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ABSTRACT  
Nowadays, dietary proteins play a very crucial role against oxidation, which is a fundamental process in the occurrence of many diseases.  The 
aim of this study was to hydrolyze globulin fractions from C. moschata (CMH), C. lanatus (CLH) and L. siceraria (LSH), and to evaluate their in 
vivo antioxidant potential.  The in vivo antioxidant potential was conducted using in vivo catalase and lipid peroxidation (LPO) assay methods. 
The total protein content was also estimated using Bio-Rad protein assay and bovine serum albumin methods. For in vivo study, ethanol was 
induced into test animals for toxicity and oxidative damage for 15 days. The catalase and LOP of serum / liver homogenate were determined. 
The results showed that globulin hydrolysates decrease the MDA level and increase the catalase level in normal mice. Based on these findings, 
this study provides information about in vivo antioxidant activities of C. moschata, C. lanatus and L. siceraria hydrolysates. Globulin hydrolysates 
of L. siceraria showed effective antioxidant properties in vivo models, whereas globulin hydrolysates of C. moschata and C. lanatus exhibited 
remarkable antioxidant properties, as well. Thus, the results suggest that globulin hydrolysates might be used as a novel source in reducing the 
risk of oxidative stressed diseases and development of functional foods. 
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INTRODUCTION 

Worldwide, it is estimated that 1.7 million deaths occur due 
to insufficient consumption of green vegetables and fruits.  
Inadequate intake of vegetables and fruits causes deaths in 
gastrointestinal cancer (14%), heart diseases (11%) and 
stroke (9%) every year1. Today, the diet rich in vegetables 
and fruits are being very popular as it can reduce the risk of 
various complicated diseases like cardiovascular and cancer. 
Additionally, fruits and vegetables are rich sources of 
various types of bioactive compounds that can fight against 
life threatening diseases and maintain good health2. 
Indigenous healthcare practices are comparatively cheaper 
and safer than modern healthcare services, which are too 
expensive. In today’s research field, traditional knowledge 
on medicinal plants is quite helpful for the development of 
many lead molecules3. 

A hypothesis, “Let food be thy medicine and medicine be thy 
food” was first grabbed by Hippocrates. In 19th century, the 
presumption “food as medicine” was doubtful with the 
advent of modern drug therapy. Hence, the researchers 

started identifying bio-active components from food sources, 
which may reduce the risk of various complicated chronic 
diseases. For betterment of physiological health benefits and 
to minimize the risk factor of chronic diseases, there is a 
need for extensive investigation of food4. 

Recently, food science has been highlighted on the 
sequences of active peptides present in food proteins. The 
peptides are found to be inactive within the parent protein 
and can be liberated by proteolytic reactions within the 
gastro intestinal system during digestion. Currently, it is 
found that food derived peptides are excellent source of 
antimicrobial, antiviral, anticarcinogenic, anti-inflammatory, 
antioxidant and antihypertensive activities. These peptides 
can also be used for the maintenance of human health5. 
Though, the seeds are rich in nutritional pack, they are 
commonly discarded as waste products and a very less 
attention has been paid to their dietary efficacy. Recently, it 
is found that food security has become a real challenge in the 
society. So, discard of any food nutrients seems to be 
criminal and a great attention is required for the assessment 
of various therapeutic values of food nutrients6. On the other 
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hand, proteins are thought to be utilized in the formulation 
of food products to overcome the shortage of animal 
proteins. Today, the preparations of soy-proteins7 and oil 
seeds are being a good indicator for the use of plant sources, 
especially seeds8. Now a day, seed proteins like soya protein 
has been used for food formulations due to their good 
functional properties. The use of soya proteins by many 
people is going to be declined due to their disagreeable 
order, allergic reactions, and other dietary restrictions9. To 
overcome these complications, the new source of proteins 
from some low cost of seeds is coming in the limelight of 
research. 

