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Abstract

Dadih is a unique traditional West Sumatra fermented milk curdled in bamboo at room
temperature for 24-48 hrs. This study used data from Tanjung Bonai Subdistrict, Lintau
Regency, West Sumatra, Indonesia. Dadih contains lactic acid bacteria, which are
known as potential probiotics because of their morphology, biochemical properties,
resistance to low pH (3), 0.3% bile salts, and antimicrobial activity against pathogenic
bacteria. The purpose of the study was to identify the morphological, biochemical, pH-
resistance, bile acid, antimicrobial activity, and molecular identification by 16S rRNA
features of lactic acid bacteria (LAB). Lactic acid bacteria isolated from curd samples
were gram-positive, catalase-negative, homofermentative, and rod-shaped. Lactic acid
bacteria concentrations varied from 82x10% to 124x10® CFU/g. It was discovered that
lactic acid bacteria were resistant to pH 3 (96.24%), bile salt resistance (0.3%) and ox
gall (91.73%). The lactic acid bacteria also have antibacterial action against Listeria
innocua and Propioniacterium acnes, Lactiplantibacillus pentosus was the lactic acid

bacteria DHS6 that was isolated from dadih.

1. Introduction

Buffaloes are large ruminants living in hot and
humid areas that produce animal protein such as meat
and milk. The benefits of buffalo milk over cow milk are
not only in terms of physico-chemical, compositional
and sensory but also in its nutritional aspects (Mane and
Chatli., 2015). Buffalo milk is rich in fat, protein,
lactose, and other nutrients like calcium, iron,
phosphorus, vitamin A and natural antioxidants
(Abesinghe et al., 2020). According to Purwati et al.
(2016), West Sumatran buffaloes make 1.5-2 L milk/day.
The people of West Sumatra process buffalo milk into
dadih, a traditional food. Dadih is a traditional West
Sumatra food made from buffalo milk fermented for 24-
48 hrs at room temperature (Surono et al., 2008). Dadih
is a functional, probiotic food containing lactic acid
bacteria (LAB). LAB is a type of probiotic bacteria that
can convert lactose into lactic acid (Purwati et al., 2016).
LAB is a group of Gram-positive bacteria that are non-
motile and mesophilic, facultative anaerobes, non-spore-
forming, arranged in pairs or chains, bacilli or cocci
shaped, negative catalase, and producing lactic acid by
carbohydrates fermentation (Ray and Bhunia, 2004).
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Probiotics are living organisms that can benefit the
host when consumed sufficiently. Probiotic bacteria are
beneficial for human health, such as the immune,
urogenital, intestinal systems and energy reduction
(Sanap et al., 2019; Tegegne and Kebede, 2022). The
Food and Agriculture Organization (2002) mentioned
that probiotics, resistant to gastric acid and digestive bile
salts, can attach to intestinal epithelial cells, produce
antimicrobial activity, and benefit the intestine. Probiotic
bacteria are considered safe microorganisms or GRAS
(generally recognized as safe), non-pathogenic,
antitoxin, and non-antibiotic-resistant.

One of the areas in West Sumatra that produce dadih
is Tanjung Bonai District, Lintau Regency, West
Sumatra. Tanjung Bonai is the milk-curdling center in
Lintau Regency. There are around 500 buffaloes
dispersed throughout the Nagari Tanjung Bonai,
although only 5% of the dadih is produced. Each
buffalo produces no more than 1 litre of dadih every
day. The inhabitants of West Sumatra employ whole
bamboo  (Gigantochloa  hasskarliana), gombong
bamboo (Gigantochloa verticillata), and betung
bamboo (Dendrocalamus asper) in the fermentation of
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curd. The quality of the dadih is determined by the
type of bamboo (Purwati et al, 2017). This study
identified the morphological, biochemical, pH-
resistance, bile acid, antimicrobial activity, and
molecular identification of lactic acid bacteria from the
dadih made in Tanjung Bonai District, Lintau Regency,
West Sumatra.

