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Abstract
The current study evaluate the effect of cage and floor litter environment on the haematological and serological indices of
broiler chickens consisting of 100 Ross and Anak strain of broiler chicks each in a completely randomly design. The blood
samples were collected at three intervals of 6, 8 and 10th week of age. Data were collected on haematological and serological
indices of both strains in the two different environments. Haematological indices including Red blood cell (RBC), Packed cell
volume (PCV), haemoglobin (Hb), mean corpuscular volume (MCV), mean corpuscular haemoglobin concentration and
(erythrocytic values). White blood cells (WBC), heterophils (H), Lymphocytes (L), Heterophils: Lymphocytes (H/L)
monocytes (M) Eosinophils (E) and Basophils (B) as Leukocytic indices. Regardless to the strains-cage environment, higher
significant (P < 0.05) effects on RBC, WBC, PCV, H, L, H/L, E, PCV, MCV and ESR counts while floor litter shows
significant (P < 0.05) effects for both strains for Hb and MCH, while no significant (P > 0.05) responses were observed for
MCHC and monocyte. The serological indices determined were serum total protein (TP) serum albumin (SA), serum globulin
(SG), Uric acid (UA) serum glucose (SGL), Creatine (C), Serum aspertate amino transferase, (SAST), total cholesterol (TC)
and Serum alanine amino transferase (SALT). Caged birds showed significant (P < 0.05) different values in TP, SA, SG, SALT,
SAST and TC than their counterpart on the floor litter environment while higher significant (P < 0.05) values were obtained for
creatine and Uric acid. The study concluded higher H:L value which is an indicator of stress in the cage environment and
improvement in the floor system could result into better health improvement of birds. The results could be a baseline for
breeding programme in this environment.
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1. Introduction
Broilers are specially meat type chicken bred to mature at 78 weeks and at most 10 weeks and sold at mature body weight
of 1.5-2.0 kg “[1]”. There is need to encourage the production
of broiler birds in the third world countries because broiler are
breeds of poultry birds that are genetically bred for meat
production “[2]”. There are three basic systems of rearing
poultry: they are free range, deep litter system and cage system
but broilers are mainly reared or kept on litter system “[3]”.
Attempts to develop cages similar to layers cages were made

in 1960s and early 1970s “[4]”.
In large-scale poultry production, environment is a serious
issue because it affects the performance of the birds and
hence profitability. Experiment that were well carried out and
the data collected and analysed, reveal ways of reducing
costs and improving performance with new facilities. One of
the important facilities for a poultry production is the
cage“[5]”. Reports from “[6], [7], [8], [9]” stressed their
findings on different strains of poultry birds in terms of blood
profiles in deep litter environment but not in cages.
Haematological and biochemical indices were often been
used for the assessment of health and disease, besides some
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parameters there are good indicator of haemogramme “[10]”.
Thus, variations in the values of these blood indices outside
the normal physiological ranges are pointer to various disease
conditions even at sub-clinical levels in the birds “[11]”.
Meanwhile it is very difficult to assess the correct health
status of an animal without first examination of its blood in
relation to adequate response of a wide range of
environmental situation in both cage and floor litter
environment “[12]”. Therefore, in this current study we
compared broilers reared in cage with those reared on floor
litter (the floor group) on the blood haematological and
serological indices in derived savanna region of Nigeria.

