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ABSTRACT

Sarawak native’s fermented food can be a catalyst for boosting the local economy in Sarawak. The Lactic Acid Bacteria (LAB) are
generally regarded as safe, have a stability of usage, and originate from natural resources. Lactic acid bacteria and yeast work in
synergy to provide a natural way to enhance the nutritive value and flavour of the food. The study aims to investigate the presence
of potential probiotic Lactic Acid Bacteria (LAB) and yeast isolated from Sarawak fermented food. Two hundred fifty (n=250) of
samples including fifty (n=50) each sample such as fermented shrimps (cencaluk), fermented mustard vegetables (kasam ensabii),
fermented fish (kasam ikan), fermented dabai (Canarium odontophyllum) and fermented fish (rusip). Molecular identification of the
bacteria and yeast isolates was carried out by PCR amplification of the 16S rRNA (27F and 1492-R) and ITS (ITS5-F and ITS4-R) rRNA
region. The successfully amplified PCR products were sent for Sanger sequencing As a result, a total of 45.2% (113/250) Lactic Acid
Bcateria (LAB) which are 96% (48/50) of W. paramesenteroides was detected in fermented dabai, 80% (40/50) S. pasteuri in
fermented fish rusip samples and 50% (25/50) in P. agglomerans in cencaluk samples. Meanwhile, yeast Candida species; 90% (45/50)
of C. magnoliae and 50% (25/50) of C. parapsilosis are detected in fermented dabai and ensabi respectively. Based on the findings,
both yeast and bacteriocin-producing lactic acid bacteria found in the fermented food specifically in dabai. A better understanding of
microbial ecology can help the food industry to improve the foods in terms of quality and safety. The good quality of the LAB and
yeast in the food such as starter culture will enhance the texture and nutritional value and Sarawak fermented food product found
enriched with LAB.
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1. Introduction

Continual efforts have been made by national organizations to discover new tourism products
and activities that have the opportunity of being marketed and promoted in Sarawak. Gastronomy
has been identified as one of the new tourism products which is directly relevant to the Sarawak
context. At present, gastronomy is a valuable source of attracting tourists from all over the world and
this has led to the empirical investigation on domestic tourist perception of Sarawak ethnic native’s
food such as fermented food including Terubuk ikan masin, cencaluk, pekasam and many more [1].
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Ethnic native food in fact is a window of the identity of the Sarawak cultures and a pleasurable
experience for tourists.

Nest generation sequencing (NGS) has transformed from being solely a research tool to
becoming routinely applied in many fields including diagnostics, outbreak investigations
antimicrobial resistance, forensics, and food authenticity. The technology is developing at a rapid
pace, with continuous improvement in quality and cost reduction. NGS in food microbiology is
predominantly used in determination of the whole genome sequence of a single cultured isolate
including a bacterial colony, a virus, or any other organism in food sample [2].

Fermented food is very popular among the people in Asia-Pacific region including Sarawak.
Since this region is characterized by its tropical and subtropical climate, it is very important to
preserve the harvest crops. Lactic acid bacteria or (LAB) is a group of related bacteria producing lactic
acid as the result of carbohydrate fermentation [3]. LAB is widely used as starter cultures for dairy,
meat, and vegetable fermentations [4]. In addition to flavour development and food preservation,
they also produce variety of compounds with antimicrobial activity, including organic acids, hydrogen
peroxide and bacteriocin [5,6].

Bacteriocin produced by LAB could inhibit not only closely related species, but also the growth
of pathogenic bacteria [7,8,9]. Many LABs have important roles in the production of fermented foods,
and some of the bacteria are capable of inhibiting the growth of a wide variety of food spoilage
microorganisms [10]. Thus, LABs are an attractive source of inhibitory compounds with promising
natural food preservatives for improved food quality and safety.

In recent years, there is an increase in detecting the presence of the microorganism that are
present in the fermented food. Most of the research are using the cultural method since it is a long
and well-established method to determine the presence of microorganisms [10]. However, according
to Giraffa and Neviani [12], this method has limitation as it is difficult to obtain the true community
of microbial present in the food. It is because only the cultivable microorganisms are detected which
only present in a little portion from the total microbial population in food [12]. As the development
of next generation sequencing (NGS) techniques, the whole microbial community can be determined.
Metagenomic analysis is based on gene DNA fragments, in which the genetic materials are obtained
directly from the environment [10]. Kergourlay et al. [11] also mentioned that up until recently, the
metagenomic analysis used in food are less reported as there are considered low in term of diversity
of microbial community in food compared to soil and human microbiota.

The study aims to investigate the presence of potential probiotic Lactic Acid Bacteria (LAB)
and yeast isolated from Sarawak traditional fermented food including cencaluk, kasam ensabi, kasam
ikan, fermented dabai and rusip. The findings reveal information regarding the bacterial diversity and
their possible role in Sarawak fermented food using molecular approaches.

