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Abstract. Probiotics have widely been used as an alternative feed supplement in
poultry, contributing to enhanced productivity and the maintenance of livestock
health. This study aimed to compare several extracellular cellulase-producing
Bacillus spp. isolated from the digestive tract of muscovy ducks (Cairina
moschata) and native chickens (Gallus gallus domesticus). A total of seven
isolates were selected based on extracellular cellulase activity detected on
carboxymethyl cellulose (CMC)-agar plates. Morphological, biochemical and
molecular analyses were sequentially conducted to identify bacterial species.
Three isolates exhibiting the best extracellular cellulase activity obtained from
Muscovy Ducks (Cairina moschata) and native chickens (Gallus gallus
domesticus) were selected and identified through 16S rRNA gene sequencing.
The results showed that the Al isolate was identified as Bacillus cereus strain
SA275C, the A4 isolate as Bacillus cereus strain S8, and the A6 isolate as
Bacillus subtilis strain IAM 12118. The three selected isolates showed different
characteristics, including viability to digestive tract pH and antibacterial activity
resulting in inhibition zones in isolates A1 and A4 of £0.5 mm, while isolate A6
was 1 mm against Staphylococcus aureus. In conclusion, the three selected
isolates with the highest extracellular cellulase activity have potential as probiotic
candidates for poultry.
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1 Introduction

Poultry is one of the livestock producing sources of animal protein that is very popu-
lar with the people of Indonesia because of its affordable price compared to meat
from other livestock. Increasing the productivity of poultry can be done by improving
the quality of livestock nutrition and maintaining livestock health. The provision of
probiotics is expected to improve livestock health by manipulating the composition of
bacteria in the digestive tract of livestock, as well as stimulating the immune re-
sponse, so as to increase digestibility [1]. Probiotics are one of the competitive feed
additives and exclusion agents that should be developed for disease control and in-
creased livestock production.

The utilisation of cellulolytic bacteria as probiotics can help the degradation of
substrates/feed sources that contain high levels of cellulose. These bacteria produce
cellulase enzymes extracellularly, which are synthesised in the cell and moved out of
the cell through transport pathways such as Sec or Tat. This process is called extracel-
lulase because the enzymes are expelled from the cell into the extracellular space,
where they perform their function in substrate breakdown and help the bacteria obtain
nutrients from the surrounding environment. These cellulase enzymes then hydrolyse
cellulose into simpler glucose or oligosaccharides, helping the bacteria obtain nutri-
ents from the surrounding environment and adapt to a fibre-rich environment. This
can improve feed quality [2]. Bacillus sp. as a probiotic is able to produce antimicro-
bials such as bacteriocins, has immunity, and is able to compete with pathogenic bac-
teria in the adhesion process. Previous research [3, 4] related to the use of Bacillus sp.
as a probiotic for chicks, was able to suppress the growth of Escherichia coli, Salmo-
nella enteritidis, and Clostridium perfringens.

Superior probiotics for poultry can be isolated from the digestive tract of poultry
[5]. Microbial strains isolated from the same type of animal as their intended use will
make it easier for microbes to colonise the gut because they are in accordance with
the initial ecosystem. This study aimed to compare the ability of Bacillus sp. isolated
from two different sources, namely muscovy ducks (Cairina moschata) and native
chickens (Gallus gallus domesticus). Bacillus sp isolates with the best ability were
sequenced to determine their species and potential to be used as probiotics.

