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Performance and Physiological Responses of Naked-neck Chickens and Their F  Crosses1

with Commercial Layer Breeds to Long-Term High Ambient Temperature
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Abstract: An experiment was conducted on forty-eight female chickens from each of the following genotypes:
Naked-neck (Na, from Ethiopia), New Hampshire (NH), Lohmann White (LW) and F  crosses of NaxNH and1

NaxLW. Twenty four chickens from each genotype were randomly divided and assigned either to high (30-32
°C) or normal ambient temperature (18-20 °C). Body weights were measured during 20 and 68 weeks of age. Eggs
were collected once daily while egg weight and feed intake were determined at 28-d intervals. Blood samples
were taken from 12 randomly selected birds per genotype and ambient temperature at 38, 51 and 65 weeks age.
Total protein levels were measured in plasma whereas differential leukocyte counts were determined from whole
blood. Compared with controls, the egg production and feed consumption in commercial layers significantly
reduced by 24.2 and 15%, respectively. Surprisingly, heat stress favourably increased body weight in NaxLW
genotype by 1.7 and 2.8 % at 20 and 65 weeks, respectively and appeared to be the best F  cross combinations.1

The effect of heat stress was significant for all differential leukocyte counts. Compared with controls, the
respective increase in heterophil, basophil and monocyte counts was 19.2, 43.6 and 41% whereas the
lymphocyte and eosinophil numbers reduced by 9 and 11.6%, respectively. The hetrophil:lymphocyte (H/L)
ratio increased by 45, 18 and 19% at 38, 51 and 65 weeks age, respectively. At high temperature, the highest
lymphocyte counts were noted in LW and the lowest in NaxNH whereas heterophil counts were highest in NH
and NaxNH resulting in increased H/L ratio. The total plasma protein reduced in all heat stressed chickens
although it was only significant at 38 weeks age. It was inferred that the total plasma protein mean values in
heat stressed hens declined from 4.12 g/dl at 38 weeks to 2.22 g/dl at 65 weeks. In conclusion, the Na and its
F  crosses demonstrated better heat stress tolerant than commercial layer chickens as evidenced by measured1

performance and physiological parameters. These results suggested that differential leukocyte counts, H/L ratio
and total plasma protein could be used as a reliable indicator of long-term heat stress in layer chickens. 
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INTRODUCTION Chickens carrying the Naked-neck gene have the ability

With the rapid development of the poultry industry and humid climatic conditions better than the normal
worldwide, especially in developing countries, importation feathered birds [3]. 
of temperate-zone high performance stocks to hot regions Since numbers of heterophils and lymphocytes are
is on the rise. However, the use of unsuitable genotypes affected by stress in opposite directions, researchers have
in hot regions results in large economic losses due to often considered the relative proportion of heterophils to
depression in general performances and higher mortality lymphocytes as a composite measure of the stress
[1]. Breeding and selection strategies can be exploited to response [4, 5]. This ratio is positively related to the
achieve the best possible production in unfavourable magnitude of the stressor in which the animal is exposed.
tropical environments. For instance, the effect of heat The heterophil:lymphocyte (H/L) ratio has been accepted
stress can be alleviated by using the Naked-neck gene [2], by many scholars as the best indicator of stress in
which reduces feather coverage by about 15 to 20% in chickens, which is based on the results of Gross and
heterozygous  and by 30 to 40% in homozygous chickens. Siegel [4] and Gross [6]. Moreover, Cheng et al. [7]

to adapt, survive, perform and reproduce under harsh, hot
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suggested  that  the  H/L  ratio  could   be   used as to battery cages with the respective ambient temperatures
reliable  indicators  for  genetic  selection of chicken and kept in temperature regulated conventional individual
strains with higher resistance to stress. Much of the most layer cages (1000 cm² per hen) from week 21 to the end of
recent literature on the use of leukocyte profiles to the experimental period (week 68). 
measure  stress  in  vertebrates  has  been  reviewed by Ambient temperature and relative humidity of the pen
Davis et al. [5]. was measured at 2 hours interval using a Tinytalk™ II

