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Effects of Dietary Natural Antioxidants from Citrus Waste on Growth
and Blood Antioxidants Status of the Broilers
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Abstract | Citrus waste is mostly wasted after juice extraction around the world which contains compounds
that have positive effects on the health of animals and poultry. In the current studies the citrus waste is dried
and mixed with the broiler feed replacing maize from the feed at 0%, 2.5%, 5%, 7.5% and 10%. 225 birds were
reared in 5 treatments and 3 replications of each treatment having 15 birds in each replication. The chicks
were being provided with the standard conditions for light, water, vaccination and experimental feed for 42
days. The body weight gain, feed intake and the feed conversion ratio was observed weekly. After 42 day of the
growth, the birds were slaughter with the Islamic Halal Method and the blood samples of the birds were pre-
served for antioxidant enzymes assay analysis. The data showed that as the citrus waste percentage in the feed
of the broiler was increased, its feed intake and the body weight decreased but the citrus waste has non-sig-
nificant effect on the feed conversion ratio of the broiler birds. The results also showed that citrus waste in the
teed have positive effect on the antioxidant status of the broiler birds. The activity of the superoxide dismutase,
catalase and glutathione peroxidase in the broiler blood was increased as the citrus waste level in the feed of
the broilers was increased. The citrus waste addition in the feed of the broiler have non-significant eftects on
the growth parameters, however it has positive effects on the antioxidant enzymes profile of the broilers.
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more, broiler chicks fed on the higher levels of citrus
peel ultimately decreased the total cholesterol and tri-

glycerides of the broiler birds (Chaudry et al., 2004).

Introduction

|} {I ore than 120 million metric tons of citrus is

produced in the world and above 50% percent

of the citrus is utilized in the juice production and
after juice extraction about 60% of the citrus waste is
lost which contains valuable antioxidants. The waste
of the citrus can be utilized in the feed of the broilers
and as the citrus peel is increased in the ration of the
broiler, its weight increased, feed intake of the birds
increased and the feed gain ratio decreased. Further-

By addition of citrus peel extract in the feed of the
broilers, all the blood parameters like cholesterol, uric
acid, glucose, low density lipoprotein, low density li-
poprotein were influenced significantly Ebrahimi et
al. (2014). Mixed waste of different juices like, apple,
mango, carrot, citrus, avocado, melons and tomato
in the feed of the broilers as a corn replacement de-
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creased feed conversion ratio in the broilers feed as
the percentage of the juice waste was increased in the
broiler ration. Abdominal fats of broiler birds which
were fed on the higher levels of the juice waste were
also reduced (Rizal et al., 2010). Feeding the broiler
birds with the natural antioxidants from the differ-
ent sources had found efficient in enhancing growth,
microbiological and immunological parameters of the
broiler. Beet roots extracts in the feed of the broilers
improved overall body weight but tomato puree and
ginger root extract group reduced the feed conversion
ratio of the broilers. The natural antioxidants in the
feed improved the antioxidant status of the broiler
birds and depressed the bacterial count (Selim et al.,
2013). Objective of the undergoing project was to see
the effect of the citrus waste from the juice process-
ing industries of the Sargodha region on growth pa-
rameters and antioxidant profile of the blood of the
broilers.

Materials and Methods

The research was conducted in the National Institute
of Food Science and Technology, University of Agri-
culture Faisalabad. A day old broiler chicks were pur-
chased from the Aljadeed Hatchery Rawalpindi and
were shifted to the broiler farm at the Department of
Animal Nutrition, University of the Agriculture Fais-
alabad for further rearing. Chemical used in this study
for the analysis were of analytical grade and were
purchased from Sigma Lahore. Ethical guidelines for
the rearing and slaughtering of the birds have been
followed in the research. The feed of the broiler was
prepared with the addition of the citrus waste from
the juice processing plants. The citrus waste was dried
at 60-65°C in the evaporator (R-5A) and mixed with
the other ingredients of the feed. The feed ingredients
and the treatment plan are presented in Table 1.