2. Materials and methods

This study used data derived from buffalo breeders
in Tanjung Bonai District, Lintau Regency, West
Sumatra, Indonesia (Figure 1). A total of six samples of
dadih (DH1, DH2, DH3, DH4, DHS and DH 6) were
collected from buffalo aged 2-3 years old. The species of
buffalo is Bubalus bubalis carabauesis, commonly
known as the swamp-type buffalo or water-type
buffalo. Fresh milk was collected and placed in a plastic
container and filtered before being transferred into
bamboo and tightly covered with leaves or paper for 48
hrs. The milk was allowed to naturally ferment for two
days in a bamboo tube. Bambusa vulgaris var.
vulgaris, sometimes known as Tali bamboo but known
locally as Aua, was the bamboo species used to make
curd. The antimicrobial activity of the LAB against the
bacteria Escherichia coli 0157, Propionibacterium
acnes, baumanni, Salmonella,
Staphylococcus aureus, Listeria monocytogenes, Listeria
innocua and Pseudomonas was tested. The 16S rRNA
gene was used for molecular identification. This study
was conducted at the Laboratory of Animal Products
Technology, Faculty of Animal Husbandry, Andalas
University, Padang.
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Figure 1. Location of Tanjung Bonai, Lintau Buo Utara
kabupaten Tanah Datar (-0.3617993555869212,
100.72796000606124). (a) Pulau Sumatera, (b) Provinsi
Sumatera Barat, (c) Kabupaten Tanah Datar, (d) Nagari
Tanjung Bonai.

2.1 Isolation and identification of lactic acid bacteria

Dadih (1 g) was dissolved in a test tube containing 9
mL of de Mann Rogosa Sharpe (MRS) broth solution
and vortexed until homogeneous. The dilution of 10
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was incubated for 24 hrs at 37°C. Then, 100 pL of the
dilution was put into an Eppendorf tube containing 900
uL of MRS broth, and then vortexed again. Each
homogenized sample was diluted from 107 to 10°. Each
diluted sample was plated using the spread method on a
petri dish containing MRS agar and then flattened using
a hockey stick. The inoculum was stored in an anaerobic
jar and then incubated for 48 hrs at 37°C (Shafakatullah
and Chandra, 2014). The Quebec colony counter was
used to quantify the total colony forming units (CFUs).

2.2 Biochemical properties

The fermentative test was performed by growing the
lactic acid bacteria isolated in 5 mL of MRS broth. Then
the Durham tube was inserted upside down into the test
tube and incubated for 48 hrs at 37°C. The presence or
absence of air bubbles was observed in the Durham tube
(Rashid ef al., 2014). The catalase test was carried out by
taking lactic acid bacteria with a loop needle, scratching
on a glass slide, and dripping 3% hydrogen peroxidase
(H,0,) with a 50 pL pipette. The bubbles formed on the
slide were observed (Public Health England, 2014).

2.3 Resistance to acid pH test

The resistance to low pH was performed by adding
500 pL of the lactic acid bacteria isolate to 4.5 mL MRS
broth, and then HCI was added to get pH 3 to mimic the
pH of gastric acid. The solution was diluted to 10, and
100 pL was plated in a petri dish containing MRS
Agar media. The inoculum was incubated for 48 hrs.
After that, the number of colonies and viability were
calculated (Sunaryanto and Marwoto, 2013).

L ) ) log CFU N1
The viability /Survival (%) = )

—————x 100
og CFU NO

Where N1= total number of cells that survived after
the treatment each pH and NO = total number of cell that
were alive before the treatment/control.

Survival rates of higher than 75% were considered
tolerable to gastrointestinal problems.

2.4 Bile salt resistance test

A 1 mL of cultivated lactic acid bacteria was added
to 9 mL of MRS broth and incubating the mixture at 37°
C for 24 hrs. An aliquot (1 mL) of bacterial culture was
transferred into a test tube containing 9 mL of MRS
Broth solution without oxgall (control) and in MRS
broth with 0.3% oxgall for 24 hrs. All cultures were
diluted up to 10 and plated onto MRS agar media. The
plates were incubated for 48 hrs at 37°C. After that, the
number of colonies and viability were counted
(Sunaryanto and Marwoto, 2013).
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2.5 Antimicrobial susceptibility test

