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Abstract – The study was designed to assess the 

effect of the citrus waste supplementation in 

broiler’s feed on meat quality. The broiler feed was 

prepared with 5% and 10% citrus waste and fed to 

the broiler for 21 days in comparison with control. 

The antioxidant enzymes assessed at slaughter 

showed that the citrus waste had positive effect on 

the antioxidant enzymes of the broiler blood. The 

DDPH radicals scavenging activity of the meat 

stored at -20
o
C for 1 month showed that meat of 

broiler fed 10% citrus waste possessed the highest 

antioxidant activity. The higher peroxide value was 

observed for meat of broilers fed on control feed 

than those of the treated. Water holding capacity of 

the meat increased as the citrus waste 

supplementation in the feed increased.  
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I. INTRODUCTION 

 

World production and consumption of the 

chicken has been increased because of the 

nutritional characteristics i.e. high protein and 

low fats (1). Oxidative reactions in the food can 

cause deleterious effect and may cause major 

health problems in the humans including 

arthrosclerosis, and cancer, and can initiate lipid 

per oxidation in the membrane (2). Many 

scientist demonstrated correlation between the 

feed composition and the chemical composition 

of the broiler meat (3). The antioxidants in the 

diet of the broilers can be helpful in the 

reduction of fats oxidation in the meat (4). 

Tawfeek et al. (5) investigated the effect of 

natural antioxidants on the antioxidant status of 

the broiler meat which were reared on the heat 

stressed condition and concluded that the birds 

which were given the antioxidants in the feed 

improved blood profile parameters and 

antioxidant status of the birds. Citrus peel 

extract is a natural source of antioxidants and 

can replace artificial antioxidants (7). The citrus 

industry is producing large amount of the peel 

waste. Some parts of which are utilized in the 

animal ration and the major part is dumped, 

thereby causing environmental pollution. 

Therefore, citrus industry is searching for the 

way to utilize the byproduct (8). The objective 

of this study was to assess the effect of the citrus 

waste supplementation in broilers feed on meat 

quality. 

 

II. MATERIALS AND METHODS 

 

Feed preparation and farm management 

Broiler chicken strain Cobb 550 (150, a day old) 

was purchased from the Big Bird Lahore 

(Pakistan) and transferred to the Postgraduate 

Poultry Research Farm, University of 

Agriculture, Faisalabad, Pakistan. The feed was 

prepared with the addition of 0% (CW0), 5% 

(CW5), and 10% (CW10) citrus waste as 

presented in the Table 1. Feed protein was 

adjusted to 22.5% and energy at 1.4 MJ/kg and 

were fed to the chicken in triplicate. Standard 

conditions of light and ventilation were 

maintained during 42 days of rearing period. 

 

Sample collection and slaughtering  

The blood sample for analysis of antioxidant 

enzymes were collected at slaughter (42 days),  

breast meat was separated and stored at -20C 

for further analysis.  

 

Antioxidant enzyme activity 

Broiler blood serum was analyzed for measuring 

activity of superoxide dismutase (SOD) (9), 

catalase (10), and glutathione peroxidase (GPx) 

(11).  

 

DPPH radical scavenging activity 



DPPH radical scavenging activity of broiler 

meat was determined by following the method 

of Jung et al. (12). 

Peroxide value 

The fat extraction was performed by mixing 

ethyl ether:petroleum ether (1:1) and the 

iodometric test procedure and values were 

expressed in mEq/kg of fat as described by the 

method of AOAC (13). 
 

Table 1. Formulation of treatment feed (%) 

Ingredients CW0 CW5 CW10 

Maize 55 49 43 

Wheat bran 5 5 5 

Rice polishing 5 5 5 

Fish meal 5 5 5 

Blood meal 5 5 5 

Citrus peel 0 5 10 

Cotton seed meal 5 5 5 

Soybean meal 5 5 5 

Rapeseed meal 7 7 7 

Corn gluten 5 5 5 

Molasses  5 0.25 0.25 0.25 

Iodized salt 0 1 2 

Dicalcium Phosphate 1.25 1.25 1.25 

Limestone 1.25 1.25 1.25 

Vitamin& mineral 1.25 1.25 1.25 

Total 100 100 100 

 

Water holding capacity 

Water holding capacity of the broiler meat was 

determined according to the method of Qiao et 

al. (14). 

