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ABSTRACT
The aim of the present study was to determine the effect of different bedding materials on the, hematological and
serum biochemical parameters of the broiler chickens. A completely randomized design was employed for the
research in which the treatment were five bedding materials (rice hulls, groundnut hulls, wood shaving, sharp sand
and control). The treatments were replicated three times each with ten birds in each experimental unit. The birds were
brooded for two weeks before the experiment begin. The blood samples were collected at day 56 of experiment for
hematological and serum biochemical analysis. There was no significant difference in the glucose, serum total
protein, globulin, calcium, sodium, total bilirubin, conjugated bilirubin, and serum alanine transferase, but there was a
significant difference in serum cholesterol, albumin, bicarbonate and serum aspartate transferase within the groups.
The findings also indicated in the hematological parameters that bedding materials caused significant difference in
the hemoglobin content, white blood cell count and mean corpuscular hemoglobin, but no significant differences in
the other parameters (Heterophils, monocytes, basophils, lymphocytes, mean cell volume and packed cell volume)
were seen. The results suggested that rice, hulls, groundnut hulls and sharp sand can serve appropriately as bedding
materials for broiler production, with compatible effects on serum biochemical and hematological parameters.
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and unused, in poultry flocks the term bedding material
can also mean used bedding material that includes manure,
spilled feed, water and feathers. Good litter should be
nontoxic to the birds, be free of contaminants, such as
pesticides and metals, be very absorbent with a short
drying time and be readily available and relatively
inexpensive (Monira et al., 2003). The purpose of using
litter on floor is to absorb moisture from birds’ droppings
in order to keep the floor reasonably dry and ensure
comfortable conditions for birds. It also gives birds a
suitable medium on which feeding, watering and other
management practices are carried out. Sawdust, rice husk,
sugarcane bagasse, chopped straw, paper and sand
amongst others are the common types of litter used in
poultry houses throughout Nigeria (Monira et al., 2003).
The considerable individual differences in
biochemical indices in birds are the main reason for the
wide physiological ranges specified for chickens
(Pedersen et al., 2000). The major factors for successful
poultry production are high genetic potential, balanced
nutrition and health maintenance (Horsted and Hermansen,
2007). Their values are influenced by species, age, sex,

INTRODUCTION
Poultry litter is used in confined buildings met for raising
broilers, turkeys and other birds. The bedding materials
such as wood shavings sawdust, peanut hulls, shredded
sugarcane, straw, sand and other dry, absorbent, low-cost
organic materials. The main function of bedding materials
is to help in the absorption’s moisture, preventing the
excess production of ammonia and harmful pathogens
(Monira et al., 2003).
The materials used as bedding can also have a
significant impact on carcass quality and bird’s
performance as well as on their biochemical
characteristics. Some specific procedures must be adhered,
to properly maintain the litter and maximize the health and
productivity of the birds raised on it (Monira et al., 2003).
The poultry usually grown on dirty floors with some
type of bedding material. Concrete floors and some
specialized raised flooring are used at some facilities.
Most of poultry flocks are raised on the floor with a layer
of bedding called, “litter,” spread over the top of the floor.
Unlike livestock where bedding material is typically clean
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season, geographic region, nutrition, and physiological
condition. They are also indicators of the health of birds
housed in cage systems. Variables such as total protein,
albumin, cholesterol, glucose, calcium, phosphorus, uric
acid, aspartate aminotransferase, lactate dehydrogenase,
and lactate are commonly measured biochemical
characteristics for poultry (Hrabčáková et al., 2014).
It has been noted that significant changes in the
serum biochemical parameters can be done to assess the
both pathological and nutritional status of animals
(Akpodiete and Ologbodo, 1998). Serum concentrations of
glucose, cholesterol, triglyceride and uric acid level have
been reported to be significantly affected by different
feeding treatments, whereas total protein, albumin and
creatinine level were not significantly affected by the
treatments (Ibrahim and Albokhadaim, 2016). Serum total
protein and albumin have been reported to be directly
related to protein intake and quality (Onifade, 1998).
Biochemical valuables can be used to confirm the
maturity and to monitor any changes in the quality of
water and related soils (Paria, 2014). The evaluation of
hematology and serum biochemistry in birds allows for the
determinations of metabolic changes due to endo- and
exogenous factors including the genetic type, husbandry
conditions, season, sex and age (Ross el at., 1978; Bowes
et a1., 1989; Melluziet al., 1992; Krasnodêbska et al.,
2000; Harr, 2002; Juraniet al., 2004; Rajmanet al., 2006).
Therefore, the objectives of the present study were to
evaluate the hematological and serum biochemical
parameters of broiler’s chickens reared in different
bedding materials.

