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Abstract
Background: The current study investigates the anti-stress effects of clove (Eugenia caryophyllus) extracts (0, 200,
400, and 600 mg/kg) on serum antioxidant biomarkers, immune response, immunological organ growth index, and
expression levels of acute phase proteins (APPs); ovotransferrin (OVT), ceruloplasmin (CP), ceruloplasmin (AGP),
C-reactive protein (CRP), and serum amyloid-A (SAA) mRNA in the immunological organs of 63-d-old male
black-meated Silkie fowls subjected to 21 d chronic heat stress at 35 ± 2 °C.
Results: The results demonstrated that clove extract supplementation in the diet of Silkie fowls subjected to
elevated temperature (ET) improve growth performance, immune responses, and suppressed the activities of
glutathion peroxidase (GSH-Px), superoxide dismutase (SOD), catalase (CAT), and thioredoxin reductase
(TXNRD); reduced serum malonaldehyde (MDA) and glutathione (GSH) concentrations when compared with
fowls raised under thermoneutral condition (TC). Upon chronic heat stress and supplementation of clove
extracts, the Silkie fowls showed a linear increase in GSH-Px, SOD, CAT, and TXNRD activities (P = 0.01)
compared with fowls fed diets without clove extract. ET decreased (P < 0.05) the growth index of the liver,
spleen, bursa of Fabricius and thymus. However, the growth index of the liver, spleen, bursa of Fabricius and
thymus increased significantly (P < 0.05) which corresponded to an increase in clove supplemented levels. The
expression of OVT, CP, AGP, CRP, and SAA mRNA in the liver, spleen, bursa of Fabricius and thymus were
elevated (P < 0.01) by ET compared with those maintained at TC. Nevertheless, clove mitigates heat stressinduced overexpression of OVT, CP, AGP, CRP and SAA mRNA in the immune organs of fowls fed 400 mg
clove/kg compared to other groups.
Conclusions: The results showed that clove extracts supplementation decreased oxidative stress in the heatstressed black-meated fowls by alleviating negative effects of heat stress via improvement in growth
performance, antioxidant defense mechanisms, immunity, and regulate the expression of acute phase genes
in the liver and immunological organs.
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Background
Stress is simply defined as a biological response of animal species to environmental challenges after their
homeostasis threatened [1, 2]. Heat stress deteriorates
the productivity and physiological traits in birds [3–6]
such as weakening the immunity [7] and increase in
mortality rate [8]. Medicinal plants play a vital role in alleviating the effect of heat stress in birds. Clove (Eugenia
caryophyllus) is reported to contain an essential oil extract characterized by numerous properties [9–13].
Clove extract is colorless to pale yellow oil removed
from dried buds characterized with resilient phenolic
scent and powerful acrid taste [13]. Clove has been reported to possess strong antioxidant with ability to scavenge free lipid and oxygen radicals [10, 12], contains
aphrodisiac activity [11, 12], anti-platelet inhibitory
[12, 14], anti-mutagenic, anti-inflammatory, antithrombotic [14], anesthetic [15], anti-bacterial [16],
and anti-hyperlipidemic [17].
It has been showed that certain polyphenolic supplements can regulate acute phase response (APR) mRNA
expression [18]. APR is an innate and homeostatic response to tissue injury, stress and infection associated
with physiology, immune, and endocrine processes [19].
APR is defined by a distinct change in the plasma concentrations of the APPs. The variation in these proteins
can be either minor or major, positive or negative [20, 21].
The classical avian APPs are AGP, OVT, SAA, CP, and
CRP. Primary actions of positive APPs are on
hemoglobin, free radicals, immunoglobulin synthesis,
and removal of aggregate cells. Positive APPs mRNA
synthesis is correlated with a substantial decrease in
synthesis of common serum proteins (i.e., pre-albumin
and albumin, the negative APPs) [22]. The initial stage
of inflammation (the AP response) is defined by local
and systemic stimulation of cells and secretion of soluble mediators of inflammation which aggregate the
metabolic response of the whole body [22]. The important indicator of this reaction is the induction of APPs
genes expression in the liver, and other organs ensued
from the interactions of specific transcription factors
with hormone reactive elements in the promoter and
enhancer of the mark APPs genes [23]. Similarly, Fulop
[24] indicated that during the acute phase response, increase synthesis of APPs in the liver is measured by an
increased transcription of APPs mRNA and elevation of
their serum concentrations. In a recent study by Li et
al. [25] using a breast muscle and a liver tissue cDNA
library from Silkie fowl by measuring the global gene
response to chronic heat stress, found a new heatreactive genes such as mitogen-activated protein kinase
that play a significant role in heat regulation.
Silkie fowls are type of chickens with black skin, bones
and grayish-black meat, dark blue wattle, comb, beak,
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and toes [26]. This color phenomenon is as a result of
hyperpigmentation of melanin content of these tissues
and organs. Studies have indicated that melanin has an
antioxidant effect [27, 28]. Melanin extracts has reduced
and chelating power on Ferrous (Fe2+). Antioxidant effects of melanin extracts has a complex mechanism and
functions associated to stress in animals [29]. Typical
Silkies are fairly small fowls, with the males weighing 1.1
to 1.8 kg while the females weigh 0.9 to 1.11 kg [30].
Several scientists have studied characteristics of Silkie
fowls [31–34]. However, little or no data uncovered so
far in connection with heat stress.
When bird is subjected to heat stress, it often show a
weaken immune system which makes them prone to a
variety of infections that may results in poor productivity. However, the mechanisms underlying heat stress induced APR mRNA expression in the immune organs of
black Silkie fowls is unobtainable. Studies have revealed
that APPs protect DNA from oxidative damage [18, 35, 36],
where clove may serve as possible DNA protector. The
mechanism by which the elevated temperatures suppress immunity is not completely understood. No previous attempt made to use clove to neutralize the
phenomenon of heat stress in Silkie fowls. Therefore, it
is practical to hypothesize that clove may decrease cellular malonaldehyde and heat stress-induced reactive
oxygen species in the black Silkie fowls. Therefore,
current study was carried out to investigate the antistress effects of clove extracts on immune organ growth
index upon oxidative damage and antioxidant biomarkers concentrations as well as a chaperone inducer
that enhances the regulation of APPs mRNA expression
in these immune organs of black-meated Silkie fowls
subjected to chronic heat stress.

