
 

 

 

INTRODUCTION 

 

Gastrointestinal microflora play important role in the growth 

and health of chickens. These microflora help in digestion, 

detoxify certain toxins, and protect against pathogenic 

bacteria. Colonization of the chicken gastrointestinal tract 

(GIT) begins few hours after birth and distinctive microbial 

population colonizes each region of the tract. In the intestine, 

these microbial communities consist of a large number of 

bacterial species among which the species from genus 

Lactobacillus dominate.  

Chickens are often reared on feeds containing antibiotics 

which change the composition of their intestinal microflora, 

and is associated with emergence of antibiotic resistance in 

poultry pathogens. Some of these pathogens are of zoonotic 

importance and antibiotic resistance in such microorganisms 

has been a matter of a serious public health concern in recent 

years. This has led to a complete ban on use of feed grade 

antibiotics in several countries especially in the EU. As a 

response, the development of alternatives to antibiotics such 

as probiotics gained significant attention (Keeney et al., 

2014). Probiotic(s) can be defined as “live microorganisms, 

which when administered in adequate amounts, confer a 

health benefit upon the host” (FAO/WHO, 2002). Poultry 

industry is seeking the alternatives to antibiotics which could 

be easily accessible and with better or at least the same 

performance levels to meet the demands of the market. Lactic 

acid bacteria are the most common microorganisms used as 

probiotics. Among these, Lactobacillus species attained the 

most prominent place because of being the natural inhabitants 

of the GIT. The health benefits of using Lactobacillus 

probiotics include antagonistic activity against various enteric 

and other pathogens, anti-mutagenic and anti-cancerous 

activities, and assistance in the betterment of intestinal 

disorders such as diarrhea and lactose intolerance. Moreover, 

these are the normal inhabitants of a healthy GIT of human 

and other animals, implying that there are no safety issues 

with the consumption of LAB based products (Charles et al., 

2011; Sgouras et al., 2004). 

It is generally considered that for exerting beneficial effects 

on the host, probiotic cells have to remain viable during their 

voyage through the harsh conditions of the GIT. This implies 

that probiotic cells must have certain standard characteristics 

like resistance to acidic gastric juice and bile concentrations, 

and be able to adhere to the epithelial cells of the intestinal 

wall. In the present study, it was attempted to screen and 

identify the Lactobacillus bacteria present in the GIT of local 

poultry birds. Further, these were investigated for the 

probiotic potential using standard criteria. 

 

MATERIALS AND METHODS 

 

Sample collection and isolation of Lactobacilli from chicken 

intestine: Nine poultry birds (including broilers, backyard 
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L. rodentium (10%), L. kullabergensis (5%), and L. bombicola (5%). It was concluded that 16 isolates fulfill the criteria of 
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along with inhibition of selected enteric pathogens. 
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rural chickens, and geese) were collected from five different 

areas of Rawalpindi-Islamabad. The birds were slaughtered 

and the jejunum, as defined by Yunus et al., (2012), was 

separated from the GIT. The jejunum was cut wide open using 

sterile scissors and the jejunal contents were removed. Sterile 

swabs and inoculating loop were rotated on the jejunal 

epithelium and inoculated on sterile de Man Rogosa and 

Sharpe (MRS) agar (Oxoid, Thermo scientific) petri dishes. 

In a sister study, Lactobacilli were isolated from buffalo 

vagina, the results from which are presented elsewhere 

(Bokhari et al., 2017). 

The MRS agar dishes were incubated aerobically at 37°C for 

48 hr. Well isolated individual colonies were selected and 

examined for cell morphology, catalase and Gram’s staining 

reactions. Only Gram positive and catalase negative rod 

shaped bacteria (distinguishing characteristics of genus 

Lactobacillus) were sub-cultured on MRS agar for 5 to 7 

times to obtain pure isolates. The pure isolates, were then 

grown in MRS broth and preserved in 20% glycerol at -20°C 

for further studies. Selection criteria for the determination of 

probiotic properties of the isolates included resistance to low 

pH, tolerance against bile and salt (NaCl), and antimicrobial 

activity. Temperature optimization studies to test capability 

of the isolates to grow at temperature up to 50°C were also 

performed (results not shown here).  

