Global Veterinaria 16 (6): 530-538, 2016
ISSN 1992-6197

© IDOSI Publications, 2016

DOI: 10.5829/idosi.gv.2016.16.06.10442

Ginger (Zingiber officinale) and Thymol Dietary Supplementation Improve
the Growth Performance, Immunity and Antioxidant Status in Broilers

'Doha E. Zidan, *Khaled A. Kahilo, 'Ali H. El-Far and 'Kadry M. Sadek

'Department of Biochemistry, Faculty of Veterinary Medicine,
Damanhour University, Damanhour, Egypt
*Department of Biochemistry, Faculty of Veterinary Medicine,
Kafrelsheikh University, Kafrelsheikh, Egypt

Abstract: This study was conducted to investigate the effects of dietary supplementation of ginger
(Zingiber officinale) and thymol on the performance, antioxidant status and immune response in broilers for
six weeks. Two hundred and seventy of one-day old broiler chicks were randomly assigned to six dietary groups
as follows: control (basal diet), Ginger I (5 g ginger powder/kg diet), Ginger IT (10 g ginger powder/kg diet),
Ginger III (15 g ginger powder/kg diet), Thymol I (200 mg thymol /kg diet) and Thymol IT (400 mg thymol /kg
diet). Each group was allocated into three replicates of fifteen birds per replicate. The overall body weight gains
of birds treated with feed additives were significantly (P<0.05) increased higher in relation to control one.
The birds in Ginger III group gave the best feed conversion ratio (FCR) followed by Ginger I, Thymol I and then
the control group. In addition, ginger and thymol were significantly decreased the levels of serum total
cholesterol and triacylglycerol. Moreover, supplementation of broilers by ginger and thymol significantly
decreased the breast and thigh malondialdehyde (MDA) and significantly increased muscle reduced glutathione

(GSH) serum interferon gamma (INF-v) and interleukin 2 (IL-2) levels.
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INTRODUCTION

Antimicrobial compounds produced by
microorganisms have been used in animal rations as
growth promoters for many years [1]. Antibiotics have
been used widely to prevent poultry diseases and for the
improvement of meat and egg production [2]. However,
use of antibiotics is restricted due to drug resistance in
bacteria, drug residue in carcass and also alteration of
natural gut microflora [3]. Consequently, the use of
natural promoters such as probiotic, prebiotic, symbiotic,
enzymes, organic acids, oligosaccharides, phytogenic
and other feed additives, to enhance the growth and
performance of broiler is the deal for poultry feeding [4].

Ginger (Zingiber officinale) is a member of the
Zingiberaceae family that used as a common spice in
most of the Asian countries [5]. Traditionally, ginger has
been used as herbal medicine to treat vomiting, pain and
indigestion and possesses an anticancer, anticlotting,
anti-inflammatory and analgesic activities [6, 7].

Ginger can be wused as potential alternative for
common artificial growth promoters like antibiotics [8].
Preliminary research indicates that nine compounds
found in ginger may bind to serotonin receptors
which may influence gastrointestinal function [3].
Research conducted in-vitro tests show that ginger
extract might control the quantity of free radicals by
neutralization [9, 10]. The characteristic odor and flavor of
ginger is caused by a mixture of zingerone, shogaol and
gingerol [11, 12].

Thymol, [5-methyl-2-(1-methylethyl) phenol], is the
main component of thyme essential oil that has a strong
antioxidant activity [13]. A dietary supply of thymol to
aging rats showed a beneficial effect on the antioxidative
enzymes superoxide dismutase (SOD) and glutathione
peroxidase (GSH) [14]. Thymol has been reported to
stimulate digestive secretions such as salivary amylase
in humans and bile acids, gastric, pancreatic enzymes
(i.e. lipase, amylase and proteases) and intestinal mucosa
in rats [15].
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This study was conducted to investigate the effect of
ginger and thymol as feed additives on performance,
antioxidant status and immunity in broilers.

MATERIALS AND METHODS

Birds, Diets and Managements: Two hundred and
seventy of unsexed one-day old broiler chicks were
obtained from local commercial hatchery were allocated
into six groups, each of three replicates consisting of
fifteen chicks per replicate and reared on the floor for six
weeks. The control corn-soybean based diet was prepared
based on NRC [16] recommendations as illustrated in
Table 1. For preparing other treatments, the control diet
was blended with ginger and thymol to prepare diets for
Ginger I, Ginger 11, Ginger III and Thymol I, Thymol II
groups at the concentrations of 5 g, 10 g, 15 g, 200 mg and
400 mg/kg diet, respectively. No antibiotic were used all
over the experiment. Feed and water were provided

ad libitum during the whole periods.
Table 1: The ingredient percentages and calculated composition analysis of
the experimental starter and grower diets (as fed basis)

