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______________________________________________________________________________________ 

Abstract 
The objective of this study was to investigate differences between four strains of chickens on laying 

hen productivity and egg quality under acute heat stress (AHS). The study consisted of 44 hens from each of 
the Fayoumi (FY), Golden Sabahia (GS), White Leghorn (WL) and Lohman Brown (LB) strains that were 30 
weeks old. They were allotted to two groups (a thermoneutral temperature regime (26.0 ± 1 ºC) and the AHS 
regime (35 ± 1 ºC) and 55 ± 5% relative humidity) for six hours. Egg number and feed intake were recorded. 
After imposition of the AHS, four hens per strain per treatment were randomly selected and slaughtered to 
calculate the relative mass of various organs and the number of follicles. Acute heat stress decreased feed 
intake of all strains significantly. There was a significant interaction between temperature treatment and 
strain on feed intake, egg weight, surface area of egg, yolk index, yolk weight, and albumen weight and on 
the relative weights of the various organs, except for the gizzard. Thus, the magnitude of the effects of AHS 
was strain dependent, with GS seemingly being less affected than the other strains. 
______________________________________________________________________________________  
Keywords: exposure, Fayoumi, Haugh unit, Lohman Brown, organ weight 
#
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Introduction 
The environmental temperature increased by 1.53 °C from 2006 to 2015 compared with 1850 to 1900 

(IPCC, 2019). As a result of global warming, extreme climatic events such as extreme heat will become more 
frequent and severe, particularly in tropical areas, and studies that examine the impact of climatic changes 
on animal production are essential. Heat stress has become one of the most important challenges affecting 
the chicken industry (Ayo et al., 2011). In the United States, loss in the layer industry because of heat stress 
is estimated to be 61.4 million dollars per year (St-Pierre et al., 2003). These losses occur because heat 
stress causes considerable reduction in egg weight, shell thickness, and rate of production in laying hens 
(Wolfenson et al., 2001; Huang et al., 2015; El-Kholy et al., 2017). 

Responses to heat stress vary among chickens with different genetic origins (Franco-Jimenez et al., 
2007; Star et al., 2008). Hy-Line W-98 laying hens consumed less feed and had lower mortality during heat 
stress than Hy-Line W-36 and Hy-Line Brown laying hens (Franco-Jimenez et al., 2007). The Hy-Line W-98 
egg production strain also returned to baseline faster than the other strains when recovering from periods of 
heat stress.  

Egypt has a diverse population of native chickens with a wide range of phenotypic traits such as 
differential growth rate, bodyweight, and reproductive performance. These local chicken breeds in tropical 
areas are more adaptable to harsh environmental conditions (El Nagar & Ibrahim, 2007). For example, FY 
and GS are native Egyptian dual-purpose breeds. The FY originated in the Fayoumi region, which is located 
southwest of Cairo and west of the Nile. An advanced intercross of FY and a commercial broiler line showed 
genomic regions attributable to FY, indicating adaptation to heat stress (Bjorkquist et al., 2015). Golden 
Sabahia chickens are a synthetic line that originated from crossing four local strains (Silver Montazah, 
Golden Montazah, Mandarah and Bahij) and one commercial strain Lohman Brown (LB) (Ghanem et al., 
2017). Lohman Brown is a commercial breed that is raised specifically for egg production. White Leghorn is 
an exotic Mediterranean breed that is used for egg production and has been acclimated to the Egyptian 
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climate for many years (Hosny, 2006). It accounts for at least 90% of the world’s white-egg production. It is 
lightweight and has a large, red, single comb (Riggs et al., 2011). 

Little is known about the differences in laying hen productivity and egg quality between commercial, 
standard, developed, and native laying hens during AHS. Therefore, the current research study was 
designed to investigate the effect of genetic variation on laying hen productivity and egg quality during AHS. 

  

Material and Methods 
All experimental procedures were approved by Animal and Poultry Production Scientific and Ethics 

Committee, Faculty of Agriculture, Damanhour University, Egypt. The handling and care of the animals were 
performed to maintain their welfare according to International guidelines for research involving animals 
(Directive 2010/63/EU). 