2. Methodology
2.1 Samples Collection

A total of 250 of samples including 50 each sample such as fermented shrimps (cencaluk),
fermented vegetables (kasam ensabi), fermented fish (kasam ikan),fermented dabai (Canarium
odontophyllum) and fermented fish (rusip) were collected from grocery stores and wet market in
Kuching, Sarawak, Malaysia. The processing of the samples was held in Microbiology Laboratory 2,
Faculty of Resources Sciences and Technology, UNIMAS.
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2.2 Isolation of Lactic Acid Bacteria and Yeast

A total of eleven gram (n=11) of food sample was homogenised with 99 mL of 1X phosphate
buffered saline (PBS) for 2 minutes. Then, serial dilutions were done for each sample. LAB was
isolated using the de Man, Rogosa and Sharpe (MRS) media, while yeasts were isolated using potato
dextrose agar (PDA) media. The LAB was incubated anaerobically in anaerobic jar for 72 hours at
35°C. The yeast was incubated aerobically for 48 hours at 30°C. Morphology of the colonies formed
on the media was observed using microscope by gram staining. A colony from each plate was used
for DNA extraction.

2.3 DNA Extraction

The method used was based on DNA extraction method by Martin-Platero et al. [12]. One
gram of each food samples was weighed. The food sample was finely ground before transferred into
1X PBS for homogenization. Pellet obtained was suspended in 100 pL lysozyme buffer (20 mM Tris-
HCL, pH 8, 2 mM EDTA, 1% Triton X-100) and incubated at 37°C for 30 min. Next, 600 uL of lysis buffer
was added to the mixture and incubation was done at room temperature for 15 min. Then, 10 uL of
proteinase K (10 mg/mL) was added into the mixture before incubation at 37°C for 15 min. The
incubation then continued to increased temperature of 80°C for 5 min. Then, cooling down was
performance to room temperature for 10 min, and 200 pL of sodium acetate (3 M, pH 5.2) was added.

The mixture was vortexed briefly and placed on ice for 15 min. Subsequently, the sample was
centrifuged for 10 min at 6,000 rpm. Supernatant was then transferred to a new tube and equal
volume of isopropanol was added to precipitate the DNA. The tube was inverted several times before
centrifugation for 5 min at 10,000 rpm to obtain the DNA pellet. The supernatant was discarded, and
the pellet was washed with 1 mL of 70% ethanol and left to dry at room temperature. The dried DNA
pellet was then suspended in 50 uL TE buffer.

2.4 PCR amplification

PCR amplification was performance in a thermocycler for 30 and 35 cycles using 16S rRNA
primer set and ITS primer set, respectively. For lactic acid bacteria identification, 16S rRNA primer
set, 27F (5" — AGA GTT TGA TCM TGG CTC AG -3’) and 1492R (5’- TAC GGY TAC CTT ACGACTT-3’) [13]
were used. The amplification was done under the following condition: initial denaturation at 95°C for
3 min, and denaturation at 95°C for 30 seconds, annealing at 50°C for 30 seconds, extension at 72°C
for 1 min and final extension at 72°C for 5 min.

For yeast identification, ITS universal primer set (ITS4-R: 5’-TCCTCCGCTTATTGATATGC and
ITS5-F: 5'-GGAAGTAAAAGTCGTAACAAGG) [13] was used. The samples were preheated at 95°C for 2
min, followed by denaturation at 95°C for 30 seconds, annealing at 55°C for 30 seconds, extension at
72°C for 1 min and final extension at 72°C for 10 min.

The amplified PCR products were visualized under UV transilluminator after running the 1.5%
agarose gel. A successful PCR amplification were expected to produce ITS amplicons of sizes ranging
from 400 to 600 bp and 16S rRNA amplicons of size 1500bp. This study was held in the Department
of Bioscience and Engineering, Shibura Institute of Technology, Japan Laboratory.
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2.5 DNA sequencing
The successfully amplified PCR products were sent for Sanger sequencing.
2.6 Data analysis

The raw sequences obtained were trimmed and assembled using BioEdit (version 7.2.5)
software. All the 16S rRNA and ITS gene sequences were subjected to identity search using BLASTn
tool from the National Center for Biotechnology Information (NCBI) website.

3. Results
3.1 Morphology of LAB and yeast

Through gram staining, LAB showed the gram-negative short rod shaped and cocci shaped for
W. paramesenteroides and S. pasteuri respectively. However, P. agglomerans appeared as gram
negative and cocci in shaped. The colony morphology of C. magnoliae and C. parapsilosis are quite
similar with each other which are white, creamy, and shiny on potato dextrose agar and it is oval or
round in shaped. Morphologies characterization has been performance and as a result, Figure 1 show
Weissella paramesenteroides and Figure 2 show the Staphylococcus pasteuri were detected in
fermented dabai and rusip respectively. Meanwhile, Figure 3 show Pantoe agglomerans was
detected in the cencaluk.

