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Abstract

Cottonseed protein (CSP) is unsuitable for human consumption due to its gossypol toxicity. The present study aimed to extract
protein from cottonseed meal with ultra-low gossypol content and evaluate its functional properties for food products. The study
developed a protein extraction process with gossypol removal treatment to unlock its potential to generate cottonseed meal
protein isolate with ultra-low gossypol content.Key factors, including the pH of the extraction solvent time washing, and drying of
protein pellets, were optimized to improve protein yield and reduce gossypol content. Extraction was performed using 0.15 M
NaCl, 0.27% Na,SO3, and 0.1 M KOH at pH-12 for 2 hours at ambient temperature. The protein isolate yielded a recovery rate
of 73.9%, with free and total gossypol concentrations of 348 ppm and 4170 ppm, respectively. The isolate demonstrated excel-
lent functional properties, including a water holding capacity of 3.795 + 0.987 ml/g, oil absorbing capacity of 2.069 + 0.103 ml/g,
foaming capacity of 500%, and stability of 88%.The present work lies in the successful extraction of a gossypotfree protein
isolate with promising functional properties, making it suitable for preparing various value-added food products such as biscuits
and cakes.

Keywords: Cottonseed meal protein isolate (CSMPI), Extraction, Functional properties, Gossypol content, Ultra-low gossypol

protein

INTRODUCTION

Cotton has been cultivated for its fibre traditionally for
ages. India produces 22% of world cotton production.
Besides fibre, the cotton plant produces seeds. Cotton-
seeds are a source of oil and protein. The protein con-
tent of cottonseed (23%), cottonseed meal (CSM) (30-
50%), and Cottonseed meal protein isolate CSMPI
(80%) is very high, which makes it an excellent source
of protein to meet the global protein demand for live-
stock and human consumption (Rathore et al., 2017,
Tan et al., 2022). However, the major constraint in its
wider utilization for food or even as feed is the pres-
ence of gossypol which is produced throughout the cot-
ton plant via pigment glands. Gossypol is constitutively
present, and its production is amplified as a natural
defence compound during an attack by microorgan-

isms, insects, and pests (Bezemer et al., 2004). It is a
polyphenolic compound that occurs in free and bound
(lysine and arginine) forms (Ma et al., 2018). Gossypol,
consumed beyond FDA recommendation (450 ppm
and 12000 ppm in free and bound form, respectively) is
found to have a detrimental effect on the health of dairy
cows (Zhang et al., 2007) and broiler chicks (Henry et
al., 2001), Dogs (Uzal et al., 2005) and humans
(Gadelha et al., 2014). Different practices for gossypol
removal as microbial fermentation (Zhang et al., 2018)
and solvent-based cottonseed protein extraction
(Pelitire et al., 2014, Singh et al., 2019 and Kumar et
al., 2021) are being used.

Cottonseed meal is a rich source of protein and fibre
but due to the presence of gossypol, it is used in non-
feed or non-food industries. Solvent-based cottonseed
protein extraction with low gossypol has been an im-
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portant area of research for a long time. Suppose pro-
tein extracted from cottonseed meals had a gossypol
concentration lower than the Food and Drug Admin-
istration (FDA) recommendation. In that case, it can be
used by food industries, which is certainly a new source
of edible protein for forming value-added products. Osti
and Pandey (2006) used cottonseed meal as a protein
source in the diets of ruminants and observed that CSM
protein digestibility and degradability are similar to soy-
bean meal, peanut meal, and canola meal. Food prod-
ucts like snacks, baked goods, etc. have been devel-
oped using CSM protein. The major factor that limits the
use of CSM protein in food products is the presence of
gossypol in high concentrations. We have improved the
alkali-based CSM protein isolation approach, followed
by protein precipitation with citric acid prescribed by
Kumar et al. (2021) to decrease the gossypol level.
Cottonseed meals contain globulins (50%), albumin
(28%), Glutelin (16%), and prolamin (6%), as reported
by Singh and Kaur (2019). Globulins are soluble in the
salt solution, albumins in water, glutelin in dilute alkali,
and prolamin in 60-70% ethanol (deMan et al., 2018).
Therefore, the extraction solvent contains NaCl,
Na2S03, and alkali KOH salts in distilled water to ob-
tain most of the proteins. The CSM protein isolate was
further characterized for total protein, bound, and free
gossypol concentration. An analysis of their functional
properties is very important for the preparation of value-
added products from CSM protein isolate. Besides nu-
tritional properties, functional properties explain how
our added nutrient will behave during preparation and
cooking and how the finished product looks, feels, and
tastes. Functional properties of the cottonseed protein
isolate, like emulsifying and stability, foaming and sta-
bility, Oil absorbing and water holding capacity, were
studied to develop value-added products. The present
study aimed to use protein isolated from cottonseed
meal as a food source for human beings that is other-
wise used as feed for livestock or non-food industries. It
would be beneficial for the growth of society and the
economy to have another source of protein.

