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SUMMARY

The present experiment aimed to observe the effect of high ambient temperature during theQ1
summer season (April–June) on growth hormone (GH), metabolites, expression of lipogenic,
and matrix metalloproteinase (MMP3) genes in different tissues of PD3 chicken line during pre-
laying period and their effect on egg production in the post-summer period. We hypothesized
that supplementing fermented yeast culture (FYC) to chickens during summer may alleviate
heat stress by affecting GH, metabolites, and gene expression levels. Three groups of birds
(PD3 line) were considered with an average body weight 900 g at 16 wk. One group served
as control which did not receive any dose of supplement (FYC), and the other two groups
were supplemented with FYC at the rate of 0.5 g/kg and 1.25 g/kg of feed, respectively, during
and post-summer till 32 wk of age. Blood was collected at biweekly intervals, during summer
period only. The plasma was separated and stored for estimation of hormone and metabolites.
Relative gene expression study was conducted for liver and magnum portion of the reproductive
tract. Our results showed that the concentration of GH was significantly (P < 0.05) higher in
the control group compared to treatment groups. Expression of SCD, FAS lipogenic genes,
and MMP3 genes was higher in tissues of control (P < 0.05) compared to the treatment
groups during summer period. The results indicated that high ambient temperature increased
the concentration of GH, cholesterol, MDA, expression of lipogenic, and MMP3 genes in
different tissues of chickens during summer (pre-laying) period and supplementation of FYC
decreased the level of hormones, metabolites, and gene expression. Therefore, the supplement
reduced the effect of heat stress and increased egg production during laying period coinciding
with post summer period.
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DESCRIPTION OF PROBLEM

Physiological stress causes deleterious effects
on the production performance of poultry [1, 2].

1Corresponding author: antianand@gmail.com

Poultry growth performance is not only inher-
ited but also greatly affected by the change in 40

the environmental conditions [3]. Heat is the
main source for oxidative stress in domestic birds
that leads to impairment in biological, metabolic,
and endocrine systems, health disorders, and

http://dx.doi.org/10.3382/japr/pfz018
mailto:antianand@gmail.com
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lower production rates, which ultimately leads45

to economic loss [4]. Growth hormone (GH) is
synthesized and released from the somatotroph
cells of the anterior pituitary gland and is in-
volved in a variety of biological processes. Pre-
vious research reported that extra-pituitary GH50

is expressed in the ovaries of Hy-Line hens dur-
ing growing period (between 10–16 wk of age)
and also at the onset of egg laying stage [5].
An earlier study [6] reported that GH might
have local autocrine and paracrine functions.55

Moreover, GH affects the whole body as well
as at the tissue level and has a regulatory role
in growth and development of animals [7, 8].
When GH binds to its receptor, it further con-
trols the functions of other organs and tissues.60

GH also regulates lipid metabolism in adipose
tissue and liver, which is referred to as hepatic
metabolism [9, 10].

Changes in secretion and/or metabolism of
hypothalamic neurotransmitters increase the se-65

cretion of GH by increasing the secretion of
GHRH or by decreasing the secretion of so-
matostatin [11]. In a previous study, no dif-
ference was observed in GH or T4 concentra-
tion among the fast and slow-growing group70

of birds [12]. A previous study reported that
in case of 28 d old black boned chickens, the
plasma level of GH decreased under heat stress
when compared to chicken exposed to thermo
neutral conditions. A similar finding was re-75

ported by another study stating the adverse effect
of heat stress on expression of growth-related
genes, and also the GH receptor in case of
quails [13].

The concentration of malondialdehyde80

(MDA) in blood and tissues is used as biomark-
ers of lipid peroxidation [14, 15, 16]. Signifi-
cant increases in plasma MDA occurred in heat
stressed layers [17].

