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ABSTRACT 
 

Day-old male Arbor Acres plus broiler chickens (n=1120) were used to study the effect of dietary supplementation of 

the Probiotic S. c. boulardii on production performance, intestinal microbiota and gut integrity under HSD challenge. 

Duration of the trial extended from one day of age up to slaughter (42 days). The birds were allotted into 4 groups (1-

4). Those of groups 1(NC) and 3 (T1) consisted of 240 birds. While those of groups 2 (PC) and 4(T2) consisted of 320 

birds each. All groups ran contemporaneously. The birds of each group assigned into 10 replicates. Those of groups 

NC and T1 consisted of 10 birds/replicate/m2 floor area; while those of groups PC and T2 consisted of 13 

birds/replicate/m2 floor area. Chickens of groups T1 and T2 were dietary supplemented with S.c. bululardii; while PC 

and NC groups were kept as controls. All experimented birds were vaccinated against different diseases according to 

the vaccination programs usually adopted in Egyptian chicken broiler farms. The used dietary supplement in 

challenged and unchallenged HSD improved productive performance variables including BW, BWG, FCR. It 

improved V/C ratio, fecal and cecal LAB counts and GIT integrity. It also Reduced macroscopic and microscopic 

lesion scores post vVND virus challenge.  
 

Key words: High Stocking Density Challenge, Productive performance, S.c. boulardii, Intestinal microbiota, Gut 

integrity. 

 

INTRODUCTION 

 

Broilers are housed at different densities, relying on 

nearby rules, production device, and target marked body 

weight. Stocking density is defined as the numbers of 

birds or weight of birds being produced in a unit of house 

area. Presently, broiler production has accelerated and 

high stocking density was used to increase production and 

decrease constant charges (Gopinger et al., 2015). The 

final aim of broiler producers is maximizing the 

profitability by increasing the body weight of chicken in a 

unit of house floor area and preventing production losses 

due to high stoking density (Rashidi et al., 2019).  

On the other hand, stocking density is considered as a 

crucial stress aspect in broiler production (Qaid et al., 

2016). It's far properly documented that, in broilers, 

excessive stocking densities adversely influences 

productive performance, livability, and immunity (Zhang 

et al., 2013). Such stress factor consequences in serious 

economic losses (Kabir, 2009c). It has caused the need for 

researching new products used as growth enhancers under 

stress conditions and promising results that can replace 

antibiotics. Enzymes, acids, prebiotics and probiotics, 

herbs or etheric oils are some examples of classes of 

products that are used as growth enhancers' alternatives to 

antibiotics (Huyghebaert et al., 2011). Probiotics are used 

to beneficially have an effect on the host animal, 

promotion intestinal microbiota balance. Supplementation 

with probiotics and/or prebiotics can enhance the 

productive performance of broiler chickens (Bozkurt et 

al., 2014). They enhance feed consumption and digestion, 

and stimulate the immune system (Perumalla et al., 2011). 

They improve sensory characteristics of dressed broiler 

meat (Pelicano, 2003) and promote microbiological meat
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quality of broilers (Kabir et al., 2005b). They are one of 
the possible approaches employed to avoid physiological 
stress in broilers (Cengiz et al., 2015). It is expected that 
dietary supplementation of the probiotics can reduce the 
bad outcomes of HSD stress. 

The probiotic arrangements are being increasingly 
more used in broiler diets to increase growth rate, enhance 
food utilization and to protect against intestinal infections 
(Xavier et al., 2011). Chicken GIT provides a way with 
the aid of which the body derives nutrients, furnishes 
protective mechanisms to shield the host and serves as an 
environment for other live organisms (microbiota). 
Functions of probiotics inside the digestive system aren't 
known exactly, but a few optional mechanisms are; 
supplying nutrient, assisting in digestion of foods and 
inhibition of harmful bacteria in GIT. Ghadban (2002) 
stated that probiotics are mono-or mixed culture of living 
microorganisms, which result in useful effect to the host 
by enhancing the residences of the indigenous microflora. 
The useful impact of probiotics is based on their 
capability to alter gut microflora which necessitates that 
the microorganisms attain the intestine in a viable 
structure. The mode of action of probiotics includes; 
competitive exclusion (Berchieri et al., 2006) and 
microbial antagonism (Mountzouris et al., 2006).  

We hypothesized that the use of Probiotics as 
supplements, would alleviate the adverse effects of HSD 
in broilers. Therefore, the aim of this study is to 
investigate the impact of dietary supplementation with a 
probiotic of viable cells of the yeast. S. c. boulardii, on 
productive performance, gut integrity and gut microbiota 
of naturally disturbed microflora balance of broiler 
chickens under HSD stress. 
 

