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Abstract: Stocking at high density is usually challenged by farmers to get much economic gain in the poultry
industry. However, this is always challenged by a negative impact on broiler welfare. The use of probiotics is
becoming accepted as an alternative to growth promoters or antibiotics. In this study, we investigated the effect
of probiotic supplementation on performance, health, behavior and some blood biochemical parameters of
broilers reared under high stocking density. In a 2 × 2 factorial experimental designs a total of 180 broiler chicks
(Ross 308) were randomly divided into four groups at age of one day. Control group consisted of birds fed with
basal diet and reared at 10 birds/m , second group (15 birds/m , fed with basal diet), third group (15 birds/m ,2 2 2

fed with basal diet supplemented with a probiotic PROBAC plus® at 1× 10  feed) and fourth group (10 birds/m3 2

and fed with basal diet / PROBAC plus). The obtained results showed that broilers reared under high stocking
density have impaired performance. Feeding, comfort behaviors and movement activities of broilers reared
under high stocking density were decreased. But high stocking density had no effect on H/L ratio,
Corticosterone hormone and clinical blood biochemical. Addition of probiotic either to diets of birds reared with
or without stress enhanced performance and improved behavior of birds. In conclusions: The results suggested
that PROBAC plus® probiotic can be used as anti-stress feed additive to counteract the adverse effects of high
stocking density plus its use as growth promoter.
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INTRODUCTION bacterial colonization and enhance host mucosal

Poultry industry always opts for higher stocking an improved health status of the animals [4, 5]. 
density because of a major negative economic impact of Probiotics are "Live micro-organisms which when
increasing space allowance in production system [1]. administered in adequate amounts confer a health benefit
Rearing broilers in a high stocking density is considered on the host" [6]. Their mode of action includes; (i)
a key factor in production because of its influences on maintaining normal intestinal microflora by competitive
health, welfare and performance. Moreover, in broilers, exclusion and antagonism [7] (ii) altering metabolism by
high densities have been associated with a decline in increasing digestive enzyme activity and decreasing
body weight (BW), feed consumption and conversion, bacterial enzyme activity and ammonia production [8] (iii)
flock uniformity, leg health and increased frequencies of improving feed intake and digestion [9] and (iv)
tibial dyschondroplasia, gait scores and carcass bruising stimulating the immune system [10, 11]. 
[2]. It was shown that feed additives were able to affect Therefore the present study was conducted to
animal performance and welfare, particularly through the investigate the effect of supplementing diet with a
modulation of the gut microbiota which plays a critical PROBAC  plus®  probiotic on behavior, performance
role in maintaining host health [3]. Probiotics, prebiotics, traits, clinical health parameters, carcass and organ
synbiotics and organic acids are the most common dietary weights of broilers reared under high and medium
supplementations. They act to improve resistance to stocking density. 

immunity; thus resulting in a reduced pathogen load and
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MATERIALS AND METHODS more birds overlapped each other in a crouching

All experimental procedures were approved by the of legs or wings or ruffling feathers or shaking or yawning
Animal Care and Use Committee of South Valley or preening or grooming its own feather with peak) and
University. In addition, the broiler chickens used in the movement activities (Frequency of standing, walking
experiments were cared based on guidelines of Faculty of frequency and rapid running frequency (Number/30 min)
Veterinary Medicine, South Valley University, Egypt. were recorded. 

Birds  and  Experimental Design: A total of 180 unsexed Performance, Carcass Characteristics and Organ
1-d-old broiler chickens (Ross 308, El-Mansoura, Egypt) Weights: Feed intake (FI), feed conversion ratio (FCR)
were raised according to the Ross Broiler Management and body weight (BW) as well as daily weight gain
Guide (Aviagen308, El-Mansoura, Egypt). The lighting (DWG)  were  determined  for  each  group  separately.
schedule  was  23 h  light  /  1 h  darkness  at   34°C  and After slaughtering, carcass weight was determined and
40-65 % RH at the first day. In a 2 × 2 factorial the relative weight of heart, empty gizzard, liver and
arrangement (Probiotic × stocking density) consisted of spleen was calculated. 
addition of probiotic or basal diet for control birds or birds
kept at high stocking density. Broiler chicks were Heterophils/Lymphocytes Ratio: At 42 d of age 10 birds
randomly divided  into  four  groups.  The  first group was from each group were randomly selected, weighed and
control (C: fed with basal diet, reared at 10 birds/m  in slaughtered by exsanguination. Blood from (Randomly2

pens with wood shavings floor), second was broilers selected 5 birds/group) were collected from each bird in
reared at high stocking density (H: 15 birds/m , fed with heparinized tubes. Serum was separated by centrifugation2

basal diet), third was broilers reared at high stocking at 3000 × g for 10 min and kept at –20°C until analysis.
density (C: fed with basal diet supplemented with Blood films were air dried then fixed with 97% methanol
probiotic) and the fourth group (P: fed with basal diet and stained with Geimsa stain (1:9) for 15 min [14].
supplemented with PROBAC plus® at 1× 10  feed and Heterophils (H)/lymphocytes (L) ratio was calculated [15].3

reared at 10 birds/m ). Birds of all groups were fed a2

commercial diet (Alaaf ALmagd, Alarabia Lell - Alaaf, Serum  Biochemicals:  Serum  biochemicals  were
Quesna, El Monofya, Egypt). Feed and water was offered estimated calorimetrically (723C Visible
ad libitum and water was freely available at all times Spectrophotometer, Shanghai Phenix, Optical Scientific
throughout the experimental period. Probiotic groups were Instrument Co., Ltd, China). Total serum protein (g/dl),
fed a commercial probiotic mixture (PROBAC plus®, albumin (g/dl), cholesterol level, glucose level, aspartate
Animal Health Care Company, Reg. No.: M.O. A. 9948, aminotransferase (AST) level (IU/dl) and alanine
Cairo, Egypt) at 1/1000 diet from 1 d old to 42 d of age. aminotransferase (ALT) level (IU/dl) were assayed as

Experimental Investigations: The behavioral patterns biotechnology, Cairo, Egypt]. Serum globulin (g/dl) and
were observed from 22 to 42 d of age as described albumin/globulin (A/G) ratio were calculated [16]. Serum
previously [12] and recorded by direct observation using urea (mg/dl) and creatinine (mg/dl) levels were assayed by
a modified focal sampling technique [13]. For all a colorimetric method using a commercial kit (Biomerieux,
behavioral patterns, the observer focused on 5 birds France).
/group (Marked with blue dye). Each group was observed
for 2 days/week and 3 h/week total observation time. Birds Serum Hormones: Serum triiodothyronine (T ) and
were observed 3 times / day as the following: at early tetraiodothyronine (T ) were assayed by a solid phase
morning (7:00-7:30 am), at afternoon (13:00-13:30 am) and enzyme immunoassay using total T  commercial ELISA
at evening (20:00-20:30 pm). The ethogram for broilers /30 kits (Catalog Number; BC-1005 and BC-1007; BioCheck,
min under investigation included the following behaviors; Inc., 323 Vintage Park Drive, Foster City, CA 94404, USA)
ingestive behavior (Number of feeding and drinking and ELISA reader (Stat fax-2100, Awareness technology,
bouts), resting behavior (Crouching behavior: number of INC, USA). Serum corticosterone (mg/dl) was measured
lying or sitting with breast on the floor, looking around by automatic immunoassay analyzer (Chemiluminescence
with or without closed eyes), huddling behavior (Three or in ARCHITECT 1000SR®, Abbott, USA).

position), comfort behavior (Number of either stretching

described by manufacturer [Egyptian company for

3

4

3
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Statistical Analysis: One way analysis of variance differences in activities at day 29 and day 33 for
(ANOVA) was performed followed by least significant
difference (LSD) test to find the significance between
experimental groups. A P-value of <0.05 was considered
significant.

