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Abstract 

Various plant based milk extract is appropriate for human nutrition among which cottonseed is one of the poten-
tial crops with the advantages of stable milk emulsion, improved nutrient profile with affordable waste utilization. 
Although cottonseed milk is a popular indigenous beverage, it has not been exploited worldwide for regular con-
sumption owing to the presence of gossypol. The gossypol toxicity and associated gossypol-iron complex formation 
in the intestine lead to changes in hematological characteristics and alternation of sperm motility in monogastric 
animals. Male Wistar albino rats weighing 60 to 70 g were divided into four groups of five animals each. The group 
fed the standard diet (STD) served as control, and the experimental groups included the group (i) rats fed cottonseed 
diet (CSD) supplemented at 10% of cottonseed level (ii) rats fed conventional aqueous extracted cottonseed milk 
(CCM) diet (CAD) and (iii) rats fed enzymatic assisted aqueous extracted cottonseed milk (ECM) diet (EAD). The CAD 
and EAD feed was administrated @ 1 ml/100 g of animal body weight /day for the study period of 45 days among the 
experimental groups and control group. A significant difference in weight gain of the experimental rats was noticed 
between the CCM and ECM cottonseed milk extracts fed experimental groups compared with the standard and cot-
tonseed fed groups. The rats fed with CSD, CCM and ECM diet exhibited higher white blood cell counts, also reduc-
ing the red blood cells count, hemoglobin hematocrit and platelet in the group compared with STD. No significant 
difference in semen motility characteristics was noticed among the CSD, CCM and ECM fed groups. In conclusion, the 
intake of less than the permissible level of gossypol from selected cottonseed and its aqueous extracted milk samples 
has influenced the hematological parameters and whereas an improved effect was shown in semen characteristics.
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Graphical Abstract

Introduction
Cotton is one of the important cash crops and is culti-
vated in more than eight countries around the world. 
The production of cotton during 2020–2021 was 120.86 
million bales and the largest cotton-producing countries 
were China (6.423 million metric tonnes (MMT)) fol-
lowed by India (6.162 MMT), the USA (3.181 MMT), 
Brazil (2.341 MMT), Pakistan (0.98 MMT) and cotton 
account for 77% of global output in the form of fibre 
and animal feed (Statista 2022). Cottonseeds are the by-
product of the production of fiber from the ginning pro-
cess (Shahidi et  al. 2020). Cottonseed contains 17–23% 
of protein and 18–20% of oil (Vekariya et  al.  2017) and 
its byproducts have a high biological value (55–68%) and 
a safe fatty acid profile that includes 50% MUFA, 21% 
PUFA and 29% SFA which conforms to human health 
guidelines (Agarwal et al. 2003; Thirukkumar et al. 2021).

More than 60% of people worldwide are exposed to 
inadequate food supply accompanied by protein mal-
nutrition and the annual production of cottonseed is 
estimated to meet the protein requirement of 2,40,350 
million people (Henchion et  al.  2017). However, the 
widespread consumption of cottonseed is impeded by 
the gossypol content with concentrations ranging from 
0.02 to 6.64% in seeds among the cotton varieties. The 

high amount of gossypol decreases the bioavailability of 
lysine, arginine and cysteine (Gadelha et al. 2014). Also, 
gossypol interacts with iron to form a gossypol-iron com-
plex, which could cause hematologic changes including 
anemia with lower red blood cell (RBC) counts, increase 
RBC fragility, reduce oxygen from hemoglobin (HGB), 
minimize oxygen transforming ability of blood cells with 
less HGB and hematocrit (HCT) values by the inhibitory 
effect on glucose-6-phosphate dehydrogenase enzyme. 
The inhibition of the glucose-6-phosphate dehydro-
genase enzyme has resulted in enhancing the oxidant 
compounds in cells, and in consequence, decreasing the 
HGB and packed cell volume levels (Câmara et al. 2016; 
El-Mokadem et al. 2012; Garland 2015; Tang et al. 2017).