Starter diet

Ingredients Grower diet

Corn 52.55 60.27
SBM (CP 44%) 34.26 29.31
Corn gluten (CP 60%) 5.5 3.0
Corn oil 33 3.26
Limestone 1.35 1.53
Dicalcium phosphate 1.74 1.47
L-Lysine 0.11 0.13
DI-methionine 0.39 0.23
Vitamins and minerals premix 0.3 0.3
NaCl 0.5 0.5
Total 100 100
Calculated and analyzed composition

ME (Kcal/Kg diet) 3061.2 3119.35
CP % 23.0 20.0
Calorie/protein ratio 133.1 155.97
Lysine % 1.3 1.16
Methionine % 0.8 0.58
Calcium % 1.0 0.9
Av. (P) % 0.45 0.40
NaCl 0.15 0.15

SBM= Soybean meal, ME = Metabolizable Energy (Kcal/ kg diet), CP =
crude protein, Av. (P) = Available phosphorous

*L-lysine 99% feed grade

**D]-methionine 99% feed grade China

***Vitamin and mineral premix (Hero mix) produced by Heropharm and
composed (per 3 kg) of vitamin A 12000000 IU, vitamin D3 2500000 IU,
vitamin E 10000 mg, vitamin K3 2000 mg, vitamin B1 1000 mg, vitamin
B2 5000 mg, vitamin B6 1500 mg, vitamin B12 10 mg, niacin 30000 mg,
biotin 50 mg, folic acid 1000 mg, pantothenic acid 10000 mg, manganese
60000 mg, zinc 50000 mg, iron 30000 mg, copper 4000 mg, iodine 300
mg, selenium 100 mg and cobalt 100 mg.
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Birds were housed on the floor where the temperature
was maintained at 32 °C during the 1* week and then was
reduced by 2 °C per week until 24 °C was reached and this
temperature was maintained until the end of the
experiment. Relative humidity of the room was about 70-80
%.

All of the chicks were vaccinated against Newcastle
and infectious bursal disease at 7" and 14" days of age,
respectively. Moreover, chicks were vaccinated again by
both vaccines at 21* days of age.

Preparation of Ginger Extract: The fine powder of ginger
roots were extract by methanol according to the method
of Shyamala [17] with some modifications. Briefly, 15 g of
dried ginger roots were extracted with 100 mL of methanol
for 24 h with occasional shaking. The extract was filtered
and evaporated to dryness in vacuum.

Gas Chromatography-mass Spectrometry (GC-MS)
Analysis: The chemical composition of ginger roots was
performed using Trace GC Ultra-ISQ mass spectrometer
with a direct capillary column TG-5MS (30 mx0.25
mmx0.25 pm film thickness). The column oven temperature
was initially held at 60 °C and then increased by 5 °C per
minute to 280 °C. The injector and detector temperatures
were kept at 250 °C. Helium was used as a carrier gas
at a constant flow rate of 1 ml/minute for 51.10 minutes.
The solvent delay was 2 minute and diluted samples of 1
pul  were injected automatically using auto-sampler
AS3000 coupled with GC in the splitless mode. EI mass
spectra were collected at 70 eV ionization voltages over
the range of m/z 50-650 in full scan mode. The ion source
and quadrupole temperatures were set at 200 and 150 °C.
The components were identified by comparison of their
retention times and mass spectra with those of NIST 11
mass spectral database.

Performance Parameters: Body weight gain (BWG) and
feed intake (FI) of chicks were recorded weekly during the
experiment. The chicks were inspected daily and the dead
birds were removed following registration of the date
and body weights. The feed conversion ratio (FCR)
was calculated as the BWG (g) per FI(g) [18].
When calculating FCR, the body weights of dead birds
were also considered.

Biochemical Analysis: Blood samples were collected from
the wing vein at 14", 24" and 42™ days of experiment.
The collected samples were centrifuged at 3000 RPM for
5 minutes. Collected serum samples were subjected to
determination of total cholesterol [19], triacylglycerols
(TAG) [20], alanine transaminase (ALT) and aspartate
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transaminase (AST) [21], creatinine [22] and uric acid [23].
Moreover, interferon gamma (INF-y) and interleukin
2 (IL-2) were determined by ELISA kits manufactured by
Elabscience Co.

At the end of the experimental period, five birds of
each replicate were sacrificed and samples of 10 g each
were taken from  breast and thigh muscles.
Muscle samples were homogenized and centrifuged at
3000 RPM for 15 minutes. The clear supernatants were
subjected to determination of MDA [24] and GSH
[25].
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Statistical Analysis: Analysis of variance was performed
on the data using the general linear model of SAS
software (2002). Means were compared using Duncan's
multiple range tests. Level of significance used in all
results was P<0.05.