2. Materials and Methods
2.1. Experimental Site
The research was carried out at the Poultry unit of
Teaching and Research Farm of the Ladoke Akintola
University of Technology, Ogbomoso, Oyo State, Nigeria.
Ogbomoso lies on the Longitude 4015’ East of the Greenwich
Meridian and Latitude 8015’ North-East of the equator. It is
about 145 kilometers North-Eastwards from Ibadan, the
capital of Oyo state. The altitude is between 300 and 600
meters above sea level. The mean annual temperature is
about 27°C while that of rainfall is 1247mm “[13]”.
2.2. Experimental Birds and Design
A total of 200 day-old chick comprising of 100 Ross and
Anak strains each was brooded for four weeks of age using
coal pot as a source of heat. Each strain was identified by
wing tag and also given a separate pen in an environmentally
controlled brooder house, wood shaving was used as litter
material and it was kept dry throughout the breeding period.
All necessary vaccination were administered when due.
Thereafter, after 4 weeks of age, the birds were divided into
two within the strain. 50 birds of each strain were placed on
fresh wood shaving litter. The other 50 birds of each strain
were then transferred into the cage and each strain was
divided into five replicates to make ten (10) birds per
replicate. The cage used in this study is 2-tier battery cage,
made up of 40cells per tier. The broilers were randomly and
individually assigned to the cells of the cage at the lower and
the upper levels. The measurement of the floor used to given
area of 1.55 by 0.80 m for a stocking density of 0.05 m2 per
bird. Chicks were fed ad libitum with broiler starter and
finisher mashes offered to the birds from 0 to 4weeks and 5
to 10weeks respectively.
2.3. Haematological Analysis

at floor litter environment (30 birds) and cage (30 birds) for
blood samples analysis. Blood samples were taken when the
birds were at 6, 8 and 10 weeks of age from the wing vein
into two different sets of bijou bottles. The first set of bottles
contained Ethylene-diamine-tetra-acetic acid (EDTA anti
coagulant) while the other set was without EDTA.
The set with EDTA was used to determine Red Blood
Cells (RBC), White Blood Cells (WBC) using the improved
Neubauer haemocytometer as described by “[14]”. Packed
cell volume (PCV) was determined using the
microheamatocrit method and haemoglobin (Hb) using
cyanomethemoglobin method according to “[15]”. Mean
Corpuscular
Volume
(MCV),
Mean
Corpuscular
Haemoglobin (MCH) and Mean Corpuscular Haemoglobin
Concentration (MCHC) were determined using the
appropriate formulae by “[16]”.
2.4. Serological Analysis
The set of samples bottles without EDTA were centrifuged
in a micro centrifuge to generate serum for biochemical
analysis. Total protein was determined using the Biuret
method as described by “[17]”, albumin using dye- binding
techniques with bromocresol green as described by “[18]”,
globulin by difference (total protein minus albumin), total
cholesterol by enzymatic method as described by “[19]”.
Creatinine by Jaffe reaction method as described by “[20]”.
Urea by di-methyl monoxide method as described by “[21]”.
Serum alanine amino transferase (SALT) and Serum
aspartate amino transferase (SAST) described by “[22]”,
Serum glucose by enzymatic method of “[23]”.
2.5. Statistical Analysis
The data collected were subjected to one way analysis of
variance (ANOVA) at a significant level of 5% “[24]”.
Means were compared by the test of Tukey after sample
homogeneity was verified “[25]”.

3. Results
Table 1 shows the least square means of erthyrocytic
values of Ross broilers under cage and floor litter
environment. Significant (P < 0.05) differences were
observed in all parameters measured with increase in age
except MCHC. Caged Ross broilers had higher values of
RBC counts, PCV, MCV and ESR than their counterpart on
floor litter while Hb and MCH values were higher in Ross
broiler on floor litter environment. However, there were no
significant (P > 0.05) differences between environmental
effects on MCHC absolute values.

Sixty (60) birds were selected at random from each strain
Table 1. Least square means of erythrocytic values of Ross broilers under cage and floor litter environment.
Parameters

Environment

N

RBC (x106/µ)

Cage
Floor litter

30
30

Interval of blood collections
1
2
2.70+0.10a
2.79+0.30a
b
2.49+0.06
2.51+0.15b

3
3.58+0.35a
3.00+0.41b
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Parameters
PCV (%)
Hb (g/dl)
MCV (fl)
MCH (pg)
MCHC (%)
ESR (mm/h)

Environment

N

Cage
Floor litter
Cage
Floor litter
Cage
Floor litter
Cage
Floor litter
Cage
Floor litter
Cage
Floor litter

