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Abstract
To determine the in vitro and in vivo antioxidant activities of oligopeptides derived from solid-state
fermented cottonseed meal. The free radical scavenging in vitro as well as the antioxidative function and
lipid metabolism in an oxidized stress mice model was applied in the present study and results indicated
that the oligopeptides showed good antioxidant activity both in vitro and in vivo. A positive correlation
between the oligopeptides content, free radical scavenging ability and total antioxidant activity was
observed when the oligopeptides concentration ranged from 0.5 mg/mL to 8 mg/mL. While the in vivo
study indicated that feeding oligopeptides increased the activities of T-AOC, T-SOD, CAT, GSH-Px in the
liver and serum of mice (p<0.05) and decreased the content of MDA (p<0.01). Our results indicated that
the oligopeptides showed good antioxidant activity and could improve the antioxidant capacity as well as
blood lipid metabolism in mice.

Introduction
Redox reactions are indispensable physiological activities in the metabolism of animals with a
generation of large numbers of oxygen free radicals. Those free radicals (includes O2-, •OH, H2O2, and
1O2) are a class of special chemical groups with unpaired electrons. They are extremely unstable and
have high reactivity (Obeagu, 2018). It has been reported that excessive accumulation of free radicals in
animal cells could directly damage the protein structure, DNA, lipid as well as other biological
macromolecules, and eventually lead to cell death and tissue and organ aging (Pouya, 2020), closely
associated with coronary heart disease, aging, cancer or other diseases (Valko et al., 2007; Pourahmad et
al., 2016; Suleman et al., 2019). In addition to ascorbic acid, vitamin E, β-carotene or other common
antioxidants, as non-enzyme free radical scavengers, and antioxidant peptides have also attracted much
attention (Nwachukwu and Aluko, 2019). Isolation of antioxidant peptides from plants and animals (e.g.
soy, rapeseed, rice, wheat, corn, chickpea, milk, sardines, etc.) has been widely reported (Davalos et al.,
2004; Arcan et al., 2007; Bougatef et al., 2010; He et al., 2013; Wang et al., 2014; Wang et al., 2017; Meza-
Espinoza et al., 2018; Bisly et al., 2021). Compared with the synthetic antioxidants, antioxidant peptides
were more acceptable by consumers for their safety and other advantages (Wen et al., 2020; Salvado et
al., 2021; Serajul et al., 2022).

As a by-product of cottonseed during cotton oil manufacture, the cottonseed protein shows a good
balance in composition of amino acids and is considered as an important plant protein resource
(Nagalakshmi et al., 2007; Nie et al., 2015; Mohammadrezaei et al., 2021). A lot of work has been done to
improve the economic value of cottonseed protein. For instance, oligopeptides was one kind of small
molecule protein obtained by enzymatic hydrolysis or microbial fermentation of cottonseed protein and
has shown much biological activity such as in vitro antioxidant activity, and blood pressure reduction
(Gao et al., 2010; Wang et al., 2021). However, as far as we know, few studies have focused on the
antioxidant activity of cottonseed oligopeptides in vivo.
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In the present study, the oligopeptides derived from the solid-state fermented cottonseeds meal, of that
ability to reduce the free radical of 1, 1-diphenyl-2-trinitrophenylhydrazine (DPPH), hydroxyl (•OH), anti-
superoxide anion (O2−), and total antioxidant capacity (T-AOC) was investigated in vitro, while its effects
on the antioxidant and lipid metabolism in serum and liver were investigated using an oxidative stress
mode in mice.

Materials And Methods

Materials
Oligopeptides with a molecular weight less than 3 kD was isolated and puri�ed from the solid-state
fermented cottonseed meal used mixture bacterium of Bacillus subtilis (CICC 1201) and Saccharomyces
cerevisiae (CICC 1001) (Liu et al., 2018). 2, 2-diphenyl-1-picrylhydrazyl (DPPH) was purchased from
Shanghai Biological Engineering Co., Ltd. O2−·, •OH, T-AOC, T-SOD, CAT, GSH-Px, GSH, T-CHO, TG, HDL-C,
LDL-C, MDA and protein assay kits were available from Jiancheng Ltd., (Nanjing, China). All other
chemicals and reagents used in this study were of analytical grade and purchased from Yongsheng Fine
Chemical Co., Ltd (Tianjin, China).

