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ABSTRACT 

High ambient temperature (≥30℃) is an important environmental stress factor confronting 

poultry industry in the tropical regions worldwide. It generates excess reactive oxygen species 

(ROS) to overwhelm endogenous antioxidant enzymes activities and induces oxidative stress 

which causes lipid peroxidation and cell damage. This study investigated the potentials of 

watermelon juice (WJ) and ascorbic acid (AA) in boosting antioxidant enzymes activities against 

oxidative stress and lipid peroxidation in heat-stressed layer chickens. A total of ninety-six ISA 

brown layers of 34 weeks old were randomly allotted into four groups each containing 24 birds 

with three replicates. The control group (C) was given water (non-supplemented), the test groups 

(T1 and T2) were supplemented with 20 and 40% WJ in water respectively and the reference 

group (R) was supplemented with 200mg AA/litre of water. Data generated were subjected to 

one-way ANOVA. Results revealed that supplementation with WJ and AA significantly (p<0.05) 

boosted activities of superoxide dismutase (C: 0.73U/ml, T1: 3.82U/ml, T2: 10.00U/ml and R: 

9.27U/ml), catalase (C: 7.51nmol/min/ml, T1: 11.09nmol/min/ml, T2: 26.70nmol/min/ml and 

R: 18.20nmol/min/ml) and glutathione peroxidase (C: 6.11nmol/min/ml, T1: 

47.88nmol/min/ml, T2: 93.53nmol/min/ml and R: 55.01nmol/min/ml) and significantly 

decreased malondialdehyde plasma concentrations (C: 0.52μM, T1: 0.33μM, T2: 0.01μM and 

R: 0.19μM). The effects were generally distinctive at 40% WJ supplementation level. Due to 

antioxidant effectiveness of WJ and AA recorded in this study. It was concluded that WJ be 

supplemented in water for combating heat stress in laying chickens. 
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INTRODUCTION 

High ambient temperature (HAT) is an 

environmental stress factor confronting 

poultry production in the tropical regions of 

the world (Lara and Rostagno, 2013). Poultry 

perform optimally within the range of 12℃ 

and 26℃ ambient temperature described as 

thermo-neutral zone (Rozenboim et al., 

2007). However, at 30℃ and above, thermal 

stress occurs in birds which can induce 

oxidative stress by stimulating generation of 

excess reactive oxygen species beyond the 

normal physiological demands of the body 

cells (Daghir, 2008; Hassan et. al., 2016). 

Free radicals are highly reactive compounds 

mostly generated during cellular respiration 
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and normal metabolic activities (Halliwell 

and Guetteridge, 2007). Reactive oxygen 

species including free and non-free radicals 

play mediatory roles in the development of 

several pathological conditions such as lipid 

peroxidation, protein oxidation, DNA 

damage and cellular degeneration (Ma et al., 

2008; Chen et al., 2008). Heat stress increases 

lipid peroxidation by producing free radicals 

in excess, capable of initiating peroxidation 

of polyunsaturated fatty acids (Altan et al., 

2003). However, antioxidants are capable of 

attenuating negative effects such as lipid 

peroxidation and oxidative damage to 

membranes caused by free radicals (Halliwell 

and Guetteridge, 2007) by scavenging for 

radicals or their precursors.  

The endogenous antioxidant system consists 

of enzymatic (superoxide dismutase, 

glutathione peroxidase and catalase) and non-

enzymatic (ascorbic acid, alpha-tocopherol, 

pyruvate and glutathione) components 

(Halliwell and Guetteridge, 2007). When the 

endogenous antioxidant system is 

overwhelmed or depleted by oxidative stress, 

supplementation from exogenous sources 

(vitamin C, E, β-carotene) boosts the 

activities of the enzymatic antioxidants or 

replenishes the depot of the non-enzymatic 

antioxidants to provide defense against 

oxidative stress (Halliwell and Guetteridge, 

2007). As advocacy for alternative medicine 

shift towards nutraceuticals, certain fruits like 

watermelon, pink guava, pawpaw, cucumber 

and pumpkin (Ambreen, et al., 2013) and 

vegetables like Moringa oleifera (Hassan et 

al., 2016) which are good sources of natural 

antioxidants of great nutritional and 

therapeutic values should be investigated.  