2 Materials and Methods

2.1 Tools and Materials

This study used test tube, Erlenmeyer, beaker glass, petri dish, measuring cup, analyt-
ical balance, micro pipette, volume pipette, micro tip, pH meter, 200 uL micro tip, 20
pL micro tip, 10 pL micro tip, 2 pL micro tip, vortex, hot plate stirrer, autoclave,
oven, glass object, cover glass, bunsen lamp, ose needle, spreader, laminar air flow,
microscope, incubator, centrifuge, spectrophotometry, microcentrifuge tube 1.5 mL,
microtube 0.5mL, PCR tube 0.2 mL, PCR machine, electroporator, UV transillumina-
tor and freezer -80° C.
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The materials used were bacterial isolates isolated from the digestive tract of ducks
and bacterial isolates isolated from the digestive tract of native chickens sourced from
the proventriculus and cecum, LB (luria bertani) liquid media, LB (luria bertani) sol-
id, sterile distilled water, clean water, cotton, gauze, aluminium foil, label paper, plas-
tic wrap, 70% alcohol, gram paint (carbol gentian violet, lugol, ethanol, fuchsin water
or safranin) immersion oil, catalase test (3% hydrogen peroxide (H202)), SIM (sul-
fideindole motility) media, cellulase test media (NaCl, yeast, tripton, agar, CMC, red
congo), paper discs, glycerol, FavorPrep brand DNA extraction kitTM Tissue Ge-
nomic DNA Extraction Mini Kit, Gotaq® Green brand PCR kit, one pair of 16S
rRNA primers, 1x TAE buffer, DNA loading dye and 1 kb DNA ladder (marker).

2.2  Isolation, Identification, Characterisation

This study began with the isolation of bacteria from the digestive tract of muscovy
ducks (Cairina moschata) and native chickens (Gallus gallus domesticus) then carried
out several examinations in sequence, namely examination of colony morphology,
gram painting.

2.3 Qualitative Test of Cellulolytic Bacteria

The ability of cellulolytic bacteria was tested by looking at cellulase enzyme activity
on media containing carboxymethyl cellulose (CMC) [6]. Bacterial isolates as much
as 20 pl were suspended on a paper disc that had been placed on the surface of the
media. Furthermore, the media was incubated for 24 hours at a temperature of 350 C.
After the incubation process, the cellulose testing media was stained using 0.1% red
congo solution for 15 minutes and then rinsed with 1 M NaCl solution. Observations
were performed by measuring the clear zone on the surface of CMC-agar plates indi-
cating the presence of cellulase enzyme activity [7].

2.4 Molecular Identification

PCR technique was performed for 16S rRNA gene amplification with universal pri-
mers  designed for VI1-V5  region. Primer 27F  (forward: 5'-
AGAGTTTGATCCTGGCTCAG-3") and  primer 907R  (reverse: 5'-
CTTGTGCGGGCCCGTCAATTC-3") were used. These PCR primers can amplify
16S rRNA with an amplicon size of 931 bp containing 50-65% GC content. DNA
sequencing results were edited using BioEdit Sequence Alignment Editor 2013 soft-
ware to produce consensus sequences. BLAST-N (Basic Local Alignment Search
Tool - Nucleotide) on NCBI (https://blast.ncbi.nlm.nih.gov/Blast.cgi) as a place to
process the data of 16S rRNA gene consensus sequence results were collected and
aligned with the 16S rRNA database on the website. The data obtained were tabulated
using Microsoft Excel and presented in descriptive form.
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2.5  Physiological Test

1. Catalase test, the catalase test is carried out by dripping 3% hydrogen per-
oxide (H20,) on the bacterial isolate that has been dripped on the preparation
glass. Observations are made by looking at the changes that occur whether
there are air bubbles or not.

2. SIM (sulfide, indole and motility) media test. Each bacterial isolate was tak-
en using an ose needle and then inserted on SIM media, then incubated at 37°
C for 24 hours. Observations were made by looking at the production of H, S
gas characterised by the presence of a black precipitate at the bottom of the
tube due to the reaction between H,S with Ferrous ammonium sulphate. In-
dole formation can be observed by dripping a solution of kovacs reagent and
observing the formation of a red colour ring which indicates indole positivi-
ty. Bacterial motility is indicated by the growth of bacteria outside the ose
puncture marks or the spread of bacterial growth in SIM media.

3. Sugar fermentation test (glucose, arabinose, sucrose, maltose, lactose and
ramnose). Each bacterial isolate was taken using a previously heated ose
needle and inserted into a test tube containing sugar media, and incubated at
37° C for 24 hours. Observations were made by looking at the colour change
from the original colour of the media, which was purple, to yellow and
brown. Durham tube was inserted into the sugar media to determine the for-
mation of gas from the fermentation of sugar.