A total of 176 laying hens (44 from each strain) were used in this study. The 30-week old hens were 
housed in individual laying cages (20 × 45 × 40 cm) by strain at the Poultry Unit of Faculty of Agriculture, 
Damanhour University. Within each strain, hens were randomly divided into two equal groups. Group 1 was 
kept under thermo-neutral temperature (26.0 ± 1 ºC) and Group 2 was exposed to heat stress (35 ± 1 ºC) 
with relative humidity (55 ± 5%) for six hours. During the egg production period, all birds were fed ad libitum 
a diet containing 18% crude protein and 2.8 Kcal ME/Kg feed, 3.5 % calcium and 0.5% available 
phosphorus. Light was provided 16 hours per day during laying period.  

Feed intake was determined by the weight of a level scoop of feed provided to each bird. Feed refusal 
was recorded the second day of the AHS period. The feed conversion ratio was calculated by dividing the 
feed intake by the egg mass,. Eggs were collected the next day of heat stress and weighed between 0900 
and 1000 hours each day. The egg production percentage was calculated by dividing the total number of 
eggs produced by the number of birds in the treatment at the beginning of the period, and egg mass was 
calculated by multiplying the average egg weight with egg production. Expected egg weight was calculated 
by regression analysis. Residual egg weight was calculated as the difference between observed egg weight 
and expected egg weight for each experimental hen using the PROC REG procedure of SAS 9.4 (SAS 
Institute Inc., Cary, North Carolina, USA).  

On the second day, eight eggs were collected for each strain and used to determine egg weight, shell 
weight, and yolk weight. After the shell membrane had been removed, the thickness of the shell was 
measured with a micrometer at the blunt end, middle, and sharp point of the egg and these measures were 
averaged to determine shell thickness. To determine yolk colour, a Roche colour fan made up of 15 coloured 
plastic strips was used as a reference. A tripod micrometer was used to measure the height of the yolk and 
albumen. The albumen weight was calculated by subtracting the yolk and shell weights from the egg weight. 
Vernier callipers were used to measure egg length, egg width, and yolk width with a minimum count of 0.01 
mm. (Duman et al., 2016). The egg shape index was computed following Duman et al. (2016). The yolk 
index indicated the proportional relationship of yolk height and yolk width. Monira et al.’s (2003) formula was 
used to calculate the average Haugh unit value. The surface area of egg was calculated according to Carter 
(1975): 

                                             

After six hours of heat stress, four hens per strain per treatment were weighed individually and 
slaughtered. Body organ measurements were calculated as a percentage of live bodyweight. After complete 
bleeding, the carcasses were eviscerated and the liver, spleen, heart, pancreas, intestine, proventriculus, 
gizzard, ovary and oviduct were weighed to the nearest 0.1 g. The organ weights were expressed as the 

percentage of live weight. The numbers of large, medium and small follicles were counted.  
The statistical analysis was performed with the general linear model procedure of SAS version 9.4 

(SAS Institute Inc., Cary, North Carolina, USA). The statistical model used in this study was: 

                       

where:      = an observation from the kth bird,   = general mean,    = the effect of the ith treatment,    = the 

effect of the jth strain,      = the interaction between heat stress and strain, and      = the random error. 

Statistical significance of the effects was assessed at a P-value of 0.05. Means were separated using 
Tukey’s test. 

 
Results and Discussion  

The interaction of treatment and strain was significant only for feed intake, with feed intake by the GS 
strain being less affected by AHS than the other strains (4.91% vs 16.18%, 12.43% and 27.48% in the LB, 
FY and WL birds, respectively. Previous studies also documented that, the consumption of feed and appetite 



170 Ghoname et al., 2022. S. Afr. J. Anim. Sci. vol. 52 

 

are reduced in laying hens under exposure to heat stress (Attia et al., 2016; Franco-Jimenez et al., 2007; 
Mashaly et al., 2004). The observed reduction in feed intake may be because the hens attempt to maintain 
homoeostasis by reducing their heat production (Etches et al., 2008). Differences among strains were 
evident for the other traits. Table 1 shows the effects of thermal treatment and strain of laying hen on 
production performance. 