In addition, prolonged intake of high levels of gossypol 
from cottonseed-based food products inhibits the lactate 
dehydrogenase X enzyme, which plays an important role 
in the energy metabolism process in sperm and spermat-
ogenic cells. The inhibition of lactate dehydrogenase X 
enzyme leads to a decrease in sperm activity in humans 
(Chris-Ozoko et al. 2018; Kenfack et al. 2015). Also, dam-
aging the germinal epithelium cells through the action of 
an increase in glutathione peroxidase, glutathione reduc-
tase activity and oxidation of pyridine nucleotides, which 
resulted in decreases in the spermatogenesis, motility 
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and spermatozoa numbers in testis tissue, which leads to 
a decrease in sperm count and increase in the percentage 
of abnormal sperm morphology (Coutinho et  al.  2000; 
Santana et  al.  2015). However, cottonseed has several 
important phytochemical components of interest due to 
the presence of several biological properties, which are 
used in the treatment of leukemia (Moon et  al.  2008), 
colon carcinoma (Yan et al. 2010), breast cancer (Zhong 
et al. 2013), prostate cancer (Jiang et al. 2012) and other 
malignancies (Liu et al. 2020).

Cottonseed milk, one of the popular indigenous drinks 
of Tamil Nadu state, India is much preferred for its deli-
cious taste and health benefits to humans. The traditional 
process for the extraction of cottonseed milk involves 
soaking cottonseed in water, grinding and extracting. 
Also, the extracted cottonseed milk is similar to the 
properties of milk emulsion due to the lipids in cotton-
seed (Kumar 2019). Nevertheless, the maximum permis-
sible consumption level of gossypol as regulated by the 
USFDA (United States Food and Drug Administrative) is 
450 mg/kg and by the FAO/WHO (Food and Agriculture 
Organization/World Health Organization) is 600 mg/kg 
in cottonseed-based food products deemed as safe for 
human consumption (Prasad & Blaise 2020).

However, long-term consumption of cottonseed milk 
or cottonseed-based food products poses the risk of gos-
sypol toxicity and inhibits the absorption of iron, hema-
tological characteristics and reduces sperm motility 
activity in monogastric animals. Overall and from our 
knowledge, few studies are available for supplementa-
tion of gossypol or cottonseed cake that could alter the 
growth performance, blood profile and sperm activity of 
the monogastric animal and no works related to the cot-
tonseed aqueous milk extract has been taken up aimed 
at safety assurance for consumption. Therefore, studies 
were conducted to determine the effect of cottonseed 
and cottonseed milk aqueous extracts on growth perfor-
mance, hematological profile and semen characteristics 
in male Wistar albino rats with the supplementation of 
standard diet feed.

Materials and methods
Animals and experimental design
The experimental procedure has been approved by the 
Institutional Animal Ethics Committee at the Central 
Animal Facility Center, SASTRA Deemed University, 
Thanjavur (Committee for the Purpose of Control and 
Supervision of Experiments on Animals, Approval Num-
ber: 648/SASTRA/IAEC/RPP), during November 2020 to 
August 2021.

The male Wistar albino rats of 20–25 days old (20 Nos) 
each weighing approximately 60 to 70 g were procured 
from Central Animal Facility and housed in autoclaved 

polypropylene cages which were filled in sterile paddy 
husk as the bedding material and acclimatized for 2 days 
with free access to a standard diet (ad libitum) and reverse 
osmosis (RO) water (ad libitum). The housing environ-
mental characteristics were temperature, relative humid-
ity and air changes per hour maintained at 23 ± 2 °C, 30 
to 70%, and 12 to 15 air changes, respectively. The pho-
toperiod for the rats is 12 and 12 hours in the light and 
dark, respectively. The duration of the experiment was 
45 days and during that period, no instance of death in 
the selected experimental rats was observed.

The weight of each animal from the group was noted 
at zero-day and the end of the experiment day. The rats 
were randomly housed in groups of five per cage (Three 
experimental groups and one control group). The experi-
mental diet groups were classified into STD (standard 
diet) 1 – standard diet, CSD (cottonseed diet) 2 - cot-
tonseed diet, conventional aqueous extracted cottonseed 
milk diet (CAD) 3 - STD with conventional aqueous 
extracted cottonseed milk (CCM) and enzyme assisted 
aqueous extracted cottonseed milk diet (EAD) 4 - STD 
with enzyme assisted aqueous extracted cottonseed milk 
(ECM). The CCM and ECM were fed into the rat by 
oral gavage after thawing at the quantity of 1 ml/100 g of 
body weight/day along with STD from starting to end of 
the experiments respectively to the CAD and EAD (The 
quantity of extracted milk was fed well within the permis-
sible level of gossypol in cottonseed based products set 
by FAO/WHO (Prasad & Blaise 2020). The intake of feed 
quantity was observed in a daily manner. At the end of the 
experiment day, the rats were sacrificed by 100% of  CO2 
(flow rate for 30–70% cage volume per min) euthanasia 
(Underwood & Anthony  2020). The hematological and 
semen characteristics were analyzed from the five sacri-
ficed rats in each group at the end of the experiment day.