is, there were fifteen experimental units. Ten birds were
placed in each experimental unit, to get a total number of
150birds that have been brooded from day old to two
weeks of age.
The blood was collected at day 56 (eighth week) of
the experiment. Blood sample was collected from the wing
(brachial vein) and neck slitting of bird per replicate. 5ml
of blood was collected from one bird per replicate into a
tube containing Ethylene Diamine Tetra Acetate (EDTA)
to determine hematological parameters (packed cell
volume, white blood cell, Haemoglobin, Red blood cell,
Neutrophil,
lymphocyte,
Eosinophil,
Basophile,
monocytes and conjugated billirubin) while another 5ml
was collected to determine some serum biochemical
parameters (Ca++, Na++, Bicarbonate, Glucose, cholesterol,
Total protein, Albumin, Globulin, Total billirubin,
Conjugated billirubin, Serum glutamic pyruvic
transaminase, serum glutamic oxaloacetic transaminase,
and Alkaline phosphate.

MATERIALS AND METHODS

Red blood cell
Blood was diluted with 0.9% NaCl. The diluted
blood was mounted on a haemocytometer and the number
of erythrocytes in the cream scribed volume (0.02mm3)
was counted microscopically. Calculated erythrocytes
were expressed in million per cubic meter (Jain, 1986).
MCHC = Hb / PCV (grams/litre).

Packed cell volume
The percentage of Packed Red Cells (PVC) in the
blood was determined using the haematocrit centrifuge
method as described by Dacie and Lewis (1984; 1995). A
capillary tube was dipped into sample to fill it to about
three-quarter length. Excess blood on the side of the
capillary tube was wiped off in other to keep accurate
reading. One end of the tube was sealed over a Bunsen
burner. The capillary tube was put into a microhaematocrit reader and the level of the packed cell was
regarded as the PVC.

The study was conducted at the poultry house in the
research and teaching farm of the Department of
Agricultural Education of Federal College of Education,
Kontagora, Niger State Nigeria. Geographically,
Kontagora is located at latitude 10024’1” North and
longitude 5028’1” East and at an elevation of 335m above
sea level (Niger State Bureau of statistics, 2011). The birds
(broilers) Arbor acre breedwas purchased at day old from
Top Link, an accredited poultry hatchery based in Ibadan,
Nigeria. They were fed with top feed at day old to the
eight weeks, vaccines, antibiotics and anticoccidial were
the main routine drugs used for the preventives measures
A Completely Randomized Design (CRD) was used
for present study. Five bedding materials (rice hulls,
groundnut hulls, Wood Shavings (WS), sharp sand and
control, concrete floor) were utilized. The treatments
(bedding materials) were replicated three times each, that