Modification of the well diffusion assay of Yang et
al. (2012) was used to investigate the antibacterial
activity against selected pathogens. Lactic acid bacteria
were cultured in MRS broth for 24 hrs at 37°C, under
anaerobic conditions, and then centrifuged at 10,000 rpm
for 5 mins at 4°C to obtain cell-free supernatant. Up to
0.2% of pathogenic microorganisms were added to 20
mL of sodium agar (NA), which had been chilled to
50°C and left to stand until it hardened. Using a cock
borer, a 4 mm-diameter well was created on compacted
NA material. A well containing pathogenic bacteria on
sodium agar was filled with 50 pL of the supernatant.
After 24 hrs, the size of the inhibition zone, which
indicated the isolate's antibacterial activity, was
measured using a caliper. Ampicillin and kanamycin
were used as controls.

2.5 16S rRNA for bacteria identification

Only the DHS6 isolate was used for molecular
identification because it was the best isolate from a
probiotic screening that included acid and bile resistance
tests as well as antibacterial tests. In MRS broth, lactic
acid bacteria were cultured for 24 hrs at 37°C. The Extrap
Soil DNA Kit Plus Ver. 2 was used to isolate genomic
DNA. The 16S rRNA gene fragment of 1.5 KB was used
as the target of the universal primer pairs used in the
polymerase chain reaction (PCR). Initial denaturation was
performed at 95°C for 5 mins with 25 cycles, followed by
denaturation at 94°C for 1 min, then during annealing at
56°C for 1 min, extension at 72°C for 1.5 mins, and
finally extension at 72°C for 7 mins. Using 1% agarose in
1 TAE buffer and electrophoresis at 100 V for 21 mins.
Purification was carried out using a rapid gene
extraction/PCR kit (Nippon Genetics, Germany). The
sequence results were analyzed using the BLAST
program in the NCBI Gene Bank database available at
http://blast.ncbi.nlm.nih.gov/Blast.cgi and constructed
with BioEdit software. The phylogenetic tree was built
with Mega version 6.0 software.

3. Results and discussion
3.1 Morphological identification of lactic acid bacteria

The first step in determining LAB isolates is to

identify the morphological characteristics of curd LAB
colonies. A single colony of LAB isolates, designated as
DHS 1, DHS 2, DHS 3, DHS 4, DHS 5, and DHS 6 was
collected from a curd tube. Colonies with a creamy
white, convex surface and smooth edges were discovered
during the macroscopical examination of the LAB (color,
shape and size).

Based on the data in Table 1, the lactic acid bacteria
colonies from the dadih samples analysed ranged from
82x10* CFU/g to 124x10* CFU/g. According to FAO
(2002), the lactic acid bacteria in fermented foods
ranged from 10° to 10° CFU/g. Lactic acid bacteria
isolated from dadih were yellowish-white, round-shaped,
with smooth and convex elevation (Table 2). The Gram
staining test showed that the bacteria isolated from the
dadih were Gram-positive rod-shaped. The colony
remained stained purple when exposed to crystal violet
even after washing and dropping safranin red (Unus,
2005). The characteristics of lactic acid bacteria are
Gram-positive, bacilli- or cocci-shaped, facultative
anaerobe, non-sporing and lactic acid as the main
product of fermentation of carbohydrates (Salminen et
al., 2004).

Table 1. Total lactic acid bacterial colonies.

Sample Code Total lactic acid bacterial colonies (CFU/g)

DHS 1 98x10*
DHS 2 110x10®
DHS 3 103x10®
DHS 4 90x10®
DHS 5 82x10"
DHS 6 124x10®

3.2 Test nature of biochemistry

Purification is performed to create a bacterial stock
that will be used for further analysis, specifically
microscopic identification. In this investigation,
microscopic identification was done by looking at the
physiological traits of LAB isolates. Using the Gram
stain test, observations were performed to determine
which bacteria belonged to the positive or negative
Gram, which was indicated by the bacterium's absorption
of the reagent color. Gram-positive bacteria take up the
purple crystal violet reagent, while Gram-negative
bacteria take up the red safranin reagent. According to
Salminen et al. (2004), LAB produces lactic acid, which

Table 2. Macroscopic identification of lactic acid bacteria.