Generally, bioactivities of protein hydrolysates are enhanced 
during hydrolysis of their peptide bond10. Protein 
hydrolysates are the mixture of amino acids and 
oligopeptides11. In comparison to native proteins, hydrolytic 
bioactive peptides are more effective in terms of 
digestibility, solubility, and absorption affinities due to their 
low molecular weight and less complex structure. The 
solubility of these bioactive peptides increases gradually 
during removal of peptide bonds from the polypeptides 
under enzymatic hydrolysis12. Low-molecular weight 
peptides are absorbed as a whole than hydrolysable 
proteins, but oligopeptides and polypeptides are commonly 
hydrolyzed before absorption in the intestinal mucosa. In 
comparison to the other naturally bioactive peptides, 
bioactive peptides obtained from food sources showed more 
multiplicity in their mode of action. 

In India, the seeds of Cucurbit moschata, Citrullus lanatus and 
Lagenaria siceraria are edible, and available plentily. 
Nowadays, food safety confers real challenge in current and 
coming days. So, wasting of any food products may be 
treated as most illegal. That is why; special attention is 
needed to these seeds as a dietary component. In our 
previous research work, globulin was found most potent 
than other protein fractions, such as albumin, prolamin and 
glutelin. Therefore, the further investigation was performed 
using enzymatic hydrolysis of globulin fractions by trypsin, 
and their antioxidant properties were evaluated. Therefore, 
the objective of this study was to investigate in vivo 
antioxidant potential of protein fractions of globulin 
hydrolysate obtained from the seeds of three species of 
Cucurbitaceae (C. moschata, C. lanatus and L. siceraria).   

MATERIALS AND METHODS 

Extraction and purification of globulin fractions from C. 
moschata, C. lanatus and L. siceraria seeds 

The fresh seeds were dried at 40°C and ground into a fine 
powder. The powdered sample (500 mg) was macerated 
with n-hexane (50 ml) for 48 h. The product was filtered 
using whatman filter paper (0.45µm) to get residue. The 
residue (200mg) obtained was homogenized in magnetic 
stirrer for 1 h using Tris HCl (50ml) at pH 8. It was then 
centrifuged at 10,000g for 20 min. The globulin fraction was 
separated as supernatant. All the globulin fractions were 
prepared from the rest seed powder following the same 
procedure and purified using acetone.  All the fractions were 
lyophilized and stored at −20 °C for future use13. 

Preparation of hydrolysates of globulin fraction 

The globulin hydrolysates were prepared as per the method 
described earlier13. The 5 mg/ml of globulin fraction from 
each C. moschata, C. lanatus and L. siceraria was treated with 
Tris-HCl buffer (50 mM, pH 7.5) and trypsin (0.08 mg/ml) at 
the ratio of 50:1. The solution was kept in incubator for 4 h, 
and then heated in water bath for 15 to 20 min. for 
inhibition of enzymatic hydrolysis. The supernatant was 

then collected after centrifugation at 10,000 g for 10 min., 
and stored at -20 ºC for future use. 

Estimation of protein contents  

The total protein content was determined as per the method 
previously described by Bradford (1976)14. In this method, 
bovine serum albumin (BSA) was used as standard. All the 
assay reagents along with test proteins were allowed to 
stand for 5 min at room temperature. The absorbance of this 
mixture was then measured at 595 nm for estimation of total 
protein content.  

