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ABSTRACT

Rice wine is a rice-based alcoholic beverage produced through the fermentation of
cereal grains, mainly rice, with microbial starters. However, the starter cultures sold
in the market are often prepared based on empirical knowledge and thus varied in
microbial compositions. Their exact microbial contents are usually unknown, giving
rise to the possibility of product quality and food safety issues. Although many
researchers have identified the microbial communities in various rice wine starter
cultures using molecular approaches, such information on sasad, a traditional starter
culture for rice wine fermentation in Sabah, Malaysia, has not been published.
Therefore, this research aims to identify the fungal and bacterial communities in
sasad, study the physicochemical and microbiological changes in rice wines during
fermentation, and determine the consumers’ acceptance of rice wines. The fungal
and bacterial communities were identified through amplicon-based next-generation
sequencing (NGS). Physicochemical properties including total soluble solids (TSS),
alcohol content, total titratable acidity (TTA), pH, and colour, as well as
microbiological properties such as total yeast and mould count (TYMC) and total lactic
acid bacteria (LAB) count were determined. In addition, consumers’ acceptance of
rice wines was determined through preference ranking and hedonic tests. A total of
two fungal phyla (Mucoromycota and Ascomycota) with five genera (Mucor, Rhizopus,
Saccharomycopsis, Wickerhamomyces, and Kodamaea) and two bacterial phyla
(Proteobacteria and Firmicutes) with 10 genera (Kosakonia, Weissella, Enterobacter,
Lactococcus,  Pseudomonas,  Bacillus,  Chromobacterium,  Paludibacterium,
Enterococcus, and Gluconobacter) were identified as the core microbiota (relative
abundance > 1.00%) in the sasad samples. Batch fermentation was successfully
carried out using the sasad samples. The overall fermentation dynamics of rice wines
(RWA, RWB, and RWC) produced using different sasad (SA, SB, and SC, respectively)
exhibited similar trends. However, variations between the samples were still detected.
After 28 days of ferementation, RWC showed the lowest TSS (22.9 + 0.2 °Brix) and
highest alcohol content (15.95 + 0.07%), while RWA had the highest TTA (0.68 %
0.04% lactic acid) and lowest pH (3.60 £ 0.01), demonstrating the effect of microbial
compositions of sasad on the quality of final rice wines. All rice wine samples were
acceptable to the panellists, while rice wines with darker shades of yellow and higher
alcohol content or stronger alcoholic aroma were preferable. However, there is no
significant difference (p > 0.05) in liking scores for taste, mouthfeel, and overall
acceptance among the rice wine samples. The variation in consumers’ tastes
suggested a potential for developing rice wines with various flavours to fulfil
consumers’ needs. This research provides important insights into the potential roles
of core microbiota found in sasad, the fermentation dynamics of rice wines, and the
consumers’ acceptance of rice wines. The occurrence of opportunistic spoilage and
pathogenic microorganisms in sasad emphasises the importance of developing sasad
with well-defined microbial compositions for the consistent production of safe and
high-quality rice wines.

Keywords: Rice wine, starter culture, fungal and bacterial communities,
fermentation dynamics, consumer preference and acceptance