Resistance to low pH: During passage through the GIT, the 

food stays in stomach for about 3 to 4 hr. Therefore, the 

isolated strains were subjected to tolerance at low pH for 4 

hours. For this purpose, MRS broth tubes with pH adjusted at 

2.0, 3.0, and 4.0 (using 5 N HCl) were inoculated with a loop 

full of fresh active culture of the selected Lactobacillus strains 

and incubated for 4 hr at 40°C. The total viable counts were 

determined using pour plate method, in which colony forming 

units (CFU/mL) were determined after 48 hr incubation of the 

plates at 40°C.  

Resistance to bile concentration: For determination of bile 

resistance of the isolated Lactobacillus strains, bile was 

collected (ranging from 0.2-0.4 mL from each bird) from 

gallbladder of commercial broilers and autoclaved. The dry 

matter of bile was determined and it was then added to MRS 

broth at 0.2 and 0.3% final concentrations keeping in view the 

normal average bile concentration of 0.3% in the digestive 

tract of chickens. The MRS broth tubes with added bile were 

inoculated with 1 mL of active culture of each strain followed 

by incubation for 4 hours at 40°C. Total viable counts were 

then enumerated as aforementioned under the section on 

resistance to low pH. 

Growth at different concentrations of NaCl: Osmotolerance 

of each isolate was tested against different NaCl 

concentrations. For this purpose MRS broth tubes were 

prepared with 2, 4, and 6.5% NaCl. These tubes were 

incubated at 40°C for 48 hours after inoculation with 1 mL of 

overnight cultures of the Lactobacillus strains. After 48 hours, 

the tubes were observed for growth at the three NaCl 

concentrations. To enumerate cell density, total viable counts 

for each selected strain at the three NaCl concentrations were 

carried out and CFU/mL were calculated. 

Antimicrobial activity: Two enteric pathogens, Salmonella 

typhii and Escherichia coli, were used as indicator strains for 

agar well diffusion assay. Nutrient agar plates were prepared 

and wells were formed using red hot back of inoculating loop. 

Inoculum of 1 mL from the broths containing either of the 

indicator pathogens was poured on each of the agar plates and 

lawns were formed using sterile swabs. Then 0.5 mL of 

inoculum from each Lactobacillus strain under study was 

transferred to the wells in agar plates (4 strains in each plate) 

and nutrient agar plates were then incubated at 37°C under 

aerobic conditions for 24 hr. At the end of the incubation, the 

plates were observed for the presence or absence of inhibition 

zones around the wells. 

Identification of Lactobacillus strains using PCR: DNA was 

extracted from the isolates using Easy DNA Kit (K1800-01; 

Invitrogen, Carlsbad, CA) and amplification of the 

Lactobacillus specific gene was done using primers for 

amplification of Lactobacillus specific gene (Amit-Romach 

et al., 2004) as given below: 

Forward primer (LAA-F):  

CATCCAGTGCAAACCTAAGAG 

Reverse primer (LAA-R):  

GATCCGCTTGCCTTCGCA 

The final PCR reaction mixture volume was 30 μL which 

consisted of 1 μL template DNA, 3 μL of 10X PCR buffer, 

1.8 μL each of dNTPs and MgCl2, 0.7 μL each of the forward 

and reverse primers, 0.3 μL of Taq DNA polymerase, and 

20.7 μL of PCR grade water. The reaction conditions were: 

initial denaturation at 95°C for 2 min, denaturation at 95°C 

for 1 min, annealing at 54°C for 1.5 min, extension at 72°C 

for 2 min and a final extension at 72°C for 10 min. Thirty 

cycles of PCR reaction were performed. The PCR products 

were then visualized on a 1.2% agarose gel along with 1 kb 

DNA ladder. The PCR products were sent to Beijing Genomic 

Institute (BGI) for sequencing. The sequenced amplicons 

were analyzed for homology using EzTaxon®, NCBI-

BLAST and Clustal W®. 

