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Assessing the thermo-tolerance potentials of five commercial 
layer chicken genotypes under long-term heat stress environ-
ment as measured by their performance traits

This study was conducted to test the thermo-tolerance abil-
ity of five commercial chicken genotypes (Lohmann Brown, LB; 
Lohmann White, LW; new hampshire, nh; White Leghorn se-
lected for low feed expenditure, WL-fe and White Leghorn with 
sex-linked dwarf gene, WL-dw) under long-term heat exposure. 
two-hundred forty female chickens were assigned to a completely 
randomized design in a 5 × 2 factorial arrangements (five genetic 
groups and two ambient temperatures [thermo-neutral, 18–20 °C; 
heat stress, 30–32 °C]). Individual eggs were collected on daily ba-
sis while egg weight and feed intake were determined on individual 
and group basis at 28-days intervals, respectively. Shell quality traits 
were determined at 25, 40 and 56 weeks age. no genotype × am-
bient temperature interactions were found except for body weight 
and egg deformation. Chickens at thermo-neutral temperature pro-
duced significantly heavier eggs than those of heat-exposed (60 g vs. 
54 g). hen-housed egg production of chickens in thermo-neutral 
temperature was significantly higher than those of heat-stressed 
(76.8 % vs. 66.2 %). daily egg mass production at thermo-neutral 
and heat stressed chickens was 46 g and 35.8 g, respectively. feed 
consumption in heat-stressed and thermo-neutral chickens was 
109 and 80.8 g, respectively. Shell thickness, breaking strength and 
haugh unit values were significantly reduced in heat-stressed chick-
ens. Among heat-exposed chickens, the nh had the highest body 
weight while the LW produced 10 % more eggs than the group av-
erage. The heat-induced effect on shell quality traits was lowest in 
LW chickens. The results indicated that the magnitude of heat stress 
was breed dependent in which the LB showed poor adaptability to 
heat stress while both nh and LW genotypes demonstrated better 
thermo-tolerance ability. 

Key words: poultry / laying hens / egg quality / egg pro-
duction / heat stress / genotype

Ocena tolerančnega potenciala petih komercianih genotipov 
kokoši nesnic na osnovi proizvodnih lastnosti pod pogoji dolgo-
trajnega toplotnega stresa

v študiji smo testirali toplotno toleranco petih komercialnih 
genotipov kokoši (Lohmann Brown, LB; Lohmann White, LW; new 
hampshire, nh; beli leghorn, selekcioniran na nizko porabo krme, 
WL-fe in beli leghorn s spolno vezanim genom za pritlikavost, WL-
dw) pod pogoji dolgotrajne izpostavljenosti visokim temperaturam. 
Za naključno zasnovan 5 × 2 faktorski poskus (pet genetskih skupin 
in dve ambientalni temperaturi [termo nevtralna, 18–20 °C; toplotni 
stres, 30–32 °C]) smo uporabili 240 kokoši. Jajca smo zbirali individ-
ualno vsak dan, poraba krme pa je bila ocenjena individualno in za 
posamezne skupine v 28-dnevnih intervalih. kakovost jajčne lupine 
smo ocenili pri starosti 25, 40 in 56 tednov. med genotipi in okoljs-
kimi temperaturami nismo našli interakcij, razen za telesno maso 
in deformacije jajc. kokoši so v termo nevtralnem okolju proizva-
jale statistično zančilno težja jajca (60 g) kot kokoši pod toplotnim 
stresom (54 g). proizvodnja jajc kokoši v termo nevtralnem okolju 
je bila statistično značilno višja (76,8 %) kot pod pogoji toplotnega 
stresa (66,2 %). dnevna proizvodnja jajčne mase je bila višja v termo-
nevtralnem okolju (46 g) kot pod pogoji toplotnega stresa (35,8 g). 
poraba krme v termo nevtralnem okolju je bila nižja (80,8 g) kot 
pod pogoji toplotnega stresa (109 g), debelina jajčne lupine, trdnost 
lupine in vrednosti v haughovih enotah so bile statistično značilno 
zmanjšane pri kokoših v pogojih toplotnega stresa. med kokošmi 
pod toplotnim stresom je imel genotip nh najvišjo telesno maso, 
genotip LW pa je proizvedel 10 % več jajc kot je bilo povprečje sku-
pine. najmanj opazen je bil vpliv okoljske temperature na kakovost 
lupine pri genotipu LW. naši rezultati kažejo, da je stopnja toplot-
nega stresa odvisna od genotipa, pri čemer ima LB najslabšo prila-
godljivost na toplotn stres, medtem ko sta genotipa nh in LW poka-
zala boljšo toleranco za povišano okoljsko temperaturo. 