Expression of Fatty Acyl Synthase (FAS)85

and Stearoyl CoA Desaturase (SCD) genes
regulate lipogenesis. SCD is ubiquitously ex-
pressed in chicken tissues with highest levels
marked in proventriculus followed by ovary,
hypothalamus, kidney, liver, and adipose tis-90

sue in the female chickens [18]. Stromelysin-1
(MMP-3) and Stromelysin-2 (MMP-10) showed
the same structural design as collagenases
that could degrade many different extracellu-
lar matrix components [19, 20]. Matrix met-95

alloproteinases (MMPs) are primarily known
for their ability to degrade extracellular ma-
trix, but they can also degrade the non-matrix
proteins [21].

Previous research showed that β-glucan, a 100

major component of yeast cell wall, inhibited
the expression of intestinal genes associated with
cholesterol and fatty acid synthesis [22]. Further
based on that, treatment for lowering choles-
terol levels in the body can involve the use of 105

β-glucan, i.e., a polysaccharide derived from
wheat, seaweed, fungi, and yeast [23].

Hence, the present study aimed at studying
the plasma levels of different parameters and
relationship between GH, metabolites and ex- 110

pression of lipogenic, and MMP3 genes in dif-
ferent tissues of chickens along with supplemen-
tation of fermented yeast culture (FYC) during
and post-summer season to determine effects of
heat stress. If supplementation of FYC proves to 115

be beneficial in negating heat stress effects, it
can be given as a supplement to chickens during
summer season.

MATERIALS AND METHODS

Before conducting the present study, approval 120

was taken from the Institutional Animal Ethics
committee for techniques involved. The exper-
iment was conducted at poultry farm situated
in ICAR-Directorate of Poultry Research, Ra-
jendranagar, Hyderabad, India. The study was 125

conducted in summer season during months of
April May and June which is characterized by
gradual rise in the daily temperatures, with max-
imum temperature around 37◦C throughout the
month that may reach 41◦C or drop below 34◦C 130

only 1 d in 10. The month of June is charac-
terized by a rapid decrease in daily high tem-
peratures, with maximum temperature ranging
between 37◦C to 31◦C throughout the month,
exceeding 38◦C or dropping below 29◦C only 135

1 d in 10 [24]. Summer period was from last
week of April till last week of June. For studies
on egg production parameters, post summer pe-
riod extended till last week of August when the
temperature ranged between 29◦C–32◦C. The 140

relative humidity throughout the experimental
period ranged between 46%–70%. Temperature
and humidity in the shed were recorded daily
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Table A. Composition of Feed (in Percentage) for
Layers.

Components of diet Layer grower Layer breeder

Maize 56.05 61.39
Soybean meal 24.09 24.74
DORB 15.3 0.49
Stone grit 1.86 10.9
DCP 1.66 1.5
Salt 0.35 0.35
Sodium bicarbonate 0.1 0.1
DL-methionine 0.11 0.1
L-Lysine 0 0
Trace minerals 0.1 0.1
Vitamin premix 0.015 0.1
B complex 0.015 0.1
Antibiotic 0.05 0
Choline chloride 0.1 0
Toxin binder 0.1 0
Tylosin 0.05 0
Coccidostat 0.05 0

with digital environmental thermometer. A total
of 150 PD3 line chickens from the lineage of145

Dahlem Red breed, aged 16 wk, were selected
for the current study.

Grouping and Management of Chickens

The chickens were divided into 3 groups, one
served as control, and the other 2 served as treat-150

ment/supplemented groups. Each treatment had
10 replicates with 5 chickens in each replicate.
Chickens with uniform body weight ranging be-
tween 850–950 g, at 16 wk of age were consid-
ered for the present study. Till 19 wk of age, they155

were provided with growers feed (Table A), and
then, from 20 wk onwards, they were provided
with layers feed (Table A). Control group had ac-
cess to feed and water ad libitum. Basal diet was
offered to hens as per the composition followed160

by Panda et al. (2012) [22]. The supplemented
groups were fed with FYC (Saccharomyces cere-
visiae) at 2 different concentrations 0.5 g/kg (T1)
and 1.25 g/kg feed (T2) in addition to basal diet
(based on maize and soy feed). The summer pe-165

riod was considered from last week of April till
last week of June (8 wk). The birds attained
23 wk of age only by the end of summer pe-
riod (8 wk). Hence, the study on egg production
parameters continued in the post-summer period,170

coinciding with the laying period, which lasted
until the chickens attained 32 wk of age.

