats (2 ram. mesh) 
in large Butt- type tubes by cold percolation with suc- 
cessive 125, 50, 50, and 50 ml. portions of commercial 
pentane (Skellysolve Fd).  The solvent was removed 
under  an atmosphere of nitrogen by  heating on a 
steam bath and subsequently under  vacuum in an 
oven at a low temperature.  The solvent-free oils 
were stored under  nitrogen in stoppered bottles in 
a refrigerator.  

The oils were analyzed for iodine and thiocyanogen 
values by the American Oil Chemists' Society method 
Cd 1-25 (1) and the Lanlbou and Dollear method (5), 
respectively. Unsaponifiable matter  was determined 
by the method of the Society of Public Analysts 
(9) and free fa t ty  acids by a procedure originally 
designed for small cottonseed samples (10). The per- 
centages of the fa t ty  acids present in the oils were 
calculated by substituting the iodine and thiocyano- 
gen values found in the equations specified in the 
American Oil Chemists' Society method Cd 2-38 (1). 
The results are expressed in Table I as hypothetical 
pure triglycerides of linoleic, oleic, and saturated ac- 
ids. Average results of closely agreeing duplicates are 
reported in each instance. 

Results 
The free f a t ty  acid contents of the oils, expressed 

as oleic acid were low, averaging 0.22% and rang- 
ing from 0.10 to 1.88%. This indicates that the seed 
had been collected and preserved with little or no 
deterioration. 

The unsaponifiable mat ter  averaged 0.65%, varying 
from 0.57 to 0.77%. The values are within the range 
of those found for authentic samples of commercial 
cottonseed oils reported in A.O.C.S. Table I 2-46 (1).  

The iodine and thiocyanogen values ranged f rom 
89.8 to 117.0 and from 62.2 to 71.1, respectively. The 
oils were uniformly distr ibuted between the limits of 
these absorption values. 

4The mention of firms' names or t r ade  products  does not imply tha t  
they are endorsed or recommended by the Depar tment  of Agr icul ture  
over other firms or similar products  not mentioned. 
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T A B L E  I 

Analysis  of Cottonseed Oils 

Sample 
No. 

6 
7 
8 
9 

10 
11 
12 
13 
14 

�9 15 
16 
17 
18 
19 
20 
2'1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
4O 
41 
42 
43 
44 
45 
46 
47 
48 

Var ie ty  of 
Seed 

l 

Coker Wi lds  
Coker Wi lds  
Acala 4-42 

2 
Rowden 41B 
Rowden 41B 
Coker Wilds  
Coker Wi lds  
Rowden  41B 
Acala 1 5 1 7 W  
Coker Wilds  
Mebane (Wat son ' s )  
Coker Wi lds  
Coker Wi lds  
Del tapine  
Rowden 41B 
Acala 4-42 
Acala 4-42 
Acala 4-42 
Rowden 41B 
Rowden 41B 
Del tapine  
Mebane (Watson ' s )  
Mebane (Wat son ' s )  
Acala 1517W 
Acala 4-42 
Del tapine  
Coker 1 0 0 ~  T 
Cokor 100W 
Stonevil le  2B 
Coker 100W 
Stonovil le  2B 
Coker 100W 
Acala 1517W 
Acala 1517W 
Stonevil le  2B 
Stonevil le  2B 
Stonevil le  2B 
Stonevil le  2B 
Rowden 41B 
Stonevine  2B 
Mebane (Watson ' s )  
Coker 100W 
Stonevil le  2B 
Stonevil le  2B 
Stonevil le  2B 
Stonevi l le  2B 

Sta t ion  

Greenvil le,  Texas 
Greenville,  Texas 
Greenvil le,  Texas 

College St.ation, Texas 
Greenvil le,  Texas 
Stoneville,  Miss. 
Sacaton, Ariz. 
Chickasha,  Okla. 
Sacaton, Ariz. 
Jackson,  Miss. 
Chickasha, 0kla .  
St. Joseph, La. 
Chickasha, Okla. 
Sacaton, Ariz. 
Sacaton, Ariz. 
Stone-cille, Miss. 
Sacaton, Ariz. 
Greenvil le,  Texas 
Jackson,  Miss. 
Sacaton, Ariz. 
Statcsvil le,  N. C. 
Jackson,  Miss. 
Chickasha,  Okla. 
Statesville,  N. C. 
Auburn ,  Ala. 
Florence, S. C. 
Tifton, Ga. 
Statesvine,  N. (3. 
Jackson,  Miss. 
Auburn ,  Ala. 
Chickasha,  Okla. 
Florence, S. C. 
Chickasha,  Okla. 
Shafter ,  Calif. 
Auburn ,  Ala. 
Tifton,  Ga. 
Stoneville, Miss. 
St. Joseph, La. 
State College, N. M. 
Florence, S. O. 
State College, N. M. 
StatesviUe, N. C. 
Chickasha,  Okla. 
Sta te  College, N. M. 
Shafter ,  Calif. 
Statesville,  N. C. 