Watermelon (Citrullus lanatus) is a common, 

natural and safe fruit belonging to the family 

Cucurbitaceae (Edwards et al., 2003). Its 

pool of antioxidant constituents such as 

lycopene (Perkins-Veazie et al., 2001), beta-

carotene, vitamins C, E and specific amino 

acids –arginine and citrulline (Charoensiri et 

al., 2009; Ambreen, et al., 2013) has been 

reported to protect cells, deoxyribonucleic 

acid (DNA) and other tissues in the body from 

oxidative damage (Altas et al., 2011). Since 

the essence of the body’s antioxidant defense 

system is to prevent oxidative stress and 

maintain redox balance between pro-oxidants 

and antioxidants (Srinivasan et al., 2009), 

returning animal’s body to its physiological 

equilibrium is an expected outcome if any 

antioxidant supplement is said to be effective. 

Therefore, investigating watermelon juice as 

an antioxidant supplement in ameliorating 

oxidative stress in layer chickens will provide 

useful information necessary for further 

studies in the area of nutraceuticals. 

MATERIALS AND METHODS 

Preparation and analyses of watermelon 

juice 

The watermelon juice was prepared 

according to methods described by Jimoh et 

al. (2018). Fresh watermelon fruits were 

purchased from a selected farmer from Sabon 

Birni Local Government area of Sokoto State. 

The variety of watermelon fruit (i.e., Icebox) 

used for the study was presented to the 

Botany unit, Department of Biological 

Sciences, Usmanu Danfodiyo University, 

Sokoto, for identification. The watermelon 

was washed with clean water and the flesh 

was separated from the rind. The seeds were 

removed, the flesh was blended using electric 

117 



                                         Ife Journal of Agriculture, 2021, Volume 33, Number 2 

 

 

blender, and then sieved with double layered 

cheese cloth to obtain the juice.  

Proximate analysis of the watermelon (for 

moisture, crude protein, crude fat, crude fiber, 

ash and nitrogen free extract contents) was 

assayed in accordance with the methods 

described by AACC (2000) while assays for 

minerals and vitamins contents were 

conducted using methods described by 

AOAC (2006). The analyses were conducted 

at the National Research Institute for 

Chemical Technology (NARICT), Zaria, 

Nigeria, using Atomic Absorption 

Spectrophotometer (Varian AA 20, Austria). 

Isolation and quantification of lycopene was 

carried out using the method described by 

Aghel et al. (2011). 

 

THE STUDY AREA 

The study was conducted at the Teaching and 

Research Poultry pen of the Department of 

Theriogenology and Animal Production, 

Faculty of Veterinary Medicine, City Campus 

complex, Usmanu Danfodiyo University 

Sokoto, located within Sokoto metropolis, 

Sokoto State from 16th of March to 10th of 

May, 2017. The hot dry season in the state 

falls between March and June. The study area 

lies between longitude 5° and 6° E and latitude 

13° and 14° N.  

 

Experimental protocol 

One hundred and fifty (150) ISA (i.e. Institut 

de Sélection Animale) brown chicks were 

raised on deep litter system from day-old to 

fourteen weeks of age. The birds were fed on 

Hybrid® feed and watered ad libitum to the 

point of cage and were vaccinated against 

Newcastle disease, infectious bursa disease, 

fowl pox and fowl typhoid as at when due. At 

14 weeks of age, a total of ninety-six (96) 

chickens were selected and randomly divided 

into four groups each containing 24 chickens 

in three replicates in cages.  

The management of the birds continued until 

March 16, 2017, when environmental 

temperature was as high as 39℃ and relative 

humidity was 13% as measured by the digital 

thermo-hygrometer, BIOBASE® China, 

placed in the poultry pen. The birds 

responded to the changes in the environment 

by panting, abduction of wings, increased 

water intake, reduced feed intake and severe 

anorexia to the extent that some of the birds 

were resuscitated by dipping into cold water. 

At this point, the real study commenced and 

the birds were at 34 weeks of age and 60% 

weekly egg production. Then the control 

group (C) was given water (non-

supplemented), the test groups (T1 and T2) 

were supplemented with 20% WJ (200 ml of 

WJ + 800 ml of water, i.e. 1:4v/v) and 40% 

WJ (400 ml of WJ + 600 ml of water, i.e. 

2:3v/v) respectively, and the reference group 

(R) was supplemented with 200 mg AA/litre 

of water.   