Analysis of Plasma GH and Metabolites

GH in plasma was estimated by competi-
tive enzyme immunoassay method, using com- 175

mercial EIA kit (Blue Gene Biotech, Shanghai,
China). The assay procedure was based on com-
petitive binding assay with a minimum detection
limit of 2.5 ng/ml. The absorbance of the color
solution obtained at the end of the reaction was 180

read at 450 nm. The intra and interassay coeffi-
cients of variation were less than 6%.

Plasma cholesterol was estimated based on
the method of Zlatkis et al. (1953) [23].
EZassayTM TBARS estimation kit was used for 185

estimation of MDA (lipid oxidation)d. The as-
say is based on the reaction of MDA with a
chromogenic agent, thiobarbituric acid (TBA), at
high temperature and acidic conditions to form
a color complex whose absorption was recorded 190

at 532 nm.

Gene Expression Studies

For gene expression studies, liver and mag-
num portion of the reproductive tract were
excised from 5 birds from all the three groups 195

during summer period. The tissues were ho-
mogenized, and RNA was extracted with Trizol
(InCell Technologies, Hyderabad, INDIA). The
purity and integrity of RNA were analyzed by es-
timating the ratio of ODs recorded at 260 and 280 200

nm, which ranged 1.9–2.0. Further RNA samples
were also run on 1.0% agarose gel. The RNA was
subjected to cDNA synthesis using first strand
cDNA synthesis kit (Thermo Fischer Scientific,
Bangalore, INDIA). PCR technique was stan- 205

dardized, subjecting cDNA to amplification with
respective Actin, SCD, FAS, and MMP3 primers
(Table B). The primers were got synthesized by
Chromous Co. Bangalore, India. The PCR prod-
ucts were analyzed by electrophoresis in 2% 210

(wt/vol) agarose gel (Figure 4) using ethidium
bromide as the stain. Further qPCR was then per-
formed using a Step One Plus Real-Time PCR
System (ABI) with Power SYBR Green PCR
Master Mix (Thermo Fischer Scientific, Banga- 215

lore, INDIA). Actin gene was kept as the house-
keeping gene. PCR cycling conditions included
predenaturation at 94 ◦C for 5 min followed by
40 cycles of denaturation at 94◦C for 10 s, an-
nealing at 55◦C for 10 s, and extension at 72◦C 220
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Table B. Sequence of Primers for Gene Expression Study.

Genes Sequences

Matrix metalloproteinase 3 5′;-TACCAGATGTCCGCTCATACAGCA-3′;- FP
5′;-TCACCACTGTAGAGCCTGATGAAC-3′;- RP

Fatty acid synthase 5′;-GATCTGGAGGCTCGTGTCAATGCT-3′;- FP
5′;- GTCTTTGCCCGCATCAGTGTCACG-3′;- RP

Stearoyl CoA desaturase 5′;-CTCCATGGCCTTCCAGAATGACATC-3′;- FP
5′;-TAAATCACTCAGGTCCAGCTTCTG-3′;- RP

Actin 5′;-GGACTACCTCATGAAGATCCTGAC–3′;- FP
5′;– GCCAATGGTGATGACCTGACCATC–3′;- RP

FP- forward primer, RP- reverse primer
Gene Size of the PCR product
1 PCR amplicon of SCD 190 bp
2 PCR amplicon of FAS 176 bp
3 PCR amplicon of MMP3 162 bp
4 PCR amplicon of Actin 160 bp
5 L DNA ladder

for 10 s and final extension at 72◦C for 5 min.
Relative mRNA expression of genes in liver and
magnum samples was performed in triplicates
for MMP3 gene whereas relative gene expres-
sion studies of SCD and FAS genes, was per-225

formed for liver tissue only and was analyzed
based on the 2−��CT method. Statistical anal-
ysis of the qPCR data was also performed.