Fig. 1. The microscopic observation of W. Fig.2.The microscopic observation of gram-positive
paramesenteroides under microscope  40x S. pasteuri using 40x magnification. Staphylococcus
magnification. These bacteria are Gram-positive, pasteuri is a coagulase-negative, Gram-positive
catalase-negative, non-endospore forming cells with  bacterium of the Staphylococcaceae family

coccoid or rod-shaped morphology

3.2 Molecular identification

The molecular identification of LAB and yeast was carried out using PCR amplification. 16S
rRNA (27F and 1492-R) and ITS (ITS5-F and ITS4-R) was used for the detection of LAB and yeast
respectively. The result for PCR amplification of 16S DNA of LAB was show in Figure 4 while the PCR
of ITS rRNA was show in Figure 5.
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Fig. 3. Gram negative of P. agglomerans under the microscope using 40x magnification.
Pantoea agglomerans is a gram-negative aerobic bacillus that belongs to the family Enterobacteriaceae

2,000 bp, se—
1,500 bp, me—
1,000 bp se—
600 bp  s—
500 bp — 500 BR —

400 bp  m—

Fig. 4. PCR amplification map of LAB 16S DNA gene. Fig. 5. ITS rRNA PCR amplification map of yeast
Lane L: 100 bp ladder. Lane D: food sample from isolates. Lane L: 100 bp ladder. Lane D: food
fermented dabai. Lane E: food sample from Ensabi. sample from fermented dabai. Lane E: food
Lane R: food sample from rusip. Lane C: Positive sample from ensabi.

control : Synthetic non-biological 16S DNA

As been confirmed using DNA sequencing, a total of 45.2% (113/250) Lactic Acid Bcateria
(LAB) which are 96% (48 /50) of W. paramesenteroides was detected in fermented dabai, 80% (40/50)
S. pasteuri in fermented fish rusip samples and 50% (25/50) in P. agglomerans in cencaluk samples.
Meanwhile there are no detection of LABs in fermented ensabii and fermented fish. The yeast
Candida species confirmed with 90% (45/50) of C. magnoliae and 50% (25/50) of C. parapsilosis are
detected in fermented dabai and ensabi respectively while there is no detection of it in fermented
fish, fermented fish (rusip) can cencaluk (shrimp).

4, Discussion

Identification of the LAB and yeast was using a common method of using agar media to
observe the morphology and gram staining of the microorganism. It is important to recognize the
morphology of the microorganism to validate the behaviour, biological function, and interaction with
another organism. Generally, LAB is a gram-positive bacterium, anaerobic and produce lactic acid. As
a result, 45.2% bacteria are gram positive which are W. paramesenteroides and S. pasteuri as the
staining shows the purple colour or rod or cocci shape.
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Weissella sp. belong to phylum Firmicutes, class Bacilli, order Lactobacillales and family
Leuconostocaceae [15,16]. This rods or ovoid-shaped cocci bacteria is difficult to differentiate with
another genus such as Leuconostoc and Lactobacillus [17]. To get a precise identification of this
species, it is only possible when using molecular identification such as 16S rRNA [16]. All Weissella
sp. are catalase negative, non-endospore forming cell, obligately heterofermentative and
fermentation of glucose producing carbon dioxide, ethanol and/or acetate depending on species
[15,17].

W. paramesenteroides which is found in dabai is closely related to Leuconostoc mesenteroides
which causes the re-classification of this group as a new species by Gavie in 1967. The advantage
characteristic of this species is it can produce bacteriocins [16]. The production of the bacteriocin
helps to inhibit the growth of other closed related bacterial strain especially the pathogenic
microorganism in food. The configuration of lactic acid is either DL or D(-) W. paramesenteroides can
be found in rhizosphere of olive tree, raw milk cheese and fermented sausage [16].

S. pasteuri is one of the Staphylococcus species which are gram positive and cocci in shaped.
Other than detecting S. pasteuri in rusip, there is limited study in the ecology of the S. pasteuri but
there is reported that this species presence in meat product such as sausage [18] (Hong et al., 2018).
As mentioned by Savini et al. [19], despite its roles which can cause disease such as nosocomial
infections, it remains controversial issues as this bacterium able to express resistance to several
antibiotic compound. According to Hong et al. [20], S. pasteuri strains have the high antimicrobial
activities in vegetables. This can be proven from the previous study by Hong et al. [20], that S. pasteuri
RSP-1 have a strong antimicrobial activity against Staphylococcus aureus, a strong antibiotic
resistance bacterium.

