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The influence of the degree of ripeness of the seeds of the cotton plant on their 
lipid composition has been studied. It has been established that as the seeds 
ripen their lipid composition becomes simpler, and in the developing cotton seeds 
the biosynthesis of triglycerides takes place with the participation of the mono- 
and diacylglycerides as intermediates. 

A detailed study of the biosynthesis of triacylglycerols and of the nature of the metab- 
olism of lipid classes in the seeds of higher plants has begun comparatively recently. In 
such crops as soybean [I], safflower [2], peanut [3], etc., considerable changes in the lipid 
composition of the seeds according to their degree of ripeness has been detected. As a re- 
sult of the investigations of more than I0 species of plants, an experimental confirmation 
has been obtained of a pathway for the biosynthesis of triacylglycerols proposed previously 
including a stage of the formation of intermediate mono- and diacylglycerols [4]. 

Cotton seeds have been the least studied in relation to lipid biosynthesis. Individual 
investigations performed in this direction have been limited simply to a study of the dy- 
namics of the accumulation of oils and fatty acids [5]. The present paper gives the results 
of an investigation of the metabolism of lipid classes in ripening seeds of the cotton plant 
of the variety Tashkent i. 

According to our preliminary results, in the first ten days from the moment of flowering 
lipids are synthesized slowly in the seeds of this plant but the fatty acids of the total 
lipids are the most diverse in composition [6]. The following ten days of development (20 
days from the moment of flowering) are characterized by intensive oil formation. In this 
period about 46% of the lipids on their relative amount in the ripe seeds accumulates. The 
remainder of the lipids is synthesized mainly in the course of a 30- to 40-day ripening 
period. In this process, the composition of the fatty acids simplifies. 

For the chemical analysis of the lipids we selected seeds from the i0-, 35-, and 70-day 
(ripe seeds) phases of development. The characteristics of the seeds are given below: 

Index 

Water of i00 seeds, g 
Moisture content, % 
Oil content, % on the ab- 

solutely dry matter 
Amount of lipids in i00 

seeds, g 

Days from the moment 
of flowering 

lO 35 70 

1.11 4.32 12.51 
88.0 56.6 5.1 

3.1 14.2 22.5 

0.03 0.61 2.81 

As we see, as the seeds ripen the amount of lipids increases simultaneously with the in- 
crease in the weight of the seeds, the rate of oil formation being the highest in the period 
between the 10th and 35th days from the moment of flowering. In the second phase of develop- 
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TABLE i. Change in the Lipid Compositions of Cotton Seeds 
during Ripening 

Daysfro m ~e momentofflowering 

Class of lipids 
IO 

"mg/lO0 
wt -°f° seeds 

1. Unidentified 
2. Hydrocarbons 
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4. Fatty acid methyl 
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5. T~riacy, lglyeerols 
(, ~ us) 

6. Diol Hpids 
q. High- molecular- 

wezght fatty aleoholf 
8. Free fatty acids 

(FFAs) 
9. Epoxyacylglycerols 

(EAGs) 
i0.  Sterols 
11. Diaeylglyeerols 

(DAGs) 
12. Hydroxyaeylglyeerols 

(HAGs~ 
is. Monoaeytglyeerols 

(MAGs) 

14. Polar lipids (PLs) 

6,1 
10,0 
8,2 

1.5 

9 !  
Tr. 

1.5 

12,1 

Tr. 
10,6 

9,1 

Tr. 

12,1 

19,7 

1,8 
;~ 0 
2,4 

0,I 

2,7 
Tr. 

0,1 

a,7 

Tr. 
3,1 

2,7 

Tr. 

3,7 

5,9 

wt.% 

35 

rag/100 
seeds 

Tr. 
1~8 
Tro 

Tr. 

HO 0 

I'r. 

20, I 

5..5 
12,8 

22, o 

II .6 

26, 2 

?0 

rag/100 
wt.% seeds 

92,5 2599,2 

Tr. Tr. 

0,8 22.5 

O, ,5 14,0 
/.6 45.0 

2 4  67,4 

2,0 56,2 

ment lipids are synthesized only half as fast° These results are in harmony with the corre- 
sponding figures for the seeds of other crops [7]. 

The total lipids of the three samples were separated by column chromatography (CC) into 
individual classes of compounds. The lipids were identified by means of qualitative reac- 
tions, chromatographic mobilities, and comparison with model samples, and by IR, UV, PMR, and 
mass spectroscopy. Details of the class compositions of the samples are given in Table I. 