Ključne besede: perutnina / kokoši / nesnice / jajca / kakovost 
/ proizvodnja / toplotni stres / genotip
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1 IntroductIon

poultry production is one of the most important 
sectors of animal production throughout the world, par-
ticularly in tropical countries where it is considered as 
affordable source of animal protein to populations lack-
ing access to cheap consumable products. Although the 
indigenous breeds performed better under higher levels 
of management than under village situations, they still 
do not perform competitively under commercial con-
ditions (Wondmeneh et al., 2011). modern specialised 
breeds and lines have been developed since the 1950s 
in developed countries to produce high output in ma-
jor performance traits. Breeding goals were directed to 
achieve high performance in meat and/or egg produc-
tion traits. Attempts of developing countries to build up 
their own breeding industry have been impeded by two 
factors: competition with international poultry breeding 
companies and the lack of local poultry breeds suitable 
for modern commercial production (hoffmann, 2005).

recently there have been efforts to establish poultry 
farming as an industry in many tropical areas using com-
mercial chicken breeds (Wondmeneh et al., 2011; Islam 
et al., 2002; Bekele et al., 2010). It has been observed that 
some commercial chicken breeds have shown better per-
formance under tropical environments as compared with 
unimproved local chickens and even their crossbreds 
(forsido, 1986; Alewi et al., 2011). however, most com-
mercial chicken populations are obtained from breeding 
farms with a controlled environment and are delivered to 
production farms with variable environments across the 
world. As a consequence, genotype × environment inter-
actions may occur (falconer and mckay, 1996). 

heat tolerance of laying hens is particularly an im-
portant issue for the adverse effect of genotype × envi-
ronment interactions on egg production because the 
productive period is long and the impact of heat stress 
increases with the hens’ age (Bordas and mérat, 1992). 
In such situations, the use of unsuitable genotypes in hot 
regions may result in large economic losses due to de-
creased performance, reduced protein gain, and higher 

mortality. Accordingly, testing the adaptation potential 
of various commercial chicken breeds to a particular 
stressful environment should be the strategy of choice 
when genotype by environment interactions signifi-
cantly affects economically important traits (hartmann, 
1990). This study was thus conducted to test the adaptive 
responses and thermo-tolerance ability of five commer-
cial chicken genotypes to long-term heat exposure and 
identify those with improved thermo-tolerant ability for 
further breeding purposes.

2 MaterIals and Methods 

2.1 experImentAL AnImALS And theIr 
mAnAgement

forty-eight chickens from each genotype of White 
Leghorn with sex-linked dwarf gene (WL-dw), White 
Leghorn selected for low feed expenditure (WL-fe), 
new hampshire (nh) Lohmann White (LW) and Lohm-
ann Brown (LB) were used to test their thermo-tolerance 
ability and adaptive responses to long-term heat stress. 
The chicks were hatched at the same time and divided in 
two groups in which 24 birds from each genotype were 
kept in thermo-regulated houses at 18–20 °C (thermo-
neutral) whilst the remaining 24 at 30–32 °C (heat stress) 
(table 1). The brooding temperature for those chicks 
kept in thermo-neutral temperature was adjusted as fol-
lows: for day old chicks, 35 °C; for the first week, from 
34 °C to 33 °C; for the second week, from 30 °C to 28 °C 
and for the third week from 28 °C to 23 °C. Those chicks 
exposed to heat stress were reared in the same environ-
mental temperature (30–32 °C) right after hatching. 
All chicks were raised on floor pens in the respective 
temperatures up to 20 weeks age. Thereafter, they were 
transferred to battery cages with the respective ambient 
temperatures (thermo-neutral 18–20 °C; heat stress 30–
32 °C) and kept in temperature regulated conventional 
individual layer cages (1000 cm² per hen) to the end of 
the experimental period (56 weeks). 

