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The fastest moving (on TLC) component is a waxy 
solid melt ing near  rooln temperature .  I t  contains no 
ester function, is hydrocarbon in nature  and presum- 
ably is a product  of olefin self-condensation. 

The second of the three by-products  is also a waxy 
solid, but  this nlaterial contains an ester group, and, 
judging f rom NMR and IR  spectra, it is an a-branched 
ester. Saponification of the ester with 10% alcoholic 
potassium hydroxide gave a carboxylic acid having a 
neutralization equivalent of 671. Theoretical  neutral-  
ization equivalent for an acid formed f rom one mole 
lauric acid plus two moles 1-hexadecene is 648. 

The slowest of the three byproducts  is a liquid. I ts  
!R  spectrum indicates the presence of a carboxylic 
ester funct ion and its NMR spectrum indicates a hy- 
drogen in the 2-position. Saponification of the ester 
results in an acid having a neutralization equivalent 
of 683. Thus it appears  that  the slowest by-product  is 
a slightly more polar  isomer of the second by-product  
and that  both resulted f rom the condensation of one 
mole of methyl  laurate  with two moles of 1-hexadecene. 
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Cyclopropenoid Fatty Acid Content and Fatty 
Composition of Crude Oils from Twenty-Five 
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Abstract 
The eyelopropenoid acid content of oils ex- 

t racted f rom 22 commercial  varieties and 3 bo- 
tanical  species of cottonseed have been deter- 
mined. The malvalic acid content determined by 
H B r  t i t ra t ion var ied f rom a low of 0.56% to a 
high of 1.17%. Iodine values of the oils ranged 
f rom 96.8 to 111.6. No definite correlation could 
be established between iodine value and malvalic 
acid content. Equat ions for regression lines for 
the major  acids have been calculated f rom plots 
of f a t ty  acid composition vs. iodine value. The 
high degree or correlation suggests that  for  com- 
mercial  oils the f a t ty  acid composition can be 
estimated f rom the iodine value. Oils of the 3 
experimental  types of different species showed 
wide variat ions in f a t ty  acid composition and 
represented many  of the max imum and min imum 
values reported.  

Introduction 

T H E R E  HAVE BEEN N U M E R O U S  reports  dealing with 
the  f a t t y  acid  c o m p o s i t i o n  of co t tonseed  oil. 

S tansbury  and Hoffpauir  (1) made a systematic s tudy  
of the relat ionship between iodine value and f a t ty  
acid composition of oils f rom a number  of nat ive 

a So. Utiliz. Res. Dev. niv. ,  ARS, USDA. 
2 ARS, USDA. 

varieties a n d  types. Cattaneo et al. (2) repor ted on 
the physical-chemical characterist ics and f a t t y  acid 
composition of a number  of Argent ine  cottonseed 
oils. Harwalkar ,  Achaya and Saletore (3,4) reported 
on the f a t t y  acid composition of a number  of Indian  
cottonseed oils. The various methods of analysis em- 
ployed in these studies are now known to be unre- 
liable. Wi th  the advent  of modern  gas-liquid chro- 
matographic  techniques (GLC)  more accurate  and 
complete  analyses have been repor ted (5-8) .  How- 
ever, these analyses ill general  were limited to but 
a few random cottonseed oils. The only repor ted 
GLC analyses of a series of cottonseed oils was in con- 
nection with the detection of cottonseed oil as an 
adul te ran t  in olive oil, and no a t tempt  was made 
to correct for detector response differences. In  none 
of the analyses was there mention of the cyclopro- 
penoid consti tuents present  in cottonseed oil, namely,  
malvalic or stcrculic acid. The recently developed 
stepwise H B r  t i t ra t ion method (9) now makes it 
possible to determine cyclopropenoid f a t t y  acid moi- 
eties to the nearest  0.01%. These factors  and the 
avai labi l i ty of ideally suitable sample mater ia l  have 
p rompted  us to investigate the f a t t y  acid composi- 
tion of cottonseed oils extracted f rom a number  of 
cottonseed varieties and species. 