Experimental design 

Wistar albino rats of either sex weighing 170-220 gm were 
obtained from the Department of Pharmacology, Siksha ‘O’ 
Anusandhan (Deemed to be University), Bhubaneswar. All 
animal procedures and protocols were approved by the 
institutional animal ethical committee 
(IAEC/SPS/SOA/09/2018). All the animals were kept in 
polypropylene cages and acclimatized at 25 ± 2 °C at 50–
60% relative humidity to the laboratory environment for 1 
week. The rats were maintained on normal laboratory food 
and water ad libitum, under controlled room temperature 
(25°C ± 2°C, 60-70% humidity) and 12-12 h light-dark cycle. 
The animals were feed normal laboratory food and water ad 
libitum. The rats were randomly divided into 6 groups (n=6 
in each group).  After administration of ethanol (50%), 
globulin hydrolysates (1 gm/kg BW) were administered 
orally to rats once in a day for a period of 15 days as 
presented below: 

Group I: normal control,  

Group II: negative control (50% ethanol)  

Group III: ethanol + globulin hydrolysates of C. moschata 
(CMGH)  

Group IV: ethanol + globulin hydrolysates of C. lanatus 
(CLGH) 

Group V: ethanol + globulin hydrolysates of L. siceraria 
(LSGH)  

Group VI: ethanol + ascorbic acid (0.2 gm/kg BW) 

In this study, ethanol was induced into test animals for 
toxicity and oxidative damage for 15 days. After 15 days of 
treatment, all the rats were fasted for 12 h and then 
sacrificed by cervical dislocation. The blood samples were 
collected through direct heart puncture and centrifuged at 
4000g at 4 °C for 15 min to separate serums. The liver of the 
anesthetized rats were dissected and liver was mixed with 
Tris–HCl buffer (50 mmol/l, pH 7.4) and homogenized. It 
was then centrifuged at 5000 g at 4 °C for 15 min. The 
supernatant was collected immediately and kept at −20 °C 
for further study15.  

In vivo catalase assay 

The catalase activity of serum obtain from blood sample and 
liver homogenate was evaluated according to the previously 
reported method16. The reaction mixture was prepared by 
adding serum or liver homogenate (50 µL) to phosphate 
buffer (2µl) and hydrogen peroxide (1 ml). The catalase 
activity was measured at 240 nm for 1 min. One unit of 
activity is equal to 1 mmol of H2O2 degraded per minute and 
is expressed as units per milligram of protein. 

In vivo lipid peroxidation (LPO) assay 

Thiobarbituric acid (TBA), when reacts with 
malondialdehyde (MDA), it forms a pink colored diadduct, 
thiobarbituric acid reactive species (TBARS) which can be 
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measured at 532 nm. The LOP of serum / liver homogenate 
was determined according to the method described by Onoja 
et al., 201416. The reaction mixture was prepared by adding 
100 µL of plasma or liver homogenate to trichloro acetic acid 
(15 %),  thiobarbituic acid (0.37 %) and  HCl (0.25 N). The 
reaction mixture was heated at 80 ºC for 1h, and then it was 
cooled for 10 min.  The cooled reaction mixture was 
centrifuged at 3000 g, and the absorbance was measured at 
532 nm against blank. The MDA content was determined 
from the standard curve and expressed as nmol/L. 

Biochemical assessment 

At the end of 15 days of experimentation, the blood samples 
were collected by heart puncture method. Total lipids, 
Triglycerides, Total cholesterol, HDL-Cholesterol and LDL-
cholesterol were estimated. 

Statistical analysis 

All the results were expressed as mean values ± standard 
deviation of three independent determinations. Statistical 
analysis was done using SPSS 11.0 (SPSS Inc., Chicago, IL, 
USA). The data were analyzed using ANOVA, followed by 
Duncan's test.  

RESULTS AND DISCUSSION 

Estimation of globulin contents  

In C. moschata, C. lanatus and L. siceraria,  globulin fraction 
was found as the major protein fraction and it was found to 
be 46 ± 0.3, 39 ± 0.1, 49 ± 0.3% respectively. 

In vivo antioxidant activity of potent globulin 
hydrolysates 

Catalase enzyme checks the formation of hydroxyl radical 
and catalyzes the liberation of water and oxygen from 
hydrogen peroxide. 