Total plasma protein has been used as an indicator of Data Logger device. Relative humidity could not be
the effect of aflatoxin in chickens [8]. Evidence suggests controlled but was monitored continuously and ranged
that total plasma protein may also give an indication of from 45 to 70% and 60 to 80% in the experimental and
the effect of heat stress in chickens [9]. Berrong and control houses, respectively. The hens were kept under
Washburn [10] and Khan et al. [11] found a decrease in 12-h light program, which corresponds to the natural
the amount of serum total protein in broiler chicks conditions in the tropics. The management practices in
exposed to heat stress as compared with controls. The control and experimental groups were essentially the
experiment reported here was designed to investigate the same. All performance data were measured from 20 weeks
physiological response of Naked-neck chickens and their of age onwards after chickens were transferred to
F crosses with commercial layer chickens to long-term individual cages. Body weights were measured at the age1

high ambient temperatures. of maturity (20 weeks old) and end of the experiment (68

MATERIALS AND METHODS daily whereas egg weight and feed intake were determined

Experimental Animals and Management: In the first During the growing period, those birds reared on the
phase experiment, a total of 240 hens from five different floor pen had ad libitum access to feed and water.
commercial chicken breeds were used to test their Standard starter (11.4 MJ/kg energy and 18 % crude
adaptability potential to a constant long-term heat stress protein, CP) and grower diets (11.4 MJ/kg and 15 % CP)
environments (Melesse et al., unpublished data). Finally, were provided to chicks and pullets, respectively. The
based on their improved performance and adaptability to matured hens were fed on commercial layer diets with 11.4
heat exposure, the Lohmann white (LW) and New MJ/kg energy and 17% CP contents. Hens reared in
Hampshire (NH) layer breeds were identified and individual cage were fed ad libitum (4 hens/feed pan) and
eventually crossed with Naked-neck (Na) chickens (from supplied with water using individual nipple drinkers. 
Ethiopia) to produce the F  crossbreed populations1

(second phase experiment). To this effect, both the LW Blood Sampling Protocols: Blood samples (2-3 ml) were
and NH layer genotypes were used as a dam line whereas collected from randomly selected 12 birds of each
the local Na was used as a sire line to produce the F genotype and ambient temperature at 38, 51 and 65 weeks1

crosses using Artificial Insemination (AI). The Na, LW age (total of 360 samples= 12 x 5 genotypes x 2 ambient
and LH chicks were obtained by mating male chickens temperatures x 3 age points). The same chickens were
with females of the respective genotypes using AI. Forty used for bleeding purposes at all age points. Blood
eight female chicks from each genotype were then samples were taken by a qualified veterinarian from the
identified and randomly divided into two groups and wing vein of the bird using disposable syringes and
reared on the floor pen up to 20  week of age under directly collected into ethylene diamine tetra acetic acidth

normal (18-20 °C) and high (30-32 °C) ambient (EDTA) coated test tubes. Blood was taken during the
temperatures (Table 1). Thereafter, they were transferred morning  between  8.00  am  and  10.00  am   and   the  time

weeks old). Eggs were collected from individual hens once

at 28-d intervals. 

Table 1: Number and genetic structure of experimental flocks

Na and commercial layers F  crosses1

------------------------------------------------------------------- -------------------------------------------

Ambient temperatures Na LW NH NaxLW NaxNH

Normal (Control group, 18-20 °C) 24 24 24 24 24

High (Experimental group, 30-32 °C) 24 24 24 24 24

Total (N) 240

Na= Naked-neck (from Ethiopia); LW= Lohmann white; NH= New Hampshire; NaxLW= Na F  crosses with LW; NaxNH= Na F  crosses with NH1 1
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needed between handling of each chicken and bleeding The Na genotype was significantly inferior in body weight
was less than one minute. Collected blood was
centrifuged and plasma was stored at -20°C until further
processing.