Dpph Radical Scavenging Activity
The DPPH free radical scavenging activity was measured according to Zhang et al. (2011) with some
modi�cation. Brie�y, 100 µL oligopeptides with different concentrations (0.5, 1, 2, 4 and 8 mg/mL) were
mixed thoroughly with 2.9 mL DPPH (0.1 mM in methanol solution) and kept in the dark for 30 min. Then,
the absorbance of the samples was measured with an ELIASA (EONC, USA). The DPPH free radical
scavenging rate was calculated by the following formula:

DPPH radical scavenging activity (%) = [1-(Asample-Ablank)/Acontrol] ×100

Acontrol was the absorbance after adding the methanol solution, Asample was the absorbance of the
oligopeptides and Ablank was the absorbance after adding the methanol solution to the oligopeptides
solution.

Inhibition Of Hydroxyl Radical Ability
Hydroxyl radical was generated by iron-catalysed Fenton reaction. Brie�y, 20 µL of oligopeptides with
different concentrations (0.5, 1, 2, 4 and 8 mg/mL) was �rst combined with 20 µL of ferrous sulfate and
40 µL of 1, 10-phenanthroline. The mixture was incubated at 37°C for 1 min. Then, 200 µL of
chromogenic agent was added to the reaction. The mixture was incubated at 25°C for 20 min, and the
absorbance at 550 nm was measured by an ELIASA (EONC, USA). The inhibition of hydroxyl radical
ability was calculated by the following formula:
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Inhibition of hydroxyl radical ability (Unit/mL) = [(Acontrol -Asample)/( Astandard -Ablank)]×Standard
concentration (8.824 mmol/L) ×1 mL/0.02 mL

Acontrol was the absorbance of the double distilled water replace of oligopeptides, Astandard was the
absorbance of the 0.03% H2O2 replace of oligopeptides, and Ablank was the absorbance of the double
distilled water replace of oligopeptides, 1,10-phenanthroline and ferrous sulfate.

Superoxide Anion Radical Scavenging Activity
The superoxide anion radical scavenging activity was measured according to the method described by Ji
et al (2018), with some modi�cation. This assay is based on the removal rate of xanthine/xanthine
oxidase generated superoxide by measuring the reduction of nitro blue tetrazolium (NBT). The reaction
mixture contained 50 µL different concentrations of oligopeptides (0.5, 1, 2, 4 and 8 mg/mL), 1mL of a
mixture of xanthine (0.1 mM) and NBT (0.2 mM) in potassium phosphate buffer (50 mM, pH 7.5)
containing EDTA(0.05 mM), 0.1 mL xanthine oxidase (0.8 unit/mL diluted in 50mM phosphate buffer, pH
7.5) was incubated at 37°C for 20 min. Addition of 2 mL of 2.5 N HCl to the mixtures terminated the
reaction, followed by increase of coloration of NBT, which was measured at 560nm against a blank. The
scavenging of superoxide anion in percentage was calculated using the equation described as in the case
of DPPH.

Total Antioxidant Capacity
The total antioxidant capacity (T-AOC) of oligopeptides was determined using a commercial kit and the
result was calculated by the equation below.

Total antioxidant capacity (Unit/mL) = (Asample – Acontrol)/0.3×N×n

Where Asample is the absorbance value of the sample; Acontrol is the absorbance value of the control; N is
dilution of the reaction system; n is the dilution of the sample.

The activities of antioxidant enzymes as well as the lipid metabolism of mice were analyzed according to
the instructions of the assay kit.

