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Abstract: Cottonseed is used either for oil production or as animal feed but it can also used as a protein rich source for humans. 

Cotton seed protein, a plant-based protein aids to treat protein malnutrition in large extent.  The common cultivated cotton species 

is Gossypium hirsutum (about 95%). Cottonseed proteins are rarely used for human consumption due to the presence of gossypol 

synthesized by the glands which cause adverse effects like hypokalemia and permanent sterility in humans and monogastric animals, 

which acts as phytoalexin in cotton plant.  Various methods employed to remove the gossypol glands from cottonseeds like steaming, 

addition of ferrous sulphate, steaming after adding ferrous sulphate to the cottonseeds. Cottonseed milk powder was prepared from 

glanded cottonseed extracts and compared the protein content of glanded cottonseed milk powder and glanded crude cottonseed 

powder after degossypolizing in various methods and glandless cottonseed powder. Bradford method was employed to estimate 

protein content. Thus, Cottonseed meal can be turned into a high quality plant protein sources by the process called 

Degossypolization which can be ideal for human consumption. 

Key words: Gossypium hirsututm, malnutrition, Plant protein source, and degossypolization, 

1. INTRODUCTION: 

     Cottonseeds are commercially cultivated for its oil, seed, meal and other products. In ancient days 

Chinese and Hindus had crude methods for recovering cottonseed oil and used it as medicine and also used 

relatively for modern development. Initially cottonseed was used especially for planting cotton, and the 

seed was considered a pollution and creates some health issues.  Cottonseed is used either for oil 

production, planting, or as animal feed but now it can also used as a protein rich source for humans. The 

United States, India, Mexico, Egypt, Pakistan, China and Brazil are major cottonseed producing 

countries[1]. For quality cottonseed yield, it needs some requirements including climatic condition which 

suits the natural growth, periods of hot and dry weather, and adequate moisture and often obtain Irrigation. 

The five major cotton growing countries, China, USA, followed by Uzbekistan, Pakistan and India. India 

occupying over a quarter of cultivate area for cottonseed productivity followed by China, USA, and 

Pakistan. About 26.247 million metric tons of cotton are produced over worldwide.  The cotton species 

confessed in the world are about 50, of which 4 species are cultivated[2]. The four common cultivated 

cotton species are Gossypium hirsutum (about 95% of the cultivated cotton), G. barbadense, G. arboreum, 

and G. herbaceum consecutively.  Gossypium hirsutum (upland cotton) is the predominant species 

commercially cultivated[3].  Cottonseed provides humanity with cloth, vegetable oil, medicinal 
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compounds, meal and hull for livestock feed, energy sources, organic matter to enrich soil, and industrial 

lubricants and so on. Around million-hectares over 80 countries of the world in area of tropical and 

northernmost agricultural latitudes produces cotton[4]. India is a fastest growing countries in many aspects 

including economy, education, and technology. But India has failed to reduce the incidence of malnutrition 

that dreadfully affects the country’s socio-economic progress. More than one-third of the world’s 

malnourished children are in India [5]. Globally 80% of energy and 70% of protein is supplied from plant 

source. There is urgent need to recognize the plant with high seed protein level to meet the demand for 

protein of growing population. Cottonseed serves as the world’s second most important potential source 

of plant proteins.  Cotton seed protein, plant based proteins can aid in treating protein malnutrition[6]. 

Cottonseed also helps to restore micronutrients like Fe, Zn which is one of the causes of malnutrition. 

Cottonseed also contains mineral such as N, C, S, K, Ca, Zn, and Fe[3]. Cottonseed proteins are rarely used 

for human consumption limited due to the presence of a polyphenol, gossypol synthesized by the glands 

which cause adverse effects in humans and monogastric animals.  On the other hand, gossypol plays a 

critical role as phytoalexin which provides resistance against pests and pathogens[7]. Gossypol's safety is 

currently focused on obvious acute and sub chronic side effects seen in some individuals, such as 

hypokalemia and permanent sterility. These side effects can be eliminated if lowering the gossypol level[8].  

