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Extreme climatic conditions and hypobaric hypoxia at high altitude hinders the growth and productivity
of chickens. The present study was carried out to examine the effect of aqueous extract of Prunus arme-
niaca seeds on health, survivability, antioxidants, plasma biochemical parameters, and immune status of
broiler chickens at high altitude. Phytochemical analysis of extract revealed the presence of high pheno-
lics, flavonoids, and carotenoids contents. Before the in vivo study, in vitro efficacy evaluation indicated a
significant protective effect of the extract in chicken peripheral blood lymphocytes. For in vivo study,
experimental groups include control (fed the basal diet), and treatment T1, T2, T3, T4, T5, and T6 which
received an aqueous extract of P. armeniaca in drinking water at concentrations of 100, 150, 200, 300, 400,
and 800 mg/kg body weight of chicken respectively, along with basal diet for 42 days. Body weight was
significantly increased in all treatment groups as compared to control group and the highest body weight
was recorded in T3 group. Higher profit was gained in treatment groups due to lesser mortality in chick-
ens. Moreover, chicken in the treatment groups had significantly higher total antioxidant capacity, free
radical scavenging activity, interleukin-2, total protein, albumin, globulin level and lower malondialde-
hyde, interleukin-6, glucose, cholesterol, triglyceride, ALT and AST level as compared to control group.
Results suggest that, P. armeniaca extract at 200 mg/kg body weight of chicken, exhibited the beneficial
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effect on growth performance and survivability rate of broilers and therefore, could be useful as phyto-
genic feed additive for broiler chickens at high altitude cold desert.
� 2017 Production and hosting by Elsevier B.V. on behalf of Cairo University. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The growth performance of broiler poultry chickens that reared
at cold arid high altitude Himalayas is very poor in spite of stun-
ning progress that has been achieved in broiler poultry industry
in India over the last two decades. The reasons for the poor growth
performance could be attributed to stressful environmental condi-
tions in this region, which are characterized with hypobaric hypox-
ia, extreme temperature variations (from +35 �C to �35 �C), high
UV radiations, low humidity, and scarcity of fodders which affects
livestock health. These all climatic adversities contribute to high
altitude oxidative stress, which ultimately hinders the growth rate
of poultry chickens by inducing their catabolic activities and thus,
produces a low return of income for local poultry farmers [1,2]. The
major consequence of oxidative stress is the marked increase in
cellular dysfunction and decline in the productiveness of antioxi-
dant defense system due to increase generation of reactive oxygen
species [3]. However, several fruits that found in Himalayan region
are rich in phytomolecules such as polyphenols, flavonoids, vita-
mins, and carotenoids etc. and therefore, widely used as prophy-
lactic and therapeutics agent in combating health problems
associated with high altitude [4]. Moreover, supplementation of
these fruit extracts to broiler chickens in the form of feed additive
might have been beneficial, not beneficially affecting their nutri-
tional and health status. These phytogenic feed additives would
be less toxic and ideal to replace antibiotic growth promoters from
broiler diet.

Prunus armeniaca is an edible fruit belong to family Rosaceae
and is adapted to grow in climatic conditions with cool Winter
and warm Summer [5]. In India P. armeniaca fruits are mainly cul-
tivated in hilly regions of Himachal Pradesh, Jammu and Kashmir,
and some North Eastern regions. Ladakh region in Jammu and
Kashmir represented the major cultivated area for P. armeniaca
[6]. Fresh P. armeniaca fruits exhibited pharmacological activity
due to the presence of a large number of phytomolecules such as
vitamins, polyphenols, flavonoids, carotenoids, and fatty acids
[7,8]. P. armeniaca seed (Kernel) is an important source of dietary
protein along with a significant amount of oil and fibers [9] and
exhibited higher antioxidative activity then flesh of the fruit [10].
Due to its pharmacological activity, it has been used in folk medi-
cine as a remedy for various diseases [6]. A wide spectrum of phar-
macological effect of P. armeniaca have been reported including
antioxidant [11], antimicrobial [8], antitumor [11], immunomodu-
latory [12], anti-inflammatory [13], hepato-protective [14], radio-
protective [15] and cardio-protective [16]. It has been reported
by Jadhav et al. [17] that feeding of the P. armeniaca cake in lambs
feed provides proper nutrition and does not create any adverse
effect on lamb performance under high altitude climatic conditions
of Ladakh. Improved growth performance in broilers was reported
by Takeli [18] and Samli et al. [19] after supplementation of
P. armeniaca kernel in broiler diet. However, to the best of authors
knowledge, no research work has yet been conducted that
investigates the effect of Prunus armeniaca seed extract on
antioxidant, cytokines, blood biochemical level and health status
of broiler chicken at high altitude. Therefore, the present study
was undertaken to examine the effects of aqueous extract of Prunus
armeniaca seeds on antioxidant, cytokines, blood biochemical level
and growth performance of broiler chickens at high altitude cold
desert.
Material and methods

Plant material and extraction

Dried P. armeniaca seeds (kernel) were collected commercially
from Leh market (altitude = 3540 m above mean sea level). Upon
arrival at the laboratory all the collected P. armeniaca seeds were
ground in a stainless steel grinder to obtain fine homogeneous
powder for the extraction. Powdered samples of P. armeniaca seeds
were extracted with 100% distilled water in soxhlet apparatus
(Borosil Glass Works Limited, Worli, Mumbai, India) for 24–48 h
at 80 �C each batch. The extract was then filtered with a Buckner
funnel and Whatman No 1 filter paper (Sigma-Aldrich, St. Louis,
MO, USA). After that, the solvent was removed by the rotary evap-
orator (Rotavapor R-210, Buchi Labortechnik AG, Flawil, Switzer-
land) under reduced pressure (240 mili bars). The remaining
extract material was then lyophilized at �88 to �90 �C in a lyophi-
lizer (Lyochamber ALPHA 2–4 LD plus, Martin Christ GmbH, Oster-
odo am Harz, Germany) to obtain the dry extract which was then
stored at �80 �C until use.

