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ABSTRACT

The current experiment was conducted to evaluate the effect 
of stocking density (SD) on the performance and immunity of 1- to 
14-d-old broilers. A total of 1836 one-day-old Cobb 500 broilers were 
housed at four different SD (30, 60, 90 and 120 chicks/m2). Body 
weight gain (BWG), feed intake (FI) and feed conversion ratio (FCR) 
were estimated on d 2, 5, 8, 11 and 14. Relative lymphoid organ 
weights, maternal antibody titers against IBV, IBD and NDV, and stress 
indicators were estimated on d 3, 6, 9 and 12.The results indicated that 
age significantly (p<0.001) affected the performance and immunity 
of broiler chicks. Stocking density significantly (p<0.001) affected the 
performance and physiological stress indicators of broiler chicks, but 
not maternal immunity, relative lymphoid organ weights, or blood 
glucose levels. A significant interaction between age and density was 
determined for BWG, FI and FCR, and maternal antibody titers against 
IBD and NDV. The results also indicated that the effects of SD were 
age-dependent: as SD increased, worse performance, lighter lymphoid 
organs, and stronger stress responses were observed as broilers aged. 
It is concluded that the higher the SD during the first two weeks of life, 
the worse is the performance as broilers age.

INTRODUCTION 

To the best of our knowledge, there are no documented publications 
on stocking density (SD) of broiler chicks grown until 14 days of age. 
Most of the published studies aimed at evaluating the effects of SD at 
the end of grow-out cycle (e.g., 20 birds/m2 during the entire cycle). 
The typical SD applied in commercial settings is brooding chicks in one 
third or one half of the house, and then releasing them to the entire 
house area, but no accurate record is available. The first two weeks of 
the production cycle were targeted in this study because of the immune 
system of the newly-hatched chicks is immature and has limited 
capacity to endogenously synthesize antibodies. Consequently, the 
early brooding period is crucial for proper development and protection 
of chicks from invading pathogens (Grindstaff et al., 2003; Hamal et 
al., 2006; Panda & Reddy, 2007; Davison et al., 2008). 

Short grow-out cycles (30 days) are required for broiler marketing 
in Saudi Arabia (Al-ghamdi, 2005). In Saudi Arabia, broilers are 
commonly grown in conventional houses (typically, 14 m wide and 
110 m long) from hatch to slaughter. The brooding period lasts 10 to 
14 days post-hatch (Bruzual et al., 2000), and represents 33-47% of 
the production cycle of broilers targeted for slaughter at 30 days of 
age in Saudi Arabia. Therefore, any mismanagement during this period 
may result in suboptimal performance (Smith & Service, 1996; Lin et 
al., 2006; Demeke, 2007; Afolayan & Afolayan, 2008), and cannot be 
compensated for during the remaining rearing period.
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In order to achieve their full genetic growth poten-
tial, broilers must be reared under optimal environ-
mental conditions, and any deviation may impair their 
performance, cause immunosuppression, and change 
their physiological responses, increasing their suscep-
tibility to diseases (Dohms & Metz, 1991; Johnson et 
al., 1992; Lin et al., 2006; Demeke, 2007; Afolayan & 
Afolayan, 2008).

Stress in broilers can be caused by different envi-
ronmental factors (Dohms & Metz, 1991), and 
stocking density is considered as an important stress 
factor in modern broiler production. Broilers are 
housed at different stocking densities, depending 
on local regulations, production system, and target 
body weight, aiming at minimizing fixed costs and 
maximizing profitability (Puron et al., 1995; Muniz et 
al., 2006; Buijs et al., 2009; Skomorucha et al., 2009). 
However, it is well documented that high stocking 
densities adversely affects broiler performance, health, 
livability, and immunity (Puron et al., 1995; Pettit-Riley 
& Estevez, 2001; Heckert et al., 2002; Thaxton et al., 
2006; Estevez, 2007; Pandurang et al., 2011), mostly as 
a result of reduced access to feed and water (Jones et 
al., 2005; Thaxton et al., 2006).In addition, air flow at 
bird level is reduced, hindering the dissipation of body 
heat (Ravindran et al., 2006; Pandurang et al., 2011).

Immune stress is the loss of immune homeostasis 
induced by external forces, such as SD (Cravener et 
al., 1992; Huff, 2001; Hassan et al., 2009; Yang et al., 
2011). When broilers are exposed either to natural 
or induced stressors, the weight of both primary and 
secondary lymphoid organs decreases (Heckert et 
al., 2002), and the profile of circulating leukocytes 
changes: lymphocyte numbers decrease and heterophil 
numbers increases, resulting in high H:L ratio. High 
H:L ratio is a reliable indication of high glucocorticoid 
levels (Gross & Siegel, 1983; Patterson & Siegel, 1998).