Methods
Bird husbandry, diets, and experimental design

Total of one hundred and seventy-five (175) male blackmeated Japanese Silkie fowls, Ukokkei (35 d old) with
well-documented history and free from infectious diseases, were obtained from Local Commercial Fowl
breeder Company and relocated to the research facility of
the National Animal Production Research Institute, Shika.
Clove (Eugenia caryophyllus) extract (≥98% purity contains) was acquired from Agricultural Research Institute,
Zaria. All fowls were allowed access to basal diet and
water ad libitum. The basal diet was formulated to meet
NRC [55] requirement (Table 1). After seven days adaptation period, each black-meated fowl was separately
weighed (the average weight was 591 g). All birds were
then distributed into five groups at random; each group of
black-meated fowls was further subdivided into seven replicates (five fowls/replicate) and raised in seven cages with
a dimension of 100 × 115 cm. Group one, 35 black-

Bello et al. Journal of Animal Science and Technology (2016) 58:39

Table 1 Experimental basal diet compositionsc (air-dry basis)
Item

Quantity (%)

Ingredient
Corn

60.95

Soybean meal

28.34
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Measurement of liver and immunological organ growth
index

The fowls were weighed and slaughtered. The liver,
spleen, bursa, and thymus were severed and weighed.
The immune organ index (mg/g) was calculated as liver
or immune organ fresh weight (mg)/fowl weight (g)
before slaughter.

Wheat offal

3.28

Oyster shells

1.22

Palm oil

3.25

Determination of antioxidant biomarkers

Dicalcium phosphate

1.66

Salt

0.35

Antioxidant

0.21

Vitamin and mineral premixa

0.54

The activities of catalase (CAT), glutathione peroxidase
(GSH-PX), thioredoxin reductase (TXNRD), superoxide
dismutase (SOD), and concentrations of glutathione
(GSH) and malonaldehyde (MDA) in the serum were
measured according to the instructions supplied with
the commercial assay kits (Cell Biolabs, Inc., San Diego,
USA). Measurements were taken using an automated
fluorescence spectrometer (BioTek Instruments, Inc.,
USA). The TBA procedure was used to quantify the
MDA concentration at a wavelength of 532 nm (Yang et
al., 2010). The GSH concentration was measured at
wavelength 405 nm colorimetrically detecting the glutathione reaction with 5,5′-dithio-bis-2-nitro-benzoic acid
[37]. The action of SOD was measured by the nitrite coloration method and the absorbance at 450 nm. The
activity of CAT was measured at wavelength 405 nm via
ammonium molybdate technique. The activities of
GSHPx was determined at 412 nm by measuring the
rate of oxidation of the reduced GSH to oxidized glutathione [38].

Chloride choline

0.12

D, L-Methionine

0.08

Total

100

Nutrient concentrationsb
ME, MJ/kg

12.66

CP, g/kg

18.58

Phosphorus, g/kg

0.48

Calcium, g/kg

1.04

Methionine, g/kg

0.37

Lysine, g/kg

0.82

a

The premix supplied per kilogram of diet: vitamin A, 12,550 IU; vitamin D3,
3,010 IU; vitamin E, 26 IU; vitamin B1, 3 mg; vitamin B2, 6.7 mg; Vitamin B12,
0.22 mg; Vitamin K3, 3.24 mg; Biotin, 0.09 mg; folic acid, 1.4 mg; d-pantothenic
acid, 12.6 mg; nicotinic acid, 44 mg; copper, 8 mg; iron, 80 mg; zinc, 42 mg;
Manganese, 60 mg; Selenium, 0.17 mg; iodine, 0.35 mg
b
Nutrient concentrations: ME was a calculated value, whereas other nutrient
concentrations were determined values
c
NRC requirement [55]

meated fowls were fed the basal diet and kept at 24 ± 2 °C
for 24 h/d (thermoneutral condition, TC). Then, the
remaining four groups (140 black-meated fowls) were
kept in temperature-regulated rooms at 35 ± 2 °C for
8 h/d (elevated temperature, ET; 0900–1700 h) followed
by maintaining at 24 ± 2 °C for the remaining 16 h/d. The
treatment sustained for 21 d (from d 42 to 63). During this
period, the fowls of TC group assigned the formulated
basal diet only, while the fowls of ET groups were
allocated 1 of 4 diets: either the basal diet or basal diet
plus 200, 400, or 600 mg clove extract per kg of diet. Upon
63 d, blood samples, liver, and immunological organs were
sampled from two bird per replicated cage for further
laboratory analysis (70 birds, 14 birds per each of the five
groups).

Growth performance

The BW and feed intake were measured on daily basis
by cage. Feed conversion was calculated as the feed to
gain ratio. The gain, FI, and F/G were corrected by
mortality.

Real-Time PCR (Quantitative)

Total RNA from the liver, bursa of Fabricius, spleen,
and thymus tissues was isolated using TRI Reagent®
(Sigma-Aldrich, Co. LLC.), and the cDNA was synthesized from 1 μg of RNA with an iScript cDNA
Synthesis Kit (BioRad, Lagos, NG) in accordance with
manufacturer’s directives. Primer pairs of sense and
antisense were designed on the basis of cloned
complete sequences of β-actin (GenBank accession
no. L08165.1), APG (no. AY584568.1), OVT (no.
NM_205304), CP (no. XM_015291853.1), CRP (no.
DQ374639.1), and SAA (no. GU929209.1) from Gallus
gallus domesticus for the real-time quantitative PCR
(Table 2). The β-actin gene was chosen as the reference gene. All the primers were synthesized and purified by Inqaba Biotechnical Industry (West Africa
Ltd., NG). The PCR amplification reaction had 1 μL
of cDNA template, 12.5 μL of DreamTaq Green 2×
PCR Master-Mix (Thermo-Fisher Scientific Inc.), 1 μL
of each of the upstream and downstream primers,
and 10.5 μL of sterilized deionized water making a
total reaction volume of 25 μL. The amplification factors of the thermocycler (Biometra GmbH, Göttingen,
Germany) were a preheat for 5 min at 94 °C, then
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Table 2 Oligonucleotide primers Sequences for acute phase proteins
Name

Fragment size (base pairs)

