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ABSTRACT: Although Gossypium hirsutum oil is ranked among the top six vegetable oils globally, however, in
Nigeria, G. hirsutum oil remains underexploited and underutilized. Consequently, the objective of this paper was to
evaluate the nutritional composition, fatty acid profile, and biochemical characteristics of six varieties of cotton
(Gossypium hirsutum L) seed, and cottonseed oil cultivated in northern Nigeria using appropriate standard
procedures. The results revealed notable differences in the characters examined among the six varieties. SAMCOT-8
had the highest (p < 0.05) seed protein content (22.17 %), while SAMCOT-12 recorded significantly higher fibre
(17.00 %), carbohydrate (60.87 %), and magnesium (72.46 %) contents. SAMCOT-13 revealed the highest arachidic
(1.76 %) and palmitic acid (10.74 %) levels, and SAMCOT-11 had the highest (p < 0.05) oil content (18.00 %),
oxalic acid (5.71 %), and linoleic acid (12.72 %) contents. Significant variability was also observed in the physical
properties of the oil across the six cotton varieties, except for specific gravity, which showed no significant difference
(p > 0.05). These attributes could be exploited for the improvement of various traits by cotton breeders and

researchers in future cotton breeding programs.
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The two most extensively cultivated cotton species
are Gossypium hirsutum L. and Gossypium
barbadense L. (Chen et al., 2007)., both of which are
tetraploid varieties from America. Among these, G.
hirsutum (upland cotton) leads the global cotton
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market, with an estimated 35 million hectares planted
annually in various countries and a share global
production of about 90 % (Turley et al., 2019).
Cottonseed oil is unique as it is rich in unsaturated
fatty acids with nearly 2:1 of polyunsaturated to
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saturated fatty acid, and contains 16-27 %
monounsaturated fatty acid (oleic) and 40 — 55 %
polyunsaturated fatty acid (linoleic). While saturated
fatty acids (palmitic acid and stearic acid) constitute
up to 25 % of total fatty acids (Ye et al., 2022). G.
hirsutum L. oil also contains a diverse variety of
plant steroids (Zia et al., 2021) and bioactive
phytochemicals (Zeb, 2021). Though cottonseed oil
is gaining increased attention and has earned a strong
reputation in the global edible oil market due to its
high fibre content, stability against auto-oxidation,
unique fatty acid profile, and anti-inflammatory and
cardio-protective properties (Riaz et al., 2023), cotton
breeding has primarily focused on fibre yield and
quality, with little research interest in the
improvements of cotton seed traits and oil
characteristics. In Nigeria in particular, the cotton
plant has largely remained under-utilized and
cottonseed oil is still low in production and is largely
under-exploited, possibly, due to a dearth of
information on its biochemical attributes. Therefore,
the objective of this paper is to evaluate the
nutritional composition, fatty acid profile, and
biochemical characteristics of six varieties of cotton
(Gossypium hirsutum L) seed, and cottonseed oil
cultivated in northern Nigeria.

MATERIALS AND METHODS

Source of research materials: Exactly six (6) G.
hirsutum L. varieties representing cotton varieties
cultivated in northern Nigeria were obtained from the
Institute of Agricultural Research (IAR), Ahmadu
Bello University Zaria, Nigeria. The varieties are
SAMCOT-7 (NGGS 91-7), SAMCOT-8 (NGGS 91-
8), SAMCOT-9 (NGGS 06-12), SAMCOT-10
(NGGS 06-13), SAMCOT-11 (NGGS 03-9),
SAMCOT-12 (NGGS 03-10) and SAMCOT-13
(NGGS 03-10). Each of these varieties have
outstanding characteristics and a potential yield
ranging between 1.5-2.5 t/ha.

Study area and design of experiment: The field trial
was conducted at the Department of Plant Biology’s
experimental garden at the Federal University of
Technology, Minna, Nigeria (latitude 9°36' N,
longitude 6°34' E), while laboratory tests were
performed at the Centre for Genetic Engineering and
Biotechnology, Federal University of Technology
Minna. Seeds were planted under uniform
environmental  conditions between May and
December 2019, using a completely randomized
design (CRD) replicated thrice. Five seeds from each
variety were sown at a depth of 1-2 cm in
experimental bags of 20-litre bucket size. Two weeks
after sowing, the emerged seedlings were thinned to
two plants per bag. The planting spacing was
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maintained at 75 cm x 40 cm for inter- and intra-row
spacing (Baloch et al., 2014). All cultural practices,
including weeding and irrigation, were uniformly
followed throughout the growing period, as outlined
by Abdullahi (2015), to minimize environmental
variation.

Proximate composition analysis: Following harvest,
the seeds were manually separated from the lint,
sorted, and sun-dried. The cotton seeds were then
blended using a Vitamix 7500 model and dried at
103°C until a constant weight was achieved. The
moisture, total ash, crude protein, crude fibre, and
crude fat of the cottonseed varieties were analysed
following the methods outlined by the Association of
Analytical  Chemists  (AOAC, 2019). The
carbohydrate content was calculated by differencing
according to Muller and Tobin (1980).

