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This study was conducted to evaluate the effect of ginger powder on the performance of Salmonella challenged broiler chicks and to compare its efficacy as growth promoter with an antibiotic, avilamycin. In a
completely randomized design, 300 chicks were divided into six groups, five replicates with 10 birds per
each replicate. The treatments included negative control (basal diet without ginger or antibiotic and challenging), positive control (basal diet without ginger or antibiotic, but with challenging), ginger treated
group (5.0 g/kg ginger, without challenging), challenged ginger treated group (5.0 g/kg ginger, with challenging), antibiotic treated group (100 mg/kg avilamycin, without challenging) and challenged antibiotic
treated group (100 mg/kg avilamycin, with challenging). The lowest mean of mortality was recorded in the
antibiotic treated group and the highest in the positive control. Inclusion of ginger to the diet of challenged
chicks decreased numerically the mortality as compared with the positive control. Broilers in the positive
control had the lowest overall daily gain. Dietary inclusion of ginger or avilamycin increased (P<0.05) daily
weight gain, but the effect of avilamycin was greater than ginger. In the overall period (days 0-42), challenging increased feed conversion ratio and inclusion of avilamycin and ginger to the diet decreased
(P<0.05) it, but the effect of avilamycin was greater than ginger. Finally, inclusion of ginger powder in the
diet could improve the performance of unchallenged and challenged chicks, but its efficacy is lower than
avilamycin.
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INTRODUCTION
The sub-therapeutic doses of antibiotics were used for decades as a growth promoter and to control of some specific
intestinal pathogens such as Salmonella and Escherichia
coli (Jones et al. 2003). Although broiler chicks fed diet
supplemented with these additives achieved good performance, their side effects became a serious public health problem worldwide (Soomro et al. 2010) and led to the ban of
these feed additives by the European Union. The ban on
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feed additives has stimulated extensive research into the
phytobiotic alternatives. Ginger is one of the phytobiotics
with several compounds such as gingerol, gingerdiol and
gingerdione that possess strong antioxidant (Kikuzaki et al.
1993; Zhao et al. 2011) and antibacterial activities (Meena
and Sethi, 1994; Akoachere et al. 2002; Ali et al. 2007).
Several studies demonstrated that ginger is beneficial to
growth in unchallenged chicks (Zhang et al. 2009) and
aquatic animals (Venkataramalingam et al. 2007; Immanuel
et al. 2009). In the literature, information about the effect of
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ginger on health status and performance of challenged
broiler chicks and its efficacy in comparison with antibiotic
is lacking. Therefore, the objectives of this study were to
assess the effect of supplementation of ginger powder on
the growth performance of challenged broiler chicks and to
compare its capacity as growth promoter with an antibiotic.