MATERIALS AND METHODS

Materials

The defatted cottonseed meal was provided by
Pitchampalayam, Tiruppur, Tamil Nadu, India, and was
used to produce cottonseed protein isolate after grind-
ing with a pestle and mortar and sieve through 60 mesh
to remove impurities and ensure uniformity. All the
chemicals and reagents were of analytical grade and
obtained from Sigma-Aldrich (St. Louis, MA, USA),
Himedia Laboratories & Genex Life Sciences Pvt. Ltd.,
Mumbai, India, and Merck Specialities Pvt. Ltd., Germany.
For the extraction of cottonseed protein, the method of
Kumar et al. (2021) was followed with certain modifica-

tions. Alkali-based extraction solvent was prepared with
0.15M NaCl, 0.27% Na,;SO3;, and 0.1M KOH. CSM at a
flour-to-solvent ratio of 1:32 was extracted for 2, 4, and
24 hours with continuous stirring in the orbital shaker at
ambient temperature. To study the effect of pH and
temperature, extraction was performed by adjusting the
pH of the extraction solvent around 10.0 and 11.0 as
well as on pH 12 and temperature 4, 10, and 25 (1.
While the pH of the extraction solvent was found to be
12. The effect of pH as well as time of extraction on
protein recovery and gossypol concentration was ob-
served. Then, CSM plus extraction solvent mixture was
centrifuged at 15000 rpm for 15 minutes. The superna-
tant was collected in a beaker and the pellets were dis-
carded.

Protein was precipitated based on solubility. Citric acid
was used for protein precipitation. Solid citric acid was
added slowly to the supernatant with constant shaking
on a magnetic stirrer at ambient temperature to bring
the pH to 4.5. The stirring was continued for another
few minutes, and the solution was kept in a refrigerator
overnight to precipitate the proteins completely. After
that, the solution was centrifuged at 15000 rpm for 15
min. The protein pellets were collected and the super-
natant was discarded.

To study the effect of pH, temperature, and time of ex-
traction solvent on protein yield, the extraction of pro-
tein was carried out with pH 10.0, 11.0, and 12.0 at
temperatures of 4, 10, and 25 (] for 2, 4, and 24 hours
and precipitation of protein was done respectively.

Characterization of cotton seed meal protein Isolate
(CSMPI)

Crude protein contents

Crude protein content was calculated by multiplying %
nitrogen by 6.25. Nitrogen in flour was estimated by
Micro-Kjeldahl’'s method (Association of Official Analyti-
cal Chemists, AOAC, 2000)

Free Gossypol: Free gossypol content of CSM and
CSPI was determined according to AOCS official meth-
od number Ba 7-58 (2017).

Total Gossypol: Free gossypol content of CSM and
CSPI was calculated according to AOCS official meth-
od number Ba 8-78 (2017).

Functional properties

Water and oil holding capacity was determined by the
procedure explained by Ma et al., 2018. Foaming ca-
pacity and foam stability were determined using the
modified method of Timilsena et al. (2016). Emulsifying
capacity and stability was calculated by the method of
Ma et al., 2018.

Water and oil holding capacity, emulsifying capacity
and stability were determined by the procedure ex-
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plained by Ma et al. (2018). Foaming capacity and
foam stability were determined using the modified
method of Timilsena et al. (2016).

RESULTS AND DISCUSSION

Gossypol-free cottonseed protein was successfully iso-
lated and characterized, with content lower than FDA
recommendations (Ma et al., 2018). The functional
properties of cottonseed meal protein isolate (CSMPI)
were analyzed to evaluate its suitability as a potential
food source for human consumption.

