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Abstract
Serum hemoglobin, hematocrit and total protein of Roso hybrid hens fed on diets with different
protein levels varied under the conditions of heat stress (350C during daytime and 250C at
night) and 77% relative humidity. Thus the first lot received a diet with 17.5% crude protein
2750 kcal metabolisable energy/kg; the second lot received 19.2% crude protein, 2750 kcal
metabolisable energy/kg and 14% supplemental amino acids; the third lot received 17.5%
crude protein, 2750 kcal metabolisable energy/kg and 14% amino acids. The experimental
period lasted 8 weeks (between the age of 32-39 weeks). In all three groups serum hemoglobin,
hematocrit and total protein were significantly (p
al values. The
average values of these blood constants varied significantly in the three groups throughout the
experimental period (p
5.7% higher in group 2 than in groups 1 and 3, respectively. The average hematocrit value was
9.2% and 6.3% higher in group 2 than in groups 1 and 3, respectively. The average total
serum protein was 11.2% and 8.6% higher in group 2 than in groups 1 and 3, respectively. No
significant differences were observed between groups 1 and 3, the average values of the
hemoglobin, hematocrit and total protein being close statistically (p
Keywords: heat stress, poultry, diet, hemoglobin, hematocrit, total protein.

Introduction
The environmental heat stress causes lower feed intake of the layers and the
consequent depression of the general metabolism, i.e. depressed growth and laying
percentage, lower egg quality (Howlider and Cromarty 1995; Marsden and Morris 1996).
One solution to alleviate the heat stress is to provide supplementary dietary protein
and amino acids both to broilers and layers (Peguri and Coon, 1997, Zuprizal and Larbier
1998). Many researches investigated the correlations between the heat stress and the
diet and their effect on the serum parameters in poultry (Barnett and Jones 1996,
Harrison and Biellier 1996), the evidence showing that there are no stable values of the
blood parameters.
The present experiment monitored the values of several serum parameters in Roso
layers fed differently under heat stress conditions.
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Material and method
The experiment used 36 Roso layers aged 32 weeks, whose serum parameters were
monitored throughout 8 weeks (up to the age of 40 weeks) to observe the effect of
different dietary levels provided under heat stress conditions. The layers were
assigned to three groups of 12 hens each housed in three cages (four layers per cage).
The first group received a diet formulated to provide the standard 17.5% (1% lysine,
0.75% methionine+cystine) crude protein (CP) and 2750 kcal metabolisable energy
(ME)/kg; the second group received 19.2% CP (1.14% lysine, 0.78%
methionine+cystine) and 2750 kcal ME/kg; the third group received 17.5% CP (1.14%
lysine, 0.78% methionine+cystine) and 2750 kcal ME/kg. The layers had free access to
the feed and water. The light regimen was 16 hours of light and 8 hours of dark;
temperature was 35oC during daytime and 25oC at night, under 77% relative
environmental humidity.
Blood samples were collected (by puncture of the brachial vein) on anticoagulant from
12 layers from each group in the beginning of the experiment (reference values) and
weekly thereafter throughout the experiment.
The study monitored the following blood parameters: serum haemoglobin by the
colorimetric method with cyanmethaemoglobin (extinction readout at 546 nm); serum
hematocrit by the Wintrobe-Römer method; total serum protein by the method of
Gornall according to the principle of “burette reaction” (the colour intensity of the
complex was read at 540 nm and compared to the blank).

Results and discussion
The changes in serum haemoglobin, hematocrit and total protein are the consequence
of the heat stress. The body intensifies the process of heat dissipation and decreases as
much as possible the generation of heat in order to keep its physiological functions
within the limits of normality. Heat loss occurs mainly through passive ways
(radiation, conduction, convection) that become unsatisfactory when the heat gradient
between the animal and the environment decreases. Thus, under the conditions of
35oC environmental temperature the heat loss through passive ways accounts for less
than 20% of the total heat loss (Freeman, 1999).
Under such circumstances heat loss is intensified through hyperventilation, which
increases heat dissipation as water vapours. The elimination of water through
breathing and excreta unbalances the body water and minerals and the layers have to
drink additional amounts of water in order to restore the balance. Lott (1997) showed
that under 18oC environmental temperature a 2 kg-hen needs about 200-250 ml water
daily, which means 1.90-2.14:1 water to feed ratio. Under 35oC environmental
temperature the ratio becomes 4.67:1.
On the other hand, the higher intake of water decreases bowel motility and promotes
bowel relaxation, which reduces the efficiency of amino acid absorption at this level.
Digestive blood vessels dilatation also limits the intestinal absorption due to the lower
mesenteric blood flow (associated vegetative reaction).
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Heat generation is depressed by lower energy metabolism, lower feed intake and
behavioural changes.
The experimental results were processed statistically with the Student test.
Table 1 shows that throughout the experimental period haemoglobin decreased
significantly (p
3.
Table 1. Average weekly haemoglobin values (g/dl)
Group 1
X±Sx
11.0 ± 1.06
10.6 ± 1.01
10.2 ± 0.98
10.4 ± 1.02
10.0 ± 0.97
9.5 ± 0.91
10.0 ± 0.97
9.8 ± 0.93
10.2 ± 0.76

Week
1
2
3
4
5
6
7
8
Mean

Group 2
X±Sx
11.4 ± 1.09
11.6 ± 1.07
11.2 ± 1.10
10.8 ± 1.03
11.0 ± 1.08
10.5 ± 1.00
10.5 ± 1.01
10.7 ± 1.05
11.0 ± 1.05

