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ABSTRACT
Key words: An experiment was conducted to investigate the effect of heat stress on growing Muscovy ducks during
Heat stress, summer season and some strategies to alleviate its adverse effect. Nutrition strategies as addition of
Muscovy ascorbic acid and sodium bicarbonate to feed and welfare improvements as swimming access were assed
ducks, against heat stress. Forty eight (seven week old) Muscovy ducks randomly allotted into four equal
5\73?;’:3“ groups; heat stressed group (HS) without any supplementation, ascorbic acid (AA), sodium bicarbonate

(NaHCO3) group and swimming access (SWIM). The results revealed that the swimming access

significantly improved Muscovy duck welfare by improving body care behavior (preening, head shake,
body shake and ruffling) and significantly increased the standing behavior and reduced crouching
percent. Results also showed significant reduction in blood corticosterone level and (heterophils/
lymphocyte) H/L ratio for swimming access than other groups. While, swimming access group had

significant reduction in relative growth rate than control one.
Corresponding Author: Hebatallah E. El-Shafaei: heba.elshafaei@alexu.edu.eg

1. INTRODUCTION

Thermal stress is one of the most important
environmental stressors challenging the poultry
production worldwide, as continuous change in global
climate lengthens of hot season and increase the
geographic area affected by high temperature
(Hansen et al. 2010) . Also continuous selection for
high production will generate more heat which needs
to be dissipated.

Thermo neutral zone is the temperature at which
the birds can loss heat in controlled rate using normal
behavior and body temperature is constant. The
optimal room temperature of ducks ranged from 10 to
15°C (Huang et al. 2008). Birds will suffer from heat
stress when heat production becomes greater than the
maximum heat loss and birds cannot control their
body temperature, thus a welfare problems exists and
birds may die (Emery, 2004).

Heat stress had a negative impact on animal
behavior and welfare, that bird under heat stress has
more laying time to reduce the heat generated from
movement, less preening and increased frequency of
panting and spread of wing (Pereira et al. 2007 and
Ma et al, 2014). Panting is one of heat loss
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mechanisms by evaporative cooling resulted in loss of
carbon dioxide and respiratory alkalosis, which can be
prevented by 0.25-0.5 % NaHCO,. Water supply is
necessary for ducks for water directed behavior also
to thermorgulate their body and fulfillment of their
welfare (Suswoyo and Sulistyawan, 2014: Van Der
Meulen and Den Dikken, 2004).

Nutritional strategies aimed to alleviate the
negative effect of heat stress by maintaining feed
intake and water balance or by supplementing
micronutrient such as vitamins ( A, C & E) and
mineral ( Sodium bicarbonate, ammonium chloride &
sodium carbonate) to satisfy the special needs during
heat stress (Lin et al. 2006)

The aim of this work was assess ascorbic acid and
sodium bicarbonate supplementation as well as
swimming access to overcome heat stress effect on
behavioral patterns, production performance, Serum
Corticosterone level and heterophil lymphocyte ratio

2. MATERIAL ANDMETHODS

All the procedures of this study were carried out
using the facilities belonging to Department of
Animal Husbandry and Animal Wealth Development ,
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Faculty of Veterinary Medicine, Alexandria
University during summer season from August to
September  (maximum temperature was 33°C + 0.5
and the minimum temperature was 25°C £ 0.5) with
relative humidity 50-70 % for the three weeks of the
experiment.

2.1.Birds

Forty eight (seven weeks old) Muscovy ducks wer:
randomly allotted into four equal groups. HS group tha
exposed to heat stress condition, AA group was supplied b

minute to separate serum and preserved under (-20°C)
for analysis of corticosterone hormone. Plasma
corticosterone concentration was measured on the
principle of photometric detection using a commercial
corticosterone enzyme Immunoassay Kits. At the end
of the experiment another blood sample were
collected from 6 birds from each group (3 male and 3
female) via slaughtering in clean sterile heparinized

Qube in order to measure heterophilis / lymphocyte
t(H/L) count. The blood smears were prepared by
YGiemsa stain.

