
 

 

 

INTRODUCTION 

In the world, the demand for meat is increasing because of 

urbanization, population growth and the increasing level of 

the income. In last few decades the consumption of poultry 

meat increased several folds and about 36 Kg per person per 

annum poultry meat is consumed by Americans. Because of 

the change on the consumption pattern of the consumer 

worldwide the change in the composition of the meat has been 

studied. The investigation on the production of the meat is 

going on to produce the poultry and other meats with the 

enhanced quality and composition. Antioxidants in the meat 

of the broiler have been increased with changing the diet 

composition of the animals which have positive effect on the 

shelf life of the meat and the health of the consumer Pouta et 

al. (2010). The lipids in the meat of the poultry possess higher 

level of unsaturation because of the presence of phospholipids 

in the meat. These unsaturated fatty acids are present on the 

sub cellular membranes of the meat. The presence of the 

unsaturated lipids in the poultry meat causes oxidative 

damage to the meat more festally, as the meat having more 

unsaturated fatty acid is more prone to oxidation. The meat 

having the more unsaturated fatty acids is having the health 

benefits so it is known as healthier meat. The meat with 

unsaturated fatty acids can be protected by addition of the 

naturally occurring antioxidants in the meat which can 

prolong the shelf life of the meat and prevent meat from 

oxidative damage Coetzee and Hoffman (2001). The use of 

the antioxidants in the diet of the broiler is also effective in 

the prolonging the shelf life of the meat and preventing from 

the oxidative damage. α-tocopherol as an antioxidant has been 

used successfully in the diet of the broiler, which not only 

protect the meat from oxidative damage but also enhances the 

flavor of the broiler meat. Elevated level of the alpha 

tocopherol in the poultry feed increased its concentration in 

the tissues, hence improving the stability of the membrane 

structure, which may be good for the stability of meat and the 

meat products Arshad et al. (2013). Agu et al. (2010) worked 

on the sweet orange peel as a source of feed in the broiler meat 

production. Sun dried and milled sweet orange peel was 

mixed in the feed of the broiler in different proportions and 

substituted with the maize. The diet has no effect on feed 

intake, water consumption, body weight gain and feed 

conversion ratio but have significant effect on the body 

weight of the broiler as the sweet orange peel meat level is 

increased in the diet of the broilers. Jang et al. (2008) 

observed that thiobarbituric acid-reactive substance values 

were lower in the treatments having higher amount of the 

dietary medicinal herb extracts as compared to the treatments 

which were fed on the control feed during the analysis of the 

broiler meat, stored at 4°C at time intervals of 0, 3, and 7 days. 
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Oxidation is the major cause of deterioration of broiler meat which can cause detrimental changes in the meat. Citrus waste 

contains valuable phytochemicals which can be used in the broiler meat ration as a source of natural antioxidant. The objective 

of study was to utilize citrus waste after juice extraction in the broiler ration and assess antioxidant potential of citrus 

phytochemicals. Citrus waste from juice processing plant was dried and incorporated in the feed of the broiler @ 0, 2.5, 5, 7.5 

and 10% and were fed to broiler chicks. Birds were slaughtered at the age of 42 day by following Halal Islamic slaughtering 

method. The blood of birds was analyzed for antioxidants enzymes and observed that citrus waste has positive effect on serum 

superoxide dismutase, catalase and glutathione peroxidase. The meat of experimental birds was analyzed for pH, color, and 

antioxidant potential. The pH showed significant decreased with increase in citrus waste supplementation and progression of 

storage period while color values of the broiler meat reduced as the citrus waste in the feed is enhanced. The antioxidant 

potential of meat increased as evident from Total phenolic contents, Thiobarbituric acid reactive substances 2,2 Diphenyl-1- 

picrylhydrazyland 2,2- azino- bis but storage have negative effects for these parameters.  In conclusion, citrus waste utilization 

in the feed of the broiler had positive effect on broiler blood antioxidant enzymes and antioxidants potential of broiler meat 

also enhanced. 
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The objective of this study was to access the antioxidant 

potential of the citrus waste and its effect on the meat of the 

broiler when it was incorporated in the feed of the broilers. 