MATERIALS AND METHODS 

 
The probiotic: S. c. boulardii 10 ME Titan [a microbial 
feed additive (E1703) highly concentrated in viable cells 
of yeast Saccharomyces cerevisiae strain CNCM I 1079] 
was used in this trial in an incorporation rate 
corresponding to 2.109 cfu/kg of complete pelleted feed 
for the first phase (starter) (100 g/Ton Levucell SB 10/T) 
and 1.109 cfu/kg feed for grower and finisher feed (50 
g/T) lot No.87A3622P659. 
 

Experimental design: One-day-old male Arbor Acres 

plus broiler chickens (n=1120) were used to study the 

effect of dietary supplementation of the Probiotic S. c. 

boulardii on productive performance, intestinal 

microbiota and gut integrity under HSD challenge. 

Duration of the trial extended from one day of age up to 

slaughter (42 days). The birds were allotted into 4 groups 

(1-4). Those of groups 1 (NC) and 3 (T1) consisted of 240 

birds. While those of groups 2 (PC) and 4 (T2) consisted 

of 320 birds each. All groups ran contemporaneously. The 

birds of each group were assigned into 10 replicates. 

Those of groups NC and T1 consisted of 10 

birds/replicate/m2 floor area, while those of groups PC 

and T2 consisted of 13 birds/replicate/m2 floor area. 

Chickens of groups T1 and T2 dietary supplemented with 

S. c. bululardii, while groups PC and NC were kept 

without supplementation as controls. All experimented 

birds were vaccinated against different diseases according 

to the vaccination programs usually adopted in Egyptian 

chicken broiler farms. All chickens were floor reared in 

separate pens and kept in environmentally controlled 

rooms. The experimental design is illustrated in Table 1. 
 

Diets: Chickens were fed ad libitum a pellet commercial 

starter diet (23% crude protein and 3000 k cal ME/kg diet) 

during the first 2 weeks of age, commercial grower diet 

(22% crude protein and 3150 kcal ME/kg diet) from 2-4 

weeks of age and then commercial finisher diet from 4-6 

weeks (19% crude protein and 3200 kcal ME/kg diet). 

The diets compositions are indicated in Table 2. Birds had 

free access to water. No other microbial additive or AGP 

were added. Semduramicin was included to ration at a 

concentration of 25 ppm as a coccidiostat.  

 

Measured parameters 

Productive performance: Chicken performance response 

variables were determined according to Brady (1968), 

Sainsbury (1984) and North (1984). For BW, all birds 

were weighted individually at 1st day and weekly for the 

entire period of the experiment (6 weeks). FI was 

measured on the same days of birds weighting. FCR (g 

feed/g live BW), and carcass characteristics (dressing 

wt.%, front part wt.%, hind part wt.%, breast meat wt.%, 

thigh drumstick meat wt.%, carcass meat wt.%, heart 

wt.%, gizzard wt.%, liver wt.%, spleen wt.% bursa of 

fabricus wt.% thymus glands wt.% and intestinal length 

and diameter) were measured on 20 birds for each group 

at the end of the trial. The mortality rates have been 

recorded daily for each replicate. To keep the bird density, 

per replicate, constant, dead birds were replaced on the 

same day of death. 

 

Microbiological assay: Random fresh droppings as well 

as specimens of caeci of 3 sacrificed chickens of the 4 

investigated groups were collected at 14th day, 28th day, 

35th day and 42nd day of age for enumeration of total LAB 

and E. coli. MRS agar (MERCK, 1.10660) was used for 

LAB counts incubated at 30°C for 3 days. E. coli was 

grown on VRB agar (MERCK, 1.01406) aerobically at 

37°C for 24-48 hours. The bacterial colonies were 

enumerated, and the average number of live bacteria was 

calculated based on per gram of original intestinal 

contents. All quantitative data were converted into 

logarithmic colony forming units (cfu/g). 
 

Table 1: Experimental design 

Group 
No. 

Chicken groups No. of birds/ 
m2 floor area 

Increased 
Density 

Challenge 

Probiotic supplementation 
 (1.109 cfu/kg feed) (100 

g/Ton)  

1 NC (Negative control: untreated unchallenged by HSD) 10 - - 
2 PC (Positive control: untreated challenged by HSD) 13 + - 
3 TUch (Treated unchallenged by HSD) 10 - + 
4 Uch (Untreated challenged by HSD) 13 + + 
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Table 2: Composition of the broilers 3-phase diets (g/kg as fed) 

and their calculated chemical composition (on as fed basis) 

Ingredients Starter Grower Finisher 

Yellow corn 524.5 544.2 628.5 

Soybean meal 44% 332.4 299.1 221.1 

Corn gluten meal 60% 70 70 66.5 

Oil 30 43.8 40 

Di-calcium phosphate 18 18 18 

Lime stone 13 13 13 

D.L. Methionine 2.2 2.1 2.3 

Lysine hydrochloride 2.9 2.8 3.6 

Sodium chloride 4 4 4 

Premix* 3 3 3 

Calculated analysis:    