Diet preparation and nutrient analysis
The cottonseed variety MCU 5 was procured from the 
Department of Cotton, Tamil Nadu Agricultural Univer-
sity, Coimbatore, Tamil Nadu, India. The STD was for-
mulated from the composition of cornflour – 40 g, corn 
starch – 20 g, food grade casein – 20 g, wheat bran 10 g, 
corn oil – 5 ml, vitamins and minerals mixture – 4.5 g, 
methionine – 0.3 g and choline – 0.2 g and the CSD were 
contained cornflour – 40 g, corn starch – 15 g, food grade 
casein – 20 g, wheat bran 5 g, cottonseed – 10 g, corn oil 
– 5 ml, vitamins and minerals mixture – 4.5 g, methionine 
– 0.3 g and choline – 0.2 g (Ndvsu  2022). The diet was 
made into pellet form by using a single screw extruder 
(M/s La Monferrina, Italy) and packed in air-tight plastic 
bags. All the feeds were stored at refrigeration conditions 
(4 °C) until the commencement of the study.
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The CCM and ECM were prepared per the method 
(Subramani et  al.  2021). The extracted cottonseed milk 
was packed in an Eppendorf tube containing 1 ml and 
stored in freezing (− 18 °C) conditions until it was used.

The crude protein, crude fat, iron and gossypol content 
were analyzed in the developed feed and cottonseed milk 
samples. The crude protein (Nitrogen × 6.25) was esti-
mated as per the Kjeldahl method (AOAC 2000). Crude 
fat was estimated with hexane by soxhlet apparatus based 
on the method (AOAC 2000). The gossypol content was 
estimated by the spectrophotometer method (Sadasivam 
& Manickam 2018). The concentration of iron was ana-
lysed in the method described by (AOAC  2000) using 
atomic absorption spectrophotometer (AA-7000; Shi-
madzu, Tokyo, Japan).

Analysis of hematological parameters
At the end of the experiment, the blood samples were 
collected from the jugular vein puncture or retro-orbital 
sinus of the rats in ethylenediaminetetraacetate coated 
and heparinized vials between 8.00 AM to 9.00 AM after 
overnight fasting. The collected blood samples were 
used for assessing the hematological parameters namely 
white blood cell (WBC) count which included leukocyte 
counts (neutrophils (NEU), lymphocytes (LYM), mono-
cyte (MON), eosinophil (EOS), basophil (BAS)) and red 
blood cells (RBC) count, hemoglobin (HGB), hematocrit 
(HTC), mean corpuscular volume (MCV), mean corpus-
cular hemoglobin (MCH), mean cell hemoglobin concre-
tion (MCHC), platelet (PLT) count, mean platelet volume 
(MPV), platelet distribution width (PDW) and platelet-
crit (PCT) which were measured by hematology analyzer 
(M/S Mythic 22, Orphee, Switzerland).

Analysis of semen characteristics
The testis was collected from three sacrificed rats in each 
group at the end of the experiment day and used for 
determining the total sperm count, progressive motil-
ity (active, sluggish and nonmotile), pus cells /HPF (high 

power fluid) in minimum and maximum, epithelial cells 
/HPF in minimum and maximum, RBC /HPF in mini-
mum and maximum, normal and abnormal structure of 
the sperms were done in the automated semen analyser 
along with the microscope (M/S Prime Sperm, India). 
The semen was spread over the pre-warmed slide with 
the addition of two drops of 2.9% sodium citrate solution. 
This was covered with a covered slip and examined under 
the 40X optical microscope with reduced light (Kadir 
et al. 2018).

Statistical analysis
The values are expressed in the mean ± standard devia-
tion of the mean. The significance of the difference 
(P < 0.05) was evaluated by analysis of variance (ANOVA) 
with the least significant difference (LSD) by using SPSS 
software version 17.0.