 

MATERIALS AND METHODS 

 

Experiment conditions and rearing of Birds: Citrus waste 

was dried in tray dehydrator (Model R-5A Systems 

Incorporation). The dried citrus waste was added to broiler 

feed @ 0, 2.5, 5, 7.5 and 10% on substitution basis of the 

maize from the feed (Table 1). A day old, 250 broiler chicks 

“Cobb 550 strain” were purchase from Jaded Chicks Private 

Limited, Faisalabad, Pakistan and transferred to Institute of 

Animal Nutrition, University of Agriculture Faisalabad. The 

birds were randomly divided into five experimental 

treatments having three replications of 15 birds in each 

treatment. The birds of each replication of the treatments were 

kept separately in the pens having dimensions of 

4 × 3 × 1.5 feet. The feed, water, and other standard 

environmental conditions were provided to the experimental 

birds. Birds were acclimatized on commercial feed for two 

weeks. From third week, feeds supplemented with different 

levels of citrus pulp were fed to boilers with standards 

conditions. At day 42, birds were slaughtered by the Islamic 

Halal method. The blood sample of slaughtered birds was 

collected using Ethylene Diamine Tetra Acetic acid (EDTA) 

as anticoagulant. The birds were de-feathered, eviscerated, 

packed and stored in an ultra-low freezer at -40°C until 

required for analysis. 

Antioxidant enzymes of the broiler fed on citrus 

supplemented feed: Serum superoxide dismutase (SOD) 

activity was determined according to Ellerby and Bredesen 

(2000), Catalase was determined by the method of Block et 

al. (1997) and glutathione peroxidase was determined as the 

method described by Helen and Vijayammal (1997). 

Quality analysis of broiler meat: The analysis of the meat for 

different parameters were carried out fortnightly during 60 

days of storage at freezing temperature (-20°C). 

Color: Color (L*, a* and b* value) of the broiler meat was 

determined by the following the method described by El-

Gasim and Al- Wesali (200) using color measurement device, 

hunter lab (Miniscan EZ 4500L) at Ayub Agriculture 

Research Institute Faisalabad. 

pH: pH value of broiler meat was measured by digital pH-

meter according to method described by Sallam et al. (2004). 

A sample of 10g was mixed with 50ml distilled water before 

pH measurement. 

Total phenolic compounds (TPC) and antioxidant capacity: 

Total phenolic compounds (TPC) of broiler meat were 

determined by following the method of Senevirathne et al. 

(2006). Gallic acid equivalence curve was used for the 

measurement of the total phenolic contents which ranged 

from 0 to 450 μg/mL. DPPH radical scavenging activity of 

broiler meat was determined by following the method of Jung 

et al. (2010) using spectrophotometer (CESIL CE7200, 

England) at 515 nm. ABTS decolorization assay reducing 

activity was determined as the method described by Erel 

(2004) and the absorbance was measured by a UV/VIS 

spectrophotometer at 734 nm using ethanol as a blank. 

Thiobarbituric acid reactive substances (TBARS) assay of 

broiler meat was measured by following the method of 

Asghar et al. (1989) to access the autoxidation of broiler meat. 

Statistical analysis: The data obtained from each treatment 

was subjected to statistical analysis to determine the level of 

Table 1. Treatment plan and composition of experimental feed. 

Ingredients Control 2.5% Citrus 5% Citrus 7.5% Citrus 10% Citrus 

Maize  55.00 51.00 49.00 45.00 43.00 

Wheat bran  5.00 5.00 5.00 5.00 5.00 

Rice polishing  5.00 5.00 5.00 5.00 5.00 

Fish meal  5.00 5.00 5.00 5.00 5.00 

Blood meal  5.00 5.00 5.00 5.00 5.00 

Citrus peel  0.00 2.50 5.00 7.50 10.00 

Cotton seed meal  5.00 5.00 5.00 5.00 5.00 

Soybean meal  5.00 5.00 5.00 5.00 5.00 

Corn gluten 7.00 7.00 7.00 7.00 7.00 

Molasses  5.00 5.00 5.00 5.00 5.00 

Iodized salt  0.25 0.25 0.25 0.25 0.25 

Rapeseed meal 0.00 0.50 1.00 1.50 2.00 

Dicalcium Phosphate  1.25 1.25 1.25 1.25 1.25 

Limestone  1.25 1.25 1.25 1.25 1.25 

Vitamin/mineral premix  1.25 1.25 1.25 1.25 1.25 

Total  100.00 100.00 100.00 100.00 100.00 

Protein (% 22.22 22.35 22.41 22.31 22.27 

ME (MJ/kg) 1.40 1.40 1.35 1.32 1.30 
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significance by the factorial design (2-way interaction) 

described by Steel et al. (1997) by using Statistic 8.1 Program 

(Analytical Software). 