White blood cell
The estimate of the total blood cells was carried out
immediately after collection of blood sample from
experimental animals using Neubauer haemocytometer
counting chamber (Jain, 1986). From blood sample of test
animals 2ml of blood sample was pipette and mixed with
4ml of White Blood Cell (WBC) diluting fluid (WBC fluid
made up of 3% aqueous solution of acetic acid and 1%
gentian violet) (Jain,1986). The sample was then put into
the haemocytometer and cell counted and expressed as 109
WBC per liter of blood.
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minutes at 37oc 0.5ml solution containing 2, 4–
dinitrophenylhydrazine were added and allowed to stand
for 20 minutes at 25oC. Later 5ml solution hydroxide was
added, mixed and the absorbance of the color produced
was read using spectrophotometer and concentration was
determined from Aspartate transferase (AST) activity table
(Ahur et al., 2012)

Haemoglobin
The Haemoglobin (Hb) concentration of each blood
sample was determined by cyanmethaemoglobin method
as described by Jain (1986). From each blood sample of
experimental animal, 20 l of blood was mixed with 4ml of
modified Drabkin s solution, Drabkin s solution was
prepared by mixing 200 mg potassium ferricynide, 50 mg
potassium cyanide and 140 mg potassium dihydrogen
phosphate; volume was made up to 1 liter with distilled
water and pH adjusted to 7.0 . he mixture of blood
sample of experimental animal and Drabkin s solution was
allowed to stand for 3 minutes before reading the Hb
concentration using a spectrophotometer at wavelength of
540nm. The actual value of Hb was extrapolated from a
standard curve (Jain, 1986).

Alanine transferase
Concentration of the oxaloacetate hydrazone formed
with 2, 4 – dinitrophenylhydrazine was measured by
absorbance it produces, 0.1ml of test sample was added to
0.5ml phosphate buffer containing q – oxoglutarate and L
– aspartate. It was mixed and allowed to stand for 30
minutes at37oc, 0.5ml solution containing 2, 4 –
dinitrophenylhydrazine was added and allowed to stand
for 20 minutes at 25oc. Later 5ml sodium hydroxide was
added, mixed and the absorbance of using
spectrophotometer and concentration was determined from
Alanine transferase (ALT) activity table (Ahur et al.,
2012).

Serum cholesterol
The cholesterol of the serum was determined by
using enzymatic endpoint method as described by Ahur et
al. (2012). The absorbance of the sample was measured
against the blank reagent within 60 minutes and the
reading was taken at wave length of 520nm (Ahur et al.,
2012).

Calcium
Lx20 system was used to dilute Ion Selective
Electrode (ISE) methodology to measure calcium
concentration in serum. The system will determine
calcium concentration by measuring calcium ion activity
in solution. The sample of buffer mixture contact the
electrode, calcium ions complex with the ionophore at the
electrode surface. The reference signal was used to
calculate the analyzed concentration based on the Nernst
equation (Ahur et al., 2012).

Total protein
This was determined using Biuret method as
described by Ahur et al. (2012). The reagent and serum
was mixed and incubated for 30 minutes at 20-25oC and
absorbance of the sample and that of the standard was
measured against the blank at a wave length of 540 nm.
The total protein was calculated as follows:
g/d

= Absorbance of sample × Concentration
Absorbance of standard
1
g/d = grams per decimeter.

Bicarbonate
Bicarbonate reacts with Phosphoenolpyruvate (PEP)
in the presence of Phosphoenolpyruvate Carboxylase
(PEPC) to produce oxaloacetate and phosphate. This
reaction occurs in conjunction with the transfer of a
hydrogen ion from Nicotinamide Adenine Dinucleotide
Hydrogenase (NADH) to oxaloacetate using MDH. The
resultant of Nicotinamide Adenine Dinucleotide (NAD)
causes a decrease in absorbance in the uv range (320 – 400
nm). The change in absorbance was directly proportional
to the concentration of bicarbonate in the sample being
assayed (Ahur et al., 2012).