500 mg/kg diet ascorbic acid, NaHCO3 group was supplied
by 250 mg/kg diet sodium bicarbonate and SWIM group 2 5 statistical analysis

was supplied by swimming pool of 2x0.5m

2.2.Management and cleaning

The birds were housed in a clean and well-ventilated
house. Day to day management was carried out for
keeping facilities clean. Water and feed were supplied
ad-libitum throughout the experiment. Crude protein
and metabolizable energy was 19 % and 2900 kcal.
All birds were apparently healthy and were vaccinated
against Avian Influenza with a 0.5 ml subcutaneous at
the 9" day old.

2.3.Behavioral observation

Behavioral observations were started when the
birds were seven weeks old and extended up to ten
weeks old with infrared digital cameras using scan
system (Mahrous, 1993). Day / Night period (24hrs.)
was divided into four periods 6hr. each. Recording the
number of birds performing a particular behavioral
pattern was determined into a check sheet. For every
behavior pattern, data was expressed as percentages
(number of individual birds performing the behavior)

2.4.Productive performance

2.4.a. Live body weight & Relative weight gain
Ducks were identified by leg band and weighted
individually every week from 7t to the 10" week of
age. The relative weight gain (RGR%) was calculated
with the following formula for both male and female
according to Broody cited Lopez etal. (2000)

wa —wl

(wl+w2) /2
2.4.b. Blood parameter
At the 27?4 10" and 21t days from the

onset of the experiment, four blood samples were
collected from wing vein from each group in clean
weatherman tube then centrifuged at 3000 rpm for 10

RGRYM = #* 100 = 04
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The results in this experiment were expressed as
means + SE. the difference between group means was
assessed by analysis of variance (ANOVA) and
DUNCAN test by SAS, Software 2004.

Statistical model Xj; =+ t; + g

Where:

Xij = observed data | = population mean

t; = treatment effect (HS,AA, NaHCO; and SWIM)

eij = random error.

3. RESULTSAND DISCUSSION

3.1.Behavioral observation

Results in Figure (1, 2a,b) showed the effects of HS,
AA, NaHCO3, SWIM on Muscovy duck behavior;
Feeding behavior non-significantly affected by such
strategies. Howewer, NaHCO3 group showed
significant increased drinking behavior (9.95%) than
HS one (6.97%). There was shifting in feeding
behavior to be maximum during night and morning
than afternoon. In contrast, drinking behavior was the
maximum during evening. These results supported by
the finding of Mahmoud, (2010); Lara and Rostagno
(2013) who found that electrolytes supplementation
in diet stimulate water consumption, also agreed with
Suswoyo and Sulistyawan, (2014) whoes found that
there was no effect of swimming access on feeding
behavior during heat stress. On the other hand;
Ahmed and Sarwar (2005); Kutlu and Forbes (1993)
concluded that 250mgeq/ kg from dietary electrolytes
base sodium bi carbonate and ascorbic acid
supplementation increased feed intake.

SWIM had significant increase in standing behavior
and significant decrease in crouching behavior (6.67
& 67.04%) than HS (3.47 & 75.35 %) while AA had
non-significant increase in walking activity (4.66%)
than HS (4.34%). Meanwhile, NaHCOS3 significantly
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decrease walking and standing and significant
increase crouching percentage (2.95, 3.03 & 75.60%,
respectively). These results are in agreement with
Bonzakova et al. (2012); Mack et al. (2013) who
concluded that heat stressed birds spend less time
walking and standing with more time crouching.

SWIM was significantly improved body care behavior
(preening, head shake, body shake, ruffling and tail
wag) (18.58, 3.00, 1.93, 1.51 & 6.94%, respectively)
than HS (16.96, 1.96, 1.14, 0.77 and 6.40%,
respectively). In  contrary, the NaHCO3
supplementation had the lowest percent of body care

behavior (13.47, 1.09, 094, 0.74 & 4.86%,
respectively) while AA group had nonsignificant
increase in body care behavior (17.34, 1.96, 1.46, 1.19
& 7.07%, respectively). Panting behavior was not
significantly affected by different strategies; howewer,
it was maximum during afternoon (15.33%) and
minimum during night (0.1%). These results are in
agreement with Nikolova, (2010); Ma et al. (2014);
Suswoyo and Sulistyawan (2014) who conclude that
the swimming access during heat stress improved the
body care behavior and heat stressed bird show less
body care behavior.

Fig. (1) Effect of heat stress (HS),

ascorbic acid (AA) sodium bicarbonate

(NaHCO3;) and swimming access on
ingestive behavior of Muscovy ducks.