Crude protein % 23.0 22.0 19.0 

Metabolizable energy 

(kcal/kg) 

3000 3150 3200 3200 

*Each gram of mineral mixture contained: vitamin A (trans-

retinyl acetate), 9,000 IU; vitamin D3 (cholecalciferol), 2,600 

IU; vitamin E (dl-α-tocopheryl acetate), 16 mg; vitamin B1, 1.6 

mg; vitamin B2, 6.5 mg; vitamin B6, 2.2 mg; vitamin B12 

(cyanocobalamin), 0.015 mg; vitamin K3, 2.5mg; choline 

(choline chloride), 300 mg; nicotinic acid, 30 mg; pantothenic 

acid (d-calcium pantothenate), 10 mg; folic acid, 0.6 mg; d-

biotin, 0.07 mg; manganese (MnO), 70 mg; zinc (ZnO), 60 mg; 

iron (FeSO4 H2O), 40 mg; copper (CuSO4 5H2O), 7 mg; iodine 

[Ca(IO3)2], 0.7 mg; selenium (Na2SeO3), 0.3 mg. 

 

Response to vaccination: For overall judgment on 

immune modulation; challenge with vVND virus was 

adopted on 15 birds from each group at 42 days of age. 

These birds were under close observation for further 21 

days for clinical signs and mortality. Macroscopic and 

microscopic (histopathologic) lesion scoring were 

determined at 7 and 14 days PI on 5 sacrificed chickens/ 

group.  

 

Gut integrity assay (Histomorphometric assay): For 

histomorphometric assay; 5 birds from each group were 

sacrificed at the end of the trial, dissected and 1 cm-thick 

samples were taken from jejunum and ileum [the 

intestinal segmentation according to Samanya and 

Yamauchi (2002) as jejunum from the bile duct to 

Meckel’s diverticulum and ileum from the Meckel’s 

diverticulum to ileo-cecalcolonic junction]. Routine 

histological laboratory methods were adopted and villus 

histomorphometry for recording the histological indices 

were measured using digital photography and light 

microscopy. The photos were taken and morphometric 

analyses were performed. The villus height was measured 

from the apical to the basal region. Crypts were measured 

from the basis until the region of transition between the 

crypt and the villus. Five measurements per section were 

made for each parameter and averaged into one value.  

 

Statistical analysis 

One way analysis of variance for the data was done 

using the SAS General Linear Model Procedure (SAS 

Institute, 2000). Mean values were compared using Duncan's 

Multiple Rang Test, (Duncan, 1955) when significant 

differences existed. The significance level was set at 5%. 

 
RESULTSAND DISCUSSION 

 

The results of productive performance including, 

body weight (BW), body weight gain (BWG), feed intake 

(FI) and feed conversion ratio (FCR) and mortality rate 

are given in Table 3 (a, b and c). BW, BWG and FI were 

significantly affected adversely by increasing density in 

the growing period (P<0.05). Whereas, FCR and mortality 

rate were not significantly affected by stocking density. 

Similar results have been described by other investigators 

(Abudabos et al., 2013; Qaid et al., 2016). Our results 

were consistent with those reported by Zhang et al. (2013) 

who observed that final body weight and average daily 

gain were negatively affected by increasing the stocking 

density, but FCR was not affected.  

Influence of S.c. boulardii supplementation on HSD 

challenge revealed, a significant increase in TUCh and 

Uch vs. PC group at the end of the trial (P<0.05). In the 

high stocking condition, BW and BWG were significantly 

 

Table 3a: Effects of high stocking density and Saccharomyces cerevisiae boulardii supplementation on BWt, BWt gain and feed intake 

Body Weight (g) 

Chicken 

Groups 

Age 

1 day 7 days 14 days 21 days 28 days 35 days 42 days 

 NC 38.9±0.18 152±1.4a  384 ±2.8a 826±7.9a 1372±12.3a 1828±17.1a 2478±21.5a 

PC 39.1±0.15 147±0.9b 365±2.2b 806±5.6b 1327±8.2bc 1782±14.3b 2410±17.2b 

TUCh 

 

38.9±0.18 152±1.1a 381±2.8a 831±6.6a 1341±11.1b 1833±15.6a 2487±17.5a 

UCh 38.9±0.15 147.6±1.1b 367.2±2.5b 795.3±6.0b 1301.2±9.9c 1779.1±13.0b 2454.6±14.6a 

Probability 0.8535 0.0001 0.0001 0.0002 0.0001 0.0107 0.0078 

Body weight gain (g) 