2H2O2 = 2H2O + O2 

In the present study, changes in the activities of antioxidant 
enzymes in rat were evaluated. The level of catalase was 
significantly (P < 0.05) decreased in the negative control 
group (serum 0.50 ± 0.02 mM/lt; liver 0.41 ± 0.05 mM/gm), 
than that of normal group rats (serum 1.33 ± 0.01 mM/lt; 
liver 0.71 ± 0.06 mM/gm). These data clearly showed that 
the ethanol induced oxidative stress at in vivo level, which 
correspond to the alteration in antioxidant enzymes activity 
due to the presence of excess ROS. The level of catalase in 
serum and liver homogenate of rats, treated with CMGH was 
found to be 1.14 ± 0.02 mM/lt and 0.74 ± 0.02 mM/gm, 
respectively. Similarly, catalase level in serum and liver 
homogenate of rats treated with CLGH was registered 0.91 ± 
0.02 mM/lt and 0.66 ± 0.04 mM/gm, respectively. The rats 
treated with LSGH exhibited a significant (P < 0.05) increase 
in the activities of these enzymes in the serum (1.31 ± 0.32 
mM/lt) and liver (0.78 ± 0.01 mM/gm) when compared with 
the negative control rats. The results depicted in Table 6.5 

revealed that ethanol induced oxidative stress reduced the 
enzymatic activity of antioxidant enzymes. So, the reduced 
enzymatic activity showed an oxidative stress in defense 
system of rats. These data are also consistent with the 
findings of Farbiszewski et al., 199117 and Schisler et al., 
198918. Moreover, catalase can also oxidize trace amount of 
ethanol in the presence of a hydrogen peroxide to produce 
acetaldehyde resulting protection of vital parts of the body 
from oxidative stress19. Thus, globulin hydrolysates prevent 
oxidative stress by restoring antioxidant potential of 
catalase and maintain the normal cellular function.  

In vivo lipid peroxidation (LPO) assay 

Reactive oxygen species are susceptible to react with 
polyunsaturated fatty acids which lead to lipid peroxidation 
(LPO). Malondialdehyde (MDA) is an endogenous genotoxic 
product and also the end products of LPO20. The amount of 
malondialdehyde (MDA) in serum and other vital parts of 
the body indicates the extent of lipid peroxidation.  After 
acute alcohol administration, MDA levels was found to be 
increased in liver and blood contributing enhanced  
peroxidation and interruption of the antioxidant defense 
mechanisms.   In the present study, LPO is evaluated by 
measuring the amount of MDA present in serum and liver 
homogenate. A significant increase in MDA levels in the rats 
of negative control group (serum 16.36 ± 1.44 nM/lt; liver 
19.69 ± 0.15 nM/gm) than that of normal group (serum 6.80 
± 1.02 nM/lt; liver 10.21 ± 0.69 nM/gm).  In CMGH treated 
rats the MDA level in serum and liver homogenate was found 
to be 9.84 ± 0.97 nM/lt and 14.14 ± 0.98 nM/gm, 
respectively. In case of LSGH the amount of MDA in serum 
was registered 6.59 ± 1.69 nM/lt and in liver it is found 
10.68 ± 1.07 nM/gm. Similarly, in CLGH treated rats, the 
MDA level in serum and liver homogenate was found 13.05 ± 
0.60 nM/lt and 17.32 ± 0.99 nM/gm, respectively. In the 
present study, Table 6.5 showed that MDA level was 
increased in control groups, whereas in all globulin 
hydrolysates treated groups MDA level was found to be 
decreased.  