Phylogenetic examination: Phylogenetic investigation of the 

sequenced amplicons was done to discover evolutionary 

association using MEGA 6® software. The tree was 

generated using the neighbor-joining method. 

 

RESULTS  

 

The bacterial colonies isolated from chicken intestine and 

initially obtained on MRS agar were subjected to initial 

screening based on cell morphology, catalase test, Gram’s 

staining reaction and optimum growth temperature. The 

selection criteria were Gram-positive rod shaped bacteria, 

catalase negative reaction, and optimum growth temperature 

of 40°C (the average normal body temperature of chicken). 
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Based on these criteria, 24 isolates were selected out of 84 

initially screened isolates for further purification and sub-

culturing. These isolates were the presumptive Lactobacillus 

strains which were tested for their probiotic potential. The 

most promising strains showing the probiotic potential were 

then identified at genus and species level using DNA 

sequencing. 

Resistance to low pH: Resistance against low pH is 

considered as one of the major criteria of selection for 

probiotic strains (Hawaz, 2014). In the current study, the 

isolates were tested for their survival at pH 4, 3, and 2 for 4 

hours. All of the isolates tolerated pH 4 very well and 

maximum growth rate was observed in C-4 (a) and C-6 (a). 

At pH 3, maximum growth was observed in C-2 (a) and C-4 

(b), followed by C-5 (b). Many strains failed to show growth 

after 4 hours at pH 2. These included C-2 (d), C-3 (c), C-6 (a), 

C-6 (b), C-6-M1, C-6-M2 and C-6-M4. Two groups C-4 and 

C-5 showed better viability at pH 2, as evident from Figure 1. 

Highest viability was shown by C-4 (b) and C-4 (c), showing 

a log CFU/mL of 1.95.  

 

 
Figure 1. Viability of selected Lactobacillus strains 

isolated from chicken gut, after exposure to pH 

2 for four hours. 

 

Bile resistance: The Lactobacillus strains were subjected to 

tolerance against 0.2 and 0.3% bile concentration for 4 hours 

to test their survival potential when passing through the GIT. 

At 0.2%, the isolate C-4 (c) showed maximum growth after 4 

hours while no growth was observed for C-2 (d), C-3 (d) and 

C-6 (d), as evident from Figure 2. 

At 0.3% bile concentration, maximum survival rate was 

shown by C-4 group of isolates and C-6-M3. Nine isolates 

showed maximum sensitivity against 0.3% of bile 

concentration. The isolates C-2 (c), C-2 (d), C-5 (d), C-6 (a), 

C-6 (b), C-6 (d) and C-6 M4 showed no growth at all.  

Tolerance against NaCl concentration: Strains were also 

observed for tolerance against different NaCl concentrations. 

Group C-4 (c) showed remarkable resistance to 2% of NaCl 

concentration. At 4% NaCl concentration, C-2 (a), C-3 (b), C-

4 (b), C-5 (b) showed better resistance at while C-2 (c), C-

3(a), C-3 (d), C-6 (c), C-6 (d) and C-6 M4 did not show any 

resistance. At a further higher level of NaCl i.e. 6.5%, C-4 (b) 

showed more osmotolerance compared to the other strains. 

 

 
Figure 2. Viability of selected Lactobacillus strains 

isolated from chicken gut, after exposure to 

different bile concentrations for four hours. 

 

Antimicrobial activity: The diameter of inhibition zones 

showed some of the isolates having antibacterial effect on the 

indicator microorganisms (Table 1). In this regard, group C-4 

was observed to inhibit the growth of the indicator strains 

prominently. 

 

Table 1. Antimicrobial activity of the Lactobacillus strains 

against indicator pathogens. 

