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This research aimed to optimize suitable hydrolytic enzymes for maximizing cottonseed milk extracts for high cottonseed milk yield, protein content 
and low gossypol level.

Known amount of cottonseed was soaked for 90 min at 32°C and blended (cottonseed:water@1:6). Different aliquots of the blended 
cottonseed slurry were treated with 1% of 
enzymes viz., protease, cellulase and α-
amylase enzyme at pH 7.0 followed by 
incubation at 40 and 52°C for 2.30 hr for 
the extraction of cottonseed milk. The 
enzyme activity of extracted milk was 
subsequently inactivated by pasteurization 
(90°C, 5 min). Further analysis of physico-
chemical characteristics was also carried. 
The control sample included milk 
extraction from non-enzyme treated 
cottonseed milk extract (30±2°C).

Among different treatments, 
cottonseed milk extraction using protease 
enzyme at 40°C incubation showed the 
highest milk yield (86.71%) with the lowest 
sedimentation (3.72%). Further incubation 
40°C and 52°C showed the highest protein 

-1content of 2.10 and 2.27 g 100 ml  and gossypol reduction of 40.36 and 35.22%, respectively, in the cottonseed milk extract. Meanwhile, cellulase and α-
amylase enzymes treated samples at both incubation temperatures showed poor physico-chemical characteristics as compared to control.

Protease enzyme seems to be the most suitable for optimum or higher extraction of cottonseed milk.
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carcinoma, breast cancer, prostate cancer and other 
malignancies (Xiong et al., 2017; Cao et al., 2018; Yu et al., 2020). 
The maximum permissible consumption level of gossypol as 
regulated by the United State Food and Drug Administration 

-1(USFDA) is 450 mg kg  and by the Food and Agricultural 
Organization/World Health Organization (FAO/WHO) as 600 

-1mg kg  in cotton seed-based food products for human 
consumption (Prasad and Blaise, 2020). Normally, plant milks 
are prepared by crushing the plant material with water followed 
by extraction of water soluble components. 

Extraction of beneficial nutrients such as lipids, flavonoids 
and alkaloids with water soluble protein components is a complex 
mechanism, which depends on the chemistry of inner and outer part 
of cell-matrix, particularly the presence of dietary fiber and other 
insoluble components of plant material (Sethi et al., 2016). 
Hydrolytic enzymes such as cellulase, hemicellulase, amylase, 
lipase and protease, in addition play a major role in extracting these 
components by cellular fragmentation and destruction, also 
increases the yield of extracted compounds by modifying the 
chemical characteristics with improved efficacy (Kirk et al., 2002). 

Overall, few studies have been conducted on the 
extraction of plant-based milk by using enzymes and their 
interaction in various seeds with the exception of cottonseed. In 
view of the above, this study aimed to evaluate different hydrolytic 
enzymes for extraction of cottonseed milk at different 
temperature for high cottonseed milk yield, high protein content 
and low gossypol levels, which would provide leverage exploiting 
of cottonseed as plant based milk for safe source of nutrition and 
an alternative for animal source milk. 

Materials and Methods

Raw material: Cottonseed (Gossypium spp.) variety MCU 5 was 
procured from the Department of Cotton, Tamil Nadu Agricultural 
University, Coimbatore. Enzymes like protease from Aspergillus 
oryzae, cellulase from Aspergillus niger, α-amylase from 
Aspergillus subtilis and USP grade gossypol standard were 
purchased from Sigma Aldrich, USA.

Extraction of cottonseed milk: 100 g of cottonseed was soaked in 
600 ml of water for 90 min at 32°C. Soaked cottonseeds were 
blended for 90 sec in a blender. Cottonseed slurry samples were 
separately treated with 1% protease, cellulase and α-amylase 
enzyme at pH 7.0 incubation of 40°C and 52°C and hydrolysis time 
of 2.30 hr for the entire enzyme treated slurry samples. After 
hydrolysis, the slurry was filtered through a muslin cloth and the 
enzymes were inactivated at 90°C for 5 min and the cottonseed milk 
was packed in 250 ml flask and stored at 4°C for further analysis. 
The conventional cottonseed milk extraction process was also 
carried out by following the same procedure at 30±2°C without 
adding of enzymes and served as control sample (Kumar, 2019). 