Determination of Blood Parameters: Total protein
concentrations were determined from a 2-µL plasma
sample using the Bio-Rad Protein Assay method [12]. As
to differential leukocyte counts, a drop of whole blood
was smeared on a glass slide and blood films were air
dried (unfixed) and stained by using May-Grünwald-
Giemsa and Giemsa stains [13]. One hundred leucocytes,
including both granular (heterophils, eosinophils and
basophils) and non-granular (lymphocytes and
monocytes), were counted once on each slide at 1,000x
magnification (oil immersion lens) and final results were
expressed as percentages. Heterophils, lymphocytes,
monocytes, basophils and eosinophils were identified
based on their characteristics described by Campbell [14],
from which the heterophil to lymphocyte (H/L) ratio was
calculated [4]. 

Statistical  Analysis:  All  performance  traits were
analyzed  in  a  complete  2  x 5 factorial design (2, normal
and  high  ambient  temperatures;  5,  genotypes).
However, the experimental design for differential
leukocyte profiles  and  total  plasma  protein  analysis
was 2 x 5 x 3 factorial consisting of 2 ambient
temperatures, 5   genotypes   and   3   bleeding  points
(38,  51  and  65  weeks).  Data  analysis  was  done  with
the SAS PROC GLM procedures [15] with the model
including the main effects of genotype and ambient
temperature  with  a  block  of  sequence  of blood
sampling   and   all   two-way   interactions.   Comparisons
of  multiple  means  were  made  by  using  Tukey's
Studentized  Range  (HSD)  Test.  All  statements of
statistical  differences  were  based  on  p<0.05  unless
noted otherwise.

RESULTS

Performance Traits: As presented in table 2, most
production parameters were severely affected by heat
stress with significant genotype x temperature
interactions. In heat stressed NH genotype, the body
weight  at  20  weeks  age  was  significantly  higher  than
all genotypes. At similar age, the LW genotype was
significantly  heavier  than   NaxNH,   but   not  with
NaxLW. However, the body weight at 68 weeks was
similar   among   commercial    layers    and     F     crosses.1

at both ambient temperatures. Surprisingly, heat stress
favourably increased body weight in NaxLW genotype by
1.7 and 2.8 % at 20 and 65 weeks, respectively. 

Heat stress-induced reduction in feed consumption
and egg production was generally higher in commercial
layer hens than Na and F  crosses. The average decline in1

feed consumption was highest in NH (22.7%) and lowest
in NaxLW genotypes (12.1%) whereas the corresponding
figure for Na, LW and NaxNH was 17.8, 18.3 and 16.9%,
respectively. The heat stress-induced effect on egg
production was most severe in commercial layers (12.2%
reduction), least severe in Na (-2%) and intermediate in
NaxNH genotype (-6.8%). In contrary, egg production
slightly increased (+0.1%) in heat exposed NaxLW
genotype compared with controls. 

Response of Differential Leukocyte Counts: The
response of differential leukocyte counts and H/L ratio to
chronic high ambient temperature is presented in tables 3
and 4. The interaction between ambient temperature and
genotype was highly significant for all differential
leukocyte counts except eosinophils, which was only
significant at 5% level. At high ambient temperature, the
highest lymphocyte counts was noted in LW and the
lowest in NaxNH genotypes and were significantly
different from the other genotypes. The heterophil counts
were significantly higher in NH and NaxNH genotypes
than other genotypes. At normal ambient temperature, the
differential leukocyte counts were more or less similar
across all genotypes. The Na genotype at high ambient
temperature had the highest basophil and monocyte
counts. Compared with genotypes at normal temperature,
an increase of 19.2, 43.6 and 41.0%, in heterophil, basophil
and monocyte counts, respectively was observed in heat
stressed genotypes (Table 3). However, in heat stressed
genotypes, the lymphocyte and eosinophil numbers
reduced by 9 and 11.6%, respectively. 

