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Biochemical changes in fiber naturally colored cottonseeds during storage1
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ABSTRACT -The cotton seeds deterioration process with different chemical composition, in distinct environments is 
essential to the definition of adequate methods for storage. The deterioration involves cellular, metabolic and chemical 
changes and the behavior of the seeds’ antioxidant defense system has an important role to control the speed and intensity of 
this process. The colored fiber of cottonseeds cv. BRS Verde and white fiber cv. BRS 187-8H were stored under controlled 
environment conditions (10 °C, 25 °C and 30 °C) for one year. The seeds were assessed for physiological quality, presence 
of microorganisms, chemical composition, oil and tocopherol contents by 90 day intervals. The cottonseed physiological 
potential began to decrease on day 90 particularly when the storage is carried out at 25 to 30 °C. Changes in lipid content 
and tocopherol are associated with the reduction of physiological quality. At temperatures above 25 °C the deterioration of 
cottonseeds is improved and decreases their physiological quality. Reduction in fat content and tocopherol and an increase in 
acidity and peroxide indicate loss of quality during storage.

Index terms: Gossypium hirsutum, seed deterioration, germination, vigor.

Alterações bioquímicas em sementes naturalmente coloridas de algodão durante 
o armazenamento

RESUMO – O processo de deterioração de sementes de algodão com diferenças na composição química, em ambientes distintos, 
é fundamental para a definição de métodos adequados para o armazenamento. A deterioração envolve alterações celulares, 
metabólicas e químicas e o comportamento do sistema de defesa antioxidante das sementes tem papel importante para controlar 
a velocidade e a intensidade desse processo. Sementes de algodão de fibra colorida cultivar BRS Verde e de fibra branca cultivar 
BRS 187-8H foram armazenadas em ambientes controlados, a 10 ºC, 25 ºC e 30 ºC durante um ano. A cada 90 dias foram 
avaliados a qualidade fisiológica, sanitária e a composição química das sementes, do óleo e a determinação do teor de tocoferol. 
O potencial fisiológico das sementes decresceu a partir de 90 dias, principalmente quando realizado a 25 e 30 ºC. A variação no 
teor de lipídios e tocoferol está associada à redução da qualidade fisiológica durante a deterioração das sementes. A conservação 
de sementes de algodão acima de 25 °C é prejudicada, com redução na qualidade fisiológica. Decréscimos no teor de lipídios e 
tocoferol e aumento da acidez e peróxidos indicam perda da qualidade das sementes de algodão durante o armazenamento. 

Termos para indexação: Gossypium hirsutum, deterioração de sementes, germinação, vigor.
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Introduction

The production of naturally colored cotton is currently 
expanding in part to avoid the use of chemicals involved for 
fiber dyeing. Increasing the production of lint and keeping the 
product competitive in the market requires high quality seeds.

The cottonseeds production system is hampered by 
natural deterioration of seeds within the boll, by the delinting 
process and by the high incidence of microorganisms, which 

can affect physic and physiological seed quality from the 
beginning of storage until the time of sowing. To understand 
the process of seed deterioration, it is important to investigate 
the mechanisms and events related to the loss of viability and 
vigor, such as chromosome damage, decrease of enzymatic 
activity, degradation of respiratory and membrane system 
(Giurizatto et al., 2012). Chemical composition is another 
aspect that should be considered regarding the physiological 
quality of cottonseeds during storage because of their high 
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oil and protein contents. In the seeds, lipids are stored as 
triglycerides, which are converted into glucose for use as 
energy sources, producing sugars necessary for nutrition 
of the embryo and support germination via the processes 
of beta-oxidation, glyoxylate cycle and gluconeogenesis 
(Quettier and Eastmond, 2009).

During storage, triglycerides can have a peroxidation, 
increasing the content of free fatty acids and accelerating the 
deterioration of oilseeds (Balešević-Tubić et al., 2007). Thus, 
the content of free fatty acids (FFAs) can induce loss of vigor 
and a reduction in germination and can increase seedling 
abnormalities. Apart from FFAs, other markers of oil quality that 
may be associated with seed quality include the formation of 
peroxides, which accelerate the deterioration (José et al., 2010). 