 
 

Table 1 Effect of acute heat stress and strain on production performance of four breeds of laying hen 
exposed to heat stress 

 Bodyweight, g 
Feed intake, 
g/day 

Egg 
production,% 

Egg 
weight, g 

Egg mass, g 
Feed 
conversion 
ratio 

Residual egg 
weight, g 

Strain 

Lohman 1712
a

 118.9 58.12
ab

 61.02
a

 35.46
a

 3.35
b

 10.01
a

 

Golden Sabahia 1755a
 113.7 60.71

ab
 52.39

ab
 31.80

a
 3.57

b
 1.24

b
 

Fayoumi 1517b
 112.3 38.12

b
 42.47

c
 18.51

b
 7.93

a
 -8.51

d
 

White Leghorn 1470
b

 118.9 67.50
a

 47.29
b

 31.92
a

 3.72
b

 -3.73
c

 

SE 33.6 3.59 0.069 2.89 3.17 1.18 8.40 

Treatment 

C 1633 126.37
a

 63.00 50.40 31.75 3.98 0.00 

AHS 1594 105.98
b

 49.37 51.63 25.49 4.43 0.00 

SE 23.7 2.54 0.05 2.04 2.24 0.83 0.59 

Interaction  

Lohman 
Brown 

C 1751 129.37
ab

 63.75 61.00 38.89 3.33 10.06 

AHS 1673 108.44
cd

 52.50 61.05 32.04 3.38 9.42 

Golden 
Sabahia 

C 1766 117.00
c

 70.00 51.33 35.93 3.26 0.93 

AHS 1745 111.25
cd

 53.75 53.17 28.58 3.89 1.54 

Fayoumi 
C 1533 119.75

bc
 41.25 42.25 17.43 6.87 -8.15 

AHS 1500 104.87
d

 35.00 42.76 14.97 9.34 -8.86 

White 
Leghorn 

C 1483 137.00
a

 78.75 47.25 37.21 3.68 -3.15 

AHS 1458 99.35
d

 56.25 47.32 26.62 4.43 -4.30 

SE 47.5 4.99 20.57 4.026 4.41 1.64 1.15 

P-values 

Strain 0.0001 0.5092 0.0305 0.0001 0.0066 0.0094 0.0001 

Temperature 0.2471 0.0001 0.0533 0.4702 0.0880 0.7171 0.4780 

Interaction 0.9228 0.0342 0.8516 0.8670 0.4748 0.9988 0.8676 

C: control, AHS: acute heat stress 
a,b,c,d 

Means with a common superscript were not significantly different (P >0.05) 

 
The egg weight of LB hens was greater than for the other strains. Fayoumi hens had lower egg 

production, egg weight, egg mass and worse feed conversion than the other strains. In addition, egg 
production and egg mass had a tendency to decrease (P <0.05) under AHS. Although egg production was 
not affected significantly by the AHS treatment, egg production dropped 17.65% in LB, 23.21 % in GS, 
15.15 % in FY and 28.57% in WL. Mack et al. (2013) also reported that there was no interaction between 
temperature and strain on egg production. Barrett et al. (2019) found heat stress lowered feed intake. With 
decreased feed intake, birds may divert energy from biological functions such as reproduction to maintain 
physiological integrity (Mumma et al., 2006). This could imply that laying hens subjected to AHS try to 
conserve metabolic energy to adapt. Sandercock et al. (1995) demonstrated that the degree of thermo-
tolerance could vary depending on the strain, in agreement with the current findings. 

The interaction of strain and thermal treatment was significant for five of the 15 characteristics of egg 
quality, namely egg weight, yolk weight, albumen weight, yolk index and surface area of the egg. Egg weight 
and surface area of the LB hens was depressed by AHS, but not changed significantly for the other strains 
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(Tables 2 and 3). The yolk weight of eggs from LB hens was also depressed by AHS, but unchanged in GS 
and WL (Table 2). Decreased egg weight was observed to accompany changes in the eggshell (Rostagno, 
2020; Nawab et al., 2018). Although the shell thickness of eggs was lower than control, reduction was least 
in Golden Sabahi hens (0.03 mm) compared with the 0.07 mm reduction in LB and FY under the same 
conditions Based on these findings, GS appeared to be more heat resistant than other genotypes. 
Interestingly, in FY the yolk weight was depressed by AHS, but the albumen weight was increased and GS 
also showed increased albumen weight Table 2). These changes resulted in FY having a reduced yolk index 
under AHS, whereas the other strains were not similarly affected (Table 3).  

