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Abstract. Food borne disease results from ingestion of water and wide variety of food
contaminated with pathogenic organisms. The main causes of food borne diseases are bacteria,
such as Escherichia coli and Staphylococcus aureus. The objective of this study was to
determine antimicrobial activity of lactic acid bacteria (LAB) isolated from local chicken
gastrointestinal tract with an emphasis on their probiotic properties. The colonies of bacteria
that producing clear zone on MRSA plus 0.5% CaCO;, Gram-positive and catalase-negative
were isolated as lactic acid bacteria. Some of the strains (10 isolates) were tested for their
ability to inhibit growth of Escherichia coli and Staphylococcus aureus, and for acid pH and
bile salt tolerance. The results showed that the all selected isolates producing antimicrobial
compounds inhibits the growth of Escherichia coli and Staphylococcus aureus, both in the
supernatant and supernatant plus 2M NaOH, and still growing in medium condition with pH
2.0 and 0.1% bile salt. It revealing the potential use of the lactic acid bacteria from chicken
gastrointestinal tract for probiotics in food.
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1. Introduction

The growing number of food-borne illness outbreaks caused by several pathogens and their
enterotoxins are very concern in the field of food safety and regulatory. Several reports indicate that
foodborne pathogens are one of the main causes of death in the world. Control of these foodborne
enteric pathogens is a challenge for food industry and public health agency.

Livestock harbor a diverse collection of bacteria, especially in the gastrointestinal tract. The
chicken gastrointestinal tract can harbor in excess of 500 bacterial species at concentrations of 10"
cells/g of digesta. The majority of bacterial are native microflora of the gut that beneficial to the host
(Bjerrum et al, 2006). Nevertheless, there are several species that exhibit pathogenic or toxigenic
effects in both humans and livestock. These pathogens can colonize in the environment of the
gastrointestinal tract. The use of antibiotics in poultry as Antibiotics growth promoters (AGPs) in
poultry feed can improve performance and efficiency and protect poultry from various pathogenic gut
microbes. But this has led to the potential development of antibiotic resistance in humans after long-
term consumption. The prohibition of antibiotic (AGPs) in animal feed is an important factor that
causes ecological changes microbes in the gastrointestinal tract of broiler chickens, resulting in many
outbreaks of necrotic enteristis. To increase chicken productions and still provide a safe livestock
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product for consumption, alternative antibiotics or medicines in the livestock industry should be
employed, for example by using probiotics.

Probiotics are living microorganisms administered in sufficient quantities that have beneficial
effects on host health (FAO/ WHO 2002). Microbes that are often used as probiotics are the group of
lactic acid bacteria (LAB). They are non-pathogenic and classified as generally recognized as safe
(GRAS) microorganisms, have been widely used in fermented foods, acid and bile salt tolerance, and
produce antimicrobial substances (Jannah, et al. 2014, Patterson and Burkholder 2003, Mojgani et al.
2007; Torshizi et al. 2008; Vargas-Rodriguez et al. 2013). These bacteria produced antimicrobial
agents such as acids, hydrogen peroxide and bacteriocins and have great potential as food bio-
preservatives

Commercial probiotics have been widely available in the market, but its potential effectiveness in
tropical country like Indonesia has not been widely developed. In the present study was conducted to
isolate of lactic acid bacteria (LAB) from gastrointestinal tract from “Ayam Kampung” chickens and
to assess their probiotic activity against food pathogenic microorganisms.

2. Material and methods

The materials used in the study were liquid and solid digesta samples taken from digestive tract 2
groups of chickens by age (2 adults, age 7-8 months and 2 young chickens age of | week). Escherichia
coli and Staphylococcus aureus that obtained from DUCC, biology department of Diponegoro
University.

2.1 Isolation and enumeration of Lactic acid bacteria from ‘Avam Kampung' Chicken
gastrointestinal tracts

Samples were collected from 4 chickens that taken from Mranggen district, center of Java, Indonesia.
The Lactic acid bacteria were isolated by dilution and plating on the selective media for Lactobacilli,
De Man, Rogosa and Sharpe (MRS) agar and 0.5% Calcium carbonate (CaCO;) added and then serial
dilution and plating of bacterial cultures was conducted until 10" dilution. The plates were incubated
anaerobically by inserting an anaerobic indicator strip and Anaerocult A (Merck, Germany) in
anaerobic jar at 37 °C for 48 h. The Lactic acid bacteria was presumptively identified by their ability
to grow well on MRS medium and showing halo zone around the colonies, Gram-positive, and
catalase-negative. Representative colonies of all morphologies were taken randomly and purified on
the same media and then stored in 20% glycerol at —20°C.

