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ABSTRACT

PURPOSE: To compare some major hematological and biochemical blood parameters of 3 newly
introduced poultry breeds — Australorp, Marans and Araucana, during different stages of their egg-
laying period.

METHODS: Five blood parameters were investigated: hematocrit, hemoglobin, glucose, total protein
and total cholesterol. A hundred blood samples were tested, collected at three laying stages — beginning,
middle and end.

RESULTS: Statistically significant differences in the hemoglobin levels by sexes were established: in
Marans breed (males — between 8.38 and 13.45; females — between 7.30 and 9.02 g*dI™) and Araucana
(males — between 9.17 and 13.65; females — between 9.08 and 9.40 g*dI™).

The hematocrit levels in the males (from 23.16% in Marans to 40.88% in Australorp) were significantly
higher than the levels in the females (from 23.72% in Marans to 30.48% in Australorp).

The blood glucose test of the cocks (from 32.07 in Marans to 40.88 mmol*I™ in Australorp) showed
higher levels compared to the female (from 23.72 in Marans to 30.48 mmol*I™ in Australorp).

The total protein content in the layers’ blood (between 5.97 in Araucana and 8.73 g*dI™ in Marans) was
higher compared to cocks.

The total cholesterol levels were, as follows: males — from 2.05 in Araucana to 3.49 mmol*I™* in
Australorp; females — from 1.92 in Australorp to 6.57 3.49 mmol*I™ in Araucana.

CONCLUSIONS: The variations in the investigated parameters in the blood are a result of the
simultaneous effect of several factors - breed genetic differences, differences in egg-laying effort and
degree of adaptation.
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INTRODUCTION

Monitoring the hematological and biochemical
parameters of blood provides a clear picture of
the health status, the degree of adaptation and
the productive capacity of newly introduced
poultry species and breeds (1). It is also known
that those indices vary depending on the bird
age and breed. Moreover, a large variation in
blood chemistry in egg-type strains was
established (2).

*Correspondence to: A. Arnaudov, University
‘Professor Dr. Asen Zlatarov’- Burgas, Dep. Public
Health and Health Cares; Plovdiv University
‘Paisii Hilendarski’, Faculty of Biology, Phone
+359-889206757, arny87@abv.bg

Some biochemical blood parameters are
largely affected by the physiological strain on
the body that may be due to rapid changes in
environmental conditions or to an intense
commercial use. That effect can be observed in
poultry (3, 4), especially in the period of
intensive laying.

A significant portion of variations is also due
to individual differences. According to (5)
resolving the physiological and evolutionary
consequences  of  individual  variations
represents an exciting challenge for the future.
Campbell and Ellis (6) established that, during
egg production, some wild avian can develop
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anemia (reduction in hematocrit, hemoglobin
and the red blood cell number). Previously
such conclusions were reached by (7).

Proudman and Wentworth (8) reported for a
highly significant negative regression of egg
production, associated with hematocrit levels
in turkey breeder hens. According to the
authors, the hematocrit levels might be a useful
method for the rapid identification of a
significant proportion of the unproductive hens
in a turkey breeder flock. In a study on the
changes in some blood parameters
(hemoglobin, hematocrit, glucose and total
protein) during the beginning, peak and end of
the egg-laying period in Guinea fowls, (9)
reported that the female birds had significantly
increased hematocrit levels (p<0,05), while
other parameters had increased slightly. In the
male birds, the hematocrit and hemoglobin
levels were the highest before the peak of the
laying period, and the glucose and the total
protein were the highest before the peak and at
the end of the laying period.

Bedrack et al. (10) observed no diurnal rhythm
in the blood hematocrit levels, while there
were different diurnal variations in circulating
concentrations of gonadotropins, prolactin,
corticosterone, estradiol, progesterone and
testosterone in laying and broody White Rock
domestic fowl.