Hypothesis

Summer season negatively affects the pro-230

duction parameters of livestock. The hypothesis
states that supplementation of FYC may reduce
the adverse effects of heat stress experienced
during the summer season via GH, metabolites,
expression of MMP3 and SCD, and FAS li-235

pogenic genes. This, in turn, may increase egg
production in PD3 layers [25].

RESULTS AND DISCUSSION

Level of plasma GH was compared between
the three groups, i.e., Control, T1 (0.5 g), and240

T2 (1.25 g), for the summer season. It was ob-
served that during summer season, the level of
plasma GH was significantly higher (P < 0.05)
in the control group, when compared to the other
2 groups (Table 1). The Mean±SE rectal temper-245

ature of the birds for 8 wk in the T1 and T2 group
was 107.2 ± 0.02 and 106 ± 0.02 respectively,
whereas that of the control was 107.9 ± 0.03◦F.

Mortality rate was 13%, 9%, and 5% in con-
trol, T1 and T2 groups, respectively. Rectal tem-250

Table 1. Concentration of Plasma GH (ng/ml) During
Summer Season.

Days Control T1 T2

15 100.49a ± 0.636 97.76b ± 0.636 89.14c ± 0.636
30 119.65a ± 0.752 109.72b ± 0.752 58.74c ± 0.752
45 110.97a ± 1.09 99.51b ± 1.09 59.65c ± 1.09

1T1 (0.5) and T2 (1.25) are supplemented groups.
a-cMean±SE values with different superscripts are signifi-

cantly different from each other within a row at P ≤ 0.05.
2Number of birds in each group was 10. (Age of the birds is

18–22 wk).

perature and mortality rate was lower for the T2
group when compared to the respective values
for T1 and control groups.

During summer season, the difference in feed
intake and body weight between the groups was 255

not significant (data not shown). On the 15th day,
it was observed that the level of plasma choles-
terol was significantly greater in control (P <

0.05) when compared to the T1 and T2 group.
The difference between the T1 and T2 was not 260

significant indicating that difference in the dose
of the supplement did not bring out significant
difference in the plasma cholesterol level. The
concentration of plasma MDA and cholesterol
was significantly greater (P < 0.05) at 30 and 265

45 d of the experiment in the control group when
compared to the T1 and T2 group (Tables 2 and
3). However, post 15 d at 30 and 45 d, the de-
crease in the concentration of cholesterol was
found to be dose-dependent. It was observed that 270

the concentration of plasma MDA, the lipid ox-
ide parameter, was significantly higher for the
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Table 2. Concentration of Plasma Cholesterol (mg/dl)
During Summer Season.

Days Control T1 T2

15 227a ± 1.47 205b ± 1.47 204b ± 1.47
30 246.54a ± 0.981 209.831b ± 0.981 180.03c ± 0.981
45 235.43a ± 1.04 206.98b ± 1.04 160.03c ± 1.04

1T1 (0.5) and T2 (1.25) are supplemented groups.
a-cMean ± SE values with different superscripts are signifi-

cantly different from each other at P≤0.05 within a row.
2Age of the birds is 18–22 wk.

Table 3. Concentration of Plasma Malondialdehyde
(uM/ml) During Summer Season.

Days Control T1 T2

15 100.89a ± 0.970 99.22a ± 0.970 89.95b ± 0.970
30 118.92a ± 1.61 106.96b ± 1.61 59.30c ± 1.61
45 117.62a ± 1.19 101.06b ± 1.19 57.37c ± 1.19

1T1 (0.5) and T2 (1.25) are supplemented groups.
a-cMean ± SE with different superscripts are significantly

different (P≤0.05) from each other within a row. 2Number

of birds in each group was 10. (Age of the birds is 18–22

wk).

control (P < 0.05) when compared to the con-
centration observed for the other 2 groups.