Ambient temperatures
Commercial layer genotypes
LW LB nh WL-dw WL-fe

Thermo-neutral (18–20 °C) 24 24 24 24 24
heat stress (30–32 °C) 24 24 24 24 24
total (n) = 240

Table 1: Levels of ambient temperatures and the genetic composition of commercial chicken genotypes
Preglednica 1: Okoljske temperature in genetsko ozadje komercialnih linij nesnic

LW = Lohmann White; LB = Lohmann Brown; nh = new hampshire; WL-dw = White Leghorn with sex-linked dwarf gene; WL-fe = White Leg-
horn selected for low feed expenditure
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Ambient temperature and relative humidity of the 
pen was measured at 2 hours interval using a digital ti-
nytalk™ II data Logger device. relative humidity could 
not be controlled but was monitored continuously and 
ranged from 50 to 75 % and 65 to 85 % in the experimen-
tal and thermo-neutral houses, respectively. The hens 
were kept under 12-h light program, which corresponds 
to the natural conditions in the tropics. 

during the growing period, the birds kept on the 
floor pen had ad libitum access to feed and water. Stand-
ard starter (11.4 mJ/kg and 18 % crude protein) and 
grower rations (11.4 mJ/kg and 15 % crude protein) were 
provided to all growing chicks and pullets, respectively. 
The adult hens were fed on commercial laying feed with 
11.4 mJ/kg energy and 17 % crude protein contents. The 
adult hens kept in individual cage were fed in-group ad 
libitum (4 hens/feed pan) and supplied with water using 
individual nipple drinkers. 

2.2 dAtA COLLeCtIOn prOCedureS 

Body weights were measured at 20 weeks age and 
end of the experiment (56 weeks). mortality was re-
corded as it occurred. The age at first egg was used to 
determine the sexual maturity of birds. eggs were col-
lected from individual hens once daily and egg weight 

was determined at 28-d intervals. feed consumption was 
measured every week by a weigh-back of feed residues in 
group feed troughs (4 birds/feeding trough). egg quality 
traits were determined for all birds at 25, 40 and 56 weeks 
age using conventional methods. percentage hen-housed 
production, egg mass production, feed conversion ratio 
(fCr), haugh units (hu) and yolk index were calculated 
using standard methods. 

2.3 StAtIStICAL AnALySIS

All performance parameters were analysed in a 
complete 2 × 5 factorial design (2, thermo-neutral and 
heat stress ambient temperatures; 5, genotypes). Analy-
sis of variance (AnOvA) was performed using the SAS 
gLm procedure (SAS, 2004) with the model including 
the main effects of genotype and ambient temperature 
with one-way interaction. Comparisons of multiple 
means were made using duncan multiple range test. 

Ambient 
temperature (t) genotype (g)

Age at sexual 
maturity (wks)

Body weight (kg)
20 wks age 56 wks age

Thermo-neutral LW 21.3b 1.336b 1.791b

LB 21.9b 1.556a 2.190a

nh 22.4b 1.487a 2.138a

WL-dw 22.4b 1.001c 1.451c

WL-fe 24.4a 1.069c 1.548c

heat stress LW 21.3b 1.270b 1.321c

LB 21.4b 1.514a 1.663b

nh 22.0b 1.494a 1.802a

WL-dw 21.3b 0.987d 1.201c

WL-fe 23.7a 1.075c 1.225c

Sources of variations p-values
t 0.009 0.187 <0.0001
g <0.0001 <0.0001 <0.0001
t × g 0.558 0.549 0.022