  
 

Table 2 Effects of acute heat stress and strain on egg quality of four breeds of laying hen exposed to heat 
stress 

 Egg 
weight, g 

Egg 
length, 
cm 

Egg 
width, cm 

Egg 
shape 

Albumen 
height, 
mm 

Shell 
weight, g 

Yolk 
weight, g 

Albumen 
weight, g 

Haugh 
unit 

Strain 

Lohman Brown 57.16
a
 5.15

a
 4.01

a
 78.08 10.01 7.11

a
 13.92

a
 36.12

a
 99.53 

Golden Sabahia 52.52
b
 5.10

a
 4.02

a
 78.97 8.30 6.93

ab
 14.62

a
 30.35

b
 92.58 

Fayoumi 40.79
d
 4.67

b
 3.63

b
 77.86 7.96 6.15

b
 11.25

b
 23.38

d
 94.41 

White Leghorn 47.19
c
 5.04

a
 3.71

b
 73.64 8.26 6.36

ab
 13.45

a
 27.38

c
 93.79 

SE 1.07 0.069 0.078 1.63 0.581 0.213 0.502 0.977 2.77 

Treatment 

C 49.94 4.99 3.89 78.16 8.49 6.69 13.66 29.28 94.08 

AHS 48.89 4.99 3.80 76.11 8.74 6.58 12.96 29.34 95.95 

SE 0.757 0.048 0.055 1.15 0.407 0.166 0.355 0.690 1.90 

Interaction 

Lohman 
Brown 

C 61.46
a
 5.30 4.10 77.59 9.65 7.11 15.27

a
 39.08

a
 96.74 

AHS 52.85
b
 5.00 3.92 78.56 10.50 7.10 12.57

cd
 33.17

b
 103.2 

Golden 
Sabahia 

C 51.20
b
 5.10 4.05 79.43 8.72 6.77 14.28

abc
 28.89

cd
 94.79 

AHS 53.85
b
 5.10 4.00 78.51 7.87 7.08 14.96

a
 31.81

bc
 90.37 

Fayoumi 
C 39.82

d
 4.57 3.67 80.28 7.20 6.38 12.47

d
 20.96

e
 90.90 

AHS 41.75
d
 4.77 3.60 75.43 8.97 5.92 10.02

e
 25.80

d
 99.09 

White 
Leghorn 

C 47.27
c
 4.97 3.75 75.34 8.40 6.49 12.60

bcd
 28.18

d
 93.87 

AHS 47.10
c
 5.10 3.66 71.93 8.12 6.23 14.30

ab
 26.57

d
 93.70 

SE 2.29 0.097 0.110 2.30 0.821 0.301 0.710 1.38 3.68 

P-value 

Strain 0.0001 0.0002 0.0019 0.1215 0.1095 0.0120 0.0005 0.0001 0.2670 

Treatment 0.3346 0.9281 0.2309 0.2182 0.5436 0.6242 0.1792 0.9525 0.3613 

Interaction 0.0038 0.0772 0.9452 0.6021 0.4437 0.6181 0.0088 0.0032 0.3393 

C: control, AHS: acute heat stress 
abcd 

Means with a common superscript were not significantly different (P >0.05) 
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Table 3 Effects of acute heat stress and strain on yolk characteristics, surface area of the egg and shell 
thickness of hens exposed to heat stress 