The results of this study are also in agreement with the 
findings of other investigators17. The muscle protein 
hydrolysate (Otolithes ruber) and soya protein  are reported 
to enhance the in vivo antioxidant capacity 15,21, which is in 
consistent with our results. Ethanol is commonly known as 
the abused substance by the society. It induces a significance 
increase in levels of ROS in plasma and tissues. In the 
present investigation, it was found that ethanol significantly 
increases the MDA levels in serum and liver and impaired 
the antioxidant mechanism. Globulin hydrolysates 
significantly reversed these changes causing a significant 
reduction of MDA levels both in serum and liver and 
showing its defensive effects against ROS. The findings of 
this are also similar to the report published earlier by 
Oyenihi et al., 201622 showing a significant decrease in MDA 
levels in organs after administration of watermelon juice 
against ethanolic induced oxidative damage. 
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Table 1 Effect of CMGH, CLGH and LSGH on antioxidant enzyme activities in rats exposed to ethanol 

Group Catalase activity Lipid peroxidation 

Serum (mM/lt) Liver (mM/gm) Plasma (nm/lt) Liver (nM/gm) 

Normal 1.33±0.01a 0.71±0.06a 6.80±1.44d 10.21±0.69d 

Toxic control 0.50±0.03c 0.41±0.05c 16.36±1.44a 19.69±0.87a 

CLGH 0.91±0.02b 0.66±0.04b 13.05±0.6b 17.32±0.99b 

CMGH 1.14±0.02a 0.74±0.02a 9.84±0.97c 14.14±0.98c 

LSGH 1.31±0.32a 0.78±0.01a 6.59±1.69d 10.68±1.07d 

Ascorbic acid 1.32±0.03a 0.77±0.06a 6.78± 1.07d 10.28±0.78 

Values are expressed as mean ± SD for 6 animals. Values within column with different superscript letters are significantly different (P < 0.05) 

 

The results showed that the globulin hydrolysates are 
antioxidant in action that react with free radicals, and may 
reduce the occurrence of free radical damage living 
organisms. Li et al, 200323 reported that phenylalanine is 
responsible to enhance the antioxidant potential of peptides 
as phenylalanine basically reacts with OH free radical to form 
a stable compound23. This finding is found to be correlated to 
the previous study described by Fan et al. (2012)24. The 
presence of sulfhydryl group of cysteine in globulin 
hydrolysates may be responsible for reduction of free 
radicals. 

Hydrophobic amino acids such as glycine, alanine, valine and 
leucine exhibit significant antioxidant activity as they easily 
pass through the cell membrane25. It is previously reported 
that LSH is rich in hydrophobic amino acids with compared 
to CMH and CLH13. Alkaline amino acids including histidine, 
arginine and lysine reported to have a strong antioxidant 
activity26. 

Biochemical assessment 

Fig. 1 showed that administration of alcohol caused a 
significant increase in total lipids, as compared to that of 
control group. Total lipid concentration of toxic control was 
found to be 510.54±1.6 (mg/dL). This increase in total lipid 
content may be due to the administration of alcohol. The 
effect of CLGH, CMGH, and LSGH on serum lipid 

concentration was significantly decreased in treated rats. 
These results suggest that LSGH might preserve the liver 
against lipid accumulation and peroxidation.  

In this study, serum triglycerides of rats treated with alcohol 
showed a significant increase as compared to the control 
group. The increase level in triglycerides may be due to the 
degradation of phospholipids which results increase in lipid 
peroxidation27, 28.  

On the other hand, after alcohol intoxication, the rats treated 
with the CLGH, CMGH, LSGH showed a significant decrease in 
serum triglycerides concentration as compared to the 
control group. This finding suggested that the protein 
hydrolysates may preserve the liver against lipid 
accumulation.  

In the present work, it was found that serum total cholesterol 
concentration of rats treated with alcohol increases 
significantly. This finding suggested that alcohol exerts 
significant toxic effect on serum total cholesterol. Regarding 
the effect of the protein hydrolysates on serum total 
cholesterol concentration of rats, the present study revealed 
a significant decrease in serum total cholesterol of rats 
treated with CLGH, CMGH and LSGH. Hypercholesterolemia 
is known to be a risk factor for coronary artery disease 
(CAD), and LDL-cholesterol also plays a crucial role in the 
pathogenesis of CAD28.  