Table 2: Effect of genotype, ambient temperature and their interactions on sexual maturity and body weight of commercial layer hens
Preglednica 2: Učinek genotipa, okoljske temperature in njunih interakcij na spolno zrelost in telesno maso komercialnih linij nesnic

a,b,c,d Column means across each ambient temperature with different superscript letters are significantly (p < 0.05) different
LW = Lohmann White; LB = Lohmann Brown; nh = new hampshire; WL-dw = White Leghorn with sex-linked dwarf gene; WL-fe = White Leg-
horn selected for low feed expenditure 
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3 results 

3.1 SexuAL mAturIty And BOdy WeIght

As shown in table 2, the effect of ambient tempera-
ture and genotype on sexual maturity of birds was sig-
nificant (p < 0.05). Among heat-exposed genotypes, age 
at sexual maturity was significantly delayed in WL-fe 
than other genotypes. Body weight at 20 weeks age did 
not significantly differ between heat-stressed and ther-
mo-neutral chickens, which correspond the anticipated 
age of sexual maturity (table 2). however, significant dif-
ferences were noted in body weight between genotypes 
in heat stress magnitude in which the LW showed the 
highest heat-induced depression values while the LB and 
WL-dw the lowest (table 4). The heat-induced depres-
sion values for body weight at 20 weeks age were positive 
for nh and WL-fe genotypes. At 56 weeks of age, the 
body weight in all heat-exposed genotypes was reduced 
(p < 0.001) with a significant genotype × environment 
interactions compared with those in thermo-neutral 
temperature. The magnitude of heat stress induced de-
pression in body weight at 56 weeks age was significantly 
(p < 0.05) higher for LW and LB breeds than nh and 
WL-dw genotypes (table 4). Among heat-exposed chick-
ens, the body weight at 56 weeks was higher (p < 0.05) in 
nh than the rest four genotypes. 

3.2 egg prOduCtIOn trAItS And feed utI-
LIZAtIOn

Although the effect of genotype × ambient tempera-
ture interactions was not significant (p > 0.05), the effect 
of ambient temperature and genotype was highly signifi-
cant (p < 0.001) for egg weight, egg production and egg 
mass production (table 3). In the current study, egg pro-
duction has been presented in laying rate and expressed 
as percentage of hen-housed production. As presented 
in table 4, hen-housed egg production was significant-
ly (p < 0.001) decreased in all heat-stressed genotypes 
compared with those at thermo-neutral environment. 
The highest heat-induced reduction in hen-housed egg 
production was observed in LB (18.9 %) and the lowest 
in WL-dw (8.7 %) which differed significantly from other 
genotypes (table 4). Among heat-exposed genotypes, the 
hen-housed egg production was significantly (p < 0.05) 
different in LW (76.5 %) compared with the rest of four 
genotypes and produced 10 % more eggs than the group 
average. 

On the contrary, the WL-dw and WL-fe had the 
lowest hen-housed egg production and were significant- te
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ly different (p < 0.05) from LW and LB genotypes. As 
shown in table 3, the effect of heat stress on egg weight 
was highly significant (p < 0.001) in all genotypes result-
ing in a general depression of 9.7 % compared to those 
kept at thermo-neutral temperature. As shown in table 
4, the LW genotype had that highest heat-induced egg 
weight depression and differed significantly from other 
genotypes. 

In heat-exposed genotypes, the egg mass produc-
tion was significantly (p < 0.001) different to that of ther-

mo-neutral temperature (table 3). Among heat-exposed 
genotypes, the egg mass production was significantly 
(p < 0.05) larger in LW and LB genotypes. however, the 
heat-induced egg mass reduction was significantly high-
er for LB than other genotypes (table 4). no significant 
(p > 0.05) differences were found in egg mass production 
between nh, WL-fe and WL-dw genotypes reared at 
high ambient temperature. At thermo-neutral environ-
ment, however, the WL-dw genotype produced signifi-
cantly (p < 0.05) lower egg mass than other genotypes.