Results and discussion
Nutrients and gossypol content of the developed feed
The nutrients namely, crude protein, crude fat, iron 
and toxic principle such as gossypol content were ana-
lysed in supplied feed and the values are presented in 
Table  1. The crude protein was 22.95 and 25.10 g/100 g, 
crude fat was 6.45 and 6.68 g/100 g and iron content were 
1.532 and 1.58 mg/100 g respectively in the STD and 
CSD. The cottonseed milk extract contained 2.69 and 
3.42 g/100 ml of protein, 2.31 and 2.95 g/100 ml of crude 
fat and 0.0118 and 0.0482 mg/100 m of iron, respectively 
in CCM and EAAECM. Gossypol content was detected 
as 2.22 mg/100 g in the CSD feed, 5.76 mg/100 ml in CCM 
and 4.20 mg/100 ml in EAAECM. The proximate content 
of the developed feed was similar to the millet or corn or 
groundnut incorporated feed (Olufunke & Toyin  2012). 
Whereas, the quantity of the gossypol content varied 
between the different varieties of cottonseed and ranged 
between 0.02 to 6.64%. Gossypol compound was linked 
with  NH3 (Ammonia), −SH (Sulfhydryl),  SCH3 (sulfide) 
and OH (Hydroxyl) containing groups of amino acids 

Table 1 Nutrient content for developed feed and cottonseed milk aqueous extracts

Values mentioned as Mean ± SD (standard deviation) of three replicate analysis (n = 3); The values mentioned in superscripts are significantly different at P < 0.05 in 
the same row

STD Standard diet, CSD Cottonseed diet, CCM conventional aqueous extracted cottonseed milk, ECM Enzyme assisted aqueous extracted cottonseed milk, ND 
Nondetectable

Nutrient parameters Feed (100 g) Cottonseed aqueous extract (100 ml)

STD CSD CCM ECM

Crude protein (g) 22.95 ± 0.86b 25.10 ± 0.65a 2.69 ± 0.019c 3.42 ± 0.078c

Crude fat (g) 6.45 ± 0.21a 6.68 ± 0.05a 2.31 ± 0.039c 2.95 ± 0.080b

Iron (mg) 1.532 ± 0.026a 1.58 ± 0.057a 0.0118 ± 0.001b 0.0482 ± 0.008b

Gossypol (mg) ND 2.22 ± 0.11c 5.76 ± 0.531a 4.20 ± 0.043b
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(Gandhi 2015; Kenar 2006). Hence, gossypol is associated 
with the protein content of cottonseed-based food prod-
ucts. The concentration of the gossypol varied between 
the nature of the seed, cultivation practices, and stor-
age practices of the seeds and processing factors in the 
cottonseed.

Growth performance
The growth performance data related to food, water, pro-
tein and fat intake, and average weight gain of the experi-
mental groups are given in Table  2. The selected rats 
had an average initial weight that ranged from 64.64 to 
67.18 g/rat and after the end of the experiment, the final 
weight of the animal ranged from 168.98 to 182.55 g/rat. 
The mean value of the increased weight was found in 
the following order of groups: EAD (116.17 g/rat) > CAD 
(111.17 g/rat) > STD (106.54 g/rat) > CSD (103.67 g/
rat). This indicated that the components presented in 
the CSM, CAD and EAD had significantly affected the 
weight of the rodents. Statistical analysis revealed a 
non-significant difference between cottonseed milk-fed 
groups with the other two groups (STD and CSD) of ani-
mals as reflected in the average daily weight gain which 
varied between 2.20 and 2.47 g/rat which is augmented 
by the intake of feed quantity and presence of nutrient in 
the feed. The weight gain of the rodents was agreed with 
the cottonseed meal with or without tryptophan supple-
mentation to rabbit bucks (Alaba et  al.  2021). The daily 
food intake was significantly different in each group and 
was highest in group EAD (9.86 g/rat/day) and lowest in 
the group CSD (9.26 g/rat/day). The mean values for the 
intake of protein and fat ranged between 2.19 to 2.51 g/
rat/day and 0.618 to 0.635 g/rat/day respectively in the 
experimented groups. These results were correlated with 
the continuous supply of lysine-incorporated cottonseed 

meal that had significantly affected the weight gain, feed 
intake and feed conversion ratio of the broiler chicks 
(Henry et al. 2001).