In the lipids of the lO-day seeds, 14 classes of compounds were detected, including, a 
class of nonpolar lipids which could not be identified° In the middle seed-ripening period 
(35 days from the moment of flowering), the total lipids lacked diol lipids. The lipids of 
the ripe cotton seeds consisted of eight classes of compounds. In addition, cottonseed oil 
contains the specific pigment gossypol. Since gossypol is not desorbed from silica gel 
quantitatively, its amount in the total lipids was determined indirectly. There was no gos- 
sypol in the lipids of the lO-day seeds, 0.03% of it in the 30-day seeds, and 0.57% in the ripe 
seeds. 

As can be seen from Table i, the lipids of the seeds of an early degree of ripeness are 
the most complex in composition, containing more than 30% of lipophilic components (hydrocar- 
bons, sterols and their esters, fatty alcohols), almost 20% of polar lipids, and only 9% of 
TAGs. 

The free acids are not the determining class of the lipids of the extract of the 10-day 
seeds, as assumed previously [4], and they are comparable in amount with the MAGs. 

During ripening, a rapid accumulation of TAGs takes place and even in the lipids of the 
35-day seeds they amount to 84% of the total lipid extracts. The weight content of the other 
classes of compounds, with the exception of gossypol, HAGs, and EAGs, falls, although the ab- 
solute amount of FAAs, sterols, MAGs, and PLs continues to increase as the mass of the seeds 
increases. By the moment of ripening, the absolute amount of PLs has doubled in comparison 
with their amount in the 35-day oil. The same results were obtained in the study of the 
class lipid composition of peanut and cacao seeds [3, 8]. 

In the ripe seeds, the main class of lipids consisted of the TAGs, triacylglycerols con- 
taining epoxy and hydroxy acids had reached their maximum level (2.9%), and MAGs and DAGs 
were absent. The highest absolute amounts of MAGs and DAGs were recorded in the seeds of the 
medium-ripe seeds. 
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Thus, in the developing seeds of the cotton plant, as well, the biosynthesis of the TAGs 
takes place with the participation of MAGs and DAGs as intermediate compounds. 

The metabolic role of the other classes of compounds present in lipid extracts of early- 
ripe seeds is not completely clear, but the results given in Table 1 show that in the early 
stage of the biosynthesis of the lipids the proportion of acids bound to the alcohol groups 
of sterols and of mono- and polyhydric alcohols is substantially higher than the amount of 
fatty acids present in the free form. It is possible that part of the free acids is used by 
the plant in the early stages of the development of the seeds with the formation of the in- 
termediate classes of lipids fulfilling certain functions in this period. 

Little is yet known about the physiological activity of the free fatty acids and their 
esters in the period of the intensive increase in the weight of the seeds; nevertheless, the 
glycolipid "brassin" has been assigned to a new group of phytohormones [9]. It has been re- 
ported that the natural fatty acid MEs in minor amounts in some animal and plant tissues may 
act as promotors of tissue growth stimulators [I0]. 

It must be mentioned that this is the first time that fatty acid MEs have been detected 
in unripe cotton seeds. The fact that they are native compounds was confirmed by extracting 
the lipids from a sample of the 10-day seeds with a mixture of solvents containing no metha- 
nol. 

The quantitative compositions of the hydrocarbons, fatty alcohols, EAGs, HAGs, and ster- 
ols isolated from the combined lipid extracts of the i0- and 35-day seeds were the same as in 
the lipids of the ripe seeds [II]. The fatty acid compositions of the lipids of the free 
samples are discussed in the following paper [12]. 

In a mass spectrometric study of the alcoholic part of the TAGs of the 10-day seeds, in 
addition to the trihydric alcohol glycerol, trace amounts of a dihydric alcohol -- ethylene 
glycol -- were also detected, which indicates the presence of diol lipids in the lipids of the 
early-ripe seeds. Because of the very small amounts, it was impossible to isolate the diol 
lipids. 

EXPERIMENTAL 

The seeds of the cotton plant of different degrees of ripeness were collected from an 
experimental plot of the "Leninskii put'" kolkhoz [collective farm], Tashkent province, in 
1979. 

The conditions of recording the IR, UV, PMR, and mass spectra and the conditions for per- 
forming TLC and CC have been described previously [i0]. 

The total lipids from the seeds were extracted with a mixture of chloroform and methanol 
(2:1) at room temperature, the solvent was driven off in a rotary evaporator, and the lipids 
were recrystallized from hexane or petroleum ether (40-60°C). 

The sterol esters were identified from their mobilities in TLC by comparing their Rf 
values with those of esters of 8-sitosterol and by the qualitative reaction with 50% H2SO~. 
After severe hydrolysis with a 20% methanolic solution of KOH for 24 h, two products were ob- 
tained -- fatty acids and the total sterols, the qualitative composition of which was, accord- 
ing to their mass spectrum, similar to that of the free sterols [ii]. 