The most commonly assessed immune parameters in 
poultry are the weight of lymphoid organs, where avian 
immune cells differentiate and which also reflects the 
body’s ability to provide lymphoid cells during an immune 
response (Pope, 1991; Heckert et al., 2002; Thaxton et 
al., 2006; Yang et al., 2011). Maternal antibody titers 
and antibody response against a foreign antigen are used 
to assess the immune status or immunocompetence of 
poultry (Gross & Siegel, 1980; Montgomery et al., 1991; 
Scott et al., 1994; Hamal et al., 2006). Measurements 
of heterophil: lymphocyte ratios and serum glucose and 
cholesterol concentrations indicate the level of stress in 
poultry (Cravener et al., 1992; Al‐Murrani et al., 1997; 
Altan et al.,2000; Thaxton et al., 2006; Turkyilmaz, 2008; 
Davis et al., 2008; Sekeroglu et al., 2011; Houshmand 
et al., 2012).

The objectives of the present study, therefore, 
were to assess the performance and the functional 
development of the immune system of broilers reared 
at different stocking densities during the first two 
weeks of life.

MATERIALS AND METHODS
Birds, husbandry and treatments

In total, 1836 one-d-old Cobb 500 chicks were 
obtained from a local hatchery. Upon arrival at the 
experimental facilities, chicks were weighed and 
uniformly distributed, according to weight, into 12 floor 
pens with fresh wood-shavings litter in a conventional 
broiler house similar to commercial settings.

The experimental treatments consisted of four SD 
(30, 60, 90, or 120 birds/m2) and with three replicates 
each. Each pen (2.34 m2) was equipped with water line 
(11 nipples per line) and tube plastic feeders. Feeder 
spaces of 6.7, 3.3, 2.2, and 1.7 cm per bird were 
provided in the SD treatments of 30, 60, 90, and 120 
birds/m2, respectively. The numbers of birds per water 
nipple were 2.7, 5.5, 8.2 and 10.9 birds per nipple for 
the SDs of 30, 60, 90 and 120 birds/m2, respectively. 
Birds were supplied a commercial crumbled starter feed 
(Table 1), and had ad libitum access to feed and water. 
Critical control points such as temperature, lighting, 
and ventilation were controlled according to the genetic 
strain guidelines (Cobb 2012) for chicks from 0 to 14 
days of age, except for SD per target weight.

Measurements

The live performance parameters body weight gain 
(BWG), feed intake (FI), feed conversion ratio (FCR), 
and mortality were determined on d 2, 5, 8, 11, and 
14. Sixteen chicks were randomly selected for blood 
sampling on day of arrival, and then three chicks per 
pen were sampled on d 3, 6, 9, and 12.Blood samples 
were collected into clean, non-heparinized Vacutainer® 
(BD, Germany) tubes. One drop of fresh blood was 
smeared on a clean microscope glass slide. The dried 
smear slides were stained with Giemsa for 2 min. 
Heterophils and lymphocytes were enumerated in 100 
cells per field, and their ratio was calculated.

The serum was then centrifuged (5,000 x g) for 
10 min at 4oC and stored at -200C until analyses. 
Glucose and cholesterol levels were determined using 
a spectrophotometer (Randox Laboratories, UK). 
Maternal antibody titers against Newcastle disease 
(ND), infectious bronchitis (IB), and infectious bursal 
disease (IBD) were determined using commercial 
ELISA kits (Idexx Laboratories, Inc., USA).After blood 
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collection, chicks were killed by cervical dislocation, 
and the bursa, spleen and thymus were removed 
and weighed. Their absolute and relative weights 
(calculated as a percentage of body weight) were 
subjected to statistical analysis. 

Statistical analysis

Data were statistically analyzed by two-way analysis 
of variance using the General Liner Models procedure 
of SAS statistical package (SAS Institute, 2004). The 
following model was used:

Where is the individual observation; 
 is the experimental mean;  is the effect of 

the th age;  is the effect of the th stocking 
density;  is the effect of age by stocking 
density interaction;  is the random error. Means 
were compared by Duncan’s multiple range test at 5% 
probability level. Percentage data were subjected to 
arcsine transformation prior analysis; however, actual 
percentages are reported.

