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Biochemical changes in seeds of five cotton
genotypes stored in different packaging materials at

ambient condition

Abstract

Variation in the biochemical attributes of the seeds from five genotypes (CB-8,
SR-08, BC-0125, BC-0236 and BC-0252) of cotton (Gossypium hirsutum L.) was
appraised. Seeds were packed in polythene and cloth bag and stored over 14 months to
determine the changes in biochemical composition under ambient condition. Results
revealed that total soluble sugar, total soluble protein and oil content of cotton seeds
decreased and total free amino acid increased with the increase of storage period.
However, decreasing rate of total soluble sugar, total soluble protein and oil content
and increasing rate of total free amino acid was slower in polythene bag and faster
in cloth bag throughout the storing period. Among the genotypes, BC-0252 showed
slower degradation of biochemical composition of stored seeds than that of seeds of

other genotypes.
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Introduction

Cotton (Gossypium hirsutum L.) being a native to tropical and
subtropical regions is the most important fiber/food crop in the world.
It is also considered as the second best potential source for plant
proteins after soybean and the fifth prominent oil-producing crop
after soybean, palm, canola and sunflower.!> The utilization of plant
proteins to supplement diet has been receiving increased attention
partly due to the expanding demand on dietary proteins around the
world. An important source of these plant proteins is the protein
by-product of oilseed after the oil has been extracted for industrial
utilization. Cotton seed is an important oil seed to provide the protein
by-product because of the enormous amount of cotton seeds required
for fiber production.® Cotton is regarded as one of the important
conventional oilseed crops with potential to bridge the existing gap
between the supply and domestic demand of vegetable oils.” Oil and
protein content of cotton seeds changes between 12-25% and 24%,
respectively®® Technically, cotton seed oil is a good source of an
essential fatty acid (linoleic acid, C18:2) as well as contains reasonable
amount of oleic acid.!” The oil has good oxidative stability due to its
high antioxidant tocopherol contents and oleic acid.”! As far as the
industrial uses of cotton seed oil are concerned, this oil is in use for
preparation of alkyl resins for interior paints, special biolubricants and
soft soaps.'? The oil has also been explored as a feedstock for biodiesel
production.' It is commonly accepted that the amount and oil yield
varies depending on genotype, agro climatic and geographic factors
and storage conditions.'*'7 Seed quality is regulated during production,
processing and storage. During storage, it is known that reduction in
physiological quality of seed is related to biochemical alterations of
aged seed. Likhatchev et al.' found reduced concentrations of soluble
sugars during ageing of seeds of some plant species. Cotton seeds
have greater propensity to deterioration due to their high oil content

and special care is needed to maintain their viability and vigour
during storage. However, information relating biochemical changes
associated with cotton seed deterioration during storage yet is not
fully known. The present study, therefore, was designed with the
prime objective to determine the changes in biochemical composition
of selected genotypes of cottonseeds cultivated in Bangladesh stored
over time at ambient condition.

Materials and methods
Experimental site

The experimental work was conducted at the Seed Science and
Technology Unit laboratory of Bangabandhu Sheikh Mujibur Rahman
Agricultural University, Gazipur (24.09°N and 90.25°E), Bangladesh
during the period of May, 2009 to July, 2010.

Experimental materials and design

Freshly harvested one hundred seeds of five cotton genotypes
viz., CB-8, SR-08, BC-0125, BC-0236 and BC-0252 were stored at
ambient condition for 14 months by using two packaging materials
i.e., hermetically sealed polythene bag (thickness 8y) and cloth bag.
The seeds were ground with the help of a mini grinding mill and
this grounded seed samples were used to determine the biochemical
composition of seed once after harvest and then 7 and 14 months of
storage. Seeds of five cotton genotypes were sown in a randomized
complete block design with three replications.

Determination of total soluble sugar

Total soluble sugar content in the seeds was estimated following
anthrone-sulphuric acid method."
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Determination of total soluble proteins

Total soluble proteins were measured according to method of
Lowry et al.” where seed extracts were made following the method of
Kalpana & Madhava.”!