Gossypol shows a wide variety of biological actions, which range from highly specific pharmacological 

activities on certain macromolecular targets involved from maturation of mammalian sperm to more 

unspecific binding to proteins. Gossypol is found in both vegetative and reproductive parts of the cotton 

plant, which located as pigment gland structures appearing as dark dots in the plant tissue. Cottonseed can 

contain specific percent of gossypol[9]. The availability of gossypol affect the certain essential amino acids 

by processing conditions. Cottonseed protein was rich in amino acids like arginine, threonine, valine, and 

phenylalanine. Most cottonseed meal, contain 36% to 50% protein, which can be used as a protein 

supplement for ruminants animals and humans[10]. Protein content of the cottonseed meal which obtained 

after the cottonseed oil extraction containing 40% protein can be increased by further processing like 

preparing protein flour (50% protein), protein concentrate (70% protein), and protein isolate (90% 

protein)[11].   Cottonseed protein has some limitation as human food consumption but a protein isolate from 

cottonseed is not yet commercially available. Very little cottonseed protein is available for human 

consumption, because cottonseed protein was not recognized as a suitable human food. A second limiting 

factor about cottonseed flour for human use is poorly defined, even though cottonseed products of high 

quality are now available[12]. Glandless cotton seed kernels have been used to manufacture snack foods, 

peanut butter, and baked and confectionary products[13].  In monogastric animal diets cottonseed meal can’t 

be used due to the high content of fibre and antinutritional factor - gossypol.  The presence of gossypol in 

cotton protein products is counteracted by appropriate processing technologies, and by use of glandless 

cotton varieties. Mutant glandless cotton that is free of gossypol  was first reported by McMichael (1954). 

Due to the lack of gossypol in Glandless cotton varieties render them more susceptible to pests. But 

cottonseed meal can be turned into a high quality plant protein sources by the process called 

Degossypolization. These Degossypolized cottonseed protein has immensely used in animal production in 
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China.  Previous studies states that Degossypolized cottonseed protein could replace soyabean meal in 

poultry diets without affecting their growth. Degossypolization technology can be an ideal solution to find 

an alternate protein supplement for feeding to ruminants and for humans consumption[9,14].  There are 

various methods employed to remove the gossypol glands from cottonseeds like steaming, addition of 

ferrous sulphate, steaming after adding ferrous sulphate to the cottonseeds[15]. Cottonseed milk has various 

edible products have been developed by Tamilnadu and many other states in India. These food products 

include cheese, curd, yogurt, ice-creams, cottonseed soup , chocolates, cottonseed milk and paruthi halwa 

are products rich in protein. Paruthi Paal (Cottonseed milk) which helps to treat cold and cough; cools the 

body and very rich for the nursing mother. It is a great alternative source for cow’s milk. It have high 

density cholesterol (good cholesterol) and flush out low density lipoprotein (bad cholesterol). Cottonseed 

milk which also used to cure such as reducing the risk of cardiovascular diseases, prevents cancer , improve 

the neurological health, reduce body heat, regulates menstural cycle, ensure good functioning of pancreas, 

improve blood circulation and digestion for humans. Cottonseed milk powder is one of the protein rich 

sources of other cotton obtained products[16]. In our research we used most popular Bradford assay, protein 

estimation method.  It is preferable over other existing methods due to it’s advantages like highly rapid 

and sensitive. Other advantages like relatively inexpensive, and specific for protein. Result in this method 

is less interfered by common reagents [17]. Bovine serum albumin (BSA) used as the protein standard as it 

is economical and readily available in a pure form. The major reason for using this protein standard (BSA) 

is, it directly allows the results to compare from earlier protein estimation studies [18].   

