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Abstract    The objective of this research was to investigate the efficacy of dietary inclusion of 

probiotics Primalac® and Bactocell® and prebiotic Fermacto® on broiler’s performance and immune 

response, individually or in combination. A total of 540 one-d-old male Ross 308 broiler chicks were 

allocated into 6 experimental treatments with 6 replicates of 15 birds per replicate from 1 to 42 d of 

age. The birds received a basal diet (control) or the basal diet supplemented with probiotic Primalac® 

(PP), probiotic Bactocell® (PB), prebiotic Fermacto® (Pre), probiotic Bactocell® + prebiotic Fer-

macto® (PBPre) or probiotic Primalac® + prebiotic Fermacto® (PPPre). Performance parameters were 

measured from 1-42 d of age. A suspension of sheep red blood cells (SRBCs) was injected into the 

breast of 3 birds from each replicate on d 22, and the antibody titer was measured on d 30. At d 22, 

blood samples (from 3 birds per replicate) were taken for measuring the white blood cells (WBCs), 

heterophil (HE) percent, lymphocyte (LY) percent, and the ratio of heterophil:lymphocyte (H/L). No 

significant differences were found between the control and supplemented groups in average daily 

gain (ADG), average daily feed intake (ADFI), antibody titer against SRBCs, HE percent, LY percent 

and H/L. Addition of PBPre or PPPre to the diet improved FCR by 8.5 and 12.7%, respectively, 

compared with the control group, and PBPre supplementation resulted in an increase in WBCs com-

pared to other treatment groups. 
Keywords: broiler, immune response, performance, prebiotic, probiotic, synbiotic 

Received: 14 Aug. 2014, accepted: 3 Oct. 2014, published online: 12 Nov. 2014 

 

 

Introduction 

The removal of antibiotics from poultry diets has led 

farmers to search for new solutions to maintain animal 

health without affecting performance parameters. A 

promising strategy may be the use of beneficial micro-

flora in the intestine, which improves the gut immune 

system; hence increase its protective barrier against en-

teric bacteria, humoral immune reaction against patho-

gens and cell immunity response, as well. Such im-

provments in the immune system are the outcome of the 

stimulation of immune cells and cytokines production in 

the gut mucosa (Lillehoj and Trout, 1996; Klasing, 

1998; Muir et al., 2000). The high population of benefi-

cial microflora in the gastrointestinal tract may be ac-

complished by using them as a probiotic product or by 

the stimulation of the growth of beneficial bacteria al-

ready present in the gut by including the specific sub-

strates-prebiotic- in the diet. A prebiotic is a non-digest-

ible feed ingredient that favorably affects the host by se-

lectively stimulating the growth and/or activity of one 

or a limited number of bacteria in the intestine and ce-

cum (Gibson and Roberfroid, 1995).  

 Several studies have shown that an increase in the di-

gestion and absorption of nutrients is a major mecha-

nism responsible for the enhanced growth performance 

of broilers in response to probiotic (Mountzouris et al., 

2007; Li et al., 2008) and prebiotic (Huang et al., 2005; 

Biggs et al., 2007) supplements. It has been shown that 

beneficial bacteria such as Lactobacillus spp. produced 

digestive enzymes which could help to enhance diges-

tion and improve feed conversion in the host animal (Jin 

et al., 2000). Increased villus height and villus surface 

area have also been reported as the mechanisms respon-

sible for the enhanced feed efficiency of broilers fed di-

ets supplemented with probiotic or prebiotic prepara-

tions (Pluske et al., 1996; Awad et al., 2009). 

Although some researchers reported positive effects of 

probiotics (Taheri et al., 2010a; Ghasemi et al., 2014) or 

prebiotics (Xu et al., 2003; Chee et al., 2010) on perfor-

mance, others found no positive responses to probiotics 

(Angel et al., 2005; Al-Zenki et al., 2009) or prebiotics 

(Yang et al., 2008; Alzueta et al., 2010). Such inconsist-

encies may be due to factors such as type and dosage of  
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the supplements. The efficacy of probiotic preparations 

may be enhanced by the simultaneous application of the 

probiotics and prebiotics, which enables the incorpora-

tion of probiotic strains into the community of endoge-

nous bacteria, thus stimulating the growth and/or the ac-

tivities of both the exogenous (probiotic) and endoge-

nous bacteria (Roberfroid, 1998; Suskovic et al., 2001). 