Free 
Fa t ty  

Year Acids 
(as oleic) 

% 
0.17 

i ~  o12 
1948 0.14 
1947 0.13 
........ 0.16 
1948 0.31 
1947 0.28 
1947 0.12 
1948 0.11 
1947 0.23 
1948 0.11 
1947 0.13 
1947 0.17 
1947 0.13 
1948 0.10 
1947 0.13 
1947 0.19 
1947 0.11 
1949 0.16 
1949 0.17 
1947 0.19 
1949 0.32 
1947 0.18 
1947 0.12 
1948 0.15 
1947 0.11 
1947 0.19 
1949 1.88 
1948 0.47 
1947 0.20 
1947 0.18 
1949 0,24 
1948 0.17 
1947 0.2'8 
1949 0.13 
1948 0 . 1 5  
1947 0.14 
1948 0.19 
1949 6.19 
1949 0.15 
1949 0.25 
1949 0.94 
1947 0.10 
1949 0.17 
1949 0.11 
1949 0.13 
1948 I 0.11 
1949 0.16 

I - -  
H ighes t  value ............................................................................................... ] 1 . 8 8  
Lowest  value ................................................................................................ j' 0.10 

l 
Unsaponi -  

fiable 
Mat te r  

5~ 
0.77 
O.76 
0 .7 l  
0.67 
0.65 
0.64 
0.61 
0.64 
0.66 
0.62 
0.60 
0.63 
0.64 
0.60 
0.66 
Off2 
0.63 
0.64 
0.68 
0.65 
0.62 
0.63 
0.71 
0.62 
0.61 
0.65 
0.62 
0.64 
0.64 
0.68 
0.61 
0.64 
0.66 
0.61 
0.72 
0,67 
0.61 
0.59 
0.59 
0.57 
0.71 
0.61 
0.68 
0.70 
0.71 
0.65 
0.65 
0.63 

0.77 
0.57 
0.20 
0.65 

Iod ine  
Value  

Wi j s  
89.8 
90.6 
91.1 
93.7 
94.6 
95.0 
95.9 
96.4 
96.7 
97.4 
98.7 
98.7 
98.8 

100.2 
100.5 
100.8 
100.9 
100.9 
101.0 
101.3 
101.7 
102.2 
102.7 
1 0 4 . 8  
105.1 
105.5 
105.7 
105.8 
1(16.9 
107.3 
108.1 
108.2 
109.2 
109.8 
110,5 
110.6 
110.8 
111.1 
111.9 
112.2 
113.0 
113.2 
113.7 
114.6 
116.0 
116.2 
116.8 
117.0 

117.0 
89.8 
27.2 

104.5 

Thiocy- 
snogen 
Value 

62.2 
62.6 
62.5 
62.3 
62.8 
63.5 
63.1 
6:1.6 
63.3 
64.(/ 
63.2 
64.3 
65.0 
64.5 
64.1 
63.8 
63.5 
63.6 
64.5 
64.4 
65.0 
64.9 
65.6 
6 6 . 9  
66.3 
66.0 
65.7 
66.4 
67.8 
66.8 " 
68.5 
67.0 
68.5 
68.2 
67.8 
67.7 
68.7 
70.5 
69.2 
68.6 
69.8 
69.7 
70.1 
69.9 
71.1 
71.1 
71.1 
71.1 

71.1 
62.2 

8.9 
66.3 

Glycerides 

Linoleic  Oleic Sa tu ra t ed  

% 
34.0 
34.4 
35.2 
38.7 
39.2 
38.8 
40.4 
-t0.4 
41.2 
41.2 
43.8 
42.4 
41.7 
44.0 
44.9 
45.7 
46,2 
46.0 
45.0 
45.5 
45.3 
46.0 
45.8 
46.8 
47.9 
48.8 
49.4 
48.6 
48.2 
50.0 
48.9 
50.9 
50.2 
51.4 
52.7 
53.0 
52.0 
50.1 
52.7 
53.8 
53.3 
53.7 
53.8 
55.2 
55.4 
55.7 
56.4 
56.7 

% 
29.2 
28.9 
29.1 
29.6 
29.1 
28.3 
28.9 
28.4 
28.6 
27.9 
29.1 
27.7 
26.8 
27.6 
28.0 
28.5 
28.9 
28.8 
27.6 
27.7 
27.1 
27.3 
26.3 
24,9 
25.8 
26.1 
26.6 
25.8 
24.1 
25.3 
23.3 
25,2 
23.3 
23.8 
24.4 
24.4 
23.3 
21.1 
22.8 
23.6 
22.1 
22.3 
21.8 
22.1 
20.7 
20.7 
20.8 
20.9 

% 
36.0 
35.9 
35.0 
31.0 
31.0 
32.3 
30.1 
30.6 
29.5 
30.3 
26.5 
29.3 
30.9 
27.8 
26.4 
25.2 
24.3 
24.6 
26.7 
26.1 
g7.0 
26.1 
27.2 
27.7 
25.7 
24.4 
23.4 
25 .0  
27.1 
24.0 
27.2 
23.3 
25.8 
24.2 
22.2 
21.9 
24.1 
28.2 
23.9 
22,0 
23.9 
23.4 
23.7 
22.0 
23.2 
22,9 
22.1 
21.8 