Characterisation of the extract

Aqueous extract of P. armeniaca seeds was evaluated for total
antioxidant capacity and free radical scavenging activity and also
phytochemically characterized for total phenolics, flavonoids, and
carotenoid content.

Total antioxidant capacity (TAC)

TAC of the P. armeniaca seed extract was determined by ferric
reducing antioxidant potential (FRAP) assay [20]. A similar method
was also used for analysis of TAC of plasma samples. For this assay,
15 mL of sample (both extract and plasma) was allowed to react
with 285 mL of FRAP Reagent (Prepared by mixing 10 volumes of
300 mmol/L acetate buffer, pH 3.6 with 1 vol of 20 mmol/L FeCL3
and 1 vol of 10 mmol/L 2,4,6-Tris(2-pyridyl)-s-triazine (TPTZ) in
40 mmol/L HCl) and absorbance was measured at 593 nm. Aqu-
eous solutions of FeSO4�7H2O were used for calibration and the
result was expressed as FRAP value (mM Fe (II)/g of extract) or
(mM Fe (II)/L of plasma).

DPPH radical scavenging capacity

The free radical scavenging capacity of the P. armeniaca seed
extract was determined by 2,2-Diphenyl-1-picrylhydrazyl (DPPH)
assay [21]. Similar assay was also used for determining scavenging
activity of plasma samples.

ABTS radical scavenging capacity

2,2-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS)
assay was performed using the protocol described by Re et al. [22].

Total phenolic content

Total phenolic content in the P. armeniaca seed extract was
measured by Folin-Ciocalteu calorimetric method [23] and pheno-
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lic content were expressed as mg of gallic acid equivalent (mg gal-
lic acid/g of extract).

Total flavonoid content

Total flavonoid content in the P. armeniaca seed extract was
measured by using the method described by Ordonez et al. [24]
and total flavonoid content were expressed as mg of quercetin
equivalent (mg quercetin/g of extract).

Determination of carotenoids

Total carotenoid content in the P. armeniaca seed extract was
measured by using the method described by Ranjith et al. [25]
and total carotenoids were expressed as mg of b-carotene equiva-
lent (mg b-carotene/100 g of extract).

Evaluation of dose efficacy of P. armeniaca extract in-vitro

Efficacy of P. armeniaca seed extract was first evaluated in
chicken peripheral blood lymphocytes (PBL) in vitro.

Blood collection and isolation of peripheral blood mononuclear cells
(PBMC)

Fresh blood samples were collected from jugular/wing vein of
healthy broiler chickens into an ethylenediaminetetraacetic acid
(EDTA) containing tubes. Collected blood sample was diluted with
phosphate buffered saline (PBS) in 1:1 ratio and was gently over
layered on Histopaque-1077 (Sigma-Aldrich, St. Louis, MO, USA) in
falcon tube followed by centrifugation (AllegraR X-15R centrifuge,
Beckman Coulter) at 400g for 30 min. After centrifugation, PMBC
were collected from gradient interface, and centrifuged twice at
200g for 10 min. For separation of adherent (Monocytes) and non-
adherent (Lymphocytes) cells, PBMC were incubated at 41 �C in 5%
CO2 incubator (CO-150, New Brunswick Scientific, USA) for 45 min
by using plastic adherence technique described by Gupta et al. [26].

Cell culture

Thereafter, PBL suspension (100 mL/well) was cultured with
100 mL/well of different concentrations of P. armeniaca seed extract
(100, 200, 400, and 800 ng/mL, and 1, 2, 4, 8, 50, 100, 200, and
400 lg/mL), 1 mg/mL of concanavalin A as positive control, and
medium as negative control, in 96-well flat bottommicrotiter plate
for 24 h.

Proliferative activity

Proliferative activity of extractwas determinedwith 3-(4,5-dime
thylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay
described by Mosmann [27]. After incubation of 24 h, 50 mL of
MTT solutionwas added to eachwell and the platewas further incu-
bated for 4 h. Thereafter, to solubilize the formazan product 100 mL
dimethyl sulfoxide (DMSO)was added to eachwell. Absorbancewas
taken at 570 nm using the microplate reader (680 microplate
reader, Bio-Rad Laboratories, California, USA). Percentage cell
viability was calculated by employing following formula

%Cell viability¼Absorbance of Test=Absorbance of Control�100
Cytoprotective activity against H2O2-induced toxicity

To determine cytoprotective activity, PBL cells were treated
simultaneously with different concentrations of P. armeniaca
extract (100, 200, 400, 800 ng/mL, and 1, 2, 4, 8, 50, 100, 200,
400 lg/mL) and 100 mm H2O2 for 2 h. Cell viability was determined
by using MTT assay.
In vivo experiment