RESULTS

The effects of dietary probiotic (PROBAC plus®)
supplementation on behavioral patterns of chicken from
22 to 40 d of age are presented in Tables (1-9). The
behaviors were recorded at morning, afternoon and
evening times to cover the effects of biological rhythm on
behavioral patterns of birds. Behaviors necessary for
maintenance and survival were recorded according to
focal sampling technique. 

Daily rhythm has a great effect on behavioral
activities of birds reared either with or without stress and
probiotic fed or not. No effect of daily rhythm on feeding
and drinking behaviors in birds while resting behavior
was increased at afternoon and at the evening, movement
activities and comfort behavior were increased. Broilers
reared under high stocking density showed a higher
feeding, resting, movement activities and comfort
behaviors at morning, while at afternoon, these broilers
showed an increased drinking behavior. However, at
evening, feeding and comfort behaviors were increased.
Addition of probiotic to diet of broilers reared under high
stocking density increased feeding, movement activities
and comfort behaviors and at afternoon, drinking and
resting behaviors were also increased. Feeding and
resting behavior were also increased at the evening. At
morning, birds showed an increased feeding and comfort
behaviors while at afternoon, drinking and movement
activities were also increased and feeding behavior was
increased at evening but resting behavior showed no
difference along the day periods.

Effect of High Stocking Density on Behaviour of Broilers
At Morning Times: Broilers reared at high stocking
density showed   increased   ingestive  behavior
(Feeding and drinking) at days 22, 36 and 40 compared
with control birds, but at days 26, 29 and 33, broilers
showed a numerical decrease in the ingestive behavior
than control birds (Tables 1-3). Resting behavior
(Crouching and huddling) was not different in broilers
reared at high stocking density at days 22, 26, 33, 36 and
40. Movement activities (Standing, walking and running)
were numerically higher at days 22, 26, 36 and 40,  with  no

overcrowded compared with control birds. Comfort
behaviors (Stretching of leg and wing, shaking and
preening) were numerically lower at days 22, 29 and 33 but
higher at days 26, 36 and 40 and no differences at day 33
for overcrowded birds compared with control birds
(Tables 1-3).

At Afternoon Times: Ingestive behavior of the
overcrowded birds at days 22, 26 and 29 was numerically
decreased but at day 36 was numerically higher compared
with  control  birds  and  similar  to  control  birds  at day
40 (Tables 4-6). Resting behavior of birds reared at high
stocking density was higher at day 22 and lower at days
26 and 29 compared with control birds and overcrowded
birds have a similar ingestive behavior to control birds at
days 33, 36 and 40 (Tables 4-6). Movement activities of
overcrowded  birds  reared  at day 22 were similar to
control birds and lower than control at days 26 and 29
while higher than control birds at days 33 , 36 and 40
(Tables 4-6). Comfort behaviors of overcrowded birds at
days 22, 29, 33 and 36 were lower than control but similar
to control birds at day 26 and higher than control birds at
day 40 (Tables 4-6). 

At Evening Times: Ingestive behavior of broilers reared
at high stocking density at days 22 and 29 was lower but
higher at day 26 compared with control birds and at days
33 and 40 was similar to control birds (Tables 7-9). Resting
behavior was higher for broilers reared at high stocking
density at day 22 and decreased at days 26, 29, 33, 36 and
40 than in control birds (Tables 7-9). Movements activities
were decreased at days 22, 26, 29 and 33 with no changes
recorded at days 36 and 40 for overcrowded birds
compared with control birds. Comfort behaviors were
increased  for  broilers  at  high  stocking density at days
22 and 40, but decreased at days 26, 29, 33 and 36
compared with control birds (Tables 7-9).

Effect of Probiotic on Behavior of Broilers
At Morning Times: Addition of probiotic to the diet of
broilers reared at high stocking density increased
ingestive behavior at d 22, 36 and 40, but decreased at d
33 with no differences at d 26 and 29 compared with
control birds. Birds reared without stress and fed with
probiotic showed no differences at days 22, 26 and 29, but
lower at d 33 and higher at days 36 and 40 compared with
control birds (Tables 1-3). Resting behavior was quite
similar for broilers reared at high stocking density and fed
with  probiotic  at  d 22,  26  and  29 and decreased at days
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Table 1: Impacts of PROBAC plus® supplementation on frequency of behavioral observations (No /30min) at morning times for 4  week broilers reared underth

high and low stocking densities
Treatments C H HPr Pr P value
Behavioral patterns 
Day 22
Feeding 31±2.6 30±1.7 29±2.2 27±1.8 0.047ac a a ab

Drinking 6±1.1 22±2.4 12±1.9 13±2.2 0.001a b c c

Crouching 20±2.1 40±3.4 25±2.7 19±2.2 0.001a b ac ad

Huddling 7±1.5 4±1.4 2±1.2 8±01 0.001a b b a

Standing 7±1.3 26±3.4 13±2.4 13±1.9 0.001a b c c

Walking 26±3.4 10±2.1 35±4.1 46±5.1 0.001a b c d

Running 0 0 0 1±0.7 0.005
Stretching * 10±1.3 10±2.1 10±1.7 10±2.2 0.989
Shaking 62±4.7 6±2.2 4±1.7 4±1.6 0.001a b b b

Preening 60±4.3 22±3.2 24±2.0 38±3.1 0.001a b b c

Day 26
Feeding 14±2.3 10±1.8 20±3.5 12±2.1 0.001a a b a

Drinking 16±2.4 16±2.3 8±1.3 26±3.3 0.001a a b c

Crouching 16±1.7 20±2.4 28±3.1 30±4.2 0.001a a b b

Huddling 6±1.5 12±2.4 0 4±1.3 0.001a b a

Standing 10±1.8 32±3.3 22±2.6 16±2.3 0.001a b c d

Walking 16±2.3 18±3.3 10±1.7 18±3.1 0.001a a b a

Running 0 0 0 2±0.6 0.001
Stretching * 16±2.5 26±3.3 14±2.1 34±3.5 0.001a b a d

Shaking 4±1.2 4±1.4 8±1.3 10±2.4 0.001a a b b

Preening 46±4.5 46±3.8 40±2.6 38±2.1 0.002a a b b

 Means (±SD) within the same row with different superscripts are significantly different (ANOVA followed by LSD test, P<0.05, n=30). * stretchinga, b, c, d

of leg and / or wing. Abbreviations; C = control, H = High stocking density and Pr = PROPAC plus® at 1× 10  feed and Hpr = High stocking density/3

PROPAC plus® from d 1 to d 42 of age.