2.6  Test for Bacterial Viability in The Digestive Tract

A total of 1 ml of bacterial suspension was put into 5 ml of LB media at pH 7.0 and
pH 2.0 (pH adjustment using 2 N HCl and 1 N NaOH solution) [8]. Then incubate at
37° C for 0 hours and 3 hours. The number of bacterial cells was counted using the
Total plate count (TPC) method on PCA (plate count agar) media.

2.7  Antagonistic or Antimicrobial Test

The media used for the antagonistic test is MHA (Mueller Hinton Agar) media. The
control bacteria used were S. aureus pathogenic bacteria culture. A total of 100 pl of
pathogenic bacteria suspension (0.5 McFarland) was levelled using a sprider into the
MHA media. After that, a paper disc was attached to the MHA media that had been
suspended with pathogenic bacteria. A total of 25 pul of Bacillus bacteria suspension
was dripped on the paper disc, then incubated for 6-24 hours at 37 °C. Bacterial ac-
tivity was characterised by the presence of a clear zone around the bacterial colonies
and then each was measured at the diameter of the resulting clear zone.
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3 Results and Discussion

The term ‘probiotic’ is derived from two Greek words, ‘pro’ meaning ‘for’ and ‘bios’
meaning ‘life’, thus meaning ‘for life’. The first concept of probiotics was most likely
introduced in 1907 by Mechnikov [9], who observed that bacteria can have a positive
impact on the natural microflora in the gut. Probiotics are live microorganisms that,
when administered in sufficient amounts, can provide health benefits to their host
[10]. Probiotics have been widely used to prevent and treat various diseases in hu-
mans [11] as well as in animals [12] by enhancing their immune response [13].

3.1 Isolation and Identification of Bacteria

Morphological identification of bacteria in the digestive tract of Muscovy Ducks and
Native Chicken consists of 2 observations, namely macroscopic and microscopic
observations. Macroscopic observations included colony shape, margin, size, surface
and colour. A total of 7 pure isolates were obtained from the digestive tract of Mus-
covy Ducks and Native Chicken, consisting of 5 isolates from the digestive tract of
Muscovy ducks and 2 isolates from the digestive tract of Native Chicken. The follow-
ing presents the results of morphological identification of bacteria in Table 1.

Morphology based on colony colour, the isolate is milky white. The colony shape
of the seven bacterial isolates has the same shape which is round. Microscopic identi-
fication is done by Gram staining. The purpose of Gram staining is to distinguish
bacteria based on Gram properties. Bacillus group bacteria are bacteria with Gram-
positive properties characterised by purple cells. Based on the results of Gram stain-
ing, all test isolates are Gram- positive bacteria in the form of rods (bacils). Bacillus
sp. bacteria have morphological characteristics with rod- shaped bacterial cells and
are gram-positive (purple in colour) [14].

Table 1. Morphological identification results of the digestive tract of Egret and Kampung

Chicken
Colony Morphology Cell Morphology
No. Code

Shape Margin Size Surface Colour Gram Shape
1 Al Round Serrated Medium Umbonate Creamy white + Trunk
2 A2 Round Smooth Medium Convex Cregmy + Trunk

white
3 A3 Round Smooth Small Raised Creamy white + Trunk
4 A4 Round Smooth Medium Convex Crea'my + Trunk

white
5 AS Round Smooth Medium Raised Creamy white + Trunk
6 A6 Round Embossed ~ Medium Raised C;it:;y + Trunk
7 A7 Round Smooth Medium Umbonate Creamy white + Trunk

Description: Al; A2; A3; A4 Entok (Proventriculus), AS; Entok (Cecum), A6; Ayam Kampung
(Cecum), A7; Ayam Kampung (Cecum).
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3.2 Cellulase Enzyme Activity Test

Some bacteria that belong to cellulolytic bacteria include; Bacillus subtilis, Pseudo-
monas diminuta, Micrococcus luteus, and Plesiomonas shigelloides [15]. The results
of isloat test in producing cellulase enzyme can be seen in Figure 1.

Fig. 1. Cellulase enzyme activity test results, Al; A2; A3; A4 Entok (proventriculus), AS;
Entok (cecum), A6; Ayam Kampung (cecum) and A7; Ayam Kampung (cecum).