 0-7 days 8-14 days 15-21 days 22-28 days 29-35 days 36-42 days 1-42 days 

 NC    113±1.13a* 231±2.7a 442±8.0   546±14.1 451±19.8 649±24.6 2439a 

PC   108±0.92b 218±2.3b 440±6.0 522±9.9 454±16.4 629±22.8 2371b 

TUCh 113±1.1a 229±2.9a 449±6.9   510±11.9 489±18.5 653±22.9 2448a 

UCh   108±1.06b 219±2.7b 428±6.6   505±12.0 474±16.7 677±20.3 2415ab 

Probability 0.0001 0.0003 0.1641 0.0941 0.4291 0.4641 0.0077 

Feed intake (g/bird/day) 

 0-7 days 8-14 days 15-21 days 22-28 days 29-35 days 36-42 days 1-42 days 

 NC     30±0.45a* 57±0.7 a 107±2.0 139±3.4 a 170±5.5 165±5.4 4692±100.1 a 

PC 25±0.5b 47±2.0b 107±1.8 134±2.9ab 157±5.3 164±4.5 4453±57.4b 

TUCh 30±0.6a 56±1.1 a 105±1.4 136±2.5ab 172±5.1 152±1.8 4576±63.0ab 

UCh 26±0.3a 48±0.9b 104±1.7 128±1.9b 160±5.7 161±4.7 4395±71.6b 

Probability 0.0001 0.0001 0.5801 0.360 0.1598 0.1475 0.0376 

*Means followed by different superscripts, between treatments, within trait within age are significantly different (P≤0.05). 
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Table 3b: Effects of high stocking density and Saccharomyces cerevisiae boulardii supplementation on FCR. 

FCR (g feed/g live BW) 

 1-7 days 1-14 days 1-21 days 1-28 days 1-35 days 1-42 days 

NC   1.4±0.0a* 1.6±0.0a 1.6±0.0a 1.7±0.0 1.9±0.0 1.8±0.0 

PC 1.2±0.0b 1.3±0.0b 1.5±0.0b 1.6±0.0 1.8±0.0 1.8±0.0 

TUCh 1.4±0.0a   1.6±0.04a  1.6±0.0ab 1.7±0.0 1.9±0.0 1.8±0.0 

UCh 1.2±0.0b 1.4±0.0b 1.5±0.0b 1.6±0.0 1.8±0.0 1.7±0.0 

Probability 0.0001 0.0001 0.0083 0.1453 0.1422 0.2822 

*Means followed by different superscripts, between treatments, within trait within age are significantly different (P≤0.05). 

 
Table 3c: Effects of high stocking density and Saccharomyces cerevisiae boulardii supplementation on mortality rate 

Mortality rate (%) 

 1-7 days 8-14 days 15-21 days 22-28 days 29-35 days 36-42 days 1-42 days 

NC 0.00±0.0 0.42±0.4 2.50±0.9 2.92±1.4 1.67±0.9 1.67±0.7 9.18±2.6 

PC 0.00±0.0 0.31±0.3 2.19±1.1 2.82±0.8 1.56±0.7 3.44±1.3 10.32±2.4 

TUCh 0.00±0.0 0.00±0.0 1.67±0.7 3.75±1.2 1.67±0.9 0.83±0.6 7.92±2.0 

UCh 0.00±0.0 0.62±0.4 2.50±0.8 2.19±0.8 0.93±0.7 2.19±0.7 8.43±2.3 

Probability - 0.6129 0.8922 0.7566 0.9046 0.1885 0.8958 

 *Means followed by different superscripts, between treatments, within trait within age are significantly different (P≤0.05). 

 
Table 4a: Effects of high stocking density and Saccharomyces cerevisiae boulardii supplementation on Carcass quality 

Organ 

Treatment 

Dressing 

Wt. % 

Front parts 

Wt. % 

Hind parts 

Wt. % 

Breast Meat 

Wt. % 

Thigh + Drumstick  

meat Wt. % 

Carcass  

meat Wt. % 

Heart 

Wt. % 

 NC 69±0.5 39±0.4 30±0.3 16±0.6 13±0.4 30±0.9 0.67±0.0 

PC 69±0.4 39±0.4 30±0.4 16±0.3 13±0.3 30±0.5 0.67±0.0 

TUCh 69±0.5 39±0.5 29±0.4 16±0.4 13±0.2 30±0.5 0.76±0.7 

UCh 69±0.7 39±0.5 30±0.5 16±0.4 13±0.3 30±0.6 0.78±0.1 

Probability 0.8332 0.6242 0.8339 0.9400 0.6020 0.8847 0.2110 

*Means, between treatment, within organ followed by different superscripts, differ significantly (P ≤ 0.05)  

 
Table 4b: Effects of high stocking density and Saccharomyces cerevisiae boulardii supplementation on Carcass quality 

    Organ 

Treatment 

Gizzard 

Wt. % 

Liver 

Wt. % 

Giblets 

Wt. % 

Spleen 

Wt. % 

BF 

Wt. % 

Thymus 

Wt. % 

Intest. 