30
30
30
30
30
30
30
30
30
30
30
30

Interval of blood collections
1
2
35.10+2.53a
37.11+3.25a
b
31.43+4.31
35.25+4.00b
9.16+1.12b
9.31+2.32b
a
9.89+1.43
10.88+1.41a
120.35+21.34a
115.00+11.45a
b
118.41+20.44
110.14+20.00b
27.00+3.10b
30.18+1.35b
a
29.29+4.57
32.41+2.41a
28.30+2.13
31.45+3.42
28.37+3.41
31.47+2.57
3.50+0.10a
3.85+0.02a
b
2.10+0.10
2.30+0.07b
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3
40.32+4.22a
38.41+3.20b
11.42+2.47b
13.00+1.38a
110.24+14.32a
100.34+11.47b
32.45+3.47b
37.00+1.35a
31.65+4.25
31.68+2.47
3.98+0.13a
2.60+0.15b

abc
Means along the same column with at least one common superscript at the same environment are not significantly different (P>0.05).
RBC- Red Blood Cell, PCV- Packed Cell Volume, Hb-Haemoglobin, MCV-Mean Corpuscular Volume, MCH-Mean Mean Corpuscular Haemoglobin,
MCHC- Mean Corpuscular Haemoglobin Concentration, ESR-Erythrocyte Sedimentation rate.

Significant (P<0.05) differences in the least square means of leukocytic values of Ross broiler under two different
environments is presented in Table 2. The leukocytic components shows pattern of variation as a function of age. Caged Ross
broiler shows a significant (P<0.05) higher values of WBC counts, Heterophils, Eosinophils, Basophils and H:L counts than
their floor litter counterpart birds, while higher values were only obtained for lymphocytes count in floor litter -environment.
There were no significant (P > 0.05) differences environmental effects on monocyte values.
Table 2. Least square means of leukocytic values of Ross broilers under two different environments.
Parameters
6

WBC (x 10 /µ)
Heterophils (x103/µ)
Lymphocytes (x103/µ)
H:L
Monocytes (x103/µ)
Eosinophils (x103/µ)
Basophlis (x103/µ)

Environment

N

Cage
Floor litter
Cage
Floor litter
Cage
Floor litter
Cage
Floor litter
Cage
Floor litter
Cage
Floor litter
Cage
Floor litter

30
30
30
30
30
30
30
30
30
30
30
30
30
30

Interval of blood collections
1
2
25.18+1.38a
28.18+1.22a
20.30+2.45b
21.71+1.07b
a
10.21+1.12
8.33+1.11a
8.25+1.25b
6.46+1.00b
b
8.15+0.72
8.23+0.14b
10.06+1.80a
11.24+0.18a
a
1.25+0.01
1.01+0.01a
0.82+0.01b
0.57+0.01b
1.10+0.01
1.10+0.01
1.10+0.10
1.09+0.02
0.78+0.02a
0.75+0.01a
0.53+01b
0.58+0.02b
a
0.30+0.02
0.35+0.03a
0.16+0.03b
0.20+0.01b

3
30.20+1.35a
25.60+3.45b
6.34+0.20a
4.54+0.35b
10.33+0.78b
14.61+2.37a
0.61+0.03a
0.31+0.02b
0.93+0.02
0.92+0.01
1.00+0.02a
0.60+0.02b
0.39+0.04a
0.25+0.02b

abc

Means along the same column with at least one common superscript at the same environment are not significantly different (P>0.05).
WBC-White Blood Cell, H:L- Heterophil: Lymphocyte ratio.