Sense

Antisense

β-actin

1736

5′-AGCCAACAGAGAGAAGATGAC-3′

5′-CATCACCAGAGTCCATCACAA-3′

OVT

2376

5′-ATCACAGACCCAGAGGGGACG-3′

5′-CCCAACATGAAGCTCATCCTC-3′

CP

4134

5′-GAGAGTAAGGGTGGGGGTGGG-3′

5′-TATTTCACATTTTCCACAAGG-3′

AGP

814

5′-TCTGATCTAGACCTGCAGGCTC-3′

5′-ATCCTCGCCATGGGGTTGGTG-3′

CRP

684

5′-ATGGGCACCGCGCCGATGTGG-3′

5′-ACAGAAAGGTGTTTGTGTTCC-3′

SAA

384

5′-ATGAGGCTTTGTATCTGCTTCG-3′

5′-GCGGTATCAAGTTTGTCAGGG-3′

40 cycles for 30 s at 94 °C, follow by 40 s at 59 °C,
then 1 min at 72 °C, and the final extension at 72 °C
for 10 min. Subsequently, 4 μL of PCR product was
pipetted onto a 0.9% agarose gel and analyzed via gel
electrophoresis. The quantitative real-time PCR reactions were done by taken 10 μL of 2× SYBR Premix
EX Taq Super Mix (Sigma-Aldrich, Co. LLC.), 0.4 μL
of 50× ROX Reference Dye, 1 μL of cDNA template,
7.8 μL of sterilized water, and 0.8 μL each of the forward and reverse primers (10 μM) making total
reaction volume of 20 μL. The PCR were conducted
on an ABI Prism 7900HT Sequence Detection System
(ThermoFisher Scientific, CA, USA). The thermal cycler
factors used were 30 s at 95 °C; 40 cycles for 5 s at 95 °C,
then 31 s at 59 °C, and then extra detachment cycle of
15 s at 95 °C, followed by 60 s at 60 °C, then 15 s at 95 °C,
and 15 s at 60 °C. However, the target gene expression
was standardized to that of the selected reference
gene, and the relative gene expression was measured
using the 2 − ΔΔCT method of Livak and Schmittgen
[39]. The threshold cycle values were deduced from
the cycle number at which the specific gene was
amplified beyond the selected threshold.

responses of the black-meated fowls supplemented clove
levels in the ET environment. Probability 0.05 level was
considered statistical significance.

Results
Growth performance

The effects of clove supplementation on broiler performance are shown in Table 3. It significantly (P < 0.01) increased BW, ADG, ADFI and lowered F/G (P < 0.05) in
birds supplemented diet containing clove under elevated
temperature compared with those maintained under thermoneutral condition during 42–63 period. No clove*heat
interaction for BW, ADG, ADFI, and F/G was noted
throughout the 21-d trial.
Liver and immunological organs growth index

Blood samples were centrifuged at 2,000 × g at 4 °C for
15 min to separate the plasma and the supernatant were
stored at −30 °C until the plasma constituent was measured. The blood leucocytes were analyzed using a
Multi-species Hematology System (S/N HV03234,
Hemavet 950, Drew Scientific Inc., Oxford). The plasma
IgA, IgM, and IgG were measured using chicken IgA,
IgM, and IgG ELISA Kits, respectively (Abcam,
Cambridge, MA, USA) as previously described by [40].

The effects of chronic heat stress and clove supplementation on the growth index of the liver, spleen, bursa of Fabricius, and thymus are presented in Table 4. The index of
the liver of ET groups was significantly (P < 0.004) increased by an increase in clove levels. The fowls supplemented with 400 mg/kg clove level exhibited similar liver
index compared those kept at TC. The bursa of Fabricius
growth index was not significantly affected by the chronic
heat stress. However, the index of the spleen and thymus
were reduced (P < 0.05) in the ET groups provided a diet
without grounded clove compared with fowls kept under
TC. Though, there was linear increased in the index of
spleen and thymus upon ET treatment and supplemented
clove extract which correlated with increased levels of
supplemented clove (P < 0.05). The growth index of the
spleen and thymus showed highest values for the Silkie
fowls supplemented 400 mg clove in the diet following the
ET treatment.

Statistical analysis

Serum antioxidant and oxidative biomarkers

All data were statistically analyzed using a completely
randomized design (CRD) with the cage serves as experimental unit using GLM method of SAS (Version 9.3,
SAS Institute Inc., Cary, NC). A single degree of freedom contrast was applied to determine the effect of ET
versus TC for the fowls placed on a basal diet without
clove supplement. Orthogonal polynomial contrasts
were applied to measure the linear and quadratic

The serum TXNRD activity and MDA concentrations
were higher (P < 0.001) in the ET groups compared with
TC groups (Table 5). The black-meated fowls subjected
to ET exhibited approximately 25 and 66% more serum
TXNRD and MDA respectively than those of TC fowls.
A linear increased (P < 0.001) in serum TXNRD with decrease (P < 0.001) in the MDA level was noted for the
ET clove supplemented groups. In contrast, serum

Blood samples analyses
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Table 3 Effects of clove supplementation on growth performance of the black-meated fowls1 under elevated temperature
Parameter

PSEM2

Clove inclusion level (mg/kg)
0

Initial BW (g)

200

400

P-value

Temp*Clove

600

591.1

590.9

591.2

590.0

0.1

1183.4a

1153.7a

1252.7b

1297.7b

0.002

0.2403

b

33.7b

0.2

0.003

0.1372

b

b

0.5

0.013

0.0670

0.03

0.0042

0.4219

3

TC group
d 42-63
BW (g)

a

ADG (g)

ab

28.2

26.8

a

ADFI (g)

a

36.2

34.4

1.28 a

F/G

31.5
37.5

1.28a

43.0

1.19c

1.13c

18

4

ET group
d 42-63
BW (g)

1107.6a

ADG (g)

24.6

ADFI (g)

32.9a

F/G

1244.0a

a

ab

31.1

37.4a
b

1353.4b

1388.0b

<0.0001

0.1063

b

38.0b

0.3

0.011

0.1456

43.0b

0.4

0.001

0.0011

0.012

0.0033

0.0501

36.3

41.5b
a

1.34

c

1.20

1.14

1.13c

23

a-c

Means with different superscript in a column are significantly different at p < 0.01
1
Data are means of seven replicates. 2PSEM = Pooled standard error of the mean. Temp = temperature
3
TC: Thermoneutral temperature treatment (24 ± 2 °C); 4 ET: Elevated temperature treatment (35 ± 2 °C)

GSH-Px, CAT, SOD activities and GSH concentrations
were lower (P < 0.001) in the fowls challenge to ET
compared with fowls kept under TC. There was linear
increased (P ≤ 0.01) in serum GSH-Px, CAT, SOD activities and GSH concentration (Table 5) in the clove supplemented groups. However, serum GSH-Px (P < 0.001),
CAT (P < 0.001) and SOD (P < 0.001) activities

demonstrated a significant quadratic response with increase in clove levels. These results indicate that clove
supplementation increased (P < 0.01) the antioxidant
enzymes activities and reduced (P < 0.001) the concentration of products of lipid peroxidation in the ET
black-meated fowls.
Acute phase protein mRNA Expression Levels

Table 4 Effect of elevated temperature and clove
supplementation on immunological organs of black-meated
fowls from 42 to 63 da
Treatment

Immune organ growth index (mg/g)
Liver
Spleen
(g/bird)

Bursa of
Fabricius

Thymus

32.68

1.30

3.99

1.13

0

27.87

1.18

3.53

0.90

200

29.72

1.34

4.32

1.00

400

33.01

1.51

4.68

1.12

600

35.34

1.55

5.66

1.17

SEM

0.68

0.04

0.13

0.03

0.016

0.140

0.003

TC,b added clove, mg/kg
0
b

ET, added clove, mg/kg

P-value
TC vs. ET at 0 mg of clove/kg 0.043
Effects of clove under ET

a

Linear

0.004

0.014

0.039

0.025

Quadratic

0.093

0.148

0.341

0.007

Data are means of 2 birds per replicate (5 birds per cage; 7 replicates per
group). bTC: Thermoneutral temperature treatment (24 ± 2 °C); ET: Elevated
temperature treatment (35 ± 2 °C)