Currently, there is a tendency in poultry
farming to re-evaluate the genotypes and the
rearing technologies used. The interest to dual
purpose (eggs + meat) breeds suitable for a
free range system or rearing in backyards —
Australorp, Sussex, Bielefelder, Faverolles,
Wyandotte, etc., or attractive breeds laying
Easter eggs with blue-green or chocolate shell
color — Araucana, Ameraucana, Cream Legbar,
Schijndelaar, Marans, etc., increased in the last
years (11-13).

The aim of the present study was to compare
some major hematological and biochemical
blood parameters of 3 newly introduced
poultry breeds — Australorp, Marans, and
Araucana, during different stages of their egg-
laying period.

MATERIAL AND METHODS

The study was carried out on the poultry farm
of the Agricultural University — Plovdiv with 3
introduced chicken breeds - Australorp
(originating  from  Australia), Marans
(originating ~ from France),  Araucana
(originating from South America). Each group
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included 32 laying hens and 4 cocks, i.e. a sex
ratio of 82:1J. All the birds were fed on the
same diet and reared in a free range housing
system, in equal conditions in sleeping pens
and outdoor walking yards. The sleeping pens
(size 3.50/2.50/2.75 m) were equipped with 3
perches, 2.50 m in length, and 8 two-floor
wooden nest boxes of 30/30/40 cm each. The
housing density of poultry in the sleeping
houses was 3.93 birds per 1 m*area.

Each group was provided with two tube
feeders, placed under the eaves of the sleeping
houses and with watering troughs ensuring
feeding and drinking widths of 10 and 3 cm
per bird, according to the requirements of (14).
The fowls were watered and fed ad libitum.
The birds received 140 g daily ration of
combined feed given twice — in the morning
and evening, with the following nutritional
levels in 1 kg: Metabolizable Energy — 11.8
MJ; Crude Protein — 17.3%, Lysine — 0.81%;
Met.+Cystine — 0.73%; Potassium — 3.63%;
Avail. Phosphorus — 0.36%.

Blood samples were taken through the v.
toracica lateralis from 4-6 female and 4 male
specimens of each breed at 3 different laying
stages — before the egg-laying peak
(13.02.2019 - laying intensity of 13-20%),
during the egg-laying peak (10.05.2019 —
laying intensity of 57-80%) and at the end of
the egg-laying period (28.06.2019 - laying
intensity of 25-32%). Until the time of the test,
the blood samples were stored in 3 ml cuvettes
with 3.2% sodium citrate (Vacuette) at a
temperature of 4-8°C. The operations were
carried out in accordance with the
requirements of environmental legislation (15).
The following parameters were measured: total
hemoglobin, hematocrit, glucose, total protein
and total cholesterol levels.

The laying intensity (LI) was measured 2 days
before and 2 days after the blood collection,
using the formula:

LI = Total eggs for the day/number of
layers*100

Total hemoglobin and hematocrit levels were
measured using the Hemo  Control
Haematological analyser, EKF Diagnostic
(Germany) and blood glucose was measured
using Hemo Cue Glucose Analyser (Sweden).
Protein content in blood plasma was
determined through refractory using Clinical
Refractometer ATC 4, following the method
described by (16).
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The total cholesterol content in blood was
measured spectrophotometrically using
cholesterol total-L. AMS tester of visible
spectrophotometer V-1100 (JP Selecta).

RESULTS AND DISCUSSION

Table 1 presents the laying intensity
established in the periods of blood collection.
At the beginning of the laying period Araucana
breed showed the lowest intensity, while in
Australorp and Marans it was practically
identical. During the next two stages Australop

ARNAUDOV A, et al.

breed showed the highest laying intensity and
the differences with the other 2 breeds were
statistically significant. In the conditions of a
free range housing system, Australorp breed
showed the highest laying intensity for the
whole laying period compared to the other
investigated breeds. Marans breed showed the
lowest intensity at the peak and at the end of
the laying period, as well as during the whole
laying season.