RESULTS
The data presented in Figure 1 and illustrated in

Table 2 revealed some active components of the
methanolic extract of ginger root analyzed by GC-MS.
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Fig. 1: GC-MS chromatogram of ginger methanolic extract

Table 2:  Showed some antioxidant active ingredients of ginger methanolic
extract
Peaks Retention time (minutes) Name Area %
1 12.57 Camphene 0.10
2 15.24 a-phellandrene 0.18
3 20.63 Decanal 0.20
4 26.14 Carotene 0.04
5 26.88 Quercetin 7,3'4'-Trimethoxy ~ 0.20
6 28.40 ar-curcumene 0.78
7 28.59 Germacrene D 0.03
8 28.71 Zingiberene 3.01
9 28.91 Farnesene 0.58
10 29.05 Caryophyllene 0.80
11 29.46 B-sesquiphellandrene 1.39
12 31.08 Epiglobulol 0.10
13 32.40 Zingerone 0.67
14 31.62 Cubenol 0.27
15 32.22 Diepicedrene-1-oxide 0.10
16 32.74 Squalene 0.24
17 33.97 Rhodopin 0.03
18 35.39 Lycopene 0.02
19 35.97 trans-longipinocarveol 0.21
20 37.28 Lycoxanthin 0.13
21 43.26 Spherodenon 0.02
22 45.20 Gingerol 1.99
23 48.70 Cantaxanthin 0.01
24 49.13 Milbemycin B 0.34

The obtained data cleared the presence of some
antioxidant agents in ginger extract as zingiberene,
ar-curcumene, «-phellandrene, gingerol and zingerone. In
addition, carotenoids as carotene, lycopene and
lycoxanthin of antioxidant and immunostimulant
potentials also were identified in ginger extract.

The data illustrated in Table (3) clarify a high
significant increased (P<0.01) in feed intake at 1% week
(Thymol II group) and in 3" and 4™ weeks (Thymol I and
Ginger III groups) and 6" week (Ginger I, Ginger III and
Thymol I groups). Generally, the highest feed intake was
recorded in the Ginger III group (2049 g) and the lowest
value was noticed in Thymol II group (1804 g) in
comparison to control (1896 g).

The data presented in Table (4) indicated that weight
gains were highly significantly increased (P<0.01) in 4"
week and 5" week Thymol I group. Also, the weight gains
were significantly increased (P<0.05) at 5" week of
experiment in Ginger III and Ginger I groups. The total
weight gains were highly significantly increased (P<0.01)
in Ginger III then Thymol I and Ginger I groups when
compared to the control group. The data recorded in
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Table 3: Effect of dietary supplementation of ginger and thymol on feed intake (g/bird/week) in broilers

1% week 20 week 34 week 4t week 5% week 6" week
Control 143.00+2.97° 355.83+6.52° 804.67+20.47° 1330.00+25.45%® 1628.83+44.49 1896.00£47.74%
Ginger 1 142.50+2.17° 344.17+10.52° 828.83+18.45% 1333.17+£25.33%® 1650.00+36.72 1938.33+£36.82%
Ginger 1T 142.00+4.18° 336.67+9.53* 811.17+20.74® 1293.17+36.79° 1651.00+33.56 1904.00+33.38"
Ginger II1 144.50+3.01% 348.67+6.55* 852.17+18.36* 1354.00+33.27* 1691.83+37.78 2049.83+37.89*
Thymol I 141.17+2.75° 349.67+10.17* 869.33+18.18* 1381.17+£23.35* 1704.83+40.01 2008.17+47.11%
Thymol IT 152.50+3.33* 341.67+7.66* 822.67+21.89% 1262.83+21.42° 1586.67+33.04 1804.33+35.75°¢

Means within the same column carry different superscripts are significantly different (P<0.05).

Table 4: Effect of dietary supplementation of ginger and thymol on weight gain (g) in broilers

1% week 2 week 34 week 4" week 5t week 6" week Total WT Gain
Control 212.83+4.00° 267.17+8.56¢ 298.83+20.86° 448.83+14.26° 435.33+12.92° 416.00+13.9% 1753.00+44.86%
Ginger I 201.67+8.62° 288.33+2.53% 316.83+14.82% 484.67+9.09* 504.33+9.20° 524.00+9.2° 1795.83+34.81%
Ginger II 194.67+5.86® 253.0042.29¢ 357.83+13.50® 474.50+11.61* 482.00+17.22% 490.00+12.01%® 1762.00+£29.67>
Ginger I11 204.17+4.05® 358.00+1.41° 367.83+£10.85° 483.50+12.75% 491.83£17.56® 499.00+13.5%® 1905.33+35.15¢
Thymol I 208.50+7.62% 303.33+11.83° 323.67420.99% 519.67+8.64* 511.83+8.23¢ 522.00£9.14* 1867.00+44.52%
Thymol II 189.17+4.97¢ 217.67+6.72 323.83+13.05%® 481.00+14.8° 440.1745.33¢ 465.00+6.4° 1651.83+32.544
Means within the same column carry different superscripts are significantly different (P<0.05)
Table 5: Effect of dietary supplementation of ginger and thymol on the feed conversion ratio (FCR) in broilers
1% week 2M week 3" week 4h week 5™ week 6™ week