The watermelon juice was prepared twice 

daily for immediate use throughout the eight 

weeks of the study. Equal volumes of water 

were given ad libitum both in the 

supplemented and non-supplemented groups 

with improvised plastic containers (each per 

cell of the cage) but feeding was restricted to 

early morning (7:00-9:00 am) and night 

(7:00-10:00 pm) to minimize metabolic heat 

generation that may aggravate the stress. The 

daily ambient temperature (AT) and relative 

humidity (RH) were monitored throughout 

the period using a digital thermo-hygrometer, 
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BIOBASE® China. The average temperature 

humidity index (THI) was calculated weekly 

using the equation below according to 

Ravagnolo et al. (2000) and was analyzed 

using: THI = (1.8 × T + 32) - [(0.55 – 0.0055 

× RH) × (1.8 × T -26)]. 

where T = ambient temperature (℃) and RH 

= relative humidity (%). 

Eggs collected in each treatment group during 

the 8 weeks study were recorded and 

expressed below as percentage egg yield:  

𝑷𝒆𝒓𝒄𝒆𝒏𝒕𝒂𝒈𝒆 𝑬𝒈𝒈 𝒀𝒊𝒆𝒍𝒅 =
𝑻𝒐𝒕𝒂𝒍 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒆𝒈𝒈𝒔 𝒍𝒂𝒊𝒅 𝒃𝒚 𝒃𝒊𝒓𝒅𝒔 𝒑𝒆𝒓 𝒂 𝒕𝒓𝒆𝒂𝒕𝒎𝒆𝒏𝒕 𝒈𝒓𝒐𝒖𝒑 𝒇𝒐𝒓 𝟖 𝒘𝒆𝒆𝒌𝒔

𝑻𝒐𝒕𝒂𝒍 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒃𝒊𝒓𝒅𝒔 𝒊𝒏 𝒂 𝒈𝒓𝒐𝒖𝒑
 × 𝟓𝟔 𝒅𝒂𝒚𝒔 𝒐𝒇 𝒕𝒉𝒆 𝒔𝒕𝒖𝒅𝒚  

 

Serum extraction and estimation of 

antioxidant enzymes 

At the end of the 8 weeks study, about 3 ml of 

blood were directly collected from the heart 

and dispensed into plain labeled sample 

bottles. The blood was allowed to clot and 

centrifuged at 4000 rpm for 15 minutes to 

harvest serum. The serum obtained was 

pipetted into 3 labelled aliquots/tubes for 

estimation of antioxidant enzymes 

(superoxide dismutase, catalase and 

glutathione peroxide). The analysis was 

conducted at the Chemical Pathology 

Laboratory, Usmanu Danfodiyo Teaching 

Hospital, Sokoto. 

Serum superoxide dismutase activity was 

estimated according to the method described 

by Marklund (1980) using Superoxide 

Dismutase Assay Kit (Cayman Chemical 

Company, Ann Arbor, Michigan, USA). 

Serum glutathione peroxidase activity was 

estimated according to the method described 

by Paglia and Valentine (1967) using 

Glutathione Peroxidase Assay Kit (Cayman 

Chemical Company, Ann Arbor, Michigan, 

USA). 

Serum catalase activity was assayed by the 

method described by Johansson and Borg 

(1988) using Catalase Assay Kit (Cayman 

Chemical Company, Ann Arbor, Michigan, 

USA). 

Lipid peroxidation as evidenced by the 

formation of thiobarbituric acid reactive 

substances (TBARS) was measured by the 

method of Niehans and Samuelson (1968) 

based on the reaction of malondialdehyde 

with thiobarbituric acid, forming an MDA-

TBA2 adduct that adsorbs strongly at 535nm. 

 

DATA ANALYSIS AND 

PRESENTATION 

Data collected on Superoxide Dismutase 

(SOD), Catalase (CAT), Glutathione 

Peroxidase (GHS-Px) and serum 

concentration of MDA were subjected to one-

way Analysis of Variance (ANOVA) at 5% 

probability using the parametric analytical 

tools of InStat version 3.0 statistical software 

(d Software Inc., San Diego, CA USA). To 

test the association between average egg 

production and THI, a linear correlation and 

regression with a two-tail hypothesis was 

performed using SPSS version 22.0. The data 

were presented in bar chats and a table. 