MATERIALS AND METHODS
Salmonella culturing
Salmonella enterica serovar Enteritidis (PTCC 1709) was
obtained as freeze-dried from the Persian type culture collection (IROST, Tehran, Iran) isolated from the liver of
chickens. Freeze-dried inoculum was grown in tryptic soy
broth (Acumedia manufacturers Inc., Baltimore, MD, USA)
at 37 °C for 8 h and passed to fresh tryptic soy broth for 3
another three periods (37 ˚C, each period 8 h). Determination of the number of colony-forming units (CFU) through
decimal dilution series was performed in sterile buffered
peptone water with pH 7.2. For this, 0.1 mL of diluted medium was inoculated in petri dishes containing Shigella–
Salmonella agar (SS agar) and cultivated for 24 h at 37 ˚C,
then CFU counted.
Birds and experimental design
Day-old Ross 308 broiler chicks (n=300, mixed sex) were
obtained from commercial hatchery. In a completely randomized design, the chicks were randomly divided into six
treatment groups, five replicates, and each 10 chicks placed
in separate pens. The treatments included negative control
(basal diet without ginger or antibiotic and challenging),
positive control (basal diet without ginger or antibiotic, but
with challenging), ginger treated group (5.0 g/kg ginger,
without challenging), challenged ginger treated group (5.0
g/kg ginger, with challenging), antibiotic treated group (100
mg/kg avilamycin as the sub-therapeutic dose, without
challenging) and challenged antibiotic treated group (100
mg/kg avilamycin, with challenging). Environmental temperature in the first week of life was 33 ˚C and decreased to
20 ˚C until the end of the experiment. During the first week,
22 h of light as continuous was provided with a reduction to
20 h afterward. Chicks were provided ad libitum access to
water and experimental diets based on corn and soybean
meal (Table 1). At day 7 of age, chicks in challenged
groups received by oral gavage 1.0 × 105 CFU / chick of
passaged medium. Unchallenged birds received the same
amount of sterile buffered peptone water by oral gavage.
Moisture content of litter
At d 20 and 40 of age, moisture content of litter was determined in each pen by collecting three samples (300 g) in
areas of the pen away from feeders and drinkers. The three
samples were mixed together and one homogeneous sub-
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sample was weighed (50 g), oven dried at 105 ˚C for 24 h,
and reweighed to determine moisture content.
Growth performance
Growth performances of broilers were evaluated by recording body weight gain, feed intake and feed conversion
ratio on d 21 and 42 of age. Feed intakes of birds were recorded on a per pen basis, the uneaten feed was weighed
and discarded, and then fresh feed replaced in feeders at the
end of each day. Total feed intake and feed intake of each
period were recorded and it was divided to its consumption
period for computing daily feed intake.
Chicken body weight was measured on 21 and 42 day of
age. After correction for the initial body weight, it was divided to the related period for computing daily body gain.
Feed conversion ratio (FCR) was calculated as the amount
of feed consumed per unit of body weight gain for total and
each period. FCR was corrected for body weight of mortality.
Table 1 Ingredients and chemical composition of basal diets
Ingredients (%)
Starter
Yellow corn
58.13
Soybean meal
32.81
Fish meal
3.00
Soybean oil
2.04
Corn gluten meal
Dicalcium phosphate
1.54
CaCO3
1.10
Salt
0.36
Mineral premix
0.25
Vitamin premix
0.10
DL-methionine
0.17
L-lysine HCl
Celiteb
0.50
Calculated chemical composition (%)
ME (kcal/kg)
Crude protein
Calcium
Available phosphorus
Methionine
Methionine + cystine
Lysine
Threonine
a
b

2920
21.00
1.00
0.50
0.52
0.87
1.2
0.86

Grower
62.21
25.84
0.00
2.76
5.00
1.76
1.17
0.26
0.25
0.20
0.00
0.06
0.50
3060
19.50
0.90
0.45
0.37
0.75
0.96
0.76

On an as-fed basis.
Ginger or antibiotic was added to diets in replace of celite.

Intestinal microflora
On d 10 of age, samples collected from the ileo-cecum of
an eviscerated bird in each pen were put into sterilized vials
and conveyed immediately to the laboratory. Then 1.0 g of
digesta taken from each sample was added to 9 mL tryptic
soy broth and mixed for 1 minute. A tenfold serial dilution
was made by transferring 1 mL from each mixture to the
same broth volumes. Finally 1 mL was pipetted from the 1 /
1000 dilution test tube of each sample and inoculated on the
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solid culture medium prepared in petri dishes the previous
day. Dispersion was done using a sterile spreader sterilised
after each step over a Bunsen flame. Salmonella counts
were performed using Shigella-Salmonella agar medium.
Statistical analysis
The Kolmogorov-Smirnov test was used to test the normal
distribution of the data before statistical analysis. Statistical
analyses were conducted with the general linear model procedure of SAS for windows version 9.1. (SAS Institute Inc.,
Cary, NC). Whenever significant differences were found,
mean values were compared by Tukey test. A probability
value of less than 0.05 was considered statistically significant.

Figure 2. At d 20 of age, the highest moisture content of
litter was related to the positive control and the lowest to
antibiotic treated group. Moisture content of litter in the
pens of challenged chicks fed diet containing antibiotic or
ginger decreased (P<0.05) as compared with that of positive control. There were no differences among treatments
for moisture content of litter at d 40 of age (Figure 2).

RESULTS AND DISCUSSION
Effect on Salmonella count
The effect of dietary treatments on Salmonella count in the
samples collected from the ileo-cecum is shown in Figure
1. The highest Salmonella count was observed in the positive control. A significant reduction of Salmonella count
was observed from antibiotic treated chicks as compared
with that in the positive control or ginger treated group
(Figure 1). Inclusion of antibiotic to the diet of challenged
chicks statistically reduced Salmonella count, but inclusion
of ginger reduced it numerically, as compared with the
positive control. Birds not gavaged with Salmonella had
any detectable Salmonella in the lower intestinal tract.

Figure 2 Moisture contents of the litter that were measured at days 20 and 40 of
raising period

Effect on chick mortality
The lowest mean of mortality was recorded for the antibiotic treated groups and the highest mean for the positive
control (Figure 3). The inclusion of ginger to the diets of
challenged chicks decreased numerically the mortality of
chicks compared with the positive control.