Determination of total free amino acids

Total free amino acids were determined according to the method
of Moore & Stein.?

Determination of oil percentage

Oil percentage was measured following Gadgil et al.”* who
estimated oil percentage from moisture-free seed meal by solvent
extraction using other petroleum ether (boiling point 60°C to 80°C)
in a Soxhlet apparatus for eight hours. The meal was pre-dried (60°C;
24 hours) and two grams of meal was used for the estimation of oil.
No further oil was recovered from the residue after eight hours of
refluxing.

Statistical analysis

The data were subjected to analysis of variance (ANOVA), and
the mean differences were compared by least significant difference
(LSD) test using MSTAT-C.>* Differences at p<0.05 were considered
significant.

Results and discussion

Total soluble sugar

Total soluble sugar of freshly harvested cotton seed was
significantly different (Table 1) which ranged from 11.37 to 12.45%.
Lawhon et al.® found total sugar ranged from 5.9 to 9.2% in
undefeated kernels and 11.40 to 16.90% in defatted flour of cotton
seed from 16 cotton varieties which are in agreement with the findings
of the present study. The highest total soluble sugar (124.50mg g')
was determined from the seeds of the genotype BC-0252 and it was
the lowest (113.70mg g) in the seeds of the genotype BC-0236. t is
seen that total soluble sugar of cotton seed progressively declined with
the increase of storage period (Figure 1) which might be due to age
induced limitation of respiratory substrates.? Limitation of respiratory
substrates may lessen the ability of seeds to maintain the vitrified state,
a non-crystalline liquid state of high viscosity.”” The high viscosity
of the glassy state would be expected to have a retarding effect on
deteriorative reactions in the cytoplasm and thus the glassy state may
be considered to be a biophysical barrier for seed deterioration.?® On
the contrary, the loss of the glassy state would dramatically decrease
the cytoplasm viscosity and thus increase molecular mobility.?” and as
a result, deteriorative reactions in seeds should be expected to occur
more rapidly. However, decline in total soluble sugar was pronounced
in seeds of cloth bag condition compared to polythene bag which may
be attributed to higher temperature and relative humidity prevailed
in ambient environment that enhanced rapid depletion of reserved
carbohydrates for supporting increased respiratory metabolism during
storage® Similar results were also reported by Yaklich®! in Soybean
seeds; Murthy and Sun®? in corn and Cieslak et al.* in different cereal
seeds.

Total soluble protein

Total soluble protein of cotton seed differed significantly among
the genotypes at the time of storing and it ranged from 19.82 to
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26.76% (Table 1). The highest total soluble protein (267.61 mg g)
was estimated from the seeds of the genotype CB-8 and it was lowest
(198.17mg g') in the seeds of the genotype SR-08. This result similar
with the findings of Sharma et al.** who found total protein ranged
from 25.60 to 34.80% in nine cotton genotypes. During storage,
protein content of seeds of cotton genotypes declined progressively
over time (Figure 2). The rate of decrease of soluble protein was
higher in seeds of cloth bag compared to polythene bag under ambient
condition over during 14 months of storage. Similar results were
found in case of other varieties of cotton seed.’> The decline in total
soluble protein content with ageing is also associated with the rates of
protein synthesis, degradation or both depending upon the tolerance of
genotypes to ageing. Pukacka and Ratajczak®® observed an increased
production of reactive oxygen species (ROS) during storage that
can degrade soluble protein and diminish enzyme activities and the
content of late embryogenesis abundant (LEA)-like proteins or small
heat shock proteins (sHSPs).These proteins may play a protective
role to maintain long storage life of dry seeds.’” In present study,
faster decline of protein content in cloth bag during storage might be
attributed to increase in respiratory enzymes at higher temperature
and relative humidity under ambient storage conditions.
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Figure | Effect of storage containers on the total soluble sugar content in the
seeds of cotton genotypes. Mean (+SD) was calculated from three replicates