performance traits LW LB nh WL-dw WL-fe
Body weight at 20 wks

Thermo-neutral 1.336A 1.336A 1.336A 1.336A 1.336A

heat stress 1.270A 1.270A 1.270A 1.270A 1.270A

heat-induced depression, %1 −4.94a −2.70b +0.47c −1.40b +0.56c

Body weight at 56 wks
Thermo-neutral 1.791A 1.791A 1.791A 1.791A 1.791A

heat stress 1.321B 1.321B 1.321B 1.321B 1.321B

heat-induced depression, % −26.2a −24.1a −15.7b −17.2b −20.9ab

hen-housed egg production, %
Thermo-neutral 86.5A 87.4A 74.3A 65.4a 70.4a

heat stress 76.5A 70.9B 64.1B 59.7B 59.8B

heat-induced depression, % −11.6b −18.9a −13.7b −8.70c −15.1ab

egg weight (g)
Thermo-neutral 59.5A 61.5A 59.3A 59.0A 59.3A

heat stress 52.1B 56.1B 54.3B 53.2B 53.9B

heat-induced depression, % −12.4a −8.80b −8.40b −9.80b −9.10b

egg mass production (g/d/hen)
Thermo-neutral 51.2A 53.9A 44.1A 38.6A 42.0A

heat stress 39.9B 39.8B 35.2B 31.7B 32.3B

heat-induced depression, % −22.1b −26.2a −20.2bc −17.9c −23.1b

feed consumption (g/d/hen)
Thermo-neutral 120A 123A 115A 88.9A 98.6A

heat stress 85.9B 90.4B 87.8B 66.2B 73.7B

heat-induced depression, % −28.4a −26.5a −23.7b −25.5ab −25.3ab

feed conversion ratio (kg/kg egg mass)
Thermo-neutral 2.42A 2.48A 2.98A 2.52A 2.34A

heat stress 2.29A 2.29A 3.00A 2.15A 2.15A

heat-induced depression, % −0.54c −7.70b +0.70c −14.7a −8.10b

Table 4: Response of individual genotypes to heat exposure as expressed by heat stress-induced depression in performance traits
Preglednica 4: Odziv različnih genotipov na toplotni stres, ocenjen na osnovi zmanjšanja proizvodnje

A, B Column means between ambient temperatures with different superscript letters are significantly (p < 0.05) different
a, b, c Column means between genotypes with different superscript letters are significantly (p < 0.05) different
1 Calculated from: (heat stress − Thermo-neutral) / (Thermo-neutral)*100
LW = Lohmann White; LB = Lohmann Brown; nh = new hampshire; WL-dw = White Leghorn with sex-linked dwarf gene; WL -fe = White Leg-
horn selected for low feed expenditure
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during the entire experimental period, mortal-
ity in heat-stressed birds was generally lower in WL-fe 
(4.2 %), but higher in LB and nh genotypes having the 
same mortality rate of 8.3 %. no mortality was observed 
in heat-stressed LW and WL-dw genotypes. In ther-
mo-neutral environment, however, the mortality rate 
was equally higher for both LW and WL-dw genotypes 
(8.3 %). 

As shown in table 3, the effect of ambient tem-
perature and genotype on feed consumption was highly 
significant (p < 0.001), but not their interactions. Com-
pared with thermo-neutral birds, the overall feed con-
sumption reduced in heat-stressed birds by about 26 %, 
the highest and the lowest values being observed in LW 
and nh genotypes, respectively (table 4). Amongst heat-
stressed genotypes, the daily feed consumption per hen 
was highest in LB (90.4 g) and lowest in WL-dw (66.2 g) 
genotypes. Although fCr reduced in heat-exposed 
genotypes, the effect of ambient temperature was insig-
nificant. however, significant differences in fCr were 
noted in the magnitude of heat-induced depression be-
tween genotypes in which the WL-dw genotype showed 
the highest and the LW the lowest values (table 4). The 
nh breed was the only genotype among others which 
showed a positive heat stress induced depression in fCr.

3.3 egg quALIty trAItS

As presented in table 5, except for yolk index, the 
effect of heat stress on all egg quality traits was signifi-
cant (p < 0.05). A highly significant (p < 0.001) genotype 
effect was also observed on all investigated egg quality 
traits. however, the effect of genotype × temperature was 
only significant (p < 0.05) for egg deformation. Shell 
thickness was negatively affected by heat stress in all gen-
otypes, with the smallest effect observed in LW genotype. 
Similarly, heat stress did not affect (p > 0.05) breaking 
strength and yolk index in LW genotype. 