Extraction yield: The percentage of cottonseed milk yield by 
enzyme treated and conventional (non-enzymatic) extraction 

Introduction

Lactose intolerance is a digestive disorder caused due to 
the inability to digest lactose in mammalian milk. The digestive 
enzyme lactase is important for the breakdown of lactose into 
glucose and galactose. Insufficient production of lactase and/or 
β-galactosidase at the brush border of human intestine leads to 
undigested lactose, which moves to the gut system causing 
gastrointestinal symptoms such as bloating, diarrhea and 
abdominal pain (Jasielska and Grzybowska-Chlebowczyk, 
2019). Consumption of non-dairy food products or avoidance of 
dairy products is the primary solution for lactose intolerance. As a 
result of increasing world population, cultural changes, food 
consumption patterns, veganism and modernization of food and 
beverage industry, there is immense scope for introduction of 
lactose free dairy products for the lactose intolerant (Sethi et al., 
2016).  Hence, plant based milk products are a great alternative 
for dairy products which also possess the added advantage 
attributed to inherent functional and nutraceutical components 
such as fibers, vitamins, minerals and antioxidants for promoting 
health (Das et al., 2012). Due to increasing demand for non-dairy 
based food products and growing health concerns, various plant 
sources are used as alternative for non-dairy milk product. 

Suitable plants as non-dairy milk sources include 
legumes, nuts, seeds, pseudocereals, cereals etc. (Sethi et al., 
2016). Among the plant sources, cottonseed is one of the 
potential source for meeting the requirement properties of milk 
emulsion with improved nutritional status, but has not been 
exploited as a source of human nutrition. Cottonseed is a good 
source of energy, crude protein, fiber content and fat. Also its 
byproducts have a high biological value and safe fatty acid profile 
such as 50% monounsaturated fatty acid, 21% polyunsaturated 
fatty acid and 29% saturated fatty acid which conforms to human 
health guidelines (Bertrand et al., 2005; Prasad and Blaise, 2020). 
However, cottonseeds contain toxic compounds such as gossypol, 
with concentration ranging from 0.02 to 6.64% in seeds among 
various cotton varieties. The presence of a high amount of gossypol 
decreases the bioavailability of lysine, arginine and cysteine 
(Gadelha et al., 2014). Gossypol binds with iron to form gossypol-
iron complex, which can affect erythropoiesis and also increase 
erythrocyte fragility, associated with anemia (Tang et al., 2017). 
Gossypol associated toxicity issues have been reported in 
monogastric animals ranging from various degrees of health 
issues such as loss of appetite, edema of lungs, impaired body 
weight gain, listlessness and stunted growth. 

Studies have shown that gossypol is toxic to monogastric 
animals, which results in ascites and hepatocyte degeneration in 
liver, decreased sperm count, spermatogenesis and impaired 
immunocompetence through reduced number of leukocyte and 
primarily lymphocytes (Santana et al., 2015; Wang et al., 2019; 
Zhang et al., 2020). In addition to gossypol toxicity effects, 
cottonseed has several important phytochemical components of 
current interest due to the presence of several biological 
properties, which are used for treatment of leukemia, colon 
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temperature on sedimentation percentage on cottonseed milk 
extract is presented in Fig. 2. The results revealed higher 
sedimentation percentage in α-amylase treated samples viz., 
18.54 and 19.26% at incubation temperatures of 40 and 52°C. 
Comparatively, less sedimentation percentage was observed in 
control (2.54%) followed by protease enzyme treated samples 
(3.72%) at 40°C and 3.52% at 52°C incubation temperature and 
cellulase enzyme treated samples on 6.04% at 40°C and 7.32% 
at 52°C incubation of the extracted cottonseed milk. 