The in vivo experiment was conducted after it was approved by the
Institutional Animal Ethics Committee of DIHAR (Protocol no: DIHAR/
IAEC/27/2015). For this experiment, 105 one day old RIR cross-bred
broiler chicks were randomly assigned to seven groups in three
replicates (5 chicks in each replicate) having 15 chickens in each
group as per completely randomized design. Chickens in the con-
trol group were fed the basal diet, whereas the six treatment
groups, T1, T2, T3, T4, T5, and T6 received an aqueous extract of
P. armeniaca seeds in drinking water at concentration of 100,
150, 200, 300, 400, and 800 mg/kg body weight of chicken, respec-
tively in addition of basal diet. The experimental period was of
42 days. The ingredients and chemical composition of basal diet
are present in Supplementary file 1. The chickens were weighed
individually at 0, 7, 14, 21, 28, 35, and 42 days. Feed and water
were provided ad lib. Mortality was recorded daily and dead chick-
ens were examined for coccidiosis and ascites on post-mortem
examination. An economy was also calculated based on the rearing
cost of chickens.
Blood collection

Eight chickens were randomly selected from each experimental
group and blood samples were collected from jugular/wing vein of
chickens at 0, 21, and 42 days. Collected blood samples were cen-
trifuged at 3500 RPM for 10 min and isolated plasma samples were
analysed for antioxidant, blood biochemical, and cytokines study.
Determination of blood biochemical parameters

All blood plasma biochemical parameters including cholesterol,
triglyceride, high density lipoprotein (HDL), low density lipopro-
tein (LDL), alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), total protein, albumin, glucose, uric acid, and
creatinine, were analysed with commercially available biochemical
kits (Span Diagnostics, Surat, India) according to methodology sug-
gested by manufacturer using biochemical semi-auto analyser
(BIOTRON BTR-830, Biosystems, USA). For estimation of plasma
globulin concentration, value of albumin was subtracted from the
total protein value.
Determination of plasma antioxidant parameters

Plasma TAC and free radical scavenging capacity were deter-
mined as described earlier in the section.
Lipid peroxidation (LPO)

For estimation of LPO, level of malondialdehyde (MDA) in
plasma samples was estimated by method of Buege and Aust
[28] and plasma MDA concentration was expressed as nmol/mL.
Determination of inflammatory cytokines

The level of three inflammatory cytokines: IL-1, IL-2, and IL-6 in
plasma samples were analysed using commercially available ELISA
kits (Biolegend, San Diego, CA) according to methodology sug-
gested in respective kit manuals.
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Statistical analysis

Data were analysed by one way analysis of variance (ANOVA)
using completely randomized design. Values were expressed as
mean ± standard error. Duncan’s multiple range test was used to
compare significant differences in the means of different experi-
mental groups. P < 0.05 was assumed to be statistically significant.
All statistical analysis was performed with SPSS statistical software
package version 17.0 (SPSS, Chicago). For growth performance,
number of chickens in experimental group [n = 15, (3 replicates
with 5 chickens)] served as experimental unit for statistical
analysis.

Results

Characterisation of aqueous extract of P. armeniaca seed

DPPH and ABTS radical scavenging capacity
The P. armeniaca extract scavenged the DPPH and ABTS radical

in a dose-dependent manner at a concentration of 20–100 mg/mL
and it was similar to positive control ascorbic acid (Table 1).

Total antioxidant capacity (TAC)
TAC of P. armeniaca extract is presented in Table 2 and it was

recorded to be 409.78 ± 16.61 mM Fe (II)/g of extract.

Total phenolic, flavonoid, and carotenoid contents
The concentration of phenolic content in P. armeniaca extract is

presented in Table 2 and was recorded to be 0.68 ± 0.22 mg/g of
extract. The concentration of flavonoids and carotenoids in the P.
armeniaca extract is also presented in Table 2 and was recorded
to be 0.40 ± 0.14 mg/g of extract and 0.68 ± 0.31 mg/100 g of
extract, respectively.

In vitro proliferative study in PBL
P. armeniaca extract stimulated the proliferation of chicken PBL

at all tested concentrations in a dose dependent manner compared
with the medium control (Fig. 1a). Highest proliferation was
recorded at 400 mg/mL followed by 200 and 100 mg/mL and prolif-
eration activity decreased with decrease in the extract concentra-
tion. In addition, P. armeniaca extract reduced the H2O2 induced
cellular toxicity in a dose dependent manner and protects the
lymphocytes against the toxic effects of H2O2 at all tested dose
concentrations between 100 ng/mL to 50 mg/mL as compared with
H2O2 treated control cells (Fig. 1b). P. armeniaca at concentration of
Table 1
DPPH and ABTS radical scavenging activity of aqueous extract of Prunus armeniaca.

DPPH radical scavenging capacit

Concentration (mg/mL) P. armeniaca Asco

20 29.10 ± 0.62 39.5
40 30.16 ± 0.66 45.4
60 32.51 ± 0.79 49.8
80 35.19 ± 0.73 53.9
100 40.22 ± 0.85 60.5

Value are given as mean ± S.E of four replicates.

Table 2
Total antioxidant capacity, total phenolic, flavonoids and carotenoid content in Prunus arm

Sample FRAP (mM Fe (II)/g of extract) Total phenolic (mg GAE/g of ex

P. armeniaca 409.78 ± 16.61 0.68 ± 0.22

Value are given as mean ± S.E of four replicates.
2 mg/mL exhibits maximum cytoprotective activity against toxic
effects of H2O2.

Growth performance

The effect of aqueous extract of P. armeniaca seeds on growth
performance parameters of broiler chickens at high altitude is pre-
sented in Table 3. The mean values were compared with-in differ-
ent experimental groups at different week intervals. At 42 day of
age, live body weight of chicken was increased (P = 0.036) in all
treatment groups as compared to control group and highest body
weight was recorded in T3 group chicken (450.14 ± 8.59) (supple-
mented with P. armeniaca extract @ 200 mg/kg body weight of
chicken) followed by T4, T2, T1, T5, and T6. Chickens in the control
group revealed the lowest body weight (348.53 ± 10.41). Feed con-
version ratio (FCR) value in T3 and T4 groups was significantly
improved (P = 0.024) among the groups.