Mineral composition analysis: The mineral analysis
of cottonseed was performed following the procedure
outlined by AOAC (2019). Sodium (Na) and
potassium (K) levels were assessed using a flame
emission photometer, while phosphorus (P) was
quantified colourimetrically through the
vanadomolybdate method. Calcium (Ca), iron (Fe),
and copper (Cu) concentrations were measured using
an atomic absorption spectrophotometer as per Aziz
et al. (2018).

Fatty acid composition and physical properties
analysis of cottonseed oil: Crude oil extraction was
done using the Soxhlet extraction method. Recovered
crude oil was taken to a rotary evaporator at 35 °C as
described by Konuskan et al. (2017). The oil samples
were filtered and stored at 4 °C in dark bottles before
analysis. The fatty acid contents were determined
through gas chromatography/Mass spectrometry
(GC/MS). The iodine value was determined
according to Gunstone et al. (2007), saponification
value was determined according to Okwonko and
Okafor (2016), acid value was determined following
the method of Dinda et al. (2011), peroxide value
was quantified according to Basra et al. (2004),
moisture content was determined according to
Agarwal et al. (2003), viscosity and specific gravity
were determined using the method of Anand et al.
(2009).

Data analysis: The collected data were analysed
using a One-way Analysis of Variance (ANOVA) in
SPSS version 23.0, followed by Duncan’s Multiple
Range Test (DMRT) to identify significant
differences between the means. Results were
considered statistically significant at p < 0.05.
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RESULTS AND DISCUSSION

Proximate composition of six (6) cottonseed varieties
cultivated in northern Nigeria: Significant variations
were observed in the proximate composition of
cottonseeds of the six cotton varieties (Table 1).
Results obtained revealed a significantly higher (p <
0.05) moisture and fat content in SAMCOT-11 (3.50
and 18.00 %, respectively) with the significantly (p <
0.05) least moisture content in SAMCOT-13 (2.00
%) and least fat content in SAMCOT-9 (11.33 %).
SAMCOT-10 was observed to have a significantly
lower ash content (3.00 %), with the highest in
SAMCOT-9 (5.33 %) (Table 1). In terms of seed
protein content, the significant (p < 0.05) highest was
recorded in SAMCO-8 (22.17 %) while the least was
recorded in SAMCOT-9 (11.66 %). Results revealed
significantly (p < 0.05) higher levels of fibre and
carbohydrate in SAMCOT-12 (17.00 and 60.87 %,
respectively), with the least fibre content in
SAMCOT-10 (11.67 %) and least carbohydrate
content in SAMCOT-8 (41.80 %) (Table 1).

This result shows that cottonseed possesses a
significant amount of carbohydrate, protein, fat, fibre
and ash contents that vary among Vvarieties.
Regardless of these quality attributes, previous
researchers have shown that cottonseed is unsafe for
direct human consumption due to its inherent
association with gossypol (Kumar et al., 2021).
However, cottonseed meal can be utilized in animal
feed production to reduce the feed-food competition
between animals and humans as it is a sustainable
source of plant protein. According to Ahmad et al.
(2021), cottonseed meal is remarkable for its high
level of protein and has been one of the most
important sources of protein (22-53 %) for animal
feed production. The protein content recorded in this
study aligns with the dietary requirements of certain
livestock species. Specifically, it meets the 12 %
crude protein requirement for sheep and goats, and
also the 18% crude protein requirement for rabbits
and chicken (Zubair et al., 2021). The cotton varieties
with high protein content can be exploited and
utilized as food ingredients, especially, in animals
(Manoj et al., 2019). Cottonseed meal can be used in
feed formulation in fish and has been reported to
significantly improve their growth, aids in weight
gain and improves the proximate composition of fish
(Ahmad et al., 2021). According to Zaboli and Miri
(2013), crude fibre content is an essential factor in
assessing cottonseed quality, as higher fibre content
leads to lower protein digestibility. Numerous
research findings have demonstrated that properly
processed cottonseed can serve as a cost-effective
alternative to soybean, maize and groundnut as a
source of dietary protein and energy in animal
nutrition. The moisture, ash and crude protein content
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obtained from this study were lower than the values
(6.80, 7.47 and 56.80 %, respectively) reported by
Kumar et al. (2021). However, the cottonseed fibre
and crude fat content obtained from this study were
higher than the values of (8.10 and 0.78 %) reported
by Kumar et al. (2021). The cottonseed protein and
fibre contents obtained from this study were slightly
lower than the values (25.34 and 16.74 %) reported
by Canikli et al. (2023), while the ash and protein
contents in this study were consistent with the
findings of the National Research Council (NRC,
2001). The results align with those of Yu et al.
(2012), who has previously reported that cottonseed
protein content could range from 12-32 %, which
contrasts with Xiong et al. (2016), who found that the
protein content varied from 23.67 % to 50.67 %.
These differences reveal significant variabilities in
the proximate composition of cottonseed genotypes
from different regions. These variabilities could be
attributed to variations in the genetic makeup of the
cultivars and differences in environmental factors.
This supports the views of He et al. (2013), who
suggested that genetic factors, environmental
conditions, and farming practices can significantly
influence the composition of cottonseed.