Albumin
The Bromo Cresol Green (BCG) method as
described by Donmas (1971) were employed. The
absorbance of the sample and the standard were taken
against the reagent blank at a wave length of 620nm.
Albumin (g/d) concentration=

Absorbance of sample × concentration
Absorbance of standard

1

Aspartate transferase
Concentration of the oxaloacetate hydrazoneformed
with 2,4– dinitrophenylhydrazine was measured by
absorbance it produces, 0.1ml of test samples was added to
0.5ml phosphate buffer containing q–oxoglutarate and L –
aspartate. It was mixed and allowed to stand for 30

Glucose
Hexokinase catalyses the phosphorylation of glucose
by adenosine triphosphate. G-6-PD was oxidized to 6phosphogluconate in the presence of NAD by the enzymes
glucose -6- phosphate dehydrogenase (Ahur et al., 2012).
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There was significant difference (p<0.05) in the
serum bicarbonate content of the broilers raised on the rice
hull (28.67 mmol/l) having significantly higher (p<0.05)
serum bicarbonate content than the birds reared on the WS
(24.33 mmol/l). Calcium contents in the serum showed no
significant difference (p>0.05) between the treatments
(Table 1).
The serum sodium contents in control group (154.63
mmol/l) was significanly higher than the WS group
(112.90 mmol/l) (p<0.05). However no significant
different with other treatments. No significant differences
(p>0.05) were recorded between the treatments about
bilirubin and conjugated bilirubin contents (Table 1).
The serum levels of ALT in broilers were 3.30, 5.47,
4.50, 2.57 and 3.17iu/l whereas the levels of AST were
2.60, 2.53, 1.84, 1.87 and 2.27iu/l for the birds raised on
the control, rice hull, groundnut hull, WS and sharp sand
respectively. There was no significant difference (p>0.05)
in the levels of AST between the broilers reared in
different treatments (bedding materials) but the level of
ALT in the birds reared on the rice hull was significantly
(p<0.05) higher than the birds raised on the WS and sharp
sand (Table 1). Statistically, there were no significant
differences (p>0.05) in the heterophils and lymphocytes
for the broilers raised on different bedding materials
(Table 1).
There were significant differences (p<0.05) in the
monocytes between birds raised on rice hull when
compared with control and sharp sand; also, WBC was
significantly higher (p<0.05) in broilers of control group
when compared with other groups (Table 1). The RBC
content were 2.05, 1.95, 1.88, 1.93 and 1.95iu/l for the
broilers that were reared on the control, rice hull,
groundnut hull, WS and sharp sand respectively. The
recorded the significantly highest RBC content was
established in birds reared on sharp sand (p<0.05) when
compared other bedding materials (control, rice hull,
groundnut hull) and insiginificantly higher than WS group
(Table 1).
The Hb content of the birds raised on the control
(12.20 iu/l) was significantly higher (p<0.05) than those
for the other treatments (6.02, 5.62, 7.46 and 7.66 iu/l).
There was no significant difference in PCV level
(p>0.05) between the broilers reared on different bedding
materials.

Sodium
An ISE made use of unique properties of certain
membrane materials to develop an electrical potential
Electromotive Forces (EMF) for the measurement of ions
in solution. The electrode has a selective membrane in
contact with the both test solution and an internal filling
solution (Ahur et al., 2012).
Statistical analysis
Analysis Of Variance (ANOVA) using the general
linear model SAS (2000) was employed. Duncan’s
Multiply Range Test (DMRT) was used to indicate the
significant diferences at level of P < 0.05.
Ethical approval
Federal College of Education, Kontagora has
adopted the University of Ibadan institutional animal care
and use committee which works on animal care and
research ethics. The aim is to provide a platform geared
towards educating the scientific world on global best
practices as it concerns humane handling and use of
laboratory/experimental animals for research purposes.
RESULTS
The serum glucose levels were 8.10, 8.27, 8.60, 9.07 and
7.57 mmol/l for the control, rice hull, groundnut hull, WS
and sharp sand respectively. The mean values of this
parameter indicated that WS and sharp sand had the
highest and lowest serum glucose content of 9.07 and
7.57mmol/l respectively. There was no significant
(p>0.05) difference in the serum glucose content for the
broilers raised on the different bedding materials.
here was not a significant different (p≤0.05
between treatment groups for values of serum cholesterol.
However broilers raised on the rice hull and control
grroups had insignificantly higher values than the other
groups (p>0.05) (Table 1).
The albumin level of the birds raised on the sharp
sand (4.27 g/dl) was significantly (p<0.05) higher than the
birds raised on WV (3.20 g/dl). There was no significant
difference (p>0.05) between the mean values of the
globulin levels of the birds reared on different bedding
materials (Table 1).
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Table 1. The effect of different bedding materials on hematological and serum biochemical parameters of broiler chicken
(Arbor acre) between February and April 2018 at research and teaching farm of federal college of education, Kontagora Niger
state, Nigeria
Parameters