Mouse Grouping And Feeding Management
Male BALB/c mice at 6 weeks of age were purchased from the laboratory animal center of Shihezi
University. Mice were maintained under a 12-h dark/light cycle at a temperature of 22 ± 3°C (Napoli et al.,
2003). The mice were fed with basal diet or high fat content diet, where the nutritional composition of
those diets is listed in supplementary Table 1. For the experiment, forty-�ve BALB/c mice were divided
into 5 groups and each group had 3 replicates. The control group (CK) was fed with the basal diet and
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250 µL sterile saline. The high fat diet (HFD) was fed with high fat diet and 250 µL sterile saline. The low
(CP-4), medium (CP-20) and high (CP-40) group were fed with high fat diet, and 4 mg/mL, 20 mg/mL and
40 mg/mL oligopeptides in 250 µL sterile saline, respectively. The mice were fed twice a day (10 AM and
6 PM, lasting for 30 days), and during which period, the mice were free access to drinking water.

At the end of the trial period, the mice were fasted for 12 h, and weighed. After the ether anesthesia, blood
was collected from the eye socket and the mice were sacri�ced by cervical dislocation. Then, 0.1 g liver
was placed in 0.9 mL sterile saline to prepare a 10% liver suspension, and stored at -80oC for future
analysis. All experimental procedures using laboratory animals were approved by the Animal Care and
Use Committee of Shihezi University (A2020-069-01).

Statistical analysis
Statistical analysis was performed using the SPSS software program (Version: 20.0, USA). The data was
subjected to one-way analysis of variance (ANOVA) for mean comparison, and the signi�cant differences
were detected by the Duncan`s test (p < 0.05 indicated the difference was signi�cant, p < 0.01 indicated
extremely signi�cant).

Results And Discussion

Antioxidant activity of cottonseed meal oligopeptides
In order to better understand the chemical antioxidant activity of oligopeptides derived from solid-
fermented cottonseed meal, four different methods were applied in this study, including DPPH free radical
scavenging, hydroxyl radical inhibitory, anti-superoxide anion and total antioxidant capacity. As shown in
Fig. 1A, the DPPH scavenging effect of cottonseed meal oligopeptides was gradually enhanced with the
increase of its concentration, and the DPPH clearance rate reached a maximum of 31.55 ± 1.76% at the
concentration of 8 mg/mL. The inhibition of superoxide anion by oligopeptides is depicted in Fig. 1B. The
inhibitory capacity of the oligopeptides to hydroxyl radicals increased gradually with the increase of
oligopeptides concentration (range of 0.5 to 8 mg/mL). When the oligopeptides concentration was 0.5
mg/mL, the inhibition ability was 1.71 ± 0.26 U/mL. When the concentration of oligopeptides increased to
8 mg/mL, the inhibition ability increased to the maximum of 48.97 ± 0.16 U/mL.

The cottonseed meal oligopeptides inhibited the production of O2− in xanthine and xanthine oxidase
reaction system and its ability to inhibit the generation of superoxide anion radicals was positively
correlated with the oligopeptides concentration and the maximum of anti-superoxide anion activity was
84.49 ± 10.55 U/L when the concentration of oligopeptides was 8 mg/mL (Fig. 1C). The total antioxidant
capacity of cottonseed meal oligopeptides was positively correlated with its concentration. A linear
regression equation was obtained (y = 0.9309x + 0.0562) with a linear regression coe�cient of 0.996
Fig. 1D. When the concentration of cottonseed meal oligopeptides was 8 mg/mL, the total antioxidant
capacity reached the maximum of 7.45 ± 0.13 U/µL.
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Most of the natural antioxidants were multi-functional and in order to better evaluate their antioxidant
ability, we should choose several methods with different oxidation conditions. In other words, for a
comprehensive evaluation of natural antioxidants, several methods should be applied (Schlesier et al.,
2002). Up to now, many methods were applied to evaluate the antioxidant activity of antioxidants. These
methods could be mainly divided into in vitro and in vivo. The in vitro methods, used for convenience and
lower cost, have been widely used as the initial exploration of antioxidant mechanisms (Xie et al., 2008).
In the present study, our results showed that the oligopeptides derived from solid-state fermented
cottonseed meal had DPPH scavenging activity, inhibited the generation of hydroxyl radical and
superoxide anion free radicals, and its total antioxidant capacity showed a signi�cant dose-effect
relationship with its concentration. Sun et al. (2015) reported a higher hydroxyl free radical scavenging
activity in cottonseed meal oligopeptides produced by solid-state fermentation and presumed that the
antioxidant activity was closely associated with its amino acid composition. Gao et al. (2010) reported
that after the addition of neutral protease, four different cottonseed meal peptides were isolated by
Sephadex G-25. All had higher superoxide anion scavenging activity than the raw cottonseed meal and
presumed that these peptide fragments might contain certain electron donors and thus could react with
free radicals and the reaction was converted to a more stable product to terminate the free radical chain,
subsequently, resulting in an antioxidant effect.