Table 1. Laying intensity of the different breeds, %

Breeds Beginning of laying Peak of laying End of laying
m+SEM m+SEM m+SEM
Australorp 19.87+0.75 80.26+1.24 32.27+1.91
18, A;Cia5a; C a8
Marans 20.41+0.92 57.99+1.41 23.38+0,7
Aads8 Asaiag C,ap83
Araucana 13.09+0,7 66.11+3,16 25.3342,71
A1a1b1 Clalaz blaz

Note: The difference is significant at: P<0,001 — a;-a;...a3-a3; P<0,01— b;-b; ... by-b,; P<0,05 — ¢;-C; ... €4-C4 in the
same row; P<0,001 — A;-A;; P<0,05 — C;-C; in the same column.

Compared to the hens, the hemoglobin level
was higher in the cocks of the three breeds
during all the studied periods, with an
exception of Marans at the peak of laying
(Table 2). In most periods, Australorp birds
had higher values compared to the two other

breeds. The differences in most comparisons
were statistically significant. It can be
concluded that the higher hemoglobin levels in
Australorp hens correlated positively with their

higher seasonal laying intensity.

Table 2. Hemoglobin content during the tested periods, g*dl™

Beginning of laying Peak of laying End of laying

Breeds Male Female Male Female Male Female

m=SEM m=SEM m+=SEM m+=SEM m+=SEM m+=SEM

Austialorp | 12982023 1A0g2;2.k1)8b 11.37+0.14 %3618?;(;8 13.4040.24 | 11.60:0.12
A;Ciajasa3b, b4l 1oLz A:Ciazas585h; ! Sb: 8 d4dedzdg A1Az85890104

Varane 1;?::28 798:0.07 | 838017 | 9.02:05 | 1345021 | 7.30:0.71

! aibll 2 A1Aa135 A1Aza,35 b.a; d3dsdgdrag A1Cia,8g

Araucana 13.65+0.07 9.40+0.06 | 10.90+0.07 9.08+0.07 13.55+0.25 9.17+0.1
ACiajaza3a4 | AyB1218536C1 | A1Ciap8587858] C18387810C1 dgdgdiodi1 A,Cia489011

Note: The difference is significant at: P<0,001 — a;-a;...a11-a11; P<0,01- b;-b; ... bg-b,; P<0,05 — ¢4-c; in the same

row; P<0,001 — A;-A; — A,-Ay; P<0,01- B;-B;; P<0,05 — C;-C; in the same column:

It should be noted that there were differences
in the variation of that parameter in the three
breeds. Thus, an Australorp, the hemoglobin
concentration in the blood of the female birds
decreased during the laying peak and after its
end it increased again and even exceeded the
level reported before the beginning of egg-
laying. In Marans breed, the tendency was the
opposite (levels increased during the peak),

whereas in Araucana it did not change
significantly during the studied period. Thus, it
can be concluded that the breed had a
significant effect on the hemoglobin synthesis
balance and its degradation in female birds.
Changes in the hemoglobin values were
identical in the cocks of all the three breeds —a
decrease during the peak of egg-laying and
recovery of the values after the end of that
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period. Differences regarding the variation in
the hemoglobin content in the blood of laying
bird species were also found in the literature.
In our previous studies, we established that the
hemoglobin content in the blood of laying
guinea-fowl increased during the egg-laying
peak (9), while in pheasants (Phasianus
colchicus) the hemoglobin content decreased
during the egg-laying peak (17).

The established by us results for the
hemoglobin content for the three races are very
close to data, cited from (18) — 10.2-15.1
(mean 12.6 g*dI™), (19) — 11-13 g*dI* and
(20) for broiler chickens — 11,4g*dl™. Other
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publications (Avian hematology) show lower
referent values for the hemoglobin content of
layers — 9.3 g*dI™.