Control 1.26+0.07" 1.11£0.03* 1.7240.04° 2.72+0.13%¢ 2.90+0.02% 1.9440.04"
Ginger I 1.40+0.03° 1.23+0.06° 1.35+0.03¢ 3.55+0.52¢ 3.11£0.19% 2.13£0.13®
Ginger II 1.42+0.06° 1.15+0.03%® 1.63+0.09° 2.22+0.07¢ 3.25+0.02% 1.93+0.03%
Ginger I11 2.04+0.06° 1.2440.05° 2.40+0.03* 2.61£0.11% 4.2240.11°* 2.50+0.05°
Thymol I 1.25+0.08 1.03+0.02° 1.4540.02¢ 3.13+0.43% 3.86+1.24° 2.14+0.29®
Thymol II 1.20+0.02¢ 1.14+0.05% 1.33+0.04¢ 2.22+0.08¢ 2.22+0.01° 1.6240.03¢
Means within the same column carry different superscripts are significantly different (P<0.05)
Table 6: Effect of dietary supplementation of ginger and thymol on ALT and AST in broilers

ALT (U/ml) AST (U/ml)

24" day 42™ day 24" day 42 day
Control 15.50+1.22° 16.42+0.50° 18.23£1.35¢ 15.58+1.33¢
Ginger I 12.90+0.81° 12.27+1.47¢ 16.23+0.93¢ 14.30+0.95°
Ginger II 14.56+1.29* 13.90+1.59° 17.81+2.33¢ 14.4240.59°
Ginger III 13.25+1.58¢ 14.76+1.65* 16.20+0.59° 13.99+0.89°
Thymol I 14.03£1.56° 15.66+0.82° 18.23+0.49° 15.07+0.96°
Thymol II 15.47+1.16° 16.19£0.75° 17.81£1.06° 16.03+1.78¢
Means within the same column carry different superscripts are significantly different (P<0.05)
Table 7: Effect of dietary supplementation of ginger and thymol on creatinine and uric acid in broilers

Creatinine (mg/dl) Uric acid (mg/dl)

24" day 42 day 24" day 42 day
Control 3.39+0.22° 1.59+0.27* 9.14+0.53* 6.42+0.59°
Ginger I 2.43+0.63¢ 1.14+0.18° 6.63+1.48° 3.64+0.36°
Ginger II 2.74+0.75° 1.61+0.18° 7.111.40° 4.63+0.50*
Ginger I11 2.12+0.34° 1.46+0.41° 5.75+0.57° 4.36+0.70*
Thymol I 2.70+0.45° 1.14+0.49° 6.29+0.56° 5.8440.83°
Thymol II 1.97+0.28° 1.10+0.20° 7.31+0.45° 5.99+0.45°

Means within the same column carry different superscripts are significantly different (P<0.05)
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Table (5) indicated that feed conversion were highly
significantly increased (P<0.01) in Ginger I and Thymol I
groups at 4" week. Also, the feed conversion was
significantly increased at 5™ week of experiment in Ginger
III and Thymol I groups. The feed conversion at 6" week
of experiment were highly significantly increased (P<0.01)
in Ginger III then Ginger I and Thymol I groups when
compared to the control.

The data presented in Table 6 and 7 showed no
change in serum ALT, AST, creatinine and uric acid
levels in ginger and thymol fed groups in relation to
control one.

The data obtained in Table 8 revealed a high
significant decrease in total cholesterol and TAG (P<0.01)
in Ginger III and significantly decreased in Ginger I and II

at 24™ and 42™ days, whereas their levels were
significantly decreased in thymol fed groups in
comparison to control group.

The levels of serum INF-y were significantly
increased in Ginger III, Ginger II, Ginger I, Thymol II and
Thymol I, respectively in a dose-dependent manner when
compared with control at 14", 24" and 42™ days. The IL-2
levels were significantly increased in ginger and thymol
fed groups in relation to control, whereas Ginger III,
Ginger I, Thymol I and Thymol II, respectively (Table, 9).

The lipid peroxidation product, MDA levels in breast
and thigh muscles were significantly decreased (P<0.05)
and the GSH levels were significantly increased (P<0.05)
in ginger and thymol fed groups when compared with
control (Table, 10).