Figure 1 Salmonella count of chicks at the challenged groups

Effect on moisture content of litter
Two days after challenging, diarrhea was observed in the
majority of birds reared in the challenged groups; whereas
no birds reared in unchallenged groups showing signs of
disease. Diarrhea severity as moisture content of the litter in
challenged chicks was lower in those fed diets containing
avilamycin compared with those fed ginger. In the chicks
fed diet containing ginger, diarrhea severity was lower than
those were in the positive control. For qualification of diarrhea status, moisture content of litter was determined.
Moisture content of litter at days 20 and 40 of age are in
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Figure 3 Mortality percentages of chicks during the overall period

Effect on growth performance
Average initial body weight of broilers chicks was 42.3 ±
0.91 g and did not differ among treatments. Body weight of
chicks on d 21 and 42 of age were affected by treatments.
In both periods, the lowest body weight was recorded in the
positive control and the highest mean was found in the antibiotic treated group. The inclusion of ginger to the diet of
unchallenged chicks increased (P<0.05) the body weight
compare with the negative control, but its effect was lower
Iranian Journal of Applied Animal Science (2013) 3(4), 769-775
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than that of antibiotic treatment. Challenged broilers fed
diet containing antibiotic or ginger had significantly higher
body weight than the positive control. There was no difference in the body weight of challenged birds treated with
antibiotic or ginger on d 42 of age, but there was on d 21 of
age (Table 2). Average feed intake of broilers during the
phases of starter, grower and the overall of the experiment
is shown in Table 2. There were no significant differences
among feed intake of broilers in the starter phase and the
overall of the experiment. Significant differences in feed
intake (P<0.05) were noted among treatments during the
grower phase. Challenging of broilers with Salmonella resulted in a decrease of feed intake. As seen in Table 3,
broilers in the positive control had significantly lower feed
intake compared with the negative control.
Inclusion of antibiotic or ginger increased numerically
feed intake in the challenged broilers compare with that in
the positive control. Average daily gain and feed conversion ratio of broilers are shown in Table 3. Among treatments, there were significant differences regarding daily
gain in the starter, grower and the overall of the experiment.
Broilers in the positive control had the lowest daily gain at
either phases or the overall period. Inclusion of antibiotic or
ginger to the diet of unchallenged or challenged chicks increased significantly average daily gain, but the effect of
antibiotic was greater than ginger. At the starter phase,
there was no significant difference among feed conversion
ratio of broilers (Table 3). At the grower and the overall
period, challenging increased feed conversion ratio and
inclusion of antibiotic and ginger to the diet decreased it

significantly. The overall feed conversion ratio for challenged birds fed diets containing antibiotic or ginger was
not differ, but for unchallenged ones was differ significantly.
The present study was designed to assess the effect of
supplementation of ginger powder on growth performance
of Salmonella challenged broiler chicks and to evaluate its
capacity as growth promoter. It was hypothesized that Salmonella challenging would decrease performance and the
inclusion of ginger or antibiotic to the diet of challenged
chicks would enhance it alike.
Mortality and Salmonella recovery
Mortality in challenged groups increased four days after
Salmonella infection. Mortality and diarrhea was observed
in challenged chicks, which confirmed the challenge infection with Salmonella Enteritidis. The mortality was observed up to 9 days. Chicks were weak and lethargic with
distinct green diarrhea before dead. Dietary inclusion of
ginger or antibiotic significantly decreased mortality of
challenged chicks may be due to their negative effect on
Salmonella colonization in the intestine as shown in Figure
1. In the available literature, there was no study regarding
the effect of ginger on Salmonella count or viability of
chicks. The result of this study was in agreement with the
results obtained in pathogen challenged shrimp (Chang et
al. 2012) fed ration containing ginger. Ginger compound
acts as antimicrobial agent and immune-stimulants by enhancing immune response (Dügenci et al. 2003; Zhou et al.
2006) and it also reduces mortality against pathogenic

Table 2 Body weight and feed intake of broilers fed diets containing ginger or antibiotic with or without challenging
Diet
Control
Ginger
Avilamycin
SEM

Challenging
Without (negative)
With (positive)
Without
With
Without
With
-

Body weight (g/bird)
21
42
496ab
1773b
1531c
444b
a
529
1904ab
505ab
1789ab
1950a
553a
a
514
1801ab
35.1
88.4

0-21
28.1
27.3
28.9
28.0
29.7
28.5
1.16

Feed intake (g/bird/d)
22-42
130.1a
120.6b
132.6a
124.1ab
129.6a
124.8ab
4.77

0-42
80.4
74.2
80.7
79.6
79.2
77.1
3.39

SEM: standard error of the mean.
Means in the same column with different superscripts are differ (P<0.05).