The highest depression in hu (albumen quality) 
was noted in LB and nh, while the lowest in WL-fe 
genotype. however, yolk index increased (p > 0.05) in all 
heat-stressed genotypes except in WL-dw. Among heat-
exposed genotypes, the LW and LB produced eggs with 
the lowest deformation, while the WL-dw with the high-
est deformation. With advancing age, egg production, 
shell quality traits, yolk index and hu decreased whereas 
egg deformation increased.

Ambient  
temperature (t) genotype (g)

Shell thickness 
(mm)

Breaking strength 
(n)

egg deformation  
(mm)

haugh  
units

yolk index 
(%)

Thermo-neutral LW 376bA 41.2aA 56.1bA 83.7aA 43.7bA

LB 385aA 41.9aA 56.6bA 81.3aA 46.5aA

nh 369cA 41.4aA 62.4aA 75.2bA 46.4aA

WL-dw 364cA 38.0bA 59.5abA 76.8bA 44.2bA

WL-fe 365cA 38.2bA 56.7bA 71.6cA 44.4bA

heat stress LW 371aA 41.2aA 55.6cA 81.5aA 45.6abA

LB 369aB 40.6abA 58.2bcA 77.0bB 47.3aA

nh 362bA 39.2abA 60.7bA 71.4cB 46.6aA

WL-dw 354cA 34.6cB 67.0aB 74.3bcA 43.9cA

WL-fe 358bA 36.7bcA 60.0bA 71.7cA 44.8bcA

pooled Sem 3.99 1.234 1.438 1.164 0.609
Sources of variations p-values
t 0.0007 0.031 0.03 0.0003 0.166
g <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
t × g 0.701 0.756 0.02 0.342 0.340

Table 5: Effect of genotype, ambient temperature and their interactions on egg quality traits at 25, 40 and 56 weeks of age
Preglednica 5: Učinek genotipa, okoljske temperature in junih interakcij na kakovost jajc v starosti 25, 40 in 56 tednov

a,b,c Column means across each ambient temperature with different lower case superscript letters are significantly (p < 0.05) different 
A,B means between ambient temperatures within each genotype with different upper case superscript letters are significantly (p < 0.05) different 
LW = Lohmann White; LB = Lohmann Brown; nh = new hampshire; WL-dw = White Leghorn with sex-linked dwarf gene; WL-fe = White Leg-
horn selected for low feed expenditure; Sem = Standard error of the mean
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4 dIscussIon

4.1 SexuAL mAturIty And BOdy WeIght

In the present study, age at sexual maturity was re-
duced in all heat-exposed genotypes. heat stress is well 
known to reduce the reproductive performance of laying 
hens by interrupting egg production, an effect caused not 
only by a reduction in feed intake but also by a disruption 
of hormones responsible for ovulation and a decrease in 
responsiveness of granulose cells to luteinizing hormone 
(donoghue et al., 1989; novero et al., 1991). The depres-
sion in body weight due to heat exposure was only sig-
nificant at 56 weeks age ranging from 15.7 to 26 % com-
pared to those of non-heat-exposed birds. In the present 
study it has been thus demonstrated that the extent of the 
effect of hyperthermia on body weight was much great-
er in the older birds which is most likely attributable to 
relative differences in the birds’ body sizes, surface areas, 
and geometries as reported by Sandercock et al. (2001). 
These findings further agree with those of mashaly et al. 
(2004) who found that body weight of laying hens were 
decreased when exposed to high temperature possibly 
due to a reduction in feed consumption and feed con-
version efficiency. exposure to high ambient temperature 
with increasing age resulted in body weight reduction in 
LW and LB genotypes. 

