
LITERATURE CITED 

i. A. Hatanaka, Kagaku (Kyoto), 30, 347 (1975). 
2. A. Hatanaka, Koryo, No. i01, 29 (1972). 
3. T. Curtius and H. Franzen, Ann. Chem., 390, 89 (1912). 
4. S. Seck and J. Crauzet, Phytochemistry, 12, 2925 (1973). 
5. R. A. Flatch, R. K. Forrey, and D. G. Guadagni, J. Agric. Food Chem., 21, 948 (1973). 
6. S. Kamiyama, Agric. Biol. Chem., 34, 540 (1970). 
7. A. Hatanaka and T. Harada, Phytochemistry, 12, 234 ° (1973). 
8. E. D. Lund, R. E. Berry, C. J. Wagner, and M. K. Veldhuis, J. Agric. Food Chem., 20, 685 

(1972). 
9. Y. Naya and M. Kataka, Bull. Chem. Soc., Jpn., 44, 3116 (1-71). 

i0. H. E. Nursten and A. A. Williams, J. Sci. Food Agric., 20, 613 (1969). 
II. J. T. Baker and P. A. Jones, Austr. J. Chem., 22, 11793 (1969). 
12. A. I. Virtanen and C. G. Spare, Suom. Kemistil., 34-B, 18 (1961). 
13. L. M. Roth, W. D. Niegish, and W. H. Stahl, Science, 123, 670 (1956). 
14. O. W. L. Bevan, A. J. Brich, and H. Caswell, J. Chem. Soc., 488 (1961). 
15. A. Hatanaka, O. Adachi, and M. Okuyama, Agric. Biol. Chem., 34, 1574 (1970). 
16. K. Saigo, A. Morikawa, and T. Mukaiyama, Bull. Chem. Soc., Jpn., 49, 1656 (1976). 
17. A. Hatanaka, Bull. Inst. Chem. Res. Kyoto Univ., 50, 192 (1972). 
18. A. Hatanaka and M. Ohno, Agric. Biol. Chem., 35, 1044 (1971). 
19. French Patent No. 2,098,809 of March I0, 1972. 
20. M. Ohno and A. Matanaka, Bull. Inst. Chem. Res. Kyoto Univ., 40, 322 (1962). 
21. Y. S. Rao and R. Filler, J. Org. Chem., 39, 3304 (1974). 
22. M. S. Newman, J. Am. Chem. Sot., 71, 1292 (1949). 
23. K. N. Campbell and L. T. Eby, J. Am. Chem. Soc., 63, 216 (1941). 
24. J. Attenborrow, J. Chem. Soc., 1094 (1952). 

DETERMINATION OF THE CONTENT OF HYDROXY GROUPS 
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IR spectroscopy has been used to determine the content of hydroxy groups in cotton- 
seed oil in relation to the periods of ripening. It has been found that the largest 
amount of hydroxy groups is present in the oil of the early stages of ripeness. 

The oil of ripe cottonseeds contains a number of compounds with hydroxy groups, and ob- 
servations have shown that their amount decreases as the seeds ripen. In view of this, the 
necessity arose for hating available rapid and fairly accurate methods for the quantitative 
estimation of oxygen-containing compounds in the oil. 

The present paper describes a method for determining hydroxy groups in the oil of cotton- 
seeds during their ripening by IR spectroscopy. 

The use of IR spectroscopy for the quantitative determination of hydroxy groups, ketones, 
and ether/ester groups in oxidized fatty esters and similar compounds has been reported pre- 
viously [i, 2]. The method is based on finding the intensity of the characteristic absorp- 
tion of the spectrum at the wavelength of the absorption maximum. It can be performed rapid- 
ly, requires only small amounts of sample (about 20 mg) and gives results agreeing well with 
lengthier chemical methods requiring considerably larger amounts of material. It is desirable 
to use the IR-spectroscopic method for the quantitative estimation of hydroxyl groups in 
cottonseed oils in relation to the vegetation periods when it is difficult to obtain the 
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Fig. i. Dependence of 
the optical density (D) 
in methyl ricinoleate 
on the product of the 
concentration and the 
layer thickness (c. Z) : 

Kri c = 0.20; Z = 0.9 cm. 
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amount of oil necessary for chemical analysis. However, the content of hydroxy groups in the 
oil investigated proved to be below the resolving capacity of IR spectroscopy. To increase 
their concentration it was necessary first to separate the materials to be investigated into 
narrower fractions. 

The samples for the analyses were prepared in such a way as to exclude errors connected 
with the association of the molecules. For this purpose, solutions of the samples were di- 
luted until the absorption characteristic for associated hydroxy groups (b=oad band in the 
3400-3500 cm-* region) disappeared. Dilute solutions of the samples gave a narrow absorption 
band at about 3623 cm-*, which corresponds to the vibrations of free hydroxy groups. 