Name of isolate Salmonella typhii Escherichia coli 

C-2 (a) Clear Zone Clear Zone 

C-2 (b) Clear Zone Clear Zone 

C-2 (c) Resistant Resistant 

C-2 (d) Resistant Clear Zone 

C-3 (a) Clear Zone Clear Zone 

C-3 (b) Resistant Clear Zone 

C-3 (c) Clear Zone Resistant 

C-3 (d) Resistant Clear Zone 

C-4 (a) Clear Zone Clear Zone 

C-4 (b) Clear Zone Clear Zone 

C-4 (c) Clear Zone Clear Zone 

C-4 (d) Clear Zone Clear Zone 

C-5 (a) Resistant Clear Zone 

C-5 (b) Clear Zone Resistant 

C-5 (c) Clear Zone Clear Zone 

C-5 (d) Clear Zone Resistant 

C-6 (a) Resistant Clear Zone 

C-6 (b) Clear Zone Clear Zone 

C-6 (c) Resistant Clear Zone 

C-6 (d) Clear Zone Clear Zone 

C-6 -M1 Clear Zone Resistant 

C-6 -M2 Clear Zone Clear Zone 

C-6 -M3 Clear Zone Resistant 

C-6 -M4 Resistant Resistant 
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PCR amplification and sequencing of Lactobacillus specific 

DNA sequence: All 24 selected isolates were subjected to 

survival at different low pH values and at 0.2 and 0.3% bile 

concentrations. Out of 24 strains, 16 strains were found to 

survive at pH value as low as 2 and 0.3% bile concentration. 

These 16 strains were subjected to DNA extraction and PCR 

amplification of Lactobacillus specific DNA sequence within 

the 16S rRNA gene (Amit-Romach et al., 2004). The PCR 

product when run on 1.2% agarose gel revealed a band of 286 

bp for all of the 16 isolates (Figure 3), which confirmed that 

all isolates belonged to genus Lactobacillus. 

The results of the partial DNA sequencing are presented in 

Table 2. The results indicate that majority of the strains 

belonged to L. gasseri (10 out of 16 strains), having sequence 

similarity as high as 98.59% to as low as 52.79%. Three 

strains belonged to the L. johnsonii, two strains belonged to 

L. rodentium, and one belonged to L. kullabergensis. 

Phylogenetic investigation: Results from the phylogenetic 

study of the specific gene of Lactobacillus are presented in 

Figure 4.  

 

DISCUSSION 

 

The study presents a small scale screening of GIT microflora 

of local poultry for isolating potential probiotic bacteria. 

Standard criteria for probiotic screening include tolerance 

against acidic conditions, and bile and salt concentrations, and 

ability to inhibit the growth of enteric pathogens like 

Clostridium difficile, Salmonella typhii, and E. coli. Tolerance 

against acidic conditions is considered as an important trait of 

Table 2. Identification of isolates at species level as inferred from homology analysis. 

Preliminary ID Final strain ID Closest Match Similarity % 

C-2 (a) AN 1 Lactobacillus gasseri 98.59 

C-2 (b) AN 2 Lactobacillus gasseri 98.17 

C-3 (a) AN 3 Lactobacillus gasseri 96.97 

C-3 (c) AN 4 Lactobacillus gasseri 79.78 

C-4 (a) AN 5 Lactobacillus rodentium 85.29 

C-4 (b) AN 6 Lactobacillus johnsonii 86.64 

C-4 (c) AN 7 Lactobacillus kullabergensis 91.43 

C-4 (d) AN 8 Lactobacillus gasseri 98.11 

C-5 (b) AN 9 Lactobacillus rodentium 91.54 

C-5 (c) AN 10 Lactobacillus johnsonii 96.30 

C-5 (d) AN 11 Lactobacillus gasseri 95.06 

C-6 (b) AN 12 Lactobacillus johnsonii 79.41 

C-6 (d) AN 13 Lactobacillus gasseri 98.50 

C-6 -M1 AN 19 Lactobacillus gasseri 52.79 

C-6 -M2 AN 20 Lactobacillus gasseri 97.34 

C-6 -M3 AN 21 Lactobacillus gasseri 91.30 

 

 
Figure 3. PCR amplification of Lactobacillus specific gene (286 bp) on 1.2% agarose gel (M = Marker, P = positive 

control, N = negative control). 
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probiotic bacteria (Vinderola et al., 2003; Huang et al., 2004). 