Control

Rice Hull

Groundnut Hull

Wood Shaving

Sharp Sand

Heterophils (iu/l)

53.67+7.26a

50.33+11.35a

55.00+2.65a

48.00+7.81a

44.67+6.17a

Monocytes (iu/l)

1.67+0.88a

6.00+1.53b

3.00+1.15ab

4.33+1.45ab

1.33+0.67a

Lymphocytes (iu/l)

44.67+6.39a

43.67+10.48a

42.00+2.08a

47.67+9.24a

54.00+5.51a

Haemoglobin (iu/l)

12.20+0.85b

6.02+1.62a

5.62+0.42a

7.46+1.39a

7.66+1.03a

White blood cell (iu/l)

66.71+3.41b

22.01+13.68a

13.16+8.10a

24.95+15.60a

29.73+14.62a

Red blood cell (iu/l)

2.05+0.22a

1.95+0.32a

1.88+0.42a

2.12+0.50ab

2.92+0.23b

Packed cell volume (%)

19.78+1.56a

12.71+4.00a

16.18+3.73a

17.57+5.44a

17.28+4.78a

Mean cell volume % (MCV)

107.67+6.81a

112.33+2.73a

112.00+4.00a

113.00+8.89a

120.67+2.03a

Glucose level (mm02/I)

8.10+0.62a

8.27+0.62a

8.60+0.09a

9.07+0.45a

7.57+0.67a

Total protection level (g/dl)

6.80+0.20a

6.73+0.29a

6.87+0.09a

6.47+0.33a

6.63+0.33a

Albumin level (g/dl)

3.50+0.31a

3.53+0.17a

3.77+0.35ab

3.20+0.06a

4.27+0.90b

Globulin level (g/dl)

30.97+11.40a

35.20+1.89a

30.33+6.67a

39.20+5.77a

43.67+6.17a

Aspartate transferase (iu/l)

2.60±0.57a

2.53+0.38a

1.84+0.06a

1.87+0.08a

2.27+0.42a

Alanine transferase level (iu/l)

3.30+0.25a

5.47+1.16b

4.50+0.20ab

2.57+0.33a

3.17+0.18a

Total bilirubin level (mg/dl)

0.77+0.010a

0.60+0.10a

0.68+0.08a

0.62+0.05a

0.06+0.09a

Conjugated bilirubin level (mg/dl)

0.09+0.33a

0.11+0.07a

0.10+0.05a

0.14+0.01a

0.17+0.06a

Calcium level (mg/dl)

8.57+0.87a

7.73+0.12a

8.13+0.59a

8.13+0.33a

9.43+0.72a

Bicarbonate level (mmol/l)

27.33+0.88ab

28.67+0.88b

26.33+1.20ab

24.33+1.55a

26.00+1.00ab

Sodium level (mmdl/l

154.63+1.90b

124.93+12.95ab

127.833+18.41ab

112.90+1.55a

140.20+5.23ab

4.37+0.53ab

4.47+0.38ab

3.67+0.023a

3.73+0.19a

3.57+0.09a

Cholesterol level (mmol/dl)

Data are presented as (mean ± SEM). a, ab, b within the same row with different superscripts declare significant differences (P < 0.05).