Table 3 Average daily gain and feed conversion ratio of broilers fed diets containing ginger or antibiotic with or without challenging
Diet
Control
Ginger
Avilamycin
SEM

Challenging
Without (negative)
With (positive)
Without
With
Without
With
-

0-21
21.6ab
19.1b
23.2a
22.0ab
24.3a
22.4a
1.67

Average daily gain (g/bird/d)
22-42
60.8a
51.7b
65.4a
61.6a
66.5a
61.2a
4.12

0-42
41.2b
35.4c
44.3ab
41.6ab
45.4a
41.8ab
2.10

0-21
1.30
1.43
1.25
1.27
1.22
1.27
0.110

Feed conversion ratio (g:g)
22-42
2.13ab
2.33a
2.03ab
2.04ab
1.94b
2.06ab
0.174

0-42
1.95ab
2.09a
1.82ab
1.82ab
1.74b
1.85ab
0.113

SEM: standard error of the mean.
Means in the same column with different superscripts are differ (P<0.05).
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challenges in shrimp (Chang et al. 2012). The antimicrobial
mode of action is considered to arise mainly from the potential of the essential oils in ginger (i.e. gingerols), to intrude into the bacterial cell membrane, disintegrate membrane structures and cause ion leakage (Meena and Sethi,
1994; Gugnani and Ezenwanze, 1985). Some studies demonstrated in vitro antimicrobial efficacy of ginger compounds against Escherichia coli and Salmonella typhimurium (Ekwenye et al. 2005).
Growth performance
Salmonella challenging showed a significant deterioration
in growth performance of chicks, with a body weight gain
decrease of 14% and a feed conversion ratio increase of
6.6% at the overall period of experiment.
These results are in accordance with those obtained with
Salmonella challenged broiler chicks (Hegazy and Adachi,
2000; Chalghoumi et al. 2002; Nakamura et al. 2009).
Many factors such as vaccination, infection and disease can
promote the creation of free radicals (Allen, 1997; Kim et
al. 2007; Stoilova et al. 2007), which result in lower growth
performance and damage to body tissues. Normally, the
body can handle free radicals but if the free radical production becomes excessive or if antioxidants are unavailable,
damage can occur extensively.
Dietary supplementation of natural antioxidant such as
ginger compounds prevented in vitro and in vivo production
of free radicals (Kim et al. 2007) and remedied the clinical
symptoms caused by the oxidative stress of infection
(Stoilova et al. 2007; Chang et al. 2012).
In addition to antioxidative activity, the other mode of
action of ginger as growth-promoter in challenged chicks
arises from beneficially affecting the ecosystem of intestinal microbiota through controlling potential pathogens
(Akoachere et al. 2002; Ali et al. 2007).
Because of a more stabilized intestinal health, animals
are less exposed to microbial toxins and other undesired
microbial metabolites such as ammonia and biogenic
amines.
Intestinal formation of biogenic amines by microbiota is
undesirable not only because of toxicity, but also because
of the fact that biogenic amines are produced mainly by
decarboxylation of limiting essential amino acids.
Consequently, ginger as growth-promoter relieve the
birds from immune defense stress during critical situations
and increase the intestinal availability of essential nutrients
for absorption, thereby helping birds to grow better within
the framework of their genetic potential.
Overall, the beneficial effect of ginger treatment on performance parameters of unchallenged broilers are in agreement with a large number of other research studies using
ginger powder or extract in broilers (Onimisi et al. 2005;
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Farinu et al. 2009; Moorthy et al. 2009; Zhang et al. 2009),
shrimp (Venkataramalingam et al. 2007) and fish
(Immanuel et al. 2009), compared with studies lacking
positive effects (El-Deek et al. 2002; Al-Homidan, 2005).
However, it is difficult to directly assess different studies
using ginger, because the efficacy of ginger application
depends on many factors such as administration level, ginger variety, application method and environmental stress
factors.
In agreement to our results, the works of Onimisi et al.
(2005) and Moorthy et al. (2009) showed significantly better feed conversion ratio in ginger fed groups of broilers
compared to control. El-Deek et al. (2002) observed that
diet containing 1.0 g/kg of ginger did not affect the growth
performance, whereas Farinu et al. (2009) reported that
supplementation of ginger at the level of 5.0 g/kg improved
growth performance of broilers and the improvement rate
slightly decreased at the levels of 10 and 15 g/kg. In contrast, Al-Homidan (2005) observed reduced growth rate of
starter broilers (1 to 4 wk) when ginger was fed at the rates
of 20 and 60 g/kg and similar findings were reported by
Ademola et al. (2009) who included 20 g/kg ginger in the
diet of broilers.
These results suggest that growth performance of broilers
may respond to ginger supplementation at the level of 5.0
g/kg and over this level; it had negative effect on body
weight gain. Performance parameters of challenged chicks
were significantly improved in antibiotic treatments compared with the negative or positive controls. Avilamycin,
despite its drawbacks in enhancing antimicrobial resistance,
has a documented growth-promoting effect in broiler diets
(Aarestrup et al. 2000). This was also confirmed in this
study, whereby broiler performance in antibiotic treatment
was also used as a measure to assess the growth-promoting
efficacy of the ginger powder.