Table 2: Impacts of PROBAC plus® supplementation on frequency of behavioral observations (No /30min) at morning times for 5  week broilers reared underth

high and low stocking densities
Treatments C H HPr Pr P value
Behavioral patterns 
Day 29
Feeding 18±3.1 12±2.4 14±2.7 12±2.1 0.006a b b a

Drinking 8±1.5 10±2.4 14±2.8 18±3.2 0.001a abc b bd

Crouching 38±5.6 18±2.6 22±2.9 20±3.1 0.001a b b b

Huddling 6±2.1 8±1.8 10±2.9 6±2.8 0.058
Standing 18±2.3 20±3.4 28±3.5 20±2.8 0.004a a b a

Walking 10±2.3 8±1.7 16±3.3 14±3.1 0.009a ac b ad

Running 0 0 0 0 0
Stretching * 8±1.5 4±1.6 18±3.3 4±1.4 0.001a a b a

Shaking 2±0.7 0 2±0.8 0 0.001a a

Preening 30±3.3 12±2.5 46±4.4 30±3.8 0.001a b c a

Day 33
Feeding 24±3.4 12±2.2 9±1.7 9±1.3 0.001a b b b

Drinking 24±3.6 9±2.4 9±1.7 6±1.6 0.001a b b b

Crouching 18±3.1 18±4.2 6±1.5 12±1.6 0.001a a b c

Huddling 6±2.4 15±3.2 9±1.4 6±1.6 0.001a b a a

Standing 15±3.1 30±4.7 15±2.2 18±2.5 0.001a b a a

Walking 15±3.4 18±3.9 12±2.6 6±2.3 0.002a ab ac d

Running 0 0 0 0 0
Stretching * 3±1.5 12±2.7 0 12±3.1 0.001a b b

Shaking 3±1.6 0 0 3±1.8 0.005a a

Preening 18±2.2 39±4.3 15±1.6 21±3.4 0.001a b ac ad

 Means (±SD) within the same row with different superscripts are significantly different (ANOVA followed by LSD test, P<0.05, n=30). * stretchinga, b, c, d

of leg and / or wing. Abbreviations; C = control, H = High stocking density and Pr = PROPAC plus® at 1× 10  feed and Hpr = High stocking density/3

PROPAC plus® from d 1 to d 42 of age.
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Table 3: Impacts of PROBAC plus® supplementation on frequency of behavioral observations (No /30min) at morning times for 6  week broilers reared underth

high and low stocking densities
Treatments C H HPr Pr P value
Behavioral patterns 
Day 36
Feeding 9±2.1 24±3.7 18±2.9 18±3.1 0.001a b c c

Drinking 3±1.8 36±3.5 30±2.8 3±1.2 0.001a b c a

Crouching 9±1.7 16±3.1 15±2.5 18±2.1 0.002a b b b

Huddling 0 4±1.6 12±3.4 6±2.2 0.001a b a

Standing 3±1.4 24±3.6 36±4.2 18±2.7 0.001a b c d

Walking 3±1.3 12±3.4 21±3.8 6±2.5 0.001a b c a

Running 0 0 0 0 0
Stretching * 6±1.5 4±1.4 6±1.7 9±1.9 0.002a a a b

Shaking 0 0 0 0 0.
Preening 24±4.4 8±2.3 57±5.6 33±4.3 0.001a b c d

Day 40
Feeding 7±2.2 17±2.6 23±3.6 23±4.2 0.001a b c c

Drinking 12±2.1 14±2.5 8±1.8 9±2.3 0.001a b c c

Crouching 14±2.1 19±2.8 12±2.3 15±3.4 0.006a b a a

Huddling 15±2.5 17±3.2 12±2.1 8±1.8 0.002a ac ad b

Standing 11±2.2 23±3.3 18±3.4 9±1.7 0.001a b c a

Walking 10±2.1 13±2.6 13±1.9 12±1.6 0.115
Running 2±1.3 0 0 2±1.7 0.006a a

Stretching * 2±0.9 0 10±2.2 12±1.7 0.001a b b

Shaking 1±0.5 0 4±1.7 0 0.001a b

Preening 15±2.4 17±2.7 39±3.4 35±2.9 0.001a a b b

 Means (±SD) within the same row with different superscripts are significantly different (ANOVA followed by LSD test, P<0.05, n=30). * stretchinga, b, c, d

of leg and / or wing. Abbreviations; C = control, H = High stocking density and Pr = PROPAC plus® at 1× 10  feed and Hpr = High stocking density/3

PROPAC plus® from d 1 to d 42 of age. 

Table 4: Impacts of PROBAC plus® supplementation on frequency of behavioral observations (No /30min) at afternoon times for 4  week broilers reared underth

high and low stocking densities
Treatments C H HPr Pr P value
Behavioral patterns
Day 22
Feeding 30±4.6 26±3.4 18±2.8 16±2.5 0.001a a b b

Drinking 30±4.8 26±3.1 24±3.1 20±2.1 0.003a abc b bd

Crouching 24±3.1 40±5.2 26±4.1 22±2.3 0.001a b a a

Huddling 14±2.5 8±1.7 14±2.6 8±2.1 0.002a b a b

Standing 14±2.7 24±3.6 26±3.4 18±3.1 0.001a b b a

Walking 24±2.5 16±2.2 26±3.3 14±2.9 0.001a b a b

Running 0 0 0 6±1.8 0.002
Stretching * 18±3.2 0 10±1.6 0 0.001a b

Shaking 0 10±2.2 10±1.7 0 0.001a a

Preening 56±5.3 22±2.6 26±3.1 44±4.2 0.001a b b c

Day 26
Feeding 30±4.1 22±3.5 20±2.8 6±1.5 0.001a b b c

Drinking 14±2.7 16±3.1 14±2.1 24±3.7 0.002a a a b

Crouching 34±3.9 14±3.2 14±2.8 28±3.3 0.001a b b c

Huddling 10±2.1 2±1.1 8±1.7 16±3.2 0.001a b a c

Standing 26±3.5 12±2.2 18±2.6 34±4.4 0.001a b c d

Walking 38±4.5 4±1.2 20±3.2 10±2.3 0.001a b c d

Running 2±0.6 0 0 4±1.4 0.001a b

Stretching * 10±1.6 10±1.9 14±2.6 16±2.2 0.006a a b b

Shaking 4±1.3 2±0.7 6±1.2 4±0.8 0.002a b c a

Preening 32±2.7 38±3.1 32±2.9 40±4.1 0.002a b a b

 Means (±SD) within the same row with different superscripts are significantly different (ANOVA followed by LSD test, P<0.05, n=30). * stretchinga, b, c, d

of leg and / or wing. Abbreviations; C = control, H = High stocking density and Pr = PROPAC plus® at 1× 10  feed and Hpr = High stocking density/3