Economics and mortality in chickens during in vivo experiment

Highest mortality rate (20.00%, total 3 chicken out of 15) was
recorded in the control group (Table 4) chickens followed by T1,
T2, T4, and T6 (6.67%, total 1 out of 15). Post mortem examination
revealed 13.30%, and 6.67% mortality in chickens induced from
ascites in control and P. armeniaca seeds supplemented T2 group,
respectively whereas 6.67% mortality induced from coccidiosis
each in control and P. armeniaca seeds supplemented T1 group
(Table 4).

Economics of the experiment were also calculated based on the
rearing cost of 15 numbers of chickens. The additional cost of
extract was included with feed cost whereas other expenditure
remained constant. P. armeniaca extract reduced the mortality rate
in treatment groups and which resulted in increased in the net
return (Table 4).

Blood biochemical parameters

All the blood plasma biochemical parameters are presented in
Tables 5–7. P. armeniaca seed extract increased (P < 0.05) the level
of plasma total protein, albumin, and globulin in the treatment
groups as compared to control group (Table 5). Furthermore, the
concentration of plasma glucose was higher (P = 0.037) in control
group chicken as compared to treatment groups.

Plasma cholesterol was significantly reduced (P = 0.029) in the
treatment groups and chicken in T3 group represented lowest
Inhibition (%)

y ABTS radical scavenging capacity

rbic acid P. armeniaca Ascorbic acid

7 ± 0.76 15.32 ± 0.28 21.36 ± 1.12
0 ± 0.89 19.80 ± 0.31 29.37 ± 0.45
0 ± 0.63 25.54 ± 0.41 35.86 ± 0.54
8 ± 0.57 31.10 ± 0.57 41.18 ± 0.71
9 ± 1.08 37.04 ± 0.69 55.94 ± 0.96

eniaca seed extract.

tract Flavonoids (mg QE/g of extract) Carotenoids (mg/100 g extract)

0.40 ± 0.14 0.68 ± 0.31



Fig. 1. In vitro efficacy of P. armeniaca extract. (a) Effect of aqueous extract of P. armeniaca on chicken PBL proliferation. Each bar represents the mean ± SE value obtained from
four culture wells. Each value was compared with untreated control cells as well as with in different dose concentrations (b) Cytoprotective activity of extract against H2O2

induced toxicity in chicken PBL. Each value was compared with H2O2 stimulated cells as well as with in different dose concentrations. Bars having different superscripts (a, b, c,
d, e) differ significantly (P < 0.05) according to Duncan’s multiple range test.

Table 3
Effect of aqueous extract of Prunus armeniaca on growth performance of broiler chickens at high altitude.

Treatments

Parameters Control T1 T2 T3 T4 T5 T6

Initial live body weight (g/chick) 37.20 ± 0.40 37.46 ± 0.55 38.00 ± 0.37 38.13 ± 0.63 37.13 ± 0.52 37.60 ± 0.66 38.06 ± 0.52
Live weight at 21 day (g/chick) 184.71 ± 7.69 195.46 ± 4.76 203.14 ± 8.04 209.20 ± 9.46 204.28 ± 8.32 198.00 ± 3.98 200.40 ± 10.78
Live weight at 42 day (g/chick) 348.53a ± 10.41 410.13b ± 8.30 417.57b,c ± 9.03 450.14d ± 8.59 440.28c,d ± 8.70 408.80b ± 10.41 398.15b ± 8.30
Cumulative feed intake up to 42 day (g/chick) 1511.21 ± 6.26 1514.12 ± 6.00 1524.41 ± 5.77 1519.33 ± 5.26 1519.40 ± 4.80 1525.46 ± 4.70 1518.48 ± 5.92
Feed conversion ratio at 42 day 4.86d ± 0.04 4.06b ± 0.05 4.02b ± 0.06 3.69a ± 0.05 3.77a ± 0.05 4.11b ± 0.04 4.22c ± 0.04
Cumulative water intake up to 42 day

(mL/chick)
2245.60 ± 6.27 2250.52 ± 5.44 2240.84 ± 5.31 2255.56 ± 6.72 2250.35 ± 5.39 2250.19 ± 6.45 2240.15 ± 5.59

C, T1, T2, T3, T4, T5, and T6 represent groups of chickens received aqueous extract of Prunus armeniaca in drinking water at concentration level of 0, 100, 150, 200, 300, 400,
and 800 mg/kg body weight of chicken respectively.
Results are presented as mean ± S.E, n = 15 (3 replicates with 5 chickens each).
Means bearing the different superscripts (a, b, c, d) in a row differ significantly (P < 0.05).
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Table 4
Economics and mortality rate (%) in chicken supplemented with P. armeniaca.

Description Control T1 T2 T3 T4 T5 T6

Total mortality (%) 20.00 6.67 6.67 0.00 6.67 0.00 6.67
Mortality by ascites (%) 13.30 0.00 6.67 0.00 0.00 0.00 0.00
Mortality by coccidiosis (%) 6.67 6.67 0.00 0.00 0.00 0.00 0.00
Mortality by other reasons (%) 0.00 0.00 0.00 0.00 6.67 0.00 6.67
Cost of extract/chicken (Rs.) Nil 0.88 1.48 1.89 2.80 3.54 6.98
Cost of feed/chicken (@25/kg Rs.) 37.78 37.85 38.11 37.98 37.99 38.14 37.96
Total feed cost/chicken (Rs.) 37.78 38.73 39.59 39.87 40.79 41.68 44.94
Sale of chicken at 42 day (@Rs. 200/kg live weight)* 69.70 82.02 83.51 90.02 88.05 81.76 79.63
Loss due to mortality (Rs.)# 209.10 82.02 83.51 0.00 88.05 0.00 79.63
Total benefit per group (Rs.)## – 127.08 125.59 209.10 121.05 209.10 129.49

C, T1, T2, T3, T4, T5, and T6 represent groups of chickens received aqueous extract of P. armeniaca in drinking water at concentration level of 0, 100, 150, 200, 300, 400, and 800
mg/kg body weight of chicken, respectively.