Length cm 

Intest. 

width cm 

 NC 1.8±0.1 2.6±0.1 5.1±0.1 0.2±0.0 0.2±0.0 0.5±0.0 199.5±1.8 1.00±0.0 

PC 1.9±0.1 2.6±0.1 5.2±0.2 0.2±0.1 0.2±0.1 0.5±0.03 200.8±2.1 1.01±0.0 

TUCh 1.9±0.1 2.7±0.1 5.4±0.2 0.2±0.1 0.2±0.1 0.5±0.0 198.1±2.3 1.01±0.0 

UCh 2.0±0.2 2.8±0.1 5.6±0.2 0.2±0.0 0.2±0.0 0.5±0.0 196.7±2.3 0.99±0.0 

Probability 0.4940 0.4528 0.2084 0.3543 0.1373 0.2050 0.5574 0.9208 

*Means, between treatment, within organ followed by different superscripts, differ significantly (P≤0.05) 

 

Table 5: Macroscopic lesion scoring of S.C. boulardii 

supplemented and non-supplemented broilers challenged or 

unchallenged by stoking density post vVND infection. 

Chicken 

Groups 

Days post vVND challenge 

7 days 14 days 

 NC  5.8±1.59ab 6.8±1.71 

PC 8.2±1.36a 9.2±0.58 

 TUCh 1.8±0.37b 6.0±0.32 

 UCh  5.0±1.92ab 8.0±1.14 

Probability 0.0436 0.2122 

*Means followed by different superscripts, within age, are 

significantly different (P≤0.05). 

 

higher during the whole period due to adding the probiotic 

S. c. boulardii. On the other hand, there was 44 g 

numerical decrease in BWG in UCH group vs. PC group 

and only 9 g increase in BWG in TCh vs. NC group. Final 

FCR (0-6 weeks), revealed 48 points less in T1 group vs. 

NC group, while T2 group showed 58 points less vs. PC 

group. HSD challenge resulted in 1.14% higher in 

mortality rate in PC vs. NC group. Supplementation of S. 

c. boulardii to group TCh reduced mortality by 1.26% vs. 

NC group and reduced mortality by 1.89% in UCh vs. PC 

group. However all these differences were not statistically 

significant. 

The slaughter yield (carcass quality) was not 

significantly influenced by the stocking density or dietary 

supplementation of S. c. boulardii (Table 4 a and b). Our 

results are in agreement with those reported by Cengiz et 

al. (2015) and Rashidi et al. (2019) who observed that the 

high stoking density or dietary probiotics supplementation 

did not significantly affect the carcass (carcass, breast, 

thighs, abdominal fat, liver and gizzard) parameters. Also, 

Kumprechtová et al. (2000) on studying the effect of S. 

cerevisiae on broiler chicken performance reported that  

the slaughter yield was not statistically significantly 

influenced by applications of the probiotic. Shareef and 

Al-Dabbagh (2009) studied the effect of S. cerevisiae on 

performance of broiler chickens and reported that there 

was no significant difference in the relative organ weights 

in all treated groups. Yadav, (2017) investigated the 

influence of dietary probiotic S. c. cerevisiae, supplementa-

tion on the performance, slaughter and carcass properties of 

broilers and concluded that it did not significantly affect the 

live performance and slaughter variables. 

The negative effects of HSD on broiler chicken 

productive performance has been generally attributed to 

reduction of access to feed and water (Thaxton et al., 2006). 

Additionally; air drift at bird level is decreased, hindering 

the dissipation of body heat (Pandurang et al., 2011). 

Moreover; HSD can increase the ambient temperature 

around the bird (Feddes et al., 2002) consequently; induces 

oxidative stress by generating reactive oxygen substance 

http://www.cabdirect.org/search.html?q=au%3A%22Kumprechtov%C3%A1%2C+D.%22
http://www.cabdirect.org/search.html?q=au%3A%22Kumprechtov%C3%A1%2C+D.%22
http://www.cabdirect.org/search.html?q=au%3A%22Kumprechtov%C3%A1%2C+D.%22
http://www.cabdirect.org/search.html?q=au%3A%22Kumprechtov%C3%A1%2C+D.%22
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(Lan et al., 2004). Sohail et al. (2011) reported that 

oxidative stress can be stimulated by disturbing situations 

such as high ambient temperature and high stoking density, 

which result in an oxidative disruption in lipids, nucleic 

acids and proteins. Moreover, more bird density leads to 

more litter moisture, air ammonia and microbial counts in 

the house (Jayalakshmi et al., 2009) and consequently body 

weight gain could be restricted. 

Alleviation of HSD negative effects on productive 

performance by probiotics supplementation might be due 

to their mode of action in maintaining normal intestinal 

microbiota by competitive exclusion and antagonism. 