The differences in the induced OVT, CP, AGP, CRP and
SAA mRNA expression were distinct among the measured organs of the treated fowls (Fig. 1 a, b, c, d, & e).
All organs; liver, spleen, bursa of Fabricius, and thymus
exhibited comparable OVT, CP, AGP, CRP and SAA
mRNA induced characteristics under ET. The mRNA
expression levels of OVT, CP, AGP, CRP and SAA of all
organs (P ≤ 0.01) were greater (P < 0.05) in black-meated
fowls subjected to ET without the clove supplementation
when compared with fowls raised under thermoneutral
condition. On the contrary, OVT, CP, AGP, CRP and
SAA mRNA expression in the liver, spleen, and thymus
were decreased in the ET-treated fowls fed with dietary
clove. The expression of OVT, CP, AGP, CRP and SAA in
the measured organs were lower significantly (P < 0.001)
in ET-treated fowls supplemented with 400 mg clove
compared to other levels. The data acquired from birds
supplemented 400 mg clove/kg under ET were very
close to those obtained from fowls reared under TC.
These mRNA expression levels displayed a significant
quadratic response (P = 0.003, P < 0.001, P = 0.012, P <
0.001, and P = 0.001 respectively) to increasing levels of
the dietary clove supplementations. Nevertheless, the
bursa Fabricius and liver showed lower (P < 0.05) OVT,
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Table 5 Effect of elevated temperature and clove supplementation on the antioxidant enzyme activities and oxidative index of
black-meated fowlsa
Treatment

Antioxidant and Oxidative index
MDA,c nmol/mL

GSH,c nmol/mL

GSH-Px,c 102 units/mL

SOD,c units/mL

CAT,c units/mL

TXNRD units/mL

3.59

1.79

23.67

220.61

61.08

40.13

0

5.23

0.72

15.83

173.29

32.12

50.89

200

4.30

1.32

18.49

196.11

57.00

55.04

400

3.61

1.55

23.77

221.97

55.01

57.99

600

3.52

1.86

24.53

231.86

65.00

60.07

SEM

0.101

0.058

2.83

3.09

2.12

1.89

0.001

<0.001

<0.001

0.001

<0.001

<0.001

<0.001

0.01

0.012

0.014

0.012

<0.001

0.075

0.003

<0.001

0.009

<0.001

0.004

b

TC, added clove, mg/kg
0
b

ET, added clove, mg/kg

P-value
TC vs. ET at 0 mg of clove/kg
Effects of clove under ET
Linear
Quadratic
a

Data are means of 2 birds per replicate (5 birds per cage; 7 replicates per group). bTC: Thermoneutral temperature treatment (24 ± 2 °C); ET: Elevated temperature
treatment (35 ± 2 °C). cMDA = malondialdehyde; CAT = catalase; GSH-Px = GSH peroxidase; TXNRD = thioredoxin reductase

CP, and CRP mRNA induction in response to chronic
heat stress compared to expression in other organs.
However, OVT, CP, and SAA mRNA were expressed at a
higher level in the spleen and thymus (Fig. 1 a, b, & e).
The mRNA expression of AGP and CRP in the spleen
was lower in fowls exposed to ET compared to those
maintained in TC (P < 0.01). An increase in SAA mRNA
expression in the bursa Fabricius correlated with increased doses of clove supplements; while the mRNA
expression in the liver showed an inverse correlation
with clove doses. Expression of CP, AGP, and SAA
mRNA were at their peaked for liver, thymus, and bursa
Fabricius of ET-treated black-meated fowls supplemented 600 mg/kg clove in the diet.

Immunological responses

The immunological responses after heat challenge are
presented in Tables 6 and 7. The white blood cells count
was significantly greater in 600 mg clove supplemented
group compared with other ET groups and TC fowls.
The monocyte and eosinophils concentrations were also
greater in 600 mg clove supplemented group compared
with TC fowls. However, no significant difference was
noted among the treatments for other compositions of
blood leucocytes of the fowls (Table 6). The dietary clove
level of 400 and 600 mg/kg supplemented significantly
(P < 0.05) elevated the plasma immunoglobulin concentrations (IgA, IgM, and IgG), where a greater level was
noted for 600 mg clove as compared with other treated
groups (Table 7).

Discussion
Growth performance

The results of this experiment showed that clove extract
had a greater effect on the growth performance under
elevated temperature. Highest BW, ADG, ADFI, and
lower F/G were recorded for ET group, which was significantly differs (P < 0.01) from TC group. The ET by
clove interactions values were significantly higher in
ADFI (P < 0.001) and F/G (P < 0.05), where no significant
interactions was noted for control. Clove as a digestive
stimulant has been previously reported to provide beneficial effect [57]. Its stimulating effects on performance
[58, 59] and digestive enzymes [60] of birds have been
reported. The clove stimulants which are mostly antioxidants could be ascribed to its phytochemical contents
providing protective effect [61] or due to their trace
element contents which are prerequisite for the antioxidant enzyme activities [63] thereby promoting the performance. Though combination of clove extract and
temperature supported higher growth than under thermoneutral condition.
Antioxidant defense mechanisms

The term antioxidant is any substance that, when exists
at high concentration, compared with those of the
oxidizable substrate, significantly impedes or delays oxidation of the substrate [41]. When pro-oxidants increase
and antioxidants level decrease, resulted in a condition
of oxidative stress that may lead to excessive molecular
and tissue damage [41]. Clove is considered a vital
monomeric bioactive substance that demonstrates high
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(See figure on previous page.)
Fig. 1 Effects of ET and clove levels on APP; OVT, CP, AGP, CRP and SAA mRNA expression. Values are Means ± SEM, n = 2. The OVT, CP, AGP, CRP,
and SAA mRNA expression of ET (clove, 0 mg/kg) was different from TC, *P < 0.05, **P < 0.01, ***P < 0.001 (ET vs. TC, without clove). a Linear
contrasts of 0, 200, 400, & 600 mg clove of OVT mRNA expression of the liver, bursa of fabricius, thymus, and spleen are expressed as P = 0.001,
P = 0.002, and P = 0.008, respectively, and the quadratic contrast of clove as P = 0.05, P = 0.172, and P = 0.0046, respectively. b Linear contrasts of 0,
200, 400, and 600 mg clove of CP mRNA expression of the same organs are expressed as P < 0.002, P = 0.004, and P < 0.001, and the quadratic
contrasts of clove as P = 0.001, P = 0.471, and P < 0.003. c Linear contrasts of 0, 200, 400, and 600 mg clove of AGP mRNA expression of the same
organs are expressed as P < 0.002, P = 0.012, and P < 0.001, and the quadratic contrast of clove as P = 0.001, P = 0.049, and P = 0.001, respectively.
d Linear contrasts of 0, 200, 400, and 600 mg clove of CRP mRNA expression of the same organs are expressed as P < 0.001, P = 0.031, and
P < 0.003, and the quadratic contrast of clove as P = 0.003, P = 0.033, and P = 0.001, respectively. e Linear contrasts of 0, 200, 400, & 600 mg clove
in SAA mRNA expression of the same organs are expressed as P < 0.004, P = 0.054, and P < 0.001, and the quadratic contrast of clove as P = 0.001,
P = 0.01, and P = 0.029, respectively