There is an inverse relation between lipid oxidation and seed 
performance during seed deterioration, mainly due to factors 
that interfere with respiration. Thus, the inverse action of natural 
antioxidants, such as tocopherol, may occur blocking the oxygen 
uptake by seed tissues, protecting the polyunsaturated fatty acids 
from peroxidation (Giurizatto et al., 2012). In cottonseeds the 
tocopherol content can range from 237 to 674 mg .kg-1, depending 
on the cultivar used and on the growing and storage conditions. 
The effect of tocopherol in seeds remains poorly understood, 
but it is known that there is a relationship between tocopherol 
content and seed storability (Sattler et al., 2004).

The color of cotton fibers may be related to the tocopherol 
content present in the plant and transferred to the seeds. So 
far, no relationship has been established between tocopherol 
content and oil quality in cottonseeds with different fiber 
colors throughout storage. The objective of this study was 
to obtain information on the cottonseed vigor as a result of 
changes in chemical composition as affected by seed storage 
in different environments.

Material and Methods

The Research was performed at Seed Analysis, Seed 
Pathology and at Biodiesel Plant Laboratories from Federal 
University of Lavras, state of Minas Gerais, Brazil. Seeds 
from cotton cultivars BRS Verde and BRS 187-8H from 2009 
harvest, produced by Embrapa Algodão, located in Campina 
Grande, state of Paraíba. 

Seeds from each cultivar were homogenized, divided in 
a centrifugal homogenizer, packed in multiwall paper bags 
and stored in controlled temperature chambers at 10 °C (with 
controlled temperature and relative humidity), 25 °C and 
30 °C (with controlled temperature). Initially and each 90 
days during 360 days, seeds were assessed for physiological 
quality and presence of microorganisms and physicochemical 

characteristics oil.
Seed moisture content (MC) was determined as described 

in the Rules for Seed Testing (Brasil, 2009).
Germination test - eight replications of 25 seeds each, 

were used on germitest paper moistened with distilled water 
in the amount of 2.5 times the weight of the dry paper, and 
kept in a germination chamber at 25 °C. First germination 
count was performed on the fourth day and in the final count 
at twelve days after sowing. The results were expressed in 
percentage of normal seedlings (Brasil, 2009).

Emergence - sowing in substrate mixture of soil and sand 
at a ratio of 1:2, moistened to 60% of water holding capacity 
in plastic boxes. The boxes were placed in a plant growing 
chamber at 25 °C with 12 hour of photoperiod. Four replicates 
of 50 seeds per treatment were used, and the results were 
expressed in percentage of normal seedlings on the fourteenth 
day. Data of emergence speed index was performed by 
daily counts from the beginning of seedling emergence 
until stabilization of the stand, following the methodology 
proposed by Maguire (1962). The results were expressed in 
percentage.

The sanitary quality was performed using the filter paper 
method or Blotter test, according to the recommendations proposed 
by Rules for Seed Testing (Brasil, 2009).

The oil content and lipids in the seeds were extracted 
using the Soxhlet method, according to the recommendations 
proposed by the Association of Official Analytical Chemists 
(AOAC, 1995).

To determine the physicochemical properties of the 
oil was used 100 grams of ground seeds to oil extraction 
in a Soxhlet apparatus for 24 hours, under reflux, using 
n-hexane as a solvent. A Büchi-144 rotary evaporator was 
used to remove the n-hexane under reduced pressure. The 
oil obtained from each sample was placed in an oven at 
approximately 35 °C for 24 hours to completely evaporate 
the solvent. Extraction was performed in triplicate. After 
obtaining the oil, the acidity and peroxide index were 
determined according to AOCS (1990).

Fatty acid composition - the seeds were ground in a 
cold mill with the addition of liquid nitrogen, and extraction 
was performed during eight hours in a Soxhlet apparatus 
using hexane as the solvent at temperature of 45 °C and with 
protection from light. The solvent was removed on a rotary 
evaporator at 45 °C, and samples were frozen at -20 °C 
until perform the analysis. Oil esterification was performed 
following the method described by Hartman and Lago (1973). 