 

RESULTS AND DISCUSSION 

 

Antioxidant enzyme assay of broiler blood: The living tissues 

in the animals and birds have the defense system again the 

free radicals in the body which are produced because of the 

oxidation, the defense systems consist of antioxidant enzymes 

like superoxide dismutase, glutathione reductase and catalase. 

The incorporation of the citrus waste in the feed of the broiler 

strengthens the antioxidant defense system in the blood serum 

of the broilers. 

The superoxide dismutase, catalase, and glutathione 

peroxidase of the broiler blood sample fed on the citrus 

supplemented feed increased as the concentration of the citrus 

waste in the feed was increased (Table 2). The highest values 

of antioxidant enzymes were observed for birds fed on 10% 

citrus waste supplemented feed (CW10). It is evident from data 

that natural antioxidants from the citrus waste increased the 

antioxidant enzymes activity in the broilers. The present 

investigation confirmed the findings of Tras et al. (2000) who 

reported the increase in activity of the antioxidant enzyme 

superoxide dismutase in broilers fed on higher concentrations 

of natural antioxidants. Srilatha et al. (2010) concluded that 

activities of catalase and glutathione were independently 

influenced by concentrations of antioxidants and α-

tocopherol. The glutathione and catalase levels significantly 

increased in the feed containing antioxidants at 60 mg/kg. 

Polat et al. (2011) fed the broiler with rosemary leaves and 

rosemary volatile oil to see the serum biochemical profile of 

the broiler and observed that the broilers fed on the extract 

and leaves of the rosemary have positive effect on the 

antioxidant enzymes of the broilers when compared with the 

treatments which were fed on the basal feeds. 

Meat color and pH: Color L*, a*, and b* value of the meat 

reduced as the concentration of the citrus waste was increased 

in the feed of the broilers and further reduction was observed 

with storage (Table 3). The citrus waste phenolic deposit in 

meat act as antioxidant and result in reduction of color values. 

These findings are in line with Zang et al. (2011) who 

observed decline in the color b* value of the broiler breast 

meat when they fed the broilers with the antioxidants in the 

feed. Tavarez et al. (2011) also observed reduced in the Color 

L* value (Lightness) of meat when they added antioxidants to 

the broiler feed. Mourao et al. (2008) evaluated the 

performance and meat quality of broiler chicken and observed 

reduction in color redness with higher level of citrus pulp 

supplementation. 

The pH of the meat is very important postmortem parameter 

to evaluate the quality of the meat during storage as pH has 

Table 2. Effect of citrus waste supplementation and storage on antioxidant enzymes status of broiler.  

Feed Superoxide dismutase Catalase Glutathione peroxidase 

CW0 155.22c 30.38c 161.88d 

CW2.5 157.55bc 31.61c 175.29c 

CW5 164.88b 36.80b 188.88b 

CW7.5 174.80a 39.90b 198.22a 

CW10 180.98a 44.91a 202.18a 

Means carrying similar letters in a column are significantly identical. 

Table 3. Effect of citrus waste supplementation and storage on color value of broiler meat.  

Color value Feed 0 days 15 days 30 days 45 days 60 days 

L* CW0 47.06a 46.16a 44.66b 43.75a 42.90b 

CW2.5 46.20b 46.17a 46.40a 42.68b 41.91b 

CW5 45.63c 45.19c 44.64b 42.15c 42.43b 

CW7.5 45.29d 45.68b 44.25c 40.78d 40.43c 

CW10 43.30e 42.88b 41.29d 40.52e 47.35a 

a* CW0 5.58a 5.63b 6.06b 5.93b 6.06b 

CW2.5 5.49b 26.08a 6.61a 6.30a 6.61b 

CW5 5.54ab 5.41c 5.91b 5.65c 5.91b 

CW7.5 5.13c 5.22d 5.74c 5.56d 5.74c 

CW10 4.97d 5.15e 5.63c 5.41e 5.60c 

b* CW0 14.32a 14.36a 14.30a 14.35a 14.37a 

CW2.5 13.91b 13.88b 13.91b 13.94b 13.90b 

CW5 13.87b 13.90b 13.91b 13.89b 13.91b 

CW7.5 13.25c 13.22c 13.25c 13.24c 13.15c 

CW10 12.91d 12.94d 12.90d 12.89d 12.98d 
Means carrying similar letters in a column are significantly identical. 
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positive correlation with the water holding capacity of the 