 

RESULTS 

In this study, the calculated THI ranged from 

79.50 to 83.00, with an average of 81.56 

(Table 1). There is no statistically significant 

(p>0.05) correlation between average egg 

production and THI. The THI study also 

revealed that a weak negative correlation 

existed between average egg production and 
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THI for treatments C, T1 and T2, while a 

weak positive correlation was observed in the 

R group. 

The average egg production and data on egg 

yield although not significantly different 

(p>0.05) showed that intervention with WJ 

and AA in groups T1, T2 and R improved 

production and yields above the control 

groups(C) as shown in Table 1 and Figure 1. 

 

Table 1. Relationship between egg production and temperature humidity index (THI) of 

experimental birds 

 Average egg production per week 

Week T RH (%) THI C T1 T2 R 

1 39 11.0 80.50 91 108 104 96 

2 42 9.0 82.8 87 112 109 98 

3 41 9.0 81.9 95 119 121 103 

4 40 10.0 81.2 92 118 115 100 

5 38 12.0 79.5 89 119 117 98 

6 40 11.0 81.5 92 116 116 106 

7 42 10.0 83.0 88 102 104 97 

8 41 10.0 82.1 96 115 110 101 

Total 323 82 652.5 730 909 896 799 

Average 40.38 10.25 81.56 91.25 113.63 112 99.88 

Pearson corr.    -0.058 -0.468 -0.322 0.101 

Sig. (2 tailed)    0.891 0.242 0.436 0.812 

Type of corr.    negative negative negative Positive 

Strength of corr.    weak weak Weak Weak 

 

The results of the oxidative enzyme activities 

in the heat-stressed chickens supplemented 

with watermelon juice (WJ) and ascorbic acid 

(AA) are presented in Figures 2 and 3. It was 

observed that supplementation with WJ and 

AA significantly (p<0.05) improved the 

activities of SOD, CAT and GHS-Px (Figure 

2). At 40% supplementation level, WJ 

significantly (p<0.05) boosted the activities 

of the SOD (T2: 10.00U/ml), CAT (T2: 

26.70nmol/min/ml) and GHS-Px (T2: 

93.53nmol/min/ml) compared to 20% WJ and 

AA. However, the oxidative stress induced by 

the HAT significantly (p<0.05) suppressed 

the activities of these enzymes (SOD, CAT 

and GHS-Px) in the non–supplemented (C: 

0.73U/ml, 7.51nmol/min/ml and 

6.11nmol/min/ml) control groups 

respectively.
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Figure 1. Percentage egg yield of experimental birds 

 

 

Figure 2. Serum concentration of SOD, CAT and GHS-Px in heat-stressed layer chickens 

supplemented with watermelon juice and ascorbic acid 
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Figure 3. Serum concentration of MDA in heat-stressed layer chickens supplemented with 

watermelon juice and ascorbic acid. 

 

The results also showed that the 

concentrations of MDA were significantly 

(p<0.05) lowered by supplementing 20% WJ 

(T1: 0.33), 40% WJ (T2: 0.01) and 200 mg 

AA (R: 0.19) compared to the corresponding 

control (C: 0.52) group (Figure 3). The lowest 

values (T2: 0.01) were obtained in chickens 

supplemented with 40% WJ. The 

concentration of MDA in the non-

supplemented control group was highest. 

 

DISCUSSION 

According to Zulovich and DeShazer (1990), 

the result on THI in this study revealed that 

birds under this experiment were under heat 

stress, as the observed THI was 79.50 and 

above which indicates danger and emergency 

situations. Average egg production and egg 

yield although not significant (p>0.05) was 

improved in the WJ and/ or AA treated groups 

(T1, T2 and R), while it was lowered in the 

control group (C). A weak negative 

correlation was observed in groups C, T2 and 

T2, however the egg production in group C 

was quadratically lowered when compared 

with other treatments. This might be as a 

result of WJ and AA administered to other 

groups.  

In this study, it was observed that chickens in 

the non–supplemented control group had 

significantly reduced SOD, CAT and GHS-

Px concentrations compared to other groups. 

This indicated that the activities of these 

antioxidant enzymes (SOD, CAT and GHS-

Px) in the control birds were suppressed by 
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oxidative stress. This may be due to 

overwhelming effects of the radicals 

generated by HAT which probably reduced 

the protective activities of the endogenous 

antioxidant enzymes or caused depletion of 

the non-enzymatic antioxidants (i.e., 

glutathione, pyruvate, alpha tocopherol and 

vitamin C) in the body. This finding agreed 

with the reports of Spurlock and Savage 

(1993) and Halliwell and Guetteridge (2007) 

that HAT induces generation of excess ROS 

and depletion of endogenous antioxidants.  