Effect of extraction solvent, pH, temperature, and
time on protein extraction, precipitation, and recov-
ery yield

An alkaline medium was used for the extraction of pro-
teins from cottonseed meals. The extraction solvent
contained salts sodium chloride (NaCl), sodium sulfite
(Na,S03), and alkali KOH. Sodium chloride breaks the
ionic bond between proteins and phenolic compounds
and helps to extract protein. Sodium sulfite breaks
down disulfide linkage and reduces chemical crosslink-
ing (Xu and Diosady, 2002).Potassium hydroxide was
added to dissolve the cellulose and lignin, which in-
creases protein solubility. The effect of extraction sol-
vent, pH, temperature, and time on protein extraction,
precipitation, and recovery yield is presented in Fig. 1.
The pH of the extraction medium was 12. There was no
need to adjust the pH of the extraction solvent to 10.0 —
11.0 due to a decrease in the protein recovery at pH
10.0-11.0 . The extraction was performed at 4, 10, and
25(]. The recovery per cent of proteins was nearly
equal at ambient and low temperatures. Maximum yield
of protein, i.e., 73.9% was observed when extracted for
24 hr. (Fig.1). Protein yield was consistent with Kumar
et al. (2021) and He et al. (2013), while lower protein
recovery was observed in rice bran and sesame
(Yilmaz and Dilek, 2016, Phongthai et al., 2016).

Characterization of cotton seed meal protein Isolate
CSMPI

Higher content of crude protein was observed in both
CSM and CSPI by Kumar et al. (2021), with a recovery
of 93.6% from CSM and an experimental yield of 88.5%
for CSPI, which had a free gossypol concentration of
29.0 ppm. In contrast, lower crude protein content (40-
60%) was observed in soy protein (He et al., 2013).
Total gossypol and free gossypol content (%) of CSMPI
was 4170 + 25 and 348 + 5 ppm, respectively (Fig. 2).
In the CSM the total gossypol and free gossypol con-
tent was 20900 and 900 ppm, respectively. The extrac-
tion and precipitation procedure indicated a reduction in
the gossypol level in the protein isolate. The present
study used citric acid instead of ammonium sulfate to
use the precipitated protein as a food source. Citric

acid has also been found to hydrolyze the Schiff base
linkage between the gossypol and amino group of ly-
sine (Pelitire et al., 2014). Earlier free and total gossy-
pol content, i.e., 29 £ 1.3 ppm and 270 £ 21.0 ppm, is
reported in CSMPI (Kumar et al., 2021). Gossypol, a
polyphenolic terpenoid found in cotton plants, belongs
to the genus Gossypium and the family Malvaceae
(Aharoni et al., 2005). It served as a defence agent for
the plant but, when fed to animals, was found to be
toxic for them. The permissible limit of free and total
gossypol is 0.045%/450 ppm and 1.2%/12000 ppm
(Ma et al., 2018; Zhang et al., 200).

Functional properties

Water holding capacity (WHC) is an important parame-
ter related to food texture. CSPMI has a 3.795 + 0.987
g/g protein water holding capacity, while a value of
6.29 g/g protein was reported in soy protein isolate
(Zhang and Zhao, 2013). WHC is vital in food formula-
tion as high WHC may dehydrate other ingredients in
the food system and low WHC affects the food product
storage (Haque, 2016). The oil binding capacity of pro-
tein is its ability to retain lipids in food formulation and it
affects the formation of emulsions, flavor absorption,
and dough preparation. The oil binding capacity of
CSMPI was found to be 2.069 + 0.103 g/g of protein.
Zhang and Zhao (2013) reported a value of 4.00 and
2.69 ml/g in soy protein isolate and modified soy pro-
tein isolate, respectively. Variations in values may be
due to different plant sources, temperature, extraction,
and precipitation conditions (Zayas, 1997).

In the present study, CSMPI was evaluated for use in
foods such as beverages, ice cream, dressings,
whipped toppings, and biscuits, where emulsifying and
foaming properties of the protein are essential. The
Emulsifying Activity Index (EAI) and Emulsifying Stabil-
ity Index (ESI) of CSMPI were found to be 23.693 +
0.512 m?g and 74.667 + 0.812 minutes, respectively,
which are comparable to those of soy protein isolate
(Zhang and Zhao, 2013). EAIl is the amount of oil emul-
sified by one gram of protein and ESI is the amount of
oil separated from an emulsion during a certain period
at ambient temperature (Aryee et al., 2018). In the pre-

Table 1. Functional properties of cottonseed meal protein
isolate

Parameter Quantity*
Water holding capacity (g/g 3.795 + 0.987
Qil absorbing capacity (g/g 2.069 £ 0.103