Monitoring the hematocrit levels (Table 3)
showed almost the same tendencies as
hemoglobin content. With the exception of
Marans at the peak of the laying period, the
cocks had significantly higher levels than the
hens in all the three breeds. The lowest values
were established in the males of all the three
breeds at the peak of laying, while no
significant variations were observed in the
hens, with the exception of Australorp at the
beginning of the laying period.

Table 3. Hematocrit content during the tested periods, %

Beginning of laying Peak of laying End of laying
Breeds Male Female Male Female Male Female
m+SEM m+=SEM m+SEM m+SEM m+SEM m+SEM
Australorp 40.88+0.49 | 30.48+0.61 | 33.03+0.46 | 27.50+0.46 | 35.40+0.25 | 26.27+1.30
Aja1a,838,85 | A12136D1C1C, | Biazazbobscy azayagh; C,a4a53ga9b; asaghsCy
Marans 31.97+£1.22 | 23.72+0.29 | 23.16+£1.60 | 25.61+2.16 | 32.07+1.21 | 25.86+1.21
A]_Clalb;LClCz AAa Clbl C1C3 C1a2C3C4 CyCy
Araucana 38.37+1.95 | 28.49+0.56 | 33.33+3.47 | 25.67+1.14 | 36.90+4.29 | 27.40+1.61
Cibibsbs Asby B.C; b,cq Cy1 b,

Note: The difference are significant at: P<0,001 — a;-a;...a¢-ag; P<0,01 — by-b; ... bs-bs; P<0,05 — ¢41-C; ... C4-C4 iN

the same row; P<0,001 — A;-A;... Ay-Ay; P<0,01- B;-B;; P<0,05 — C;-C; in the same column:

Our results are comparable with these, cited by
(2) for laying hens (25-30%), (20) for broiler
chickens — 33-35%, so as by (18), who reports,
that those index is normally very variable -
from 30 to 49 (mean 39.5)%.

In the present study, similar to the hemoglobin
content, the three breeds showed differences in
the parameter variations during the experiment.
In literature, there were also differences in
hematocrit changes, found in some bird species
during the egg-laying season (9, 17).
According to (6, 7, 21) the hemoglobin and
hematocrit contents in the female birds
decrease to the degree of anemia by intensive
laying. Decreased hematocrit, red blood cell
counts, and hemoglobin concentration did not
recover at clutch completion, but showed
evidence of recovery to baseline pre-breeding
levels at hatching. The decrease is proportional
to the egg laying effort. Opposite, the
hematocrit increasing is a part of the adaptive
reactions to lower temperature, while the diet
type doesn’t influence the anemia’s
manifesting (21). Probably, the hematocrit
changes in our experiment are a result of the
combined influence of 2 factors — laying

intensity and adaptation of new introduced
races to the (South) Bulgarian environmental
conditions. For the three investigated breeds it
wasn’t established anemia, while for Maran
breed it was established increasing of the
studied index, which could be explained with
the lowest laying intensity, compared to other
races, respectively with the lowest egg laying
effort.

The blood glucose content is an indicator of
the adequate supply of energy to the cells.
Higher blood glucose values, combined with
high hemoglobin values, are a prerequisite for
the better energy supply at the cellular level.
At the high physical activity of the body, the
blood glucose content can decrease to a certain
extent, and in order to compensate for it, the
glucose intake must be increased by a proper
diet. Data obtained in the present study show
(Table 4) that in hens, the highest values were
reported in Araucana breed at the beginning
and peak of laying, the differences being
significant. At the end of lying, the blood
glucose was relatively low, with no statistically
significant differences between the breeds. The
males exhibited higher and more reliable
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variation between the breeds, the lowest values
being established in Australorp in all the three
studied periods. In general, hens of all the
breeds had higher values of the parameter

ARNAUDOV A, et al.

compared to cocks, which corresponded to the
higher energy metabolism in their body due to
the egg-laying activity.