PROPAC plus® from d 1 to d 42 of age. 
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Table 5: Impacts of PROBAC plus® supplementation on frequency of behavioral observations (No /30min) at afternoon times for 5  week broilers reared underth

high and low stocking densities
Treatment C H HPr Pr P value
Behavioral patterns

 Day 29
Feeding 22±3.1 10±2.1 14±2.6 18±2.4 0.001a b bc ac

Drinking 20±3.2 14±2.1 30±4.3 18±2.6 0.001a bd c ad

Crouching 36±3.7 6±1.4 26±3.5 42±4.3 0.001a b c d

Huddling 4±1.3 2±0.7 6±1.6 4±1.2 0.001a ab ac a

Standing 40±4.3 10±2.6 34±3.3 38±3.8 0.001a b a a

Walking 46±4.3 2±0.6 24±3.3 36±3.9 0.001a b c d

Running 0 2±0.9 0 4±1.3 0.001a b

Stretching * 18±2.4 0 10±1.7 16±2.4 0.001a b a

Shaking 4±1.3 0 6±1.6 4±0.8 0.001a b a

Preening 32±3.8 10±2.1 42±4.3 64±5.7 0.001a b c d

Day 33
Feeding 15±3.3 12±2.8 21±3.2 6±1.5 0.001a a b c

Drinking 15±2.7 15±2.3 12±2.3 9±1.7 0.002a a ab b

Crouching 15±2.7 6±1.3 12±2.1 21±3.4 0.001a bc a bd

Huddling 6±1.5 12±2.3 12±2.8 6±1.8 0.002a b b a

Standing 12±2.1 21±3.4 15±2.6 9±1.7 0.001a b a c

Walking 9±1.8 12±2.1 15±2.4 9±1.5 0.001a ab b a

Running 0 0 0 0 0
Stretching * 9±2.5 9±2.1 0 12±3.5 0.001a a a

Shaking 0 0 0 0 0
Preening 18±2.4 27±2.8 15±2.3 24±3.2 0.001a b ac ab

 Means (±SD) within the same row with different superscripts are significantly different (ANOVA followed by LSD test, P<0.05, n=30). * stretchinga, b, c, d

of leg and / or wing. Abbreviations; C = control, H = High stocking density and Pr = PROPAC plus® at 1× 10  feed and Hpr = High stocking density/3

PROPAC plus® from d 1 to d 42 of age.

Table 6: Impacts of PROBAC plus® supplementation on frequency of behavioral observations (No /30min) at afternoon times for 5 6  week broilers rearedth

under high and low stocking densities
Treatment C H HPr Pr P value
Behavioral patterns
Day 36
Feeding 6±1.6 15±2.5 9±1.8 12±2.6 0.001ac b a ad

Drinking 3±1.5 15±2.4 3±1.2 18±2.7 0.001a b a b

Crouching 15±2.3 12±1.7 15±2.4 18±2.9 0.009a ab a ac

Huddling 6±1.5 9±1.8 12±2.3 9±2.1 0.002ab a ac a

Standing 12±2.3 18±3.1 9±1.8 27±4.2 0.001a b a c

Walking 3±1.4 6±1.9 6±1.2 18±3.7 0.001a a a b

Running 0 0 0 0 0
Stretching * 0 3±1.7 9±2.3 9±2.6 0.001a b b

Shaking 0 0 0 3±1.6 0.001
Preening 30±4.1 21±3.1 24±2.9 18±2.5 0.002a b bc bd

Day 40
Feeding 12±2.8 11±2.2 14±2.7 14±3.1 0.247
Drinking 13±2.6 1±0.5 11±2.3 12±1.7 0.001a b a a

Crouching 23±3.3 18±2.6 22±2.9 12±2.8 0.001a b a c

Huddling 14±2.9 18±2.6 12±2.1 8±1.6 0.001a a a b

Standing 18±2.7 32±3.4 22±2.4 15±2.2 0.001a b ac ad

Walking 12±2.6 28±3.6 17±2.4 12±1.9 0.001a b c a

Running 0 0 3±1.4 7±1.8 0.001a b

Stretching * 7±1.6 14±2.9 8±1.5 8±1.8 0.002a b a a

Shaking 0 0 0 2±1.7 0.001
Preening 7±1.6 17±2.3 37±4.2 24±3.1 0.001a b c d

 Means (±SD) within the same row with different superscripts are significantly different (ANOVA followed by LSD test, P<0.05, n=30). * stretchinga, b, c, d

of leg and / or wing. Abbreviations; C = control, H = High stocking density and Pr = PROPAC plus® at 1× 10  feed and Hpr = High stocking density/3

PROPAC plus® from d 1 to d 42 of age.
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Table 7: Impacts of PROBAC plus® supplementation on frequency of behavioral observations (No /30min) at evening times for 4  week broilers reared underth

high and low stocking densities
Treatments C H HPr Pr P value
Behavioral patterns 
Day 22:
Feeding 42±3.6 36±3.3 32±1.9 26±2.6 0.001a b b c

Drinking 24±3.7 12±1.9 22±2.2 26±2.6 0.001a b a a

Crouching 18±3.9 36±4.3 22±2.1 36±4.1 0.001a b a b

Huddling 12±3.4 6±1.3 22±4.5 6±1.7 0.001a b c b

Standing 10±2.7 26±3.7 16±3.5 30±4.1 0.001a b c b

Walking 40±4.3 16±2.2 26±3.2 24±3.7 0.001a b c c

Running 0 0 0 6±2.5 0.031
Stretching * 16±1.8 18±2.3 22±1.7 18±2.5 0.030a a b a

Shaking 10±2.3 2±0.9 4±1.6 2±1.6 0.001a b b b

Preening 18±3.3 40±4.7 48±3.9 18±2.8 0.001a b c a

Day 26:
Feeding 20±3.2 32±4.2 24±2.9 14±2.5 0.001a b c d

Drinking 18±4.1 16±3.4 16±2.6 14±3.7 0.381
Crouching 30±4.2 18±2.7 22±2.6 22±3.5 0.003a b b b

Huddling 4±1.8 2±1.4 4±1.3 10±3.5 0.002a a a b

Standing 36±4.2 16±3.2 24±2.6 20±2.4 0.001a b c b

Walking 14±3.1 12±3.2 20±4.1 12±2.7 0.030a a b a

Running 0 2±1.4 0 0 0.005
Stretching * 8±0.9 8±1.4 10±2.1 34±4.2 0.001a a a b

Shaking 2±1.4 4±1.9 2±1.2 4±2.1 0.112
Preening 38±3.7 16±1.8 30±3.1 26±2.5 0.001a b c d

 Means (±SD) within the same row with different superscripts are significantly different (ANOVA followed by LSD test, P<0.05, n=30). * stretchinga, b, c, d

of leg and / or wing. Abbreviations; C = control, H = High stocking density and Pr = PROPAC plus® at 1× 10  feed and Hpr = High stocking density/3

PROPAC plus® from d 1 to d 42 of age.

