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Abstract-Developing cottonseeds (Gossypium hirsutum) show a rapid rise m 011 synthesis after the fifth week including 
cyclopropene fatty acids (CPFA) and free fatty acids. During subsequent slow 011 synthesis, the proportion of saturated 
fatty acids remains stationary, that of oleic acid decreases marginally, that of lmoleic acid rises and that of CPFA 
declines CPFA occurs only as trlacylglycerol and may arise by modification of preformed triglycerides. During 
cottonseed germination, even as the oil content declines, the maJor fatty acid composition remams fairly constant 
Disappearance of CPFA has no relationship with that of major fatty acids or with oil mobilization, suggesting 
metabohsm by a different mechanism. 

INTRODUCTION 

Lipid accumulation in developing cottonseed occurs with 
a rapid increase after ca four to six weeks These lipids are 
characterized by an elevated initial free acidity, absence of 
cyclopropene fatty acids (CPFA) at immaturity, uniform 
fatty acid composition throughout, and desaturation m 
the final maturing stages [l, 21. Later studies showed a 
decrease in CPFA after 10 days of flowering [33 and a rise 
m gossypol and tocopherol contents with increasing 
maturity [4]. During the germination of cottonseeds (as 
indeed of all seeds), reserve carbohydrates are rapidly 
consumed [S] and unsaturated fatty acids disappear 
rapidly [6]. CPFA are of course very minor constituents 
of cottonseed and they disappear much faster during 
germination than do normal fatty acids [7]. CPFA occurs 
at a much higher concentration m Sterculiafietida seed 
oil, from which abnormal disappearance during germi- 
nation has been reported [S]. 

Lipid changes m maturing and germinating cotton- 
seeds, with special reference to CPFA, are reported in this 
paper. 

RESULTS AND DISCUSSION 

Maturation studies 

For both cultlvars studied, seed and kernel weights 
reach maximal values m the seventh week of growth 
(Table 1). Lint content decreases with maturity. Free 
gossypol content Increases with the period of rapid 
growth and then levels off, but total gossypol continues to 
increase steadily. The protein content, expressed on a 
defatted kernel basis, also rises rapidly at first, but slowly 
thereafter All these trends are shown by both cultlvars, 
though to different degrees. 

The changes m 011 content are striking. For the cultlvar 
G Cot 10, there is an abrupt Increase within the seven days 
between the fifth and sixth week from 0.2 to 22.1%, and 
only a slight increase thereafter to 23.8% m the twelfth 
week. In the other cultivar G. Cot 11, this increase 1s from 

0.05 to 12.5% and occurs over 14 days, thereafter rlsmg to 
22.8% m the twelfth week. 

The major fatty acids (Table2) show no spectacular 
changes during the rapid growth period; changes with 
maturity are steady and consistent. Saturated and olelc 
acid percentages in the oil present decrease margmally 
and the linolelc acid content rises. These changes stand 
out much more sharply when the quantities of mdlvldual 
fatty acids present m 100 of dry whole seeds at each stage 
are considered (Fig. 1). In the slower-maturing cultlvar G 
Cot 11, all developments occur more slowly Lmolelc acid 
appears to be generated by desaturation of oleic or 
saturated acids during seed maturation 

It 1s seen from Table 2 that the free fatty acid content 
declines gradually all through, showing no reflection of 
the sudden oil spurt phase. Such a decrease of free acids 
during fat synthesis IS to be expected. 

The CPFA contents at any time are extremely low but 
do fall fourfold during maturation, from 0.47 to 0 13% m 
one cultivar and from 0.38 to 0 10% m the other. Such a 
decrease must reflect some blologlcal disturbance. Anal- 
ys~s of total lipids, extracted from G Cot 11 seeds at 3542 
and 63 days, followed by TLC fractionation of lipid 
classes and CPFA estlmatlon, showed no CPFA in 
dlacylglycerol, monoacylglycerol, free fatty acids, gly- 
cohpid or phospholipld. Only m the triacylglycerol com- 
ponent was CPFA present to the extent of 0.43,0.41 and 
0 1 1%, respectively, at the three growth stages In cotton- 
seed, acylglycerols carrying CPFA appear to arise by 
modification of existing compounds. 