RESULTS
Performance, mortality, lymphatic organ, and 

antibody titer results of broiler chicks reared at 
four SD from d 1-14 are shown in Tables 2 and 3. 
Stocking density significantly (p<0.01) affected the 

Table 1 – Dietary ingredients and chemical composition of 
starter diets
Ingredients, g/kg

	 Corn 542.6

	 Soybean meal 361.0

	 Palm oil 54.0

	 Dicalcium phosphate 23.0

	 Ground limestone 7.20

	 DL-methionine 2.30

	 Salt 3.00

	 Vitamin premix1 2.50

	 Trace mineral mix2 0.50

	 Choline chloride 60 1.00

	 Sodium bicarbonate 2.90

Calculated analysis

	 ME, kcal/kg 3100

	 Crude protein, % 22.0

	 Lysine, % 1.20

	 Methionine, % 0.55

	 Threonine, % 0.84

	 TSAA, % 0.90

	 Calcium, % 1.00

	 Non-phytate phosphorus % 0.45

1Vitamin-mix is supplied in the following per kg of diet: Retinyl acetate, 3.41 mg; 
cholecalciferol, 0.07 mg; DL-α-tocopheryl acetate, 27.5 mg; menadione sodium bisul-
phate, 6 mg; riboflavin, 7.7 mg; niacin, 44 mg; pantothenic acid, cyanocobalamin, 
0.02; choline 496 mg; folic acid, 1.32 mg; pyridoxine HCl, 4.82 mg; thiamine mononi-
trate, 2.16 mg; D-biotin, 0.11 mg. 2Mineral-mix is supplied in the fol- lowing per kg of 
diet: manganese, 67 mg; zinc, 54 mg; copper, 2 mg; iodine, 0.5 mg; iron, 75 mg; and 
selenium, 0.2 mg. ME, metabolizable energy; TSAA, total sulfur amino acids.

Table 2 – Effect of age and stocking density on the performance of broiler chicks reared at four stocking densities from 
0-14 days of age

Performance

Treatments Body weight gain  
(g/d)

Feed intake
(g/d)

Feed conversion ratio  
(g: g)

Mortality
(%)

Stocking density (SD)

30º  32a 38a 1.14b 0.51

60  30ab 36ab 1.14b 0.22

90 28b 34b  1.17ab 0.39

120 24c 30c 1.23a 0.66

SEM 0.789 1.019 0.021   0.180

LSD 2.255 2.912 0.059   0.510

Age (A) (days)

2 14d 11e 0.78e 0.44

5 22c 22d 0.99d 0.23

8 33b 39c 1.20c 0.22

11 36a 48b 1.34b 0.64

14 36a 55a 1.56a 0.71

SEM 0.882 1.139 0.023 0.200

LSD 2.521 3.256 0.066 0.570

Probability P > F

SD ** ** * ns

A ** ** ** ns

A*SD ** ** ** ns

Stocking density: number of birds per m2; Mean of three replicates per treatment; SEM, standard error of the mean; LSD, least significant difference; abMeans in the same column 
bearing different superscripts are significantly different (*p<0.05; **p<0.01; ns, not significant).
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performance, serum cholesterol concentration, blood 
heterophil and lymphocyte counts and H:L ratio, and 
relative liver weight (p<0.05) of broiler chicks during 
the experiment.

Birds stocked at lower densities gained more weight 
(30= 60> 90> 120, birds/m2, respectively), consumed 
less feed (30> 90>120 birds/m2, respectively), and 
converted feed more efficiently (30 = 60 > 90 = 
120 birds/m2, respectively). Chicks reared at higher 
densities presented significantly (p<0.05) lower 
relative liver weight (120<30= 60= 90 chicks/m2) and 
higher (p<0.01) serum cholesterol levels (120=90>60= 
30 chicks/m2, respectively). The blood heterophil 
percentage of chicks significantly increased (p<0.001) 
as SD increased (30=60< 90=120 chicks/m2). Opposite 
to heterophils, lymphocyte percentage significantly 
decreased (p<0.001) as SD increased (30>120 chicks/
m2, respectively). Consequently, H:L ratios significantly 
increased (p<0.001) as SD increased (30< 90=120 
chicks/m2).The relative weights of the bursa, spleen 
and thymus, maternal antibody titers against IB, IBD, 
and ND, and serum glucose concentration were not 
affected by SD. On the other hand, as expected, BWG, 
FI, and FCR significantly increased with age (p<0.01), 
as well as heterophil percentage and H:L ratio. High 
maternal antibody titers against IBV, IBD, and NDV 
were observed until day 3, and decreased thereafter 
(p<0.01). Age significantly (p<0.01) affected serum 
glucose and cholesterol concentrations, and the 
relative weights of the liver, bursa, thymus, and spleen 
(p<0.05). Mortality was not affected by age or SD. 
This experiment shows that, as expected, age of birds 
significantly (p<0.001) increased body weight, gain, 
feed intake and feed efficiency of broiler chicks.