The birds were reared for 42 days and the optimum
experimental feed and the standard conditions for
the rearing of birds were provided to the birds. Meas-
ured the gain in body weight of experimental birds
on weekly basis for each group during the trials in
response to treatments in order to determine the ef-
fect of formulated feed supplemented with the cit-
rus waste. Weekly basis measurement of the net feed
intake of individual group of birds were through ex-
cluding spilled and left over diet from the total diet
offered during a week. Feed conversion ratio was re-
corded during trials for each group of birds on weekly

basis to check the efficiency of feed, formulated ac-
cording to the method of Sohaib et al. (2012).

Antioxidant enzymes assay: At the age of 42 days,
birds were slaughtered by the Halal Islamic method.
'The blood sample of slaughtered birds was collected
using Ethylene Diamine Tetra Acetic Acid (EDTA)
as anticoagulant. The blood samples were centrifuged
at 3000 rpm to separate plasma for enzymes analysis.
Antioxidant enzymes like superoxide dismutase, cat-
alase and glutathione peroxidase from broilers blood
samples were analyzed.

Table 1: Composition of experimental feeds and treat-
ment plan.

Ingredients Cw, CW,. CW, CW_. CW
Maize 54 51 48 45 42
Wheat bran 5 5 5 5 5
Rice polishing 5 5 5 5 5
Fish meal 5 5 5 5 5
Blood meal 5 5 5 5 5
Citrus peel 0 2.5 5 7.5 10
Cotton seed meal 5 5 5 5 5
Soybean meal 5 5 5 5 5
Corn gluten 7 7 7 7 7
Molasses 5 5 5 5 5
Todized salt 025 025 0.25 025 0.25
Rapeseed meal 0 05 1 150 2
Dicalcium Phosphate 1.25 125 125 125 1.25
Limestone 1.25 125 125 125 1.25
Vitamin mineral premix 1.25 1.25 125 125 1.25
Total 100 100 100 100 100
Protein (% 22.22 2235 22.41 22.31 22.27
ME (MJ/kg) 14 14 1.35 1.32 1.30

Superoxide Dismutase (SOD): activity was deter-
mined according to Ellerby and Bredesen (2000).
Stock solution of 6-hydroxydopamine with the con-
centration of 15 ml were added to 1 ml of 0.05 M
sodium phosphate, 0.01 mM diethylenetriaminepen-
ta acetic acid (pH 7.4) and 100 ml serum. The auto
oxidation of 6- hydroxydopamine was recorded at 490
nm in triplicate. One unit of enzyme activity is pre-
sented as mg of protein resulting in 50% inhibition of
6-hydroxydopamine autooxidation per min. A puri-
fied SOD used as standard and the SOD activity was

expressed as unit/mg protein.

Catalase: was determined by the method of Block
et al. (1980). Briefly, in a quartz cuvette containing
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Table 3: Effect of treatments and growth period on feed utilization of broiler.

Treatment 7 days 14 days 21 days
CW, 225.00 722.3mn 1100.31
CW, . 233.30 717.6n 1089.21
CW; 242.30 755.2m 1142.3k
CW. . 229.50 715.5n 1094.81
Cw,, 231.10 723.5mn 1110.0k1
Means 232.2F 726.8E 1107.3D

28 days 35 days 42 days Means
1682.9hi 2364.4f 3434.6a 1588.3AB
1709.5h 2452.5¢ 3389.2b 1598.6A
1655.31 2343.4f 3316.0d 1575.8B
1650.81 2282.3g 3361.0bc 1555.7C
1460.7; 2360.5f 3337.4cd 1537.2D
1631.9C 2360.7B 3367.6A

Means carrying similar letters in a column are significantly identical; CW: Citrus waste at level 0f0,2.5,5,7.5, and 10%

Table 2: Effect of treatments and weeks on weight of
broiler (g).