antioxidant properties [42] and acts as an anti-stress to
improve tissue damage triggered by heat stress in birds
[12, 14]. Birds challenge to heat stress have their homeostasis equilibrium impaired between oxidative stress and
antioxidant defense mechanisms via increased in the lipid
peroxidation and the reduction in enzymatic antioxidants
activities [43–45]. The body has a hierarchy of defense
tactics to deal with oxidative stress within diverse cellular
levels, and overlapped on these are gene-regulated protections encompassing the oxidant stress proteins includes
OVT, AGP, CP, CRP, and heat-shock proteins [41]. The
activities of GSH-Px, SOD, CAT, and TXNRD antioxidant
enzymes were found to increase linearly as clove concentrations increase, indicating an increase in antioxidants
level in the present study. The antioxidant equilibrium in
biological systems and the scavenging of reactive oxygen
species (ROS) are critical for cellular homeostasis [46, 47].
Antioxidant defense is comprised of enzymes and nonenzymatic molecules scavenging responsively on ROS.
These includes repair enzymes (GSH-Px, GST, CAT, and
DNA repair enzymes) involved in the removal of the
oxidative damages. Reactive oxygen species are continuously generated during typical aerobic metabolism that is
safely removed by these biological antioxidants. Antioxidant defense is never 100% effective; however, mechanisms of repair are of crucial significance for survival. The

results obtained in the current study indicated a significant increase in MDA, GSH-Px, CAT, SOD and TXNRD,
and lower concentrations of GSH in the ET-treated fowls
as compared to TC. The current findings are consistent
with previous results [45, 48]. It is reported that much
accumulation of MDA inhibited the antioxidant enzyme
activities and accelerated the oxidative damage of DNA
and proteins [49]. In the present study, dietary clove supplemented levels 400 and 600 mg in the ET-fowls showed
a decrease in MDA levels and an increased in the enzymatic activities (GSH-Px, SOD, CAT, and TXNRD) to a
concentrations close to those obtained of TC group.
Moreover, the diets supplemented with clove levels improved GSH concentrations, which is an essential mechanism protecting cells from impairment induced by
reactive oxygen species (ROS). Furthermore, clove
supplementation reduced some of the heat stress-induced
effects in the black-meated fowls. The enhancement of
antioxidant status of black-meated fowls for clovesupplemented groups suggested that the clove-induced
effects were independent of the ET. These results were in
agreement with data obtained with other antioxidants of
plant source [50].
Liver and immunological organ growth as it relate to
APPs expression

The liver is a vital organ that synthesize APPs and expression of its genes [23, 24]. Similarly, the bursa of Fabricius,

Table 6 Effect of clove extract supplementation on blood
leucocytes of black-meated fowls (21 d)a
Parameter

Treatment ETb (supplemented clove, mg/kg)

(%)

TCc

0

200

400

600

SEM

White blood cells

0.65b

0.83b

1.35ab

2.23a

3.15a

0.19

Table 7 Effect of clove extract supplementation on plasma
immunoglobulin levels of black-meated fowls (21 d)a
Treatmentb ET (supplemented clove, mg/kg)

Heterophils

24.1

18.6

19.7

21.2

25.4

1.15

Immunoglobulin

Lymphocytes

72.6

71.1

71.9

72.5

73.2

1.17

(μg/mL)

Heterophil:Lymphocyte 0.31
Monocytes
Eosinophils
a

2.34b
2.29

TCc

0
c

200
c

400
b

600
a

SEM
a

0.24

0.25

0.30

0.32

0.06

IgA

273.6

280.5

313.2

378.7

387.5

10.02

4.30ab

5.12ab

5.73a

6.18a

0.33

IgG

522.1c

595.0c

601.9b

642.6a

658.3a

9.21

IgM

c

c

b

a

a

2.48

1.69

3.07

2.97

3.05

0.38

Data are means of 2 birds per replicate (5 birds per cage; 7 replicates per
group). a,bMeans with common superscripts within a row not differ
significantly (P < 0.05)
b
ET: Elevated temperature treatment (35 ± 2 °C); c TC: Thermoneutral
temperature treatment (24 ± 2 °C)

a

66.59

70.11

79.04

84.23

90.42

Data are means of 2 birds per replicate (5 birds per cage; 7 replicates per
group). a–cMeans with common superscripts within a row not differ
significantly (P < 0.05)
b
ET: Elevated temperature treatment (35 ± 2 °C); c TC: Thermoneutral
temperature treatment (24 ± 2 °C)
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thymus, and spleen are significant immunological organs
in birds. Out of these, thymus and bursa of Fabricius functions as main lymphoid organs [51, 52], while the spleen
serves as primary peripheral immune organ in birds [53];
all these organs are engaged in both humoral and cellular
immunity. The expression of mRNA coding for APPs in
the liver is commonly controlled at the transcriptional
level [35]. The liver regulates the expression of these genes
in response to diverse extracellular stimuli [36]. We noted
in the current finding that changes in the APPs concentrations were due primarily to the changes in their synthesis
by hepatocytes. The amount of this synthesis varies from
35% as regards CP to as much as 60% in the case of AGP
and SAA. These changes in plasma concentrations of
APPs were preceded by equivalent variations in mRNA
levels. Chickens exposed to heat condition have relatively
reduced weight of the spleen, bursa of Fabricius, and thymus [54]. The results were in agreement with the result of
immunological organs growth in heat-stressed chickens
[7]. The present study showed that the growth indices of
the liver, spleen, bursa of Fabricius, and thymus in blackmeated fowls decreased during 21 d chronic heat stress.
However, upon dietary clove supplementation, a significant increase in the indices of the spleen, bursa Fabricius,
and thymus were observed in the ET groups. This result
suggests that clove as dietary supplements can stimulate
the growth of the immune organs and neutralize immune
organ dysplasia produced by heat stress.