de Vrese and Schrezenmeir (2008) have defined the 

mixture of probiotic and prebiotic as synbiotic that ex-

erts synergistic effects in promoting beneficial microor-

ganisms and the health of the digestive tract of the host 

animal (Gallaher and Khil, 1999). Thus, it may present 

a considerable biological advantage with respect to 

growth performance and feed efficiency in poultry pro-

duction (Awad et al., 2009). Different supplements of 

probiotic and prebiotic, individually or in combination, 

have been examined in broiler nutrition, including the 

Bifidobacterium lactis-based probiotic and galactooli-

gosaccharides (Jung et al., 2008), probiotic Bio-Plus 

2B® and prebiotic Bio-Mos® (Midilli et al., 2008), Lac-

tobacillus and Bacillus cereus-based probiotic and 

Astragalus polysaccharides (Li et al., 2009), Enterococ-

cus faecium and inulin (Rodriguez et al., 2012), probi-

otic Bio K1® and prebiotic Bio-Mos® (Houshmand et 

al., 2011), probiotic Protexin® and prebiotic SAF-Man-

nan® (Sohail et al., 2012), Lactococcus lactis and raffin- 

 ose family oligosaccharides (Maiorano et al., 2012) and 

Lactobacillus strains-based probiotic and isomalto-oli-

gosaccharides (Mookiah et al., 2014). Probiotic supple-

ments such as Primalac® (Talebi et al., 2008; Willis and 

Reid, 2008) or Bactocell® (Al-Zenki et al., 2009; Taheri 

et al., 2010b) and prebiotics such as Fermacto® (Torres-

Rodriguez et al., 2005; Ghasemi et al., 2014) are among 

the wide variety of additives that have been investigated 

extensively in broiler nutrition. However, there is no 

study investigating the combined effect of dietary inclu-

sion of these additives on broiler performance. There-

fore, the aim of this research was to determine whether 

there was a synergistic effect on the broiler performance 

and immune response when probiotic Primalac® or Bac-

tocell® are used in combination with Fermacto®in the 

diet. 

Materials and methods 

A total of 540 one-d-old male Ross 308 broiler chicks 

were randomly divided into 36 groups. Each treatment 

consisted of 6 replicates. Each replicate of 15 broilers 

was assigned to a pen (1.5×1.5 m). Birds were reared in 

floor pens and in an environmentally controlled house 

with a 23:1 light:dark cycle. The experimental birds had 

ad libitum access to water and mash diets. They were 

fed either a basal diet (as a control group) or the basal diet  

Table 1. Ingredients and chemical composition of the basal diet (g/kg, unless otherwise indicated) 

 1 to 10 d 11 to 24 d 25 to 42 d 

Ingredient    

Corn (85 g CP/kg) 553.3 605.7 662.6 

Soybean meal (440 g CP/kg) 370.0 320.0 270.0 

Soybean oil 30.0 30.0 25.0 

Calcium carbonate 11.0 9.7 9.4 

Dicalcium phosphate 19.5 17.5 16.5 

Common salt 3.0 3.0 2.0 

Sodium bicarbonate 1.0 2.5 4.0 

DL-Methionine 3.4 3.1 2.6 

L-Lysine 2.8 2.6 2.2 

L-Threonine 1.0 0.9 0.7 

Vitamin premix1 2.5 2.5 2.5 

Mineral premix2 2.5 2.5 2.5 

Calculated analysis    

ME (MJ/kg) 12.33 12.54 12.72 

Crude protein 216.0 198.0 180.0 

Methionine+Cystine 10.0 9.3 8.3 

Lysine 13.5 12.1 10.6 

Calcium 10.0 9.0 8.5 

Available phosphorus 4.9 4.5 4.3 
1The vitamin premix supplied the following per kilogram of complete feed: vitamin A, 9,000 IU (retinyl acetate); cholecalciferol, 2,000 IU; 

vitamin E, 18 IU (dl-a-tocopheryl acetate); vitamin B12, 0.015 mg; menadione, 2 mg; riboflavin, 6.6 mg; thiamine, 1.8 mg; pantothenic acid, 