Crouching

Fig. (2a) Effect of heat stress (HS), ascorbic acid
(AA), sodium bicarbonate (NaHCO;) and
swimming access on resting behavior of Muscovy
ducks
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Fig. (2) Effect of heat stress (HS), ascorbic acid (AA),
sodium bicarbonate (NaHCO;) and swimming access
on movements activity of Muscovy ducks



El-Shafaei et al /Alexandria Journal of Veterinary Sciences Jan. 48 (2): 69-76

BHS EAA riNaHCo3 [ESWIM
20
T
18 v
16 i
Lk
14 i
Lty
e 12 i
Lty
E 10 =
g g e
e
fam
° 5
fam
4 v
2 T
0 A, 4
%) 0 . A & A
s, @”8‘/;) %, X % “%,
7 > Ky Ry 2
% @ % 5, 3 /5% ©
parameter

Fig (3). Effects of heat stress (HS), ascorbic acid (AA) sodium bicarbonate (NaHCO3) and swimming
access(SWIM) on body care behavior percent of Muscovy ducks

3.2.Production performance:

Table (1) showed that at the end of the experiment
HS males showed significant increase in body weight
(4.63 kg) than AA, NaHCO3 and SWIM (4.13, 4.04
& 4.15 Kg; respectively). However, the final body
weight of female was higher in AA and NaHCO3 was
the same (2.62kg) than HS and SWIM (2.54& 2.30
kg), On the other hand, mixed sex had no significant
difference between treatments. The obtained results
were supported by Lai et al. (2003) and Huang et al.
(2008) who found that the body weight was
significantly decreases during heat stress. Also,
ascorbic acid supplementation did not increase the
body weight of heat stressed birds. Moreover, Balnave
and Gorman, (1993) reported that sodium bicarbonate
supplementation improved body weight and did not
appear to be related to water retention in the body.
Table (2) revealed that by the end of experiment the
body weight was decreased so that the relative growth
rate (RGR) had negative value for all treatments (AA,
NaHCO3 & SWIM) and recorded (-5.34, -8.64 & -
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5.24 %; respectively) except control group proceeded
in their weight gain and RGR (6.08 %). RGR of male
at the end of experiment was significantly higher in
HS (36.86%) than NaHCO3 and SWIM (20.99 &
20.29%) while AA had non-significant decrease from
HS. On the other hand RGR of females in SWIM
significantly decreased (-0.73%) than HS, AA and
NaHCO3 (12.24, 12.23, 12.66 %, respectively).
Moreover, mixed sex recorded significant (P < 0.05)
decrease in SWIM (9.78%) than these of HS and AA
(22.50 & 19.94%) while NaHCO3 had nonsignificant
decrease (16.82%) than HS and AA. These results
disagreed with the finding of Ahmed and Sarwar,
(2005); Mohammed et al. (2015) and Ali et al. (2010)
the mentioned that ascorbic acid supplementation and
sodium bicarbonate improved RGR of birds.
Moreover, Puron et al. (1994); Bottje and Harrison,
(1985) and Whinting et al. (1991) who found
insignificant results due to ascorbic acid and sodium
bicarbonate supplementation on feed efficiency,
growth performance, weight gain, feed conversion
and mortality rate. In contrast to Smith and teeter,
(1987) who reported improvement in weight gain,
feed conversion and survival due to sodium
bicarbonate supplementation.
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Table 1: Means and their stander error of the effect of heat stress on body weight of Muscovy ducks.

ltems WO W1 W2 W3
Effect of treatments

Control 2.65b +0.15 311 022 3.3%b +0.26 341 £0.32

Vit. C 2.72ab + 0.14 312 +021 3.54ab + 0.25 3.38 +0.24

NaHCo3 2.78ab +0.15 321 £0.19 3.60a +0.25 333 £0.23

Swimming 2.85a +0.16 3.20 £0.21 3.55ab + 0.25 3.23 +0.29
effect of sex (treatments)

Control 3.21 +0.06 3.95 +0.08 436 +0.14 4632 £0.15

Vit. C 313 +0.11 377 £0.11 436 £0.1 4130 £ 0.1

Males NaHCo3 3.26 +0.09 3.84 +0.07 440 +0.08 4.04b +0.14

Swimming 3.38 +0.07 3.89 +0.06 437 +0.06 4.15b + 013

Control 2.25 +0.04 251 +0.06 2.70 +0.07 2.54ab + 0.06

Vit. C 232 +0.05 247 +0.07 2.72 +0.06 2.62a +0.09

AL NaHCo3 2.30 +0.06 2.58 +0.06 2.79 +0.05 2.62a £0.10

Swimming 2.32 +0.04 251 +0.06 2.73 +0.04 2.30b + 0.10

Means within the same column of'the same category carrying different superscripts are significantly different (p<0.05).