Isolates Color Colony Shape Size Edge Elevation

DHS 1 White-yellow Round 2.0mm  Mean-Smooth Convex

DHS 2 White-yellow Round 1.5 mm Average Smooth, Glossy Convex
DHS 3 White-yellow Round 1.0 mm Average Smooth, Glossy Convex
DHS 4 White-yellow Round 2.1 mm Average Smooth, Glossy Convex
DHS 5 White-yellow Round 1.8 mm Average Smooth, Glossy Convex
DHS 6  White-yellowish Round 2.0 mm Smooth Squishy-Convex
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is a primary product of carbohydrate fermentation
(glucose, fructose, and sucrose), and is a facultative
anaerobic, Gram-positive, spherical or rod-shaped
microorganism. It also doesn't produce spores.

According to the biochemical test, the bacteria
isolated from dadih are homofermentative and catalase-
negative (Table 3). Bubbles characterized the
homofermentative isolate in the Durham tube. There are
two types of lactic acid bacteria based on the
fermentation type: homofermentative and
heterofermentative. Homofermentative bacteria produce
90% lactic acid in fermentation. In contrast,
heterofermentative fermentation results in less than 90%
or equal to other products such as acetic acid, ethanol
and CO, (Winarno, 2004). The absence of bubbles
indicated the adverse catalase reaction, which meant that
there was no oxygen gas formed due to the reshuffle of
H,O, by the catalase enzyme produced by bacteria.
Lactic acid bacteria are non-motile and produce a variety
of other metabolites that hydrogen peroxide (H,O,)
caused by not having the catalase enzyme that can break
the H,0O,. Hydrogen peroxide is toxic to cells because
it can inactivate the catalase enzyme in cells (Surono,
2004).

Table 3. Biochemical analysis of lactic acid bacteria.

Isolates Catalase test ~ Type of Fermentation
DHS 1 Negative (-) Homofermentative
DHS 2 Negative (-) Homofermentative
DHS 3 Negative (-) Homofermentative
DHS 4 Negative (-) Homofermentative
DHS 5 Negative (-) Homofermentative
DHS 6 Negative (-) Homofermentative

3.3 Resistance to acid pH test

The wviability of lactic acid bacteria under acidic
conditions (pH 3) ranged from 64.44% - 96.24% (Table
4). DHS 3 has the highest viability (96.24%). When the
lactic acid bacteria is tolerant to gastric acid, it qualifies
as probiotics because bacteria must withstand the low
pH before entering the intestine (bile salts). Most of the
microbes in the stomach will die due to gastric
conditions with a very acidic or low pH (Wijayanto,
2009). Rizqiati et al. (2008) reported that resistance to

Table 4. Viability of resistance to gastric acid.
Bacterial cells number (CFU/mL)

Isolates Viability (%)
pH Control pH3
DHS 1 180x10° 116x10° 64.44
DHS 2 166x10° 121x10° 72.89
DHS 3 213x10° 205%10° 96.24
DHS 4 226x10° 207%10° 91.59
DHS 5 230%10° 196x10° 85.22
DHS 6 218x10° 185%10° 84.86

https://doi.org/10.26656/r.2017.8(5).268

gastric acid is one of the requirements for an isolate to
become a probiotic. The LAB must survive at a gastric
acid-low pH. There are many LAB strain types that
have been obtained from various sources, according to
research by Hu et al. (2019). LAB, a possible probiotic,
is resistant to acidic pH and has viability ranging from
80% (DHS3, DHS4, DHSS and DHS6).

3.4 Bile salt resistance test

The viability of 0.3% bile salt lactic acid bacteria
ranged from 56.25% - 91.73%. Isolate DHS 6 has the
highest viability (91.73%) (Table 5). This study showed
that LAB isolates from dadih could survive at 0.3-0.5%
bile salts in the human body. The higher the viability of
bacteria obtained, the higher the resistance of probiotic
bacteria to bile salts. Effective probiotics must withstand
the conditions of bile salts secreted by the liver. Bile
salts reduce the number of bacteria by destroying their
cell walls. Dadih isolates DHS 6 had higher viability
than Lactobacillus fermentum strain IMAU70167
isolated from buffalo milk with viability of 32.23-
56.13% 1in 0.3% bile salt for 4 hrs (Melia et al., 2018)
and Lactobacillus plantarum isolated from dadih of
Limapuluh Kota Regency with viability of 54.90% 0.3%
bile salt for 5 hrs (Abdullah et al., 2021). According to
Harun et al. (2020), lactic acid bacteria resistance to bile
salts is related to the enzyme bile salt hydrolase (BSH),
which hydrolyzes conjugated bile salts reducing the toxic
effect on cells.