Treat- 7 days 14 days 21 days 28 days 35 days 42 days
ment

CW, 146.4q 451.40p 675.1n 1011.8k 1364.1g 1887.2a
CW,.  147.3q455.20 677.9n 1015.5k 1383.0f 1876.8b
CWw, 146.8q 450.90p 677.2n 999.11 1355.0h 1856.9¢
CW,.  1441q445.7p 676.8n 99451 1344.6i 1839.9d
CW,,  146.3q 446.8p 677.3n 985.6m 1323.2j 1830.5¢
Means 146.2F 450.0E 676.9D 1001.3C 1354.0B 1858.3A

Means carrying similar letters in a column are significantly identical;

CW: Citrus waste at level of 0, 2.5, 5, 7.5, and 10%

100 ml 1 M Tris and 5 mM EDTA buffer (pH 8.0),
100 ml saturated thymol, 100 ml aminoantipyrine,
100 ml peroxidase (1 U/ml), 50 ml saturated thymol
H,O, and 540 ml H,O, mixed with 10 ml serum sam-
ple, then measured at 505 nm for 5 min at 58°C by a
spectrophotometer. One unit of catalase decomposes
1.0 mM of H,O, per min. Purified catalase was used
as standard and the enzyme activity was expressed as
unit/mg protein.

Glutathione Peroxidase: was determined as the
method described by Helen and Vijayammal (1997).
0.8 ml substrate contain 1 mM EDTA, 1 mM NaH-
CO,, 0.2 mM NADPH, 1 U/ml glutathione reduc-
tase, 1 mM glutathione and 100 mM KH, PO, (pH
7.0) were mixed with 25 ml serum sample and kept at
room temperature for 5 min. The reaction was started
by addition of 0.1 ml 2.5 mM H,O, and then meas-
ured using a spectrophotometer at 340 nm for 3 min
at 58°C. One unit is defined as 1 nM NADPH oxi-

dized per mg protein per min.

Statistical Analysis

'The dataobtained from each treatmentwas subjected to
statistical analysis to determine the level of significance
by factorial design (two-way interaction) using Statis-

tical Package (Statistic 8.1) following Steeletal.(1997).

Results and Discussion

Body weight of broilers

'The broiler weight has been reduced significantly as
the citrus waste supplementation in the feed on the
broilers was increased (Table 2). The decreasing trend
in final body weight may be because of increased fib-
er contents of feed as a result of citrus waste supple-
mentation. The mean values for body weight during
growth period increased significantly with the pro-
gression of growth period. This increase is a normal
trend as with increase in age the body weight of birds
also increases to get their maturity. These finding are
in agreement with Oluremi et al. (2010) who studied
the replacement of maize from feed with fermented
sweet orange peel in broiler starter diet. They observed
that replacement of the maize with the fermented
dried orange waste reduced the body weight of the
starter broiler. Anni and Zeidler (2004) observed a
decrease in bird’s growth parameter by supplemen-
tation of tomato pomace in broiler feed and stated a
reason of high fiber content in supplemented diets.
'The broilers birds fed on flax seed based feed deceased
body weight, while feed intake and feed conversion
ratio of the birds was increased (Anjum et al., 2013).
'The body weight decreased and feed conversion ef-
ficiency increased in broilers receiving much higher
dietary concentrations of natural antioxidants (IMa-
layoglu et al., 2009).

Feed utilization

It has been observed that Feed utilization increased
significantly with the passage of experimental weeks
(Table 3). Feed utilization of the broiler birds de-
creased as the concentration of the citrus waste in
the feed is increased and maximum feed utilization
was observed in the treatment which was fed on 2.5%
citrus supplemented feed (CW,,) and minimum
feed utilization was observed in the treatment which

was fed on 10% citrus supplemented feed (CW ).
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Table 4: Effect of treatments and growth period on feed conversion ratio of broiler.