However, supplementation of WJ and AA 

significantly (p<0.05) boosted the activities 

of SOD, CAT and GHS-Px in all the 

supplemented groups. The significantly best 

antioxidant effects of the supplement were 

recorded at 40% WJ supplementation level 

compared to 20% WJ and 200 mg/L AA 

supplementation. Watermelon juice is rich in 

antioxidant constituents such as lycopene 

(Perkins-Veazie et al., 2001), beta-carotene, 

vitamins C, E and specific amino acids –

arginine and citrulline (Charoensiri et al., 

2009; Ambreen, et al., 2013) which are 

potentially active in modulating activities of 

the endogenous antioxidant enzymes against 

negative effects of radicals. The importance 

of supplementing electrolytes and amino 

acids in the maintenance of physiological 

functions of chickens during hot weather has 

been documented (Brake et al., 1994). 

Increased potassium excretion and its low 

plasma level during heat period had been 

reported (Arit-Boulahsen et al. 1989). Ait-

Boulahsen et al. (1989) had reported 

improved thermo-tolarance in chickens 

supplemented with potassium chloride when 

exposed to acute heat stress. Likewise, Jimoh 

et. al. (2018), reported that watermelon 

contains relatively high potassium (260 

mg/100g) as well as other minerals and 

observed improved performance in the WJ-

supplemented groups. Therefore, mineral 

replenishment especially potassium plays 

ameliorative role in chickens during heat 

stress.  

Researchers have described MDA as a toxic 

carbonyl compound produced following 

some highly destructive chain of reactions 

involving lipids and free radicals which result 

in oxidative deterioration of lipids 

(Devasagayam et al., 2003; Devasagayam et 

al., 2004). Serum concentration of MDA has 

been used as a measure of cellular damage 

due to lipid peroxidation. It implies that the 

concentration of MDA become high when 

level of cellular damage is high and vice 

versa.  

From the results of this study, the 

concentrations of MDA were significantly 

(p<0.05) reduced in all the groups 

supplemented with WJ (T1: 0.33 and T2: 

0.01) and AA (0.19) compared to the control 

group where the concentration was 

statistically highest (0.52). The results thus 

indicated that supplementation of 20% and 

40% WJ and 200 mgAA prevented or 

attenuated cellular damage due to lipid 

peroxidation. These results are in agreement 

with the reports of previous studies in which 

supplementation of lycopene-containing 

functional foods enhanced SOD, CAT and 

GHS-Px activities and reduced MDA 

concentrations (Bose and Agrawal, 2007; 

Alshatwi et al., 2010; Mackinnon et al., 

2011). A work conducted in human subjects 

showed that supplementation of lycopene-

enriched functional juice at 20.6 mg/day and 
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vitamin C at 435 mg/day caused significant 

decrease in MDA concentration (Jacob et al., 

2008). Absorption of lycopene and its ability 

to scavenge for singlet oxygen and free 

radicals and inhibit lipid peroxidation have 

been related to the action of its 11- conjugated 

double bonds (Srinivasan et al., 2009).  

 

CONCLUSION AND 

RECOMMENDATIONS 

It was observed that supplementation with 

40% WJ elicited slightly better antioxidant 

potentials than 200 mg AA. However, both 

the WJ and AA significantly boosted 

antioxidant status of the birds by the 

increased activities of the endogenous 

antioxidant enzymes (SOD, CAT and GHS-

Px) and reduced serum concentration of 

MDA thereby ameliorating negative impacts 

of oxidative stress in the layer chickens. It is 

therefore recommended that WJ and AA may 

be used to ameliorate the negative effects of 

oxidative stress in layer chickens. Future 

study may focus on synergistic potentials of 

WJ and AA. 

 

ACKNOWLEDGEMENT 

We acknowledged the efforts and supports of 

the staff of Poultry Unit Department of 

Theriogenology and Animal Production, 

Usmanu Danfodiyo University Sokoto, 

Nigeria. This research did not receive any 

specific funding. 

 

REFERENCES 

AACC (2000): Approved Methods of the 

American Association of Cereal 

Chemists, 10th Edn.,  American 

Association of Cereal Chemists Inc., St. 

Paul. Minnesota, USA.  