meat. The pH of the broiler meat reduced as the citrus waste 

supplementation in the feed of the broiler increased (Table 4). 

At 0 day of the storage maximum pH was observed for the 

CW0 and minimum pH was observed for the treatment that 

was fed on 10% citrus waste supplemented feed (CW10). The 

pH of meat also reduced as the storage period was proceeded. 

Corzo et al. (2009) studied the effect of distilled dried grains 

soluble (DDGS) addition in the diet of the broiler on the meat 

of the broiler. It had been found that the DDGS have no effect 

on the meat pH when they were added in the diet at the 

proportion of 8%. Lee et al. (2012) studying on the 

supplementation of Gallic acid and linoleic acid on thigh meat 

of the broiler found that pH value of the meat was decreased 

by supplementation of Gallic acid in the feed of the broiler. 

They also observed decline in the pH of the broiler meat 

during refrigerated storage. 

Antioxidant potential of broiler meat: The results regarding 

the TPC of the broiler meat at different intervals of the storage 

showed that TPC of the broiler meat increased as the citrus 

waste supplementation in the feed is increased and maximum 

contents of TPC was observed in the treatment which was fed 

on 10% citrus waste supplemented feed (CW10). TPC of the 

meat fed on citrus waste supplemented feed reduced as the 

storage period proceeded from 0 days to 60days. The increase 

of TPC in the meat with the treatments with higher levels of 

citrus supplementation waste was because of total phenolic 

contents from the citrus waste. Since phenolic possess 

antimicrobial, antiviral and antioxidant properties so this 

improvement in TPC of broiler meat improves the meat 

quality of meat. Yasin et al. (2012) observed in a study that 

the broiler meat which was reared on the natural antioxidants 

have more total phenolic contents as compared to the meat 

which was produced from the control feed. The antioxidants 

present in the broiler meat may be consumed to prevent 

oxidative stress. Arshad et al. (2013) reported that the broiler 

groups which were fed on natural and artificial antioxidants, 

their meat have more phenolic contents as compared to the 

treatments of the broilers which were fed on control feed. 

Phenolics possess high antiradical power and antioxidants in 

the feed have positive effects on total phenolic contents of the 

broiler meat. 

The results regarding DDPH showed that DDPH ranged from 

38.38 to 58.7% in broilers meat among different treatments 

(Table 5). The DDPH activity of the broiler meat increased as 

the citrus waste supplementation in the feed of the broiler 

increased. The highest contents of the DDPH were observed 

in the CW10 with maximum (10%) citrus waste in the feed was 

because citrus waste contains phenolic in it. The results 

regarding the effect of storage on DDPH of broilers meat 

showed significant decreased in DDPH during storage at 

freezing temperature. This decrease in DPPH activity might 

be due to oxidation reduction reactions taking place during 

the storage of broiler meat. The phenolic compounds found in 

citrus waste also have free radicals scavenging activity. 

Arshad et al. (2013) observed that DDPH activity of the 

broiler breast meat fed on natural antioxidants (natural alpha 

tocopherol and alpha lipoic acid) was more than the 

treatments of the broilers meat which were fed on the artificial 

antioxidants (synthetic alpha tocopherol and alpha lipoic 

acid). Selim et al. (2013) investigated the effect of some 

natural antioxidants in the feed of the broiler for final quality 

and oxidative stability of meat stored at -20°C for 60 days 

concluded that natural antioxidants have strong positive effect 

on the oxidative stability of the meat. The DDPH activity of 

the treatments having vitamin E as a source of the natural 

antioxidant was more as compared to the control treatment 

and the DDPH activity of the meat was reduced remarkably 

after storage of 60 days at -20°C. 