WO0= 7 weeks old Muscovy ducks.
W2 =9 weeks old Muscovy ducks.

W 1= 8 weeks old Muscovy ducks.
W3= 10 weeks old Muscovy duck.

Table (2) Means and their stander error of the effect of heat stress on relative growth rate (RGR) of Muscowy ducks.

N Male N Female N Over all
RGR Treatments X ior T it T+oE
HS 5 20.722 £1.82 7 1122 +1.17 12 1518 £ 1.71
RGRL AA 6 18.872 +1.31 6 6.51 +4.08 12 12.69 +2.76
NaHCO3 6 16.35%0 +1.98 6 11.69 +1.34 12 14.02 +1.34
SWIM 6 14.28> +0.71 6 817 +1.22 12 11.23 +1.14
HS 5 9.70° + 1.41 7 6.98 +0.74 12 8.120 + 0.8
RGR? AA 6 14.56* + 1.19 6 959 +1.38 12 12.082 + 1.15
NaHCO3 6 13.65% +0.88 6 8.03 +0.77 12 10.84% + 1.01
SWIM 6 11478 +191 6 837 +1.37 12 9.92% + 121
HS 5 6.08* + 2.29 7 -5.85% +3.14 12 -0.88% + 2.66
RGR3 AA 6 -5.37° +3.35 6 -3.86% £ 2.54 12 -4.6120 + 2,02
NaHCO3 6 -8.64° + 3.67 6 -6.86% +2 .11 12 -7.750 +2.04
SWIM 6 -5.24P + 3.81 6 -17.44° +3.83 12 -11.34% +3.16
HS 5 36.86% + 3.47 7 12.242 +2.29 12 22508 +4.11
TRGR AA 6 27.66% +4.12 6 12,238 +5.01 12 19.942 + 3.87
NaHCO3 6 20.99° +4.98 6 12.66% + 2.64 12 16.8220 +2.96
SWIM 6 20.29° +2.89 6 -0.73 +3.74 12 9.78" + 3.89

Means within the same column of'the same category carrying different superscripts are significantly different (P < 0.05).
RGR1 = the relative growth rate from 7t to 8t week old. RGR2=the relative growth rate from 8t to 9t week old.
RGR3= the relative growth rate from 9t to 10t week old. TRGR= Total relative growth rate from 7t to 10t week old.
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Table (3): Means and their stander error of the effect of heat stress on body temperature of Muscovy ducks.

Treatments Body temperature
HS 41.37* +0.12
AA 41.577+0.12
NaHCo, 41.59* +0.13
SWIM 41.16° + 0.09

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

3.3.Body temperature

Swimming access group had significantly decreased
body temperature (41.16°C) than control group (41.37
°C) while the ascorbic acid and sodium bicarbonate
had non-significant increased body temperature
(41.57 & 41.59 °C) than control (Table 3). these
results agreed with Huang et al, (2008) & Suswoyo
and Sulistyawan, (2014) who concluded that
swimming access significantly decreased the body
temperature. However, Ahmad and Sarwar, (2005)
mentioned that sodium bicarbonate supplementation
significantly decreased body temperature .

3.4. Blood parameters

3.4. a. Differential leukocytic count

the differential leukocytic count (fig. 4) had
significant increase in heterophil/ lymphocyte (H/L)
ratio in AA group of males, females and mixed sex
(1.63, 1.48 & 1.57, respectively) than SWIM (0.15,
0.39 & 0.27, respectively), control group (0.21, 0.47
& 0.34, respectively) and NaHCO3 group (0.44, 0.38
& 0.41, respectively). These results disagreed with
those of Minka and Ayo, (2008); Prieto and Compo,
(2010) & Sayed and Downing, (2011) who found that
AA & NaHCO; significantly decreased H/L ratio and
significant increase in heat stressed group.