Mineral composition (%) of six (6) cottonseed
varieties cultivated in northern Nigeria: Notable (p
< 0.05) variations were observed in the mineral
composition of the cottonseeds obtained from the six
cotton varieties (Table 2 and Table 3). The highest (p
< 0.05) Ca and Mn contents were observed in
SAMCOT-10 (21.72 and 1.73 %, respectively) while
the least was recorded in SAMCOT-12 (10.41 and
1.21 %, respectively). SAMCOT-12 was observed to
have the significantly highest Mg and K content
(72.46 and 56.45 %, respectively) while the least Mg
was recorded in SAMCOT-9 (35.43 %) and the least
K was recorded in SAMCOT-11 (44.43 %), but was
not statistically (p > 0.05) different from SAMCOT-
10 (44.60 %) (Table 2). The highest Na was recorded
in SAMCOT-13 (1.90 %) but was not different (p >
0.05) from SAMCOT-12 (1.81 %). SAMCOT-9 was
observed to have the significantly highest P content
(5.61 %), while the least was recorded in SAMCOT-
8 (3.27 %) (Table 3). The significantly highest Fe
content was recorded in SAMCOT-10 (3.84 %) while
the least was observed in SAMCOT-9 (2.54 %). In
terms of seed Cu content, the highest was recorded in
SAMCOT-8 (2.28 %) while the least was recorded in
SAMCOT-13 (1.38 %) (Table 3).

The levels and ranges of macro- and micro-elements
were in line with the findings of He et al. (2020a).
The observed Mn, Cu, and Fe levels in the six cotton
varieties align with the ranges reported by Bellaloui
et al. (2015) and He et al. (2020b) in 21 cotton
varieties. These values were, however, higher than
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the values reported by Ikorior and Fetuga (1987), this
could be due to varietal or environmental differences.
All these mineral elements are vital for plant growth,
animal nutrition, and human consumption. However,
certain elements, such as Cu and Mn, can be toxic at
high concentrations (Bellaloui et al., 2019). The
variations in mineral composition among the varieties
may be attributed to differences in their genetic
makeup. This aligns with the findings of Ustaoglu
(2007) who has reported significant differences in the
nutrient composition of cotton seeds from different
cultivars grown in Turkey.

Fatty acid composition (%) of six (6) cottonseed
varieties cultivated in northern Nigeria:

The results of fatty acid analysis revealed significant
(p < 0.05) variations in the fatty acid compositions of
the six cotton varieties (Fig. 1). SAMCOT-13 had the
significantly (p < 0.05) highest palmitic, myristic and
arachidic acid content (0.26, 10.74 and 1.76 %,
respectively). SAMCOT-10 had the significantly
highest Margaric acid (0.68 %), while SAMCOT-9
was revealed to have the significantly highest Oleic
acid content (2.17 %). The significantly highest (p <
0.05) oxalic and linoleic acid content was observed in
SAMCOT-11 (5.71 and 12.72 %, respectively) (Fig.
1). GC-MS analysis revealed higher levels of
palmitic, oxalic and linoleic acid, as compared to
other fatty acids examined. However, the values of
oleic, palmitic and linoleic acid obtained from this
study were much lower than the values (14.36, 25.34
and 55.55 %) previously reported by Sharma et al.
(2009), Mahesar et al. (2017), Riaz et al. (2023) and
Canikli et al. (2023) and this could be attributed to
the differences in the cotton genotypes studied and
also variations in the plant’s growing conditions. Due
to the presence of these fatty acids, cottonseed oil is
used in the cooking and treatment of many ailments
and skin diseases. It is naturally hydrogenated
because of the presence of oleic, palmitic and stearic
acid, and does not need complete hydrogenation like
other vegetable oils (Riaz et al., 2023). These fatty
acids account for the stability of the oil during the
frying process without forming trans-fatty acids (Jeje,
2020). Varieties with high levels of palmitic and
linoleic acids (SAMCOT-13 and SAMCOT-11,
respectively) will have oils with enhanced nutritional
profile that makes them more suitable for functional
foods and nutraceuticals. While oxalic acids are
beneficial in small amounts, high oxalic acid levels
can form insoluble complexes, potentially reducing
mineral bioavailability in the diet and as such, must
be monitored in oil intended for human or animal
consumption to prevent antinutritional effects. The
notable variations observed in the fatty acid
composition between the varieties could be attributed
to environmental factors as they greatly affect the oil

yield and properties of cottonseed oil. Similar
variations in cottonseed oil yield have been reported
by Kumar et al. (2023) and were attributed to the
differences in cotton species, environmental factors
and season of cultivation. By selecting and breeding
varieties with superior oil content and desirable fatty
acid profiles, such as SAMCOT-11 for its high oil,
oxalic, and linoleic acid contents, SAMCOT-13 for
its superior palmitic and arachidic content and
SAMCOT-9 for its superior oleic acid content, cotton
breeders can improve both the yield and quality of
cottonseed oil. This, in turn, can support the
development of more efficient and sustainable
cottonseed oil production practices, meeting both
nutritional and industrial demands.