Aghel N., Ramezani Z., and Amirfakhrian, S. 

(2011): Isolation and quantification of 

lycopene from tomato cultivated in 

Dezfoul, Iran, Jundishapur Journal of 

Natural  Pharmacutical Products, 

6(1): 9-15  

Ait-Boulahsen, A., Garlich, J. D. and Edens, 

F. W. (1989). Effect of fasting and acute 

heat stress  on body temperature, blood 

acid-base and electrolyte status in 

chickens. Comparative Biochemistry and 

Physiology - Part A Physiology, 94: 683–

987. 

Alshatwi A. A., Al-Obaaid, M. A., Al-

Sedairy, S. A., Al-Assaf, A. H., Zhang, J. 

J., and Lei, K.  Y. (2010): Tomato 

powder is more protective than lycopene 

supplement against lipid  peroxidation in 

rats. Nutrition Research, 30:66-73. 

Altan, O., Pabuccuoglu, A., Altan, A., 

Konyalioglu, S. and Bayraktar, H. (2003): 

Effect of heat  stress on oxidative 

stress, lipid peroxidation  and some 

stress parameters in broilers.  British 

Poultry Science, 44: 545-550. 

Ambreen, N. Masood, S. B., Imran, P. and 

Haq, N. (2013): Antioxidant indices of 

watermelon  juice and lycopene 

extract. Pakistan Journal of Nutrition, 12 

(3): 255-260. 

AOAC (2006): Official Methods of Analysis 

of Association of Official Analytical 

Chemists International. Horwitz, W. 

(Ed.), 18th Edn., AOAC Press, Arlington, 

VA, USA. 

Brake, J., Ferket, J., Grimes, D., Balnave, J., 

Gorman, F. and Dibner, J. J. (1994). 

Optimum  arginine: lysine ratio changes 

in hot weather. In: Proceedings of the 21st 

Carolina. Poultry  Nutrition Conference, 

Charlotte, NC. page 82–104. 

124 



                                         Ife Journal of Agriculture, 2021, Volume 33, Number 2 

 

 

Bose, K. S. C. and Agrawal, B. K. (2007): 

Effect of lycopene from tomatoes 

(cooked) on plasma antioxidant enzymes, 

lipid peroxidation rate and lipid profile in 

grade-hypertension.  Annals of 

Nutrition and Metabolism, 51:477-481. 

Charoensiri, R., Kongkachuichai, R., 

Suknicom, S. and Sungpuag, P. (2009): 

Beta-carotene,  lycopene, and alpha-

tocopherol contents of selected Thai 

fruits. Food Chemistry, 113: 202 – 207. 

Chen, H., Ma, A. and Qi, S. (2008): 

Antioxidant therapy for prevention of 

inflammation,  ischemic reperfusion 

injuries and allograft rejection. 

Cardiovascular and Hematological 

Agents Medicinal Chemistry, 6(1): 20-43. 

Daghir, N. J. (2008): Present Status and 

Future of the Poultry Industry in Hot 

Regions,  Poultry Production in Hot 

Climates, 2nd ed. CAB International, UK. 

Pp.1-11. 

Devasagayam, T. P. A, Boloor, K. K and 

Ramasarma, T. (2003): Methods for 

estimating lipid peroxidation: An analysis 

of merits and demerits. Indian Journal of 

Biochemistry and Biophysics, 40(5): 300–

308.  

Devasagayam, T.P.A., Tilak, J. C., Boloor, K. 

K., Sane, K. S., Ghaskadbi, S. S. and Lele, 

R.  D. (2004): Free radicals and 

antioxidants in  human health:  Current 

status and future  prospects, Journal of 

Association of Physicians of India, 52: 

794–804.  

Edwards, A. J., Vinyard, B. T., Wiley, E. R., 

Brown, E. D., Collins, J. K., Perkins-

veazie P, et al.  (2003). Consumption 

of watermelon juice increases plasma 

concentrations of lycopene  and 

beta-carotene in humans. J. Nutr., 

133:1043–50. 

Halliwell, B. and Gutteridge, J. M. C. (2007): 

Free Radicals in Biology and Medicine. 

4th  Edition, Oxford University Press, 

Oxford, UK. 

Hassan, H. M. A., El-Moniary, M. M., 

Hamouda, Y., El-Daly, E. F., Youssef, A. 