The test results showed that all bacterial isolates produced cellulase enzymes as in-
dicated by the formation of a clear zone around the disc after adding 0.1% red congo
solution. According to [16], the presence of cellulase enzyme-producing bacteria in
the digestive tract of egrets is most likely influenced by the high frequency of con-
suming feed containing fibre. The results of the measurement of the clear zone (Table
2) after being stained with red congo and have different clear zone sizes. The clear
zone formed indicates that the isolate is able to produce extracellular enzymes [17].

Table 2. Results of extracellular enzyme activity of Bacillus sp.

No. Isolate Code Area of clear zone
1 Al 7 mm
2 A2 4 mm
3 A3 3 mm
4 A4 6 mm
5 AS 5 mm
6 A6 8 mm
7 A7 4 mm
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3.3 Molecular Identification

A total of 3 Bacillus sp. bacterial isolates with the ability to produce the best extracel-
lular cellulase enzyme (Al, A4, and A6) were rejuvenated for molecular identifica-
tion. Amplification of 16S rRNA gene was performed using PCR technique with pri-
mer 27F (forward: 5'-AGAGTTTGATCCTGGCTCAG-3") and primer 907R (reverse:
5'-CTTGTGCGGGCCCGTCAATTC-3"). The results of PCR amplification of the 16S
rRNA gene of Bacillus sp. bacterial isolates have been visualised by performing elec-
trophoresis, with amplicons of £931 DNA bands observed as presented in Figure 2.

Based on base sequence alignment analysis of the 16S rRNA gene sequence avail-
able at GenBank NCBI using the BLAST-N (Basic Local Alignment Search Tool-
Nucleotide) programme. Bacterial isolates derived from the digestive tract of ducks
have DNA similarities (Table 3), namely isolate Al with Bacillus cereus strain
SA275Cl1, isolate A4 with Bacillus cereus strain S8 and isolates derived from the
digestive tract of native chickens isolate A6 has similarities with Bacillus subtilis
strain TAM 12118.

10,000 bp

1000 bp

250 bp

Fig. 2. PCR results of bacterial RNA genes of probiotic candidate isolates visualised by elec-
trophoresis with 0.8% agarose gel. 1 kb: maeker, 1: isolates A1, A4 and A6.

Table 3. Comparison of 16S rRNA gene sequences with GenBank database

Isolat Code  Strain Name Acc. No. Query Coverage Max. Identity
Bacillus cereus strain 0 0
Al SA275C] ON795198.1 100 % 100.00%
A4 Bacillus cereus strain S§ MT611946.1 100 % 100.00%
Bacillus subtilis strain 5 o
A6 LAM 12118 NR 112116.2 100% 100.00%

The 16S rRNA gene sequence results showed that the maximum identity value of
all isolates from the digestive tract of muscovy ducks (Cairina moschata) and native
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chickens (Gallus gallus domesticus) had the same value of 100%. Isolates that have
16S rRNA sequence similarities of more than 97% can be said to represent up to the
same species level, 16S rRNA sequence similarities between 93-97% can represent up
to the same genus level [18]. If below 93%, it is likely that the species is not the same
and the sequence of nitrogenous bases has not been registered in Genbank.

One of the Bacillus genus that has potential as a probiotic is Bacillus cereus, be-
cause it can inhibit several pathogenic bacteria such as Salmonella and Campylobac-
ter in the digestive tract and is also a heterotrophic bacterium that can degrade toxic
organic matter in the environment [19, 20, 21]. Bacillus cereus is a probiotic bacte-
rium that is still rarely applied as a useful product in biotechnology. In addition, [22]
used probiotic Bacillus subtilis, and it was shown to have positive effects on produc-
tivity, stimulate immunity, and increase antioxidant capacity in poultry rearing. The
absorption of enzymes produced by Bacillus subtilis bacteria affects egg quality, es-
pecially increasing the viscosity of the yolk, thereby increasing the yolk index value
[23].