Table 5. Viability of resistance to bile acid 0.3%.
Bacterial cells number (CFU/mL)

Isolates Viability (%)
Oxgall Control 0.3% Oxgall

DHS 3 16x10° 9x10° 56.25%

DHS 4 136x10° 104x10° 76.47%

DHS 5 162x10° 110x10° 67.90%

DHS 6 133%10° 122x10° 91.73%

3.5 Antimicrobial activity test

Antimicrobial activity tests were performed on the
two isolates DHS 4 and DHS 6 to see if they might
inhibit the growth of harmful bacteria. Both isolates had
viability levels above 70% in bile salt. Table 6 illustrates
how the clear zone developed. Lactic acid bacteria
isolated from dadih had clear zones against E. coli 0157
(3 mm), P. acnes (3-5 mm), A. baummanii (2-4 mm), L.
monocytogenes (3 mm), L. (5 mm),
Pseudomonas (3-4 mm), Salmonella (4 mm) and S.
aureus (2-3 mm) as shown in Table 6. Listeria innocua
was the most sensitive to dadih isolate with a zone
diameter of 5 mm (Figure 2). Pan et al. (2009)
categorized antibacterial activity based on the diameter
of the clear zone as follows: low antimicrobial activity
(0-3 mm), moderate antimicrobial activity (>3-6 mm),

innocua
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Table 6. Zone diameter clear lactic acid bacteria dadih isolate against eight pathogens.

Clear zone (mm)

)

SR =
g S «8 w "§ S g B
o T a3 85 % 3o § g
Source Inhibitory O 3, Sl § 8 I 8§ 3 S & 5 S
2% 8% 8% £ 3§38 303
NS 5Q =9 . w2 S0 g 3 S
N & 38 = I 8 ° 3 N
Q Q =g S 30S Q S
DHS 4 3 3 4 4 5 3 5 4
DHS 6 3 2 2 4 3 3 5 3
Ampicillin DHS 8 8 6 9 3 3 3 4
Kanamycin DHS 5 6 5 3 6 2 3 5

and high antimicrobial activity (> 6 mm).
acid bacteria have antimicrobial activity against L.
monocytogenes and probiotic potential. Organic acids
and hydrogen peroxide produced by lactobacilli can
inhibit the growth of gram-positive and gram-negative
bacteria, while bacteriocins are more influential on gram
-positive bacteria (Vasiee et al., 2014). Lactic acid
bacteria produce lactic acid, the main glucose
fermentation product (Arena ef al., 2017).

Ampicilin

Listeria innocua Propionibacterium acnes

Figure 2. Antimicrobial activity of lactic acid bacteria from
dadih.

3.6 16S rRNA amplification results using PCR

Amplification of 16S rRNA gene from the lactic
acid bacteria isolated from dadih is presented in Figure
3. PCR fragment size of 1427 bp using R Primer (16S-
1492R, Tm 47°C, 5'- GTT TAC CTT GTT ACTACT-3
Y and F (16S-27F, Tm 54.3°C, 5'-AGA GTT TGA
TGCC CTC AG-3. The phylogenetic tree based on the
16S rRNA gene sequence can be seen in Figure 4. The
results of the dadih isolate sequencing were compared

Some lactic with the Gen Bank data using the Basic Local Alignment

Search Tool (BLAST) program on the National Center
for Biotechnology Information (NCBI) website, showing
a 100% similarity level with Lactiplantibacillus
pentosus (Figure 5). The conclusion is that the lactic
acid bacteria DHS6 isolated from dadih is L. pentosus.
Elsewhere, Nishioka et al. (2020) isolated a strain of L.
pentosus strain AWA1501 from traditional Japanese tea
Awa-bancha. Previous studies have reported that this
species becomes dominant after the anaerobic
fermentation. Awa-bancha is a post-fermented tea
produced in Nara and Kamikatsu, Tokushima Prefecture,
Japan. These bacteria produce lactic acid, which gives
Awa-bancha its unique acidity and taste compared to
green tea. It also increases the resistance to tea. Previous
studies using the same method to identify and

1427

Figure 3. PCR amplification of lactic acid bacteria DHS6
isolate. Lane 1: DHS6 isolate, M: ladder DNA 1 kb.