 

2. MATERIALS AND METHODS: 

2.1 Materials: 

     Glanded cotton seed was collected from agricultural field in Dindugul district. Cotton seed cultivated in 

the field was identified as Gossypium hirsutum and authenticated in Central Institute for Cotton Research 

(CICR), Coimbatore.  Glandless cotton seed of Gossypium hirsutum species were obtained from Central 

Institute for Cotton Research (CICR), Coimbatore and used as an experimental material.  Tris HCl, EDTA, β-

mercaptoethanol, Phenyl methyl sulfonyl fluoride (PMSF), Ferrous sulphate, Coomassie Blue G250, 

Phosphoric acid, Methanol, Bovine Serum Albumin (BSA) were purchased from Sigma Aldrich.  Aqueous 

solutions of 85% phosphoric acid and 95% methanol were prepared on a volume/volume basis and used for 

Bradford reagent preparation.  Dissolve 100mg of coomassie blue G250 in 50 ml of 95% methanol 

(volume/volume) and 100ml of 85% phosphoric acid (volume/volume) and add 500 ml distilled water 

followed by filtering the solution to remove precipitate and completing to one litre with distilled water. Protein 

Stock Standard was prepared at 20 mg/ml of BSA with protein extraction buffer (10mM Tris HCl, 10mM 

EDTA, 5mM β-mercaptoethanol, 0.1mg PMSF, PH – 8.1). 
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2.2 Sample preparation: 

2.2.1 Preparation of glandless cotton seed powder: 

     Glandless cotton seed was weighed into 50g and ground into powder by using dry blender.  Ground powder 

was sieved by allowing to pass through a mesh screen to achieve fine powder.  50g of glandless cottonseed 

yields 21g of fine glandless cotton seed powder.  Glandless cotton seed powder was referred to as GLCSP. 

2.2.2 Preparation of glanded crude cotton seed powder: 

     Glanded cotton seed collected from the field was dried at room temperature. 1.5kg was weighed and ground 

into powder by using dry blender.  Ground powder was sieved by allowing to pass through a mesh screen to 

yield fine powder.  1.5 kg of glanded cottonseed yields 500gm of fine cotton seed powder. 

2.2.2.1 Detoxification of glanded crude cotton seed powder[15]: 

     Glanded crude cottonseed powder is referred to as CCSP. 

2.2.2.1.1 Steaming: 

     Two batches of 50g of crude cotton seed powder were moistened to raise their moisture content to 20% by 

adding sufficient water.  Each batch was heated seperately in an autoclave at a pressure of 1.22*105 Pa (120℃) 

for 30 and 60 minutes for batch 1 and 2 respectively.  The Steamed crude cottonseed powder will be referred 

to as SCCSP. 

2.2.2.1.2 Addition of ferrous sulphate: 

     500 mg of ferrous sulphate were dissolved in 5.5 ml of water, then added to 50 g of crude cotton seed 

powder to raise its moisture content to 20%. Since iron was added, it will be referred to as ICCSP. 

2.2.2.1.3 Steaming after addition of ferrous sulphate: 

     In this treatment two batches of 50g of crude cotton seed powder were treated with ferrous sulphate 

individually to raise its moisture content to 20%.  Later it was heated in autoclave at a pressure of 1.22*105 Pa 

(120℃) for 30 and 60 minutes for batch 1 and 2 respectively.  This will be referred to as ISCCSP. 

2.2.3 Preparation of milk cotton seed powder: 

     Glanded Cotton seed of 1.5kg is soaked in distilled water overnight.  Soaked cotton seed was blended with 

sufficient water.  Cotton seed milk is extracted by muslin cloth from the blended seed. Transfer it to pan and 

boil the extract.  Stir continuously which allows the water to evaporate evenly, and the milk starts turning to  

paste. As the water evaporates, the milk will become pastier and pastier until finally, it becomes a thick paste 

at the time of boiling for about two hours. Once you get the milk paste, spread it out on a tray and return to the 

oven or dehydrator to finish drying the milk. Once it is completely dry, remove it from the tray/baking sheet 

when it is swappable, with no bend. Grind into powder in a blender.  Allow the cottonseed milk powder to 
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pass through a fine-mesh sieve. Then grind the bigger pieces again- that way we achieve a very fine powder 

which yields 300gm. Store the powdered milk in an airtight container at 4℃ (Figure 1). 

 

 

Fig 1 – Outline to prepare cottonseed milk powder 

 

 

 

2.2.3.1 Detoxification of glanded cotton seed milk powder[15]: 

      Glanded cottonseed milk powder is referred to as CSMP. 
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2.2.3.1.1 Steaming: 

     Two batches of 30g of heat treated cotton seed milk powder were moistened to raise their moisture content 

to 20% by adding sufficient water.  Each batch was heated separately in an autoclave at a pressure of 1.22*105 

Pa (120℃) for 30 and 60 minutes for batch 1 and 2 respectively.  The Steamed cottonseed milk powder will 

be referred to as SCSMP. 