There were significant interactions (p<0.01) 
between age and SD for BWG, FI and FCR (Figures 1 to 
3, respectively), and for maternal antibody titers against 
IBD and NDV (p<0.05) (Figures 4 and 5, respectively). 
The effect of SD on live performance (BWG, FI and 
FCR) was significant (p<0.01) in older broilers, but not 
at early ages (on d 2 and 5 vs. 8, 11 and 14; on d 2, 5, 
and 8 vs. 11 and 14; and on d 2, 5, and 8 vs. 11 and 14 
of age for BWG, FI and FCR, shown in Figures 1, 2 and 
3, respectively). Broilers presented better performance 
with age when reared under lower SD. Stocking density 
significantly (p<0.05) influenced maternal antibody 
titers against IBD and NDV on d 3 and 9, but not on 
d 0, 6 and 12 d (Figures 4 and 5, respectively). On d 
3 and 9, higher maternal antibody titers against IBD 
and NDV were obtained at lower SDs compared with 
higher SD (30 >120 and 90 > 120 chicks/m2). 

Figure 1 – The effect of age and stocking density on the body weight gain of broiler 
chickens (SEM = 0.45)

Figure 2 – The effect of age and stocking density on the feed intake of broiler chicks 
(SEM = 0.552)

Figure 3 – The effect of age and stocking density on the feed conversion ratio of broiler 
chicks (SEM = 0.015)
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Figure 4 – The effect of age and stocking density on maternal antibody titers (log10) of 
broiler chicks against infectious bursal disease virus (SEM = 0.024)

Figure 5 – The effect of age and stocking density on maternal antibody titers (log10) of 
broiler chicks against Newcastle disease virus (SEM = 0.026)

DISCUSSION

Most studies published in scientific literature 
evaluated broiler stocking density at the end of the 
grow-out cycle. Therefore, there are no performance or 
immunity data available to compare the current results 
obtained in younger broilers. However, the results 
clearly showed that increasing SD significantly reduced 
BWG and FI, resulting in worse FCR, but this effect was 
age-dependent. This finding is in agreement with the 
SD effects reported by other authors for market-age 
broilers(Elwinger, 1995; Puron et al., 1995; Edriss et 
al., 2003; Dozier et al., 2005; Abudabos et al., 2013a). 
However, other studies did not find any influence of 
reducing SD on broiler performance(Thomas et al., 
2004; Zhang et al., 2011), nor any negative impacts 
(Feddes et al., 2002).

In the present study, birds reared at SDs of 30 and 
60 birds/m2 performed better than those stocked at 

90 and 120 birds/m2. When reared at SDs of 30 and 
60 birds/m2, birds consumed more feed than those 
stocked at 90 and 120 birds/m2. Increasing the number 
of water line and/or feeder space may have improved 
the performance of the birds stocked at high SDs, but 
further studies are needed to test this assumption. On 
d 2, 5, 8, and 11, the body weights measured at all SD 
levels used in this trial were higher than the targets of 
the genetic company manual (Cobb 500). On d 14, the 
body weights of chicks maintained at SDs of 30 and 60 
bird/m2were also higher than the targets.

The results clearly showed that increasing SD 
significantly reduced the weights of the lymphoid 
organs in an age-dependent manner. This indicates 
that, under stressful conditions, such as high SD, 
the higher the SD as the birds grow, the more stress 
is suffered by the birds, resulting in less developed 
lymphoid organs. This result is in agreement with 
the SD effects at market age reported by Ravindran 
et al. (2006), whereas other authors did not find any 
influence of SD reduction influence on the development 
of lymphoid organs (Heckert et al., 2002; Thaxton et 
al., 2006; Buijs et al., 2009;Houshmand et al., 2012).
In agreement with Houshmand et al. (2012), relative 
bursa and spleen were not affected by SD. However, 
Ravindran et al. (2006) reported that relative bursa 
and spleen decrease as housing density increases. High 
SD can be stressful and compromise broiler immunity 
(Heckert et al., 2002; Thaxton et al., 2006; Estevez, 
2007; Abudabos et al., 2013b).