They also improve the metabolism by rising digestive 

enzymatic activity and reduce bacterial enzymatic activity 

and ammonia production and increase FI and digestion 

(Perumalla et al., 2011). 
 

Table 6: Microscopic intestinal lesion scoring of S.C. boulardii supplemented and non-supplemented broilers challenged or 

unchallenged by stocking density post vVND infection. 

Chicken 

Groups 

Duodenum 

Villous fusions Dilated Blood capillaries Haemorhage Epithelial defect Total lesion score 

NC 3.2±0.25a* 1.5±0.28b 0.5±0.28 3.7±0.25a 9 

PC 3.8±0.16a 3.5±0.34a 1.4±0.40 4.0±0.00a 12.73 

TUCh 1.7±0.85b 1.3±0.21b 0.3±0.20 2.5±0.042b 5.91 

UCh  2.8±0.40ab 2.1±0.20b 0.7±0.35 3.8±0.14a 9.55 

Probability 0.0232 0.0054 0.4120 0.0321  

 Jejunum 

 Villous fusions Dilated Blood capillaries Haemorhage Epithelial defect Total lesion score 

NC 2.4±0.40 1.4±0.24 0.6±0.24 3.0±0.34 7.4 

PC 3.2±0.58 2.0±0.31 0.8±0.31 3.4±0.60 9.4 

TUCh 1.6±0.81 1.2±0.20 0.2±0.20 2.2±0.37 5.2 

UCh 1.6±0.67 1.4±0.40 0.4±0.24 2.8±0.48 6.2 

Probability 0.0891 0.5241 0.6897 0.4588  

 Ileum 

 Villous fusions Dilated Blood capillaries Haemorhage Epithelial defect Total lesion score 

NC 1.7±0.47a 1.0±0.00b 0.0±0.00b 1.2±0.25bc 4 

PC 1.8±0.20a 1.8±0.20a 0.6±0.36a 2.0±0.00a 6.25 

TUCh 0.6±0.20b 0.5±0.20c 0.0±0.00b 0.4±0.20c 1.52 

UCh 0.7±0.47ab 1.0±0.00b 0.0±0.00b 1.7±0.18b 3.46 

Probability 0.0098 0.0001 0.0259 0.0001  

*Means followed by different, superscripts, within trait, are statistically significant different (P≤0.05). 

 

Table 7: Effects of high stocking density and Saccharomyces cerevisiae boulardii dietary treatments on histomorphology of Jujenum 

and ileum 

Groups Jejunum Ileum 

Villi height Crypt depth V/C ratio Villi height Crypt depth V/C ratio 

NC      1361±54.8d*    185±24.6a   7.58±0.9   538±12.9b 141±6.2a 3.85±0.2b 

PC      918±12.0c  123±8.2b   7.67±0.4   533±23.1b 140±7.2a 3.84±0.3b 

TUCh 1527.7±41.0a   150±4.5ab 11.44±0.4   658±30.3a 106±3.8b 6.43±0.5a 

UCh    1189±28.1c 179±3.5a     6.82±0.23 615±7.8a 137±5.5a 4.50±0.2b 

Probability 0.0001 0.0088 0.4621 0.0002 0.0001 0.0001 

*Means followed by different, superscripts, within trait, are significantly different (P≤0.05). 

 

Table 8a: Effects of high stocking density and S.C. boulardii dietary treatments on fecal total Lactic acid bacteria and total Coliforms 

(104 cfu/g feces) 

Fecal samples 

Chicken 

groups 

Lactic acid bacteria Coliforms 

14 ds 28 ds 35 ds 42 ds 14 ds 28 ds 35 ds 42 ds 

 NC 7.0±1.5c* 7.0±1.5c 80.0±5.8c 333.3±120.2c 800.0±57.8b 2300.0±0.0c 1466.67±88.2d 190000.0±0.0a 

PC 20.0±0.0c 20.0±0.0 1400.0±152.8b 500.0±115.5c 140.0±5.8c 11000.0±0.0a 8000.0±577.6c 24000.0±0.0c 

TUCh 150.0±5.8b 76.7±8.8b 1100.0±57.7b 8666.7±881.9a 1433.3±120.2a 800.0±57.7d 15666.7±881.9b 26666.7±6666.7c 

UCh 223.3±8.8a 600.0±57.7a 3000.0±577.4a 7000.0±0.0b 1366.7±120.19a 5333.3±333.33b 30000.0±0.0a 53333.3±3333.3b 

Probability 0.0001 0.0001 0.0009 0.0001 0.0001 0.0001 0.0001 0.0001 

*Means followed by different, superscripts between treatment groups, within trait and age, are significantly different (P≤0.05). 