* Due to limited availability of fresh chickens at high altitude the rates are very high.
# Loss due to mortality = Sale cost per chicken X total mortality.

## Total benefit per group = Loss from mortality in control – loss from mortality in treatment.

Table 5
Plasma total protein, albumin, globulin, and glucose values of broilers supplemented
with aqueous extract of Prunus armeniaca.

Groups 0 day 21st day 42nd day

Total protein (g/dL)
Control 3.86 ± 0.09 4.11a ± 0.15 4.15a ± 0.21
T1 3.87 ± 0.13 4.60bc ± 0.17 5.33c ± 0.19
T2 3.80 ± 0.10 4.54b ± 0.14 5.22b ± 0.17
T3 3.81 ± 0.13 4.76d ± 0.19 5.51d ± 0.20
T4 3.84 ± 0.08 4.64c ± 0.16 5.40cd ± 0.23
T5 3.80 ± 0.05 4.47b ± 0.14 5.16b ± 0.18
T6 3.81 ± 0.07 4.51b ± 0.15 5.28bc ± 0.16

Albumin (g/dL)
Control 2.14 ± 0.06 2.17a ± 0.10 2.23a ± 0.15
T1 2.15 ± 0.04 2.61c ± 0.13 3.16b ± 0.21
T2 2.14 ± 0.06 2.53bc ± 0.09 3.14b ± 0.18
T3 2.10 ± 0.08 2.68d ± 0.15 3.21b ± 0.20
T4 2.11 ± 0.10 2.59c ± 0.14 3.20b ± 0.23
T5 2.10 ± 0.08 2.41b ± 0.10 3.12b ± 0.18
T6 2.11 ± 0.11 2.45b ± 0.12 3.17b ± 0.20

Globulin (g/dL)
Control 1.72 ± 0.08 1.94 ± 0.11 1.92a ± 0.09
T1 1.72 ± 0.08 1.99 ± 0.16 2.17c ± 0.14
T2 1.66 ± 0.06 2.01 ± 0.14 2.08b ± 0.17
T3 1.71 ± 0.09 2.08 ± 0.19 2.30d ± 0.21
T4 1.73 ± 0.10 2.05 ± 0.15 2.20c ± 0.16
T5 1.70 ± 0.06 2.06 ± 0.21 2.04b ± 0.13
T6 1.70 ± 0.06 2.06 ± 0.20 2.11bc ± 0.15

Glucose (mg/dL)
Control 316.25 ± 7.85 323.25c ± 5.37 308.25d ± 6.68
T1 316.00 ± 6.67 282.25a ± 7.92 257.00a ± 5.95
T2 316.75 ± 9.53 309.00b ± 6.45 293.25c ± 4.78
T3 314.50 ± 7.92 285.25a ± 6.20 261.50a ± 4.29
T4 314.25 ± 9.62 310.75b ± 5.97 289.00c ± 9.85
T5 318.75 ± 5.54 313.00b ± 4.60 301.50cd ± 7.59
T6 315.50 ± 7.59 289.40a ± 6.70 272.75b ± 4.87

C, T1, T2, T3, T4, T5, and T6 represent groups of chickens received aqueous extract of
Prunus armeniaca in drinking water at concentration level of 0, 100, 150, 200, 300,
400, and 800 mg/kg body weight of chicken, respectively.
Results are presented as mean ± S.E, n = 8.
Means bearing the different superscripts (a, b, c, d) in a columns differ significantly
(P < 0.05).

Table 6
Plasma cholesterol, triglyceride, HDL, and LDL values of broilers supplemented with
aqueous extract of Prunus armeniaca.

Groups 0 day 21st day 42nd day

Cholesterol (mg/dL)
Control 184.50 ± 10.50 193.00c ± 06.09 189.75c ± 10.54
T1 184.75 ± 09.19 175.25ab ± 05.55 159.25b ± 04.84
T2 185.25 ± 11.03 174.75ab ± 13.13 153.25ab ± 04.58
T3 186.50 ± 09.57 166.75a ± 05.46 147.00a ± 07.22
T4 184.25 ± 11.50 175.25ab ± 15.63 166.25b ± 05.02
T5 186.25 ± 10.75 173.00ab ± 15.86 168.75b ± 04.05
T6 185.75 ± 10.15 179.75b ± 10.11 169.25b ± 04.78

Triglyceride (mg/dL)
Control 124.50 ± 2.50 126.50b ± 2.21 121.50b ± 1.25
T1 125.75 ± 3.27 123.75ab ± 2.46 116.25ab ± 2.17
T2 124.25 ± 3.27 124.50ab ± 3.12 120.75b ± 1.25
T3 123.50 ± 2.59 118.25a ± 1.03 111.50a ± 1.84
T4 124.75 ± 1.10 122.75ab ± 1.25 115.75ab ± 2.32
T5 123.25 ± 1.25 122.25ab ± 1.43 120.00b ± 1.47
T6 124.50 ± 2.50 126.50b ± 2.21 121.50b ± 1.25