 

Statistical analysis 

The data obtained from each treatment was 

subjected to statistical analysis to determine the 

level of significance by the factorial design (2-way 

interaction) (15). 

 

III. RESULTS AND DISCUSSION 

 

It is obvious from the results that all the 

antioxidant enzymes in the broilers were enhanced 

as the citrus waste supplementation in the feed 

was increased (Table 2). Maximum antioxidants 

activity has been observed in the meat of broiler 

fed on 10% citrus waste supplemented feed and 

lower activity was observed in meat of broiler fed 

on control feed. Hosseini-Vashan et al. (16) 

reported increased activity of GPx and SOD in the 

birds fed on 8 g/kg turmeric powder. Shirzadegan 

and Falahpour (17) observed that superoxide 

dismutase activity increased linearly as the 

composition of the herbal extract in the feed was 

increased. The activity of the GPx reduced in the 

broilers on control feed under heat stress 

conditions but these negative effects were 

removed when the birds were provided with the 

antioxidants supplemented feed (5). 
 

Table 2. Antioxidant enzymes (U/mg of protein) in 

blood serum of broilers fed citrus processing waste in 

feed  

Feed Superoxide 

dismutase 

Catalase Glutathione 

peroxidase 

CW0 1.55±0.27 30.22±0.72 2.61±0.13 

CW5 1.67±0.31 36.05±0.68 2.78±0.27 

CW10 1.80±0.23 45.88±0.52 2.88±0.19 

 

The DDPH radical scavenging activity of the 

broiler meat increased as the citrus waste 

percentage increased in the feed and reduces as 

the storage of the meat proceeds (Table 3).  
 

Table 3. DPPH radical scavenging activity (%) of the 

broiler meat fed citrus processing waste in feed 

Feed Frozen storage (days) 

0 15 30 

CW0 76.22±0.55 75.88±0.66 73.28±0.51 

CW5 79.11±0.59 77.25±0.59 76.21±0.56 

CW10 82.88±0.61 80.55±0.69 79.22±0.57 

 
The DDPH radical scavenging activity of the 

broiler meat fed on the dietary medicinal herbal 

extract showed 1.79 times higher when compared 

to the control feed treatment (18). Lee et al. (19) 

observed that DDPH activity of the broiler meat 

fed gallic and linoleic acid increased as compared 

to control. However, reduction in activity was 

observed from 0 to 7 days during refrigerated 

storage. Moon and Jung (20) revealed higher 

antioxidant activity in meat of birds fed citrus 

byproducts- added feed than control. Pakistan is 

major producer of Kinnow mandarin and its waste 

has higher DPPH radical scavenging and 

antioxidant activity than any other fruits residue 

(21).  



The peroxide value of the meat was higher in the 

broilers fed on the control feed than those 

supplemented by citrus in feed. Minimum value of 

the peroxide was observed in the T3 (Table 4). 

O’Keefe et al. (22) found that the peroxide value 

of the broiler meat increased as the percentage of 

the fish oil in the feed was increased. Meat which 

was more in the thigh meat as compared to the 

breast meat. Simitizis et al. (23) observed that 

hesperidin, a major component of citrus pulp 

positively affect the meat antioxidative properties 

and significantly reduced the production of 

malondialdehyde values.    
 
Table 4. Peroxide value (mEq KOH/kg fat) of the 

broiler meat fed citrus processing waste in feed 

Feed 

 

Frozen storage (days) 

0 15 30 

CW0 0.32±0.002 0.36±0.003 0.41±0.003 

CW5 0.30±0.001 0.34±0.002 0.37±0.003 

CW10 0.26±0.002 0.29±0.002 0.32±0.002 

 
Water holding capacity of the broiler meat fed 

citrus supplemented feed increased as the 

percentage of the citrus in the feed is increased 

and it also increased as the storage proceeds 

(Table 5). Dietary bulb and husk in the feed of the 

broiler increased the water holding capacity of the 

chicken meat and reduced shear force (24). When 

oxidized oil was added in the feed of the broiler it 

resulted lower water holding capacity in the meat 

and feeding vitamin E improved the water holding 

capacity (25). Moon and Jung (20) observed 

significantly higher cooking losses for meat on 

birds fed -control diet compared to meat of birds 

fed citrus byproducts added feed.  