3.4. b. Blood corticosteroids

Blood corticosterone level (fig. 5) during the 2" and
4" day of experiment had no significant difference
between treatments. But at the 10" day SWIM had
significant decrease in blood corticosterone level
(3.23 ng/ml) than HS (8.40 ng/ml). At the end of the
experiment SWIM and NaHCO3 recorded significant
decrease in blood corticosterone level (2.5 & 4.58
ng/ml) than control (12.48 ng/ ml) this results
supported by Quinteiro-Filho et al. (2012); Ma et al.
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(2014) & Mohammed et al. (2015) who reported that
heat stress significantly increased blood corticosterone
level while swimming access significantly reduced
blood corticosterone level.

It was concluded that swimming access significantly
improved body care behavior (preening, head shake,
body shake and ruffling) and increase the standing
behavior but reduced crouching percentage with
significant reduction in blood corticosterone level.
However, it had significant reduction in relative
weight gain than heat stressed group.

6. REFERENCES

Ahmad, T .,Sarwar, M. 2005, Influence of varying sources
of dietary electrolytes on the performance of broilers
reared in a high temperature environment. Anim. feed Sci.
Technol.120: 277-298.

Ali, M, Qota, E., Hassan, R 2010. Recovery from adverse
effects of heat stress on slow-growing chicks using
natural antioxidants without or with sulphate. Int. J. Poult.
Sci. 9: 109-117.

Balnave, D., Gorman, I., 1993, A role for sodium
bicarbonate supplements for growing broilers at high
temperatures. World's Poult. Sci. J. 49: 236-241.

Bottje, W., Harrison, P.1985. Effect of carbonated water on
growth performance of cockerels subjected to constant
and cyclic heat stress temperatures. Poult. Sci. 64: 1285-
1292.

Bozakova, N, Stoyanchev, K, Popova-Ralcheva, S,
Georgieva, N, Gerzilov, V., Valkova, E. 2012. Behavioral
Study of Mule Ducks with Subclinical Muscular
Dystrophy under Ecological Comfort and Stress
Conditions. Bulg. J. Agricult. Sci. 18: 511-518.

Emery, J. 2004 Heat stress in poultry-Solving the problem.
Defra publications (ADAS),
http://www.alpharma.comvahd.

Hansen, J, Ruedy, R, Sato, M., Lo, K. 2010. Global surface
temperature change. Reviews of Geophysics, 48.

Huang, J., Hu, Y., Hsu, J., Daghir, N. 2008. Waterfowl
production in hot climates. Poult. Product. in Hot
Climates: 330-375.


http://www/

El-Shafaei et al /Alexandria Journal of Veterinary Sciences Jan. 48 (2): 69-76

H/L ratio

1.8
1.6
1.4
1.2

ratio
ng,/mi

0.8
0.4
0.4
0.2

HE

A

MaHCa3 | Sk

gTOUpS

Fig (4) Heterophil / lymphocyte (H/L) ratio of
Muscovy ducks under heat stress ascorbic acid
(AA), sodium bicarbonate (NaHCOs: ) and
swimming access (SWIM) at the24th day of
experiment (end of the experiment).

heat

Kutlu, H., Forbes, J. 1993. Changes in growth and blood
parameters in heat-stressed broiler chicks in response to
dietary ascorbic acid. Livestock Prod. Sci. 36: 335-350.

Lai, M.K., Huang, J. F., Lin, C.Y,, Lin, R.H. 2003. Effects
of ascorbic acid supplementation on growth performance
and carcass traits of mule ducks in summer season.
J.Taiwan Livestock Res. 36: 283-290.

Lara, LJ., Rostagno, M.H. 2013. Impact of heat stress on
poultry production. Animals 3: 356-369.

Lin, H., Jiao, H., Buyse, J., Decuypere, E. 2006. Strategies
for preventing heat stress in poultry. World's Poult. Sci. J.
62: 71-86.

Lopez, S., France, J., Gerrits, W.J. Dhanoa, M.S,
Humphries, D.J., Dijkstra, J. 2000. A generalized
Michaelis-Menten equation for the analysis of growth. J.
Anim. Sci. 78(7): 1816-1828.