HDL (mg/dL)
Control 18.26 ± 0.40 21.81 ± 0.44 23.45 ± 0.51
T1 18.52 ± 0.51 22.27 ± 0.47 24.12 ± 0.49
T2 17.84 ± 0.49 22.90 ± 0.55 23.81 ± 0.60
T3 18.90 ± 0.46 23.04 ± 0.51 25.19 ± 0.58
T4 17.89 ± 0.42 22.10 ± 0.55 24.33 ± 0.60
T5 18.12 ± 0.50 22.65 ± 0.57 25.00 ± 0.62
T6 18.55 ± 0.40 22.37 ± 0.38 24.26 ± 0.55

LDL (mg/dL)
Control 45.19 ± 0.79 41.32 ± 0.76 40.11 ± 0.84
T1 46.11 ± 0.82 40.16 ± 0.90 39.85 ± 0.82
T2 45.80 ± 0.85 41.03 ± 0.90 40.10 ± 0.78
T3 46.31 ± 0.91 39.56 ± 0.95 38.83 ± 0.90
T4 45.21 ± 0.90 40.76 ± 0.92 40.21 ± 0.89
T5 46.07 ± 0.87 41.09 ± 0.90 39.74 ± 0.92
T6 45.89 ± 0.91 40.70 ± 0.95 39.45 ± 0.93

C, T1, T2, T3, T4, T5, and T6 represent groups of chickens received aqueous extract of
Prunus armeniaca in drinking water at concentration level of 0, 100, 150, 200, 300,
400, and 800 mg/kg body weight of chicken, respectively.
Results are presented as mean ± S.E, n = 8.
Means bearing the different superscripts (a, b, c) in a columns differ significantly
(P < 0.05).
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cholesterol level among the groups (Table 6). Plasma triglyceride
concentration was reduced significantly in T3 group chicken in
comparison to control group.

The AST level was reduced in the treatment groups as compared
to control group, whereas ALT level was recorded lowest in T3
group chicken among the groups (Table 7).
Plasma antioxidant level in chickens

Lipid peroxidation
MDA level was reduced in the treatment groups (P = 0.041) as

compared to control group (Table 8). Among the treatment groups,
the lowest MDA level was recorded in T3 group chicken.



Table 7
Plasma creatinine, uric acid, ALT, and AST values of broilers supplemented with aqueous extract of Prunus armeniaca.

Groups 0 day 21 day 42 day

Creatinine (mg/dL)
Control 0.87 ± 0.13 1.25 ± 0.06 1.22 ± 0.12
T1 0.90 ± 0.11 1.27 ± 0.04 1.22 ± 0.06
T2 0.92 ± 0.12 1.22 ± 0.20 1.20 ± 0.05
T3 0.87 ± 0.12 1.22 ± 0.07 1.18 ± 0.07
T4 0.95 ± 0.09 1.22 ± 0.16 1.32 ± 0.12
T5 0.90 ± 0.09 1.20 ± 0.04 1.22 ± 0.04
T6 0.92 ± 0.13 1.21 ± 0.05 1.30 ± 0.10

Uric acid (mg/dL)
Control 5.02 ± 0.14 5.38 ± 0.16 6.18 ± 0.22
T1 5.01 ± 0.18 5.41 ± 0.24 6.18 ± 0.26
T2 5.01 ± 0.17 5.37 ± 0.21 6.15 ± 0.23
T3 5.06 ± 0.11 5.42 ± 0.26 6.17 ± 0.25
T4 5.02 ± 0.16 5.44 ± 0.19 6.10 ± 0.23
T5 5.02 ± 0.14 5.44 ± 0.21 6.12 ± 0.27
T6 5.01 ± 0.15 5.37 ± 0.22 6.15 ± 0.24

AST (IU/L)
Control 98.50 ± 2.10 89.75d ± 1.31 84.00c ± 3.24
T1 97.25 ± 3.19 68.50b ± 3.40 56.25a ± 2.32
T2 97.00 ± 3.89 64.00b ± 2.16 57.75a ± 2.56
T3 97.25 ± 1.65 57.00a ± 1.82 54.75a ± 1.49
T4 98.25 ± 0.85 72.75bc ± 2.92 57.25a ± 1.93
T5 98.50 ± 2.95 79.75c ± 1.49 68.75b ± 1.79
T6 98.00 ± 1.29 68.00b ± 3.58 61.00a ± 1.47

ALT (IU/L)
Control 23.50 ± 2.10 19.25b ± 1.49 18.50c ± 1.32
T1 22.50 ± 2.10 18.50b ± 1.19 14.50b ± 1.75
T2 23.75 ± 1.65 16.25ab ± 1.31 12.75b ± 1.31
T3 23.00 ± 2.79 13.75a ± 1.37 08.50a ± 0.64
T4 22.50 ± 1.32 17.25ab ± 1.10 14.75b ± 1.31
T5 22.75 ± 1.97 19.00b ± 1.29 13.75b ± 1.32

23.00 ± 0.91 16.75ab ± 1.25 12.50b ± 0.95

C, T1, T2, T3, T4, T5, and T6 represent groups of chickens received aqueous extract of Prunus armeniaca in drinking water at concentration level of 0, 100, 150, 200, 300, 400,
and 800 mg/kg body weight of chicken, respectively.
Results are presented as mean ± S.E, n = 8.
Means bearing the different superscripts (a, b, c, d) in a columns differ significantly (P < 0.05).
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Free radical scavenging capacity
Free radical scavenging capacity was higher in the treatment

groups (P = 0.038) as compared to control group. Among the treat-
ment groups, chicken in the T3 group represented highest scaveng-
ing activity (Table 8).