 
Table 5. Water holding capacity (%) of the broiler meat 

fed citrus processing waste in feed 

Feed 

 

Frozen storage (days) 

0 15 30 

CW0 39.88±0.22 40.25±0.32 40.75±0.88 

CW5 40.55±0.65 41.00±0.55 41.22±0.77 

CW10 41.22±2.95 41.88±0.81 42.05±0.99 

 

IV. CONCLUSION 

 

Citrus waste supplementation in broiler feed had 

positive effects on the antioxidant enzymes of 

the broiler and positively affected the 

antioxidant activity of the breast meat.  

 

REFERENCES 

 
1. Ramzija, C., Meho, B., Jasminka, S., Aleksandar, 

B., Selma, C., & Mira, P. (2010). Study of the 

effect of broiler nutrition and duration of fattening 

on the lipid status of meat. Tehnologija mesa 51 

(2): 110–114. 

2. Mujahid, A., Akiba, Y., Warden, C. H., & 

Toyomizu, M. (2007). Sequential changes in 

superoxide production, anion carriers and 

substrate oxidation in skeletal muscle 

mitochondria of heat-stressed chickens. FEBS 

Letters 581: 3461-3467. 
3. Rondelli, S. G., Martinez, O., & Garcia, P. T. 

(2004). Effect of Different Dietary Lipids on the 

Fatty Acid Composition of Broiler Abdominal 

Fat. Brazilian Journal of Poultry Science 6: 171–

175 
4. Ruiz, J. A., Vendrell, P., & Esteve-Garcia, E. 

(1999). Effect of beta-caroteneand vitamin E on 

oxidative stability in leg meat of broilers fed 

different supplemental fats. Journal of 

Agricultural and Food Chemistry 47: 448–454. 

5. Tawfeek, S. S., Mohamed, A. H., & Ibrahim, M. 

I. (2014). The Effect of Dietary Supplementation 

of Some Antioxidants on Performance, Oxidative 

Stress, and Blood Parameters in Broilers under 

Natural Summer Conditions.  Journal of World's 

Poultry Research 4(1): 10-19. 

6. Akbarian, A., Golian, A., Kermanshahi, H., De 

Smet & Michiels, J. (2014). Antioxidant enzyme 

activities, plasma hormone levels and 

serummetabolites of finishing broiler chickens 

reared under high ambient temperature and fed 

lemon and orange peel extracts and Curcuma 

xanthorrhiza essential oil. Journal of Animal 

Physiology and Animal Nutrition 99: 150–162. 

7. Rehman, Z. (2006). Citrus peel extract: A natural 

source of antioxidant. Food Chemistry 99: 450-

454. 

8. Akbarian, A., Golian, A., Kermanshahi, H., Raji, 

A. R., Farhoosh, R., De Smet, S., & Michiels, J. 

(2013). Growth performance and gut health 

parameters of finishing broilers supplemented 

with plant extracts and exposed to daily increased 

temperature. Spanish Journal of Agricultural 

Research 11: 109–119. 

9. Sun, Y., Oberley, L. W., & Li, Y. (1988). A 

simple method for clinical assay of superoxide 

dismutase. Clinical Chemistry 34: 497. 



10. Block, P. P., Karmer, R., & Paverka, M. (1980). 

A simple assay for catalase determination. Cell 

Biology Monographs 7: 44-47. 

11. Paglia, D. E., & Valentine, W. N. (1967). Studies 

on the quantitative and qualitative 

characterization of erythrocyte glutathione 

peroxidase. Journal of Laboratory and Clinical 

Medicine 70: 158–169. 
12. Jung, S., Jun, H. C., Kim, B., Yun, H., Kruk, A. 