 

 

 

Fig. 1 Effect of the CMGH, CLGH and LSGH on post-treatment on lipids profile parameters of rats 
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It the present study, rats treated with alcohol showed a 
significant increase in serum HDL and LDL-cholesterol as 
compared to the control groups, whereas the rats treated 
with the CLGH, CMGH and LSGH showed a significant 
decrease in serum HDL and LDL-cholesterol levels.   

CONCLUSION 

The study indicated that, hydrolysates of C. moschata, C. 
lanatus and L. siceraria seed were prepared, and their in-vivo 
antioxidant effects were evaluated. It was showed that 
administrations of hydrolysates reduce the MDA level and 
increases the catalase level in normal mice. Therefore, the 
present study provides important information about the in 
vivo antioxidant activity of C. moschata, C. lanatus and L. 
siceraria hydrolysate. So, it can be suggested that the 
hydrolysate prepared from C. moschata, C. lanatus and L. 
siceraria has potential for applications in pharmaceutical 
and food industries. 

REFERENCES 

1. World Health Organization. WHO Fruit and Vegetable Promotion 
Initiative–report of the meeting, Geneva, 25–27 August 2003. 

2. Henning SM, Yang J, Shao P, Lee RP, Huang J, Ly A, Hsu M, Lu QY, 
Thames G, Heber D, Li Z. Health benefit of vegetable/fruit juice-
based diet: Role of microbiome. Scientific reports. 2017 May 19;  
7(1):1-9. 

3. Caili FU, Huan S, Quanhong LI. A review on pharmacological 
activities and utilization technologies of pumpkin. Plant foods 
for human nutrition. 2006 Jun 1; 61(2):70-7. 

4. Hasler CM. Functional foods: benefits, concerns and challenges—a 
position paper from the American Council on Science and 
Health. The Journal of nutrition. 2002 Dec 1; 132(12):3772-81. 

5. Hernández-Ledesma B, Hsieh CC, editors. Bioactive food peptides 
in health and disease. BoD–Books on Demand; 2013 Jan 30. 

 6. Patel S, Rauf A. Edible seeds from Cucurbitaceae family as 
potential functional foods:       Immense promises, few concerns. 
Biomedicine & Pharmacotherapy. 2017 Jul 1; 91:330-7 

7. Kinsella JE. Protein structure and functional properties: 
Emulsification and flavor binding effects. In ACS Symposium 
series-American Chemical Society (USA). 1982. 

8. Singh Gill N, Sood S, Muthuraman A, Bali M, Dev Sharma P. 
Evaluation of antioxidant and anti-ulcerative potential of 
Citrullus lanatus seed extract in rats. Latin American journal of 
pharmacy. 2011; 30. 

9. Thaiphanit S, Anprung P. Physicochemical and emulsion 
properties of edible protein concentrate from coconut (Cocos 
nucifera L.) processing by-products and the influence of heat 
treatment. Food Hydrocolloids. 2016 Jan 1; 52:756-65. 

10. Ozuna C, León-Galván M. Cucurbitaceae seed protein 
hydrolysates as a potential source of bioactive peptides with 
functional properties. BioMed Research International. 2017;  
2017. 

11. Clare DA, Swaisgood HE. Bioactive milk peptides: a prospectus. 
Journal of dairy science. 2000 Jun 1; 83(6):1187-95. 

12. Saadi S, Saari N, Anwar F, Hamid AA, Ghazali HM. Recent 
advances in food biopeptides: Production, biological 
functionalities and therapeutic applications. Biotechnology 
advances. 2015 Jan 1; 33(1):80-116. 

13. Dash P, Ghosh G. Amino acid composition, antioxidant and 
functional properties of protein hydrolysates from 

Cucurbitaceae seeds. Journal of food science and technology. 
2017 Dec 1; 54(13):4162-72. 

14. Bradford MM. A rapid and sensitive method for the quantitation 
of microgram quantities of protein utilizing the principle of 
protein-dye binding. Analytical biochemistry. 1976 May 7; 72(1-
2):248-54. 