2.2 Antimicrobial activity assay

To detect the presence of antimicrobial activity produced by LAB was determined by agar diffusion
method (Taheri et al. 2009, Heravi et al., 2011). LAB culture was grown in liquid MRS at 37° C for 24
hours to achieve cell concentration of 10* CFU / ml. The cell free supernatant of bacterial cultures
obtained by centrifugation. Bacterial cell cultures and cell-free supernatant of LAB isolates were
determined its antimicrobial activity against indicator bacteria (Escherichia coli and Staphylococcus
aures). Supernatants from overnight cultures of the LAB strains were neutralized to pH 6.5 to 7.0 with
2M NaOH. A total of 0.1% bacterial culture indicator with a cell density of 10° CFU / ml was
suspended in 100 ml of solid Nutrient Agar medium, then poured into a petri dish, and after solid was
made well using a sterile pasteur pipette. A total of 40 pl of bacterial culture or supematants were
included in the well. After incubation at 37° C for 24 h, a clear zone around the well was measured.

2.3 Acid tolerance.

Isolates of LAB were subcultured in MRS broth for 24 h at 37 °C before experimental use. The cells
from 1 ml MRS culture were harvested by centrifugation (7500g, 5 min), and washed two times in
sterile phosphate-buffered saline, pH 7.0. Washed cell pellets were then suspended in in the same
buffer with cell density (at OD 600 nm) of 0.5-0.7. The cells were resuspended in PBS by lowering pH
to 6.5, 4 and 2 followed by incubation at 37 °C in each set of pH for 90 min (Taheri et al. 2009). Total
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viable count was determined before and after incubation period by total plate count method on MRS
agar under aerobic conditions for 48 h at 37° C.

2.4 Bile tolerance

Isolates of LAB were subcultured in MRS broth for 24 h at 37 °C before experimental use. The cells
of LAB (1 ml) from were collected by centrifugation (7500g, 5 min), washed twice in PBS solution
containing 0.3%, 0,1, 0.05, 0.08, 0% Ox-bile (SIGMA) and incubated at 37 °C for 5 h. The optical
density (OD) at 600 nm was measured and compared to a control culture (Taheri et al. 2009).
Experiments of acid and bile tolerance were repeated two times each with duplicate analysis.

3. Results and discussion

3.1 Population of culturable Lactic Acid Bacteria

Base on the conventional method by culturing, the population of lactic acid bacteria from the “Ayam
Kampung” chicken gastrointestinal tract is found between 6.3 to 8.9 log CFU g ~' and the highest
amount is found in the Crop (Table 1), followed by respectively by cecum, ileum and colon. The pH
scale ranges from 4.5 to 7. From the data showed no correlation between the amount of LAB with
substrate acidity. This is caused by the amount of LAB is not only influenced by pH values, but there
are many other factors, such as diet, age, the presence of obstructions in the intestine and the different
physiological functions in organ systems (Dumonceaux et al., 2006). According to Barrow (1992),
factors affecting the growth of micraobes in the chicken intestines are age, immune response, feed and
antibiotic administration.

Table 1. The number and pH scale of culturable lactic acid bacteria isolated from ‘Ayam
Kampung” Chickens gastrointestinal tract
Sample Chicken A Chicken B Chicken C Chicken D

logCFUg" pH LogCFUg" pH LogCFUg' pH LogCFUg' pH

Crop 8.04 6.1 8.85 5.5 7.23 5.1 8.45 4.5
lleum 7.08 6.4 7.49 6.7 7.60 6.3 7.18 6.1
Cecum 8.66 6.1 8.15 7.0 7.89 6.4 7.83 6.0
Colon 7.57 7.0 6.40 6.5 7.64 6.0 7.38 6.1

Thirty-seven LAB colonies were randomly selected based colony morphological differences and
the presence of clear zones around colonies grown on MRS solid medium with 0.5% CaCO; added
(data not shown). The morphology of the colony is almost identical and uniform with round shape,
white, creamy, brownish, pink, 0.5 - 4 mm in diameter, convex surface, flat edge or fiber, shiny
surface, and soft texture. All isolates exhibited special characteristics of lactic acid bacteria, such as
Gram positive, negative catalase reactions and non endospore forming bacteria. We found that most of
the rod-shaped bacterial cells (30 isolates) and 7 isolates are round-shaped. Salminen and Wright
(1993) states that Lactobacillus has rod-shaped cells, some of which are usually very long and some
are round bars. The morphology appearance are a single cell or on short to long chains, facultative
anaerobes, Gram positive, most immobile species and mesophilic.
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3.2 Antimicrobial activity

Isolates of LAB as a candidate probiotic expected to work in the digestive tract of the host, so it should
be selected based on several criteria. The bacteria can live in conditions of limited oxygen, can
compete with the microbes resident and pathogens for getting a place and nutritions in the gut, can
resist to barriers in the gastrointestinal tract such as acidic pH and the presence of bile salts whose
activity can damage bacterial cell walls, and produce defense enzymes and metabolites.
Escherichia coli and Staphylococcus aureus bacteria were used as indicator bacteria because these
bacteria are pathogenic bacteria in the food. Antimicrobial activity showed by lactic acid bacteria from
the challenge test is characterized by a clear zone found around the disc paper.