Effects Of Cottonseed Meal Oligopeptides On Growth
Performance Of Mice Fed With High-fat Diet
The results showed the effect of cottonseed meal oligopeptides on body weight of mice fed with high-fat
diet in Table 1. There was no signi�cant difference in mean body weight between the groups at the
beginning of the experiment (p > 0.05). However after 30 days, the mean weight of mice in HFD group, CP-
4 group, CP-20 group, CP-40 group and CK group increased signi�cantly compared with the initial weight
(p > 0.05). Particularly, the average daily gain of CP-40 group was signi�cantly higher than that of the CK
group (p < 0.01), HFD group and CP-4 group (p < 0.05), while no signi�cant differences were observed in
the CP-20 group.
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Table 1
Effects of cottonseed meal oligopeptides on growth performance of mice fed with high-fat diet.

Items CK1) HFD2) CP-43) CP-20 CP-40

Initial weight (g) 27.40 ± 0.87 27.50 ± 0.92 27.33 ± 0.65 27.50 ± 1.50 27.47 ± 1.53

Final weight (g) 30.57 ± 1.72
a

32.10 ± 1.65
ab

32.27 ± 1.30
ab

32.83 ± 1.43
ab

33.93 ± 1.76
b

Weight gain per day
(g)

0.11 ± 0.03
a

0.15 ± 0.03 b 0.16 ± 0.02 b 0.18 ± 0.01 b 0.22 ± 0.03
A

1) CK: the control group;

2) HFD: the high fat diet group;

3) CP: the cottonseed meal oligopeptides group;

Effects of cottonseed meal oligopeptides on activity of antioxidant enzymes in the liver of mice fed with
high-fat diet

As shown in Table 2, the activities of antioxidant enzymes T-AOC (p < 0.05), T-SOD (p < 0.05) and CAT (p < 
0.05) in the liver of mice were signi�cantly lower as well as the activity of GSH-Px (p < 0.01) in the HFD
group than in the CK group, while the content of MDA was signi�cantly increased in the HFD group (p < 
0.01). By adding different concentrations of cottonseed meal oligopeptides to high fat diets, the activities
of T-AOC, T-SOD, CAT and GSH-Px in mouse liver increased signi�cantly (p < 0.05) and restored to the
normal level (CK group). Particularly, with the increase of oligopeptides concentration, the MDA content in
mouse liver decreased signi�cantly (p < 0.01).
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Table 2
Effects of cottonseed meal oligopeptides on antioxidant function in liver of mice fed with high-fat diet.
Items CK1) HFD2) CP-43) CP-20 CP-40

T-AOC
(U/mgprot)

0.30 ± 0.01a 0.25 ± 0.02 b 0.26 ± 0.03 a 0.30 ± 0.04 a 0.31 ± 0.02 a

T-SOD
(U/mgprot)

58.16 ± 7.95
a

45.81 ± 6.02
b

47.19 ± 4.29 b 51.76 ± 3.66 a 58.46 ± 4.93
a

CAT (U/mgprot) 1.55 ± 0.16 a 1.34 ± 0.16 b 1.39 ± 0.07 a 1.40 ± 0.05 a 1.46 ± 0.09 a