Treatment 7 days 14 days 21 days
CW, 1.540 1.60k-m 1.63h-k
CW,, 1.58mn 1.57mn 1.60 k-m
CW; 1.53n0 1.581-n 1.61j-1
CW._, 1.60klm 1.62i-k 1.64¢-j
Cw,, 1.65¢efgh 1.69d 1.68de
Means 1.59E 1.61D 1.63C

28 days 35 days 42 days Means
1.66d-g 1.73c 1.82a 1.66BC
1.68d-f 1.77b 1.80a 1.67B
1.65f-1 1.68d-f 1.81a 1.65C
1.48p 1.75bc 1.81a 1.65C
1.68d-f 1.77b 1.81a 1.71A
1.64C 1.74B 1.81A

Means carrying similar letters in a column are significantly identical; CW: Citrus waste at level 0f0,2.5,5, 7.5, and 10%

Antioxidant Enzymes of Broilrer

CWo CW25 CW5 CW75 CW10

B Superoxide Dismutase  ® Catalzse Glutahone Peroxidase

Figure 1: Antioxidant enzymes assay of the broiler blood,
fed on citrus waste based feed

The broilers fed on orange waste replacing yellow
corn have bad effects on body weight gain, feed in-
take and feed conversion ratio (Abdel-Moneim et
al., 2014). Oluremi et al. (2010) while replaced maize
from feed with fermented sweet orange peel in broiler
starter diet observed that replacement of the maize
with the fermented dried orange waste reduced the
body weight and feed utilization of the starter broiler.

Feed conversion ratio

The feed conversion ratio of the broiler increased as
the citrus waste in the feed is increased and maximum
feed conversion ratio was observed for the treatment
with 10% citrus waste (CW, ) in the feed and min-
imum feed conversion ratio was observed for CW
(Table 4). The feed conversion ratio of the broilers
increased as the production period of the broiler pro-
ceeded. Rezaeipour et al. (2011) observed in their
study that feed conversion ratio of the broiler birds
increased as total phenolic in the feed of broilers in-
creased. Sohaib et al. (2012) recorded higher feed
conversion ratio in the broiler groups which were fed
on the alpha tocopherol supplementation in the feed
of broilers. It has been observed that feed conversion
ratio of the meat was less at 20% inclusion of the
sweet orange rind in the diet as this group needed
more feed per unit gain of the broiler (Oluremi et

al., 2006). Feed consumption, weight gain, and feed
conversion ratio of the broilers was improved as the
percentage of the dried juice wastes of different fruits
(carrot, apple, mango, avocado, orange, melon and tree
tomato) were used in the ration (Rizal et al., 2010).

Antioxidant enzymes assay of the broiler blood serum
The results for superoxide dismutase, catalase and
Glutathione peroxidase of the broiler blood fed on
citrus waste supplemented showed highly significant
effect. The mean values of superoxide dismutase, cata-
lase and glutathione peroxidase are expressed in Fig-
ure 1, which showed that broilers fed on CW/ (con-
trol feed) showed the lowest value of these enzymes
in their serum and an increasing trend was observed
with increase in amount of citrus waste supplementa-
tion in broiler feed. The highest value of antioxidant
enzymes was observed for treatment CW, (broilers
which were fed on 10% citrus waste supplemented

feed).

Addition of vitamin E + selenium significantly raised
the level of superoxide dismutase in the blood serum
of the broilers which increased from 106.65 in con-
trol to 265.5 in the Vitamin E + selenium group in
the broilers (Tras et al., 2010). The activities of cata-
lase and glutathione were independently influenced
by concentrations of antioxidants and a-tocopherol
(Srilatha et al., 2010). The glutathione and catalase
levels were significantly increased in the feed contain-
ing antioxidants at 60 mg/kg. Ciftci et al. (2010) fed
cinnamon oil in addition to the basal feed to broiler
to see the effect of this on antioxidant enzymes and
cholesterol level of the serum and the meat of the
broiler. The antioxidant enzymes like glutathione per-
oxidase and the catalase were increased in the groups
of the broilers which were fed on 1000ppm cinnamon
oil. Glutathione peroxidase level of the birds was in-
creased when the feed supplemented with the lemon
and peel extracts was provided to the broilers (Akbar-
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ian et al., 2014).
Conclusion