It was found that the concentration of α-amylase 
enzyme and incubation conditions were more effective in starch 
breakdown and hindered the protein matrix, which disturbed 
cell wall integrity and enabled to increase the extractability of 
sugars in plant sources (Gebremariam et al., 2013). The starch 
molecules tend to sediment quickly due to gravitation, and 
higher molecular size than protein molecules (Bertoft, 2017). 
Carbohydrase enzymes confer improved digestibility by 
breakdown of cellulose, hemicellulose and pectin fractions of 
cells to small oligomers and monomers (Marsman, 1997). The 
protein and gossypol content of extracted cottonseed milk as 
influenced by the application of different enzymes and 
incubation conditions compared to non-enzymatically treated 
control samples are presented in Table 1. Among the different 
samples, the protease enzyme treated samples at the 
incubation condition of 40 and 52°C showed significantly higher 

-1(p<0.05) in protein content of 2.10 and 2.27 g 100 ml , 
respectively compared to highest protein in control (2.40 g 100 

-1ml ) and lowest in α-amylase at 52°C treated sample (1.18 g 
-1100 ml ). 

The cellulase enzyme treated samples at 40 and 52°C 
-1showed 1.66 and 1.31 g 100 ml  of protein in extracted 

cottonseed milk. Proteolysis increases the protein solubility as 
well as reduces the anti-nutritional factors due to reaction of 
protease and also has positive effects on the extraction of protein 
and oil yield by the combined usage of cellulase and protease 

process was calculated by the equation given below (Varghese 
and Pare, 2019).

Where, W  is the cottonseed milk and W  1

cottonseed milk slurry.

Sedimentation percentage: Sedimentation percentage was 
measured by weighing the solids after removing the liquid through 
centrifuging at 2500 rpm for 10 min (Kabašinskienė et al., 2015). It 
was calculated by the following equation:

Where, W represents solids and W  cottonseed milk.1 2

Protein estimation: Protein content was estimated by the 
Kjeldahl method from the crude nitrogen content and using the 
conversion factor of Nitrogen x 6.25 to arrive at crude protein 
content (AOAC, 2019).

Gossypol estimation: The gossypol content of samples was 
determined by spectrophotometer with slight modification 
(Sadasivam and Manickam, 2005). A 0.5 ml of phloroglucinol 
reagent and 1 ml of concentrate hydrochloric acid was added to 
0.1 ml of cottonseed milk. It was incubated at room temperature 
for 30 min with 5 min of occasional shaking condition and made up 
to 10 ml using 80% ethanol and vortexed for 10 sec. The solution 
and aliquots of different concentration of gossypol standard viz., 

-120, 40, 60, 80 and 100 μg ml  were read at 550nm absorbance in 
UV-Vis double beam spectrophotometer. A calibration curve was 
plotted between gossypol concentration and absorbance.

Statistical analysis: Statistical analysis was performed by SPSS 
17.0 software for One way analysis of variance. The results are 
based on the mean value of three analytical values and SD. The 
significance of difference (p<0.05) was evaluated by the influence 
of different enzymes and the extraction conditions of cottonseed 
milk.

Results and Discussion

The physico-chemical characteristics such as extraction 
yield, sedimentation percentage, protein and gossypol content 
were assessed in the extracted cottonseed milk treated with 
different enzymes and incubation conditions. The effect of 
enzymes and incubation conditions on the extraction of 
cottonseed milk are presented in Fig. 1. The results indicated that 
protease and α-amylase enzymes at 40 and 52°C resulted in 
maximum milk yield of 86.71 and 88.80% as compared with 
protease enzyme at 52°C (79.04%), cellulase enzyme at 40 and 
52°C (75.09 and 80.32%) and α-amylase enzyme at 40°C 
(84.29%) compared to the control sample milk yield as 88.21%, 
which was par with protease (40°C), α-amylase (52°C and 40°C) 
treated samples. The effect of enzymes and its incubation 

is the 2

W  1

W2

Extraction yield (%)  = x 100

W  1

W2

Sedimentation (%)  = x 100

Table 1: Effect of enzymes on chemical characteristics of extracted 
cottonseed milk