2.2.3.1.2 Addition of ferrous sulphate: 

     300 mg of ferrous sulphate were dissolved in 3.3ml of water, then added to 30 g of cotton seed milk powder 

to raise its moisture content to 20%. Since iron was added, it will be referred to as ICSMP. 

2.2.3.1.3 Steaming after addition of ferrous sulphate: 

     In his treatment Two batches of 30g of heat  cotton seed milk powder were treated with ferrous sulphate 

individually to raise its moisture content to 20%.  Later it was heated in autoclave at a pressure of 1.22*105 Pa 

(120℃) for 30 and 60 minutes for batch 1 and 2 respectively.  This will be referred to as ISCSMP. 

Table 1- Sample type and its various detoxifying treatments      

S.No Sample type Treatment Time Abbreviation 

1 Glandless Cotton Seed Powder Untreated      - GLCSP 

2 Crude Cotton Seed Powder Untreated      - CCSP 

3 Crude Cotton Seed Powder H2O + Autoclave 30 min SCCSP-I 

4 Crude Cotton Seed Powder H2O + Autoclave 60 min SCCSP-II 

5 Crude Cotton Seed Powder Ferrous sulphate      - ICCSP 

6 Crude Cotton Seed Powder FeS + Autoclave 30 min ISCCSP-I 

7 Crude Cotton Seed Powder FeS + Autoclave 60 min ISCCSP-II 

8 Cotton Seed Milk Powder Untreated      - CSMP 

9 Cotton Seed Milk Powder H2O + Autoclave 30 min SCSMP-I 

10 Cotton Seed Milk Powder H2O + Autoclave 60 min SCSMP-II 

11 Cotton Seed Milk Powder Ferrous sulphate      - ICSMP 

12 Cotton Seed Milk Powder FeS + Autoclave 30 min ISCSMP I 

13 Cotton Seed Milk Powder FeS + Autoclave 60 min ISCSMP II 

 

 

2.3 Protein extraction: 

     About 0.75g of sample was added into 5 ml of protein extraction buffer and ground using mortar and pestle 

in presence of liquid nitrogen.  Collect the extract and centrifuge at 4000rpm for 20 minutes at 4℃.  Transfer 

the supernatant to 15ml falcon tube for the protein estimation. 
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2.4 Protein estimation [19]: 

     Concentration of each sample was quantified by Bradford method. 100µl of protein standards of varying 

concentrations namely 0.5 mg/µl, 0.75 mg/µl, 1 mg/µl, 1.5 mg/µl, and 2 mg/µl were prepared in protein 

extraction buffer from the highest concentrated standard (20mg/ml).  Then, diluted 50 µl of the sample protein 

extracts by adding 50 µl of protein extraction buffer. To the series of protein standards (0.5 – 0.75 mg/ml) and 

sample protein extracts, 5ml of bradford reagent was added and mixed well by vortex.  Absorbance of all the 

mixtures were measured at A595 visible wavelength using UV visible spectrophotometer.  A Calibration 

curve was plotted for the absorbance of the standards against its concentrations using Microsoft Excel.  Using 

the linear equation of calibration curve, the protein concentration of each sample was determined.  

3. RESULT AND DISCUSSION: 

3.1 Result:      

    Table 2 – Absorbance value of BSA Standards at 595 nm 

 

 

 

 

 

 

 Bradford method was employed for the protein estimation.  The concentrations of the protein standards used 

were 0.5 mg/µl, 0.75 mg/µl, 1 mg/µl, 1.5 mg/µl, and 2 mg/µl.  Microsoft excel was used to construct standard 

curve for the protein standard.  The standard linear equation for the protein standard curve was (y = 1.0017x 

+ 0.0865) and the regression value was taken at R² = 0.98 and y and x represented as  the  optical  density  

absorbance  value  at  595 nm and  protein concentration  in mg/ml respectively (Figure 2, Table 2).    