Ma, X., Lin, Y., Zhang, H., Chen, W., Wang, S., Ruan, D,
Jiang, Z., 2014, Heat stress impairs the nutritional
metabolism and reduces the productivity of egg-laying
ducks. Ani. Reprod. Sci. 145: 182-190.

Mack, L., Felver-Gant, J., Dennis, R., Cheng, H.W. 2013.
Genetic variations alter production and behavioral
responses following heat stress in 2 strains of laying hens.
Poul. Sci. 92: 285-294.

Mahrous, U.S. 1993. Some aspects of quail behaviour with
special referance to some  productive trait.

15
la
14
1z
10

L= N R =]

75

Corticosterone (ng/ml)

[

Fig (5) Serum corticosteron level of Muscovy ducks under
stress,
(NaHCO3) and swimming access at the 2nd | 4th 10th and 24t
day of experiment.

ascorbic acid (AA), sodium bicarbonate

M.V.Sc.Faculty of
University, Egypt.

Mahmoud, U T M F. 2010. Studies on some behavioral
patterns of quails with special reference to effect of heat
stress on behaviours, performance and some blood
parameters PhD thesis. Faculty of Veterainary Medicine
Assuit University, Egypt.

Minka, N., Ayo, J. 2008. Haematology and behaviour of
pullets transported by road and administered with
ascorbic acid during the hot-dry season. Res.Vet. Sci. 85:
389-393.

Mohammed, A.A., Abdel-Rahman, M.A., Darwish, M.H.
2015. Influence of Swimming Deprivation on Behavior,
Performance and some Blood Parameters of Muscovy
Ducks. J. Adv. Vet. Res. 5:53-59.

Nikolova, L. 2010. Daily dynamics of the elements of mule
ducks behavior at a different age, bred in integrated fish
ponds under different nutrient regimes, 1l, At applying the
scheme of feeding with partial restriction. J.Cent.l Eur.
Agricult. 11: 217-223.

Pereira, D., N&as, A., Salgado, D., Gaspar, C., Bighi, C.,
Penha, N. 2007. Correlations among behavior,
performance and environment in broiler breeders using
multivariate analysis. Revista Brasileira de Ciéncia
Avicola 9: 207-213.

Veterinary Medecine Alexandria



El-Shafaei et al /Alexandria Journal of Veterinary Sciences Jan. 48 (2): 69-76

Prieto, M., Campo, J. 2010. Effect of heat and several
additives related to stress levels on fluctuating
asymmetry, heterophil: lymphocyte ratio, and tonic
immobility duration in White Leghorn chicks. Poul. Sci.
89: 2071-2077.

Puron, D., Santamaria, R., Segura, J.C. 1994. Effects of
Sodium Bicarbonate, Acetylsalicylic, and Ascorbic Acid
on Broiler Performance in a Tropical Environment. J.
Appl. Poult. Res. 3: 141-145.

Quinteiro-Filho, W., Gomes, A., Pinheiro, M., Ribeiro, A.,
Ferraz-De-Paula, V., Astolfi-Ferreira, C., Ferreira, A.,
Palermo-Neto, J. 2012. Heat stress impairs performance
and induces intestinal inflammation in broiler chickens
infected with Salmonella Enteritidis. Avian Pathol. 41:
421-427.

SAS, S. 2004. STAT user's guide: statistics. SAS Inst. Inc.,
Cary, NC. 123-136.

Sayed, M., Downing, J., 2011. The effects of water
replacement by oral rehydration fluids with or without
betaine supplementation on performance, acid-base
balance, and water retention of heat-stressed broiler
chickens. Poult. Sci. 90: 157-167.

Smith, M., Teeter, R. 1987. Evaluation of sodium and
potassium salts for heat stressed broilers. Poultry Sci. 66:
179.

Suswoyo, I., Sulistyawan, I. 2014. Benefit of Swimming
Access to Behaviour, Body and Plumage Condition and
Heat Stress Effect of Local Ducks. Int. J. Poult. Sci.13:
214.

Van Der Meulen, S., Den Dikken, G. 2004. Duck keeping
in the tropics, Agromisa Foundation,

Whiting, T., Andrews, L., Stamps, L. 1991. Effects of
sodium bicarbonate and potassium chloride drinking
water supplementation, 1, Performance and exerior
carcass quality of broilers grown under thermoneutral or
cyclic heat-stress conditions. Poult.Sci.70: 53-59.

76