GSH-Px
(U/mgprot)

185.68 ± 
10.90A

136.62 ± 
15.02 B

158.81 ± 
17.44 B

177.81 ± 
14.82 A

200.06 ± 
6.48 A

GSH
(µmol/gprot)

0.30 ± 0.06 0.26 ± 0.07 0.28 ± 0.05 0.31 ± 0.03 0.31 ± 0.03

MDA
(nmol/mgprot)

3.63 ± 0.09 A 4.58 ± 0.24 B 3.45 ± 0.10 A 2.61 ± 0.08 C 2.09 ± 0.06 D

1) CK: the control group;

2) HFD: the high fat diet group;

3) CP: the cottonseed meal oligopeptides group;

High fat diets could induce obesity and oxidative stress in animals. The results of this study showed that
feeding a high-fat diet could signi�cantly increase the daily gain and �nal weight of mice. Intake of
oligopeptides had a positive effect on the weight gain of mice fed with high-fat diet. Antioxidant enzymes
were important antioxidants in the body and studies have demonstrated that oxidative stress was often
accompanied by a decrease in the level of antioxidant enzymes (Li et al., 2007). In the present study, we
found both a signi�cantly lower activity of antioxidant enzymes such as T-AOC, CAT and GSH-Px and a
higher MDA level in the liver and serum of mice fed with high-fat diet compared with the control group
(CK). These changes may be attributed to the fact that high-fat diets increased the body's lipid oxidation
process and produced excess free radicals (Yang et al., 2006; Qu et al., 2016; Chen et al., 2020).

Effects of cottonseed meal oligopeptides on antioxidant function in serum of mice fed with high-fat diet

The effect of cottonseed meal oligopeptides on serum antioxidative of mice fed with high-fat diet was
shown in Table 3. Compared with the CK group, the activities of T-AOC (p < 0.05), CAT (p < 0.05) and GSH-
Px (p < 0.01) in the HFD group were decreased signi�cantly, while the MDA content was increased
signi�cantly (p < 0.01). The activity of T-SOD and the content of GSH were decreased also, but there were
no signi�cantly difference compared with the CK group (p > 0.05). By adding different concentrations of
cottonseed meal oligopeptides (CP-4, CP-20, CP-40 groups) to mice fed with high-fat diets, the activities
of T-AOC (p < 0.05), CAT (p < 0.05) and GSH-Px (p < 0.01) in serum of mice were higher than the HFD
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group. The content of MDA in serum of mice fed with cottonseed meal oligopeptides was decreased
signi�cantly compared with the HFD group (p < 0.01).

Table 3
Effects of cottonseed meal oligopeptides on antioxidant function in serum of mice fed with high-fat diet.

Items CK1) HFD2) CP-43) CP-20 CP-40

T-AOC (U/mL) 1.95 ± 0.44 a 1.23 ± 0.11 b 1.66 ± 0.58 a 1.83 ± 0.24 a 2.04 ± 0.25 a

T-SOD (U/mL) 145.76 ± 8.30 136.72 ± 6.38 133.93 ± 6.52 137.18 ± 
11.14

144.06 ± 7.44

CAT (U/mL) 6.52 ± 0.09 a 5.79 ± 0.35 b 5.98 ± 0.56 a 6.18 ± 0.44 a 6.25 ± 0.30 a

GSH-Px
(U/mL)

155.05 ± 7.56
A

98.14 ± 11.16
B

131.13 ± 8.11
C

142.27 ± 7.73
A

167.84 ± 9.92
A

GSH (µmol/L) 3.35 ± 0.37 2.48 ± 0.77 2.97 ± 0.37 3.47 ± 1.31 3.59 ± 0.57

MDA
(nmol/mL)