 

Table 8b: Effects of high stocking density and S.C. boulardii dietary treatments on cecal total Lactic acid bacteria and total Coliforms 

(104 cfu/g feces) 

Cecal samples 

Chicken groups Lactic acid bacteria Coliforms 

14 ds 28 ds 35 ds 42 ds 14 ds 28 ds 35 ds 42 ds 

 NC  25±0.0c* 1500±100.0b   500±57.7b 180±5.8b 146±14.5b 2500±115.5 12000±1154.7 15000±577.4b 

PC 17±1.2c 90±0.0d 2400±0.0a   400±57.7b 120±11.6b 2266±290.6 9000±1154.7 10666±881.9c 

TUCh   800±0.0b   500±57.7c 600±152.8b 1100±57.7b 190±5.8a 1366±233.3 15000±1732.1 14000±577.4b 

UCh 1366±145.3a 12000±0.0a 400±100.0b 15000±577.4a 213±8.8a 2166±440.9 12000±577.4 18000.0±577.4a 

Probability 0.0001 0.0001 0.0001 0.0001 0.0001 0.1087 0.0519 0.0004 

*Means followed by different, superscripts between treatment groups, within trait and age, are significantly different (P≤0.05). 
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Fig. 1: Histopathological lesions of intestinal tract post vVND 

challenge. NC-1) Negative control group showing villous fusion 

with disruption of intestinal villi (100X). NC-2) Negative 

control group showing sever necrosis and desquamation of 

intestinal epithelium with intense lymphocytic infiltration 

associated with edema and congestion (400X). PC-1) Positive 

control group showing massive destruction of intestinal villi 

with severe inflammatory reaction involving the intestinal 

propria (100X). PC-2) Positive control group showing necrosis 

of intestinal epithelium, hyperemia of blood capillaries and 

edema with lymphoctic infiltration (400X). TUCh-1) 

Unchallenged treated group showing mild inflammatory reaction 

involving the intestinal wall. TUCh-2) Unchallenged treated 

group showing focal apical desquamation of intestinal villi with 

lymphocytic infiltration in the lamina propria associated with 

mild congestion (400X). UCh-1) Challenged treated group 

showing villous fusion (100X). UCh-2) Challenged treated 

group showing sloughing of intestinal epithelium with intense 

lymphocytic infiltration in the lamina propria (400X). 

 

Table 5 illustrates the macroscopic lesion scores PI 

with vVND. A numerically higher lesion score was 

observed in PC vs. NC groups (+2.4 at 7 and 14 days PI). 

Reduced lesion score was detected in TUCh vs. NC 

groups (-4 and -0.8 at 7 and 14 days PI respectively). 

While UCh showed 3.2 and 1.2 reduction vs. PC groups 

(at 7 and 14 days PI respectively). 

 Microscopic (histopathologic) lesion scores post 

vVND infection of the intestinal tract (duodenum, 

jejunum and ileum) are shown in Table 6 and Fig. 1. All 

intestinal segments showed the same pattern of total 

lesion score. HSD challenge resulted in higher scores in 

challenged groups (PC and T2). T1 group showed the 

lowest score as compared with other different studied 

groups and T2 group showed less score than PC group. 

Our obtained results clarify the immune modulation of the 

used probiotic which is on line with findings of other 

investigators (Lan et al., 2005; Apata, 2008).  

Gut integrity investigated by histomorphological 

examination of jejunum and ileum is summarized in Table 

(7). V/C ratio of the jejunum and ileum revealed 

significant increase in T1 group vs. NC group respectively 

(P≤0.05). Based on HSD challenge; there was significant 

decrease in Jejunum villi height in PC vis. NC birds 

(P≤0.05). S. c. boulardii supplementation alone caused 

significantly the highest jejunal villi length than any of all 

other 3 investigated groups (P≤0.05). The significant 

increase (P≤0.05) in ileum villus height in unchallenged 

treated group (T1) was accompanied with a significant 

reduction in crypt depth (P≤0.05) that indicates better 

histomorphological structure. On the other hand; the 

jejunal villus length was significantly decreased (P≤0.05) 

in PC (challenged controls) group accompanied with 

significant reduction in their crypt depth when compared 

with T2 (challenged treated) group (P≤0.05). This 

indicates less regenerative capacity of intestinal crypts as 

compared with challenged S. c. boulardii supplemented 

group. Kabir et al. (2005a) reported that probiotics can 

change intestinal histology. Bradley et al. (1994) found 

lower goblet cells number and crypt depth in ileal mucosa 

of broilers supplemented with S. cerevisiae which 

demonstrate reduction of mucosa turnover. Santin et al. 

(2001) reported on a significant improvement in FCR for 

broilers receiving diet with cell wall of S. cerevisiae. They 

suggested that the increase of villus height observed in 

intestinal mucosa, in that study was a possible explanation 

for these results.  

The structure of the intestinal mucosa is an important 

determinant of intestinal function (digestive and 

absorptive) affecting growth performance of poultry. 