Total antioxidant capacity (TAC)
TAC was higher in all treatment groups as compared to control

group (P = 0.020). In between treatment groups, chicken in T3
group represented highest TAC (Table 8).

Inflammatory cytokine level
The level of inflammatory cytokines: IL-1, IL-2, and IL-6 in

plasma samples of chickens are presented in Table 9. The level of
IL-2 was significantly (P < 0.05) increased in treatment groups as
compared to control group. Furthermore, the level of proinflamma-
tory cytokine IL-6 was reduced (P = 0.044) in the treatment groups
as compared to control group chicken.

Discussion

Characterisation of extract

In this study, DPPH and ABTS radical scavenging capacity of the
P. armeniaca extract was increased in a dose dependent manner,
similar to positive control ascorbic acid. TAC represents the overall
antioxidant capacity of plant extract in reducing oxidative stress
and in this study, the P. armeniaca extract was found rich in TAC.
This increase in the antioxidant defense system could be attributed
to the higher content of carotenoids (b-carotene), polyphenolic
compounds (catechins, neochlorogenic acid, caffeic acid) and flavo-
noids in P. armeniaca. It has been well reported that the antioxidant
capacity of plant is associated with polyphenolic content [29] and
in the present study P. armeniaca extract was found rich in total
phenolics, flavonoids, and carotenoid contents.

In vitro dose efficacy of P. armeniaca extract

In the present study, P. armeniaca extract stimulated the prolif-
eration of chicken PBL in a dose dependent manner and extract was
not toxic to cells at higher dose concentrations. Furthermore, it
also exhibited cytoprotective activity against H2O2 induced toxicity
in chicken PBL. The ability of plant extract to stimulate lymphocyte
proliferation and enhanced cytoprotection is mainly due to its
higher antioxidant content [30]. As carotenoids along with
polyphenolic compounds are the major bioactive components in
P. armeniaca [7] and it is very likely that these antioxidants in
P. armeniaca probably were responsible for enhanced cellular
immunity in chickens.

In vivo growth performance

At high altitude, the growth performance of poultry chicken is
adversely affected [31] and this is also clearly evident from this
study where the final body weight of broilers recorded in the con-
trol group was 348.53 g after 42 days. The reason behind the low



Table 8
Effect of Prunus armeniaca on MDA, TAC, and free radical-scavenging activity of broiler chickens.

Groups 0 day 21st day 42nd day

MDA (nmol/mL)
Control 8.41 ± 0.29 8.06d ± 0.18 8.13e ± 0.19
T1 8.38 ± 0.31 6.47b ± 0.24 4.43b ± 0.17
T2 8.48 ± 0.36 6.60b ± 0.21 5.13c ± 0.16
T3 8.37 ± 0.27 6.07a ± 0.15 4.08a ± 0.18
T4 8.46 ± 0.40 6.84c ± 0.19 4.52b ± 0.08
T5 8.51 ± 0.40 7.02c ± 0.23 5.16c ± 0.09
T6 8.43 ± 0.33 6.90c ± 0.18 5.65d ± 0.15

FRAP value (mm/L)
Control 1098.26 ± 11.21 1189.04a ± 14.63 1167.57a ± 16.87
T1 1098.53 ± 10.06 1313.78c ± 17.48 1686.24c ± 17.61
T2 1097.33 ± 07.78 1392.45d ± 17.36 1487.58b ± 18.24
T3 1098.24 ± 07.92 1496.98e ± 15.47 1785.26e ± 18.08
T4 1096.34 ± 07.56 1380.01d ± 14.63 1741.18d ± 15.86
T5 1096.26 ± 07.60 1300.53c ± 19.58 1668.17c ± 17.29
T6 1097.31 ± 09.94 1224.30b ± 20.03 1474.65b ± 15.83

DPPH radical-scavenging activity (%)
Control 41.92 ± 0.21 43.14a ± 1.37 42.87a ± 2.11
T1 41.52 ± 0.40 55.94c ± 0.87 64.30c ± 1.87
T2 41.65 ± 0.47 49.26b ± 0.85 63.03c ± 1.41
T3 41.96 ± 0.27 59.61d ± 0.78 66.13d ± 0.63
T4 41.43 ± 0.48 56.67c ± 2.43 61.94bc ± 0.82
T5 41.91 ± 0.12 52.48bc ± 1.23 58.86b ± 2.93
T6 42.03 ± 0.16 48.13b ± 1.03 57.16b ± 1.82

C, T1, T2, T3, T4, T5, and T6 represent groups of chickens received aqueous extract of Prunus armeniaca in drinking water at concentration level of 0, 100, 150, 200, 300, 400,
and 800 mg/kg body weight of chicken, respectively.
Results are presented as mean ± S.E, n = 8.
Means bearing the different superscripts (a, b, c, d, e) in a columns differ significantly (P < 0.05).

Table 9
Plasma IL-1, IL-2, and IL-6 level in broilers supplemented with aqueous extract of
Prunus armeniaca.