Some studies reported that physiological indicators 
of stress were not affected by stocking density (Dozier 
et al., 2006; Thaxton et al., 2006; Buijs et al., 2009). 
Our results on H:L ratio agree with most of those 
reported in the literature (Martrenchar et al., 1997; 
Feddes et al., 2002), particularly in the study of 
Beloor et al. (2010), who found broiler that H:L ratio 
is independent of SD at 15, 20 and 25 birds/m2. In 
agreement with Skrbic et al. (2009), blood glucose was 
not affected by SD. Contrary to our findings, Virden 
& Kidd (2009) reported that blood glucose increased 
due to stress caused by high stocking density. On the 
other hand, as the stress load increases, the demand 
for blood glucose increases, adrenalin is secreted, and 
glycogen body reserves are mobilized, resulting in low 
blood glucose levels (Donaldson, 1995; Summers, 
2006). Additionally, in agreement with Dozier et al. 
(2006), serum cholesterol concentration significantly 
increased in the broilers reared at higher SDs in the 
present study. On the other hand, Skrbic et al. (2009) 
did not find any effect of stocking density stress on 
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blood cholesterol concentration. Thaxton et al. (2006) 
found that blood glucose and cholesterol levels and 
H:L ratio of broilers reared at different densities ranged 
between 200-250 mg/dL, 100-200 mg/dL and 0.8-1.6, 
respectively.

Age affected broiler performance, as well as H:L 
ratios and maternal antibody titers against IBV, IBD, and 
NDV. These results are in agreement with other studies 
(Sekeroglu et al., 2011; Zuowei et al., 2011).Also, as 
expected, the weight of the lymphoid organs increased 
with age, in agreement with Khalil et al. (2009). The 
significant effect of age on maternal antibody titers is 
consistent with the findings of Kowalczyk et al. (1985), 
who reported that maternal antibody titers increase in 
the first 2 to 4 days of life, when the yolk is absorbed, 
and then decline and are catabolized by the offspring 
over the first 14 days post-hatch (Ahmed & Akhter, 
2003; Grindstaff et al., 2003).Talebi et al. (2005) had 
previously shown that age affected the absolute counts 
of heterophils and lymphocytes, as well as H:L ratios of 
broilers.

The decline in serum glucose and cholesterol levels 
as broilers aged observed in the present study was 
reported in other studies. Raji (2000) showed the blood 
glucose levels of Japanese quails was affected by age. 
Other authors verified high cholesterol and low glucose 
levels in the sera of newly-hatched chicks (Latour et 
al., 1996; Vieira & Moran, 1999; Peebles et al., 2004), 
which may be explained by the transition from yolk-
derived lipid to dietary-based carbohydrate as primary 
source of energyin broilers chicks during first 2-3 days 
after hatch. Vieira & Moran (1999) demonstrated that 
the yolk sac contents are rich in fats and proteins, but 
are very poor in carbohydrates.

The interaction between age and stocking density 
showed that the performance of broilers reared at 
high SD was impaired as they aged. The BWG results 
obtained on d 8, 11 and 14, and FI and FCR on d 11 
and 14 were significantly worse as both SD and age 
increased. This result is in agreement with those of 
Zuowei et al. (2011), who observed adverse effects 
of high SD on live performance as broilers aged. The 
interaction between broiler age and SD significantly 
affected anti-IBD and NDV maternal antibody titers.

Mortality is considered an end-point in animal 
welfare and therefore, the ultimate indicator of 
stress (Buijs et al., 2009). Although mortality was not 
influenced by SD or age in the present study, Hall 
(2001) reported that mortality significantly increased 
in broilers reared at increasing stocking densities.

CONCLUSIONS

In summary, the results of the present study indicate 
that age significantly influences broiler performance 
and immunity. As expected, performance significantly 
improved with age. The evaluated stocking densities 
had significant effects on broiler performance and 
physiological indicators of stress (except for serum 
glucose). However, stocking density did not influence 
relative lymphoid organ weights or maternal antibody 
titers. As expected, performance worsened as stocking 
density increased. However, further research is needed 
to model the effect of stocking density on performance. 
We suggest evaluating shorter stocking density 
intervals than those applied in the present study to 
obtain more precise results. Broiler body weight, body 
weight gain, feed intake, feed conversion ratio, and 
anti-IBD and anti-NDV maternal antibody titers were 
significantly influenced by the interaction between age 
and stocking density. In conclusion, the results indicate 
that, under the conditions of this experiment, stocking 
density had an adverse effect on the performance 
and immune status of broilers from 1 to 14 days of 
age, although the recorded performance was better 
compared with that of the genetic company manual 
(Cobb 500). However, the intervals between stocking 
densities applied in the present study need to be 
shortened in order to produce better models.
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