Table 3 reveals the least square means of erythrocytic values of Anak broiler strain under two different environments. There
were significant (P < 0.05) differences for all the erythrocytic components except for MCHC. Caged Anak broilers had higher
values of RBC, PCV, MCV, ESR (at 2nd and 3rd blood collection interval) while Hb and MCH values were higher in broilers
kept on floor litter environment.
Table 3. Least square means of erythrocytic values of Anak broilers under two different environments.
Parameters
6

RBC (x10 /µ)
PCV (%)
Hb (g/dl)
MCV (fl)
MCH (pg)
MCHC (%)

Environment

N

Cage
Floor litter
Cage
Floor litter
Cage
Floor litter
Cage
Floor litter
Cage
Floor litter
Cage

30
30
30
30
30
30
30
30
30
30
30

Interval of blood collections
1
2
3.50+0.02a
3.86+0.04a
2.92+0.03b
3.10+0.06b
a
38.14+2.47
39.88+3.38a
36.32+3.00b
37.47+3.48b
b
9.10+0.11
9.60+0.32b
9.85+0.30b
10.25+0.47a
a
122.06+9.20
118.14+9.14a
120.73+8.67b
116.32+8.35b
b
28.00+3.11
30.14+4.35b
30.35+4.47
31.45+3.47a
29.63+3.47
31.32+6.14

3
3.98+0.05a
3.74+0.04b
41.05+3.79a
39.32+3.11b
10.21+0.35b
12.31+1.47a
112.32+10.24a
111.61+8.11b
31.35+3.48b
33.10+7.11a
31.93+3.47
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Parameters

ESR (mm/h)

Environment

N

Floor litter
Cage
Floor litter

30
30
30

Interval of blood collections
1
2
29.60+4.38
31.30+3.17
2.80+0.01
3.70+0.03a
2.10+0.02
2.40+0.03b

3
31.98+3.10
4.10+0.02a
3.00+0.04b

abc

Means along the same column with at least one common superscript at the same environment are not significantly different (P>0.05).
RBC- Red Blood Cell, PCV- Packed Cell Volume, Hb-Haemoglobin, MCV-Mean Corpuscular Volume, MCH-Mean Mean Corpuscular Haemoglobin,
MCHC- Mean Corpuscular Haemoglobin Concentration, ESR-Erythrocyte Sedimentation rate.

The least square means of leukocytic values of Anak broiler under two different environments is shown in Table 4. The total
WBC, Heterophils, Lymphocyte, H/L, Eosinophils and Basophils counts were higher for caged Anak than its floor litter
counterparts. No significant (P > 0.05) different were obtained for monocytes counts in both environments.
Table 4. Least square means of leukocytic values of Anak broilers under two different environments.
Parameter

Environment

N

WBC (x106/µ)

Cage
Floor litter
Cage
Floor litter
Cage
Floor litter
Cage
Floor litter
Cage
Floor litter
Cage
Floor litter
Cage
Floor litter

30
30
30
30
30
30
30
30
30
30
30
30
30
30

Heterophils (x103/µ)
Lymphocytes (x103/µ)
H:L
Monocytes (x 103/µ)
Eosnophils (x 103/µ)
Basophils (x 103/µ)

Interval of blood collections
1
2
27.88+1.22a
29.24+3.41a
b
25.11+2.48
26.35+1.57b
7.85+1.00a
7.00+1.11a
b
6.70+0.20
5.90+1.25b
8.38+1.11b
9.45+0.33b
a
10.35+1.35
11.47+0.66a
0.80+0.01a
0.62+0.02a
b
0.76+0.02
0.61+0.01b
0.83+0.10
0.93+0.01
0.81+0.03
0.92+0.03
0.85+0.10a
0.98+0.20a
b
0.60+0.03
0.65+0.01b
0.38+0.02a
0.42+0.01a
b
0.14+0.01
0.20+0.03b

3
30.34+3.48a
28.41+3.11b
6.44+1.21a
5.35+0.35b
9.99+0.48b
12.35+0.37a
0.54+0.01a
0.52+0.02b
0.95+0.32
0.90+0.06
1.12+0.14a
0.90+0.04b
0.56+0.02a
0.30+0.01b

abc
Means along the same column with at least one common superscript at the same age are not significantly different (P>0.05).
WBC-White Blood Cell, H:L- Heterophil: Lymphocyte ratio.