Table 8: Impacts of PROBAC plus® supplementation on frequency of behavioral observations (No /30min) at evening times for 5  week broilers reared underth

high and low stocking densities
Treatment C H HPr Pr P value
Behavioral patterns 
Day 29
Feeding 20±4.6 8±3.3 4±1.6 8±2.8 0.001a b b b

Drinking 8±2.4 12±3.3 2±1.4 14±3.8 0.001a a b c

Crouching 26±3.4 14±1.9 8±2.5 22±3.7 0.001a b c a

Huddling 4±0.9 0 4±1.7 12±3.5 0.001a a b

Standing 26±5.2 14±3.2 14±2.7 26±4.6 0.001a b b a

Walking 18±3.5 2±1.2 4±1.6 16±3.1 0.001a b b a

Running 0 0 0 0 0
Stretching * 0 2±1.4 10±3.5 6±2.4 0.001a b c

Shaking 0 0 0 4±2.5 0.002
Preening 20±3.6 8±3.1 18±2.5 22±4.1 0.001a b a a

Day 33
Feeding 18±3.5 12±2.7 9±1.8 12±2.3 0.006a b b b

Drinking 6±2.2 15±2.6 12±1.8 9±1.9 0.001a b b c

Crouching 24±3.4 18±2.6 15±2.3 18±2.1 0.005a b b b

Huddling 6±1.8 3±1.6 9±2.2 9±2.1 0.004a ab ac ac

Standing 30±5.3 9±2.7 9±2.2 12±2.5 0.001a b b b

Walking 30±4.7 6±2.3 3±1.6 3±1.3 0.001a b b b

Running 0 0 0 0 0
Stretching * 6±2.8 3±1.8 0 9±2.4 0.001a ab ac

Shaking 3±1.8 0 0 0 0.001a

Preening 36±4.5 24±3.2 51±6.3 27±2.4 0.001a b c b

 Means (±SD) within the same row with different superscripts are significantly different (ANOVA followed by LSD test, P<0.05, n=30). * stretchinga, b, c, d

of leg and / or wing. Abbreviations; C = control, H = High stocking density and Pr = PROPAC plus® at 1× 10  feed and Hpr = High stocking density/3

PROPAC plus® from d 1 to d 42 of age. 
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Table 9: Impacts of PROBAC plus® supplementation on frequency of behavioral observations (No /30min) at evening times for 6  week broilers reared underth

high and low stocking densities

Treatment C H HPr Pr P value

Behavioral patterns 
Day 36:
Feeding 15±3.4 9±2.3 24±3.9 3±1.6 0.001a b c d

Drinking 9±2.49 3±1.5 18±3.8 6±2.2 0.001a b c a

Crouching 12±1.9 12±2.3 12±3.5 15±3.6 0.300
Huddling 12±2.2 0 6±1.8 15±3.2 0.001a b a

Standing 18±3.5 15±2.5 15±3.6 15±1.9 0.314
Walking 9±2.1 9±2.5 12±3.2 9±1.8 0.176
Running 3±1.7 0 0 0 0.001
Stretching * 12±2.2 0 18±3.6 9±2.4 0.001a b a

Shaking 0 0 0 6±1.8 0.001
Preening 15±2.6 15±2.1 24±4.8 12±2.2 0.001a a b a

Day 40
Feeding 8±2.6 9±3.3 26±4.7 25±4.1 0.001a a b b

Drinking 4±1.2 9±1.9 12±3.3 13±3.8 0.001a b b b

Crouching 10±2.2 18±3.8 16±3.4 9±1.9 0.003a b b a

Huddling 32±5.2 13±2.2 20±3.4 13±1.9 0.001a b c b

Standing 12±2.3 24±3.5 19±3.0 8±1.7 0.001a b c d

Walking 23±3.8 15±2.8 13±3.1 31±4.3 0.001a b b c

Running 3±1.7 0 0 5±2.3 0.001a a

Stretching * 0 8±2.3 14±3.1 0 0.001a b

Shaking 0 2±1.6 0 0 0.002
Preening 9±2.4 12±2.2 22±3.8 22±4.1 0.001a b c c

 Means (±SD) within the same row with different superscripts are significantly different (ANOVA followed by LSD test, P<0.05, n=30). * stretchinga, b, c, d

of leg and / or wing. Abbreviations; C = control, H = High stocking density and Pr = PROPAC plus® at 1× 10  feed and Hpr = High stocking density/3

PROPAC plus® from d 1 to d 42 of age

33 and 40 but it was increased at day 40. Birds reared 36. Broilers reared without stress decreased ingestive
without stress fed with probiotic compared with control behavior compared with control birds at d 22, 26, 29 and
birds showed no differences at d 22, while the frequency 33 but increased at d 40 (Table 4-6). Resting behavior at d
of resting behavior was increased at days 26 and 36 but it 22, 29, 33 and 36 was not affected by addition of probiotic
was decreased at d 29, 33 and 40. Movement activities at to the diet of overcrowded compared with control birds
d 22, 26, 33, 36 and 40 were higher for overcrowded birds but decreased at days 26 and 40. But its addition to the
fed with probiotic compared with control birds. While at diet of birds reared without stress didn't affect the resting
d 29 birds showed no differences compared with control behavior compared with control birds at d 26, 33 and 36
birds. Inclusion of probiotic to overcrowded broilers while decreased at d 22 and 40, however it increased at d
decreased the comfort behavior compared with control 29. No differences between overcrowded birds fed with
birds  at  d  22 and 33 while increased comfort behavior probiotic at d 22 and 36 when compared with control birds
than control birds at d 29, 36 and 40 with no effect on in movement activities, however it decreased at d 26 and
comfort behaviors compared with control birds at day 36. 29, but it increased at d 33 and 40. There was no difference
Broilers reared without stress and fed with probiotic between non-stressed birds fed with probiotic and control
showed  increased   comfort   behavior   than  control birds at d 22, 33 and 40, but decreased at d 26 and 29,
birds at d 26, 33, 36 and 40 but they showed decrease in while there was increase at d 36 in broiler movement
comfort  behavior  than control birds at d 22 and 29 activities (Table 4-6). Addition of probiotic to the diet of
(Tables 1-3). overcrowded birds decreased comfort behaviors

At Afternoon Times: Inclusion of probiotic to diet of comfort behaviors at days 26, 29, 36 and 40. At d 26, 29, 33
birds reared with overcrowding stress (Table 4-6) and 40 addition of probiotic to the diet of non-stressed
decreased ingestive behavior compared with control birds birds increased comfort, while decreased at d 22 and didn't
at d 22 but increased at d 40 with no effect at d 29, 33 and differ from control birds at d 36 (Table 4-6).