4.69 ± 0.18 A 6.06 ± 0.23 B 5.64 ± 0.18 B 5.43 ± 0.18 C 4.73 ± 0.27 A

1) CK: the control group;

2) HFD: the high fat diet group;

3) CP: the cottonseed meal oligopeptides group;

Effects of cottonseed meal oligopeptides on lipid metabolism in serum of mice fed with high-fat diet

The effect of cottonseed meal oligopeptides on the lipid metabolism in serum of mice fed with high-fat
diet was shown in Table 4. Compared with the CK group, the contents of TC (p < 0.01), TG (p < 0.01) and
LDL-C (p < 0.05) were increased in HFD group whereas the HDL-C content was signi�cantly decreased (p 
< 0.01). The TC, TG, HDL-C and LDL-C content in the serum of the CP-4, CP-20, and CP-40 groups showed
no signi�cant difference with the CK group. These results indicated that the cottonseed meal
oligopeptides could promote the recovery of HDL-C and LDL-C in high-fat diet mice to normal levels.
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Table 4
Effects of cottonseed meal oligopeptides on lipid metabolism in serum of mice fed with high-fat diet.

Items CK1) HFD2) CP-43) CP-20 CP-40

TC (mmol/L) 2.09 ± 0.16 A 2.82 ± 0.39 B 2.36 ± 0.09 A 2.26 ± 0.11 A 2.12 ± 0.12 A

TG (mmol/L) 0.97 ± 0.13 A 1.73 ± 0.33 B 1.33 ± 0.05 A 1.10 ± 0.09 A 0.94 ± 0.10 A

HDL-C (mmol/L) 1.20 ± 0.06 A 0.81 ± 0.02 B 0.87 ± 0.05 B 0.97 ± 0.14 B 1.14 ± 0.08 A

LDL-C (mmol/L) 0.86 ± 0.08 a 1.16 ± 0.03b 1.08 ± 0.13 b 1.04 ± 0.16 ab 0.93 ± 0.12 a

1) CK: the control group;

2) HFD: the high fat diet group;

3) CP: the cottonseed meal oligopeptides group;

In addition to decreasing the activity of antioxidant enzymes, the high fat diet also caused the disorder of
blood lipid metabolism in mice, and this signi�cantly increased the content of TC, TG and LDL-C, and
decreased the content of HDL-C. Khaled et al. (2012) showed that protein hydrolysates could alleviate
oxidative stress in the body by increasing the animal's antioxidant enzymes. In our study, we found that
the activities of T-AOC, T-SOD, CAT and GSH-Px in the liver and serum could be increased by adding a
certain amount of cottonseed meal oligopeptides to high fat diet fed mice, while the TC, TG, LDL-C, HDL-C
content in serum could remain at a normal level and the MDA content decreased signi�cantly. As a �nal
product of lipid peroxidation, the MDA content re�ects the body`s oxidative stress levels (Niki et al., 2010),
and a reduction in MDA was clearly associated with an increase in antioxidant enzymes (Young et al.,
2010). Considering the results from the present study, we might speculate that the cottonseed meal
oligopeptides could increase the antioxidant function of the body by increasing the activity of antioxidant
enzymes and the process of fat metabolism.

Conclusion
In conclusion, the oligopeptides produced by solid-state fermentation of cottonseed meal has a good
ability to scavenge DPPH, •OH, and O2− free radicals as well as a good chelating effect on Fe2+.
Particularly, oligopeptides can enhance the antioxidant activity by increasing the activity of antioxidant
enzymes and affect the process of fat metabolism in oxidative stressed mice fed with high fat diet. Our
results indicate that the oligopeptides derived from solid-state fermented cottonseed meal have good
antioxidant activity both in vitro and in vivo.
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Figure 1

Chemical antioxidant activities of oligopeptides derived from solid fermented cottonseed meal A: DPPH
radical scavenging activity; B: Hydroxyl (•OH) radical scavenging activity; C: Superoxide anion (O2

-·)
radical scavenging activity; D: Total antioxidant capacity (T-AOC)
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