WSAMCOT 8

H5AMCOT 9

SAMCOT 10
SAMCOT 11

Percentage composition

4 WSAMCOTI12

. . ,||,I IJl ‘

Meristic ~ Palmitic  Margaric  Oleic  Arachidic  Oxalic  Linoleic

B5SAMCOTI3

Fatty acid components

Fig. 1: variability in fatty acid composition (%) of six (6)
cottonseed varieties cultivated in northern Nigeria. This figure
shows the variability observed in the fatty acid composition of six
Gossypium hirsutum L. varieties cultivated in northern Nigeria.

Physical properties of oil from six (6) cottonseed
varieties cultivated in northern Nigeria: Notable
variations were also recorded in the physical
characteristics of the cottonseed oil (Table 4). The
significantly highest (p < 0.05) peroxide and acid
values were recorded in SAMCOT-8 (3.17 and 2.73
%, respectively), while the least peroxide and acid
values were recorded in SAMCOT-9 (1.26 and 1.91
%, respectively). The highest iodine value was
recorded in SAMCOT-11 (84.28 %) but was not
significantly (p > 0.05) different from that of
SAMCOT-8 (83.60 %) (Table 3). SAMCOT-9 had
the significantly (p < 0.05) highest saponification
value (2.10 %) and the significantly (p < 0.05) least
viscosity and moisture content (16.22 and 1.44 %,
respectively). No significant difference (p > 0.05)
was observed in the specific gravity of oil obtained
from the six cotton varieties (Table 4).
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The acid and iodine values obtained from this study
were higher than the values of 0.11 mg/100g and 100
9/100/sg reported by Dinda et al. (2011) and
Gunstone et al. (2007), respectively. The
saponification values, peroxide values and specific
gravity values obtained from the six cotton varieties
were similar to the reports of Dinda et al. (2008),
Talpur et al. (2014) and Anand et al. (2009),
respectively. However, the moisture contents of the
oil extracted were quite higher than the values of 0.10
% reported by Agarwal et al. (2003). The acid and
iodine values are important quality indicators for
cottonseed oil, reflecting its free fatty acid (FFA)
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content and degree of unsaturation (Dunford, 2016).
Varieties with higher acid values, such as SAMCOT-
8 indicate poor oil quality, reduced shelf life and
potential health concerns unless refined while
varieties with a higher iodine value, such as
SAMCOT-11 possess enhanced nutritional benefits
but reduced oxidative stability, requiring careful
storage and processing. Fan and Eskin (2015) opined
that the primary use of cottonseed oil is food related:;
for frying, salad oil, manufacturing shortenings used
in biscuits and margarine manufacture. However,
gossypol must be removed from oil for edible
purpose.

Table 1: proximate composition (%) of six (6) cottonseed varieties cultivated in northern Nigeria
Varieties Moisture Ash Fat Protein Fibre Carbohydrate
SAMCOT-8 2.83£0.17% | 500+0.29° [ 14.00+0.50° [ 22.17+0.58° | 1450+1.00° | 41.80 +1.45°
SAMCOT-9 2.33£0.17° | 533+0.17 11.33+0.17° 11.66 £0.17° | 1550+ 0.29° | 53.88+0.85
SAMCOT-10 [ 2.17+£0.17" | 3.00+0.29° | 1250+0.58" | 17.56 £0.15° | 11.67 +0.17° [ 54.91+1.61°
SAMCOT-11 [ 350 +0.00° | 4.83+0.17° | 18.00%0.29° 15.93+0.10° | 14.67 £0.44° | 55.75+0.34°
SAMCOT-12 | 2.67+0.33° | 450+0.29° | 15.83+0.17" | 20.88+0.12° | 17.00 +0.00° | 60.87 +0.70°
SAMCOT-13 | 2.00 £0.50° | 4.67+0.60° | 13.83+0.44° | 21.79+£0.43° [ 13.33+044" [ 55.62+0.57°

Values are mean + standard error of the mean. Values followed by the same superscript along the same column are not significantly
different at p > 0.05.
Table 2: mineral composition (%) of six (6) cottonseed varieties cultivated in northern Nigeria

aristiss Ca Mg Na K

SAMCOT-R 21 00D 5T 47 50D 08 1.44=0 06" 40 21035
SAMCOTR 1270017 35430 40° 1.14=0.02" 52.52+0.24°
SAMCOT-10 21.72+D.16 44,7350 24° 1.30=001" 44.60=031%
SAMCOT-11 12,650 44° 63. 710 60 1.30=0.02" 44 430307
SAMCOT-12 10.41+00.21* T2 46D 33 1.81=0 047 36.45=028°
SAMCOT-13 107420 142 656040 324 1.00=0.01¢ 50.28=0.01%

Values are mean =+ standard error of the mean. Values followed by the same superscript along the same column are not significantly
different at p > 0.05.