CONCLUSION
The present study clearly showed that Salmonella challenge
resulted in diarrhea and mortality of chicks, also in a decrease of performance parameters. Inclusion of avilamycin
to the diet of challenged chicks compensated the negative
effects of Salmonella challenge on health status and average daily gain. The effect of ginger on ameliorating the
detrimental effect of Salmonella challenge was lower than
avilamycin; however, it could improve performance parameters in commercial farms.

ACKNOWLEDGMENTS
The authors are grateful to the Islamic Azad University for
research funding support. We also thank all staffs in the

Iranian Journal of Applied Animal Science (2013) 3(4), 769-775

Performance of Salmonella Challenged Chicks Fed Ginger

poultry unit for the assistance in the care and feeding of the
chicken used in this research.

REFERENCES
Aarestrup F.M., Bager F. and Andersen J.S. (2000). Association
between the use of avilamycin for growth promotion and the
occurrence of resistance among Enterococcus faecium from
broilers: Epidemiological study and changes over time.
Microb. Drug Resist. 6, 71-75.
Ademola S.G., Farinu G.O. and Babatunde G.M. (2009). Serum
lipid, growth and haematological parameters of broilers fed
garlic, ginger and their mixtures. World J. Agric. Sci. 5, 99104.
Akoachere J.F.T.K., Ndip R.N., Chenwi E.B., Ndip L.M., Njock
T.E. and Anong D.N. (2002). Antibacterial effect of Zingiber
officinale and Garcinia kola on respiratory tract pathogens.
East. African Med. J. 79, 588-592.
Al-Homidan A.A. (2005). Efficacy of using different sources and
levels of Allium sativum and Zingiber officinale on broiler
chicks performance. Saudi J. Biol. Sci. 12, 96-102.
Ali B.H., Blunden G., Tanira M.O. and Nemmar A. (2007). Some
phytochemical, pharmacological and toxicological properties
of ginger Zingiber offcinalis roscoe: a review of recent
research. Food Chem. Toxic. 46, 409-420.
Allen P.C. (1997). Production of free radical species during
eimeria maxima infections in chickens. Poult. Sci. 76, 814821.
Chalghoumi R., Marcq C., Théwis A., Portetelle D. and Beckers
Y. (2009). Effects of feed supplementation with specific hen
egg yolk antibody (immunoglobin Y) on Salmonella species
cecal colonization and growth performances of challenged
broiler chickens. Poult. Sci. 88, 2081-2092.
Chang Y., Liu C., Wu C., Chiang C., Hsieh S. and Lian J. (2012).
Dietary administration of zingerone to enhance growth, nonspecific immune response, and resistance to Vibrio
alginolyticus in pacific white shrimp (Litopenaeus vannamei)
juveniles. Fish. Shell. Fish. Immunol. 32, 284-290.
Dügenci S.K., Arda N. and Candan A. (2003). Some medicinal
plants as immunostimulant for fish. J. Ethnopharmacol. 88,
99-106.
Ekwenye U.N. and Elegalam N.N. (2005). Antibacterial activity
of ginger (Zingiber officinale) roscoe and garlic (Allium
sativum) extracts on Escherichia coli and Salmonella typhi.
Inter. J. Molecul. Med. Adv. Sci. 1, 411-417.
El-Deek A.A., Attia Y.A., Maysa M. and Hannfy M. (2002).
Effect of anise (Pimpinella anisum), ginger (Zingiber
officinale roscoe) and fennel (Foeniculum vulgare) and their
mixture on performance of broilers. Arch. Geflügelkd. 67, 9296.
Farinu G.O., Ademola S.G., Ajayi A.O. and Babatunde G.M.
(2009). Growth, haematological and biochemical studies on
garlic and ginger-fed broiler chickens. Moor J. Agric. Res. 5,
122-128.