3.4  Physiological Identification

Isolate Al (Bacillus cereus strain SA275C1), isolate A4 (Bacillus cereus strain S8)
and A6 (Bacillus subtilis strain IAM 12118) were tested physiologically. Catalase test
results showed all isolate codes produced positive catalase, and SIM test results
showed negative indole (-), positive motility (+), negative H, S production (-). Spore
staining results show that all are positive or have spores which are the main character-
istics of Bacillus sp. Endospores have the ability to be resistant to chemicals found in
nature, resistant to extreme heat, water deprivation, and radiation [24, 25]. The pres-
ence of endospores in Bacillus sp. then this group of bacteria has the ability to adapt
to extreme environments. Further identification to see the ability of bacteria to fer-
ment sugar using 6 types of sugar, namely glucose, sucrose, maltose, arabinose, lac-
tose, and ramnose. The data obtained are presented in Table 4.

Table 4. Biochemical test

Sugar Fermentation Ability

Isolate Code

Glucose  Lactose Sucrose Ramnose Maltose Arabinose
Al + - + - + +
A4 + - + - + -
A6 + - + - + +

Based on the results obtained, the 3 isolates sourced from the digestive tract of En-
tok and Kampung Chicken have almost the same ability to ferment sugar. According
to [26], explaining in the sugar-sugar fermentation test, only glucose and maltose
media experienced acid formation which was marked by a change in the colour of the
media from blue to yellow, meaning that these bacteria formed acid from glucose
fermentation.
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3.5 OD (Optical Density) Measurement

In this study, the media used is LB (lysogeny Broth) which is a medium commonly
used for bacterial growth [27]. The results of OD (Optical Density) measurements or
the growth of extracellular enzyme-producing bacteria are presented in Table 5.

Table 5. Bacterial growth measurement results (OD )q00

Culture Time
No. Isolate Code

3 hours 4 hours 5 hours 6 hours
Al 0.192 0.249 0.292 0.397
A4 0.105 0.204 0.220 0.318
A6 0.162 0.282 0.340 0.382

The results of this study indicate that the growth of test bacteria has good growth
and varies every hour. Bacterial growth shows that the adaptation time of bacteria is
relatively short to grow in the first 3 hours, in accordance with the opinion of Yuliana
[28] that the short adaptation phase in bacteria is due to the same media at the time of
refreshment, causing a short time of adjustment to the new environment. At a culture
time of 3 hours to 4 hours, bacterial growth has entered the exponential phase which
shows constant growth in bacterial cells.

3.6  Bacterial Activity at pH Conditions of the Gastrointestinal Tract

The resistance of probiotic bacteria to the pH conditions of the poultry digestive tract
is an important indicator in the selection of probiotic candidate bacteria. Bacteria that
are resistant to low pH are generally suitable for use as probiotics as long as they are
not pathogenic and non-toxic. [29] stated that there was no significant difference in
the viability of probiotic bacteria tested in vivo and in vitro. [30] stated that pH condi-
tions and transit time in each digestive organ of poultry are quite varied including the
cache (pH 5.5 for 50 minutes), proventriculus (pH 2.5-3.5 for 90 minutes), duodenum
(pH 5.6 for 5-8 minutes), jejenum (pH 6.5-7 for 20-30 minutes), and ileum (pH 7-7.5
for 50-70 minutes). According to [31] pH affects the activity of cellulose degrading
bacteria, where acidity can inhibit enzyme activity in bacteria. According to [32], the
optimum pH of cellulolytic bacteria ranges from 5-8. The number of bacteria in this
study was tested using PBS in vitro at pH 2.0 and pH 7.0 with incubation times of 0
hours and 3 hours presented in Table 6.
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Table 6. Bacterial counts at pH 7.0 and 2.0 conditions

Bacterial viability (log CFU/ml)

o. ode pH 7.0 pH 2.0
3 hours (10)° 3 hours (10)*
Al 7.96 593
4 A4 7.62 5.61
A6 7.68 5.51

The results of this study showed that bacterial growth at pH 7.0 and 2.0 showed
good growth. The ability of bacteria to survive at extreme pH can be used as a param-
eter for selecting probiotic bacteria and can be used as a benchmark for determining
the dose of probiotics for poultry. Bacterial viability at low pH conditions is influ-
enced by very specific homeostatic conditions. There are three mechanisms in the
homeostatic process of bacteria including arginine deiminase (ADI) system, H+-
ATPase proton pump and glutamate decarboxylase (GAD) system. A different mech-
anism is shown by probiotics from the genus Bacillus spp. which initiates endospore
formation to defend its genome from unfavourable conditions. Each bacterial cell will
produce one endospore cell which can then germinate to form vegetative cells when
environmental conditions improve.