Apparatus and Methods 
Gas-liquid ehromatograms of the cottonseed methyl  

esters were obtained with the Aerograph  Autoprep  
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TABLE I 

Fa t ty  Acid Composit ion and Iodine  Value of Oils f rom Commercial  Var ie t ies  of Cottonseed 

Iod ine  Iod ine  F a t t y  acid composition, % 

Year  Locat ion  va lue  va lue  Myr- Pal-  Palmi t -  Stear ic  Oleie Lin-  :MaP 
Var i e ty  g rown ( W i j s )  ( G L C )  ist ic mi t ic  oleic oleic val ic  a 

L a n k a r t  57 1962 Waco, Tex. 96.8 97.1 1.3 28.0 0.9 3.0 21.2 45.0 0.58 

Del  Cerro 1962 Las  Cruces, N.M. 100.0 101.9 1.1 26.9 0.7 2.9 18.8 49.1 0.64 

Locket t  88A 1962 Vernon,  Tex. 101.2 102.2  1.2 26.2 0.7 2.9 19.5 48.8 0.66 

Del tap ine  15 1962 Scott, Miss. 102.0 101.5 1.1 27.1 1.0 3.0 18.1 49.0 0.72 

P ima-S2  b 1962 Tempe, Ariz. 102.0 103.8 0.8 25.1 0.9 3.1 20.1 49.4 0.58 

A u b u r n  56 1962 Thorsby,  Ala. 102.6 103.1 1.1 26.5 0.7 2.7 18.5 50.0 0.70 

Acala 44W1~ 1961 Tempe, Ariz. 102.9 102.8 1.0 27.4 1.1 2.7 17.0 50.3 0.64 

Dixie  K i n g  1962 Ind iano la ,  Miss. 105.5 105.8 1.1 26.6 0.7 2.3 15.9 52.8 0.72 

B l igh tmas te r  1962 Locketville,  Tex. 105.5 107.2 0.8 23.8 0.6 3.0 19.0 52.0 0.81 

Paymas t e r  54B 1961 F la inv iew,  Tex. 106.8 108.2 0.8 23.9 0.7 3.2 17.2 53.4 0.76 

Rex 1962 Mar /anna ,  Ark.  107.0 107.6 1.1 25.6 0.7 2.4 15.4 54.0 0.85 

Del tapine  Smooth Leaf  1962 Scott, Miss. 107.0 105.8 0.9 26.3 0.6 2.7 16.0 52.6 0.93 

E m p i r e  1962 t t a ra l son ,  Ga. 107.1 110.0 1.1 24.3 0.5 2.6 15.0 55.7 0.80 

Acala 4-42 1961 Shafter ,  Calif. 107.4 106.6 1.1 24.8 1.1 3.3 16.2 52.8 0.73 

Stonevi l le  62 1961 Chickasha,  Okla. 107.6 109.0 0.9 23.7 0.8 2.9 17.1 53.9 0.74 

Coker 100A 1962 Har tsvi l le ,  S.C. 107.9 109.8 1.0 24.4 0.6 2.6 15.0 55.4 0.84 

Fox 4 1962 Scott, Miss. 108.4 109.4 1.0 24.2 0.7 2.9 15.4 55.1 0.70 

Paymas te r  101A 1961 P la inv iew,  Tex. 109.4 111.4 0.9 21.8 0.5 3.0 18.2 54.9 0.82 

Acala 1517D 1962 U n i v e r s i t y  Park ,  N.M. 109.8 110.4  1.1 23.4 0.6 2.5 16.6 55.1 0.68 

StoneviUe 3202 1962 Stoneville,  Miss. 110.5 112.0 0.8 24.2 0.6 2.3 13.9 57.2 0.98 

Delfos 9169 1962 Stoneville,  Miss. 110.8 111.9 1.0 23.4 0.5 2.7 14.7 57.0 0.66 

Stonevil le  213 1962 Stoneville,  Miss. 111.6 112.1 0.8 21.4 0.9 2.9 17.9 55.2 0.76 

M ax i mu m 111.6 112.1 1.3 28.0 1 i1 3.3 21.2 57.2 0.98 

M i n i m u m  96.8 97.1 0.8 21.4 0.5 2.3 13.9 45.0 0.58 

a Determined  by t t B r  titration. 
b The present  G. barbadense  (extra-long s taple) .  

A 700 gas chromatograph equipped with a thermal  
conductivi ty cell using a �88 in. x 7 f t  a luminum col- 
umn with 20% diethylene glycol suceinate (DEGS)  
on an 80-10'0 mesh suppor t  of Gas-Chrom Z. The 
ins t rument  was operated at  195C with a flow rate 
of about 70 ml /min .  Quant i ta t ive estimations of the 
various components were based on the areas beneath 
the chromatographic  peaks determined by t r iangula-  
tion. The response of the thermal  conductivi ty de- 
tector was cal ibrated by means of a GLC s tandard  
mixture  of highly purified methyl  esters obtained 
f rom the Hormel  Inst i tute.  