30 mg; niacin, 10 mg; choline, 500 mg; folic acid, 1 mg; biotin, 0.1 mg; pyridoxine, 3 mg. 
2The mineral premix supplied the following per kilogram of complete feed: manganese (MnSO4·H2O), 80 mg; zinc (ZnO), 80 mg; iron 

(FeSO4·7H2O), 80 mg; copper (CuSO4·5H2O), 10 mg; selenium (Na2SeO3), 0.3 mg; iodine (Iodized NaCl), 0.8 mg; cobalt (CoCl2), 0.25 mg. 
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supplemented with probiotic Primalac® (PP), probiotic 

Bactocell® (PB), prebiotic Fermacto® (Pre), probiotic 

Bactocell® + prebiotic Fermacto® (PBPre) or probiotic 

Primalac® + prebiotic Fermacto® (PPPre). Probiotic 

Primalac® (StarLabs Inc., Clarksdale, MO, USA) con-

tained a total of 2×108 colony forming unit of L. aci-

dophilus, L. casei, E. faecium and B. bifidium per kg 

supplement. It was administered at a concentration 900, 

450 and 225 mg/kg of the diet, respectively, from 1-10, 

11-28 and 29-42 d of age. Probiotic Bactocell® (Bacto-

cell PA10, Lallemand SAS, Blagnac Cedex, France) 

contained a total of 1×1010 colony forming unit of Pedi-

ococcus acidilactici per kg of the supplement. It was ad-

ministered at a concentration 100 mg/kg of the diet 

throughout the feeding trial. Prebiotic Fermacto® 

(PetAg Inc., Hampshire, IL, USA) contained a supple-

ment of Aspergillus meal (a dead product of Aspergillus 

sp. with 16% CP, 1% EE, 40% CF and 2% ash). It was 

administered at a concentration 2000 and 1000 mg/kg 

of the diet, respectively, from 1-21 and 22-42 d of age. 

The basal diet was a standard corn-soybean meal-based 

diet that was formulated to meet Ross 308 broiler nutri-

ent requirements (Ross, 2009) for starter (1-10 d), 

grower (11-24 d), and finisher (25-42 d) periods         

(Table 1). 

Chicks were weighed at 1 and 42 d of age on the pen 

basis to determine their average daily gain (ADG). Av-

erage daily feed intake (ADFI) per pen was recorded 

from 1 to 42 d of age and the feed conversion ratio 

(FCR) was calculated based on ADG and ADFI from 1 

to 42 d of age. 

On d 22, three birds per replicate (18 birds/treatment) 

were randomly selected and injected into the breast 

muscle with one ml of 10% (v/v) suspension of sheep 

red blood cell (SRBC). Antibody production against 

SRBC was measured in the serum on d 30. Blood sam-

ples were taken from the brachial vein and the serum 

samples tested in duplicate for antibodies by the hemag- 

 glutination inhibition technique (Wegmann and Smith-

ies, 1966). Serum (25 ml) containing antibody was seri-

ally diluted into a 96-well plate with physiological sa-

line solution. Red blood cell solution (1% v/v) was 

added to each well for agglutination. If antibodies dur-

ing the incubation period were sufficient, hemagglutina-

tion would be inhibited completely. The titers were ex-

pressed as log2 of the reciprocal of the last serum dilu-

tion showing hemagglutation inhibition. 

To study the effects of different feed additives on blood 

leukocyte count, three birds per replicate (18 birds/treat-

ment) were randomly selected and bled at 22 d of age, 

and blood samples were collected into EDTA anticoag-

ulant-treated tubes to prevent clotting. Leukocytes were 

counted as described by Lucas and Jamroz (1961). Dif-

ferent leukocyte populations (heterophil (HE), and lym-

phocyte (LY)) were counted from 200 leukocytes per 

samples using an optical microscope (Nikon Eclipse 

80i, Nikon Corp., Tokyo, Japan). The ratio of hetero-

phil:lymphocyte (H/L) was also calculated. 

At 24 and 42 d of age, two birds per replicate (12 

birds/treatment) were randomly selected and sacrificed 

to measure the relative weight (g/g of carcass weight) of 

the spleen, thymus and bursa of Fabricius. 