The decrease in the concentration of plasma

Q2

Q3

275

MDA was directly related to the supplement
dose. Our results also showed that the FYC
supplementation decreased the level of plasma
cholesterol after 15 d of the experiment. In dairy
cows, previous studies reported that cows sam-280

pled in summer had higher concentration of GH
than those sampled in winter [26, 27]. Acclima-
tion to heat stress might have led to decrease
in concentration of plasma GH. Opposite results
were reported in case of buffaloes [28]. It has285

been reported by a previous study [29] that dur-
ing acute physical stress in humans, plasma GH
level increases. In the present study, supplemen-
tation of FYC (T1 and T2 group) might have
made the chickens acclimatize to the hot sea-290

son or higher temperature, which decreased the
plasma GH concentration. Previous studies also
reported [30] that heat stress during summer
caused increase in plasma MDA levels. In the
present study also, during summer season, the295

prevailing high ambient temperature resulted in
lipid peroxidation and higher plasma MDA level
in the control group.

The β-glucans present in the yeast cell wall
induced cholesterol-lowering effects [31]. In300

rats, it has been reported that β-glucan extract
from S. cerevisiae can reduce total cholesterol
approaching normal values at doses of 10 mg
of 32.79% in blood plasma and 33.71% in the
liver [32]. Since FYC is a source of less num- 305

ber of live yeast cells and source of other factors
like vitamins, minerals, and amino acids, supple-
mentation of FYC along with the diet lowered
cholesterol and lipid peroxidation as indicated
by lesser concentration of plasma MDA in the 310

treatment group, thus resulting in the significant
differences between the treatments and control
group. The treatments also reduced the expres-
sion of lipogenic genes FAS (T1, P < 0.05 and
T2, P < 0.05) and SCD (T1, P < 0.05 and T2, 315

P < 0.01) as shown in Figures 1 and 2, when
compared to their respective control group dur-
ing summer season. Decrease in the FAS gene
expression directly relates to the FYC dose. Both
the doses of FYC were equally effective in re- 320

ducing the expression of FAS gene whereas ef-
fect on SCD gene was dose-dependent. Higher
dose was more effective (T1, P < 0.05 and T2,
P < 0.01) in reducing the expression of SCD
gene. Cholesterol can control the synthesis of 325

monounsaturated fatty acids in liver by regulat-
ing the expression of the SCD genes [33].

Earlier research showed that heat stress and
disturbances in lipid metabolism reflect in in-
creased serum triacylglycerol, total cholesterol 330

levels [34], and increased hepatic lipogenic en-
zymes activities like maleic enzyme, acetyl
CoA carboxylase, and fatty acid synthase [35].
Disturbance in lipogenesis occurs as a result
of up-regulation of hepatic lipogenic enzymes 335

through an increase in mRNA gene expression
level of these enzymes [36], which also leads
to metabolic disorders. In the present study
also, we observed a significant increase in the
level of plasma cholesterol and up regulation 340

of lipogenic genes (Figures 1 and 2) in the
control group during summer season. Previous
studies reported that β-glucan; component of
yeast cell wall inhibits the expression of in-
testinal genes associated with cholesterol and 345

fatty acid synthesis [37]. Besides that, hyperlipi-
demia is associated with higher level of choles-
terol and MDA, which further leads to oxidative
stress [38]. Higher concentration of cholesterol
and MDA may induce more lipid synthesis in 350

control group of chickens. Enzymes, vitamins,
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Figure 1. Relative gene expression of FAS gene in liver tissue of PD3 line chicken. C1 and C2–Control for
Treatment 1 and 2, respectively. FAS-Fatty Acyl Synthase. Actin gene served as housekeeping gene. ∗P ≤ 0.05,
N = 5.
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Figure 2. Relative gene expression of SCD gene in liver tissue of PD3 line chicken. C1 and C2–Control for
Treatment 1 and 2, respectively. SCD-Stearoyl Co A Desaturase. Actin gene served as housekeeping gene.∗P ≤
0.05, ∗∗P ≤ 0.01, N = 5.

saccharides, and other metabolites produced
from yeast fermentation may benefit growth,
metabolism, and health of chickens. Beneficial
effects of FYC in ruminants and pigs are well355

known. It has been reported in pigs that sup-
plementation of FYC resulted in higher ADG,
better intestinal health, and immunomodulatory
effects [39].