The heat-induced depression values for body weight 
at 20 weeks age were positive for nh and WL-fe geno-
types indicating better thermo-tolerance ability of these 
breeds as compared to other genotypes. The nh is a 
dual-purpose chicken, which was developed by special-
ized selection out of the rhode Island red breed for rapid 
growth, fast feathering, early maturity and vigour. The 
observed poor thermo-tolerance in commercial layer 
hens may be attributable to a decreased ability to lose 
heat as reported by macLeod and hocking (1993).

4.2 egg prOduCtIOn And feed utILIZAtIOn

Although the effect of interaction genotype × envi-
ronment was not significant (p > 0.05), hen-housed egg 
production was significantly (p < 0.01) affected by heat 
stress in all five genotypes. These results agree with those 
of muiruri and harrison (1991) and kirunda et al. (2001), 
who reported that egg production in layer hens decreased 
when they were exposed to high environmental tempera-
ture. The decrease in egg production in the present and 
previous works of other scholars was most likely due to 
the decrease in feed consumption, reducing the available 
nutrients for egg production. heat stress not only reduces 
feed intake but also has been reported to reduce digest-

ibility of different components of the diet (Bonnet et al., 
1997). furthermore, Zhou et al. (1998) reported that 
exposure to high temperature decreased plasma protein 
concentration, which is an essential component of egg 
protein. Similarly, Wallis and Balnave (1984) found that 
the digestibility of amino acids was decreased by high 
environmental temperature in broilers. hai et al. (2000) 
reported that the activities of trypsin, chymotrypsin and 
amylase decreased significantly at a temperature of 32 °C.

The differential effect of heat stress on egg produc-
tion was most pronounced in LB hens, least severe in WL-
dw and LW hens and intermediate in the nh and WL-
fe hens. Accordingly, the LW hens appeared to be better 
in thermo-tolerant among the three normal body sized 
genotypes. These results, with no mortality in LW are the 
primary explanation for the assertion that this genotype 
might be physiologically more thermo-tolerant than the 
LB or WL-fe genotypes which showed more heat-in-
duced depression in most performance traits. moreover, 
the heat-induced egg mass reduction was significantly 
higher for LB than other genotypes which may suggest 
poor thermo-tolerance ability of this specific line. geno-
typic variation in response to heat stress has been shown 
to exist among breeds (fox, 1980). The differences in the 
degree of induced hyperthermia may reflect variations in 
thermo-tolerance in the investigated genotypes, possibly 
attributable to differing efficiencies of heat loss mecha-
nisms (Sandercock, 1995). The physiological characteris-
tics involved in the conveyance of thermo-tolerance are 
not clear, but heat stress proteins (hSp), especially hSp70, 
may be involved (maak et al., 2003; franco-Jimenez et al., 
2007). 

It has been reported that birds with lighter body 
weight have a greater tolerance to high temperatures than 
heavier body weight stocks (Altan et al., 2000). Although 
the relative advantage of dwarf hens in hot conditions 
is not consistent in literature (mérat, 1990), there is evi-
dence that a small body is associated with a lower heat 
load and faster heat dissipation (gowe and fairfull, 1995; 
Sandercock et al., 2006). however, the WL-dw hens in the 
present study did not demonstrate this ability under con-
stant heat stress environment when compared to those 
at thermo-neutral environment apparently due to insuf-
ficient feed intake as suggested by garcês et al. (2001) and 
galal et al. (2007). 

The feed intake reduction in response to heat stress 
is in agreement with earlier findings (muiruri and har-
rison, 1991; kirunda et al., 2001; mashaly et al., 2004; Lu 
et al., 2007). In order to minimise heat storage in the body 
(which otherwise results in the increase of body tem-
perature) the bird reduces its feed intake. Consequently, 
by reducing the feed intake the bird is able to reduce the 
amount of heat associated with the metabolization of nu-
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trients, controlling the amount of heat produced and re-
ducing the thermal burden, allowing for a better control of 
the bird’s body temperature. The reduced feed consump-
tion and subsequent undersupply of needed nutrients 
quickly affect the productivity of the flock (grieve, 2003). 
Larbier et al. (1993) found that chronic heat exposure sig-
nificantly decreased protein digestion and Bonnet et al. 
(1997) reported that the feed digestibility of the different 
components of the diet (proteins, fats, starch) decreased 
with exposure of broiler chickens to high temperatures. 
On the other hand, the nh breed showed a positive heat 
stress induced depression in fCr indicating better feed 
utilization under heat stress situations. 