Hematological characteristics
The results of the hematological characteristics of experi-
mented rats are given in Table  3. The WBC count of 
treated groups (CSD, CAD and EAD) was non-significant 
in comparison with control STD and values ranged from 
11.50 to 12.46 ×  103/μl. The animal groups fed with CSD 
(12.32 ×  103/μl) and both the cottonseed milk extracts 
diet (CAD (12.46 ×  103/μl) and EAD (11.98 ×  103/μl)) 
fed groups had the highest WBC count compared with 
STD fed group (11.50 ×  103/ml). The leukocytes viz., 
MON, EOS and BAS (except in NEU and LYM) had 
non-significant effects between the groups. However, the 
parameters were not significantly reflected in the quan-
tity of the leukocyte counts including NEU, LYM, MON, 
EOS and BAS ranging from 2.80 to 5.27 ×  103/μl, 7.04 to 
9.48 ×  103/μl, 0.01 to 0.05 ×  103/μl, 0.03 to 0.04 ×  103/μl 
and 0.00 to 0.07 ×  103/μl respectively in the experimented 
groups. Among the WBC components, BAS was not 
presented in the CSD fed group and LYM was presented 
at high levels (9.48 ×  103/μl) in the CSD fed group com-
pared with other experimented groups. The modification 
of cellular immunity has reflected the changes in WBC 
and leukocytes via inhibition of the activity of adenylate 
cyclase c-AMP, which is responsible for WBC forma-
tion, and the reduction of arachidonic acid via inhibition 
of the lipoxygenase enzyme (association of chemotactic 
releasing factor) (Mahmood et  al.  2022; Nwoha  1995). 
Our results were matched with (Mahmood et al. (2022) 
by the cotton seed cake-fed rabbit groups.

The RBC count of the experimented groups varied 
between 6.92 and 8.50 ×  106/μl and the RBC count of 

Table 2 Effect of cottonseed and cottonseed aqueous extracts diet on growth performance of male wistar albino rats

STD Standard diet, CSD Cottonseed diet, CAD standard diet with conventional aqueous extracted cottonseed milk for 1 ml/100 g of animal weight/day, EAD standard 
diet with enzyme assisted aqueous extracted cottonseed milk for 1 ml/100 g of animal weight/day; Values are mean ± SD of five observations from the experimental 
animals; The values mentioned in superscripts are significantly different at P < 0.05 in the same row

Particulars Diets

STD CSD CAD EAD

Initial weight (g) 64.64 ± 12.89 65.31 ± 10.01 67.18 ± 10.64 66.54 ± 10.81

Final weight (g) 171.18 ± 20.14b 168.98 ± 25.46b 178.35 ± 17.21a 182.55 ± 12.28a

Increased weight (g) 106.54 ± 7.25c 103.67 ± 15.45c 111.17 ± 6.57b 116.01 ± 1.47a

Average daily gain (g) 2.26 ± 0.07 2.20 ± 0.19 2.40 ± 0.07 2.47 ± 0.00

Food intake (g/day) 9.67 ± 1.37bc 9.26 ± 1.51c 9.72 ± 1.618a 9.86 ± 1.59bc

Water intake (ml/day) 18.18 ± 3.69c 20.80 ± 5.86a 17.98 ± 5.06d 19.38 ± 6.02b

Protein intake (g/day) 2.22 ± 0.37c 2.51 ± 0.48a 2.19 ± 0.43c 2.29 ± 0.44b

Fat intake (g/day) 0.623 ± 0.002b 0.618 ± 0.003c 0.626 ± 0.002b 0.635 ± 0.005a

Iron intake (mg/day) 0.147 ± 0.00b 0.146 ± 0.001b 0.148 ± 0.001b 0.151 ± 0.002a
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STD (8.50 ×  106/μl) was significantly increased com-
pared to the CSD (8.34 ×  106/μl), EAD (7.75 ×  106/μl) 
and CAD (6.92 ×  106/μl) groups. The same trend was 
reflected in the HGB content and MCHC in the experi-
mented groups. The HCT, MCV and MCH values 
ranged from 56.33 to 61.53%, 71.95 to 82.83 fL and 17.23 
to 18.33 ρg respectively in the experimented groups. 
The PLT count was decreased in the following order as 
STD (792.67 ×  103/μl) > CAD (733.67 ×  103/μl) > EAD 
(732.00 ×  103/μl) > CSD (659.00 ×  103/μl). Whereas the 
MPV, PDW and PCT percentages of CSD and both the 
cottonseed milk fed groups (CAD and EAD) were on par 
with the control group (STD).