The performance of the analyses of solutions of the samples was preceded by the deter- 
mination of the absorption coefficient of the pure substance at the characteristic frequency 
selected for analysis. The intensity of this absorption band was used to determine the per- 
centage of hydroxy groups from the formula: 

Kspec. lO0 
% OH = ~ ,  ( i )  

where Kspec is the absorption coefficient of the specimen, and Kst is the absorption coeffi- 
cient of a standard. 

The absorption coefficient (K) was determined from a relation based on the Lambert--Beer 
law 

D 
K =  c.-7" (2) 

where D is the optical density; c, the concentration of the specimen, g/liter of solution; an( 

Z, the cell thickness, cm. 

Methyl ricinoleate with its strongest absorption band in the region of about 3623 cm -I 
was selected as standard. The graph, which reflects the dependence of the optical density of 
methyl ricinoleate on the concentration and the layer thickness, shows the absence of inter- 
molecular associates. The mean absorption coefficient of methyl ricinoleate is 0.2. 

The content of hydroxy groups in the oil was calculated on the basis of the quantitative 
characteristics of the IR spectrum of fractions enriched with hydroxy products, the gravi- 
metric proportion of these fractions, and the total amount of fatty acids. Let us show the 
calculation of the amount of hydroxy groups in the oil on the basis of experiment 2. A 
sample of oil weighing 1.0410 g was taken for the determination and the fatty acids were iso- 
lated, their amount being 0.8757 g or 84.12%, and these were then separated by preparative 
TLC on silica gel and a fraction enriched with hydroxy products was isolated -- it weighed 
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0.0196 g, i.e., 6.18% of the total fatty acids. This fraction was methylated, and it was sub- 
jected to spectrometry in the form of the methyl esters (0.0072 g). The amount of hydroxyls 
in it, according to the IR spectrum, was 72.5%. Then the percentage of hydroxy groups with 
respect to the fatty acids is 

72.5.6]8 _ 4 , 5 % ,  
lts~ 

and with respect to the oil 

amount of hydroxy groups in the oil as th, 

4,5.84.12 
loo -- 3 ,87%.  ' 

Below we give the results of experiments reflecting the dynamics of the change in the 
seeds rl ~en: 

Ripeness of 
the seeds, 
days 

10 --20 
30--40 
60 --70 

Yield of 
fatty acids 
from oil, %' 

64,1 
84,1 
~4 6 

Exp. No, 

Yield of frac- 
tion enriched 
with hydroxy 
,roducts, %7 

12,4 
6,2 
3.3 

A mt, of OH 
groups ac-  
cording to 
ms,  9 $  

145 
7 2  5 
65,0 

A mr. of OH 
groups, '.% o~ 
fatty acids 

t8.0 
,l, 5 
3,1 

Amt,  of OH 
groups in 
the oil. qc 

II ,5 
3,~ 
2.0 

Thus, as the seeds of the cotton plant ripen the amount of hydroxy groups in the oil de- 
creases. The relatively high amount of OH groups in the oil of seeds 10- to 20-days ripe is 
due, according to preliminary results, to the fact that in addition to hydroxytriglycerides 
they contain an appreciable amount of such hydroxyl-containing compounds as high-molecular- 
weight alcohols, sterols, etc., this amount decreasing sharply as ripening proceeds. 

EXPERIMENTAL 

The IR spectra were recorded on a UR-20 instrument. Dismountable cells with sodium 
chloride windows were used. The solvent was carbon tetrachloride. The concentrations of the 
solutions of the samples at which the absorption characteristic for associated hydroxyls 
ceased were 0.7-1.4 mg/ml. The thickness of the layer of absorbing solution was 0.91 cm. 

Preparation of the Samples. The oil (0.5-1 g) was extracted from freshly collected cot- 
tonseeds as they ripened by chloroform-methanol extraction according to Folch [3] and the 
fatty acids were isolated from them by exhaustive extraction with diethyl ether (after the 
separation of the unsaponfiables with petroleum ether). Then a fraction enriched with hy- 
droxy compounds was isolated by preparative TLC on silica gel (from 0.2-0.5 g of fatty acids) 
[4] and were spectrophotometered in the form of their methyl esters (8-16 mg). 

P__reparation of Methyl Ricinoleate. The total fatty acids were extracted from castor oil 
by hot saponification and (after the r-amoral of the unsaponifiables) they were converted into 
their methyl esters, and then pure methyl ricinoleate was isolated by descending column 
chromatography [5]. The purity was checked by thin-layer chromatography on Silufol plates in 
the solvent system hexane-diethyl ether (8:2). 

SUMMARY 

It has been established by IR spectroscopy that the amount of hydroxy groups in the seed 
oil decreases as cottonseeds ripen from 11.5% in 10-day seeds to 2.0% in ripe seeds. 
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In experiments 1 and 2, the yields of fatty acids were determined as percentages of the total 
lipids, since in the early stage of ripening of the seeds triglycerides proper are present in 
extremely small amounts. 
tWith respect to the fatty acids. 
~In the fraction enriched with hydroxy compounds. 
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