The increase of Ca and Na levels in blood serum
caused by effect of different bedding materials in this
studied agreed with findings of Boling et al (2001), Abdo
and Zeinb (2004) which is attributed to the lowering of
gastrointestinal tract pH, which increases the absorption of
the minerals from the gut into the blood stream.
Improvement in the utilization of calcium and sodium by
organic acids supplementation which was revealed by
Boling et al. (2001). Increase in blood calcium of broiler
chicks fed on dietary acidifier was observed by Abdo and
Zeinb (2004) . Furthermore Kishi et al. (1999) reported
that dietary acetic acid prevented osteoporosis, through the
reduction in bone turnover, as it enhanced intestinal Ca
absorption by improving Ca solubility in ovariectomized
rats.

DISCUSSION
Similar haematological values obtained from broiler
chickens reared on different bedding materials with those
in the control group is indicative of the bedding materials
used. According to Rath et al. (2006), RBC, WBC and
PCV values in broilers were not affected, which is an
agreement with present findings.
Similarly, Cetin et al. (2006) reported that
supplementation of humic acid to laying hens had no
effects on WBC and PCV but affected on RBC and Hb
levels. However Banaszkiewicz and Drobnik (1994)
reported that Hb, PCV and RBC were observed to increase
in rats treated with humic acid. The inconsistency of
results in the various studies might be attributed to the
composition and nature of the bedding materials.
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The levels of some essential minerals (such as Ca, Al
and Fe) in serum, liver and muscles increased after humate
feeding (Stepchenko et al., 1991).
The result of aspartate aminotransferase and alanine
aminotransferase means that broiler chickens could
tolerate the effect of different bedding materials without
any deleterious effects on liver functions. Abdel-Azeem et
al. (2000) reported that level of aspartate aminotransferase
was reduced, although alanine aminotransferase was
significantly affected by bedding materials which is not in
agreement with Abdel-Azeem et al.(2000) in this studied.
These findings corroborates the conclusion that when
birds are reared on alternative bedding materials, their
performance is equal to or worse than that of birds reared
on WS (Benabde and Ayach, 1996; Grimes et al., 2002).
Contradictory results have been reported that broilers
performance and welfare found to be improved when the
birds are reared on WS over other materials used as
bedding, (Neme et al., 2000; Tasistro et al., 2007) reported
significantly lower weight gained when birds were reared
on wheat straw relative to WS.
Also, performance of flocks raised on rice hulls was
reported to be lower when compared with WS (Garcia et
al., 2010). The enhanced performance of the birds on the
sharp sand over other bedding materials could be
attributed to the possession of good physical properties
such as fines and high absorbance capacity due to its
pervious nature which allowed for easy movement of
liquid and air in addition to easy drying. Sharp sand
provides a suitable condition that can encourage social
behavior such as sand bathing which has been reported to
help reducing aggressive behavior and improves general
leg health conditions, leading to better mobility and better
flock welfare (Shields et al., 2004). Sharp sand also offers
a high option for use as bedding material in poultry
production, particularly in the area of study as it meets the
most selection criteria listed by Garcia et al. (2010) such
as availability, accessibility, ease of handling, cheapness,
low fermentation, environmental impact, ability of
avoiding compacting, amongst others. Gracia et al. (2010)
had reported that sand litter was four times heavier than
WS posing potential problems in handling and
transportation. However, sand allows producers to rear
multiple flocks while only removing small portions of
litter, which could compensate for these aspects and make
it a convenient bedding source (Bowes et al., 2003).
The levels of glucose for the broilers raised on the
different bedding materials of this studied were below the
normal levels of glucose concentration in the majority of
birds which is usually in range of 11.1–27.8 mmol/L