The hematological characteristics were influenced 
by the binding of gossypol with iron in the CSD, CAD 
and EAD groups compared to STD. The gossypol reacts 
with the iron and reduces the iron bioavailability which 
leads to decreased biosynthesis of hemoglobin through 
the formation of an iron insoluble complex in the intes-
tine and results in reduced synthesis of HGB (Gadelha 
et  al.  2014). Similar changes were observed in the con-
sumption of cottonseed cake which had increased the 
erythron characteristics and was reported in the sheep 
feed which contained 40% of cottonseed cake and had 
significantly increased the packed cell volume, erythro-
cyte counts and HGB concentration (Câmara et al. 2016; 
El-Mokadem et  al.  2012). The reason for these changes 

is augmented the high consumption of gossypol for pro-
longed periods, which leads to inhibition of the activity of 
glucose-6-phosphate dehydrogenase enzyme has resulted 
in enhancing the oxidant compounds in cells, and in con-
sequence, decreasing the hemoglobin and packed cell 
volume levels (El-Mokadem et al. 2012).

Semen characteristics
The semen characteristics and morphology of sperm 
from the experimented rats are presented in Table 4 and 
Fig. 1 respectively. The total sperm count was compara-
tively high in CSD and both CAD and EAD fed groups 
had 70, 45 and 55 million sperms/ml respectively with 
31.65 million sperms/ml in the STD group. The actively 
motile, sluggish motile and nonmotile percentages of 
sperms were presented as 38.35, 21.65 and 40.0% respec-
tively in CSD, 41.65, 26.65 and 31.65% respectively in 
CAD, 46.65, 21.65 and 31.65% respectively in EAD and 
30.0, 25.0 and 45.0% respectively in STD.

The minimum value of pus cells, epithelial cells and 
RBC ranged from 7.65 to 11.65 /HPF (High Power Field), 
4.65 to 5.68/HPF and 1.35 to 2.35/HPF respectively and 
the maximum value of pus cells, epithelial cells and RBC 
ranged from 9.65 to 15.00/HPF, 7.00 to 7.65/HPF and 
3.00 to 4.35/HPF, respectively among the experimented 
groups. The morphology of semen includes normal 
and abnormal or defective sperm. All the experimented 

Table 3 Effect of cottonseed and cottonseed aqueous extracts diet on hematological characteristics of male wistar albino rats

STD Standard diet, CSD Cottonseed diet, CAD standard diet with conventional aqueous extracted cottonseed milk for 1 ml/100 g of animal weight/day, EAD standard 
diet with enzyme assisted aqueous extracted cottonseed milk for 1 ml/100 g of animal weight/day; Values are mean ± SD of five observations from the experimental 
animals; The values mentioned in superscripts are significantly different at P < 0.05 in the same row; WBC white blood cells, RBC red blood cells count, HGB 
hemoglobin, HCT hematocrit, PLT platelet, NEU neutrophils, LYM lymphocytes, MON monocyte, EOS eosinophil, BAS basophil, MCV mean corpuscular volume, MCH 
mean corpuscular hemoglobin, MCHC mean cell hemoglobin concretion, MPV mean platelet volume, PDW platelet distribution width and PCT plateletcrit