In the present study, the concentration of360

plasma GH, cholesterol, and MDA was signifi-
cantly high in the control group of PD3 chickens,
which had no inclusion of yeast culture.

Further, supplementation of FYC lowered
cholesterol and MDA, often used as markers365

of heat stress [40]. It has also been observed

that supplementation of FYC during summer to
pullets with histopathological condition of je-
junum, showed improved egg production and
lowered stress factors [41]. Studies in rats have 370

indicated that high levels of circulating choles-
terol can induce SCD gene expression in the liver
[42, 43]. In vivo studies suggested that when liver
was challenged with excess of cholesterol, it in-
creased SCD activity for cholesterol esterifica- 375

tion for storage in the form of VLDL molecule
and transported to other tissues. In the present
study, we found higher levels of plasma choles-
terol in the control group that likely increased
SCD gene expression (Figure 3). The chick- 380

ens were not hypercholesteremic, but plasma
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Figure 3. Relative gene expression of MMP3 gene with respect to actin housekeeping gene in liver and magnum
tissues of PD3 line chicken. C1 and C2–Control for Treatment 1 and 2 respectively. MMP3-Matrix metalloproteinase
3. ∗∗P ≤ 0.001, N = 5.

cholesterol level was significantly higher in the
control group when compared to the treatment
groups. However, higher dose of FYC signifi-
cantly decreased (P < 0.01) the expression of385

SCD gene.
MMPs are a large family of zinc-

endopeptidases which play an essential role
in maintaining multiple physiological and
pathological processes. The MMP-3 enzyme390

degrades different collagen types, proteogly-
cans, fibronectin, etc. In addition, it also acti-
vates other MMPs; thus MMP-3 plays a crucial
role in connective tissue remodeling. Multiple
hormones, cytokines and growth factors can also395

induce MMP expression. The proteolytic activ-
ities of MMPs influence essential cellular pro-
cesses like cell proliferation, migration, and ad-
hesion, as well as many key physiological events
involving tissue remodeling [44]. In the present400

study, higher gene expression of liver MMP3 in
the control group (Figure 3) may indicate greater
proteolytic activity in the liver and magnum tis-
sues in the control group during summer season.
In case of MMP-3 expression, the lower dose405

had greater efficacy in reducing the expression
of MMP-3 gene in the magnum (P < 0.001)
as well as in liver (P < 0.001) (Figure 3). We
also observed that the response in the magnum
was higher when compared to the liver tissue410

of treatment group. MMP-3 is up regulated un-
der inflammatory circumstances [45]. Another
study on cows [46] has reported that during
early postpartum period, the plasma level of GH
was more under negative energy balance con- 415

ditions, and the expression of MMP-3 was up
regulated.

During summer, the higher concentration of
GH in the control group was positively related
with higher expression of lipogenic and MMP 3 420

genes. The significant decrease in the concentra-
tion of GH upon supplementation of FYC was
positively related with decrease in the expression
of SCD, FAS, and MMP 3 genes.

Hence in the present experiment, expression 425

of the SCD, FAS, and MMP3 genes was higher
in the control group, which was exposed to
high temperature during summer, without sup-
plementation of FYC. This indicated higher li-
pogenesis and degrading activity in the control 430

group.
The effect of supplementation of FYC during

and post-summer was evaluated based on pro-
duction performance in the post-summer period
only, which coincided with the laying period. The 435

mean ± SE feed intake during post-summer pe-
riod, was, however, significantly less (P < 0.05)
for the T1 and T2 groups, when compared to the
control at 30 and 32 wk of age (Table 4). The
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Figure 4. PCR products loaded on a 2% Agarose gel.

Table 4. Feed Intake (g/bird/d) of Birds During
Post-Summer Season.