36.0 
21.8 
14.2' 
26.5 

56.7 29.6 
34.0 20.7 
22.7 8.9 
47.1 25.7 

Range  ........................................................................................................... ~ 1.78 
Average ........................................................................................................ : 0.22 

1Mixture  of samples of s imi la r  iodine values  of Coker Wilds  grown at College Stat ion,  Texas, in 1948 and at  Chickasha, Oklahoma, in  1947. 
2Mixture of samples of s imi la r  iodine values  of Del tapine  and  Mebane grown at College Stat ion,  Texas, in  1948 and  of De l tap ine  g rown at 

Chickasha, Oklahoma, in 1947. 

The calculated values fo r  linoleie glycerides ranged 
f rom 34.0 to 56.7%. Those for  oleic and sa tura ted  
glycerides var ied f rom 21.8 to 36% and 20.7 to 29.6%, 
respectively. The values for  sa tura ted  glycerides are 
corrected for  the unsaponifiable mat te r  found in the 
oils. 

The scatter  diagrams of the relations between the 
percentage of each f a t t y  acid glyceride present  and 
the iodine value are shown in F igure  1. A high de- 
gree of correlation is indicated. This was proven by  
calculation of the regression of each glyceride on the 
iodine value by  the method of least squares (3) and 
of the correlation coefficients (rxy) and the s tandard  
errors  of estimate (Syx). In  making the calculations, 
the iodine value was taken as the independent  vari-  
able. The equations found are as follows: 

% linoleic glyceride = 0.791 (I .V.)  - -  35.5 
rxy ~ -  @0.99 Sy~ = +-0.7 

% oleie glyeeride = 71.7 - -  0.432 (I .V.)  
rxy = --0.88 Syx = +-1.8 

% sa tura ted  glycerides q- % mlsaponifiable 
mat te r  ~--- 63.9 - -  0.359 (I .V.)  

r~y ~-- --0.95 Sy~ ~--- +-0.9 

% saturated glyeerides = 63.1 - -  0.358 (I .V.)  
rxy = - -0 .94  Syx ~ +--1.0 

These regression equations are shown graphically in 
Figure 1. It is seen that as the iodine value increases 
there is an increase in the linoleie and a decrease in 
oleic and saturated glyeerides. The similarity in the 
values for oleic acid and the saturated acids is strik- 
ing. It would appear that at the lower l imit of iodine 
value the percentages of linoleic, oleie, and saturated 
acids approximate each other�9 

The relation between fatty  acid composit ion and 
iodine value for the cottonseed oils is compared with 
those for soybean and linseed oils in Figure 2. The re- 
gressions for soybean oil are those reported by Schol- 
field and Bull  (8) ,  and the ones for linseed oil arc 

T A B L E  I I  

Regression Coefficients for the Regress ion of the Percentages  of 
Glycerides on the Iod ine  Va lue  of Cottonseed, 

Soybean, and Linseed  0 i l s  

] Oil 
Glyceride 

Cottonseed Soybean Linseed 

Linolenic  ............................................... I ........ I 3-0.170 3-0.552 
Linoleic  .................................................. @0.791 ] 3-0.669 - -0 .067 
Oleic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - -0 .432 I - -0 .792 --0 .382 
Sa tu ra t ed  .............................................. - -0 .358 J - -0 .045 - -0 .103 
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Fro. 1. Re la t ions  be tween pe rcen tages  of f a t t y  ac id  glycer-  
ides and  iodine  values  of cot tonseed oils. 

taken from the reports of Painter (6) and Powers 
(7). The characteristic changes in fat ty acid compo- 
sition with increasing iodine value for each oil are 
shown by the direction and amount of the slope of 
the regressions. It  is of interest to note the compara- 
tively large decrease in saturated acids in cottonseed 
oil with an increase in the iodine value. The regression 
coefficients of the regression equations for the three 
oils are given in Table II. They represent the amount 
of change of each glyceride in each oil per one unit 
increase in iodine value and whether this change is an 
increase or a decrease. 

Summary 
The regularity in the increase in linoleic, and in 

the decrease in oleic and saturated acids with increase 
in iodine value of cottonseed oils has been shown by 
obtaining the regression equation for the glyceride of 
each acid on the iodine value by use of the composi- 
tional data on 48 samples of oil ranging from 89.8 to 
117.0 in iodine value. These equations offer a ready 
means of approximating the fat ty acid composition 
of cottonseed oils from their iodine values. Such ap- 
proximations may prove useful in the segregation of 
oils for different end uses. 
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Fz~. 2. Re la t ions  between pe rcen tages  of f a t t y  acid glycer-  
ides and  iodine values  of cottonseed,  soybean,  and  l inseed oils. 

The compositional pattern of cottonseed oils is 
compared with those reported in the literature for 
soybean and linseed oils. 
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