BDHS 6

Lactiplantibacillus plantarum strain LAB 01168 ribosomal RNA gene, partial sequence
! Lactiplantibacillus plantarum strain RD1 168 ribosomal RNA gene, partial sequence
Lactiplantibacillus pentosus strain 3S2R12 16S ribosomal RNA gene, partial sequence
Lactiplantibacillus pentosus strain 3S2R6 16S ribosomal RNA gene, partial sequence
Lactiplantibacillus pentosus strain 1S2R7 16S ribosomal RNA gene, partial sequence
Lactiplantibacillus plantarum strain XJ25 chromosome.complete.genome
Lactiplantibacillus sp.strain SNI3 16S ribosomal RNA gene, partial sequence
Lactiplantibacillus plantarum strain R-48929 16S ribosomal RNA gene, partial sequence

Lactiplantibacillus plantarum strain LF-8 16S ribosomal RNA gene, partial sequence

Lactiplantibacillus pentosus strain F126-M 168 ribosomal RNA gene, partial sequence

Figure 4. Phylogenetic tree of DHS6 isolate.
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Description Max el Seor Ew' E value Per Ident Accessio
v Score = Cove s Cessio
- ¢
Lactiplantibacillus pentosus strain F126-M 16S ribosomal RNA gene, partial sequence 2636 2636
Lactiplantibacillus plantarum strain LAB 01168 ribosomal RNA gene, partial sequence 2636 263%

Lactiplantibacillus plantarum strain XJ25 chromosome.complete.genome

Lactiplantibacillus sp.strain SNI3 16S ribosomal RNA gene, partial sequence
Lactiplantibacillus plantarum strain R-48929 16S ribosomal RNA gene, partial

[<H<H<B<B<BE<B<HE<H<HN<

Lactiplantibacillus plantarum strain RD116S ribosomal RNA gene, partia sequence
Lactiplantibacillus pentosus strain 3S2R12 16S ribosomal RNA gene, partial sequence
Lactiplantibacillus pentosus strain 3S2R6 16S ribosomal RNA gene, partial sequence
Lactiplantibacillus pentosus strain 1S2R7 16S ribosomal RNA gene, partial sequence

Lactiplantibacillus plantarum strain LF-8 165 nbosomal RNA gene, partial sequence

Figure 5. BLAST analysis of DHS6 isolate. Source: NCBI (2021)

characterize LAB from dadih in West Sumatra produced
a range of outcomes. According to research conducted in
Air Dingin, Alahan Panjang region, Lactobacillus
plantarum strain 8m-21 exhibits probiotic properties
(Harun et al. 2020). Meanwhile, in the Halaban Lima
Puluh Kota area, the dominant type of LAB was L.
plantarum (Abdullah et al., 2021). The type of buffalo
food makes a significant difference in the quality of the
dadih. If the buffalo consume a lot of grass with a high
moisture level, they will produce less quality dadih
(during the wet season). The length of the fermentation
process and the variation in the fermentation process
(spontaneous or with the inclusion of a starter) in each
region also affect the dadih's quality (Dewi et al., 2021).

4. Conclusion

The concentration of lactic acid bacteria isolated
from dadih was from 82x10® CFU/g to 124x10® CFU/
g. Lactic acid bacteria isolated from dadih had the
highest viability of 96.24% at pH 3, 91.73% at 0.3% bile
salt, and possessed antimicrobial activity against L.
innocua. Based on the phylogenetic tree, the lactic acid
bacteria isolated from the dadih in Tanjung Bonai
District was identified as L. pentosus.
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