 

 

 

 

 

 

 

 

Concentration (mg/µl) Absorbance Value at 595nm 

0.5 0.628 

0.75 0.849 

1 1.07 

1.5 1.475 

2 2.17 
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  Figure 2 - A calibration graph of BSA standards for protein quantification of Cottonseed extracts. 

             

 Protein content of the various cotton seed samples was estimated using the standard linear equation of the 

protein standards, y = 1.0017x + 0.0865.  Table 3 represents the protein content of the cotton seed samples (g 

protein in 100g of the sample). Protein content of the GLCSP is about 35.63%. Protein content of the CCSP 

samples ranges between 32.51% and 30.35%.  CSMP’s protein content ranges between 24.37% and 22.53% 

(Table 3). 
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Table 3 – Protein content of the various cotton seed samples 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2 Discussion: 

     As the gossypol glands found in the glanded cottonseeds limit the use of cottonseed protein as dietary 

protein for the monogastric animals and human beings.  In this study the effect of various degossypolization 

method on the protein content was analysed. In this study detoxification was done only for the glanded 

cottonseeds and not for glandless cottonseeds due to the lack of the gossypol glands in them.  Different 

detoxification process of gossypol causes different effects on the protein content.  This study is an initial study 

on protein content of cottonseed milk powder.  Till date, no other study on protein content of cottonseed milk 

powder have yet been reported.  Progressive heating of the cottonseeds showed decrease in gossypol content 

of the cottonseeds[15].  So subjecting the cottonseeds to heat in cottonseed milk powder preparation may 

decrease the gossypol content of the seeds.  Table 4 illustrates the Comparison of the protein content of glanded 

CCSM and CSMP samples.  Results showed that protein content of the CSMP of different detoxifying method 

were significantly lower than CCSP.  Exposure of cottonseed to heat during milk powder preparation reduced 

the gossypol content. Results revealed that in the heating process the amount of protein denatured is about 

25.2 percent in average of all detoxified samples of cottonseed milk powder. Among the degossypolized 

CSMP samples, ICSMP which is processed by adding ferrous sulphate had highest protein content (24.29%). 

 

S.No Sample type Sample Name Protein (%) 

1 Glandless Cotton Seed Powder GLCSP 35.63 

2 Crude Cotton Seed Powder CCSP 32.51 

3 Crude Cotton Seed Powder SCCSP-I 30.43 

4 Crude Cotton Seed Powder SCCSP-II 30.35 

5 Crude Cotton Seed Powder ICCSP 32.48 

6 Crude Cotton Seed Powder ISCCSP-I 31.95 

7 Crude Cotton Seed Powder ISCCSP-II 31.84 

8 Cotton Seed Milk Powder CSMP 24.37 

9 Cotton Seed Milk Powder SCSMP-I 22.56 

10 Cotton Seed Milk Powder SCSMP-II 22.53 

11 Cotton Seed Milk Powder ICSMP 24.29 

12 Cotton Seed Milk Powder ISCSMP I 23.89 

13 Cotton Seed Milk Powder ISCSMP II 23.79 
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Table 4 – Effect of degossypolization on the protein content of CSMP in comparison with CCSP samples  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 – Comparison of protein content of GLCSP, CCSP, and CSMP samples. 
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S.No 

 

Treatment 

 

Time 

Crude Cotton Seed Powder Cotton Seed Milk Powder 

Sample 

Name 

Total Protein Sample 

Name 

Total Protein 

[%] 

 

[%] [% 

decrease] 

1 Untreated      - CCSP 32.51 

 

CSMP 24.37 25 

2 H2O + 

Autoclave 

30 

min 

SCCSP-I 30.43 SCSMP-I 22.56 25.9 

3 H2O + 

Autoclave 

60 

min 

SCCSP-II 30.35 SCSMP-II 22.53 25.8 

4 Ferrous 

sulphate 

     - ICCSP 32.48 ICSMP 24.29 25.2 

5 FeS + 

Autoclave 

30 

min 

ISCCSP-I 31.95 ISCSMP I 23.89 25.2 

6 FeS + 

Autoclave 

60 

min 

ISCCSP-II 31.84 ISCSMP 

II 

23.79 25.3 
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     From figure 3 it is inferred that among all the samples GLCSP had the highest protein content 35.63%.  It 

was followed by CCSP (untreated crude cottonseed powder) whose protein content is about 32.51%.  SCSMP-

II has the lowest protein content among all the samples of about 22.53%.  As the glandless cottonseed has no 

gossypol and rich in protein it does not require any detoxification process and can be used as dietary protein.  