Pakistan is a major producer of the citrus fruit. The
fruit waste is lost after juice extraction which has
valuable antioxidants which are utilized in the ra-
tion of the broiler meat in replacement with the corn
in the meal. The citrus waste replacement with the
corn not only reduced the cost of the feed but also
have good effect on the antioxidants properties of
the broiler. The results showed that the body weight
gain and feed intake of the broiler groups decreased
as the more amount of citrus waste in the broiler feed
but the feed conversion ratio of the broilers remained
non-significant. The positive effects of citrus waste on
the antioxidants profile of the broiler birds is an indi-
cation that the broiler meat consumption should have
positive effects on the human being.

Authors Contributions

Furukh Faiz had performed all the practical work,
from rearing of the birds to the analysis of blood
samples. Muhammad Issa Khan had designed the
project worked on designing the experimentation and
approval of the version for publication. Masood Sadiq
and Haq Nawaz had helped on management of the
broiler farm for rearing of the birds and performed
the statistical analysis. Furukh Faiz had written the
draft manuscript and Muhammad Issa Khan had cor-
rected it. Finally all the authors of the paper read the
paper and approved the final manuscripts.

References

Abbasi, H., S. Alireza, L. Wuyi and A. Eila. 2015.
Investigation on the effect of different levels
of dried sweet orange (Citrus Sinensis) pulp on
performance, carcass characteristics and physi-
ological and biochemical parameters in broiler
chicken. Saudi J. Bio. Sci. 22:139-146. https://
doi.org/10.1016/].sjbs.2014.09.006

Abdel E., A. Moneim, F. Ortiz, Leonardo-mendo-
ca, R. Vergano-Villodres, J.A. Guerrero-Mar-
tinez, L.C. Lopez, D. Acuna-Castroviejo and G.
Escames. 2015. Protective effects of melatonin
against oxidative damage induced by Egyptian
Cibra (Naja haja) crude venom in rats. Acta
Trop. 143:58-65. https://doi.org/10.1016/j.ac-
tatropica.2014.12.007

Anjum, F.M., MLF. Haider, ML.I. Khan, M. Sohaib
and M.S. Arshad. 2013. Impact of extruded
flaxseed meal supplemented diet on growth
performance, oxidative stability and quality of
broiler meat and meat products. Lipids Health
Dis. 12: 1-12. https://doi.org/10.1186/1476-
511X-12-13

Akbarian, A., A. Golian, H. Kermanshahi, S.
DeSmet and J. Michiels. 2014. Antioxidant
enzyme activities, plasma hormone levels and
serum metabolites of finishing broiler chickens
reared under high ambient temperature and fed
lemon and orange peel extracts and Curcuma
xanthorrhiza essential oil. J. Anim. Physio. Ani.
Nut. 99(1):150-162. https://doi.org/10.1111/
ipn.12188

Anni, K. and G. Zeadler. 2004. Tomato pomace
may be a good source of vitamin E in broiler
diets. California Agric. 58(1): 59-62. https://
doi.org/10.3733/ca.v058n01p59

Arshad, M.S., EM. Anjum, A. Asghar, M.I. Khan,
M. Yasin, M. Shahid and A.H. El-Ghorab.
2011. Lipid stability and antioxidant profile of
microsomal fraction of broiler meat enriched
with antioxidants and natural antioxidants ac-
etate. J. Agric. Food Chem. 59: 7346-7352.
https://doi.org/10.1021/j£2002393

Block, PP, R. Karmer and M.A. Paverka. 1980.
Simple assay for catalase determination. Cell
Biol. Monogr. 7:44-47.