Data were analyzed as a completely randomized design 

using the GLM procedure (SAS, 2003). Pen was the ex-

perimental unit. HE and LY data presented as percent-

ages were transformed to arcsine square root before sta-

tistical analysis, but the non-transformed data are pre-

sented in the text. Differences were considered signifi-

cant at P < 0.05 and means were compared using LSD. 

Results and discussion 

Performance parameters (ADG, ADFI and FCR) are 

presented in Table 2. Dietary supplementation with the 

probiotics Primalac® (PP) or Bactocell® (PB) and prebi-

otic Fermacto® (Pre) had no significant effect on perfor-

mance traits. Inconsistent results have been reported in  

Table 2. Effect of probiotic and (or) prebiotic supplementation on performance1 of broiler chickens from 1 to 42 d of age 

Treatments2 ADG, g ADFI, g FCR 

Control 44.8 84.1 1.88a 

PP 44.8 84.1 1.88a 

PB 45.1 83.4 1.85a 

Pre 45.2 83.6 1.85a 

PBPre 46.8 80.5 1.72b 

PPPre 48.1 78.5 1.64b 

SEM 1.27 2.10 0.044 

Significance NS NS *** 
ab Means within columns  with a common superscript do not differ (P < 0.05). 
1 ADG: average daily gain; ADFI: average daily feed intake; FCR: feed conversion ratio. 
2The birds received a corn-soybean meal basal diet that, with the exception of the control, was supplemented with probiotic Primalac® (PP), 

probiotic Bactocell® (PB), prebiotic Fermacto® (Pre), probiotic Bactocell® + prebiotic Fermacto® (PBPre) and probiotic Primalac® + prebiotic 

Fermacto® (PPPre). 
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Table 3. Effect of probiotic and (or) prebiotic supplementation on the antibody titer against sheep red blood cells (SRBCs), white 

blood cell count (WBC), heterophil percent (HE), lymphocyte percent (LY) and heterophil:lymphocyte (H/L) ratio in broiler 

chickens on d 22 

Treatments1 WBC (/µl) HE (%) LY (%) H/L SRBCs titer 

Control 25650b 27.0 71.0 0.40 4.61 

PP 26125b 32.8 64.3 0.52 4.94 

PB 28020b 32.2 66.4 0.49 4.92 

Pre 28150b 26.3 71.8 0.38 5.65 

PBPre 34133a  35.7 62.7 0.57 4.85 

PPPre 26133b 26.0 71.0 0.37 5.00 

SEM 1675 3.11 2.96 0.065 0.443 

Significance * NS NS NS NS 
ab Means within columns  with a common superscript do not differ (P < 0.05). 
1The birds received a corn-soybean meal basal diet that, with the exception of the control, was supplemented with probiotic Primalac® (PP), 

probiotic Bactocell® (PB), prebiotic Fermacto® (Pre), probiotic Bactocell® + prebiotic Fermacto® (PBPre) and probiotic Primalac® + prebiotic 

Fermacto® (PPPre). 

the literature on the effects of probiotics and prebiotics 

on broiler’s growth performance. Although several re-

searchers reported an improvement in performance due 

to dietary inclusion of probiotic and prebiotic (Willis 

and Reid, 2008; Taheri et al., 2010b; Ghasemi et al., 

2014), others did not find a positive effect of probiotics 

Primalac® (Angel et al., 2005) and Bactocell® (Al-Zenki 

et al., 2009) or prebiotic Fermacto® (Torres-Rodriguez 

et al., 2005). Such discrepancies are most likely due to 

differences in the environment in which the experiment 

was conducted, the degree of stress or microbial chal-

lenge, type of diets used, bird characteristics (age, 

strain, stage of production), type and dosage of probi-

otic’s microbial strains or prebiotic used or a combina-

tion thereof. 