Generally, increases in villus height and V/C ratio 

increases the absorption of nutrients due to a larger 

surface area (Afsharmanesh and Sadaghi, 2014). 

Probiotics in poultry diets can affect the histology of the 

intestinal mucosa. The villus height and the V/C ratio in 

the intestinal mucosa were increased by B. subtilis 

(Afsharmanesh and Sadaghi, 2014), B. coagulans (Hung 

et al., 2012). Also, the probiotic reconstituted the normal 

structure of chicken intestinal villi distorted and damaged 

by stress factors (Jayaraman et al., 2013). 

Results of microbial population are shown in Table 

8(a and b). Fecal examination revealed that total LAB 

significantly increased in T1 group vs. NC group during 

the entire period of the trial (42 days) (P≤0.05). Based on 

HSD challenge; there was numerical increase in LAB in 

PC vs. NC groups at 14, 28 and 42 days of age with only 

significant increase at 35 days (P≤0.05). S. c. boulardii 

supplementation with HSD challenge caused significant 

increase in LAB in T2 group (challenged treated group) 

over all other 3 groups at 14, 28 and 35 days of age 

(P≤0.05). Caecal examination indicated significant 

(P≤0.05) increase in total LAB in T1 group vis. NC group 

at 14 days and numerical increase at 35 and 42 days of 

age. HSD challenge resulted in significant and numerical 

increase in LAB in PC vs. NC group at 35 and 42 days of 

age respectively (P≤0.05). S. c. cerevisiae supplementa-

tion with HSD challenge resulted in significant increase of 

T2 (challenged treated) group vis. PC (challenged 

controls) at 14, 28 and 42 days of age (P≤0.05). On the 

other hand; the total coliforms count gave variable results 

at different investigated intervals in both fecal samples 

and caecal contents as well. Mountzouris et al. (2007) 

concluded that probiotics can modulate the intestinal 

microbiota. 
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Regarding aforementioned findings; generally 

speaking; both HSD challenge and S. c. boulardii 

supplementation increased LAB in either fecal samples or 

caecal contents. LAB plays a major role in increasing the 

acidity of the gut ecosystem which helps in obtaining a 

balanced gut microbiota. This increase in LAB is expected 

due to addition of the probiotic S.c. boulardii, however an 

association between HSD challenge and the increase in 

such bacteria counts might be a defense mechanism by the 

host to overcome the adverse effect produced under 

challenging conditions, an assumption which needs 

further investigation.  

One of the major determinants of a healthy GIT is the 

composition of the microbial population. Probiotics can 

change the microbial population dynamics in the GIT 

eventually creating a more favorable microbial population 

due to a shift in the balance of beneficial and harmful 

microbes (Mountzouris et al., 2009). Mountzouris et al. 

(2007) concluded that probiotics can modulate the 

intestinal microbiota. The most common modulation of 

the GIT microflora by probiotics (for example in 

chickens) is the increase in the populations of 

Lactobacillus and Bifidobacteria while, populations of 

coliforms particularly Escherichia coli decreased 

(Mookiah et al., 2014; Cao et al., 2013) Healthy microbial 

populations in the GIT are often associated with enhanced 

animal performance, reflecting more efficient digestion 

and improved immunity (Hung et al., 2012). The 

reduction in pathogenic microorganisms in the GIT may 

be attributable to the adhesion of the probiotic microbes to 

the intestinal epithelium, thereby excluding pathogens 

competitively or by inducing immune system response 

(Shim et al., 2012). Mulder (1996) mentioned that 

probiotics are able to inhibit the growth of potentially 

pathogenic microorganisms by lowering the pH through 

production of lactate, lactic acid and volatile fatty acids. 

Our results and taking into consideration results of Joan 

Jeffrey (1998) suggests the use of competitive exclusion 

products to restore a protective microflora following 

disruption of the intestinal bacteria by a disease or 

alterations of intestinal flora due to stress. Application of 

such policy in controlling intestinal infections likely to be 

the body's first line of defense against harmful 

microorganisms and this bacterial army prevents a range 

of illnesses.  

 

Conclusions 

Based on our results, it could be concluded that 

broiler’s productive performance appear to be negatively 

influenced by increasing the stocking density. In 

conclusion; dietary supplementation of the probiotic S.c. 

boulardii improved the BW, FI, FCR and the mortality 

rate. This improvement in productive performance 

variables might be related to the improving of the 

microbial population balance in GIT which has an 

important role in the health and performance of broiler 

chickens (Koc et al., 2010). The present study eventually 

proved that dietary supplementation of S. c. boulardii is 

able to enhance broiler chicken performance and gut 

integrity in either balanced or disturbed intestinal 

microbiota due to HSD stress. So, it could be 

recommended that supplementation of S. c. boulardii can 

alleviate the negative effect of the high stocking density 

on the productive performance of broilers. 
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