4.3 egg quALIty trAItS

The adverse effect of high environmental tempera-
ture on eggshell quality traits has been well documented 
(Odom et al., 1986; mahmoud et al., 1996; Balnave and 
muheereza, 1997). exposure of hens to high tempera-
tures resulted in a significant decrease in egg weight, shell 
strength, shell thickness and hu. however, in agreement 
with the results of franco-Jimenez et al. (2007), there were 
no genotype × temperature interactions in egg weight and 
hu. The decrease in egg weight due to heat stress is in 
line with those of Balnave and muheereza (1997) and 
kirunda et al. (2001). They compared 21 °C with either 
29 °C, 31 °C or 35 °C and found a considerable depression 
in egg weight in various chicken breeds. The decline in 
egg weight is directly associated with reduced feed con-
sumption of birds.

The primary explanation for decreased eggshell 
quality traits might be due to reduction in the availabil-
ity of nutrients, more specifically low calcium level. dur-
ing heat stress, calcium intake was reduced as a direct 
consequence of reduced feed intake and this stimulates 
bone resorption resulting in hyperphosphataemia, which 
inhibits the formation of calcium carbonate in the shell 
gland of layers (rama and nagalakshmi, 1998). moreover, 
the decrease in shell quality in the current study may be 
partially due to a reduction in free ionized calcium in the 
blood plasma as suggested by Odom et al. (1986). fur-
thermore, mahmoud et al. (1996) reported that plasma 
calcium level was significantly decreased in laying hens 
when the birds were exposed to high temperatures. In 
addition, it has been shown that calcium use (Odom et 
al., 1986) and calcium uptake by duodenal epithelial cells 
(mahmoud et al., 1996) are decreased by exposure to high 
environmental temperatures. heat stress has also reduced 
the activity of carbonic anhydrase, an enzyme which re-
sults in the formation of bicarbonate that contributes the 
carbonate to the eggshell (Balnave et al., 1989). 

Shell thickness was negatively affected by heat stress 
in all genotypes, with the smallest effect observed in LW 
genotype. Similarly, heat stress did not affect(p > 0.05) 
breaking strength and yolk index in LW genotype. hence, 
this finding suggests that this particular genotype ap-
peared to sustain a higher level of egg production and 
egg equality under heat stress environment than the other 
four genotypes.

A number of studies have shown that eggshell qual-
ity decreases as birds grow older (roberts and Ball, 2004). 
There is some evidence that the inability of the hen to pro-
duce an increased amount of eggshell with age is related 
to the activity of 25-hydroxycholecalciferol-1-hydroxyla-
se, an enzyme involved in calcium homeostasis (elaroussi 
et al., 1994). In agreement with the present findings, 
kirunda et al. (2001) reported that hu of eggs from heat-
stressed birds were reduced after heat exposure. In con-
trary, mashaly et al. (2004) reported that hu of eggs from 
heat-stressed birds were significantly higher than those 
birds in thermo-neutral environment. The decline in al-
bumen quality (hu) with bird’s age in the present study 
agrees with those of roberts and Ball (2004). 

5 conclusIons

These results suggest that there are notable differ-
ences in thermoregulatory responses to heat stress in all 
five genotypes, possibly due to differences in their overall 
genetic background attributable to differing efficiencies 
of heat loss mechanisms. The new hampshire chicken 
showed the lowest heat stress induced depression in feed 
consumption, feed utilization, body weight and egg weight 
parameters suggesting better thermo-tolerance ability as 
compared to other genotypes. moreover, the Lohmann 
White chickens showed enhanced thermo-tolerance as 
demonstrated by their improved hen-housed egg produc-
tion and egg quality traits under heat stress situations. The 
highest heat stress induced depression was observed in 
Lohmann Brown indicating poor thermo-tolerance abil-
ity of this genotype. 
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