The effect of ambient temperature and genotype and
their interactions on H/L ratio was highly significant at 38
and 51 weeks, but not at 65 weeks (Table 4). In general,
long-term heat stress resulted in a significant increase of
H/L ratio in most genotypes. Compared with controls, the
respective increase in H/L ratio was 45, 18 and 19% at 38,
51 and 65 weeks age. The NH and NaxNH genotypes
exposed to heat stress had significantly higher H/L ratio
at 38 weeks than other genotypes. There were no
significant differences in H/L ratio between genotypes
exposed to heat stress at 65 weeks age. At normal
temperature, the H/L ratio was significantly higher in
NaxNH genotype at 38 weeks. 
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Table 2: Least-square means of general performance traits in Naked-neck and commercial layer hens and their F  crosses at high and normal ambient1

temperatures
Genotypes

Performance Ambient ----------------------------------------------------------------------------------------------------------------------- Pooled
traits temperature Na LW NH NaxLW NaxNH SEM
Body weight, g Normal 952 1353 1575 1169 1259 28.8d b a c c

(20 wks age) High 818 1248 1360 1189 1101 27.4d b a bc c

Deviation (%)* -14.1 -7.8 -13.7 +1.7 -12.5
Body weight, g Normal 1273 1594 2031 1581 1719 46.5c b a b b

(68 wks age) High 1230 1548 1694 1626 1643 58.3b a a a a

Deviation (%) -3.4 -2.9 -16.6 +2.8 -4.4
Hen-housed egg Normal 39.2 85.3 73.5 66.8 67.6 2.15c  a  b b b

production (%) High 38.4 76.1 63.6 66.9 63.0 2.71c  a  b ab b

Deviation (%) -2.0 -10.8 -13.5 +0.1 -6.8
Feed intake Normal 77.0 121 116 10 105 1.69c a  a b b

(g/d/hen) High 63.3 98.8 89.7 88.8 87.3 1.70c a b b b

Deviation (%) -17.8 -18.3 -22.7 -12.1 -16.9
 Means between genotypes within each ambient temperature having different letters are significant (p<0.05)a,b

Na= Naked-neck (from Ethiopia); LW= Lohmann white; NH= New Hampshire; NaxLW= Na F  crosses with LW; NaxNH= Na F  crosses with NH; *=p<0.05;1 1

**=p<0.01; ***=p<0.001; NS= Not significant; SEM= Standard error of mean
* Deviation (%)= (Heat stress-Normal)/(Normal)*100

Table 3: Least square means of differential leukocyte counts (%) in Naked-neck and commercial layers and their F  crosses at high and normal ambient1

temperatures (Pooled data)
Temperature (T) Genotype (G) Lympho-cytes Heterophils Basophils Eosinophils Monocytes

Na 71.0 17.4 5.88 3.28 1.93ab a ab b b

LW 72.8 15.0 6.19 3.29 2.39a b a b ab

Normal NH 69.7 18.0 5.29 4.09 2.59b  a b ab a

NaxLW 70.6 16.6 5.77 4.36 2.30ab ab ab a ab

NaxNH 71.6 16.8 5.16 3.59 2.47ab ab b ab ab

Na 64.3 17.9 9.52 3.69 3.92b b a a a

LW 69.3 17.4 7.29 2.71 2.78a b cd b c

High NH 63.6 22.9 7.07 2.98 2.93b a d ab c

NaxLW 65.4 17.8 8.76 3.75 3.67b b ab a ab

NaxNH 61.1 23.9 7.98 3.33 3.16c a bc ab bc

Pooled SEM 0.68 0.55 1.04 0.23 0.16
ANOVA significance level [P (F)]
T *** *** *** ** ***
G *** *** *** *** NS
T x G *** *** *** * ***

 Means between genotypes within each temperature having different letters are significant (p<0.05)a,b

Na= Naked-neck (from Ethiopia); LW= Lohmann white; NH= New Hampshire; NaxLW= Na F  crosses with LW; NaxNH= Na F  crosses with NH1 1

*=p<0.05; **=p<0.01; ***=p<0.001; NS= Not significant; SEM= Standard error of mean

Table 4: Least square means of heterophil:lymphocyte (H/L) ratios (%) in Naked-neck and commercial layer hens and their F  crosses at normal and high1

ambient temperatures
Age (weeks)
---------------------------------------------------------------------------------------------------------------