Table 8: Effect of dietary supplementation of ginger and thymol on total cholesterol and triacylglycerol (TAG) in broilers

Total cholesterol (mg/dl) TAG (mg/dl)

24" day 42" day 24" day 42 day
Control 128.50+£16.33* 134.24+5.85¢ 135.75+7.18° 119.00+7.75%
Ginger | 119.25+5.65® 98.08+7.50® 100.40+5.01° 87.44+4.12°
Ginger II 113.7549.54® 83.32+6.70° 95.23+6.28% 86.34+7.79°
Ginger 11T 66.00+18.20° 62.40+4.54¢ 79.1846.17¢ 75.80+8.09¢
Thymol I 141.00+£11.20° 113.58+10.90® 103.83+3.87° 100.90+3.69%
Thymol II 133.00+£10.50* 108.16+3.40% 125.33+9.39® 110.14+8.00*

Means within the same column carry different superscripts are significantly different (P<0.05)

Table 9: Effect of dietary supplementation of ginger and thymol on INF-v (pg/mL) and IL-2 (pg/mL) in broilers

INF-y L2
14" day 24" day 42 day 14" day 24 day 42" day

Control 124.43+4.53¢ 130.68+4.2¢ 152.8942.50° 142.85+2.34° 147.90+£1.69¢ 142.88+3.17¢
Ginger I 141.10+£5.73° 163.25+£2.72® 174.04+3.57° 164.19+6.81% 165.25+3.76° 150.75+6.41°
Ginger 11 143.00+4.49° 172.15+1.80* 172.83+3.52 170£7.95* 164.28+2.63° 163.40+1.61°
Ginger 111 160.08+5.81® 159.00+3.93° 195.00+2.23 171.74£5.91* 182.25+2.35* 154.3543.63*
Thymol I 138.45+4.43% 153.48+3.82° 166.66+3.56° 169.62+9.90* 160.25+3.58b° 146.32+3.87°
Thymol IT 148.13+£2.63® 157.51£2.47° 170.00+1.83% 146.55+1.62° 151.68+5.66% 154.80+1.56°

Means within the same column carry different superscripts are significantly different (P<0.05)

Table 10: Effect of dietary supplementation of ginger and thymol on breast and thigh MDA and GSH in broilers

MDA (nmol/g tissue) GSH (mmol/g tissue)

Breast Thigh Breast Thigh
Control 18.04+0.02° 17.47+0.29° 0.08+0.01° 0.02+0.02°
Ginger I 11.47+0.50° 11.90+0.87¢ 0.15+0.01° 0.12+0.05*
Ginger IT 12.13£0.04* 14.53+0.03% 0.15+0.01° 0.14+0.02*
Ginger III 13.4540.61° 14.30+0.46 0.15+0.01° 0.14+0.02°
Thymol I 13.85+0.55* 15.47+0.28° 0.14+0.02° 0.12+0.02°
Thymol II 12.63+0.56° 12.87+0.11« 0.14+0.01° 0.16+0.08*

Means within the same column carry different superscripts are significantly different (P<0.05)
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DISCUSSION

The GC-MS analysis of ginger methanolic extract
revealed the presence of some antioxidant compounds
and carotenoids that related to the antioxidant and
immunostimulant potentials of ginger. This result was
proofed by numerous research investigations that
identified zingiberene and  ar-curcumene [26],
zingerone [11], gingerol [27], B-sesquiphellandrene [28]
and carotene [29] in ginger root.

The broiler feeds supplemented by Ginger III gave
the best feed conversion ratio which depends on the
weight gain and feed intake followed by Ginger I and
Thymol I. The improvement of growth performance may
be due to the intestinal environment balance and
stimulating the immune response. The ginger
supplementation significantly increased the body weight
and improved the feed conversion compared to birds fed
with control diet due to its carminative and tonic effects
[30, 31]. At22™ day of age, the broilers receiving 7.5 g/kg
of ginger root powder experienced significantly increased
body weight and body weight gain compared to the
control group [32].

The dietary supplementation of ginger and thymol
did not affect the serum activities of ALT and AST and
the levels of creatinine and uric acid. There were no
significant differences observed in the activities of the
serum ALT, AST and creatinine levels, indicating that
none of the three dosages of ginger oil given to birds was
toxic [33].