Table 5 reveals the least square means of serological indices of Ross birds under two different environments. All the
biochemical indices shows a significant (P<0.05) effects on both environmental housing. Serum albumin and creatine had
higher values in floor litter environment than their caged counterparts. Caged Ross birds were higher in Serum total protein,
uric acid, serum glucose, total cholesterol, SALT and SAST values than their counterpart in the floor litter environment. Serum
globulin values shows a significant (P<0.05) different only at the last phase of blood collection (3rd collection).
Table 5. Least square means of serological indices of Ross birds under two different environments.
Parameters
Serum Total protein (gd/l)
Serum Albumin (gd/l)
Serum Globulin (gd/l)
Uric acid (mg/dl)
Serum glucose (gd/L1)
Creatine (mg/dl)
SAST (U/ml)
Serum Cholesterol (mg/dl)
SALT (µ/ml)

Environment

N

Cage
Floor litter
Cage
Floor litter
Cage
Floor litter
Cage
Floor litter
Cage
Floor litter
Cage
Floor litter
Cage
Floor litter
Cage
Floor litter
Cage
Floor litter

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

Interval of blood collections
1
2
51.33+4.34a
53.44+3.73a
b
45.45+3.45
48.34+4.34b
30.35+1.38b
32.47+2.78b
a
35.46+2.47
36.48+3.01a
15.87+1.02
15.87+1.25
15.10+0.30
14.86+0.45
2.85+0.12a
2.98+0.11a
b
2.10+0.14
2.50+0.12b
65.60+3.36a
68.32+4.35
60.32+4.00b
63.33+6.25b
0.49+0.06b
0.42+0.01b
a
0.85+0.03
0.80+0.01a
170.18+16.32a
225.90+50.69a
b
151.22+14.11
193.45+41.32b
140.32+11.40a
135.35+14.21a
b
136.45+12.35
131.42+13.11b
10.95+1.23a
10.10+0.28a
b
8.38+0.32
8.12+0.10b

3
56.34+4.35a
50.44+3.75b
33.36+3.80b
40.49+3.47a
17.08+1.45a
14.85+1.00b
3.06+0.05a
2.56+0.11b
70.48+3.47a
65.34+3.11b
0.40+0.03b
0.75+0.01a
278.92+54.33a
200.01+35.62b
130.35+1.45a
127.86+12.01b
9.85+0.36a
7.65+0.02b

abc
Means along the same column with at least one common superscript at the same environment are not significantly different (P>0.05).
SAST-Serum aspertate amino transferase, SALT -Serum alanine amino transferase
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The least square means of serological indices of Anak birds under two different environments is shown in Table 6.
Significant (P < 0.05) differences were observed in all the parameters measured. Floor litter environment shows superiority for
serum albumin and creatine, while higher values were obtained for serum glucose, Uric acid, serum glucose, creatinine, SAST,
SALT and total serum cholesterol values in caged birds than their counterpart in the floor litter environment.
Table 6. Least square means of serological indices of Anak birds under two different environments.
Parameters
Serum Total protein (gd/1)
Serum Albumin (gd/1)
Serum Globulin (gd/1)
Uric acid (mgd/1)
Serum glucose (gd/1)
Creatinine
SAST (U/ml)
Serum cholesterol (mg/dl)
SALT (u/ml)

Environment

N

Cage
Floor litter
Cage
Floor litter
Cage
Floor liter
Cage
Floor litter
Cage
Floor litter
Cage
Floor litter
Cage
Floor litter
Cage
Floor litter
Cage
Floor litter