3.7  Antagonistic Properties of Bacteria Against Pathogenic Bacteria

Probiotics are defined as microorganisms that are able to modify the composition of
bacteria in the digestive tract. Probiotics are live microorganisms that, when present
in sufficient quantities, are beneficial for improving host health, especially in the di-
gestive tract. Microbiological antagonism tests utilise microorganisms as test indica-
tors where these microorganisms are used as determinants of the concentration of
certain components in complex chemical mixtures.

The formation of inhibition zones in the antagonistic test is due to the content of
compounds that are antimicrobial in nature produced by bacteria from the digestive
tract of ducks and native chickens. The inhibition zone formed indicates that bacteria
from the digestive tract of ducks and native chickens can inhibit the growth of patho-
genic bacteria S. aureus. This is in accordance [33] that probiotics can provide a bal-
ance of microbiota in the digestive tract that has changed due to the entry of patho-
gens, so that pathogens can be suppressed in population through the influence of an-
timicrobials present in probiotics.

According to [34] microbial populations can release chemical substances that have
bactericidal or bacteriostatic abilities that can affect other bacterial populations. The
ability of a bacterium to affect other bacterial populations because this antibacterial
agent is able to reduce pH to low so that pathogenic bacteria are difficult to survive.
Antimicrobial activity against pathogenic bacteria is presented in Table 7.
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Table 7. Antimicrobial activity test results against pathogenic bacteria

Antibacterial Test
NO Isolate Code

S. Aureus
Al + (0.5 mm)
A4 + (0.5 mm)
A6 + (1 mm)

This study aims to determine the ability of each isolate in inhibiting pathogenic
bacteria. The pathogen used as a control is S. aureus. The results showed that the 3
isolates were able to inhibit S. aureus bacteria. [35] in his research mentioned that the
way antibacterial compounds work against pathogenic bacteria is to disrupt the con-
stituent components of the cell wall so that there is a decrease in cell permeability
which causes the loss of cell constituent components and the destruction of genetic
material.

[36] reported that the category of antimicrobial inhibition based on its diameter is
divided into 3, namely, if the diameter is 0-3 mm the growth inhibition response is
weak, according to this study that all isolates have weak inhibition. Antimicrobial
Bacillus is produced in the stationary phase, which is when it produces secondary
metabolism [37]. In this phase physiological changes occur, the number of dead cells
increases, and the number of living cells is constant [38]. In this phase, bacteria do not
multiply cells due to decreased oxygen levels, depleted nutrients, and produce many
antimicrobials [39]. Antimicrobial production is governed by overall regulatory con-
trols that play a role in growth rate and specific regulatory effects on each metabolic
pathway, genetic factors, and media composition. Bacillus sp. bacteria produce im-
munity and antimicrobials such as bacteriocins [39]. The ability of Bacillus bacteria to
inhibit the growth of pathogenic bacteria is also influenced by the cell wall structure
of a bacterium.

4 Conclusion

This study successfully isolated four bacterial isolates of the genus Bacillus from the
digestive tract of ducks (Cairina moschata) and native chickens (Gallus gallus do-
mesticus), with three isolates showing the ability to produce cellulase enzymes, name-
ly Al (Bacillus cereus strain SA275C), A4 (Bacillus cereus strain S8), and A6 (Bacil-
lus subtilis strain IAM 12118). These three isolates have cellulase activity indicated
by different clear zones, namely Al (7 mm), A4 (6 mm), and A6 (8 mm). Physiologi-
cal tests showed that all three were positive for catalase, positive motility, and nega-
tive for indole and H»S production. However, all three isolates showed a weak ability
to inhibit the growth of Staphylococcus aureus, with inhibition zone diameters of
about £0.5 mm for Al and A4, and 1 mm for A6. Thus, these Bacillus isolates have
potential as probiotic candidates for poultry, although their antimicrobial effective-
ness is still limited.
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