The serum levels of total cholesterol and TAG
were significantly decreased in ginger fed groups.
This result comes in accordance of [34] who’s stated that
the dietary supplementation of broilers by ginger
significantly decreased the abdominal fat pad, serum
cholesterol and TAG. Moreover, total cholesterol
and serum (low density lipoprotein) LDL-C concentration
was significantly (P<0.05) decreased in ginger received
group [35]. Plasma TAG, total cholesterol and creatinine
as well as activities of transaminases were significantly
decreased [36]. The supplementation with ginger
(1% and 3%) reduced total cholesterol level compared
with the control diet [37]. Ginger treatment can reduce
total serum cholesterol by inhibition of hydroxyl-methyl-
glutaryl-coenzyme-A reductase, either by bile-acid
conversion or fecal excretion of cholesterol [38].
The feeding of rats with ginger significantly elevated the
activity of hepatic cholesterol 7-alpha-hydroxylase which
is a rate limiting enzyme in the biosynthesis of bile acids
and stimulates the conversion of cholesterol to bile
acids leading to the excretion of cholesterol from the body
[39].
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Broiler chicks those fed by ginger had a significant
decrease in MDA and a significant increase in GSH levels.
MDA is formed as an end product of lipid peroxidation
and therefore the extent of lipid peroxidation by reactive
oxygen species can be monitored by MDA levels [40].
Hence, the reduced serum MDA level in
ginger-supplemented as compared with control broilers
indicated that lipid peroxidation was reduced by ginger
via enhancing anti-oxidative action. All together,
these results demonstrated that ginger supplemented at
the level of 5 g/kg improved antioxidant status of broiler
chickens.

The addition of either ginger or thymol to the diet of
broilers significantly increased the serum levels of
INF-y and IL-2 indicating their ability to stimulate
immunity [41, 42].

Thymol was recommended as poultry feed additive of
antimicrobial potential [43]. Thymol increased the
performance of broilers that may be due to its ability to
increased digestion. The addition of thymol by a
concentration of 100 mg/kg diet improved the performance
of broilers as well as apparent ileal digestibility of
nutrients due to improved secretion of digestive enzymes
[44]. In addition, dietary supplementation of broiler by
thymol induced significant decreases in total cholesterol
and lipid peroxidation [45, 46].

CONCLUSION

From this study we can concluded that both ginger
and thymol were induce improvements in broiler
performance, antioxidant status and immunity in a dose-
dependent manner. Further investigation should be
conducted to evaluate the effects of ginger and thymol
combination and combination with other natural product
active principle in broiler productivity.

REFERENCES

Barragry, T.B. and T. Powers, 1994. Veterinary drug
therapy. Lea and Febiger, Philadelaphia, PA, USA.
Zierfels, G. and M. Petz, 1994.
[Fluorimetric ~ determination of  erythromycin
residues in foods of animal origin after derivatization
with  FMOC and HPLC separation]. Zeitschrift
fur  Lebensmittel-Untersuchung und-Forschung
198:307-312.

Botsoglou, N.A., P. Florou-Paneri, E. Christaki,
D.J. Fletouris and A.B. Spais, 2002. Effect of dietary
oregano essential oil on performance of chickens and
on iron-induced lipid oxidation of breast, thigh and
abdominal fat tissues. Br Poult Sci, 43: 223-230.



11.

12.

Global Veterinaria, 16 (6)

Borazjaniz, M., M. Eslami, M. Bojarpour, M. Chaji
and J. Fayazi, 2011. The Effect of Clove and
Oregano on Economic Value of Broiler The Effect of
Clove and Oregano on Economic Value of Broiler
Chickens Diet under Hot Weather of Khuzestan.
Journal of Animal and Veterinary Advances,
10: 169-173.

Demin, G. and Z. Yingying, 2010. Comparative
antibacterial activities of crude polysaccharides and
flavonoids from Zingiber officinale and their
extraction. American Journal of Tropical Medicine,
5:235-238.
Wang, W.H.
[Studies of
medicine-ginger].
30: 1569-1573.
Ali, B.H., G. Blunden, M.O. Tanira and A. Nemmar,

and ZM. Wang, 2005.
commonly  used traditional

Zhongguo Zhong yao za zhi,

2008. Some phytochemical, pharmacological
and toxicological  properties of  ginger
(Zingiber officinale Roscoe): a review of recent
research. Food and chemical toxicology:
an international journal published for the British
Industrial ~ Biological Research  Association,
46: 409-420.

Demir, E., S. Sarica, M.A. Ozcan and M. Suicmez,
2003. The use of natural feed additives as alternatives
for an antibiotic growth Promoter in broiler diets. Brit
Poultry Sci., 44: 44-45.

El-Far, A.H., E.K. Bazh and M.S. Moharam, 2014.
Antioxidant and Antinematodal Effects of Nigella
Sativa and Zingiber officinale Supplementations in
Ewes. Int. J. Pharm. Sci. Rev. Res., 26: 222-227.
Khandouzi, N., F. Shidfar, A. Rajab, T. Rahideh, P.
Hosseini and M. Mir Taheri, 2015. The effects of
ginger on fasting blood sugar, hemoglobin alc,
apolipoprotein B,  apolipoprotein a-I  and
malondialdehyde in type 2 diabetic patients. Iran J.
Pharm Res., 14: 131-140.

Ahmad, B., M.U. Rehman, I. Amin, A. Arif,
S. Rasool, S.A. Bhat, 1. Afzal, 1. Hussain, S. Bilal
and M. Manzoor ur Rahman 2015. A Review
on Pharmacological Properties of Zingerone
(4-(4-Hydroxy-3-methoxyphenyl)-2-butanone). The
Scientific World Journal, 2015: 816364.