PBPre and PPPre had no significant effect on ADFI and 

ADG. Several other studies also showed that even the 

addition of probiotic and prebiotic combination in feeds 

had no effect on feed intake or weight gain of broiler 

chickens (Maiorano et al., 2012; Rudriguez et al., 2012; 

Sohail et al., 2012). Compared with the control, PBPre 

and PPPre improved FCR by 8.5 and 12.7%, respec-

tively. In agreement with these results, there are reports 

of improvements in feed efficiency as a result of simul-

taneous supplementation of probiotic and prebiotic 

preparations (Awad et al., 2009; Houshmand et al., 

2011). However, there are also studies showing no ben-

eficial effect of probiotic, prebiotic or their combination 

on feed efficiency (Rudriguez et al., 2012; Sohail et al., 

2012). This inconsistency in the effectiveness of probi-

otic and prebiotic combination may be due to factors 

such as type and dosage of probiotic and prebiotic prep-

arations used. 

The mechanism of beneficial effects of probiotic and 

prebiotic combination (as a synbiotic) on FCR is un-

known. However, there are indications concerning the 

synergistic effects of synbiotic preparations. Pluske et al. 

 (1996) reported that intestinal villus height was in-

creased after addition of Bacillus subtilis in association 

with prebiotics. Awad et al. (2009) also found increased 

villus height of ileum in synbiotic supplemented group. 

It is assumed that an increased villus height is paralleled 

by an increased digestive and absorptive function of the 

intestine due to increased absorptive surface area, ex-

pression of brush border enzymes and nutrient transport 

systems (Amat et al., 1996). Mookiah et al. (2014) re-

ported that synbiotic increased total volatile fatty acids 

(VFA) and non-VFA of intestine compared with probi-

otic, prebiotic and the control. High VFA and non-VFA 

concentrations create a lower pH gut environment 

which inhibits viability and growth of redundant bacte-

ria. This leads to a higher availability of nutrients in the 

gastrointestinal tract which can improve growth and 

feed efficiency of broiler chickens by increase in uptake 

of nutrients (Thanh et al., 2009). The VFA, particularly 

the short-chain fatty acids (mainly acetic, propionic and 

butyric acids) also provide energy to the host and are 

well-known for their health-promoting effects (Corrier 

et al., 1990). Li et al. (2009) showed that combination 

of probiotic and Astragalus polysaccharide increased 

the number of Lactobacilli and Bifidobacteria in the il-

eum and cecum and decreased E.coli in the cecum com-

pared with the probiotic, Astragalus polysaccharide and 

the control.  

The results of antibody titer against SRBCs, the count 

of WBCs, HE percent, LY percent, and H/L are pre-

sented in Table 3. No significant differences were found 

between the control and supplemented groups in the an-

tibody titer against SRBCs, HE percent, LY percent, and 

H/L. Nevertheless, PBPre resulted in an increase in 

WBCs compared to other treatments. 

Immunological function of gut-associated lymphoid tis-

sue (GALT) is critical for survival of chicks. Beneficial 

microflora can affect the toll-like receptors (TLRs) of  



Probiotic and prebiotic supplements and broiler performance 

 

5 

 

the gut and, in the literature, it has been shown that pro-

biotics, prebiotics and synbiotics, by supporting the 

growth of lactic acid bacteria among total microflora, 

change the balance of gut microflora, hence they can af-

fect the immune system of the host indirectly 

(McCracken and Gaskins, 1999; de Vrese and 

Schrezenmeir, 2008). 

Although, increased antibody mediated immunity has 

been reported by the use of probiotic (Midilli et al., 

2008), prebiotic (Guo et al., 2004; Janardhana et al., 

2009; Khodambashi et al., 2012) and synbiotic 

(Ghasemi and Taherpour, 2013) in diets, Rahimi et al. 

(2003), in agreement with our results, showed no in-

crease in the antibody production in broilers and layers 

fed diets supplemented with such additives.  

The higher WBC count of the PBPre group suggested 

that only the combination of the probiotic Bactocell® 

and prebiotic Fermacto® could have likely stimulated 

the proliferation of leukocytes, in this experiment. 