Table 3: mineral composition (%) of six (6) cottonseed varieties cultivated in northern Nigeria

Waristiss B Fz Cuo Mn
SANCOT-B 32T=1.33 2.74 = [ D5" 228 +0.01° 1.60 = 0.01°
SANCOT-2 5 61 =10.01° 2.54 =003 155 =0.01° 150 = 0.0°
SANCOT-10 | 3.70=0.88° 3. B4=002° 206 =0.03" 173 = 0.0°
SANICOT-11 48R =1.75 280005 218 +=0.01° 164 =0.0¢
SANCOT-12 358 =050 181 =007 210 = 0.0% 131 =0.0°
SANCOT-13 4 68=1.71° 280 =0 03" 138 =0.01° 131 = {0.02°

Values are mean =+ standard error of the mean. Values followed by the same superscript along the same column are not significantly
different at p > 0.05.

Table 4: physical properties of cottonseed oil of six Nigerian cotton varieties

Varieties PV v AV SPV SG Y] MC

SAMCOT-8 3.17+0.06° | 83.60+0.04% | 2.73+0.15° | 2.04+0.019 | 0.91+0.00° | 16.60+0.01° | 1.66+0.01°
SAMCOT-9 1.26+0.02* | 76.24+0.02° | 1.91+0.02* | 2.10+0.02° | 0.91+0.00° | 16.22+0.01* | 1.44+0.03°
SAMCOT-10 | 2.15+0.01° | 78.40+0.02° 2.19+0.01° | 1.92+0.01° | 0.91+0.00° | 17.42+0.02° | 1.65+0.01°
SAMCOT-11 | 2.37+0.02° | 84.28+0.02° 2.13+0.01° | 1.90+0.01° | 0.91+0.00° | 16.80+0.01° | 1.77+0.02°
SAMCOT-12 | 2.38+0.01° | 78.60+0.01° 2.21+0.02° | 1.94+0.01° | 0.91+0.00° | 17.25+0.029 | 1.58+0.02°
SAMCOT-13 | 2.21+0.01° | 74.51+0.02° 2.10+0.01° | 1.92+0.01° | 0.91+0.00° | 16.90+0.02° | 1.53+0.02°

Values are mean + standard error of the mean. Values followed by the same superscript along the same column are not significantly
different at P > 0.05. Keys: PV -peroxide value (meg/kg), IV -iodine value (g/100/sg), AV -acid value (mg/100g), SPV — saponification

value (mg/100), SG - specific gravity, V -viscosity (m/s?), MC -moisture contents (%).

The variations observed in the physical properties of
cottonseed oil among the cotton varieties studied
could be a result of variations in their genetic

information (Zia et al., 2021), while the discrepancies
observed with previous reports could be a result of
variations in environmental factors or the oil
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extraction process. Riaz et al. (2023) have previously
reported variations in cottonseed oil properties
extracted following different procedures.

Conclusion: This study revealed significant variations
in the proximate and nutritional attributes of
cottonseed of six cotton varieties cultivated in
northern Nigeria. SAMCOT-12 was found to have
the highest fibre, carbohydrate, and magnesium
content. SAMCOT-9 exhibited the highest ash,
phosphorus, potassium, and oleic acid contents.
SAMCOT-10 contained the highest levels of
manganese, calcium, and iron. SAMCOT-8 showed
the highest seed protein content, while SAMCOT-11
possessed the highest oil, oxalic, and linoleic acid
contents. These findings could be exploited for the
improvement of various traits by cotton breeders and
researchers.

Declaration of Conflict of Interest: The authors
declare that no known conflict of interest or personal
relationships that could have influence the work
reported in this paper.

Declaration of Data Availability: Data are available
upon request from the first author.

REFERENCES

Abdullahi, 1A (2015). Estimation of genetic diversity
of some cotton Gossypium hirsuturm genotypes.
A dissertation for Master’s degree. Ahmadu
Bello University, Zaria. Nigeria.

Agarwal, DK; Singh, P; Chakrabarty, M; Shaikh, A;
Gayal, S (2003). Cottonseed oil quality
utilization and processing.
https://www.academia.edu/download/61290534c
ottonseed 0i12019112179833yd2I5k.pd
[accessed 20 October 2023]

Ahmad, B; Hussain, SM; Ali, S; Arsalan, M;
Tabassum, S; Sharif, A (2021). Efficacy of
acidified phytase supplemented cottonseed meal-
based diets on growth performance and
proximate composition of Labeo Rohita
fingerlings. Braz. J. Bio., 83.
https://doi.org/10.1590/1519-6984.247791

Anand, R; Reddy, KG; Velmathi, S (2009). The
performance and emissions of a variable
compression ratio diesel engine fuelled with bio-
diesel from cottonseed oil. ARPN J. Eng. App.
Sci., 4(9): 72-87. ISSN 1819-6608

Association of Analytic Chemists (AOAC). 2019.
Official Methods of Analysis (21% edition)

2889

https://www.aoac.org/ official-methods-of-
analysis-21st-edition [accessed 10 October 2022]

Aziz, S; Siddique, MA; Begun, HA (2018) Cotton
seed oil cake as a valuable source of plant
nutrient for sustainable agriculture. Pharm.
Chem. J., 5(3), 39-45.