compared with control birds at d 22 and 33 but increased
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At Evening Times: Ingestive behavior, at d 22 and 29 was Carcass and eviscerated carcass weight were
decreased, with no effect at d 26 and 33 but at d 40 it was significantly decreased for broilers reared at high stocking
increased due to addition of probiotic to the diet of birds density compared with control birds and addition of
reared with overcrowding stress. Addition of probiotic to probiotic to diet of these broilers regained carcass weight
the diet of birds reared without stress showed a numerical and eviscerated carcass weight to a level comparable to
decrease in the ingestive behavior compared with control control birds and higher than birds reared under high
birds  at  d  22, 29 and 36, while increased at d 40 but at d stocking density without probiotic feeding (P < 0.05).
33 it didn't differ from control birds (Table 7-9). Resting Inclusion of probiotic to diet of birds reared without
behavior, at d 22, was increased due to addition of stress significantly increased carcass weight and
probiotic to the diet of birds reared with overcrowding eviscerated carcass weight compared with control broilers
stress but decreased at d 26, 29, 33, 36 and 40. Birds reared (Table 11). Spleen weight of broilers reared under high
with 26, 29 and 33 had higher resting behavior than stocking  density   didn't   differ   from    control  broilers
control birds at days 22 and 36 but it was decreased at (P = 0.345) and addition of probiotic has no effect on
day 40. Overcrowded birds fed with probiotic had lower spleen weight. Addition of probiotic to diet of broilers
movement activities than control birds at d 22, 26, 29, 33 reared without stress did not affect spleen weight
and 40 but at d 36 no differences were recorded between compared with control (Table 11). 
overcrowded birds fed with probiotic and control birds. Heart weight of broilers reared at high stocking
At d 26 , 29 and 33 addition of probiotic to the diet of density was significantly decreased compared with
birds reared without stress showed decreased movement control birds, while addition of probiotic to diet of birds
activities compared with control birds but at day 36, no reared under high stocking density significantly increased
differences were recorded compared with control birds heart weight to be comparable with control birds (P <0.05)
and those activities were increased at d 40. Comfort but similar to birds reared at high stocking density
behaviors of stressed birds fed with probiotic at d 22, 29, without probiotic feeding. Addition of probiotic to
33, 36 and 40 were higher than control birds while they broilers reared without stress significantly increased heart
had lower comfort behaviors than control birds at d 26. weight compared with control birds (P<0.01).
However, at d 29, 33 and 40 birds fed with probiotic and Liver weight didn't show significant difference
reared without stress had higher comfort behaviors than between birds reared under high stocking density and
control birds while at d 22, birds reared without stress fed control birds while addition of probiotic to the diet of high
with probiotic had lower activities compared with control stocking density group regained liver weight to be
birds (Table 7-9). comparable with control birds and higher than high

Performance, Organ weights and Carcass Traits: of broilers reared at high stocking density stocking
Broilers reared under high stocking density had a lower density didn't differ (P = 0.826) from control birds also
DWG (P= 0.001) than control birds but addition of addition of probiotic has no effect but there was an
probiotic to diet of birds under high stocking density increased gizzard weight compared with control birds but
increased the DWG to be comparable (P= 0.53) with this difference didn't reach significant level (P=0.40).
control  birds.  Addition  of  probiotic  to  the   diet of Addition of probiotic to diet of birds did not affect weight
birds reared without stress increased significantly DWG of gizzard compared with control (Table 11). Also addition
(P= 0.001) compared with control birds (Table 10). On of probiotic to diet of birds without stress didn't differ
other hand high stocking density neither affected body from control birds. Relative gizzard weight was higher for
weight gain nor feed conversion ratio. High stocking broilers reared under high stocking density compared with
density decreased the body weight (BW) of broilers at the control birds and addition of probiotic to diet of birds
1 , 2 , 3 and 4 week of age compared with control group reared under high stocking density didn't change relativest nd rd th

(P<0.05, Table 10). Moreover, addition of probiotic to the gizzard weight compared with control birds and high
diet of broilers reared in high stocking density elevated stocking density group (Table 11).
the body weight significantly (P<0.05) at the 5  and 6 Inclusion of probiotic to diet of broilers rearedth th

week compared with their control partners. Interestingly, without stress significantly increased spleen weight
addition of probiotic to the diet of broilers reared without compared with control (P=0.16, Table 11). Heart weight of
stress application, increased (P<0.05) the BW of broilers broilers reared at high stocking density was significantly
at 4 , 5 and 6 week compared with their control partners decreased compared with control birds (P = 0.02) whileth th th

(Table 10). addition  of  probiotic  to  diet  of  birds  reared under high

stocking density without probiotic feeding. Gizzard weight
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Table 10: Impacts of PROBAC plus® on feed intake (FI) and body weight gain (BWG) of broilers and reared under high and low stocking densities

Treatment C H HPr Pr P Value 

Initial body weight 55±1 54±1 57±1 54±1 0.001a a b a

Final body weight 2240±49 1967±33 2274±45 2719±54 0.001a b a c

Daily weight gain 52.6±1 46±1 53±1 63±1 0.001a b a c

BW (g)

1 week 235±7 217±6 228±5 239±5 0.009 a b ab a

2 week 458±11 430±9 447±9 466±9 0.030a b ab a

3 week 850 ±21 811±13 825±15 854±16 0.070

4 week 1476±29 1410±22 1430±18 1544±24 0.003a b ab b

5 week 1967±41 1783±30 1814±34 2076±42 0.001a b b a

6 week 2240±49 1967±33 2274±45 2719±54 0.001a b ab c

BWG (g)

1 week 181±6.59 163±6 171±5a 186±5 0.030a b a a

2 week 223±14 214±12 219±11 227±10 0.849

3 week 392±25 381±15 377±18 388±19 0.790

4 week 1476±29 1410±22 1430±18 1544±24 0.003a b ab c

5 week 491±50 373±9 384±17 532±45 0.001a b b a

6 week 260±64 239±53 537±65 676±62 0.001a a b c

 Means (±SD) within the same row with different superscripts are significantly different (ANOVA followed by LSD test, P<0.05, n=30). Abbreviations;a, b, c, d

C = control, H = High stocking density and Pr = PROPAC plus® at 1× 10  feed and Hpr = High  stocking  density/  PROPAC  plus®  from d 1 to d 423

of age.

Table 11: Carcass and organ weights (g) of broilers fed with or without probiotic and reared under high and low stocking densities 

Parameters C H HPr Pr P value

Carcass weight 2054.5±44.71 1786.1±24.09 2110.5±42.37 2523.5±50.27 0.001a b a c

Eviscerated carcass 1717.0±44.02 1479.0±25.03 1735.0±37.60 2115.0±42.57 0.001a b a c

Spleen 2.80±0.16 2.49±0.14 2.57±0.15 3.26±0.23 0.123a b a c

Heart 10.38±0.6 8.44±0.36 9.00±1.00 12.49±0.56 0.001a a a b

Liver 37.14±1.09 33.57±0.77 40.95±1.66 46.78±1.61 0.001a b c d

Gizzard 39.30±1.55 39.82±0.99 41.26±1.07 41.59±2.09 0.001a a b b

Relative weights

Spleen % 0.12±0.008 0.12±0.007 0.11±0.006 0.12±0.007 0.928

Heart % 0.46±0.01 0.43±0.01 0.39±0.04 0.45±0.01 0.136a b b a

Liver % 1.66±0.04 1.71±0.05 1.80±0.06 1.71±0.03 0.565

Gizzard % 1.77±.100 2.02±0.05 1.82±0.08 1.52±0.07 0.001a b a c

 Means (±SD) within the same row with different superscripts are significantly different (ANOVA followed by LSD test, P < 0.05, n=5). Abbreviations;a, b, c, d

C = control, H = High stocking density and Pr = PROPAC plus® at 1× 10  feed and Hpr = High stocking density/  PROPAC  plus®  from  d 1 to d 423

of age.