P. agglomerans originated from family Enterobacteriaceae is a bacterium that associated with
plants and can cause infection to human and vertebrates [21]. P. agglomerans was enriched in
healthy hepatopancreas of shrimp [22]. From the research by Cornejo-Granados et al. [22], the
lipopolysaccharides of P. agglomerans boost the disease resistance against penaeid acute viremia in
kuruma shrimp. This proves that the presence of P. agglomerans prevents the presence of food-
borne pathogen in cencaluk. Other than that, during the fermentation of rye sourdoughs, P.
agglomerans is also used prior the growth of lactobacilli to provide essential vitamin for the growth
of lactobacilli [23]. In recent study, P. agglomerans plays role as an antibiotic for cancer patient as a
biopesticide and food preservative [24].

Even though P. agglomerans does not included as LAB but it can produce bacteriocin same as
W. paramesenteroides and S. pasteuri. All these species of microorganism have the high potential
probiotic against food-borne pathogen. Bacteriocin producing bacteria have the high chance of
survival as they can eliminate others microorganism. This indicates that the presence of these species
in the Sarawakian fermented food will added values to the local product.

Other than the presence of LAB, yeast also presence in the fermented food to enhance more
quality food. In this study two species of Candida sp. were found in dabai and ensabi. Candida sp.
physiology appear in two forms either in yeast or filamentous form [25]. Gastrointestinal tract and
mucosal surfaces are the main reservoirs of Candida sp. As for C. magnoliae, it appears in white to
creamy coloured yeast form (oval-shaped budding cells) [26]. C. magnoliae are mostly found in honey
and during fermentation of cocoa beans [27,28]. It also plays an important role in food and
pharmaceutical industry as it produces erythritol and mannitol [27,29]. Erythritol and mannitol is a
low-calorie sweetener is produced using biotechnology method and it is safe to consume by diabetic
patient [30,26]. Both sugar alcohols also can be found naturally in fruits and vegetables and be
consumed by C. magnoliae [31]. Another unique characteristics of C. magnoliae is its fructophilic
behaviour. This characteristic made this species to consume fructose quickly compared to other
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sugars. From this study, C. magnoliae consume the fructose from the dabai fruit. This Candida species
never associated with human disease until a report made by Lo Cascio et al. [26], where a 42-year-
old man was infected by C. magnoliae.

In addition, Candida species found in fermented food is C. parapsilosis. This type of species
was dominantly found during the alkaline fermentation during the Spanish green olive processing to
eliminate the bitterness of the fruit and Kinema, a traditional Indian fermented soybean [32,33].
Since ensabi is a mustard green leaf, this may be the reason C. parapsilosis found in the kasam ensabi.
Other than can be found in environment such as soil, seawater and plant, C. parapsilosis can also be
isolated form mucosal surface, skin, and nail [34]. According to Van Asbeck et al. [34], C. parapsilosis
categorized as non-pathogenic organism in normal flora in human body. However, it is now known
as a top opportunistic and nosocomial pathogen as it can cause wide range of infection from thrush
to invasive disease such as fungemia and arthritis. From the statement above, there are no infection
documented through the consumption of contaminated food from the C. parapsilosis [14].

Both mentioned yeasts share a common characteristic which both play important roles in
providing good taste for the food. Even though some of the fermented food was dominated by LAB,
yeast plays the secondary roles in ripening and flavour development [34]. Getting rid the off flavour
from the food enhance the food acceptability for human consumption.

Another finding of this study is that LAB and yeast can cohabiting in a same food. Microbial
community of LAB and yeast can contribute to texture and safety of the final products. Yeast is
responsible for the production of ethanol while LAB produce lactic acid. W. paramesenteroides and
C. magnoliae was found associated in fermented dabai. The presence of both bacteria and yeast in
fermented dabai makes the smell of the food favours to human especially to Sarawak community.
This can be proven from the previous study by Carvalho et al. [36], the mixed fermentation of the
LAB, Lactococcus lactis and yeast, Saccharomyces cerevisiae in cachaca, a type of sugar cane spirit
produced in Brazil. The study shows a significant levels of ethanol content in cachaga from the mixed
fermentation. As the result from the tasting evaluation, the cachaca obtained the higher scores in
aroma and appearance categories [36].

5. Conclusion

In this study, LAB and yeast have been identified in the Sarawak fermented food. The LAB
species which are W. paramesenteroides and S. pasteuri and two different yeast strain, C. magnoliae
and C. parapsilosis was found in the fermented food. The findings in this study revealed for the first
time the Lactic Acid Bacteria (LAB) diversity and their possible role in Sarawak fermented food,
besides, determine the beneficial bacterial in Sarawak fermented food through molecular approach.
A further study on the microbial community in the fermentation is essential to observe the
population and interaction between different species of microorganism. With the development of
biotechnology in food industry can guarantee a better quality of food product to provide a high
nutritional value for human consumption.
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