Composition analysis and quantification of fatty acids 
were performed by gas chromatography (SHIMADZU gas 
chromatograph, Model GC-2010) with a flame ionization 
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detector and a fused silica capillary column 100 m in length 
and 0.25 mm in internal diameter, containing polyethylene 
glycol as the liquid stationary phase (SUPELCO SPTM 2560 
Capillary GC Column). A mixture of 37 methyl esters was 
used as the standard (SUPELCOTM 37 Component FAME 
Mix). For analysis, the following operational settings were 
used: “split” injection mode, with a split ratio of 1:100; 1 
µL injection volume; detector and injector temperature of 
260 °C; temperature increase of 4 ºC min-1 up to 140 °C for 
five minutes; heating ramp of 4 °C min-1 up to 240 °C for 30 
minutes; and redissolution in 0.5 mL of n-hexane. Obtained 
the chromatograms, the identification of fatty acids was 
determined by comparison with the standard and calculated 
the relative percentage of the total peak area. 

Tocopherols (α-, β- and δ-) were analyzed according to 
the determinations of the Food Analytical Chemistry Methods 
(Wrolstad, 2003). After esterification, 0.01 mL of the mobile 
phase, consisting of ethyl acetate: acetic acid: hexane (1:1:198 
v/v/v) was added, shaken for 30 seconds to redissolve the 
extract and transferred to the vial. From each sample, 20 µL 
was injected into a silica column (Supelcosil LC-Si – 250 x 
4.6 mm, Supelco Inc.) coupled to a Shimadzu SPD-10A high 
performance liquid chromatograph (HPLC). Detection was 
monitored at 295 nm. The tocopherols were identified by 
comparing their retention times with those of pure standards 
of α-, β- and δ- tocopherol and were quantified based on peak 
areas of the unknowns compared to those of pure standards 
(Sigma Chemical Co.).

The statistical procedure was completely randomized 
design, with four replicates for the determinations of seed 
quality and three replicates for the other tests. A 2 x 3 x 5 
factorial scheme was used, corresponding to two cultivars 
(BRS Green and BRS 187 - 8H), 3 temperatures (10, 25 and 
30 °C) and five storage periods (0, 90, 180, 270 and 360 days). 
The variables analyzed were subjected to testing for normality 
of error and homogeneity of variance, and the data were 
subjected to regression analysis for quantitative comparisons 
of data and means (Scott-Knott) for qualitative data at a 5% 
level of significance.

Results and Discussion

The water content of seeds during storage in different 
temperature conditions ranged from 7.1 to 10.3%. The 
variation in seed water content was from 0.9% at 10 °C; 2% at 
25° C and 2.5% at 30 °C at the time of evaluations (Table 1). It 
occurred in function of the hygroscopic equilibrium between 
seeds and relative humidity. Variations during storage period 
were greater in higher temperatures.

Table 1. Seed water content from cotton cultivars BRS Green 
and CNPA 187 8-H during storage at different 
temperatures (10 °C, 25 °C and 30 °C) (1)

Storage (days) 
Temperature (ºC) 

10 25 30 
Water content (%) 

0   9.5 aA 9.5 aA 9.5 aA 
90   9.6 aA 9.6 aA 9.6 aA 

180   9.9 aA 7.6 aB 7.1 aC 
270 10.3 aA 8.7 aB 8.3 aC 
360   9.4 aA 8.9 aB 9.2 aA 

CV (%) 2.45 
 (1)Means followed by the same lowercase letters in rows and uppercase letters 
in columns do not differ according to the Scott-Knott cluster test at the 5% 
level of significance. 

Seed deterioration rate depends on temperature and seed 
water content because with increased respiration decrease 
seed reserves content necessary to germination (Ferreira 
and Borghetti, 2004), especially in seeds with water content 
above 13% (Zuchi et al., 2011). In this research there were not 
changes in water content that could compromise physiological 
quality of seeds stored under different conditions.

In general, there was a reduction in the vigor of cottonseeds 
as evaluated by first germination count during storage (Figure 1). 
Vigor losses were more evident in seeds of ‘BRS Green’. Seeds 
of cultivar BRS 187 - 8H showed subtle vigor losses when stored 
at 10 °C (Figure 1).