which is not in agreement of Coles et al. (1970) and
Hrabčáková et al. (2014 findings may be due to the poor
absorption of the feeds by broilers. They reported that
glucose values that were in the normal range for
pheasants. It is also documented by Lloyd and Gibs (2006)
in range of 19.5-20.08 mmol/L and Nazifi et al. (2012)
reported in range of 2.6 mmol/L in pheasants females.
The values of cholesterol for the broilers were within
the standard range of values in domestic fowl which is
3.55 to 10.25 mmol/L reported by Sugiharto (2014). The
finding of this present studies is in accordance with the
findings of Sugiharto (2014). As already been published,
the wide variation in cholesterol levels between species of
birds may be due to the circadian rhythms, effects of diet
(Harr, 2002; Villagrá et al., 2011) gender and age
(Meluzzi et al., 1992). However, (Hrabčáková et al., 2014)
reported that the increases in the cholesterol levels could
be due to increased biosynthesis and accumulation of egg
yolk in the layers, which is not peculiar with broilers.
The values for total protein content in the majority of
birds fall was in range of 30–50 g/L, (Lloyd and Gibson,
2006; Nazifi et al., 2012). Significant differences in
albumin and serum total protein among females and males
during breeding season might be due to the egg production
that can influence on concentration of the blood proteins
(Schmidt et al., 2007). The serum protein levels in the
birds of present studies reared on the different bedding
materials were under the reported normal range which
agreed with findings of Lloyd and Gibson (2006); Nazifi
et al (2012). Serum total protein and albumin are directly
related to protein intake and feed quality. Serum proteins
are involved in the formation of immunoglobins
responsible for the development of antibodies. High or low
serum globulin content may implicate a better disease
resistance and immune response of chickens reported by
Abdel-Fattah et al. (2008) which was observed in this
present studied when compared with control.
Generally, Biochemical parameters can be used as
physiological indicators in birds. Their values are
influenced by species, age, sex, season, geographic region,
nutrition, and physiological condition (Paria, 2014). They
are also indicators of the health of birds housed in cage
deep liters systems. Parameters such as total protein,
albumin, cholesterol, glucose, calcium, and aspartate
aminotransferase are commonly measured as biochemical
characteristics of poultry (Hrabčáková et al., 2014). It has
been noted that significant changes in the
serum biochemical parameters can be related to the both
pathological and nutritional status of individual animals
(Aldu-hafeez et al., 2009)
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The values of examined hematological parameters
were according to the reported range of broilers (Talebi et
al., 2005). The measured parameters of present experiment
were age dependent which are disagrees with findings of
Talebi et al. (2005) in broiler chickens. The changes in Hb
concentration, erythrocyte count, haematocrit level and
differential leukocytes may indicate stress as reported by
Hrabčáková et al. (2014), while the changes in
erythrocyte, Hb and pack cell volume may reflect an
alteration of energy status in chickens as reported by
Karamanlis et al. (2008) and Alabi et al. (2015). Aside
from the physiological and nutritional aspects,
haematological variables can also be used as an indicator
of health in birds, (Hrabčáková et al., 2014). Indeed,
several factors have been obtained that influence on
haematological variables including species, age, sex,
environment, nutrition, infection and physiological
conditions, (Hrabčáková et al., 2014). Leukocytes are cells
of the immune system that protect the body against
infections. The findings of WBC in this studied agreed
with Sugiharto et al. (2014) findings due to the high
numbers of leukocytes in control when compared with
bedding materials. This may due to the lack of comfort
leading to stress in the control. High number of leukocytes
seems therefore to imply in a superior ability of chickens
to respond to infections. However, this assumption may be
ambiguous as high number of leukocytes may also
indicate stress (Sugiharto et al., 2014).

groundnut hull and sharp sand can function effectively in
this regard and performance of broilers would be
maintained and even improve as associated with WS.
Sharp sand presents the best alternative as it is not and
may not be in shortage, and does not have unnecessary
competition for other uses that limit its availability as rice
and groundnut hulls, which face serious competition as
livestock feeds during the dry season.
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