Table 12: Stress parameters of broilers fed with or without probiotic and reared either with or without stress

Treatment C H HPr Pr P value

H / L ratio Ratio 0.20±0.03 0.32±0.06 0.32±0.06 0.22±0.03 0.001a b b a

T  (ng/ml) 1.38±0.32 1.42±0.16 1.48±0.19 1.28±0.28 0.9193

T  (µg/dl) 2.20±0.16 2.30±0.14 3.18±0.16 2.81±0.11 0.0014
a a bc b

Corticosterone (mg/dl) 0.88±0.09 0.80±0.07 0.79±0.05 0.66±0.05 0.001a a a b

 Means (±SD) within the same row with different superscripts are significantly different (ANOVA followed by LSD test, P<0.05, n=5). Abbreviations;a, b, c, d

C = control, H = High stocking density and Pr = PROPAC plus® at 1× 10  feed and Hpr = High stocking density/ PROPAC  plus®  from  d 1 to d 423

of age.
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Table 13: Clinical serum bio-chemicals of broilers fed with or without probiotic reared either with or without stress 
Treatment C H HPr Pr P value
Total Protein(g/dl) number 2.50±0.14 2.36±0.12 2.60±0.08 2.83±0.14 0.001a a a a

Albumin (g/dl) mber 1.21±0.09 1.23±0.11 1.22±0.04 1.42±0.03 0.233a a a b

Globulin (g/dl) Ratio 1.29±0.07 1.23±0.13 1.37±0.07 1.41±0.14 0.001a b c c

A/G ratio 0.94±0.06 1.08±0.22 0.89±0.06 1.05±0.13 0.001
Cholesterol (mg/dl) 112.03±1.14 116.09±1.07 110.34±0.28 99.20±2.7 0.001a b ab c

Creatinine (mg/dl) 0.26±0.06 0.40±0.03 0.42±0.04 0.32±0.05 0.057a b b ab

Urea (mg/dl) 3.60±0.92 3.40±0.40 4.25±0.62 3.80±0.37 0.282a a b a

AST (mg/dl) 193.00±7.20 216.20±15.29 226.50±15.09 258.60±26.17 0.032a b b c

ALT (IU/dl) 19.20±.86 18.80±.96 18.25±.85 23.20±3.33 0.186
Glucose (IU/dl) 136.60±18.93 133.00±13.47 164.25±2.56 119.80±14.96 0.218a a b a

 Means (±SD) within the same row with different superscripts are significantly different (ANOVA followed by LSD test, P<0.05, n = 5). Abbreviations;a, b, c

H = High stocking density, Pr = PROPAC plus® from d 1 to d 42 of age

stocking density significantly increased heart weight to (Table 13), but no differences were found between groups
be comparable with control birds. Liver weight didn't for serum albumin (P>0.05). While, addition of probiotic to
show  significant  difference between birds reared under birds reared without stress increased globulin level
high stocking density and control birds (P = 0.09). compared with control birds. On other hand, A/G ratio did
Addition of probiotic to diet of broilers reared without not differ among the 4 groups. Serum cholesterol of
stress significantly increased (P < 0.05) liver weight broilers reared at high stocking density was increased
compared  with   control   birds.  Gizzard  weight of compared with control birds but this difference didn't
broilers reared  at   high   stocking   density   didn't   differ reach significance (P = 0.12). Also broilers reared at high
(P = 0.83) from control birds. Also addition of probiotic stocking density and fed with probiotic didn't differ from
has no effect on gizzard weight compared with control control birds in serum cholesterol but have significantly
birds (P = 0.40). Further, relative spleen weight didn't lower concentration (P<0.05) than overcrowded birds
show   significant   difference   between   all  groups without probiotic feeding. Addition of probiotic to diet of
(P>0.05). birds reared without stress significantly decreased

Heterophils/Lymphocyte Ratio and Serum Hormones and (Table 13). Serum creatinine of birds reared under high
Bio Chemicals: High stocking density increased in H/L stocking density didn't differ from control birds while
ratio in broilers fed or not probiotic. Broilers fed with or addition of probiotic to these overcrowded birds
without  probiotic  and  reared  with  or without stress increased serum creatinine compared with control birds
(high stocking density) showed no significant differences (P<0.05, Table 13). Urea concentration of broilers reared at
compared with control birds in the level of T (Table 12). high stocking density and fed with or without probiotic3

Serum T  of broilers reared under high stocking density didn't differ from control birds. Further, addition of4

didn't differ (P = 0.63) from control birds while addition of probiotic to non-stressed birds didn't affect urea
probiotic to diet of overcrowded broilers significantly concentration (Table 13). Aspartate aminotransferase
increased (P < 0.05) level of T  compared with control (AST) of broilers reared at high stocking density and fed4

birds and overcrowded birds without probiotic feeding. with or without probiotic didn't differ from control birds.
Addition of probiotic to broilers reared without stress Addition of probiotic to diet of birds reared without stress
increased (P<0.01) T  compared with control broilers significantly increased AST compared with control birds4

Addition of probitoicprobiotic to diet of birds reduced (P= 0.01, Table 13). Serum alanine aminotransferase (ALT)
serum corticosterone level of compared to other groups didn't  differ  between  experimental  groups (P = 0.17,
(Table 12). Table 13). Similarly, serum glucose didn't show significant

Broilers reared under high stocking density and fed differences between treatments.
with probiotic or basal diet didn't show significant
difference in serum total protein compared with control DISCUSSION
birds (Table 13). Interestingly, addition of probiotic to diet
of broilers reared without stress significantly increased This study was performed to address the impact of
total protein (P<0.05) compared with control birds. PROBAC plus® supplementation on adverse effects of
Addition of probiotic to diet of birds reared without stress high stocking density on performance, behavior, clinical
increased serum albumin compared with control birds serum biochemicals, stress and welfare parameters in