Figure 1. Germination at first  count of BRS Green and BRS 187 
- 8H cotton seeds stored for 360 days under different 
environmental conditions (10, 25 and 30 °C).
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Cotton seeds with white fi bers showed higher germination 
levels than those seeds with colored fi bers, regardless 
of storage environment (Figure 2A). Regarding storage 
conditions, temperatures above 25 °C accelerate the seed 
deterioration (Figure 2B).

Seed physiological quality evaluated by emergence was 
decreased during storage (Figure 3A) except when was maintained 
at 10 °C (Table 2). Furthermore, the greater emergence was 
observed for ‘BRS 187 - 8H’ seeds (Table 3). Based on these results 

can be affi rmed that the rate of deterioration depends on initial seed 
physiological quality and environmental conditions (Walters et al., 
2010). When seeds are kept at higher temperatures, deterioration 
is more intense due to lipid peroxidation, which cause damages in 
cellular membrane system, thus reducing seed viability and vigor 
(Schwember and Bradford, 2010). According with Lins et al. 
(2014) the deterioration of oil seeds can occur when the seed mass 
is heated. This heat occurs when increased moisture levels result in 
respiration of seeds and its associated microorganisms.
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Figure 2. Germination (%) of cotton seeds from cultivars BRS Green and BRS 187 - 8H (A) under different conditions (B) 
during storage.

             
 

Storage (days)

0 90 180 270 360

Em
er

ge
nc

e 
(%

)

0

20

40

60

80

100

y=80.3000-0.0799x; R²=0.99

A
G 

Storage (days) 
0 90 

Storage (days)

180 270 360 

Em
er

ge
nc

e 
Sp

ee
d 

In
de

x 
(E

SI
) 

0 

2 

4 

6 

8 

10 

BRS 187-8H (y=9.1945-0.0098x; R²=0.92) 
BRS Green (y=7.2833-0.01127x; R²=0.90) 

B
G 

Figure 3. Percentage and speed of seedling emergence of cotton cultivars BRS Green and BRS 187 - 8H during storage.

Seedling emergence rate decreased during storage for 
both cultivars, regardless of the storage conditions (Figure 
3B). It is also evident that seeds of the cultivar with white 
fi bers had greater vigor than seeds of the colored fi bers. Loss 
of vigor, evaluated by emergence speed index, is usually 
associated with the degree of seed deterioration, as observed 
for germination test and fi rst germination count. Cotton seeds 
deteriorate rapidly during storage, mainly due to the activity 

of microorganisms associated to seeds and the high seed oil 
content (Freitas et al., 2004), resulting in a low storability. 

Although seeds of both cultivars were produced under the 
same conditions and possessed narrow differences in initial 
physiological quality (Figures 1, 2 and 3) there was different 
behavior between these materials during storage. This probably 
is due the genetic differences, seed chemical composition and 
tolerance to storage, affecting the intensity of seed deterioration.
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Table 2. Seedling emergence of cotton cultivars BRS Green 
and BRS 187 - 8H during storage at different 
temperatures(1).

Storage condition Emergence (%) 
10 °C 76 a 
25 °C 70 b 
30 °C 67 b 

CV (%) 12.93 
 (1)Means followed by the same letter do not differ by the scott-knott cluster 
test at the 5% level of signifi cance.

Table 3. Emergence for cotton cultivars BRS Green and 
BRS 187 - 8H during storage (1).

Cultivar Emergence (%) 
Green 61 b 

187-8H 71 a 
CV (%) 12.93 

 (1) Means followed by the same letter do not differ by the Scott-Knott cluster 
test at the 5% level of signifi cance.

Results of sanitary quality tests during storage revealed 
greater incidence of Fusarium sp., Aspergillus niger and 
Penicillium sp.  Reduced incidence of Fusarium sp. was 
observed in fi rst 180 days of storage, with a subsequent 
increase until the end of storage (Figure 4A). For A. niger, 

there was an increase in incidence throughout storage, with a 
greater incidence in the cultivar BRS Green (Figure 4B).  It is 
clear that the incidence of Aspergillus niger and Penicillium 
spp. was higher for the cultivar BRS Verde, regardless of the 
storage environment (Table 4).
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Figure 4. Incidence of Fusarium sp. and Aspergillus niger in cotton seeds, cultivars BRS Green and BRS 187 - 8H during storage.