 
Yolk colour Surface area, 

cm
2
 

Yolk width, cm Yolk height, 
mm 

Yolk index Shell thickness, 
mm 

Strain 

Lohman 7.50 69.05
a
 3.55

ab
 19.1

a
 53.80

a
 0.40 

Golden Sabahia 7.75 65.09
b
 3.71

a
 18.7

ab
 50.40

ab
 0.37 

Fayoumi 8.37 54.46
d
 3.40

b
 17.3

b
 50.88

ab
 0.35 

Leghorn 7.50 60.30
c
 3.73

a
 17.5

b
 46.92

b
 0.34 

SE 0.27 0.96 0.07 0.66 1.82 0.05 

Treatment 

C 8.00 62.64 3.61 18.5 51.4 0.40 

AHS 7.56 61.81 3.58 17.9 50.0 0.33 

SE 0.19 0.68 0.05 0.15 1.29 0.08 

Interaction 

Lohman Brown 
C 7.25 72.73

a
 3.62 18.8 51.93

abc
 0.44 

AHS 7.75 65.37
b
 3.47 19.4 55.91

a
 0.37 

Golden 
Sabahia 

C 8.25 63.92
b
 3.75 18.9 50.40

bc
 0.38 

AHS 7.50 66.24
b
 3.67 18.5 50.41

bc
 0.35 

Fayoumi 
C 8.25 53.55

d
 3.40 18.1 53.23

ab
 0.39 

AHS 8.50 55.36
d
 3.40 16.2 47.65

cd
 0.32 

White Leghorn 
C 8.25 60.34

c
 3.67 18.1 49.31

bc
 0.39 

AHS 7.00 60.26
c
 3.80 16.9 44.47

d
 0.39 

SE 0.38 1.35 0.10 0.09 2.57 0.07 

P-value 

Strain 0.1280 0.0001 0.0090 0.0101 0.0148 0.8066 

Treatment 0.2544 0.3981 0.7294 0.0993 0.1296 0.1588 

Interaction 0.0945 0.0054 0.5767 0.2420 0.0453 0.9638 
 
C: control, AHS: acute heat stress 

a,b,c,d 
Means with a common superscript were not significantly different (P >0.05) 

 
 
The strains also differed significantly in egg length and width, yolk width, yolk height and shell weight 

(Tables 2 and 3). Fayoumi hens produced smaller eggs with lighter shells and less internal content than the 
other strains. Some studies showed that genotype and heat stress interacted to affect egg quality (Franco-
Jimenez et al., 2007; Sokołowicz et al., 2019; Sözcü et al., 2021). Sokołowicz et al. (2019) confirmed the 
significant effect of genotype on egg quality by observing that commercial layers produced heavier eggs than 
native Greenleg Partridge hens. Franco-Jimenez et al. (2007) showed that Hy-Line W-36 hens produced 
smaller eggs, albumen, and shell weight than Hy-Line Brown and Hy-Line W-98 hens. The present findings 
revealed that the most of the egg quality traits of GS hens were most similar to LB. These results may be a 
consequence of the genetic makeup of GS, which was developed through a crossbreeding programme and 
subject to genetic selection. Although the egg quality was consistently lower of all traits in the AHS group, 
the effect was not significant (Table 2; Table 3). 

The interaction of strains with the thermal environmental treatments was significant for all of the 
relative organ weights except the gizzard (Table 4). White Leghorn hens exposed to AHS had significantly 
heavier liver and pancreas weights relative to their bodyweight than the other groups. However, the LB strain 
showed an increase in relative weight of the pancreas under AHS. The relative weight of the intestine in LB 
increased under AHS, whereas in FY it decreased and was unchanged in GS and WL. Lohman Brown hens 
showed a relatively larger increase in the relative weight of the proventriculus compared with GS, FY and 
WL. The heart increased in size as a proportion of bodyweight in LB, GS, and WL birds that were subject to 
AHS, but decreased in relative size in FY in response to the AHS treatment. Fayoumi and WL hens exposed 
to AHS had a significantly greater increase in abdominal fat percentage under AHS than LB and GS.  

https://www.google.com/search?sxsrf=AOaemvJ1lmsLnNqmBtNugMXBNss83o8I7Q:1642076686393&q=characteristics&spell=1&sa=X&ved=2ahUKEwiY3Nes3K71AhURh_0HHd25DxMQkeECKAB6BAgCEDE
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Table 4 Effects of acute heat stress and strain on relative organ weight of four breeds of laying hens 
exposed to heat stress 