Li, Y., Y. Hong, Y. Han, Y. Wang and L. Xia, 2016.
Chemical characterization and antioxidant activities
comparison in fresh, dried, stir-frying and carbonized
ginger. Journal of chromatography. B, Analytical
technologies in the biomedical and life sciences,
1011: 223-232.

536

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

2 530-538, 2016

Yanishlieva, N.V., E.M. Marinova, M.H. Gordon and
V.G. Raneva, 1999. Antioxidant activity and
mechanism of action of thymol and carvacrol in two
lipid systems. Food chemistry, 64: 59-66.

Youdim, K.A. and S.G. Deans, 2000. Effect of thyme
oil and thymol dietary supplementation on the
antioxidant status and fatty acid composition of the
ageing rat brain. The British journal of nutrition,
83: 87-93.

Platel, K. and K. Srinivasan, 2004. Digestive stimulant
action of spices: a myth or reality? The Indian journal
of medical research, 119: 167-179.

NRC., 1994. National Research Council:
Nutrient requirement of Poultry. National Academy
Press, Washington, DC.

Shyamala, B.N., S.H. Gupta, S.H. Lakshami and
J. Prakash, 2005. Leafy vegetable extracts antioxidant
activity and effect on storage stability of heated oils.
Innov. Food Sci. Emerg. Technol., 6: 239-245.
Lambert, W.V., N.R. Ellis, W.H. Block and
H.W. Titus, 1936. The role of nutrition in genetics.
American Research. Soc. Anim. prod., 29: 236.

Zak, B., R.C. Dickenman, E.G. White, H. Burnett and
P.J. Cherney, 1954. Rapid estimation of free and total
cholesterol. American journal of clinical pathology,
24:1307-1315.

Fossati, P. and L. Prencipe, 1982. Serum triglycerides
determined colorimetrically with an enzyme that
produces hydrogen peroxide. Clinical chemistry,
28:2077-2080.

Reitman, S. and S. Frankel, 1957. A colorimetric
method for the determination of serum glutamic
oxalacetic and glutamic pyruvic transaminases.
American journal of clinical pathology, 28: 56-63.
Bartels, H., M. Bohmer and C. Heierli, 1972.
[Serum creatinine determination without protein
precipitation]. Clinica chimica acta; international
journal of clinical chemistry, 37: 193-197.

Fossati, P., L. Prencipe and G. Berti, 1980.
Use of 3,5-dichloro-2-hydroxybenzenesulfonic
acid/4-aminophenazone chromogenic system
direct enzymic assay of uric acid in serum and urine.
Clinical chemistry, 26: 227-231.

Ohkawa, H., N. Ohishi and K. Yagi, 1979. Assay for
lipid peroxides in animal tissues by thiobarbituric
acid reaction. Analytical biochemistry, 95: 351-358.
Beutler, E., O. Duron and B.M. Kelly, 1963. Improved
method for the determination of blood glutathione.
The Journal of laboratory and clinical medicine,
61: 882-888.

in



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Global Veterinaria, 16 (6)

Qiu, J.X., Z.W. Zhou, Z.X. He, X. Zhang, S.F. Zhou
and S. Zhu, 2015. Estimation of the binding modes
with important human cytochrome P450 enzymes,
drug interaction potential, pharmacokinetics and
hepatotoxicity of ginger components using molecular
docking, computational and pharmacokinetic
modeling studies. Drug design, development and
therapy, 9: 841-866.

Justo, O.R.,, P.U. Simioni, D.L. Gabriel,
W.M. Tamashiro, P. Rosa and A.M. Moraes, 2015.
Evaluation of in vitro anti-inflammatory effects of
crude ginger and rosemary extracts obtained through
supercritical CO, extraction on macrophage and
tumor cell line: the influence of wvehicle type.
BMC complementary and alternative medicine,
15: 390.

Koo, H.J. and D.R. Gang, 2012. Suites of terpene
synthases explain differential terpenoid production in
ginger and turmeric tissues. PLoS One, 7: e51481.
Sangwan, A., A. Kawatra and S. Sehgal, 2014.
Nutritional composition of ginger powder prepared
using various drying methods. Journal of food
science and technology, 51: 2260-2262.

Wadikar, D.D., C. Nanjappa, K.S. Premavalli and
A.S. Bawa, 2010. Development of ginger based
ready-to-eat  appetizers by response surface
methodology. Appetite, 55: 76-83.