The fatty acid methyl esters were identified by their mobilities on TLC in comparison 
with a marker and by mass spectroscopy. Mass spectrum (130°C, 40 eV, 0.5 mA), m/z: 214, 
228, 242, 268, 270, 292, 294, 296, 298 (M+); 183, 197, 211, 237, 239, 261, 263, 265, 267 
(M +- 31); 182, 196, 210, 236, 238, 260, 262, 264, 266 (M +- 32>; 74. 

Diol Lipids~ The isolation and identification of the alcohol moiety was carried out as 
described by Vaver et al. [13]. The combined alcohols obtained consisted of glycerol and 
ethylene glycol. Mass spectrum (140°C, 40 eV, 0.5 mA), m/z: 92.62 (M+); 74 (M -~ -- 18); 57; 
61 (M +- 31); 44 (M +- 18>; 43 (M +- 31 -- 18); 43 (M + -- 1 -- 18); 31 (M +- 31> [14]. 

Polar lipids were eluted from the column by methanol from all the samples of oil. The 
qualitative reaction of this fraction for the phospholipids was negative [15]. The lipids 
from the 10- and 35-day samples of seeds gave a positive qualitative reaction for glycolipids 
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[16], the coloration of the PLs of the 10-day seeds being more intense. IR spectrum, ~KBr: 
max 

3600-3200 m, 3050 m, 2920 s, 2850 m, 1730 s, ii00 s. After alkaline hydrolysis, fatty acids 
were obtained. 

CONCLUSION 

The influence of the degree of ripeness of cotton seeds on the composition of their lip- 
ids has been studied. It has been established that the lipids of the early-ripe seeds are 
the most complex in composition: at the moment of ripening the lipid composition has simpli- 
fied. 

It has been observed that in the developing seeds of the cotton plant the biosynthesis 
of triacylglycerols takes place with the participation of monoacyl- and diacylglycerols as 
intermediates. 

LITERATURE CITED 

i. O. S. Privett, K. A. Dougherty, W. L. Erdahi, and A. Stoluhwo, J. Am. Oil Chem. Soc., 
50, 516 (1973). 

2, K.-I. Ichihara and M. Noda, Phytochemistry, 19, 49 (1980). 
3. T. H. Sanders, J. Am. Oil. Chem. Soc., 47, i00 (1970). 
4. J. Mo S. Mathur, J. Am. Oil. Chem. Soc., 57, 8 (1980). 
5. S. Vo Skvortsova, R. R. Rakhmanov, A. G. Vereshchagin, Dokl. Akad. Nauk UzSSR, No. 7, 

57 (1966); M. Ganieva, Ro R. Rakhmanov, and A. T. Gorbatovskaya, Uzb. Biol. Zh., 14, 23 
(1970). 

6. S. G. Yunusova, G. A. Preobrazhenskaya, A. I. Glushenkova, and A. L. Markman, Khim. 
Prir. Soedin., 472 (1973). 

7. L.-Ao Appelqvist, "Biochemical and structural aspects of storage and membrane lipids in 
developing oil seeds," in: Recent Advances in the Chemistry and Biochemistry of Plant 
Lipids (ed. L.-A. Appelqvistand C. Liljenberg), Elsevier/North Holland Biomedical Press, 
Amsterdam (1975), p. 251. 

8. D. W. Lehrian and P. G. Keeney, J. Am° Oil Chem. Soc., 57, 61 (1980). 
9. D. Gross, Z. Chemie, 2-0, No. Ii, 397 (1980) o 

I0. J. M~ Chu, M. A. Wheeler, and V. E. Holmlund, Biochim. Biophys. Acta, 270, 18 (1972). 
ii. S. G. Yunusova, I. P. Nazarova, S. D. Gusakova, and A. I. Glushenkova, Khim. Prir. 

Soedino, 319 (1980). 
12. S. G. Yunusova and S. D. Gusakova, Khim. Prir. Soedin., 44 (1982) [following paper in 

this issue]. 
13. V. A. Vaver, N. V. Prikazova, Ao N. Ushakova, Go Ao Popkova, and L. D. Bergel'son, Khim. 

Prir. Soedin., 401 (1965). 
14o S. Vul'fson, L. S. Golovkina, V. A. Vaver, N. V. Prokazova, and L. D. Bergel'son, Izv. 

Akad. Nauk SSSR, Ser. Khim., 2415 (1967). 
15. V. Et Voskovsky and E. G. Kostetsky, J. Lipids Res., ~, 396 (1968). 
16. E. Stahl, Thin-Layer Chromatography, Allen and Unwin, London (1969). 

39 