ABSTRAK

IDENTIFIKASI KOMUNITI MIKROB DALAM PEMULA TRADISIONAL
WAIN BERAS (SASAD) DAN PENAPAIAN WAIN BERAS

Wain beras merupakan minuman beralkohol yang dihasilkan melalui penapaian
bijirin-bijirin terutamanya beras dengan pemula mikrob. Namun, kultur pemula yang
dijual di pasaran selalunya disediakan berdasarkan pengetahuan empirikal. Oleh itu,
ia berbeza dalam komposisi mikrob dan kandungan mikrobnya tidak diketahui. Hal
ini menimbulkan isu kualiti produk dan keselamatan makanan. Walaupun ramai
penyelidik telah mengenal pasti komuniti mikrob dalam pelbagai pemula wain beras
menggunakan pendekatan molekul, di mana maklumat yang berkaitan dengan sasad
(pemula tradisional wain beras di Sabah, Malaysia) belum diterbitkan. Oleh itu,
penyelidikan ini bertujuan untuk mengenal pasti komuniti mikrob dalam sasad,
mengkaji perubahan sifat fizikokimia dan mikrobiologi wain beras semasa penapaian,
serta menentukan penerimaan pengguna terhadap wain beras. Komuniti kulat dan
bakteria telah dikenal pasti melalui penjujukan generasi akan datang (NGS)
berasaskan amplikon. Sifat fizikokimia termasuk jumlah pepejal larut (TSS),
kandungan alkohol, jumilah keasidan yang boleh dititrasi (TTA), pH dan warna, serta
sifat mikrobiologi seperti jumlah yis dan kulat (TYMC) dan jumiah bakteria asid laktik
(LAB) telah ditentukan. Di samping itu, penerimaan pengguna terhadap wain beras
telah ditentukan melalui ujian pemeringkatan keutamaan dan hedonik. Sebanyak dua
filum kulat (Mucoromycota dan Ascomycota) dengan lima genus (Mucor, Rhizopus,
Saccharomycopsis, Wickerhamomyces dan Kodamaea) dan dua filum bakteria
(Proteobacteria dan Firmicutes) dengan 10 genus (Kosakonia, Weissella,
Enterobacter, Lactococcus, Pseudomonas, Badillus, Chromobacterium,
Paludibacterium, Enterococcus dan Gluconobacter) telah dikenal pasti sebagai
mikrobiota teras (kelimpahan relatif > 1.00%) dalam sampel sasad. Penapaian
kelompok telah berjaya dijalankan menggunakan sampel sasad. Dinamik penapaian
keseluruhan wain beras (RWA, RWB dan RWC) yang dihasilkan menggunakan sasad
yang berbeza (SA, SB dan SC, masing-masing) menunjukkan trend yang sama, tetapi
variasi antara sampel masih dapat dikesan. RWC menunjukkan TSS terendah (22.9+
0.2 °Brix) dan kandungan alkohol tertinggi (15.95 + 0.07%), manakala RWA
mempunyai TTA tertinggi (0.68 £ 0.04% asid laktik) dan pH terendah (3.60 £ 0.01)
selepas 28 hari penapaian. Hasil ini menunjukkan kesan komposisi mikrob sasad
terhadap kualiti wain beras yang disediakan. Semua sampel wain beras boleh
diterima oleh ahli panel, manakala wain beras dengan warna kuning yang lebih gelap
dan aroma alkohol yang lebih kuat lebih digemari. Namun, skor kesukaan untuk rasa,
rasa mulut dan penerimaan keseluruhan antara sampel tidak berbezaan secara
ketara (p > 0.05). Variasi cita rasa pengguna mencadangkan potensi untuk
pengembangan wain beras dengan pelbagai perisa bagi memenuhi kehendak
pengguna. Penyelidikan ini menunjukkan potensi peranan mikrobiota teras yang
terdapat dalam sasad, dinamik penapaian wain beras dan penerimaan pengguna
terhadap wain beras. Kemunculan patogen oportunis dalam sasad menekankan
kepentingan pembangunan kultur pemula dengan komposisi mikrob yang ditetapkan
untuk pengeluaran wain beras yang berkualiti tinggi dan selamat untuk diambil.

Kata kunci: Wain beras, kultur pemula, komuniti kulat dan bakteria, dinamik
penapaian, keutamaan dan penerimaan pengguna
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CHAPTER 1

INTRODUCTION

1.1 Research Background

Fermentation is a traditional form of food processing implemented for preservation
purposes. This technique has been employed for centuries to produce alcoholic
beverages from various substrates such as fruits, vegetables, and grains. Rice wine
is an alcoholic beverage produced by fermenting cereal grains, principally rice, with
starter cultures (Rhee et al., 2011). The consumption and production of rice wine is
a global phenomenon, particularly prevalent in Asian nations, where it is commonly
featured during cultural festivities and traditions. According to a report by Fortune
Business Insights (2020), the global rice wine market is projected to grow,
considering an increase in demand for rice wine in Western nations and the use of

rice wine in culinary arts.

The naming of rice wines varies across their regions of production such as
tapai in Sabah, sato or ou in Thailand, makgeolli in Korea, sake in Japan, brem in
Indonesia, ruou nep in Vietham, and Shaoxing rice wine in China (Chaijamrus &
Mouthung, 2011; Chiang et a/.,2006; Dung et al., 2007; Jeyaram et al., 2008; Kim et
al., 2018; Luangkhlaypho et al., 2014; Miki et al., 2005; Xie et al., 2007). In addition,
rice wines vary in their nutritional, biochemical, and organoleptic properties due to
different starch substrates and starter cultures used. For example, tapai (Sabah,
Malaysia) prepared using glutinous rice with a starter culture known as sasad or ragi,
typically has a complex flavour profile that includes sweet, sour, and bitter notes, as
well as an alcoholic aroma (Chiang et al., 2006). Whereas makgeolli (Korea) produced