for each treatment.
Total free amino acid

Differences in total free amino acid of seeds of different cotton
genotypes were found at the time of storing at ambient condition (Table
1). The highest total free amino acid (44.00 mg g') was estimated
from the seeds of the genotype BC-0125 and the lowest (27.10mg g)
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was obtained from the seeds of BC-0252 genotype. Such differences
between the genotypes in free amino acid composition also reported
by Khattab et al.* in some cotton seeds species. Total free amino
acid in stored cotton seed increased progressively over the storage
and it was higher in seeds of cloth bag as compared to polythene bag
under ambient condition (Figure 3). Decrease in protein content is the
resultant of the increase of free amino acid. This means that with the
increase of free amino acid total protein content decreases. This result
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agrees with the findings of Sukesh & Chandrashekar® who observed
that the total free amino acids increased with ageing of seeds and the
increased amino acid content was the resultant of the breaking of
soluble protein. The changes in free amino acid and soluble protein
of cotton seed of different cotton genotypes during storage also agree
with the findings of Sreeramulu® in groundnut and Basavarajappa et
al.*! in Maize.

Table | Total soluble sugar, protein, free amino acid and oil content in the seeds of cotton genotypes at the time of storing

Total free amino acid (mg

Genotype Total soluble sugar (mg g"') Total soluble protein (mg g"') ') Oil content (%)
CB-8 118.5 267.61 32,6 18.39
SR-08 119.4 198.17 311 17.74
BC-0125 114.9 205.63 44 18.46
BC-0236 113.7 229.54 422 17.84
BC-0252 124.5 252.08 27.1 18
LSD 4 45, 10.64 8.09 5.23 ns
Mean (+SD) was calculated from three replicates for each treatment; ns: non-significant
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Figure 2 Effect of storage containers on the total soluble protein content
in the seeds of cotton genotypes. Mean (+SD) was calculated from three

replicates for each treatment.

Figure 3 Effect of storage containers on the total free amino acid in the
seeds of cotton genotypes. Mean (+SD) was calculated from three replicates
for each treatment.
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Figure 4 Effect of storage containers on the oil content in the seeds of
cotton genotypes. Mean (+SD) was calculated from three replicates for each

treatment.
Oil content

Oil content in the seeds of different cotton genotypes did not show
significant variation at the time of storing at ambient condition (Table
1). Numerically the highest oil content (18.46 %) was determined in
BC-0125 genotype and the lowest (17.74%) was noticed in genotype
SR-08. The mean oil content that observed in this study was similar
to those reported by others in cotton.”? Agarwal et al.** also found
12.40 to 25.20% oil in 41 phenotypic ally diverse genotypes of upland
cotton. Oil content of cotton seeds of different genotypes declined with
the increase of storage period irrespective of the containers (Figure 4).
The rate of decrease of oil content was faster in the seeds of cloth
bag and slower in the seeds of polythene bag at ambient condition as
obtained by Raikar et al.*® in cotton seeds. Oil content declined with
passing of time may be due to lipid peroxidation which is considered
as one of the major cause of seed deterioration in storage. Lipid
peroxidation causes depletion of lipid reserves resulting in production
of free fatty acids,* enzyme degradation and inactivation,” loss of
membrane integrity** and production of highly reactive free radicals
intermediates*® and finally reduces seed viability. The faster rate of
declining oil content of seed in cloth bag ambient condition might be
attributed to faster degradation in oil content under the condition of
temperature fluctuation and high relative humidity. The results agree
with the findings of Donald & Jacobs*” in Pinus species and Stolyhwo
& Jason®in seed of Norway spruce.

Conclusion

Our results showed that total soluble sugar, soluble protein and free
amino acid of cotton seed differed significantly among the genotypes
at the time of storing although oil content of different genotypes did
not varied significantly. In storage, total soluble sugar, protein content
and oil content of seeds of cotton genotypes declined progressively
over time but free amino acid increased. Degradation of biochemical
composition was least in seed of BC-0252 in storage and thus this
genotype may be considered as potential source for enhancement of
cotton seed quality in Bangladesh. The results of this study might be
useful for selection and cultivation of an appropriate cotton genotype
in the specific areas with the purpose of gaining maximum nutritional
benefits.
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