15. Nazeer RA, Kumar NS, Ganesh RJ. In vitro and in vivo studies on 
the antioxidant activity of fish peptide isolated from the croaker 
(Otolithes ruber) muscle protein hydrolysate. Peptides. 2012 
Jun 1; 35(2):261-8. 

16. Onoja SO, Omeh YN, Ezeja MI, Chukwu MN. Evaluation of the in 
vitro and in vivo antioxidant potentials of Aframomum 
melegueta methanolic seed extract. Journal of  Tropical 
Medicine. 2014; 1-6. 

17. Farbiszewski R, Chwiecko M, Holownia A, Pawlowska D. The 
decrease of superoxide dismutase activity and depletion of 
sulfhydryl compounds in ethanol-induced liver injury. Drug and 
alcohol dependence. 1991 Oct 1; 28(3):291-4. 

18. Schisler NJ, Singh SM. Effect of ethanol in vivo on enzymes which 
detoxify oxygen free radicals. Free Radical Biology and 
Medicine. 1989 Jan 1; 7(2):117-23. 

19. Escarabajal D, Miquel M, Aragon CM. A psychopharmacological 
study of the relationship between brain catalase activity and 
ethanol-induced locomotor activity in mice. Journal of studies 
on alcohol. 2000 Jul; 61(4):493-8. 

20. Alam MN, Bristi NJ, Rafiquzzaman M. Review on in vivo and in 
vitro methods evaluation of antioxidant activity. Saudi 
Pharmaceutical Journal. 2013 Apr 1; 21(2):143-52. 

21. Tang X, Wu Q, Le G, Shi Y. Effects of heat treatment on structural 
modification and in vivo antioxidant capacity of soy protein. 
Nutrition. 2012 Nov 1; 28(11-12):1180-5. 

22. Oyenihi OR, Afolabi BA, Oyenihi AB, Ogunmokun OJ, Oguntibeju 
OO. Hepato-and neuro-protective effects of watermelon juice on 
acute ethanol-induced oxidative stress in rats. Toxicology 
reports. 2016 Jan 1; 3:288-94. 

23. Li M, Carlson S, Kinzer JA, Perpall HJ. HPLC and LC-MS studies of 
hydroxylation of phenylalanine as an assay for hydroxyl radicals 
generated from Udenfriend’s reagent. Biochemical and 
biophysical research communications. 2003 Dec 12;  
312(2):316-22. 

24. Fan J, He J, Zhuang Y, Sun L. Purification and identification of 
antioxidant peptides from enzymatic hydrolysates of tilapia 
(Oreochromis niloticus) frame protein. Molecules. 2012 Nov; 
17(11):12836-50. 

25. Torres-Fuentes C, del Mar Contreras M, Recio I, Alaiz M, Vioque J. 
Identification and characterization of antioxidant peptides from 
chickpea protein hydrolysates. Food Chemistry. 2015 Aug 1;  
180:194-202. 

26. Guo H, Kouzuma Y, Yonekura M. Structures and properties of 
antioxidative peptides derived from royal jelly protein. Food 
Chemistry. 2009 Mar 1; 113(1):238-45. 

27. Sanogo R, Germano MP, D'Angelo V, Guglielmo M, De Pasquale R. 
Antihepatotoxic properties of Entada africana (Mimosaceae). 
Phytotherapy Research: An International Journal Devoted to 
Pharmacological and Toxicological Evaluation of Natural 
Product Derivatives. 1998; 12(S1):S157-9. 

28. Soliman AM, Abu-El-Zahab HS, Alswiai GA. Efficacy evaluation of 
the protein isolated from Peganum harmala seeds as an 
antioxidant in liver of rats. Asian Pacific journal of tropical 
medicine. 2013 Apr 13; 6(4):285-95. 

 

 

 

 