 Liver, % Pancreas, 
% 

Intestine, 
% 

Proventriculus, 
% 

Gizzard, 
% 

Heart, % Abdominal 
fat, % 

Spleen, 
% 

Strain 

Lohman Brown Fa 0.209
b
 4.88 0.396 1.27 0.401

c
 1.13

b
 0.152

ab
 

Golden Sabahia 2.21
b
 0.226

b
 4.27 0.371 1.41 0.435

b
 1.18

b
 0.155

ab
 

Fayoumi 2.27
b
 0.225

b
 4.88 0.390 1.20 0.490

a
 2.47

a
 0.167

a
 

White Leghorn 2.75
a
 0.295

a
 4.61 0.369 1.22 0.475

a
 2.05

a
 0.126

b
 

SE 0.121 0.008 0.242 0.015 0.063 0.010 0.231 0.009 

Treatment 

Control 2.05
b
 0.219

b
 4.54 0.347

b
 1.24 0.434

b
 1.49 0.161

a
 

AHS 2.51
a
 0.259

a
 4.79 0.416

a
 1.31 0.467

a
 1.93 0.139

b
 

SE 0.086 0.006 0.171 0.010 0.044 0.007 0.163 0.007 

Interaction 

Lohman 
Brown 

C 1.77
c
 0.162

e
 4.10

c
 0.292

b
 1.10 0.380

f
 1.40

bc
 0.175

c
 

AHS 1.98
bc

 0.255
bc

 5.67
a
 0.500

a
 1.44 0.422

de
 0.867

c
 0.130

e
 

Golden 
Sabahia 

C 2.06
bc

 0.220
d
 4.26

bc
 0.410

ab
 1.48 0.390

ef
 1.29

bc
 0.120

f
 

AHS 2.37
b
 0.232

cd
 4.29

bc
 0.332

b
 1.33 0.480

bc
 1.07

c
 0.190

b
 

Fayoumi 
C 2.18

bc
 0.222

d
 5.55

a
 0.355

ab
 1.22 0.530

a
 2.06

b
 0.215

a
 

AHS 2.36
b
 0.227

cd
 4.21

bc
 0.425

ab
 1.17 0.450

cd
 2.88

a
 0.120

f
 

White 
Leghorn 

C 2.17
bc

 0.270
b
 4.25

bc
 0.330

b
 1.15 0.435

d
 1.21

c
 0.135

d
 

AHS 3.34
a
 0.320

a
 4.98

ab
 0.407

ab
 1.29 0.515

ab
 2.90

a
 0.117

g
 

SE 0.171 0.012 0.343 0.021 0.089 0.014 0.327 0.014 

P-value 

Strain 0.0004 0.0001 0.2609 0.4808 0.1116 0.0001 0.0006 0.0500 

Temperature 0.0008 0.0001 0.3128 0.0001 0.2735 0.0034 0.0686 0.0386 

Interaction 0.0226 0.0043 0.0024 0.0001 0.0537 0.0001 0.0093 0.0001 

C: control, AHS: acute heat stress 
a,b,c,d,e,f,g

Means with a common superscript were not significantly different (P >0.05) 

 
Golden Sabahi and White Leghorn kept under control and Fayoumi hens kept under AHS had 

significantly heavier ovary percentages. Golden Sabahia hens under control and Fayoumi hens under AHS 
had higher numbers of large follicles than the other groups (Table 5). Golden Sabahia hens kept under AHS 
had a significantly larger number of medium follicles than the other groups. Lohman Brown, GS and FY hens 
kept under control had significantly larger numbers of small follicles than the other groups. The data 
indicated that heat stress had detrimental effects on the physiology of laying hens because of genetic 
variations. 

The relative weight of internal organs differed significantly among chicken breeds (Dror et al., 1977; Al-
Marzooq et al., 2020). The present study indicated that the differences among strains may in part be due to 
the environmental situation in which they are raised. In poultry, the liver has an essential role in synthesizing 
fatty acids (Emami et al., 2020) and maintaining homeostasis (Jastrebski et al., 2017). Increased transport of 
very low density lipoprotein to adipose tissue appears to match the increased rate of lipogenesis during the 
acute adaptation to heat stress (Lu et al., 2019). Based on the results of the present study, it seems that 
increased liver percentage under AHS might be because of increased lipogenesis. Osman & Tanios (1983) 
reported that under heat stress the pancreas increases biosynthesis and decreases the rate of secretion of 
amylase to the intestine. From this experiment, the relative weight of the pancreas increased after six hours 
of AHS, suggesting an increase in the biosynthesis of amylase to increase the metabolic rate. Furthermore, 
the increase in relative weight of the heart in hens exposed to AHS may be a result of the need for increased 
blood circulation in order to release heat. 