Baloch, MJ; Khan, NU; Rajput, MA,; Jatoi, NA; Gul,
S; Rind, IH; Veeser, NF (2014). Yield-related
morphological measures of short duration cotton
genotypes. J. Ani. PIl. Sci., 24(4): 1198-1211.
ISSN: 1018-7081

Basra, S; Ashraf, M; Igbal, N; Khalig, A; Ahmad, R
(2004). Physiological and biochemical aspects of
pre-sowing heat stress on cottonseed. Seed Sci.
Tech., 32(3): 765-774.
https://doi.org/10.15258/sst.2004.32.3.12

Bellaloui, N; Stetina, SR; Turley, RB (2015).
Cottonseed protein, oil, and mineral status innear
isogenic  Gossypium hirsutum cotton lines
expressing fuzzy/linted and fuzzless/linted seed
phenotypes under field conditions. Front. PI.
Sci., 6:137.
https://doi.org/10.3389/fpls.2015.00137

Bellaloui, N; Turley, R; Stetina, S; Molin, W (2019).
Cottonseed protein, oil, and mineral nutrition in
near-isogenic gossypium hirsutum cotton lines
expressing leaf colourphenotypes under field
conditions. Food Sci. Nutri., 10(7): 834-859.
https://doi.org/10.4236/fns.2019.107061

Canikli, A; Yildirim, A; Erdem, H; Geng, N (2023).
Nutritional composition, antioxidant activity and
gossypol level of nazilli glandless cottonseed,
cottonseed kernel and their cold pressed meal. -
Beni-Suef Uni. J. Bas. App. Sci., 12(1):111.
https://doi.org/10.1186/s43088-023-00398-1

Chen, ZJ; Scheffler, BE; Dennis, E; Triplett, BA;
Zhang, T; Gwo, W; Chen, X; Stelly, DM;
Rabinowicz, PD; Town, CD,;.....Paterson, AH
(2007). Toward sequencing cotton (Gossypium)
genomes. Plant phsiol.145(4), 1303-1310.
https://doi.org/10.1104/pp.107.107672

Dinda, S; Patwardhan, AV; Goud, VV; Pradhan, NC
(2008). Epoxidation of cottonseedoil by aqueous
hydrogen peroxide catalysed by liquid inorganic
acids. Bio. Tech., 99(9): 37-44.
https://doi.org/10.1016/j.biortech.2007.07.015

DANGANA, M. C; FALUSI, O. A; DAUDU, OAY; ABUBAKAR, A; AUDU, MAI; GADO, A. A


https://www.academia.edu/download/61290534cottonseed_oil2019112179833yd2l5k.pd
https://www.academia.edu/download/61290534cottonseed_oil2019112179833yd2l5k.pd
https://doi.org/10.1590/1519-6984.247791
https://www.aoac.org/
https://doi.org/10.15258/sst.2004.32.3.12
https://doi.org/10.3389/fpls.2015.00137
https://doi.org/10.4236/fns.2019.107061
https://doi.org/10.1186/s43088-023-00398-1
https://doi.org/10.1104/pp.107.107672
https://doi.org/10.1016/j.biortech.2007.07.015

Nutritional Composition, Fatty Acid Profile, and Biochemical Characteristics of ...

Dinda, S; Goud, VV; Patwardhan, AV; Pradhan, NC
(2011). Selective epoxidation of natural
triglycerides using acidic ion exchange resin as
catalyst. Asia-Paci. J. Chem. Eng., 6(6): 870—
878. http://dx.doi.org/10.1002%2Fapj.466

Dunford, NT (2019). Chemistry of rice bran oil. -In:
Ling-zahi C., Xuebing X. (eds.), (2019): Rice
bran and rice bran oil: 1-18. AOCS Press.
https://doi.org/10.1016/B978-012-812828-
2.00001-9

Fan, L; Eskin, NM (2015). The use of antioxidants in
the preservation of edible oils. Handbook of
antioxidants for food preservation: 373-388.
Woodhead Publishing Series.
https://doi.org/10.1016/B978-1-78242-089-
7.00015-4

Gunstone, FD; Harwood, JL; Dijkstra, AJ (2007).
The lipid handbook with C-ROM. CRC Press.