damage. However, when clove was supplemented in the
diet, the expression of OVT, CP, AGP, CRP and SAA
genes decreased in the liver, spleen, bursa of Fabricius
and thymus. This result was consistent with the APPs
mRNA response to ET and the association of these APPs
mRNA levels with tissue damage ensued during ET
treatment. The present findings are in agreement with
the results reported by previous studies [18, 35, 36] in
which APR mRNA expression was reduced in the liver
tissue. Moreover, the current study revealed that the diet
supplemented 400 mg clove maintained OVT, CP, AGP,
CRP and SAA mRNA expression levels in all the organs
of heat-stressed Silkie fowls to approximately levels of
those fowls maintained at TC. Though, clove induced
OVT, CP, AGP, CRP and SAA mRNA expression in the
fowls supplemented this level through activation and
mobilization of the organs antioxidant protective mechanisms. Clove as natural polyphenolic bioactive compound has a characteristics of overlapping properties
that triggered self-maintenance and defense mechanisms
in rats [35, 36, 56]. We deduce that the nature of this
mechanism might be a tissue specific at different levels
of clove and the patterns of diverse APPs mRNA expression. Conversely, the mechanisms might be controlled
by the metabolic and nutrient requirements of these tissues. There are need for the future research to
determine the precise and unique mechanisms of actions
of the clove supplementation on the immune organs.

Acute phase protein mRNA Expression Levels

Immunological responses

Stress increases the synthesis of APPs which are constitutively expressed and play a crucial protective role for
DNA against oxidative damage [18, 35, 36] by maintaining the homeostasis and structural integrity of organs
over the stress-induced tissue damage [21]. Both low
and chronic concentrations of ROS may generate DNA
damages by allowing gene mutations and structural
modifications into the DNA. Chronic levels of ROS can
add to irregular gene expression, obstruct cell-to-cell
communications, and alteration of second-messenger
structures, thus results in the increase of apoptosis of
the initiated cell population.
In this investigation, clove supplementation accelerated the induction of endogenous antioxidant protection
system in the black-meated fowls, and also enhanced
antioxidant status by mitigates the heat stress-induced
APPs expression in the liver and immunological organs.
The current results established that the transcription of
OVT, CP, AGP, CRP and SAA were increased in all
organs of the black-meated Silkie fowls after 21 d exposure. It was postulated that high rate of APPs translational activity in the liver, spleen, bursa of Fabricius and
thymus may have influence the increased of immune organs capacity to provide resistance against oxidative

Clove extract supplementation significantly increase the
white blood cell, monocyte and eosinophils concentrations in ET groups. Previously, dietary additive has been
found to significantly increase the erythrocyte count,
hemoglobin concentration, and hematocrit in turkeys,
but the total leucocyte and differential leucocyte counts
were not affected by dietary supplementation [62, 63].
White blood cells and other leucocytes are immunerelated cells that partake in body defense against external challenge and infections. The current investigation
showed that immune-related blood components were
improved in fowls supplemented 600 mg clove, however these are not constant with the present data, as
observed with other leucocytes. These discrepant data
might be ascribed to the type of feed these additive supplemented and the species of the birds used in the
studies [63, 64].
Plasma immunoglobulin concentration of the fowls suggests antibodies fight against many immune challenges.
The 3 major immunoglobulins are IgG, IgM, and IgA
which primarily govern the immune response of an individual. Clove supplemented in the diet of black-meated
fowl significantly (P < 0.05) elevated the plasma immunoglobulin concentrations (IgG, IgM, and IgA) in the present
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study. It have been indicated that clove improves immune
function and stimulates the synthesis of endogenous antimicrobial peptides in the gut [12, 14, 63]. The enhanced
plasma immunoglobulin concentrations of fowls fed
600 mg clove under ET in the current study might be ascribed to the immunomodulatory properties of clove [12,
43, 46, 65]. Though this immunomodulation properties is
not fully understood, studies showed that dietary intake of
clove can stimulate the diverse parts of the gut-associated
immunity along with improved growth performance and
antioxidant capacity [12, 43, 50, 65]. Therefore, the ability
of clove to enhance the immune system is a viable reason
to support their use as an alternative additive for
improving bird’s health and productivity under stressful
condition. The present study observed that plasma immunoglobulin levels in the fowls significantly increased at
400 and 600 mg clove supplemented groups compared to
other groups (0, 200 mg, and control).

Conclusion
In conclusion, the comparable APPs response and antioxidant enzymes status of both ET and TC Silkie fowls
supplemented with and without clove extracts suggested
that the mechanisms associated with the positive benefits of this supplementation are not simply associated
with the biology of the black-meated fowls but beyond.
Clove supplementation improved the growth performance and modulated the immune responses of blackmeated Silkie fowls by alleviate the negative effects of
heat stress via improvement in antioxidant defense
mechanisms. The modulation occurred through enzymatic and non-enzymatic antioxidant systems which have
a substantial capacity to scavenged free radicals and induced acute phase proteins in the immune organs and
liver. This study has proof that clove extract has a
significant antioxidant effect against heat stress in chickens. However, precise mechanisms on how these occur
were not attained in the present study. The current results can be adopted as a base for stress study of immune organ growths and APPs mRNA expression to
measure the chicken’s immunity during the unpredicted
rise in environmental temperatures and the emergence
of diseases.
Additional file
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Abbreviations
AGP: α-1-Acid glycoprotein; APR: Acute phase response; CAT: Catalase;
CP: Ceruloplasmin; CRD: Completely randomized design; CRP: C-reactive

Page 10 of 12

protein; ET: Elevated temperature; GSH: Glutathione; GSH-Px: GSH peroxidase;
MDA: Malonaldehyde; OVT: Ovotransferrin; SAA: Serum amyloid-A;
SOD: Superoxide dismutase; TC: Thermoneutral condition;
TXNRD: Thioredoxin reductase
Acknowledgments
We acknowledge the National Animal Production Research Institute,
Shika, who support us with facilities for the conduct of the experiment
and the Laboratory works. Also, our gratitude goes to the Agricultural
Research Institute, Zaria, who provided us with the clove extracts in its
pure state.
Funding
N/A.
Availability of data and material
The datasets supporting the conclusions of this article are included within
the article and its Additional file 1.
Authors’ contributions
ABU designed the experimental study, JAS and MSA performed the feeding
trial. JAS and MSA conducted the enzymatic assays analysis; ABU drafted the
manuscript, performed the data analysis, and interpretation whereas MSA
completed critical revision of the article. ABU and JAS contributed with
laboratory materials and purchased kits. MSA supplied the birds. All authors
read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
N/A.
Ethics approval
The method of this experiment was approved (ABU/NAPRI/A No. 238–19) by
the Animal Welfare and Use Committee of the National Animal Production
Research Institute, Shika, Ahmadu Bello University Zaria.
Author details
1
Institute of Tropical Agriculture, Universiti Putra Malaysia, 43400 Serdang,
Malaysia. 2National Animal Production Research Institute (NAPRI), Shika,
Nigeria. 3University Farm Research, Yobe State University, 1144 Damaturu,
Nigeria.
Received: 21 April 2016 Accepted: 10 November 2016