Hosseini, A. and N. Mirazi, 2015. Alteration of
pentylenetetrazole-induced seizure threshold by
chronic administration of ginger (Zingiber officinale)
extract in male mice. Pharm Biol., 53: 752-757.
Habibi, R., G. Sadeghi and A. Karimi, 2014. Effect of
different concentrations of ginger root powder
and its essential oil on growth performance,
serum metabolites and antioxidant status in broiler
chicks under heat stress. Br Poult Sci., 55: 228-237.
Shanoon, A.K., M.S. Jassim, Q.H. Amin and
IN. Ezaddin, 2012. Effects of Ginger
(Zingiber officinale) Oil on Growth Performance and
Microbial Population of Broiler Ross International
Journal of Poultry Science, 11: 589-593.

Ademola, S.G., G.O. Farinu and G.M. Babatunde,
2009. Serum Lipid, Growth and Haematological
Parameters of Broilers Fed Garlic, Ginger and Their
Mixtures. World Journal of Agricultural Sciences,
5:99-104.

El-Bagir, N.M., H.A.A. Elagib, S.A. Abbas and
T.A.N. Ginawi, 2013. Effect of cinnamon and ginger
compared to Doxystin (antimicrobial drug) on serum
lipid profile in broiler chicks Online J. Anim. Feed
Res., 3: 58-61.

537

36.

37.

38.

39.

40.

41.

42.

43.

2 530-538, 2016

Abo El-Maaty, M.A. Hayam, M.H. Rabie and
AY. El-Khateeb, 2014. Response of
Heat-Stressed ~ Broiler ~ Chicks to  Dietary
Supplementation with Some Commercial Herbs.
Asian Journal of Animal and Veterinary Advances,
9: 743-755.

Saeid, J.M., A.B. Mohamed and M.A. AL-Baddy,
2010. Effect of Aqueous Extract of Ginger
(Zingiber officinale) on Blood Biochemistry
Parameters of Broiler. International Journal of Poultry
Science, 9: 944-947.

Malekizadeh, M., M.M. Moeini and S. Ghazi,
2012. The Effects of Different Levels of
Ginger (Zingiber officinale Rosc) and Turmeric
(Curcuma longa Linn) Rhizomes Powder on Some
Blood Metabolites and Production Performance
Characteristics of Laying Hens J. Agr. Sci. Tech.,
14: 127-134

Srinivasan, K. and K. Sambaiah, 1991.
The effect of spices on cholesterol 7
alpha-hydroxylase activity and on serum and

hepatic cholesterol levels in the rat. International

journal for vitamin and nutrition research.
Internationale ~ Zeitschrift  fur  Vitamin-und
Ernahrungsforschung. Journal international de

vitaminologie et de nutrition, 61: 364-369.

Sumida, S., K. Tanaka, H. Kitao and F. Nakadomo,
1989. Exercise-induced lipid peroxidation and
leakage of enzymes before and after vitamin E
supplementation. The International journal of
biochemistry, 21: 835-838.

Lin, RJ., C.Y. Chen, CM. Lu, Y.H. Ma, L.Y. Chung,
JJ. Wang, J.D. Lee and CM. Yen, 2014.
Anthelmintic constituents from ginger
(Zingiber officinale) against Hymenolepis nana.
Acta tropica, 140: 50-60.

Gholijjani, N., M. Gharagozloo, F. Kalantar,
A. Ramezani and Z. Amirghofran, 2015.
Modulation of Cytokine  Production and

Transcription Factors Activities in Human Jurkat T
Cells by Thymol and Carvacrol. Advanced
pharmaceutical bulletin, 5: 653-660.

Epps, S.V., R.B. Harvey, J.A. Byrd, B.T. Petrujkiz,
I. Sedej, R.C. Beier, T.D. Phillips, M.E. Hume,
R.C. Anderson and D.J. Nisbet, 2015.
Comparative  effect of  thymol or its
glucose conjugate, thymol-beta-D-glucopyranoside,
on Campylobacter in avian gut contents. Journal of
environmental science and health. Part. B, Pesticides,
food contaminants and  agricultural wastes,
50: 55-61.



Global Veterinaria, 16 (6): 530-538, 2016

44. Hafeez, A., K. Manner, C. Schieder and J. Zentek,

45.

2015. Effect of supplementation of phytogenic feed
additives  (powdered vs. encapsulated) on
performance and nutrient digestibility in broiler
chickens. Poultry science.

Luna, A., M.C. Labaque, J.A. Zygadlo and
R.H. Marin, 2010. Effects of thymol and carvacrol
feed supplementation on lipid oxidation in broiler
meat. Poultry science, 89: 366-370.

538

46. Starcevic, K., L. Krstulovic, D. Brozic, M. Mauric,

Z. Stojevic, Z. Mikulec, M. Bajic and T. Masek, 2015.
Production performance, meat composition and
oxidative susceptibility in broiler chicken fed with
different phenolic compounds. Journal of the science
of food and agriculture, 95: 1172-1178.