Chiang et al. (2000) showed that more T helper cells 

were present due to probiotic supplement. It was further 

shown that these effects were mediated by cytokines se-

creted by immune cells, stimulated with probiotic bac-

teria (Koenen et al., 2004). In agreement with our re-

sults, Ghesmi et al. (2014) also found that only the syn-

biotic Biomin® stimulated the cellular immunity com-

pared to probiotic and prebiotic. This synergistic effect 

might be related to better attachment and colonisation 

of beneficial microflora to the intestinal mucosa in 

PBPre group. Oouwehand et al. (2000) reported that 

ability to adhere to mucosal surfaces was related to var-

ious probiotic health effects, and was a prerequisite for 

stimulation of the immune system and for antagonistic 

activity against enteropathogens. Because Oouwehand 

et al. (2000, 2002) showed that a combination of two or 

three lactic acid bacteria was more effective than one 

strain for attachment to the mucosa, therefore the lactic 

acid bacteria in the PBPre treatment can be closer to the 

intestinal wall and affect the cytokine production of the 

gut more than other treatments by releasing short chain 

fatty acids and other substances. 

The H/L appears to be a reliable indicator for stress level 

in chickens (Maxwell, 1993). The effect of stress in avi-

ans is characterized by increased HE and decreased LY 

due to elevated blood corticosterone level (Khan et al., 

2012). In addition to the effect of stress on H/L, it seems 

that high preparation of beneficial microflora may in-

crease this ratio through the increased stimulation of the 

gut. Kim et al. (2011) indicated that prebiotic inclusion 

at high level enhanced H/L. Therefore, lack of signifi-

cant impact of all feed additives used in this study on 

H/L could be due to the ideal environmental conditions  

 and the ideal composition and dosage preparation of the 

supplements during the entire experimental period. The 

additives used in this study also failed to impart any sig-

nificant effect on the relative weight of the spleen, thy-

mus and bursa of Fabricius on d 24 and 42 (data not 

shown). 
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ه  )به ط ر بی تی  فرمکهای یریماالک ت باکه سییو ت یریهدف این تحقیق بررسییا ا ر اسییه از  او یرتبی تی چکیده    

قطده ر ره  045های گ شیییها ب زع تدداز ت زر تل یق بیا یکیدی(رد زر ریر  رتی لملکرز ت یاسییین ایمجا ر ره مجزا

رتوگا اخهصییاد زاز  شدردع  44تا  5یررد  زر هر تکرار او  50تکرار ت  6تیمار با  6ی  رتو  به  853گ شیها رر را  

تی  فرمکه ، بی ی  یریماالک، یرتبی تی  باکه سیییو، یریهیا ریر  ییاییه )کجهرید ییا ریر  ییاییه به همرا  یرتبی تیررید 

 زردع محاسییی ه بی تی  فرمکه  را زریافت رمبی تی  فرمکه ، یرتبی تی  یریماالک   یرییرتبی تیی  بیاکه سیییو   یری

 یررد  8رتوگا ص رت گرفتع محل لا او س سپارسی ن گل  ی قرمز گ س جدی به سیجه  44تا  5های لملکرز او فراسیججه

های رتوگا، رم ره 44گیری قرار گرفتع زر رتوگا م رز ارداو  85بازی زر رتوگا تزریق شد ت تیهر آرها 44هر تکرار زر 

های سیی ید خ ن، زرصیید ههرتفیو، زرصیید لج  سیت ت یررد  به اواء هر تکرارد گرفهه شید تا تدداز کو گل  ی 8خ ن )او 

ها افزتزرا کججد های زریافتزاری بین کجهری ت گرت هیچ ت اتت مدجا گیری شیی ردعرسیی ت ههرتفیو به لج  سیییت ارداو 

 بازی للیه گل  ی قرمز گ سیی جدی، زرصییدبرای میار(ین افزایش تون رتواره، میار(ین خ راک مصییرفا رتواره، تیهر آرها

بی تی  فرمکه  ت رییههرتفیو، زرصید لج  سیت ت رس ت ههرتفیو به لج  سیت زید  رددع افزتزن یرتبی تی  باکه سو   

زرصیید  7/54ت  0/3بی تی  فرمکه  بالث به  ز ضییریت ت دیو خ راک به ترتیت به میزان ریز یرتبی تی  یریماالک   یری

های  یبی تی  فرمکه  مججر به افزایش تدداز کو گل زر مقایسیه با کجهری شید ت مکمو رم زن یرتبی تی  باکه سو   یری

 ها شدعت س ید خ ن رس ت به زی(ر گر

 