Germination studies 

During germmatlon of cultlvars Hybrid 4 and Suvm, 
roots emerged on the second day, leaves on the fourth and 
rootlets on the sixth. In slower-germmating Laxml and 
Varalaxml, leaves appeared two days later. These differ- 
ences in germination rate are reflected m slower rates of 
oil disappearance m the last two cultlvars, the actual 
order bemg Hybrid 4, Suvm, Laxml and Varalaxmi 
(Table 3). An apparent parallel protein increase which 
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Table 2. Charactertstrcs of 011s durmg maturatton of G Cot 10 and G. Cot. 11 vanettes of cottonseed 

Maturatton CPFA, % as 
Fatty acid composrhon, % 

time, FFA, % as oletc malvahc Total satd Monoenes Lmoleic 

days G Cot 1.0 G Cot_ cl_ G. Cot 1-0 G. CM.. II G chf_ U-I G CM cc G CL% I_@ G cat II_ G cat. m G. cd_. I-1 

21 - 337 23.6 42 7 

28 89 84 0.47 038 30.5 308 22.8 24.4 46.7 44.8 

35 7.7 82 046 0 36 303 29.8 21.9 224 478 47.8 

42 51 5.9 040 034 284 27.9 20.8 22.4 50.8 49.7 

49 47 48 0.23 0.22 280 27.8 185 22.1 53.5 50 1 

56 4.2 4.2 0.17 0.17 278 268 189 208 53.3 52.4 

63 31 35 0 14 0.11 27 8 26.2 17.4 20.7 548 53 1 

72 27 35 013 0.10 277 25.8 174 204 549 53 8 

Table 3 Changes occurrmg in compositton of cottonseed durmg germmatton 

Cultrvar Hybrid-4 Suvm Laxmi Varalaxmi 

No of days of 

germrnation 0 2 4 6 0 2 4 6 0 2 4 6 0 2 4 6 

011 content, % 20 9 17 4 15 3 12.3 24.9 224 21.7 18.6 20.6 20.2 190 17.7 26.0 25 8 25 5 246 

Free gossypol, % 1 44 128 1.11 0.98 172 163 1.35 1.29 1.11 0.84 072 0.56 168 144 1.35 1.28 

Total gossypol, 
% I-67 149 l-irl I_.!_6 202. l-93 163 157 2lI2 1.57 13.6 t_.lJI 2.36 206 t 96 185 

Protem, % 37 1 406 45.3 48.3 35 5 39 5 42.9 45.1 37.0 39.5 40.2 43.9 37.9 403 41.1 42 1 

For the germmation study, mature seeds of three cultivars of 

G. hrrsutum, namely ‘Hybrid 4’ ‘Laxmi’ and ‘Varalaxmi’, and one 

of G. barbadense termed ‘Suvm’ were obtamed. The latter seeds 

were used as obtamed. The three G hrsutum seeds were soaked 

m cont. H,SO, for a few min, washed with Hz0 and sound, 
healthy seeds which did not float were isolated and dried on filter 

paper. For germinatton, seeds of known wt were soaked m H,O 

for 10 mm and kept between wet filter papers. For each culttvar, 

one set of seeds served as the O-day control; three other sets were 

germmated for 48, 96 and 144 hr followed by analysis 

Analytical procedures. As 1s customary m cottonseed analysrs 

LY], results were expressed as m Table 4 

Acknowledgements-We express our thanks to the Prof. J G 

Kane Memorial Trust, Bombay, for a semor fellowship (to 

S.S.P ) and to Dr S N. Pandey (Director, Jute Technological 

Research Laboratones, Calcutta) for supplymg authentic seed 

samples. 

REFERENCES 

1. Grmdley, D N. (1950) J F. Agrrc. 1, 147. 

2. AhuJa, K. L, SukhrJa, P S, Bhatia, I. S (1972)5. Res. Punjab 
Agrlc Unro 9, 97 

Table 4 

Characteristrcs Basis of expression Details of determmation 

Seed index (g) 

Lint content (%) 

Kernel content (%) 

Moisture content (%) 

Protem content (%) 

011 content (%) 

Total gossypol (%) 
Free gossypol (%) 
Free fatty acids 

Weight of 100 seeds 

Whole seed, as is 

Whole seed, as IS 
Whole seed, as is 

Kernel, on motsture 

free and 011 free 

(m tb and o.tb ) 

Whole seed, on m.f.b. 

Kernel, on m tb 

Kernel, on m f b. 
Extracted oil 
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EC0 Norma 

Automatrc N 
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AOCS [9] 

as % oleic 
CPFA as % malvahc 

Fatty acids 

composttron (%) 

Extracted oil 

Mixed fatty aads 

of 011 

AOAC [lo] 

GC, FID 

Detector, 2 m 
FFAP column 
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