        Chemical characteristics

Treatments Protein Gossypol
-1 -1(g 100 ml ) (mg 100 ml )

a eControl 2.40±0.10 15.56±0.38
c aProtease 40°C 2.10±0.01 9.28±0.38
b b52°C 2.27±0.02 10.08±0.44
d cCellulase 40°C 1.66±0.02 11.36±0.05
e d52°C 1.31±0.05 12.52±0.35
e eα-amylase 40°C 1.35±0.01 14.88±0.52
f e52°C 1.18±0.03 15.24±0.54

Each value mentioned as Mean±SD of three replicate analysis (n=3). 
The values mentioned in superscripts are significantly differed at p<0.05 
in the same column
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Fig. 1: Effect of enzymes in extracted cottonseed milk yield. Values are mean of three replicate ±S.D. The values mentioned in superscripts are 
significantly differed at p<0.05 in the same row.

Fig. 2: Effect of enzymes on the sedimentation percentage of extracted cottonseed milk. Values are mean of three replicate . The values mentioned 
in superscripts are significantly differed at p<0.05 in the same row.

±S.D
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enzymes under aqueous and solvent extraction conditions 
(Rosenthal et al., 2001). The relative activity of protease enzyme 
was 100, 88 and 75% at 40, 50 and 60°C and was also highly 
active at pH 7.0-9.0 at 40°C in casein hydrolysis (Tang et al., 
2010). The presence of protein and oil components in the cell wall 
suggests that easy release of more protein and oil molecules from 
the cellular matrix by protein degradation, was achieved by the 
action of protease enzyme (Passos et al., 2009). Single or 
combined treatment of protease neutrase and cellulase energex 
enhanced the protein extractability in soybean meals (Marsman, 
1997). Similar findings on protein extractability was observed in 
extracted cottonseed milk by using protease and cellulase 
enzymes. The gossypol content of extracted milk was maximum 

-1in the control sample (15.56 mg 100 ml ), which was on par with α-
amylase treated samples followed by cellulase treated samples 
at both incubation temperatures. However, the samples treated 
with protease enzyme at 40 and 52°C showed 40.36% and 
35.22% reduction in gossypol content and exhibited highly 
significant difference in the control sample. 

The plausible reason being that free gossypol renders to 
modifying the pattern of amino acids released by enzymatic 
hydrolysis in both structural and functional protein, which results 
in molecular aggregation and solubility loss of proteins. Chen et 
al. (2019) reported that the total and free gossypol content 
decreased in the cottonseed meal by adding 2.5 ml of enzyme 
from Helicoverba armigera CYP9A12, at hydrolysis condition of 
35°C for 2.5 hr. Whatever, be the selection of cottonseed 
varieties and hydrolysis condition, such as the concentration of 
enzymes, pH, time, temperature and microbial sources of 
enzymes, several factors influence the physico-chemical 
characteristics of extracted cottonseed milk and its derived 
products. At room temperature in the exposure of the 
cottonseed aqueous slurry to prolonged hydrolysis time may be 
contributing to the growing microbes in the end product.

Both enzymatically treated samples (protease, cellulase 
and α-amylase) and control samples in addition to the incubation 
condition resulted in the effective extraction yield, protein and 
gossypol content of cottonseed milk from the cottonseed with 
water as the extraction medium. Among the different treatments, 
cottonseed milk extracted with protease enzyme at 40°C and 
52°C showed lower sedimentation and reduced gossypol 
content with a good amount of protein content and also notable 
amount of extraction yield. The extracted cottonseed milk 
meets the permissible intake level of gossypol content as 
regulated by the USFDA and FAO/WHO. It can be inferred that 
the cottonseed milk based derived products are more stable 
than animal based milk products, hence, the lactose free, high 
protein, low gossypol cottonseed milk may be a suitable 
alternative for lactose intolerant individuals.
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