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

Interval of blood collections
1
2
48.45+4.01b
49.49+4.45b
52.31+4.44a
55.37+4.99a
30.00+2.45b
31.98+3.47b
34.58+3.14a
35.49+4.25a
18.45+0.45a
17.51+2.11b
17.73+1.30a
19.88+1.13a
2.88+0.11a
2.99+0.31a
2.20+0.15b
2.41+0.11b
66.11+3.45a
68.47+6.35a
60.45+4.38b
65.45+3.47b
0.50+0.01b
0.48+0.03b
0.80+0.02a
0.78+0.02a
175.14+15.62a
210.45+19.35a
148.35+15.22b
198.36+20.41b
143.45+14.50a
138.45+14.78a
138.36+14.77b
134.65+10.35b
10.90+0.35a
10.20+0.01a
9.35+0.45b
9.11+0.03b

3
50.35+4.78b
55.98+5.01a
32.90+3.21b
39.98+4.01a
17.45+3.11a
16.00+1.45b
3.10+0.06a
2.50+0.14b
69.35+4.15a
66.47+5.88b
0.46+0.02b
0.75+0.01a
250.35+20.35a
121.47+11.75b
131.47+15.35a
125.48+14.38b
9.35+0.35a
8.38+0.49b

abc

Means along the same column with at least one common superscript at the same environment are not significantly different (P>0.05).
SAST-Serum aspertate amino transferase, SALT -Serum alanine amino transferase

4. Discussion
The erythrocytic and leukocytic values obtained for Ross
and Anak strains in this present study present a similar
pattern of variation as a function of age, with higher values
observed in cage environment as reported by “[26]”. This
current study on broilers showed housing conditions affected
haematological and biochemical indices which resulted in
slight differences in the H:L ratio between broilers reared on
floor litter and those kept in cages. Since various
environmental factors can affect the immune status of
broilers when measured by H:L in the blood. The pattern of
both strains on erythrocyte and leukocyte values had been
reported by “[27], [28]”. These authors reported their
findings based on H/L that favoured cage environment and
considered H/L as a better indicator for stress in the
environment. Moreso, this current findings that favoured
cage environment was also in agreement with the works of
“[29], [30]” who reported a significant higher values for
broiler kept in cages in terms of heterophil concentration and
lymphocytes than those in floor litter. The differences in
amount and proportions of circulating leukocytes for both
strains with different environment may suggest a greater need
for immune activity in broilers reared in cages which had
been supported by the study of “[12]” who reported
differences in haematological indices for 4 strains of broiler
chickens kept in cage and deep litter systems respectively.
The values obtained in this present study were disagreed with
the work of “[31]”who reported higher values for both
erythrocytic and leukocytic values indices in three
commercial layers strains of chickens reared in Ghana.

The biochemical indices of the two strains in the different
environments in this present study were in line with the
findings of “[32]”for Hybro-Per broilers reared at different
ages but disagreed with the works of “[33]”. These authors
obtained higher values of blood profiles in birds reared on the
floor litter than the birds counterparts in the cages. The
higher values of these biochemical indices in cages had been
reported by “[34]” who attributed this to low mobilization of
tissues of the birds to their intense synthesis by the liver. The
creatinine values obtained in this present study were similar
to the findings of “[35]” who reported creatinine values were
directly related to muscle volume and activity and therefore
its lower blood levels in old and young chickens. The Uric
acid levels obtained were in lines works of “[36]”. These
authors found higher Uric acid levels in broiler strains during
the early rearing phase compared to the latter phases. The
variations patterns of the serum biochemical indices that
differentiate the two environments had been documented by
“[36]”. This may be as a result of housing effect on the strain
and the genetic line as these may influence the biochemical
indices of chickens.

5. Conclusion
Cage confinement of birds having higher heteophils and
Lymphocyte (H:L ratio) which has been considered as a
better indicator for stress factors to broilers in the
environment. Although the two strains of broiler chickens
responded similarly to both environments and the response in
the floor litter environment was less pronounced than cage
environment. Hence, an improvement in the floor litter
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environment could enhance better improvement in the health
status of the birds.

[14] Dacie, J. V and Lewis, S. M (1991). Practical Haematology 7th
(ED) ELBS with Churchill livingstone. England Pp 37-85.
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