The cyclopropenoid f a t t y  acid contents of the oils 
were determined by the stepwise t l B r  t i t ra t ion method 
(9) and calculated as methyl  malvalate.  The Wijs  
iodine values were determined on the oils by the 
AOCS Official Method, Cd 1-25 (10). The methyl  
malvalate  concentration was subtracted f rom the 
methyl  linoleate concentration determined by GLC 
since on a D E G S  column the methyl  malvalate  peak 
is masked by the methyl  lino]eate peak. The con- 
centrat ion of araehidie and other acids in trace 
amounts  were not determined. 

Sample Preparation 
The oils analyzed were obtained f r o m  cottonseed 

samples represent ing a wide range of genetic types. 
Twenty-one were commercial varieties of American 
Upland  cotton (Gossypium hirsutum), most of which 
were included in Regional Var ie ty  Tests (11). Also 
included were the following: an extra-long staple 
var ie ty  of G. barbadense, Pima S-2, and 3 botanical 

types. The lat ter  include seed of the Asiatic spec ies - -  
G. arboreum A2-47; a tropical  G. barbadense--CB 
551, the same species as Pima S-2; and " P a l m e r i " - -  
a tropical  G. hirsutum cotton related to American 
Uplands. Except  for  the last 3 mentioned, the seeds 
were obtained f rom the collections mainta ined by the 
USDA Crops Research Division to supply  agronomists 
with small amounts  of p lant ing seeds for  var ie ty  tests. 

The kernels were mechanical ly separated f rom the 
hulls and  residual lint, and then ground in a Wiley 
mill. The oil was Soxhlet-extracted with petroleum 
ether (bp 30~60C) and the solvent removed at  re- 
duced pressure using a ro ta ry  evaporator  and main- 
ta ining a t empera tu re  of approximate ly  60C. Methyl 
esters were p repared  f rom the oil by methanolysis 
with sodium methoxide, a procedure  which does not 
affect the cyelopropenoid acid content  (9). 

Results and Discussion 
The fa t ty  acid composition and iodine value of the 

oils extracted f rom 22 commercial varieties of cotton- 
seed are summarized in Table I. I t  should be noted 
that  the analyses are representat ive only of the spe- 
cific specimens analyzed. I t  is well known tha t  the 
f a t t y  acid composition and iodine value of the oil 
of a given var ie ty  va ry  over a wide range depending 
upon environmental  factors  dur ing  development of 
the seed. 

The varieties are a r ranged in order  of increasing 
iodine value. The percentage of malvalic acid in the 
different varieties var ied f rom 0.58 for  Lanka r t  57 
and P ima S-2 to 0.98 for  Stoneville 3202. The av- 
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T A B L E  I I  

Fa t ty  Acid Composition and  Iodine Value of Oils from Exper imenta l  Types of Cottonseed 

Type 
Iodine Iodine Fa t ty  acid composition, % 

Year  Location value value 
Myr- Pal- Palmit-  Stearic Oleic Lin- ]Vial- g rown (Wijs)  (GLC) istic mitie oleic oleic valic a 

G. barbc~dense (CB-551) 1955 -56  Iguala ,  Mex. 101.6 100.2 1.0 25.6 0.9 3.5 22.1 46.3 0.56 

G. c~rboreum (A2-47) 1957 Stoneville, Miss. 104.0 104.6 0.3 21.2 1.4 3.0 27.2 45.9 1.17 

G. hirs~t'um (Palmer i )  1959-6 '0 Iguala ,  Mex. 111.4 111.4 0.9 24.2 1.0 2.9 13.1 57.2 0.71 

a Determined by I-IBr t i t rat ion.  

erage malvalic acid content was 0.74%. The percent- 
ages of the major  f a t ty  acids in the 22 varieties varied 
over a wide range. Lankar t  57 was especially note- 
worthy. I t  had the largest amounts of palmitic and 
oleic acids, 28.0 and 21.2%, respectively, and the 
smallest amount  of linoleie acid, 45.0%. Stoneville 
3202 had the highest linoleic acid content, 57.2%, 
and the lowest oleic acid content, 13.9%. Stoneville 
213 had the lowest concentration of palmitic acid, 
21.4%. 