a 
bc ab 
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Similar to the metabolic organs, the reproductive organs were greatly influenced by the interaction of 
the imposed thermal treatments and the strains of birds that were used in this study (Table 5). Lohman 
Brown hens kept under AHS had a significantly higher oviduct percentage than the other groups. The effect 
of AHS was to decrease the count of small yellow follicles markedly in all strains except WL. These small 
follicles are the basis for the hierarchy of follicular development (Rangel et al., 2014) and can affect the rate 
of future egg production. In GS the count of medium-sized follicles increased with AHS. However, the 
numbers of medium sized follicles were not greatly affected in the LB, FY and WL strains. The large follicle 
count was greatly reduced with AHS in GS and WL, but increased in LB and FY. Thus, based on the present 
results, the slightly reduction of egg production by LB and GS might be expected because of AHS, but FY 
and WH would probably be less affected.  

 
 

Table 5 Effect of acute heat stress and strain on oviduct, ovary weight and number of follicles of four breeds of laying 

hen exposed to heat stress 

 Oviduct, % Ovary, % Large follicle 
count 

Medium follicle 
count 

Small follicle 
count 

Strain 
Lohman Brown 3.04

a
 1.72 3.75 2.81

b
 10.75 

Golden Sabahia 2.08
b
 2.03 3.69 4.87

a
 10.31 

Fayoumi 1.88
b
 2.26 3.25 2.25

b
 12.06 

White Leghorn 1.85
b
 2.08 2.94 2.62

b
 7.69 

SE 0.232 0.232 0.423 0.489 1.57 

Treatment 

Control 2.18 1.95 3.44 2.50
b
 12.75

a
 

AHS 2.25 2.09 3.37 3.78
a
 7.66

b
 

SE 0.027 0.164 0.299 0.346 1.11 

Interaction 

Lohman Brown C 2.96
ab

 1.21
d
 3.25

c
 2.87

b
 15.12

a
 

AHS 3.12
a
 2.22

abc
 4.25

ab
 2.75

b
 6.37

b
 

Golden Sabahia C 2.31
bc

 2.33
ab

 5.00
a
 3.00

b
 15.00

a
 

AHS 1.86
cde

 1.74
bcd

 2.37
d
 6.75

a
 5.62

b
 

Fayoumi C 1.20
e
 1.63

bcd
 1.50

e
 1.50

b
 14.75

a
 

AHS 2.56
abc

 2.90
a
 5.00

a
 3.00

b
 9.37

b
 

White Leghorn C 2.24
bcd

 2.64
a
 4.00

bc
 2.62

b
 6.12

b
 

AHS 1.46
de

 1.51
cd

 1.87
de

 2.62
b
 9.25

b
 

SE 0.328 0.329 0.598 0.693 2.21 

P-value 

Strain 0.0039 0.4335 0.4947 0.0040 0.2752 

Temperature 0.7596 0.5508 0.8838 0.0152 0.0034 

Interaction 0.0165 0.0023 0.0001 0.0343 0.0349 

C: control, AHS: acute heat stress 
a,b,c,d,e,f,g 

Means with a common superscript were not significantly different (P >0.05) 

 
 
Nitta et al. (1991) reported that more than 80% of total ovarian oestrogen is produced by small 

follicles, and thus these follicles regulate reproductive tract growth and development (Campbell et al., 2003). 
In laying chickens, granulose cells in large follicles release progesterone (Porter et al., 1991), which is highly 
correlated with egg production (Adeyinka et al., 2007). Reduced reproductive efficiency in hens exposed to 
AHS may be caused by problems with ovarian function. 
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Conclusions  
Responses to AHS varied by strain. Acute heat stress had a negative impact on egg production and 

quality in four genetically diverse strains. Lohman Brown exhibited the greatest response to AHS in feed 
intake, egg quality and the number of small follicles, with the other strains showing lower responses. The 
underlying molecular and cellular mechanisms should be investigated further.  
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