Ciftci, M., G.S. Ulky, Y. Abdurrauf, Y. Okkes and
D. Bestami. 2010. Effects of dietary antibiotic
and cinnamon oil supplementation on antiox-
idant enzyme activities, cholesterol levels and
fatty acid compositions of serum and meat in
broiler chickens. Acta Vet. Brano.79: 33-40
.https://doi.org/10.2754/avb201079010033

Chaudry, M.A., A. Badshah, N. Bibi, A. Zeb, T.
Ahmed, Ali and U.T. Meulen. 2004. Citrus
waste utilization in poultry rations. Arch. Geflu
gelk. 68 (5): 206 — 210.

Diaz-Cruz, Antonio, Serret, Maurilio, Ramirez,
Guadalupe, Avila, Ernesto, Guinzberg, Raquel
and E. Piria. 2003. Prophylactic action of lipo-
ic acid on oxidative stress and growth perfor-
mance in broilers at risk of developing ascites
syndrome’. Avian Pathol. 32: 645-653. https://
doi.org/10.1080/03079450310001610668

Ebrahimi, A.A.A., A. Qotbi, B. Seidavi, Bahar.
2014. The effect of dietary supplementation
of citrus synensis peel extract on production

September 2017 | Volume 33 | Issue 3 | Page 375

o0 )
o2 Links
OResearchers


https://doi.org/10.1016/j.sjbs.2014.09.006
https://doi.org/10.1016/j.sjbs.2014.09.006
https://doi.org/10.1016/j.actatropica.2014.12.007
https://doi.org/10.1016/j.actatropica.2014.12.007
https://doi.org/10.1186/1476-511X-12-13
https://doi.org/10.1186/1476-511X-12-13
https://doi.org/10.1111/jpn.12188
https://doi.org/10.1111/jpn.12188
https://doi.org/10.3733/ca.v058n01p59
https://doi.org/10.3733/ca.v058n01p59
https://doi.org/10.1021/jf2002393
https://doi.org/10.2754/avb201079010033
https://doi.org/10.1080/03079450310001610668
https://doi.org/10.1080/03079450310001610668

OPEN 8ACCESS

Sarhad Journal of Agriculture

and quality parameter of the broiler chicken. J.
Appl. Anim. Res. 42(4): 1-6-

Ellerby, L.M. and D.M. Bredesen. 2000. Meas-
urement of cellular oxidation, reactive oxygen
species and antioxidant enzymes during apop-
tosis. Meth. Enzym. 32:413-421. https://doi.
org/10.1016/50076-6879(00)22040-5

Helen, A. and PL. Vijayammal. 1997. Vitamin C
supplementation on hepatic oxidative stress
induced by cigarette smoke. J. Appl. Toxi-
col. 17(5): 289-295. https://doi.org/10.1002/
(SICI)1099-1263(199709)17:5<289::AID-
JAT448>3.0.CO;2-9

Malayoglu, H.B., S. Ozkan, S. Kocturk, G. Oktay
and M. Ergul. 2009. Dietary vitamin E (a-to-
copheryl acetate) and organic selenium supple-
mentation: performance and antioxidant status
of broilers fed n-3 PUFA-enriched feeds. South
African J. Anim. Sci. 39(4): 274-285.

Nobakht, A. 2013. Evaluation the effects of differ-
ent levels of dried lemon (Citrus Aurantifulia)
pulp on performance of broilers and laying
hens. Intern. Res. J. appl. Basic Sci. 4 (4): 882-
888.