Z., & Jo, C. (2010). Effect of dietary mixture of 

garlic acid and linoleic acid on antioxidative 

potential and quality of breast meat from broilers. 

Meat Science 86: 520-526. 

13. AOAC. (2000). Official Methods of the 

Association of Official Agricultural Chemist’s 

International, Gaitheersburg, Washington DC, 

2000. 

14. Qiao, M., Fletcher, D. L., Smith, D. P. & 

Northcutt, J. K. (2001). The Effect of Broiler 

Breast Meat Color on pH, Moisture, Water-

Holding Capacity, and Emulsification Capacity. 

Poultry Science 80: 676–680. 

15. Steel, R. G. D., Torrie, J. H., & Dicky, D. A. 

(1997). Principles and procedures of statistics. A 

biometrical approach. 3rd Ed. McGraw Hill Book 

Co. Inc., New York. 

16. Hosseini-Vashan, S. J., Golian, A., Yaghobfar, 

A., Zarban, A., Afzali, N., & Esmaeilinasab, P. 

(2012). Antioxidant status, immune system, blood 

metabolites and carcass characteristic of broiler 

chickens fed turmeric rhizome powder under heat 

stress. African Journal of Biotechnology 11(94): 

16118-16125. 

17. Shirzadegan, & Falahpour, P. (2014). The 

physicochemical properties and antioxidative 

potential of raw thigh meat from broilers fed a 

dietary medicinal herb extract mixture. Open 

Veterinary Journal 4(2): 69-77.  

18. Jang, A., Liu, X. D., Shin, M. H., Lee, B. D., Lee, 

S. K., Lee, J. H., & Jo, C. (2008). Antioxidative 

Potential of Raw Breast Meat from Broiler Chicks 

Fed a Dietary Medicinal Herb Extract Mix. 

Poultry Science 87: 2382–2389.  

19. Lee, K. H., Jung, S., Kim, H. J., Kim, S., Lee, J. 

H., & Jo, C. (2012). Effect of Dietary 

Supplementation of the Combination of Gallic 

and Linoleic Acid in Thigh Meat of Broilers. 

Asian-Australian Journal of Animal Sciences 

25(11): 1641-1648. 

20. Moon, Yoon-Hee & Jung, In-Chul. (2009). Effect 

of Feeding of Citrus Byproducts on 

Physicochemical and Sensory Characteristics of 

Chicken Meat. Journal of the Korean Society of 

Food Science and Nutrition. 38 (6): 766-772.  

21. Ravleen, K., Rastogi, A., Sharma, R. K., 

Kumar, A. & Raghuwanshi, P. (2014). 

Chemical composition, anti-oxidative activity 

and in vitro dry matter degradability of 

Kinnow mandarin fruit waste. Veterinary 

World. 7(10): 803-806.  
22. O’Keefe, S. F., Proudfootb, F. G., & Ackman, R. 

G. (1995). Lipid oxidation in meats of omega-3 

fatty acid-enriched broiler chickens. Food 

Research International 28(4): 417-424. 

23. Simitzis, P. E., Symeon, G. K., Charismiadou, M. 

A., Ayoutanti, A. G. & Deligeorgis, S. G. 

(2011).The effects of dietary hesperidin 

supplementation on broiler performance and 

chicken meat characteristics. Canadian Journal of 

Animal Science. 91: 275–282.  

24. Kim, Y. J., Jin, S. K.., & Yang, H. S. (2009). 

Effect of dietary garlic bulb and husk on the 

physicochemical properties of chicken meat. 

Poultry Science 88: 398–405.    

25. Sales, J., & Koukolova, V. (2011). Dietary 

vitamin E and lipid and color stability of beef and 

pork: Modeling of relationship. Journal of Animal 

Science 89: 2836-2848. 

http://www.koreascience.or.kr/journal/AboutJournal.jsp?kojic=SPOOBG
http://www.koreascience.or.kr/journal/AboutJournal.jsp?kojic=SPOOBG