23.693 £ 0.512
74.667 +£0.812
50025
88+1.1

Emulsifying activity index (m?/g)
Emulsifying stability (min)
Foaming capacity (%)

Foam stability (%)

*Results are mean * standard deviations of duplicate analysis
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Fig. 2. Gossypol and crude protein content of Cottonseed
meal protein

sent study, the foaming properties of CSMPI| were eval-
uated, revealing a remarkably high foaming capacity of
500%. Foam stability, measured as the percentage of
volume retained after 30 minutes, was 88%. These re-
sults indicate that CSMPI significantly enhances both
the smoothness and palatability of aerated food prod-
ucts, making it highly suitable for applications requiring
superior foam formation and stability.

Earlier very low value of foaming capacity (80%) and
comparable foam stability (80-90%) was reported in
cottonseed meal protein isolate (Ma et al., 2018). The
protein solution was found to be a potent foaming agent
isolated from mungbean (Du et al., 2018). In the pre-
sent study, CSMPI exhibited a water holding capacity of
3.795 g/g protein, oil absorbing capacity of 2.069 g/g
protein, emulsifying activity index of 23.693 m?g, and
emulsifying stability of 74.667 minutes. These functional
properties indicate that CSMPI could be a valuable in-
gredient in food formulations, particularly in products
requiring enhanced moisture retention and fat absorp-
tion. Additionally, CSMPI demonstrated a remarkable
foaming capacity of 500% and foam stability of 88%,
significantly outperforming previously reported plant
protein isolates.

When compared to recent studies, the results of this
study align with the growing body of research on plant-
based protein functionality. Tan et al. (2022) reported
that their CSMPI exhibited superior oil absorption ca-
pacity and water solubility compared to pea protein iso-
late, which is consistent with our findings of high water
holding and oil absorbing capacities. Moreover, their
degossypolization process effectively reduced gossypol
levels to well below the US FDA limit, supporting the
safety and potential of CSMPI for human consumption.
Similarly, Kumar et al. (2021) emphasized that chemical
and biological methods of degossypolization could en-
hance the usability of cottonseed protein for food and
feed applications. Our findings build on this by demon-
strating that CSMPI retains strong functional properties
after degossypolization.

Cheng et al. (2020) noted the increasing interest in cot-
tonseed protein due to its availability and versatility in
food and non-food applications. The present study con-
tributes to this growing interest by demonstrating that
CSMPI has industrial potential and exhibits enhanced
functionality compared to other plant proteins. This
study's high foaming capacity and stability suggest that
CSMPI could be used in aerated food products, such as
whipped toppings and dairy substitutes, where these
properties are critical.

In addition to its functional advantages, the amino acid
analysis performed by Tan et al. (2022) showed that
CSMPI is rich in branched-chain amino acids (BCAAs),
making it a nutritionally valuable protein source. This
aligns with the increasing demand for plant-based pro-
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teins with balanced amino acid profiles. Furthermore,
their allergenic prediction studies and digestibility anal-
ysis suggest a low likelihood of CSMPI allergenicity,
reinforcing its suitability for human consumption.

The present study demonstrates that CSMPI, with its
excellent functional properties and low gossypol con-
tent, can be a promising alternative protein for human
food applications. Its high water-holding capacity, oil
absorption, and foaming properties make it suitable for
use in baked goods, dairy alternatives, and other food
products requiring enhanced texture and stability. This
study adds to the body of literature supporting the po-
tential of cottonseed protein as a sustainable, function-
al, and nutritious ingredient for the food industry.

Conclusion

In the present study, the extraction and precipitation of
cottonseed protein isolate (CSMPI) using alkali and
acid, respectively, were optimized, with the best condi-
tions determined as a flour-to-sample ratio of 1:32, pH
of 12, and a temperature of 25°C, yielding 73% protein.
The characterization of the isolate revealed ultralow
gossypol content, making it safe for human consump-
tion. Additionally, the functional properties, including
water-holding capacity, emulsifying capacity, emulsify-
ing stability, and foaming properties, were found to be
excellent, demonstrating CSMPI's potential as a valua-
ble protein source in various food products. These re-
sults suggest that CSMPI can be effectively utilized as
an ingredient in value-added products. However, fur-
ther experiments are required to fully explore its appli-
cations and evaluate its functional properties in various
food formulations.
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