Groups 0 day 21st day 42nd day

IL-1 (pg/mL)
Control 5.45 ± 0.33 5.48 ± 0.30 5.51 ± 0.34
T1 5.43 ± 0.27 5.46 ± 0.41 5.49 ± 0.38
T2 5.45 ± 0.21 5.48 ± 0.44 5.50 ± 0.49
T3 5.46 ± 0.30 5.45 ± 0.35 5.47 ± 0.42
T4 5.44 ± 0.36 5.43 ± 0.40 5.46 ± 0.50
T5 5.45 ± 0.28 5.47 ± 0.43 5.49 ± 0.46
T6 5.43 ± 0.33 5.45 ± 0.31 5.48 ± 0.40

IL-2 (pg/mL)
Control 8.56 ± 0.44 8.59a ± 0.51 8.60a ± 0.47
T1 8.55 ± 0.49 8.80b ± 0.56 9.15b ± 0.56
T2 8.54 ± 0.38 8.80b ± 0.50 9.12b ± 0.60
T3 8.57 ± 0.45 8.93c ± 0.62 9.37c ± 0.65
T4 8.56 ± 0.44 8.90c ± 0.56 9.36c ± 0.58
T5 8.58 ± 0.33 8.82b ± 0.42 9.10b ± 0.60
T6 8.55 ± 0.36 8.83b ± 0.50 9.15b ± 0.50

IL-6 (pg/mL)
Control 8.47 ± 0.24 8.56b ± 0.45 8.61b ± 0.40
T1 8.49 ± 0.32 8.44a ± 0.26 8.39a ± 0.37
T2 8.47 ± 0.26 8.45a ± 0.30 8.39a ± 0.26
T3 8.45 ± 0.20 8.41a ± 0.28 8.35a ± 0.41
T4 8.46 ± 0.36 8.44a ± 0.23 8.37a ± 0.30
T5 8.50 ± 0.38 8.45a ± 0.37 8.37a ± 0.44
T6 8.46 ± 0.38 8.43a ± 0.40 8.34a ± 0.30

C, T1, T2, T3, T4, T5, and T6 represent groups of chickens received aqueous extract of
Prunus armeniaca in drinking water at concentration level of 0, 100, 150, 200, 300,
400, and 800 mg/kg body weight of chicken, respectively.
Results are presented as mean ± S.E, n = 8.
Means bearing the different superscripts (a, b, c) in a columns differ significantly
(P < 0.05).
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body weight could be attributed to hypobaric hypoxic conditions
which affects the body metabolism due to disturbance in energy
balance that leads to decrease in body mass with the increase in
the catabolic activities [2,31].
However, increase in the body weight in treatment groups
might be due to the presence of bioactive molecules (carotenoids,
catechins, neochlorogenic acid, caffeic acid) in P. armeniaca extract
[7] which can stimulate increased digestion and metabolism of
nutrients causing higher efficiency in the utilization of feed which
results in enhanced growth in chickens. Net return also revealed an
increase in the profit in the treatment groups as compared to con-
trol group due to a reduction in the mortality rate.

Blood biochemical parameters

The elevated total protein level in treatment groups might be
due to higher protein and nutritional content of P. armeniaca [9]
which causes greater absorption of amino acid in intestinal tissues,
and increased protein synthesis. Albumin protein is a negative
acute phase protein [32] and increased level of albumin in treat-
ment groups possibly due to anti-inflammatory activity of P. arme-
niaca [13]. The increase in the globulin content may be due to the
immune stimulating activity of bioactive molecules present inside
P. armeniaca [12]. In the present study, P. armeniaca extract
reduced the level of glucose in chickens and this may be due to
reduced glucocorticoid secretion with P. armeniaca supplementa-
tion, which could limit protein and lipid catabolism due to reduced
gluconeogenesis [33].

Reduced level of plasma cholesterol and triglyceride in treat-
ment groups might be due to the reduced activity of HMG-CoA
reductase enzyme by the P. armeniaca polyphenols [34]. Reduced
level of ALT and AST in treatment groups indicates hepatoprotec-
tive activity [14,35] of P. armeniaca extract in chicken liver cells.

Antioxidant parameters

In the present study, the P. armeniaca extract was supplemented
to broiler chicken as antioxidant source and it enhanced antioxi-
dant defense level while decreased the level of MDA in chickens.
This might be due to the higher content of phytomolecules such
as vitamins, carotenoids, polyphenols and flavonoids in the P.
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armeniaca extract. Previous reports of Ozturk et al. [35] and Yilmaz
et al. [36] in laboratory animals indicated a remarkable reduction
in MDA level and increased antioxidant defense level after admin-
istration of the P. armeniaca extract. Effective antioxidative proper-
ties of the P. armeniaca extract can also be implicated with an
improved growth performance of broilers observed in this study.
Therefore, under the high altitude stress condition P. armeniaca
seed extract at dose concentration of 200 mg/kg body weight of
chicken could be useful as a broiler feed additive for their better
growth rate.

Inflammatory cytokines level

In the present study, the P. armeniaca extract reduced the level
of proinflammatory cytokine IL-6 in treatment groups. This might
be due to anti-inflammatory activity of polyphenolic compounds
of P. armeniaca [13] through downregulating NF-kB signaling path-
way by decreased phosphorylation of NF-kB [37]. Moreover, P.
armeniaca extract stimulate the production of IL-2, which is pro-
duced by activating T helper cells 1 (Th1) and play a central role
in cell mediated immunity [38]. This suggests that, P. armeniaca
extract exerts immunomodulatory effects in broilers through
mediating both cellular and humoral immunity.

Conclusions

Results revealed that, supplementation of aqueous extract of P.
armeniaca seeds in broilers, had beneficial effects on their growth
performance, survivability, antioxidant level, immune status and
blood biochemical parameters. Higher profit was gained in P. arme-
niaca supplemented groups. In addition, P. armeniaca extract at
dose concentration of 200 mg/kg body weight of chicken provides
a better effect as compared to the other treatments level. Hence, it
can be concluded that P. armeniaca seed extract has potential
health benefits in broilers and it could be used as a source of phy-
togenic feed additive for improvement in their growth perfor-
mance and to save the loss from high mortality at high altitude.
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