But the absence of gossypol glands render them more susceptible to pests which limit their cultivation.  In like 

manner CCSP has high gossypol level holds back its usage as dietary protein source.  Detoxified CCSP 

samples are suitable for consumption as they have low levels of gossypol. 

     Both CCSP and CSMP protein content showed similar effects on the detoxifying process.  Among the 

detoxified samples, detoxifying by the addition of ferrous sulphate showed the highest protein content whose 

protein content is 32.48% (decreased about 0.1%) and 24.29% (decreased about 0.3%) for ICCSP and ICSMP 

respectively. Next to the ICCSP and ICSMP, detoxifying by autoclaving after the addition of ferrous sulphate 

for 30 minutes showed higher protein contents were 31.95% (decreased about 1.7%) and 23.89% (decreased 

about 2.0%) in ISCCSP-I and ICCSMP-I respectively.  Autoclaving for 60 minutes by adding ferrous sulphate 

has third highest protein content of about 31.84% (decreased about 2.1%) and 23.79% (decreased about 2.4%) 

in ISCCSP-II and ICCSMP-II respectively.  Detoxification of the sample by autoclaving after adding water 

for 30 minutes has protein content of about 30.43% (decreased about 6.4%) and 22.56% (decreased about 

7.4%) in SCCSP-I and SCSMP-I respectively which is the fourth highest one.  Autoclaving by adding water 

for 60 minutes has the lowest protein content whose protein content has decreased significantly by 6.6% 

(protein content – 30.35%) and 7.6% (protein content - 22.53%) in SCCSP-II and SCSMP-II respectively.  

(Figure 4 , Table 5) 
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Table 5 – Effect of degossypolization on the protein content of the cottonseed samples. 
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Name 

Total Protein Sample 

Name 

Total Protein Sample 
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Total Protein 

[%] [% 

decrease]  

[%] [% 

decrease] 

[%] [% 

decrease] 

1 Untreated      - CCSP 32.51     - CSMP 24.37     - GLCSP 35.63 - 

2 H2O + 

Autoclave 

30 

min 

SCCSP-

I 

30.43 6.4 SCSMP-I 22.56 7.4    

3 H2O + 

Autoclave 

60 

min 

SCCSP-

II 

30.35 6.6 SCSMP-II 22.53 7.6    

4 Ferrous 

sulphate 

     - ICCSP 32.48 0.1 ICSMP 24.29 0.3    

5 FeS + 

Autoclave 

30 

min 

ISCCSP

-I 

31.95 1.7 ISCSMP I 23.89 2.0    

6 FeS + 

Autoclave 

60 

min 

ISCCSP

-II 

31.84 2.1 ISCSMP 

II 

23.79 2.4    
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Figure 4 – Different levels of protein content in cottonseed samples based on treatment 

 

 

4. CONCLUSION: 

     In the present study we have compared the protein content of glanded cottonseed milk powder and glanded 

crude cottonseed powder by degossypolizing in various methods and glandless cottonseed powder.  

Cottonseed protein has the potential to decrease the incidence of malnutrition which is comparable to other 

animal and vegetable protein sources, as it contains low fat and substantial amount of high biological value 

protein. In our study, results showed glandless cottonseed had highest protein content but not cultivated in 

higher amount due to its elevated pest susceptibility.  As the CSMP has the lowest protein when compared to 

CCSP, cotton seed milk powder can’t be used as dietary protein.    From the previous studies autoclaving 

cottonseed samples in presence of ferrous sulphate for 60 minutes decreases the gossypol content 

approximately about 50%[14].  Among the various detoxified CCSP, ISCCSP - II is preferred for consumption 

though they have 31.84% protein content over ICCSP (protein content – 32.48%) as they have lower gossypol 

content. 
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