Temperature (T) Genotype (G) 38 (n=120) 51 (n=120) 65 (n=120)
Na 20.3 25.8 21.7b

LW 21.1 22.7 19.1b

Normal NH 26.8 26.1 23.3a

NaxLW 22.3 26.8 23.7b

NaxNH 27.4 22.1 22.9a

Na 31.5 27.1 22.9b ab

LW 26.6 25.3 23.7b b

High NH 41.1 32.8 28.6a ab

NaxLW 31.5 26.7 24.0b ab

NaxNH 40.4 34.2 32.2a a

Pooled SEM 1.36 1.08 1.32
ANOVA significance [P (F)]
T *** *** **
G *** NS NS
T x G *** * NS

 Means between genotypes within each temperature and age having different letters are significant (p< 0.05)a,b

Na= Naked neck (from Ethiopia); LW= Lohmann white; NH= New Hampshire; NaxLW= Lohmann crosses with Na; NaxNH= New Hampshire crosses with
Na
*=p<0.05; **=p<0.01; ***=p<0.001; NS= Not significant; SEM= Standard error of mean
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Table 5: Least square means of total plasma protein levels (g/dl) in Naked-neck and commercial layer hens and their F  crosses at high and normal ambient1

temperatures
Age (weeks)
---------------------------------------------------------------------------------------------------------------

Temperature (T) Genotype (G) 38 (n=120) 51 (n=120) 65 (n=120)
Na 3.96 2.44 1.69b c c

LW 5.17 3.77 3.01 a a a

Normal NH 4.84 3.22 2.56ab ab ab

NaxLW 4.53 3.36 2.58ab ab ab

NaxNH 4.61 2.94 2.19ab bc bc

Na 3.80 2.36 1.61a b b

LW 4.26 3.20 2.63a a a

High NH 3.88 2.71 2.26a ab ab

NaxLW 4.31 3.26 2.52a a a

NaxNH 4.34 2.81 2.06a ab ab

Pooled SEM 0.247 0.253 0.251
ANOVA significance level [P (F)]
T ** NS NS
G * *** ***
T x G NS NS NS

 Means between genotypes within each temperature and age having different letters are significant (p<0.05)a,b

Na= Naked-neck (from Ethiopia); LW= Lohmann white; NH= New Hampshire; NaxLW= Na F  crosses with LW; NaxNH= Na F  crosses with NH1 1

*=p<0.05; **=p<0.01; ***=p<0.001; NS= Not significant; SEM= Standard error of mean

Response  of  Total  Plasma  Proteins:  As  shown in ages, respectively. However, the corresponding figures
table 5,  the  effect  of  ambient temperature on total for heat stressed F  crosses was only 5.7 and 0.9%. This
plasma   protein    responses    was    only   significant  at indicated that the F  crosses demonstrated improved heat
38 weeks of age. Accordingly, high ambient temperature tolerance over time as compared with commercial layer
caused a reduction of total plasma protein by 10.9% in breeds. Nevertheless, the observed high body weight loss
heat stressed genotypes compared with controls. in commercial breeds due to heat stress was contributed
However,  the  respective  reduction  in total plasma mainly by NH breed, which showed alone a mean
protein  at  51  and  65  weeks  was  only  8.8  and  7.9%  in reduction of 15.2% compared with that of the control. This
heat  stressed  layer  hens.  No  significant  interactions could be explained by the fact that NH breeds might have
were  observed  between  temperature  and  genotype  at produced more metabolic heat than LW due to their
all  bleeding  points.  At  38  weeks, the highest total relatively heavier body weight and thus unable to
plasma protein was observed in LW while the lowest in dissipate the heat load effectively. The surprising increase
Na genotypes at both ambient temperatures. At 38 weeks, of body weight in heat exposed NaxLW genotype
no significant differences were observed between compared with control suggests a better heat tolerance
genotypes exposed to high ambient temperature. It was over other genotypes. This observation along with the
inferred that the total plasma protein mean values absence of mortality are the primary explanation for the
observed in heat stressed layers hens declined from 4.12 assertion that the NaxLW cross combination is
g/dl at 38 weeks to 2.22 g/dl at 65 weeks. The physiologically more heat tolerant and stable than the Na
corresponding values for those layers held at normal and NaxLH genotypes.
temperature were 4.62 g/dl at 38 weeks to 2.41 g/dl at 38 The reduction in feed consumption in response to
and 65 weeks, respectively. This age dependent change heat stress agrees with the findings of Mashaly et al. [16]
in total plasma protein values resulted in a consistent and Lu et al. [18]. Heat stress not only reduces feed intake
decline of 47.8 and 46.1% at normal and high ambient but has been reported to also reduce digestibility of
temperatures, respectively. different components of the diet [19]. Larbier et al. [20]