References
1. Moberg GP, Mench JA. The biological response to stress: Basic
principles and implications for animal welfare. Wallingford: CAB
International; 2000. p. 1–21.
2. Kregel KC. Heat shock proteins: modifying factors in physiological
stress responses and acquired thermotolerance. J Appl Physiol. 2002;
92:2177–86.
3. Geraert PA, Padilha JCF, Guillaumin S. Metabolic and endocrine changes
induced by chronic heat exposure in broiler chickens: growth performance,
body composition, and energy retention. Br J Nutr. 1996;75:195–204.
4. Gous RM, Morris TR. Nutritional interventions in alleviating the effects
of high temperature in broiler production. World Poult Sci J. 2005;61:
463–75.
5. Sahin KM, Smith MO, Onderci M, Sahin N, Gursu MF, Kucuk O.
Supplementation of zinc from organic or Inorganic source Improves
performance and Antioxidant status of Heat-Distressed Quail. Poult Sci.
2005;84:882–7.
6. Ahmad T, Khalid T, Mushtaq T, Mirza MA, Nadeem A, Babar ME, Ahmad G.
Effect of potassium chloride supplementation in drinking water on broiler
performance under heat stress conditions. Poult Sci. 2008;87:1276–80.
7. Bartlett JR, Smith MO. Effects of different levels of zinc on the performance
and immunocompetence of broilers under heat stress. Poult Sci. 2003;82:
1580–8.

Bello et al. Journal of Animal Science and Technology (2016) 58:39

8.

9.
10.
11.

12.

13.
14.
15.
16.
17.

18.

19.
20.
21.
22.
23.

24.
25.

26.

27.

28.
29.
30.

31.
32.

33.

34.

35.

Mashaly MM, Hendricks GL, Kalama MA, Gehad AE, Abbas AO, Patterson PH.
Effect of heat stress on production parameters and immune responses of
commercial laying hens. Poult Sci. 2004;83:889–94.
Srivastava KC. Antiplatelet principles from a food spice clove (Syzgium
aromaticum). Prostaglandins Leukot Essent Fatty Acids. 1993;48:363–72.
Shobana S, Naidu AK. Antioxidant activity of selected Indian spices.
Prostaglandin Leukotri Essent Fat Acids. 2000;62:107–10.
Tajuddin AS, Latif A, Qasim IA. Aphrodisiac activity of 50% ethanolic extract
of Myristica frgrans Houtt (nutmeg) and Syzygium aromaticum (L) Merr and
Perry (clove) in male mice: A comparative study. BMC Compl Altern Med.
2003;3:6.
Singh AK, Dhamanigi SS, Asad M. Anti-stress activity of hydroalcoholic
extract of Eugenia caryophyllus buds (clove). Indian J Pharmacol. 2009;41(1):
28–31.
Yadav R, Yadav SK. Dental disease and its cure- a review. Asian J Pharm Clin
Res. 2013;6(2):16–20.
Singh J, Baghotia A, Goel SP. Eugenia caryophyllata Thunberg (family
myrtaceae): a review. IJRPBS. 2012;3:1469–75.
Ghelardini C, Galeotti N, Di CesareMannelli L, Mazzanti G, Bartolini A. Local
anesthetic activity of beta-caryophyllene. Farmacol. 2001;56:387–9.
Cai L, Wu CD. Compounds from Syzygium aromaticum posseing growth
inhibitory activity against oral pathogens. J Nat Proc. 1996;59:987–90.
Ghai R, Nagarajan K, Kumar V, Kesheri M, Kanchan S. Amelioration of lipids
by eugenia caryophyllus extract in atherogenic diet induced hyperlipidemia.
Intern Bulletin of Drug Res. 2015;5(8):90–101.
Magić Z, Matić-Ivanović S, Savić J, Poznanović G. Ionizing radiation-induced
expression of the genes associated with the acute response to injury in the
rat. Radiat Res. 1995;143:187–93.
Cray C, Zaias J, Altman NH. Acute phase response in animals: a review.
Comp Med. 2009;59:517e26.
Heinrich PC, Castell JV, Andust T. Interleukin-6 and the acute phase
response (Review Article). Biochem J. 1990;265:621–36.
Murata H, Shimada N, Yoshioka M. Current research on acute phase
proteins in veterinary diagnosis: an overview. Vet J. 2004;168:28–40.
Baumann H, Gauldie J. The acute phase response. Immunol Today. 1994;15:
74–80.
Milosavljevic T, Lazic T, Uskokovic A, Petrovic M, Grigorov I. Expression of
the rat liver haptoglobin gene is mediated by isoforms of C/EBP α, −β and
-δ proteins. Gen Physiol Biophys. 2003;22:181–90.
Fulop AK. Genetics and genomics of hepatic acute phase reactants: a minireview. Inflamm Allergy Drug Targets. 2007;6:109–15.
Li C, Wang X, Wang G, Li N, Wu C. Expression analysis of global gene
response to chronic heat exposure in broiler chickens (Gallus gallus) reveals
new reactive genes. Poult Sci. 2011;90:1028–36.
Kenjiro A, Yazawa S, Atsumi Y, Kagmi H, Ono T. Skeletal analysis and
characterization in developing Limbs of Japanese Silkie fowl. The J Poult Sci.
2006;43:126–34.
Blarzino C, Mosca L, Foppoli C, Coccia R, De Marco C, Rosei MA.
Lipoxygenase/H2O2-catalyzed oxidation of dihydroxyindoles: synthesis of
melanin pigments and study of their antioxidant properties. Free Rad Biol
Med. 1999;26:446–53.
Jacobson ES, Tinnell SB. Antioxidant function of fungal melanin. J Bacteriol.
1993;175:7102–4.
Lin LC, Chen WT. The study of antioxidant effects in melanins extracted
from various tissues of animals. Asian-Austr J Anim Sci. 2005;8(2):277–81.
Chen S, Jiang B, Zheng J, Xu G, Li J, Yang N. Isolation and characterization
of natural melanin derived from silky fowl (Gallus gallus domesticus Brisson).
Food Chem. 2008;111:745–9.
Hutt FB. Genetics of the Fowl. New York: McGraw-Hill; 1949.
Arisawa K, Yazawa S, Atsumi Y, Kagami H, Ono T. Skeletal analysis and
characterization of gene expression related to pattern formation in
developing limbs in Japanese Silkie Fowl. The J Poult Sci. 2006;43:126–34.
Haw SG. Marco Polo’s China: a Venetian in the realm of Khubilai Khan.
Routledge studies in the early history of Asia. 3rd ed. London: Routledge;
2006.
Shinomiya A, Kayashima Y, Kinoshita K, Mizutani M, Namikawa T, Matsuda Y,
Akiyama T. Gene Duplication of endothelin 3 Is Closely Correlated with the
Hyperpigmentation of the Internal Organs (Fibromelanosis) in Silky
Chickens. Genetics. 2012;190:627–38.
Poznanović G, Petrović M, Magić Z. Re-establishment of homeostasis and
the acute-phase proteins. Panminerva Med. 1997;39:291–8.