He, Z; Shankle, M; Zhang, H; Way, TR; Tewolde, H;
Uchimiya, MM (2013). Mineral composition of
cottonseed is affected by fertilization
management practices. Agro. J., 105(2): 341-
350. https://doi.org/10.2134/agronj2012.0351

He, Z; Zhang, D; Olanya, OM (2020a). Antioxidant
activities of the water-soluble fractions of
glandless and glanded cottonseed protein. -Food
Chem., 325, 126907.

https://doi.org/10.1016/j.foodchem.2020.126907

He, Z; Zhang, H; Fang, DD; Zeng, L; Jenkins, JN;
McCarty, JC (2020b). Effects of inter species
chromosome substitution on cottonseed mineral
and protein nutrition profiles. Agro. J., 112(5):

3963-3974. https://doi.org/10.1002/agj2.20264

Ikurior, SA; Fetuga, BLA (1987). Composition of
some recommended Nigerian commercial
cottonseed varieties. Food Chem., 26(1): 307-
314.
https://doi.org/10.1016/03088146(87)90072-0

Jeje, O (2020). Two parameter isotherm models of
colour pigments removal from cottonseed oil
onto biopolymer prepared from oyster shell
waste.
https://suntextreviews.org/uploads/journals/pdfs/

1615898044.pdf.

Konuska, B; Yilmaztekinb, M; Mert, M; Genger, O
(2017). Physico-chemical characteristic and fatty
acids compositions of cottonseed oils. J. Agric.
Sci., 23(2): 253-259.

2890

http://tarimbilimleri.agri.ankara.edu.tr/2017/23 2
/11.makale.pdf

Kumar, M; Potkule, J; Patil, S; Saxena, S; Patil, PG;
Mageshwaran, V; Kennedy, JF (2021) Extraction
of ultra-low gossypol protein from cottonseed:
characterization basedon antioxidant activity,
structural morphology and functional group
analysis. Lwt, 140, 110692.
https://doi.org/10.1016/j.Iwt.2020.110692

Kumar, M; Zhang, B; Potkule, J; Sharma, K; Radha,
CH; Lorenzo, JM (2023). Cottonseed oil:

extraction, characterization, health benefits,
safety profile, and application. Food Anal.
Met., 16(2): 266-280.

https://doi.org/10.1007/s12161-022-02410-3

Mahesar, SA; Shah, SN; Shirazi, STH; Nizamani,
SM; Kandhro, AA (20170. Outcome  of
refining on the physicochemical properties of
cottonseed oil. Pak. J. Anal. Env. Chem., 18(2):
105-11.
http://doi.org/10.21743/pjaec/2017.12.10

Manoj, K; Mageshwaran, V; Sujata, S; Souza-
Charlene, AND; Sharmila, P; Archana, M;
Yamini, T (2019). Value addition of cottonseed
meal for feed industries bydegossypolization
employing papain and solvent. Res. J. Biotech.,
14,11.

Muller, HG; Tobin, G (1980). Nutrition and Food
Processing (Croom Helm Applied Biology
Series). Anybook Ltd.

Nutrient
National

National ~Research
Requirements  of
Academy Press.

Okonkwo, Sl; Okafor, EC (2016). Determination of
the proximate composition, physico chemical
analysis and characterization of fatty acid on the
seed and oil of Gossypium hirsutum. Int. J.
Chem., 8(3), 57-61.
http://www.ccsenet.org/journal/index.phpf/ijc/arti
cle/view/61700/33096

Council  (2001).
Dairy Cattle.

Riaz, T; Igbal, MW; Mahmood, S; Yasmin, I;
Leghari, AA; Rehman, A; Bilal, M (2023).
Cottonseed oil: a review of extraction
techniques, physicochemical, functional and
nutritional properties. Crit. Rev. Food Sci.
Nut., 63(9): 1219 1237.
https://doi.org/10.1080/10408398.2021.1963206

Sharma, D; Dhrminder, P; Atwal, AK; Sangha, MK;
(2009). Genetic variation for some chemical and

DANGANA, M. C; FALUSI, O. A; DAUDU, OAY; ABUBAKAR, A; AUDU, MAI; GADO, A. A


http://dx.doi.org/10.1002%2Fapj.466
https://doi.org/10.1016/B978-012-812828-2.00001-9
https://doi.org/10.1016/B978-012-812828-2.00001-9
https://doi.org/10.1016/B978-1-78242-089-7.00015-4
https://doi.org/10.1016/B978-1-78242-089-7.00015-4
https://doi.org/10.2134/agronj2012.0351
https://doi.org/10.1016/j.foodchem.2020.126907
https://doi.org/10.1002/agj2.20264
https://doi.org/10.1016/03088146(87)90072-0
https://suntextreviews.org/uploads/journals/pdfs/1615898044.pdf
https://suntextreviews.org/uploads/journals/pdfs/1615898044.pdf
http://tarimbilimleri.agri.ankara.edu.tr/2017/23_2/11.makale.pdf
http://tarimbilimleri.agri.ankara.edu.tr/2017/23_2/11.makale.pdf
https://doi.org/10.1016/j.lwt.2020.110692
https://doi.org/10.1007/s12161-022-02410-3
http://doi.org/10.21743/pjaec/2017.12.10
http://www.ccsenet.org/journal/index.php/ijc/article/view/61700/33096
http://www.ccsenet.org/journal/index.php/ijc/article/view/61700/33096
https://doi.org/10.1080/10408398.2021.1963206