Parameters Diets

STD CSD CAD EAD

WBC  (103/μl) 11.50 ± 0.72 12.32 ± 1.62 12.46 ± 0.61 11.98 ± 1.84

NEU  (103/μl) 3.58 ± 0.30ab 2.80 ± 0.28b 5.27 ± 0.46a 3.75 ± 2.09ab

LYM(103/μl) 7.81 ± 0.87ab 9.48 ± 1.38a 7.04 ± 1.08b 8.10 ± 0.39ab

MON  (103/μl) 0.05 ± 0.05 0.01 ± 0.01 0.04 ± 0.03 0.03 ± 0.03

EOS  (103/μl) 0.03 ± 0.01 0.03 ± 0.02 0.04 ± 0.02 0.03 ± 0.02

BAS  (103/μl) 0.02 ± 0.03 0.00 ± 0.00 0.06 ± 0.11 0.07 ± 0.12

RBC  (106/μl) 8.50 ± 0.32ab 8.34 ± 0.14b 6.92 ± 1.20c 7.75 ± 0.39bc

HGB (g/dL) 15.37 ± 0.29a 14.33 ± 0.21ab 12.53 ± 1.53b 14.20 ± 0.95ab

HCT (%) 61.27 ± 1.21a 61.53 ± 1.21a 56.33 ± 0.64b 59.93 ± 2.75a

MCV (fL) 71.95 ± 2.70b 73.77 ± 1.81ab 82.83 ± 12.68a 77.37 ± 0.38ab

MCH (ρg) 18.13 ± 0.83 17.23 ± 0.06 18.20 ± 0.92 18.33 ± 0.47

MCHC (g/dL) 25.10 ± 0.26a 23.37 ± 0.57ab 22.23 ± 2.58b 23.73 ± 0.74ab

PLT  (103/μl) 792.67 ± 197.88 659.00 ± 17.35 733.67 ± 203.49 732.00 ± 16.09

MPV (fL) 6.90 ± 0.30 7.03 ± 0.06 6.80 ± 0.66 6.90 ± 0.20

PDW (%) 15.57 ± 0.06a 15.63 ± 0.15a 15.47 ± 0.38ab 15.60 ± 0.20a

PCT (%) 0.55 ± 0.14 0.46 ± 0.01 0.49 ± 0.09 0.51 ± 0.02
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groups had normal and abnormal morphology of sperm 
structure. However, the percentage of normal morphol-
ogy of sperm was presented in CSD (56.65%), CAD 

(53.35%) and EAD (60%), was more than the STD at 
48.35% and a reverse trend was presented in terms of the 
abnormality or defective morphology of sperm in CSD 

Table 4 Effect of cottonseed and cottonseed aqueous extracts diet on semen characteristics of male wistar albino rats

STD Standard diet, CSD Cottonseed diet, CAD standard diet with conventional aqueous extracted cottonseed milk for 1 ml/100 g of animal weight/day, EAD standard 
diet with enzyme assisted aqueous extracted cottonseed milk for 1 ml/100 g of animal weight/day, HPF High power fluidm, RBC Red blood cells; Values are mean ± SD 
of five observations from the experimental animals; The values mentioned in superscripts are significantly different at P < 0.05 in the same row

Parameters Diet

STD CSD CAD EAD

Total sperm count (Million Sperms/ml) 31.65 ± 10.41c 70.00 ± 10.000a 45.00 ± 5.00b 55.00 ± 5.00b

Actively Motile (%) 30.00 ± 8.66b 38.35 ± 2.89a 41.65 ± 14.45a 46.65 ± 11.55a

Sluggish Motile (%) 25.00 ± 8.66 21.65 ± 10.41 26.65 ± 11.55 21.65 ± 7.65

Non Motile (%) 45.00 ± 15.00 40.00 ± 10.00 31.65 ± 2.90 31.65 ± 7.65

Pus Cells /HPF (Minimum) 11.65 ± 3.51ab 7.65 ± 2.52b 9.65 ± 2.52ab 11.35 ± 1.15ab

Pus Cells /HPF (Maximum) 15.00 ± 5.00ab 9.65 ± 2.52c 12.65 ± 3.21bc 14.00 ± 1.75bc

Epithelial Cells /HPF (Minimum) 5.00 ± 1.00 4.65 ± 0.58 5.00 ± 0.00 5.68 ± 0.60

Epithelial Cells /HPF (Maximum) 7.00 ± 1.00 7.00 ± 1.00 7.00 ± 0.00 7.65 ± 0.60

RBC /HPF (Minimum) 1.35 ± 0.58 2.35 ± 1.55 1.35 ± 0.58 2.00 ± 0.0

RBC /HPF (Maximum) 3.00 ± 1.00 4.35 ± 1.55 3.65 ± 1.15 4.00 ± 0.0

Normal Structure (%) 48.35 ± 20.20 56.65 ± 5.75 53.35 ± 5.75 60.00 ± 10.0

Abnormal (%) 51.65 ± 20.20 43.35 ± 5.75 46.65 ± 5.75 40.00 ± 10.0

Fig. 1 Microphotographs of semen morphology from experimented male wistar albino rats

1-Normal morphology; Abnormal morphology includes 2-Pairing phenomenon; 3-Headless tail; 4-Detached head and 5-Bend neck
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(43.35%), CAD (46.65%) and EAD (40%) compared with 
STD (51.65%). The normal morphology of the semen 
structure was significantly affected by the bend necks of 
the sperm, without a head or tail in the sperm and the 
attachment of two heads in single sperm (Fig.  1). These 
changes were observed as a percentage of active, sluggish 
and nonmotile sperm and normal and abnormal mor-
phology of the sperm.