The antimicrobial activity of 10 isolates of LAB (in the form of LAB culture, cell-free
supernatant and cell-free neutralized supernatant with 2N NAOH) against E. coli and S. aureus are
shown in Table 2. The result showed that all bacterial cultures and supernatants have antimicrobial
activity against E. coli and S. aureus. Most of isolates showed stronger antagonisms against E. coli
than to S. aureus. Neutralized supematant still showed antibacterial activity against E. coli and for S.
aureus. This indicated that the inhibition of LAB is not only caused by acids produced but also the
other metabolites like bacteriocins.

Table 2. Antimicrobial activity data of 10 selected isolates LAB

Strain Source Inhibitory zone (mm)
againts E.coli againts S. aureus
A B C A B C

BUB 3 Colon 176 = 1.1 105 = 0.7 95+ 05 87 +05 80 =12 85+ 13
cuBl Colon 153 = 03 85 =10 9112 83+ 07 76 =09 66+ 05
BUB 4 Colon 150 = 13 85 1'0.5 95+ 09 80 + '(].() 80 = 06 85+ 05
DC1 Crop 187 = 05 13.5 1r0.7 90 £ 06 93+ 06 80 =05 87+ 10
DS1 Cecum 112 = 05 75 1'0.6 104 £ 05 02 +05 73 £ 05 90+ 05
CCl1 Crop 104 = 10 83 + 06 95+ 05 80 + 06 70 + 06 84+ 06
CK [leum 125 = 05 95 =05 84+05 75 1.1 69 =05 66 + 0.6
cC2 Crop 146 + 06 73+ 06 143+ 06 137+ 15 73+ 12 63+ 0.6
AS2 Cecum 136 + 06 93+ 06 113+ 12 93+ 06 83+ 06 100+ 20
AC1 Crop 153 = 06 83+ 06 93+ 12 T7+ 12 187+ 06 83+ 06

A : Bacterial culture; B : Supernantant; C = Neutralized supernantant

Five of LAB isolates showing the highest inhibitory zone were selected for further research
(Figure 2). The wide spectrum inhibitory activity against challenging food bore pathogens make this
isolate desirable for exploring their potential for health benefits in production of functional food.
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Figure 1. Zone of Inhibition by culture of Lactic acid bacteria isolates against Eschericia coli

3.3 LAB Screening for pH and Bile-Salt Tolerance

LAB as candidate probiotics have to survive in the gastrointestinal tract where pH can be as low as 2
and the presence of bile salt. The viability of five LAB isolates showed tolerance to pH 4.0 and 2.0
during 90 minutes of incubation. However, the growth in these conditions was not comparable with
that in conventional MRS (pH 6.5), with reductions in counts at least 1-2 logarithmic units compared
with controls. Among other LAB isolates, the AC1 isolate had the highest viability at low pH (pH 2.0)
with a decrease in the number of isolates by 0.65 log cycles. (Figure 2 ). The resistance to low pH may
be related to the origin of the LAB isolate sample, where AC1 is derived from the crop. Most of
bacteria grow slower at low pH, due to the presence of an acid that can damage and decrease its
viability. However, LAB has the ability to regulate their cytoplasmic or intracellular pH around neutral
pH, even when it is in low extracellular pH during growth or in storage (Konings et al., 1997).
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Figure 2. The viability of LAB isolates under acidic conditions.

The survival assay of LAB isolates in the presence of bile salts showed that all isolates did not
tolerate in 0.3% bile salt. However, isolates may survive in 0.1% bile salts. The viability of LAB
isolates on the presence of 0.1% bile salts decreased after 5 hours of incubation at 0.1% bile salt
suspension (Figure 3). Iniguez-Palomares et al. (2007) reported that LAB isolates had no resistance to
CPBS (conjugated porcine bile salts) at concentrations greater than 0.1% bile salts. Bile released in the
small intestine can damage bacteria because of its effect in destroying the cell membrane. For some
bacteria, such as lactic acid bacteria that have hydrolase enzymes (BSH = bile salt hydrolase) that
work against bile salts, so that LAB has the ability to hydrolyze bile salts and reduce its solubility. To
increase the viability of bacteria in order to pass through the upper gastrointestinal tract can be done
by bacterial encapsulation method with alginate and skim milk (Chavarri et al. 2010).
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Figure 3. Bile resistance of 5 LAB isolates isolated from gastrointestinal tract
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