Though the difference between the maximum value 
for stearic acid, 3.3%, and the minimum value, 2.3%, 
can be considered significant, there was little varia- 
tion between the individual varieties. This was true 
also for palmitoleic acid, which varied f rom a low 
of 0.5% to a high of 1.1%, and for  myristic acid, 
which ranged from 0.8 to 1.3%. Lankar t  57 had the 
highest myristic acid content. 

Lankar t  57, which had the lowest malvalie acid 
content, also had the lowest iodine value, and Stone- 
ville 3202, which had the highest malvalic acid con- 
tent, had very near ly  the highest iodine value. In  
general, however, there was no apparent  correlation 
between malvalic acid content and iodine value. The 
iodine values calculated from the GLC analyses of 
the methyl  esters are in good agreement with the 
Wijs determinations made on the crude oils. 

The G. arboreum A2-47 also proved to be excep- 
tional. I t  had a malvalic acid content of 1.17% as 
compared to the maximum of 0.98% for  the commer- 
cial varieties (see Table I I ) .  Its oleic acid content, 
27.2%, was near ly  6 percentage units greater  than 
the highest oleic acid content of all the varieties 
analyzed and its pahnitic acid content was the low- 
est found. I t  was the only sample containing more 
oleic acid than pa]mitic acid. 

In contrast, G. barbadense CB 551 represented the 
lowest malvalie acid content, 0.56%, and the highest 
percentage of stearic acid, 3.5%, of the 25 varieties 
analyzed. The commercial G. barbadense, Pima S-2, 
also had an equally low malvalic acid content. 

The relationship between the fa t ty  acid composi- 
tions and iodine values (I.V.) for the 22 commercial 
varieties is i l lustrated in Figure  1 using the method 
of plot t ing of Stansbury and Hoffpauir  (1). The 
equations for the regression lines for  oleic, linoleic, 
and palmitic acid calculated by the method of least 
squares are as follows: 

% palmitic acid = --0.3880(I.V.) + 60.04 
% oleic acid = -0 .3625(I .V.)  + 55.51 
% linoleic acid = +0.7882(I .u  -- 30.84 

In  general the changes in oleie and linoleic acid 
content with iodine value reported by Stansbury and 
Hoffpauir  are corroborated. Their values tended to 
be 4-5 percentage units low for linoleie acid, how- 
ever, and about 8 units too high for oleic acid, as 
would be expected since their  analyses were based 
upon iodine-thioeyanogen values. The linoleic acid 

contents of the same oils determined spectrophoto- 
metrically by O'Connor et al. (12) were also low, 
but by only 2-3 units. 

I t  would appear  f rom the results tha t  a reason- 
ably accurate estimate of the fa t ty  acid compositions 
of American commercial cottonseed oils can be made 
from the iodine value by use of these equations. The 
calculated average deviations of the individual anal- 
yses are •  for  linoleic acid, •  for  pal- 
mitic acid, and •  for  oleic acid. This was not 
t rue for 2 of the 3 experimental  varieties. The com- 
positions of G. arboreum A2-47 and G. barbadense 
CB 551 are markedly different from those which would 
have been expected on the basis of their  iodirm values 
(Figure  1). G. hirsutum Palmeri  showed good agree- 
ment with the predicted analyses, but  was unique 
since it had the highest linoleie and lowest oleic acid 
content of all 25 oils. 

F rom the regression lines obtained for the com- 
mercial varieties it is apparen t  that  the increase in 
iodine value results f rom an increase in linoleic acid 
with a concomitant decrease in both oleie and palmitic 
acids at  approximately equal rates. The slight in- 
crease in malvalic acid content with iodine value is 
of questionable significance. There is no significant 
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change in stearic acid. Palmit ie  acid ra ther  than  
stearic acid is associated with the increase in linoleic 
acid. This might  have some implications in connec- 
tion with f a t t y  acid biosynthesis in cottonseed. 
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Nutritional Evaluation of Inter-Esterified Fats 
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Abstract 
Studies with inter-esterified fats  p repared  to 

mainta in  a high level of linoleic acid content 
have been under taken  in several series of experi- 
ments with rats. These fa ts  are as digestible as 
the liquid nonhydrogenated oils and the biological 
value of the linoleic acid is not impaired by the 
i n t e r - e s t e r i f i e a t i o n .  I n v e s t i g a t i o n s  i n v o l v i n g  
growth, reproduction and lactation, longevity, 
tissue cholesterol levels and histological tissue 
examination have revealed that  these inter-ester- 
ificd fats  are utilized by the animal similarly 
to cottonseed oil. No tissue pathology or inter- 
ferenees with any  of the nutr i t ional  indices are 
observed. When the inter-esterified fats  arc in- 
cluded in atherogenic diets, the atheroselerotie 
lesions which develop in the coronary arteries 
and aorta  of the animals arc similar to, but  less 
marked than, those found when animals are fed 
cholesterol-containing diets with but ter  oil or con- 
ventional margar ine  oil of the al l-hydrogenated 
type. I t  is concluded that  these inter-esterified 
fats  are at least nutr i t ional ly  equal to other sire- 
i lar edible fats  of equivalent essential f a t t y  acid 
content. 