Group 3
X±Sx
11.3 ± 1.07
10.8 ± 1.03
10.3 ± 1.01
10.0 ± 0.99
9.7 ± 0.95
9.9 ± 0.96
10.7 ± 0.97
10.5 ± 1.02
10.4 ± 1.01

g/dl

Chart 1 Serum haemoglobin
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No significant differences (p
haemoglobin value increased significantly (p
1 and 3 (by 7.8% and 5.7% respectively). Table 1 shows that haemoglobin ranged
between 9.5-11 g/dl in group 1, between 10.5-11.6 g/dl in group 2 and between 9.7-11.3
g/dl in group 3. Compared to the reference value (11/6 g/dl) haemoglobin decreased
by 15.5% in group 1, by 7.7% in group 2 and by 9.5% in group 3 (Chart 1).
Table 2 shows the variation of serum hematocrit: it ranged between 24.5-27.8% in
group 1, between 27.6-29.7% in group 2 and between 26.0-28.9% in group 3.
The hematocrit decreased significantly (p
by 11.9% in group 1, by 7% in group 2 and by 8.3% in group 3. The differences were
not significant between groups 2 and 3. The mean hematocrit value increased
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significantly (p
oups 1 and 3 (9.2% and 6.3%,
respectively). Compared to the reference value (30.4%) hematocrit decreased by
19.4% in group 1, by 9.3% in group 2 and by 12.8% in group 3 (Chart 2).
Table 2. Average weekly hematocrit values (g/dl)
Group 1
X±Sx
27.8 ± 2.70
26.8 ± 2.65
26.3 ± 2.61
26.0 ± 2.58
26.6 ± 2.64
26.0 ± 2.57
25.3 ± 2.50
24.5 ± 2.31
26.2 ± 2.58

Week
1
2
3
4
5
6
7
8
Mean

Group 2
X±Sx
29.7 ± 2.87
29.0 ± 2.88
28.6 ± 2.67
28.9 ± 2.70
28.0 ± 2.74
28.4 ± 2.81
28.2 ± 2.80
27.6 ± 2.61
28.6 ± 2.76

Group 3
X±Sx
28.9 ± 2.68
27.3 ± 2.71
27.0 ± 2.69
26.5 ± 2.60
27.0 ± 2.65
26.0 ± 2.59
26.3 ± 2.60
26.5 ± 2.53
26.9 ± 2.63

Chart 2 Serum hematocrit
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The depression of serum hematocrit is also due to the haematic dilution
(hypervolemia) because the excess glucocorticoids stimulate water and sodium
chloride reabsorption in the kidney and cecum. The decrease was lower, however, in
group 2 as compared to groups 1 and 3 due to a better utilization of the dietary
protein supplied with methionine and lysine, protein-protective amino acids.
As shown in Table 3, total serum protein ranged from 3.80 to 4.40 g/dl in group 1,
from 4.52 to 4.81 g/dl in group 2 and from 4.00 to 4.48 g/dl in group 3.
One can notice that total serum protein decreased initially in groups 1 and 3 because
the diets were not balanced in protein under the new heat stress conditions. Serum
protein increased subsequently though, due to the mobilisation of tissue protein and
due to protein synthesis in the liver, which still takes place under stress conditions.
The increase was significant (p
however, (p
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of the total serum protein increased significantly in group 2 only (by 11.2% and by
8.6% as compared to groups 1 and 3, respectively) due to the amino-protein treatment
of this group (Table 3).
Table 3. Average weekly total serum protein values (%)
Group 1
X±Sx
4.36 ± 0.40
4.30 ± 0.41
4.00 ±0.38
3.80 ± 0.35
4.10 ± 0.40
4.25 ± 0.41
4.30 ± 0.42
4.40 ± 0.43
4.19 ± 0.40

Week
1
2
3
4
5
6
7
8
Mean

Group 2
X±Sx
4.52 ± 0.42
4.60 ± 0.44
4.65 ± 0.65
4.62 ±0.43
4.68 ± 0.44
4.70 ± 0.45
4.74 ± 0.46
4.81 ± 0.47
4.66 ± 0.44

Group 3
X±Sx
4.43 ± 0.42
4.40 ± 0.41
4.16 ± 0.40
4.00± 0.38
4.20 ± 0.40
4.32 ± 0.41
4.35 ± 0.42
4.48 ± 0.43
4.29 ± 0.41

Chart 3 Total serum protein
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As compared to the initial value (5.2 g/dl), serum protein decreased significantly
(p
(Chart 3).
Energy metabolism decreases under heat stress due to the lower activity of the thyroid
too, causing heat hypothyroidism, which is frequent in poultry between April and
August. This ailment displays lower lipid catabolism (and increased serum
cholesterol), lower protein anabolism, lower tissue consumption of glucose (and
hyperglycaemia) and lower activity of the reproductive organs (May and all, 1986).
Energy intake and hence heat production are also limited by a lower feed intake. The
hens regulate their ingesta according to their metabolic requirements and the heat
stress inhibits their feed intake (5% decrease for each additional degree centigrade
between 32o-38oC) (Souilem and Gogny, 1994). Behavioural changes also occur: the hens
display a lower physical activity due to lower muscle effort and stretch their wings
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increasing thereby the area for heat elimination with less feathered portions of their
body. These adaptive processes occur with the participation of several endocrine
glands, mainly the hypophysis, the thyroid and the adrenal glands, all of them
coordinated by the hypothalamus.

Conclusions
Heat stress induces adaptive metabolic changes in hens expressed by humoral and
behavioural modifications. In all three groups, serum haemoglobin, hematocrit and
total protein decreased significantly (p
Throughout the experiment serum haemoglobin and hematocrit decreased
significantly (p
throughout the experimental period but the increase was significant only in group 2,
being not significant in groups 1 and 3 (p
serum haemoglobin, hematocrit and total protein show the necessity to provide diets
balanced in protein and essential amino acids to the hens exposed to heat stress.
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