In this study, exposure to low pH was used to isolate the 

candidates for acid tolerance under extreme conditions (pH 2-

4). Lactic Acid Bacteria (LAB) are acidophilic and can 

efficiently tolerate low pH conditions (Ibourahema et al., 

2008). Of the 84 LAB initially isolated in the present study, 

24 were selected after optimization and 16 isolates (55%) 

fulfilled this strict criterion for growth at low pH of 2, bile and 

salt tolerance and antimicrobial activity against enteric 

pathogens. The results indicated a vast opportunity for the 

search of probiotic bacteria in the local poultry. 

In this study, L. gasseri, L. kullabergensis, and L. johnsonii 

showed efficient growth pattern as compared to others. 

Similar results of acid tolerance have been shown by a number 

of researchers (Vinderola et al., 2003; Meira et al., 2012; 

Belkacem et al., 2009). It was also observed that two of the 

strains L. rodentium and L. bombicola showed prominent 

growth pattern in low pH. To the best of our knowledge, the 

two species have not been reported to possess probiotic 

properties so far, making the present information novel 

regarding these species.  

The capabilities to enumerate at high temperature and tolerate 

high salt concentration are desirable characteristics of 

probiotic bacteria (Menconi et al., 2014; Ibourahema et al., 

2008). During in vitro assessments for temperature 

optimization, all the isolates showed efficient growth at 

higher temperatures i.e. up to 50 °C. In the present study, L. 

gasseri, L. kullabergensis, L. rodentium, L. bombicola, and L. 

johnsonii were also able to tolerate the high osmotic 

concentrations of NaCl. High salt concentration affects 

turgidity of the bacterial cell, which in turn affects their 

metabolic and enzymatic activities, and physiology. 

Therefore a probiotic strain must possess the ability to tolerate 

high osmotic pressures (Menconi et al., 2014; Ibourahema et 

al., 2008). 

The use of LAB as natural bioprotective agents has been well 

documented in several studies (Rattanachaikunsopon et al., 

2010). In the present study, antimicrobial activity of the 

Lactobacillus strains was tested against E. coli and S. typhii 

and many tested strains were observed to inhibit the growth 

of both the indicator Gram negative pathogens. The C-4 group 

exhibited noticeable inhibitory effects against indicator 

strains. Overall, the strains more prominent in inhibiting the 

pathogens were identified to be of species L. gasseri, L. 

kullabergensis, L. rodentium, L. bombicola, and L. johnsonii. 

This could be due to the bactericidal or bacteriostatic 

activities of the antimicrobial substances produced by these 

strains, such as bacteriocins, organic acids, and low molecular 

weight peptides etc. (Higgins et al., 2007).  

The use of antibiotics as feed additives is being discouraged 

due to associated antibacterial resistance. Instead, the use of 

probiotics as replacement for antibiotics is being promoted. 

The present study attempted to screen GIT microflora of local 

poultry in Islamabad/ Rawalpindi region for probiotic 

 
Figure 4. Phylogenetic tree showing the inter-relationships of Lactobacillus isolates with the most closely related 

type strains of the genus Lactobacillus inferred from sequences of Lactobacillus specific gene. Bootstrap 

values are expressed as a percentage of 1000 replications, are given at the branching point. The Bar show 

5%sequence divergence. 
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potential. Though limited by small sample size, the findings 

highlight the future avenues for probiotic research. Out of the 

24 isolates of LAB, 16 (55%) showed a high probiotic 

potential in terms of acid, salt and bile tolerance and 

antimicrobial activity. These results are quite promising and 

suggest that a large-scale screening should be conducted for a 

comprehensive understanding of probiotic potential of the 

microflora of local poultry. 

 

Conclusion: In conclusion, the present study showed the 

probiotic potential of many Lactobacillus strains associated 

with the mucosa of chicken intestine (jejunum) and their 

antimicrobial activity against Salmonella typhii and 

Escherichia coli. These data may have significant 

implications for the health and nutrition of chickens, and are 

particularly relevant to the development of probiotics and 

their effective use for poultry in Pakistan. 
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