DISCUSSION protein digestion and Bonnet et al. [19] reported that the

The general depression in performance traits (body (proteins, fats, starch) decreased with exposure of broiler
weight, feed consumption and egg production) across chickens to high temperatures. Furthermore, it has been
heat stressed genotypes is consistent with previous reported that exposure to high temperature decreased
findings [16, 17]. Compared with control genotypes, the plasma protein concentration [21] and plasma calcium
mean body weight of heat stressed commercial layer concentration [22], both of which are required for egg
breeds declined by 10.9 and 10.6% at 20 and 68 weeks formation.

1

1

found that chronic heat exposure significantly decreased

feed digestibility of the different components of the diet
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The decreased lymphocyte and increased heterophil improved performance under heat stress environment.
counts following exposure to high ambient temperature is According to the reports of Al-Murrani et al. [36], heat
in agreement with the finding of McFarlane and Curtis [23] tolerant Iraqi local chickens with lower H/L ratio (0.04 to
and Zulkifli et al. [24]. The observed reduction of 0.39) produced 21.7% more eggs than sensitive ones with
lymphocyte numbers in commercial chickens in the higher H/L ratio (0.40 to 1.58). They suggested that this
present study may not necessarily due to destruction of high individual variability in the H/L ratio within the same
cells, but rather to glucocorticoid-induced redistribution strain may be used as indicator to select thermo-tolerant
of lymphocytes from the blood to other body chickens in tropical regions. 
compartments as reported by Dhabhar [25]. Consistent to the present results, Togun et al. [37]

The significant increase of both basophil and reported heterophil and lymphocyte differential counts
monocyte counts in heat exposed genotypes in the were significantly higher at 12 weeks age than at 36 weeks
present study  is  in line with previous findings of indicating a decline trend with age. Similarly, Howlett et
Mitchell et al. [26]. An increase in basophil numbers has al. [38] reported high values of lymphocytes in juvenile
been suggested as a method of detecting stress in birds, wild birds compared with adult values which are in good
whereas the increase in monocytes is mostly related to agreement with the current findings. This can be explained
cellular damage and suggests an early form of fatty by greater need for protection and fortification against
degradation [27]. In the present study, the eosinophils invasion by pathogens at the younger age than at mature
significantly reduced in heat stressed layers compared age, when there would have been enhanced physiological
with  controls.  Historic research on humans and mammals and pathological adaptation to the environment. In
demonstrated that glucocorticoid-induced stress leads to contrary, Jain [30] reported increased total leukocyte
a reduction in eosinophil numbers [28, 29]. Jain [30] counts with birds’ age while Islam et al. [39] observed no
reported that a reduction in relative eosinophil numbers is age dependent difference in Fayoumi and local chickens
more often a stress reaction than a response to disease of Bangladesh.
which is characterized by eosinophilia. Thus, these results The absence of significance difference in H/L ratio
suggest that number of eosinophils could be used as a between  genotypes  at  65  weeks  age  is in agreement
reliable indicator of chronic heat stress in layer chickens. with the findings of Ladokun et al. [40]. Gross [41]