Table 4. Glucose content during the tested periods, mmol*I™

Beginning of laying Peak of laying End of laying

Breeds Male Female Female Male Female
m+SEM m+=SEM m+=SEM m+=SEM m+=SEM m=SEM

Australorp 6.10+0.05 7.08+0.07 7.25+0.07 7.43+0.13 6.2340.1 6.90+0.09
AiAza13,838,]  AiAzai8s A12,36C4 A1353:,C; Asas86870, a4b1C1C;y

Marans 9.30+0.24 | 6.42+0.07A, 7.20+0.11 8.40+0.47 8.15+£0.07 7.00+0.12
Ajaiabia; | Asajasashobs|  AsasasasCy B;b,ciCs A1Aa536a701 a3a7b5C,

Araucana 9.85+0.07 | 10.67+0.13 9.93+0.16 10.87+0.30 6.47+0.11 6.324+0.56
Azai3;01C1 | AzA333240:C5| A1Aa586C,C3) A1B18785CiC3|  Aqai838537 dpd4deds

Note: The difference are significant at: P<0,001 — a;-a;...ag-ag; P<0,01 — bs-b; ... bs-bs; P<0,05 — ¢;-C; ... C3-C3 in
the same row; P<0,001 — A;-A;... A3-Aj; P<0,01 — B;-B; in the same column

According Avian hematology (30) the
established by wus results are within the
physiological limits (7-11.3 mmol*I™"), but
they are a little lower, compared to other
authors — (2, 22-24) who report levels from
10.6 — 13.8 mmol*I™,

In our preliminary investigation with Guinea
fowls, it was established that during the laying
period the glucose content in the male’s and
female’s blood varies (9). In this investigation,
we didn’t establish a high dynamic in the
glucose contents.

Eggs are a product rich in protein and amino
acids. In that aspect, maintaining a normal total
protein level in blood is of most importance for

the high laying performance. The data in Table
5 show that the hens of the breed having the
best egg production performance (Australorp)
also had the highest total protein levels at the
beginning and end of laying, as at the peak of
laying the level of blood protein decreases. The
differences were statistically significant. In the
lowest productive breed, the total protein
levels were high during the three periods, and,
in Araucana, the values of the parameter were
intermediate and relatively similar during the
separate periods. The cocks of all the three
breeds had lower or identical to the hen values,
the lowest one in comparison with that of the
hens being reported in Marans at the peak of

laying.

Table 5. Total protein content in blood during the tested periods, g*dI™

Start of laying Peak of laying End of laying
Breeds Male Female Male Female Male Female
m+SEM m+SEM m+SEM m+SEM m+SEM m+SEM
Australorp 5.93+0.64 8.46+0.13 5.33+0.43 5.77£0.21 6.90+0.25 | 7.87+0.12A;
Blblcl A1a1a2b1b2C2 Clalb3C3 B1C1a2a3C4 b2C3C4C5 Blaga5b3C1C2
Marans 7.70+0.07 8.43+0.23 4.40+0.14 8.73+£0.54 6.40+0.07 6.33+0.18
A.Biaiazas A,3,43536 A1124878589 | B1Coashib, Aasaghy Asaz86890,
Araucana 6.00+0.14 5.97+0.22 | 7.97£0.39A;| 6.68+0.26 6.27+0.08 6.60+0.18
Aibicy AAD; Cibibybscocs C.Cye, bs BiCiCs

Note: The difference are significant at: P<0,001 — a;-a;...a9-89; P<0,01— b;-b; ... bs-bg; P<0,05 — ¢1-C; ... C4-C4 IN

the same row; P<0,001 — A;-A; — A,-A,; P<0,01- B;-B;; P<0,05 — C;-C; — C,-C, in the same column:

Total protein values of female and male
Marans and female Australorp, established in
the present study, were higher than most
published in the scientific literature for egg-
type poultry breeds (2, 20, 22-27). Our results
were closest to the total protein values of
laying hens fed on raw Anthonotha

macrophylla seed meal, reported by (19). The
probable reason for the variation of the total
protein parameter in the present study, as well
as in data published by other authors, is that
the protein intake from the feed is more than
the amount required for the maintenance of life
and for egg production.
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According(25 and 30), the total protein in
female’s blood increases during the intensive
laying. In our investigation such kind of
increasing is observed only for Araucana
breed, while for the other 2 races the trend is
opposite.
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Blood cholesterol levels in the males (Table 6)
were quite similar over the three studied
periods, with the highest values being reported
in Australorp — between 3.39 and 3.74
mmol*I*. The differences with the cocks of the
other two breeds (Marans — between 2.36 and
2.91 and Araucana — between 2.05 and 2.58)
were significant.

Table 6. Total cholesterol content during the tested periods, mmol*I™*

Start of laying Peak of laying End of laying
Breeds Male Female Female Male Female
m+SEM m+=SEM m+=SEM m+=SEM m+=SEM m=SEM
Australorp 3.39+0.05 | 2.81+0.04 3.49+0.08 3.74+0.27 3.71+0,69 | 1.92+0,18B;
Alclalaz Blalagblcl C1C2b2C1 Cy C1a2a4b1b202
Marans 2.77+0.19 4.11+0.27 2.91+0.23 2.74+0.25 2.36+0.11 4.74+0.52
C,Cobicy B,a;b;b,c, A;C1b,cy b, B1a;b3C1C3C4
Araucana 2.05+£0.13 | 2.58£0.40 2.44+0.09 6.57+0.74 2.58+0.22 4.38+0.73
A1Craicy b, A1Craibib,b; bs CiiCy

Note: The difference are significant at: P<0,001 — a;—a;...as—as; P<0,01- by—b; ... b,—by; P<0,05 - ¢;—Cy ... C4—Cy
in the same row; P<0,001 — A;-A4; P<0,01- B;-B4; P<0,05 — C;-C; — C,-C, in the same column:

No significant dependencies were observed in
layers either between the studied breeds or
between the periods of laying intensity. The
highest variation was reported in Araucana
breed — from 2.58 to 6.57 and the lowest in
Australorp — from 2.81 to 3.74 mmol*I-1.

Our results are close to these, cited by (28) for
laying hens (3.99- 4.83 mmol*I™") and (2, 22,
23, 24, 25, 29) for layers in different ages -
between 2.49 and 6.18 mmol*I™.

The dynamics of the parameter’s change in the
laying hens is partly confirmed by (25), who
report that the total cholesterol increases in the
laying period. The differences  under the
investigated breeds could be explained with the
different degrees of adaptation to the
environmental conditions, especially to the
higher protein diet, especially to the lower
laying intensity breeds Marans and Araucana.

CONCLUSIONS

In the conditions of a free range housing
system, the highest laying intensity for the
whole laying period was established in
Australorp breed — from 20% (beginning of the
laying period) and 80% (peak of laying). The
other two breeds showed significantly lower
laying intensity — from 20% to 60% (Marans)
and from 13% to 66% (Araucana),
respectively.

The cocks of all the three breeds had higher
hemoglobin content in blood than the hens, the

differences in the breeds Marans and Araucana
being significant. The hematocrit content was
identical with the hemoglobin content, except
for Marans breed at the peak of laying, when it
was slightly higher in the layers compared to
the cocks.

The hens of all the three studied breeds had a
higher blood glucose content at the egg-laying
peak than the cocks, corresponding to their
higher energy consumption.

Both the cocks and the hens of the three breeds
showed higher total protein content in blood at
the beginning and end of the laying period,
while at the peak of laying the values,
especially in the layers, were lower. That was
probably due to the high protein level in the
feed (17.5%), which was higher than the
requirements of hens even when reaching over
90% laying intensity.

The wvariations in  the investigated
hematological and biochemical parameters in
the blood of the three races are a result of the
simultaneous effect of several factors - breed
genetic differences, differences in egg laying
effort, degree of adaptation to climatic
conditions in (South) Bulgaria and the diet.
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