The ABTS radical scavenging activity of the broiler meat 

increased as the level of citrus waste supplementation in the 

feed increased. Maximum ABTS activity was observed for 

the treatment of the broilers which were fed on 10% citrus 

waste (CW10) supplemented feed and minimum activity was 

observed for control treatment (CW0). The raise in the ABTS 

activity was because of the citrus waste in the feed which 

possesses antioxidant activity. The ABTS activity of the 

broiler meat decreased during storage because of loss of the 

polyphenolic contents. The ABTS activity at the 0 day of the 

storage was ranged from 21.72 to 29.94 and at the 60th day of 

the storage it ranged from 17.83 to 24.62 (Table 5). Gon et al. 

(2007) investigated the effect of addition of grape pomace and 

vitamin E as a source of antioxidant in the diet of the poultry 

on growth parameters and the antioxidant status of the meat 

under storage conditions. It had been proved that the 

treatments of the birds fed on grape pomace and vitamin E 

have significantly higher free radical scavenging activities via 

ABTS than the treatments of the birds which were fed on the 

basal diets. Qwele et al. (2013) work on the effect of dietary 

mixture of Moringa leaves and crushed maize feeding to the 

finisher broiler and its effect on antioxidant and 

physiochemical status of the broiler meat. Higher antioxidants 

status via ABTS discoloration assay was found in the meat of 

the treatments which were fed on the Moringa leaves and the 

polyphenol contents of the Moringa leaves have positive 

correlation with the antioxidant status of the meat of the 

broiler. 

Table 4. Effect of citrus waste supplementation and storage on pH of broiler meat. 

Feed 0 days 15 days 30 days 45 days 60 days 

CW0 6.11a 6.02a 5.79b 5.75ab 5.70b 

CW2.5 6.08a 5.98a 5.86a 5.79a 5.71b 

CW5 5.96c 5.82c 5.79b 5.77a 5.76a 

CW7.5 5.95c 5.90b 5.78b 5.71b 5.70b 

CW10 6.02b 5.82c 5.87a 5.75ab 5.70b 
Means carrying similar letters in a column are significantly identical 
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Malondialdehyde (MDA) compound produced during the 

auto-oxidation process of the lipids and meat tissues. Higher 

malondialdehyde compounds concentration revealed higher 

amount of lipids which deteriorate the meat tissue. Quality 

deterioration of the meat or the fats in the meat mainly occur 

because of the oxidation of the fats in the meat and the 

TBARS assay is a method to determine the extent of the 

oxidation in the fats which determine the malondialdehydes 

in the fats because of oxidation. The data in Table 5 shows 

that TBARS value of the meat reduced as the citrus waste 

supplementation in the feed of the broiler increased and 

TBARS value increased during the storage of the meat. The 

antioxidants in the feed of the broiler suppress the 

concentration of MDA in the meat and ultimately decrease the 

oxidation process of the meat. The diet of the broiler which 

was supplemented orange treated group had lower level of the 

TBARS values in the meat as compared to the groups which 

were fed on the control feed Zulkhairi et al. (2008). 

Administration of orange waste with other antioxidants, 

minimize the levels of TBARS and enhanced the antioxidant 

status in muscles. Yasin et al. (2012) also observed the similar 

results of the TBARS fed on antioxidant enriched feeds. 

Coetzee and Hoffman (2001) studied Effect of dietary vitamin 

E on the performance of broilers and quality of broiler meat 

during refrigerated and frozen storage. TBARS value of the 

control diet was higher in the meat and the value of TBARS 

was lower in the treatments which were fed on the vitamin E 

supplemented diets. Also, TBARS values increased with 

increasing time of storage stored the meat at -20°C for 120 

days of storage. Degradation in the muscles food is generally 

measured by secondary degradable products. 

Conclusions: In conclusion, citrus waste supplementation in 

broiler feed affects the antioxidant potential of broiler meat. 

The antioxidant enzymes in blood serum increased 

significantly with increase in citrus waste supplementation. 

The antioxidant deposited in meat lead to greater stability of 

broiler meat compared to control. Antioxidant meat will be 

helpful in lowering the blood cholesterol and reducing 

oxidation of the cholesterol. Furthermore, utilization of citrus 

waste result in reduction of environmental pollution as it is 

dumped unutilized. 
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