Oluremi, O.I.A., F.N. Okafor, A.Y. Adenkola and
K.T. Orayaga. 2010. Effect of fermentation of
sweet orange (citrus sinensis) fruit peel on its
phytonutrients and the performance of broil-
er starter. Intern. J. Poult. Sci. 9 (6): 546-549.
https://doi.org/10.3923/ijps.2010.546.549

Oluremi, O.I.A., V.O. Ogeghen and E.H. Ejembi.
2006. The nutritive potential of sweet orange
(citrus synensis) rind in broiler production. In-
tern. J. Poult. Sci. 5(7): 613-617. https://doi.
01g/10.3923/ijps.2006.613.617

Rizal, Y., ML.E. Mahata, M. Andriani and Wu.
2010. Utilization of Juice Wastes as Corn re-
placement in the broiler diet. Intern. J. Poult.

Sci. 9 (9): 886-889. https://doi.org/10.3923/
ijps.2010.886.889

Rezaeipour, V., M. Mosaei and M. Irani. 2011. Ef-
fects of dietary alpha tocopherol acetate and
oybean oil on growth performance and meat
oxidative stability of broiler chicks. J. Cell Ani.
Biol. 5(12):271-274.

Sohaib, M., EM. Anjum, M.I. Khan, M.S. Arshad
and M. Shahid. 2012. Enhancement of lipid
stability of broiler breast meat and meat prod-
ucts fed on antioxidants and natural antioxi-
dants acetate supplemented feed. Lipid Health
Dis. 11:57-65. https://doi.org/10.1186/1476-
511X-11-57

Selim, N.A., S.A. Nada, A.F. Abdel-Salam and
S.E. Youssef. 2013. Evaluation of some natu-
ral antioxidant sources in broiler diets: 2-ef-
fect on chemical and microbiological quality
of chilled and frozen broiler meat. Int. J. Poult.
Sci. 12 (10): 572-581. https://doi.org/10.3923/
ijps.2013.572.581

Steel, R.G.D., J.H. Torrie and D.A. Dicky. 1997.
Principles and procedures of statistics. A biom-
etrical approach. 3 Ed. McGraw Hill Book
Co. Inc., New York.

Srilatha, T., V. Ravinder, Reddy, S. Qudratullah and
M.V.L.N. Raju. 2010. Effect of Alpha-lipoic
Acid and Vitamin E in Diet, on the perfor-
mance, antioxidation and immune response in
broiler chicken. Intern. J. Poult. Sci. 9 (7): 678-
683. https://doi.org/10.3923/ijps.2010.678.683

Tras, B., F. Inal, A.L. Bas, V. Altunok, M. Elmas
and E. Yazar. 2000. Effect of continuous supple-
mentations of Ascorbic acid, Aspirin, vitamin E
and Selenium on some hematological parame-
ters and serum superoxide dismutase levels in
broiler chickens. Brit. Poult. Sci. 40: 664—666.
https://doi.org/10.1080/00071660020009225

September 2017 | Volume 33 | Issue 3 | Page 376

o0 )
o2 Links
Researchers


https://doi.org/10.1016/S0076-6879(00)22040-5
https://doi.org/10.1016/S0076-6879(00)22040-5
https://doi.org/10.1002/(SICI)1099-1263(199709)17:5%3C289::AID-JAT448%3E3.0.CO;2-9
https://doi.org/10.1002/(SICI)1099-1263(199709)17:5%3C289::AID-JAT448%3E3.0.CO;2-9
https://doi.org/10.1002/(SICI)1099-1263(199709)17:5%3C289::AID-JAT448%3E3.0.CO;2-9
https://doi.org/10.3923/ijps.2010.546.549
https://doi.org/10.3923/ijps.2006.613.617
https://doi.org/10.3923/ijps.2006.613.617
https://doi.org/10.3923/ijps.2010.886.889
https://doi.org/10.3923/ijps.2010.886.889
https://doi.org/10.1186/1476-511X-11-57
https://doi.org/10.1186/1476-511X-11-57
https://doi.org/10.3923/ijps.2013.572.581
https://doi.org/10.3923/ijps.2013.572.581
https://doi.org/10.3923/ijps.2010.678.683
https://doi.org/10.1080/00071660020009225