(P<0.01) cholesterol  compared  with   control  birds
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broiler chickens. The results of the current study showed [10, 34] plus the direct effect of probiotic by stimulating
that high stocking density (15 birds /m ) adversely appetite of the host [34, 35]. So the improved performance2

affected the performance, behavior and welfare parameters of stressed broilers is related to the effect of probiotic for
of broilers resulting in lower feed intake, reduced daily enhancing the behavior of birds including feeding
weight gain and decreased final body weight. Probiotic behavior [25]. As well as, probiotic supplementation
(PROBAC plus®) was added to the diet of stressed birds overcome the negative impacts of these stressors on
as an important solution to counteract the adverse effects resting, movement activities and comfort behaviors as
of this stressor on performance of birds. Although high stressed birds fed with probiotic increased their activities
density  rearing  of  birds  didn't  impair the welfare of and increased the frequency of preening and stretching of
birds, the growth and productivity were clearly reduced. leg and / or wing [23, 36]. So the improved behavior of
Similar results were previously recorded concerning poor stressed birds fed with probiotic might lead to an
growth of birds reared at high stocking density [17-22]. increased productivity of broilers. It is known that, the
The reasons behind this probably are reduction in access role of probiotic in overcoming the adverse effect of
to water and feed, high ammonia concentration and an stress resulted in an improved health status of broilers.
unfavorable air quality due to insufficient air exchange Particularly, carcass weight and eviscerated carcass
[23]. In the current study, low productivity as a result of weight were increased due to feeding of probiotic to
overcrowding of broilers is considered an indicator for stressed birds to be comparable to the control birds.
poor poultry welfare. That perhaps resulted from the Similar results were previously recorded [25, 37]. As well
reduction of feeding behavior during high stocking as, probiotic feeding to stressed birds resulted in an
density due to the competition for feeding or reduced increased heart weight [38]. The results of this study
appetite [24, 25]. provided important information concerning probiotic

In contrast, the movement activities of stressed birds supplementation as anti-stress. Hence, probiotic has the
were reduced to minimum to overcome the interaction and efficacy in decreasing the cortisol level of stressed birds
injury occurred during movement in case of overcrowding as probiotic bacteria may indirectly stimulate the afferent
[26]. Furthermore, comfort behaviors in the current neurons through a cytokine neuro-humoral route, causing
experiment were clearly reduced during stress. This result a reduction in the levels of circulating corticosterone and
is in line with Andrews et al. [24] but not in line with adrenocorticotropic hormone [39]. Another interpretation
Spinu et al. [27]. These alterations in the behavioral that may be these supplements are believed to influence
patterns of stressed broilers can adversely affect the the gut health and microbiome, it can be postulated that
production as well as the health of birds. In the present a healthy and balanced microbial community may help
experiment, carcass traits and organ weights as important normalize adrenal gland activity.
health  indicators  were  significantly changed due to Supplementation of the diet of stressed birds with
overcrowding stress. The reduced carcass weight and probiotic is able to correct the adverse effect of stress on
eviscerated carcass weight were recorded for stress physiological and clinical serum biochemicals parameters.
applications in previous studies [28-31]. The poor carcass Probiotic supplementation to the diet of stressed birds
characteristics may be due to a reduced feed intake and decreased the cholesterol level to be comparable to the
impaired utilization of nutrients [32]. The liver, being one control birds, this may be due to the incorporation of
of the most vital organs of the body, constitutes the cholesterol into the cellular membrane of the organism by
lifeline system of birds. This organ also plays a major role the probiotic; thus, cholesterol assimilation by
in the detoxification, digestion, metabolism and utilization Lactobacillus in turn reduces cholesterol absorption in
of feed nutrients as a center of a number of digestive, the system [40]. Furthermore, probiotic supplementation
metabolic and productive activities. This result was improved T  of stressed birds due to enhancing the
previously  observed  by  Kucuk et al. [28] and Ahmed activity of corticotrophin releasing factor, which is known
and El-Ghamdi [33]. Generally, the results of this to stimulate thyrotropin secretion and hence, T4 secretion
experiment provided valuable information on the impacts [41, 42]. Finally, addition of probiotic to the diet of
of anti-stress effect of PROBAC plus® on welfare stressed broilers has the ability to enhance and
parameters. counteract the adverse effects of high stocking density

PROBAC plus® may be related to maintaining normal and is beneficial as anti-stress feed additive. In addition
intestinal microflora by competitive exclusion and probiotic feeding is anti-stress and growth promoter
antagonism, altering metabolism by increasing digestive (PROBAC plus® containing Lactobacillus acidophilus,
enzyme activities and promoting digestion rate of nutrient Plantarum, brevis, Bifidobacteria and Saccharomyces

4



Global Veterinaria, 16 (3): 298-313, 2016

310

cerevisiae) [43-48]. It was shown that Lactobacilli when coenzyme A; an enzyme involved in the cholesterol
added to the diet had a big efficiency to produce synthesis pathway thereby decreased cholesterol
digesting enzyme, which could be able to accelerate the synthesis [61]. Additionally, an in vitro experiment
catalytic activities of the endogenous enzymes resulting showed that Saccharomyces strains were able to remove
in an improvement of weight gain and in turn increase the cholesterol from the growth medium [62]. Besides,
body weight at marketing age. Improving performance of probiotic feeding increased serum T  concentration
broiler chickens fed probiotic is mainly due to maintaining suggesting that probiotic can significantly enhance the
of beneficial microbial population [49] improving feed metabolism of nutrient particularly protein metabolism
intake and nutrient digestibility [10, 34 ] altering bacterial resulting in an improved production traits. These
metabolism [50] and reducing of cell turnover of the observations  are  in  line with Khan et al. [63] and
intestinal epithelium [51]. As well as, Saccharomyces Motlagh et al. [64]. Finally, probiotic addition to the diet
cerevisiae as probiotic yeast can improve nutrient of either broilers non-stressed or stressed with high
absorption leading to improvement of performance of stocking density showed a great efficacy to improve the
broilers [52]. The role of probiotic supplementation as a growth, behavior, welfare and health of broiler chickens.
growth promoter in broiler industry may be due to
enhancing the behavior and welfare of birds. Broilers CONCLUSIONS
supplemented with probiotic tend to rest more which may
lead to higher body weight. These findings are in From the results of this study, it can be concluded
agreement  with  Hocking  et al.  [53]  and Webster [54]. that  rearing  of   birds   under   high    stocking  density
As well as, the comfort and movement behaviors were (15 birds/m ) resulted in decreasing their performance and
increased for birds fed with probiotic than its control adversely affected the behavioral activities and welfare of
partner.  Similar  results  were  already  recorded  before birds however, under these conditions; high stocking
[25, 36]. density didn't affect clinical serum parameters.

Not only performance and behavior of birds were Furthermore, addition of PROBAC plus® at 1×10  feed
improved due to probiotic feeding but also carcass traits. of birds partly removed the adverse effect of the stress of
Weight of carcass and eviscerated carcass weight were high stocking density. PROBAC plus® feeding improved
increased due to probiotic feeding. This result is similar to bird performance and enhanced behavioral activities of
the results observed by Roshanfekr and Mamooee [55] birds. Most importantly, addition of PROBAC plus® to
and Aluwong  et al.  [56].  In  focus,  higher heart, liver diets of birds reared without stress improved their
and gizzard weights were recorded in our study [56]. performance, health and welfare. Thus PROBAC plus®
Probiotic feeding didn't affect H/L ratio but decreased was beneficial in counteracting the adverse effects of
level of cortisol, the health state as a significant indicator stresses in broiler chickens. Additionally, PROBAC plus®
for welfare was clearly improved. Indeed, the feeding of feeding can be used as a growth promoter to increase the
probiotic was able to enhance the clinical serum bio productivity of broilers.
chemicals in terms of increasing the serum total protein
and serum albumin indicating that probiotic can ACKNOWLEDGEMENTS
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