Table 4. Incidence of Aspergillus niger and Penicillium spp. 
in cotton seeds of cultivars BRS Green and BRS 
187 - 8H under different storage conditions (1). 

Storage condition 
BRS Green BRS 187-8H 

A. niger 
 -------------------%------------------- 

10 °C 30 aA 7 bA 
25 °C 31 aA 8 bA 
30 °C 30 aA 13 bA 

CV (%) 27.89 

Storage condition 
BRS Green BRS 187-8H 

Penicillium 
 --------------------- % ----------------- 

10 °C 26 aA 5 bA 
25 °C 20 aA 5 bA 
30 °C 14 aB 7 bA 

CV (%) 38.46 
 (1)Means followed by the same lowercase letters in rows and uppercase letters in 
columns do not differ by the Scott-Knott cluster test at the 5% level of signifi cance.

Lipids are the major reserve compounds of cottonseeds. 
The reduction in their content during storage is related to lipid 
oxidation that occurs during deterioration, caused by constant 
action of oxygen to form hydroperoxides, other oxygenated 
fatty acids and free radicals that accumulate in seeds during 
seed germination, secondary toxic products are formed, 
resulting in declines of seed vigor (Freitas et al., 2006). Due 
to the presence of double bonds makes unsaturated fatty acids 
prone to oxidation, a reaction between unsaturated fatty acids 
(regardless of whether they are in their free state or esterifi ed 
in a triacylglycerol molecule) and oxygen. It is well known 
that the rate of oxidation increases with the increase in oxygen 
concentration and the length of storage period. Oil oxidation 
requires the presence of atmospheric oxygen. This can be 
reason to explain why the oil percentage of stored seeds to 
decreased during storage.

The lipid content in cottonseeds changed during storage, 
and this change varied among storage environments (Figure 5). 
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Note that for ‘BRS 187 - 8H’ seeds maintained at 30 °C, the 
lipid content decreased faster than for ‘BRS Verde’ seeds 
stored under the same conditions. During storage of oily 
species was observed declining of total oil content and seed 
germination. Quality parameters of seed such as oil content, 
fatty acid composition and protein content are signifi cantly 
infl uenced by storage conditions and time (Ghasemnezhad 
and Honermeier, 2007). The observed confl ict in oil content 
of different cultivars stored under differents temperature 
conditions is not clear. Our results are in confi rmation with 
Ghasemnezhad and Honermeier, 2007) in sunfl ower seeds, 
who reported that there was not clear variation tendency in 
sunfl ower seed oil percentage with storage temperature.
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Figure 5. Lipid content of cotton seeds, cultivars BRS 
Green and BRS 187 - 8H stored under different 
environmental conditions.

Oxidation of the lipid compounds in cottonseeds can 
increase oil acidity, as a consequence of deterioration 
accelerating. In the present study, increases in free 
acidity and peroxide index were observed in cotton 
seeds during storage (Figures 6 A and B). Seeds of ‘BRS 
Verde’ reached higher peroxide index values than BRS 
187-8H (Figure 6 B). These results are consistent with 
those of germination and vigor, as evaluated by speed of 
seedling emergence and the incidence of storage fungi, 
both showing lower results for BRS, thus increasing the 
acidity and concentration of peroxides in the seeds.

The main causes for the rapid deterioration of oilseeds are 
lipid peroxidation and the increased content of free fatty acids 
during storage (Balešević-Tubić et al., 2007). These results 
confi rm the assumption that the storage period affects seed 
deterioration by causing a reduction in reserve compounds, 
a phenomenon that has also been observed in other oilseed 

species, such as soybean and sunfl ower (Balešević-Tubić et 
al.,  2005, Sharma et al., 2011).
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Figure 6. Free acidity (A) and peroxide index (B) of the oil 
contained in cotton seeds, cultivars BRS Green and 
BRS 187 - 8H during storage.