Page 11 of 12

36. Strelić NJ, Magić ZM, Trutić NV, Krtolica KV. Influence of aflatoxin B1 on
mRNA levels of acute-phase proteins and oncoproteins in albino rat liver.
Arch Oncol. 2009;17(1–2):3–6.
37. Zhang GF, Yang ZB, Wang Y, Yang WR, Jiang SZ, Gai GS. Effects of ginger
root (Zingiber officinale) processed to different particle sizes on growth
performance, antioxidant status, and serum metabolites of broiler chickens.
Poult Sci. 2009;88:2159–66.
38. Yang L, Tan GY, Fu YQ, Feng JH, Zhang MH. Effects of acute heat stress and
subsequent stress removal on function of hepatic mitochondrial respiration,
ROS production and lipid peroxidation in broiler chickens. Comp Biochem
Physiol C Toxicol Pharmacol. 2010;151:204–8.
39. Livak KJ, Schmittgen DT. Analysis of relative gene expression data using
real-time quantitative PCR and the 2− ΔΔCT method. Methods. 2001;25:
402–8.
40. Mockett APA, Rose ME. Immune responses to Eimeria: quantification of
antibody isotypes to E. tenella in chicken serum and bile by mean of the
ELISA. Parasite Immunol. 1986;8:481–89.
41. Gutteridge JMC. Lipid peroxidation and antioxidants as biomarkers of tissue
damage. Clin Chem. 1995;41/12:1819–28.
42. Dorman HJD, Dean SGL. Antibacterial agents from plants: antibacterial
activity of plant volatile oils. J Applied Microbiol. 2000;88:308–18.
43. Bub A, Watzl B, Blockhaus M, Briviba K, Liegibel U, Muller H, Pool-Zobel BL,
Rechkemmer G. Fruit juice consumption modulates antioxidative status,
immune status and DNA damage. J Nutr Biochem. 2003;14:90–8.
44. Azad MA, Kikusato M, Maekawa T, Shirakawa H, Toyomizu M. Metabolic
characteristics and oxidative damage to skeletal muscle in broiler chickens
exposed to chronic heat stress. Comp Biochem Physiol A Mol Integr Physiol.
2010;155:401–6.
45. Lin H, Du R, Zhang ZY. The peroxidation in tissues of heat-stressed broilers.
Asian-australas. J Anim Sci. 2000;13:1373–6.
46. Rice-Evans C. Plant polyphenols: Free radical scavengers or chain-breaking
antioxidants? Biochem Soc Symp. 1995;61:103–16.
47. Valavanidis A, Vlahogianni T, Dassenakis M, Scoullos M. Molecular
biomarkers of oxidative stress in aquatic organisms in relation to toxic
environmental pollutants. Ecotoxicol Environ Safe. 2006;46:178–89.
48. Ramnath V, Rekha PS, Sujatha KS. Amelioration of heat stress induced
disturbances of antioxidant defense system in chicken by brahma rasayana.
Evid Based Complement Alternat Med. 2008;5:77–84.
49. Mujahid A, Akiba Y, Warden CH, Toyomizu M. Sequential changes in
superoxide production, anion carriers and substrate oxidation in skeletal
muscle mitochondria of heat stressed chickens. FEBS Lett. 2007;581:
3461–7.
50. Sahin K, Orhan C, Tuzcu M, Ali S, Sahin N, Hayirli A. Epigallocatechin-3gallate prevents lipid peroxidation and enhances antioxidant defense
system via modulating hepatic nuclear transcription factors in heat-stressed
quails. Poult Sci. 2010;89:2251–8.
51. Cooper MD, Raymond DA, Peterson RD, South MA, Good RA. The functions
of the thymus system and the bursa system in the chicken. J Exp Med.
1966;123:75–102.
52. Santin E, Maiorka A, Polveiro WJC, Paulillo AC, Laurentiz AC, Borges SA,
Fischer da Silva AV. Effect of Environmental Temperature on Immune
Response of Broilers. JAPR 2003;12(3):247-50.
53. John JL. The avian spleen: A neglected organ. Q Rev Biol. 1994;69:327–51.
54. Anwar B, Khan SA, Aslam A, Maqbool A, Khan KA. Effects of ascorbic acids
and acetylsalicylic acid supplementation on the performance of broiler
chicks exposed to heat stress. Pak Vet J. 2004;24:109–11.
55. National Research Council (NRC). Nutrient Requirements of Poultry. 9th ed.
Washington, DC: National Academy Press; 1994.
56. Duthie GG, Duthie SJ, Kyle JA. Plant polyphenols in cancer and heart disease:
implications as nutritional antioxidants. Nutr Res Rev. 2000;13:79–106.
57. Platel K, Srinivasan K. Digestive stimulant action of spices: A myth or reality?
Indian J Med Res. 2004;119:167–79.
58. Ertas ON, Guler T, Ciftci M, Dalkilic B, Simsek UG. The effect of an essential
oil mix derived from oregano, clove and anise on broiler performance. Int J
Poult Sci. 2005;11:879–84.
59. Dalkiliç B, Güler T. The effects of clove extract supplementation on
performance and digestibility of nutrients in broilers. FÜ Sağ Bil Vet Derg.
2009;23:161–6.
60. Lee KW, Everts H, Kappert HJ, et al. Effects of dietary essential oil
components on growth performance, digestive enzymes and lipid
metabolism in female broiler chickens. Br Poult Sci. 2003;44:450–7.

Bello et al. Journal of Animal Science and Technology (2016) 58:39

Page 12 of 12

61. Rock CL, Jacob RA, Bowen PE. Update on the biological characteristics of
the antioxidant micronutrietns: vitamin C, vitamin E, and the carotenoids. J
Amer Diet Ass. 1996;96:693–702.
62. Lampe JW. Health effects of vegetables and fruits: assessing mechanisms of
action in human experimental studies. Am J Clin Nutr. 1999;70:475S–90S.
63. Cetin N, Güçlü BK, Cetin E. The effects of probiotic and
mannanoligosaccharide on some haematological and immu- nological
parameters in turkeys. J Vet Med A Physiol Pathol Clin Med. 2005;52:263–7.
64. Tellez G, Pixley C, Wolfenden RE, Layton SL, Hargis BM. Probiotics/direct fed
microbials for Salmonella control in poultry. Food Res Int. 2011;45:628–33.
65. Asimi OA, Sahu NP, Pal AK. Immunomodulatory and growth response of L.
rohita to dietary fortification of clove and/cardamom extract. Glob J Fish
Aquac. 2015;5:230–7.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