774

Gugnani H.C. and Ezenwanze E.C. (1985). Antibacterial activity
of extracts of ginger (Zingiber officinale) and african oil bean
seed (Pentaclethora macrophylla). J. Commun. Dis. 17, 233237.
Hegazy S.M. and Adachi Y. (2000). Comparison of the effects of
dietary selenium, zinc, and selenium and zinc supplementation
on growth and immune response between chick groups that
were inoculated with Salmonella and aflatoxin or Salmonella.
Poult. Sci. 78, 331-335.
Immanuel G., Uma R.P., Iyapparaj P., Citarasu T., Peter S.M. and
Babu M.M. (2009). Dietary medicinal plant extracts improve
growth, immune activity and survival of tilapia Oreochromis
mossambicus. J. Fish. Biol. 74, 1462-1475.
Jones F.T. and Ricket S.C. (2003). Observations on the history of
the development of antimicrobials and their use in poultry
feeds. Poult. Sci. 82, 613-617.
Kikuzaki H. and Nakatani N. (1993). Antioxidant effect of some
ginger constituents. J. Food Sci. 58, 1407-1410.
Kim J.K., Kim Y., Na K.M., Surh Y.J. and Kim T.Y. (2007).
Gingerol prevents UVB-induced ROS production and COX-2
expression in vitro and in vivo. Free Radic. Res. 41, 603-614.
Meena M.R. and Sethi V. (1994). Antimicrobial activity of the
essential oils from spices. J. Food Sci. Technol. 31, 68-70.
Moorthy M., Ravi S., Ravi K.M. and Edwin S.C. (2009). Ginger,
pepper and curry leaf powder as feed additive in broiler diet.
Int. J. Poult. Sci. 8, 779-782.
Nakamura A., Ota Y., Mizukami A., Ito T., Ngwai Y.B. and
Adachi Y. (2002). Evaluation of aviguard, a commercial
competitive exclusion product for efficacy and after-effect on
the antibody response of chicks to Salmonella. Poult. Sci. 81,
1653-1660.
Onimisi P.A., Dafwang I.I. and Omage J.J. (2005). Growth
performance and water consumption pattern of broiler chicks
fed graded levels of ginger waste meal. J. Agric. Forest.
Social. Sci. 3, 113-119.
Soomro A.H., Dewani P., Khaskheli M., Bachal M., Ghiasuddin
Shah B. and Memon A. (2010). Prevalence and antimicrobial
resistance of Salmonella serovars isolated from poultry meat
in Hyderabad, Pakistan. Turkish J. Vet. Anim. Sci. 34, 455460.
Stoilova I., Krastanov A., Stoyanova A., Denev P. and Gargova S.
(2007). Antioxidant activity of a ginger extract. Food Chem.
102, 764-770.
Venkataramalingam K., Godwin C.J. and Citarasu T. (2007).
Zingiber officinalis, an herbal appetizer in the tiger shrimp
Penaeus monodon (Fabricius) larviculture. Aqua. Nutr. 13,
439-443.
Zhang G.F, Yang Z.B., Wang Y., Yang W.R., Jiang S.Z. and Gai
G.S. (2009). Effects of ginger root (Zingiber officinale)
processed to different particle sizes on growth performance,
antioxidant status and serum metabolites of broiler chickens.
Poult. Sci. 88, 2159-2166.
Zhao X., Yang Z.B., Yang W.R., Wang Y., Jiang S.Z. and Zhang
G.G. (2011). Effects of ginger root (Zingiber officinale) on
laying performance and antioxidant status of laying hens and

Iranian Journal of Applied Animal Science (2013) 3(4), 769-775

Sadeghi et al.

on dietary oxidation stability. Poult. Sci. 90, 1720-1727.
Zhou H., Deng Y. and Xie Q. (2006). The modulatory effects of
the volatile oil of ginger on the cellular immune response in
vitro and in vivo in mice. J. Ethnopharmacol. 105, 301-305.

775

Iranian Journal of Applied Animal Science (2013) 3(4), 769-775