In general, there was a decrease in the concentration of 
fatty acids with the progress of seed aging, with the most 
marked decreases in unsaturated fatty acids such as oleic 
(Figure 7C) and linoleic fatty acids (Figure 7D). The reduction 
in fatty acid concentration was greater in seeds stored at 
temperatures of 25 °C and 30 °C.

The chemical stability of lipids is crucial for the 
performance of oilseeds because the effects of the instability 
caused by free radicals leads to lipid peroxidation and oxidative 
stress, accelerating the seeds’ deterioration (José et al., 2010). 
These biochemical markers may provide information about 
seed natural ageing (Soares et al., 2005) because the presence 
of free fatty acids damages cell membranes, particularly in 
mitochondria, thus reducing energy production, and lipid 
peroxidation strongly affects the energy conversion necessary 
for germination and can also damage DNA (Iqbal et al., 2002). 

Cottonseeds showed higher proportion of linoleic acid 
than others fatty acids. This compound, due to its unsaturation, 
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is more susceptible to deterioration than other fatty acids 
(Goel and Sheoram, 2003).  In the most of seed species 
that are high concentration of oil and levels of oleic (18:1), 

linoleic (18:2) and linolenic (18:3) acid, as cotton, are more 
prone to deterioration than seeds with high levels of saturated 
fatty acids (Balešević-Tubić et al., 2007).
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Figure 7. Levels of palmitic (A), stearic (B), oleic (C) and linoleic (D) fatty acids in the oil contained in  cotton seeds , cultivars 
BRS Green and BRS 187 - 8H during storage under different environmental conditions.

In oil seeds, decreases of physiological quality during aging 
have been observed and associated with antioxidant activities 
and antioxidant compounds (Ávila et al., 2012). The cotton 
seeds contain tocopherol, a natural antioxidant that can infl uence 
scavenge lipid peroxy radicals and yield a tocopheroxyl radical 
that can be recycled back to the corresponding tocopherol by 
reacting with ascorbate or other antioxidants reducing the level 
of deterioration during storage. In this study the levels of α-, β-, 
δ- and total tocopherol were measured and the concentration of 
this compound changed during storage, as shown in Figure 8.

 An interesting fi nding of this study is that tocopherol 
content also depends on the cultivar. With the exception of 
α-tocopherol, seeds with colored fi bers had higher antioxidant 
levels than those with white fi bers (Figure 8). There was a 
decreasing trend of tocopherol content with the increasing 

storage time regardless of conditions which the seeds were 
stored. This reduction is observed most clearly in seeds 
maintained at 25 °C and 30 °C (Figure 9).

Tocopherol plays an important role in protecting oilseeds to 
reduce the peroxides and superoxides levels and also inhibiting 
the lipid peroxidation, preventing the oxidative stress. When 
seeds are subjected to severe stress there is a signifi cant increase 
in lipid peroxidation and the decrease in tocopherol production 
resulting in the defi ciency of antioxidant which is not balanced 
by another protective mechanism, thus causing the reduction 
of compounds in the seed (Giurizatto et al., 2012). This fact 
coincide with the observed in present study which resulted in a 
signifi cant antioxidant loss during storage.

In the present study, the levels of tocopherol associated 
with the lipid content are particularly sensitive to changes 
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in the acting of cottonseeds of both studied cultivars as 
observed in the seed germination and vigor and even in the 
physicochemical properties of the oil. This antioxidant despite 
the beneficial effects, including inhibiting lipid degradation 

and limiting non-enzymatic oxidation during storage, was not 
sufficient to decrease the progression of seed deterioration. 
However, this type of analysis may be promising for detecting 
the deterioration level of cottonseeds stored.
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Figure 8. Levels of α- (A), β- (B), δ- (C) and total tocopherol (D) in the oil contained in cotton seeds, cultivars BRS Green and 
BRS 187 - 8H during storage under different environmental conditions.

Conclusions

The cottonseeds physiological potential is reduced at day 
90 particularly when the storage is carried out at 25 to 30 °C. 

Changes in lipid content and tocopherol are associated 
with the reduction of physiological quality. At temperatures 
above 25 °C the deterioration of cottonseeds is improved and 
decreases their physiological quality. 

The loss quality during storage is related to a reduction in 
fat content and tocopherol and also on the increase in acidity 
and peroxide.
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