The heat stress-induced increase in H/L ratio in the indicated that stresses that occur early in life, while many
current study is in agreement with previous findings [31, systems of the chicks are still developing, may have long-
32]. In a recent study, Gharib et al. [33] reported that lasting impact and could possibly modify the expression
chronic heat stress significantly increased H/L ratio in of their genetic potential. In view of this, there is a
broilers as compared with control groups. Similarly, possibility that the magnitude of stress perceived early in
Mashaly et al. [16] reported that birds exposed to chronic life may affect the level of tolerance to a subsequent
heat stress had a higher H/L ratio compared with those stressor.
exposed to chronic cyclic or control temperatures. Compared with controls, plasma levels of total protein
However, birds exposed to acute heat stress showed no decreased significantly and are consistent with the
difference in H/L ratio under acute cyclic or control findings  of  Khan  et  al.  [11],  Zhou  et  al.  [21]  and
temperature [16]. Gross and Siegel [4] and Pingel et al. [34] Dinu et al. [42]. In the earlier studies, Huston and Subhas
reported an increased H/L ratio in lines selected for high [43] reported that birds held at 30 °C had low total plasma
corticosterone level under acute heat stress conditions. protein compared with those at 18°C, which is in
Although there is no clear explanation for the agreement with the present findings. Similarly, Ward and
phenomenon, the discrepancies could be associated with Peterson [44] reported that broilers subjected to chronic
several factors including age, breed and sex of the birds. heat stress (33 to 35 °C for 4 week) had a significantly
It has been further suggested that chronic stress might be lower level of total plasma protein than those subjected to
associated with immune-suppressive effects, whereas 18 to 22 °C for 4 week. 
acute stress is associated with immune-enhancing effects In contrary, Koelkebeck and Odom [45] observed no
[35]. change in plasma total protein when hens were exposed

The average heat stress-induced increase of H/L ratio to acute heat stress of 38 °C. This discrepancy may be
in Na, LW and NaxLW genotypes ranged from 0.26 to due to different experimental conditions or strain of birds
0.28, whereas for NH and NaxNH it was 0.36 and 0.40, used. Such inconsistencies could be also arising due to
respectively, suggesting the former genotypes might be the duration of ambient temperatures in which birds were
better heat tolerant than the latter as evidenced by their exposed.  Squibb et  al. [46] compared the serum protein
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levels of birds exposed at 5 week of age for 7 d to ACKNOWLEDGEMENTS
temperatures of 23.0 and 37.2 °C. They found that serum
protein levels were not affected by either of the two
temperature regimens. Since the birds were only exposed
to the temperatures for 7 d, it is possible that further
exposure to these temperatures might have yielded results
similar to the current study. This phenomenon has been
proved later by Berrong and Washburn [10] who found
that heat stress of 38 °C did not have an effect on total
plasma protein until after 2 week. After 2 and 3 week of
heat stress, the total plasma protein was significantly
declined at the 38 °C temperature. Based on these results,
the authors suggested that an association between
extreme heat stress and the level of total plasma protein
may only be evident after birds have been allowed to
remain at that temperature over an extended period of
time.

In the present study, total plasma protein
consistently     decreased      with     age     starting   from
38 weeks to end of the experiment (65 weeks) which is in
line with the findings of Priya and Gomathy [47]. Berrong
and Washburn [10] reported increased levels of total
plasma levels in broiler between 3 and 6 weeks age.
Similarly, the total serum protein values in turkeys
consistently increased with age between 03 and 34 weeks
and declined thereafter in which the highest value was
observed between 26 and 34 weeks [47]. This indicated
that while the protein levels were rising during the active
life of productivity, it started declining once the birds
attained old age as they were past productive life. In
another study, Dinu et al. [42] monitored the serum
parameters in layer hens aged between 32 and 40 weeks
and found no consistent age differences in total serum
protein values. 

In  conclusion,  the present study showed that
chronic heat stress caused suppressed production
parameters,   increased    H/L    ratio    and   reduced
plasma  total  protein  values. The Naked-neck chickens
and  their  F   crosses  were  found   to   be  comparatively1

more  heat  tolerant  than  high  performing  commercial
layer breeds suggesting interactions between genotype
and environment on performance traits can be expected
when using commercial chickens in tropical environments
that might result in large economic losses. It was found
that the heat stressed chickens not only had an increase
in the H/L ratio, basophils and monocytes but also a
decrease in eosinophils and total plasma protein
indicating the birds were under increased heat stress.
Thus, these results suggested that differential leukocyte
counts, H/L ratio and total plasma protein could be used
as a reliable indicator of long-term heat stress in layer
chickens.
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