P r e s e n t  a d d r e s s :  U S D A ,  W a s h i n g t o n ,  D.C.  

Introduction 

I N RECENT YEARS product ion of solid fats with high 
linoleic acid content has been achieved through an 

inter-esterification process. Nonhydrogenated vegeta- 
able seed oils arc mixed with small amounts of hiR'hly 
hydrogenated fats  and the blend is then inter-esterified 
to rear range  the f a t t y  acid radicals;  this imparts  the 
firmness characteristic of margar ine  fats  to the blend 
(1). Since the nutr i t ional  value of inter-esterified 
fats  had not been investigated to the same extent as 
had been done for  hydrogenated fats, an evaluation 
of inter-esterified fats  in rats  was under taken and 
has now been completed. These investigations include 
determinat ion of the digestibili ty and the essential 
f a t t y  acid act ivi ty of these fats. The more extended 
studies include measurements  of growth, reproduc- 
tion, longevity and tissue cholesterol levels as criteria 
for  nutr i t ional  value and safety. Similar long-term 
studies have been per formed with animals fed (a) 
an unhydrogenated  cottonseed oil, (b) a mixture  of 
the inter-esterified fa t  with hydrogenated coconut oil, 
and, in some experinlents, (e) bu t te r  oil and (d) a 
conventional margar ine  oil. 

Experimental Procedures 
The description of the fats  fed is shown in Table 

I. The f a t ty  acid composition was determined by 
spectrophotometric (2) and the t rans  isomers by in- 

T A B L E  I 

Desc r ip t i on  of P a t s  

F a t t y  ac id  composi t ion ( % ) 

Iod ine  No. Linoleic  Diges t ib i l i ty  d 
F a t  ( W i j s )  S a t u r a t e d  ~ Oleic a T r a n s  b 

Spec. a B i o a s s a y  e 

M B O  I e 89.6 39.2 13.6 1.8 42.8 44.0 not  tested 
M B O  4 f 89.6 39.2 13.6 1.8 42.8 41.5 94.3 
M B O  45 g 76.3 47.3 11.7 1.5 36.4 34.5 95.6 
Cottonseed oil 112.0 23.6 20.1 .... 51.9 . . . . . . . . . . . .  
Coconut  oil 

( h y d r o g e n a t e d )  1.0 94.5 1.0 0.0 . . . . . . . . . . . .  
Butter  oil 41.0 55.0 37.2 7 ( a p p r o x )  3.5 . . . . . . . . . . . .  
M a r g a r i n e  oil 

(all  h y d r o g e n a t e d )  80.0 19.4 69.5 35.0 9.7 6.9 92.9 

a By  spec t rophotomet r ic  a s say  ( 2 ) ;  as % of t r ig lycer ides .  
b Accord ing  to i n f r a r e d  absorp t ion  ( 3 ) .  

B ioassay ,  based  u p o n  we igh t  g a i n  of male  r a t s  fo l lowing s u p p l e m e n t a t i o n  of the  bas ic  fa t - f ree  diet  ( 5 ) .  
d Based  u p o n  the  a m o u n t  of d i e t a ry  f a t  absorbed f r o m  the d iges t ive  t r a c t ;  cor rec t ion  is m a d e  for  the  metabol ic  fa t  found  in the total fecal fat .  
e In te r -es te r i f i ed  blend of 82 .5% u n h y d r o g e n a t e d  and  1 7 . 5 %  completely h y d r o g e n a t e d  cottonseed oil ( 1 ) .  

Same  as M B O  1 bu t  con t a in ing  added  an t iox idants ,  0 . 0 2 %  of b u t y l a t e d  hydroxy to luene  ( in  solut ion)  and  0 . 0 0 2 %  of e thy lened iamine te t r ace t i c  
acid  ( in  su spens ion ) .  

Composed of 8 5 %  M B O  4 + 1 5 %  s a t u r a t e d  coconut  oil. 