Weeks1 Control T1 T2

28 78.36a ± 0.634 76.32a ± 0.610 74.31b ± 602
30 109.20a ± 0.734 100.01b ± 0.734 76.21c ± 0.734
32 114.23a ± 1.10 100.23b ± 1.10 80.23c ± 1.10

1Weeks represent the age of the birds during post-summer

period.
a-cMean± SE values with different superscripts are signifi-

cantly different (P≤0.05) from each other in a row. 2Number

of birds in each group was forty.

Table 5. Body Weight (g) of Birds During
Post-Summer Season.

Weeks1 Control T1 T2

28 1488 ± 4.26 1490 ± 3.28 1507 ± 3.28
30 1482 ± 4.25 1500 ± 4.10 1525 ± 4.26
32 1500a ± 3.44 1515a ± 3.44 1535b ± 3.44

1Weeks represent the age of the birds in the post-summer

period.
a-bMean± SE values with different superscripts are signifi-

cantly different(P≤0.05) from each other in a row. 2Number

of birds in each group was 40.

decrease in feed intake did not decrease body440

weight or egg production.
On the contrary, we observed an average egg

Q4

Q5

production (in percentage) higher in the treat-
ment groups when compared to the control for
the period between 26–32 wk of age 60% (C)445

vs. 62% (T1) vs. 64% (T2, Table not given).
Body weight was observed to be greater in
the T2 group in the post summer period only;
the difference was significant only at 32 wk
(Table 5). Based on that, we concluded that sup-450

plementation of FYC decreased heat stress mark-
ers like plasma cholesterol, MDA, expression of
lipogenic, and MMP3 genes. We also noticed a
decrease in feed intake that did not result in any
adverse effect on body weight and egg produc-455

tion potential during post summer period. Hence,

FYC supplementation during and post summer
benefitted PD3 (Delham Red) hens/pullets.

Statistical Analysis

Data were analyzed by analysis of vari- 460

ance (ANOVA) test using general linear model
procedure evaluated on SPSS 10 software for
Windows [24]. LSD was utilized for pair wise
comparison of the least squares mean. For the
gene expression analysis, comparison between 465

the control and treatment groups was performed
by t-test.

Detailed Laboratory and Bird Management
Procedures

The birds were procured from ICAR- 470

Directorate of Poultry Research, Rajendranagar,
Hyderabad, India. Each hen was placed in a sin-
gle cage, feed and water were supplied ad libitum
(Table A). CP and ME of the grower’s feed was
18% and 2800 kcal/kg whereas for layer’s feed 475

it was 15% and 2500 kcal/kg, respectively. Body
weight and feed intake were recorded at fort-
night interval. In the laying period, during the
post summer period eggs were collected daily,
and weight was recorded. A 3 ml of blood from 480

ten randomly assigned birds of each group was
collected from brachial vein at biweekly inter-
val during 8 wk of summer season only. Dur-
ing laying period, blood was not collected from
birds, as it stressed the birds. The collected blood 485

was immediately transported on ice to lab. The
blood samples were centrifuged at 3000 rpm for
15 min, and plasma was separated and stored
at −20 ◦C for assay of parameters, like GH,
cholesterol, MDA. From 24 till 32 wk of age, 490

studies were restricted to egg production, feed,
and body weight parameters. Supplementation
of FYC continued during this tenure also.

Source of Stick, Equipment, and Materials

aChromous Co. Biotech Pvt. Ltd, Bangalore, 495

India.
bBioGene Biotech, Shanghai, China.
cBioAssay Systems, CA 94,545, USA.
dHi Media Co. Pvt., Ltd., Mumbai, India.
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CONCLUSIONS AND500

APPLICATIONS

1. Supplementation of FYC at the concentra-
tion of 1.25 mg/kg to the pullets/chickens
improved production parameters through
modulation of levels of plasma hormones.505

2. FYC supplementation also decreased the ad-
verse effects of heat stress experienced dur-
ing the summer season on GH, metabolites,
expression of MMP3 in liver and magnum.

3. FYC also increased the egg production in510

PD3 layers.
4. FYC can be used in layers for increase in

production performance.
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