W. and Abd El- Azeem, N. A. (2016): 

Effect of different levels of Moringa 

oleifera leaves meal on productive 

performance, carcass characteristics and 

some blood parameters of broiler chicks 

reared under heat stress conditions, Asian 

Journal of Animal and Veterinary 

Advances, 11: 60-66 

Jacob, K., Periago, M. J., Böhm, V. and 

Berruezo, G. R. (2008). Influence of 

lycopene and  vitamin C from tomato 

juice on biomarkers of oxidative stress 

and inflammation. British Journal of 

Nutrition, 99:137–46. 

Jimoh, A. A., Ahmed, A., Umaru, M. A., 

Agaie, B. M., Ibrahim, A. Jelani, I., 

Suleiman, N.,  Jibril, A. H. and 

Ibitoye, E. B. (2018): Ameliorative 

effects of Citrullus lanatus (watermelon) 

juice on survival, performance and lipid 

peroxidation status of heat-stressed 

broiler chickens. Nigerian Journal of 

Animal Production 45(4):155 – 165 

Johansson, L. H. and Borg, L. A. (1988): A 

spectrophotometric method for 

determination of  catalase activity in 

small tissue samples. Analytical 

Biochemistry, 174 (1): 331-6. 

Lara, L. J. and Rostagno, M. H. (2013). 

Impact of heat stress on poultry 

production. Animals, 3:356–69. 

Mackinnon E. S., Rao, A. V. and Rao, L. G. 

(2011): Dietary restriction of lycopene for 

125 

http://www.ncbi.nlm.nih.gov/pubmed?term=Johansson%20LH%5BAuthor%5D&cauthor=true&cauthor_uid=3064653


                                         Ife Journal of Agriculture, 2021, Volume 33, Number 2 

 

 

a period  of one month resulted in 

significantly increased biomarkers of 

oxidative stress and bone  resorption in 

postmenopausal women. Journal of 

Nutrition, Health and Aging, 15:133-138. 

Marklund, S. (1980). Distribution of CuZn 

superoxide dismutase and Mn superoxide 

dismutase  in human tissues and 

extracellular fluids, Acta Physiologica 

Scandinavica. Supplementum, 492:19-23. 

Niehans, W. G. and Samuelson, B. A. S. 

(1968): Rapid method for the estimation 

of  malondialdehyde. European Journal 

of Biochemistry, 6: 126–128. 

Paglia, D. E. and Valentine, W. N. (1967): 

Studies on the quantitative and qualitative 

characterization of erythrocyte 

glutathione peroxidase. Journal of 

Laboratory and  Clinical Medicine, 

70(1):158-69. 

Perkins-Veazie, P. Collins, J. K. Pair, S. D. 

and Roberts, W. (2001): Lycopene 

content differs  among red-fleshed 

watermelon cultivars, Journal of Science, 

Food and Agriculture, 81(10): 983–987. 

Ravagnolo, O., Misztal, I. and Hoogenboon, 

G. (2000): Genetic component of heat 

stress in  dairy cattle, development of 

heat index function. Journal of Dairy 

Science, 83: 2120- 2125. 

Rozenboim, I., Tako, E., Gal-Garber, O., 

Proudman, J. A. and Uni, Z. (2007): The 

effect of heat stress on ovarian function of 

laying hens. Poultry Science, 86: 1760–

1765. 

Spurlock, M. E. and Savage, J. E. (1993): 

Effects of dietary protein and selected 

antioxidants on fatty haemorrhagic 

syndrome induced in Japanese quails. 

Poultry Science, 72, 2095-2105. 

Srinivasan, M., Devipriya, N., Kalpana, K.B. 

and Menon, V.P. (2009): Lycopene: An 

antioxidant and radioprotector against γ-

radiation-induced cellular damages in 

cultured human lymphocytes. Toxicology, 

262 (1): 43–49.  

 

 

126 

http://www.ncbi.nlm.nih.gov/pubmed?term=Marklund%20S%5BAuthor%5D&cauthor=true&cauthor_uid=6939305
http://www.ncbi.nlm.nih.gov/pubmed?term=Paglia%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=6066618
http://www.ncbi.nlm.nih.gov/pubmed?term=Valentine%20WN%5BAuthor%5D&cauthor=true&cauthor_uid=6066618
http://www.ncbi.nlm.nih.gov/pubmed/6066618
http://www.ncbi.nlm.nih.gov/pubmed/6066618