Nutritional Composition, Fatty Acid Profile, and Biochemical Characteristics of ...

biochemical characteristics in cotton seed oil. J.
Cot. Res. Dev., 23(2), 14-17.
https://www.cabidigitallibrary.org/action/doSear
ch?AllField=pb%3A%28%22CottoResearch+an
d+Development+Association%22%29

Talpur, MY; Kara, H; Sherazi, STH; Ayyildiz, HF;
Topkafa, M; Arslan, FN; Naz, S; Durmaz, F
(2014). Application of multivariate chemometric
techniques forsimultaneousdetermination of five
parameters of cottonseed oil by single bounce
attenuated totalreflectance fourier transform
infrared spectroscopy. -Talanta, 129(4): 73-80.
https://doi.org/10.1016/j.talanta.2014.04.002

Turley, RB; Salliana, R; Stetina, NB; Molin, W
(2019). Comparison of growth, yield, and fibre
quality of the obsolete sa30 yellow leaf with four
sets of modern yellow and greenleafnear
isogenic cotton (Gossypium hirsutum L.) lines. J.
Cot. Sci., 23(3): 253-261.
https://www.cotton.org/journal/2019-
23/3/upload/JCS23-253.pdf

Ustaoglu, A (2007). Determination of nutrient
content and Gossypol level of cotton seed cake
produced in Hatay region.

Xiong, JL; Wang, ZJ; Miao, LH; Meng, FT; Wu, LY
(2016). Growth performance and toxic response
of broilers fed diets containing fermented or
unfermented cottonseedmeal. J. Ani. Feed Sci.,
25(1), 348-353.
https://doi.org/10.22358/jafs/67667/2016

Ye, Y; Khushvakov, J; Boboev, A; Akramova, R;
Yunusov, O; Dalimova, D; Khakimov, B (2022).
Effect of refinement and production technology
on the molecular composition ofedible
cottonseed oils from a large industrial scale
production.J.  Func.  Foods, 99, 105326.

https://doi.org/10.1016/j.jff.2022.105326

2891

Yu, J; Yu, S; Fan, S; Song, M; Zhai, H; Li, X; Zhang,
J (2012). Mapping quantitative trait loci for
cottonseed oil, protein and gossypol content in a
Gossypium hirsutum x Gossypium barbadense
backcross inbred line population. Euphytica,
187(2): 191-201.
https://doi.org/10.1007/s10681-012-0630-3

Zaboli, GR; Miri, A (2013). Effect eon broiler
performance duringstarter period. Of dietary
lysine to crude protein ratio in diets containing
corn, cottonseed meal andsoybean meal. Life Sci.
J., 10(3s): 454-458.

Zeh, A (2021). A comprehensive review on different
classes of polyphenolic compounds presents in
edible oils. Food Res. Int, 143, 110312.
https://doi.org/10.1016/j.foodres.2021.110312

Zia, MA; Shah, SH; Shoukat, S; Hussain, Z; Khan,
SU; Shafgat, N (2021). Physicochemical
features, functional characteristics, and health
benefits of cottonseed oil: A review. Braz. J.
Bio., 82. https://doi.org/10.1590/1519-
6984.243511

Zubair, MF; lbrahim, OS; Atolani, O; Hamid, AA
(2021). Chemical composition and nutritional
characterization of cotton seed as potential feed
supplement. J. Turkish Chem. Soc. 8(4): 977-
982. https://doi.org/10.18596/jotcsa.906949

DANGANA, M. C; FALUSI, O. A; DAUDU, OAY; ABUBAKAR, A; AUDU, MAI; GADO, A. A


https://www.cabidigitallibrary.org/action/doSearch?AllField=pb%3A%28%22CottoResearch+and+Development+Association%22%29
https://www.cabidigitallibrary.org/action/doSearch?AllField=pb%3A%28%22CottoResearch+and+Development+Association%22%29
https://www.cabidigitallibrary.org/action/doSearch?AllField=pb%3A%28%22CottoResearch+and+Development+Association%22%29
https://doi.org/10.1016/j.talanta.2014.04.002
https://www.cotton.org/journal/2019-23/3/upload/JCS23-253.pdf
https://www.cotton.org/journal/2019-23/3/upload/JCS23-253.pdf
https://doi.org/10.22358/jafs/67667/2016
https://doi.org/10.1016/j.jff.2022.105326
https://doi.org/10.1007/s10681-012-0630-3
https://doi.org/10.1016/j.foodres.2021.110312
https://doi.org/10.1590/1519-6984.243511
https://doi.org/10.1590/1519-6984.243511
https://doi.org/10.18596/jotcsa.906949