The pus cells had an inverse relationship between 
sperm motility and count and this observation was 
noted in infertile patients (Khan et al. 2012). Among the 
experimented groups, the group fed the EAD showed the 
highest percentage of active motile sperms, the normal 
structure of the sperms and less percentage of sluggish, 
nonmotile and abnormal structure of the sperms. How-
ever, the other experimented groups that contained gos-
sypol in CSD and CAD had better performance in terms 
of total sperm count, active motility of sperm and normal 
structure of the sperm compared with STD fed group.

The results from the previous study present that 
the gossypol content of the MCU 5 cottonseed 
variety, CCM and EAAECM was 22.81 mg/100 g, 
5.76 mg/100 ml in CCM and 4.20 mg/100 ml, respec-
tively (Subramani et al. 2021). The gossypol content of 
the selected feed samples was within the safe level for 
consumption and met the permissible intake level of 
gossypol in food products as set by USFDA and FAO/
WHO (Prasad & Blaise  2020). However, male fertility 
characteristics may be influenced by dose and time-
dependent factors. The prolonged intake of a large 
quantity of cottonseed (as gossypol) may affect fertility 
characteristics due to the inhibition of lactate dehydro-
genase X enzyme activity, an increase in the 17b-HSD 
and 17-ketosteroid reductase activity, which leads to an 
increase in the degradation of testosterone, damaging 
the germinal epithelium and disturbing both the struc-
tural and functional characteristics of the epididymis 
(Amini & Kamkar  2005; El-Sharaky et  al.  2010). Also, 
gossypol interferes with steroidogenic enzymes viz., 
5α-reductase and 3α-hydroxysteroid dehydrogenase 
in the rat testis (Hu et  al.  2009). Various studies have 
reported that prolonged intake of high levels of cotton-
seed-based food products viz., cottonseed meal, cot-
tonseed cake, cottonseed oil and cottonseed extract 
caused a significant decrease in weight of the reproduc-
tive organs, sperm count and changes in sperm mor-
phology (Babatunde et al., 2021; Chenoweth et al. 1994; 
Chris-Ozoko et  al.  2018; Cunha et  al.  2012; Singla & 
Garg 2013). However, intake of gossypol at 10 mg/kg of 
body weight/day for 9 weeks in the male rats showed a 
not significant effect on sperm characteristics (Beau-
doin  1985). Kenfack et  al. (2015) reported that the 

spermatozoa concentration in the cauda epididymis 
was higher, although not significant in the cotton-
seed cake (up to 12.5% inclusion of cottonseed) com-
pared with the control diet, as well as the adverse effect 
was observed in the 18% cottonseed included diet fed 
in rabbits. In another study, feeding over 30% of the 
whole cottonseed for up to 90 days showed an adverse 
effect on the semen characteristics and testicular pro-
file in the Red Sokoto Bucks. Moreover, testicular and 
epididymis had higher concentrations of sperms in 
animals fed with up to 30% of the whole cottonseed 
(Itodo et al. 2020). Therefore, the above studies related 
to semen characteristics confirmed that the intake of 
the highest gossypol for a prolonged time causes an 
antagonistic effect on sperm characteristics. However, 
our results show that the intake quantity of the treated 
diet has improved the semen characteristics compared 
with the STD diet in the rats and that cottonseed-based 
products had the permissible intake level of gossypol as 
mentioned by USFDA and FAO/WHO.

Conclusion
The consumption of below or permissible intake level 
of cottonseed, CCM and ECM by male Wistar albino 
rats during the period of 45 days had a significant effect 
on the growth performance, whereas increases in the 
WBC include leukocyte characteristics and induce 
decreases in the RBC count, HGB, HCT and PLT con-
tent compared with STD fed group due to the forma-
tion of gossypol-iron complex mechanism. The semen 
characteristics such as total sperm count, active motil-
ity of sperm and normal structure of the sperm had 
better performance in the cottonseed-based products 
fed groups and were significantly on par with STD fed 
group. Further studies may be required by increasing 
the concentration of cottonseed or cottonseed aque-
ous extract or the duration of the dose supplied period 
for safe consumption of cottonseed-based products for 
human consumption.
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