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NUTTAWAN LERTPINYOCHAITHAWORN : QUALITY
DEVELOPMENT OF THAI TRADITIONAL RICE WINE. THESIS

ADVISOR : ASST. PROF. CHOKCHAI WANAPU, Ph.D. 76 PP.
SATO/ALCOHOLIC FERMENTATION

This research was aimed at improving the quality of Thai traditional rice wine
which is well known as “Sato”. The improved process was carried out by adding
paddy, polished seeds and malted KDML105 rice before fermentation. These samples
were compared to samples to which nothing was added. For the malting process, the
dormancy period of KDML105 was broken down for 5 days at 50°C. Then, the seeds
were steeped in water at 30°C for 48h and then germinated at 30°C for 4 days. This
method was found to obtain high level of reducing sugar (157.77 mg reducing sugar/g
rice) and the total protein concentration was 63.8 mg protein/g rice. For the alcoholic
fermentation process, the population of yeast was in the range of 3-5 x 107 CFU/mL.
The highest amount of reducing sugar was found on the 3™ day in all conditions
except under control. Statistical analyses of organic acids concentration were
examined and it was found tﬁat the amount of acetic acid decreased significantly in all
conditions except control. The addition of either polished or paddy rice allowed a
higher amount of citric acid when compared with control and malted rice. However,
the amounts of malic, lactic and succinic acids were not significantly different in all
conditions. The ethanol concentration was highest (17.20%) in rice wine by adding
malted rice, followed by paddy rice (15.24%), polished ricé (13.53%) and control

(13.32%), respectively. The yield of ethanol (g ethanol/g rice) was 0.482, 0,427, 0.544



v

and 0.736; in the paddy rice wine, polished rice wine, malted rice wine and control,
respectively. The finished rice wines were evaluated by 12 experienced panelists. 1t
was found that two characteristics of the wine; namely cloudy wine and color were
not significantly different at 95% confidence. The smell and taste of the paddy rice
wine and the polished rice wine placed them in the first group. Moreover, the
sweetness of paddy rice wine, polished rice wine and malted rice wine was
significantly higher than that ol commercial products and that under control. In
conclusion, most of the panelists agreed that wine from the paddy rice was the best,
the wine from the polished rice was second and the wine from the malted rice was
third. The panelists considered that the commercial wine and the rice wine used for
control were of a lower standard. Finally, no heavy metals or cyanide were found in

any of the products.
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CHAPTERI

INTRODUCTION

1.1 Significance of the study

Rice (Oryza sativa L.} is one of the leading food crops of the world. There are
many products made from rice such as Saké, A{narillo, Idli, etc. (Padhye and Salunkhe,
1979). In Asian countries, rice wine is a popular alcoholic beverage. There are many called
that depends on area such as Saks is a well-known and popular traditional product in Japan
(Iwata et al., 2003). In Thailand, rice can be modifed to many products such as rice starch,
pasta, fermented food and beverage, puffed rice snacks, noodles (Juliano, 2005), including
Thai traditional rice wine or Sato. Sato is a traditional fermented Thai rice wine, which
have been conducted for along time ago (Thitisararak ¢t al., n.d.). The alcoholic beverage
from other locals has different in raw materials, temperature, and many factors but they use
same raw material as cereals (Haard et al., 1999). The Thai rice wine and distilled (spirits),
locally produced in large amounts every year, are traditional alcoholic beverage made from
rice starch, and popular in North-East and North regions of Thailand. Recently, the
popularity of the traditional rice wine has enormously increased throughout the country, for
artisinal and commercial production (Techakriengkrai and Surakarnkul, 2007). Many
factors have effected to quality of product such as process, contamination, mold, yeast and
bacterial strains. The process of produced rice wine production has two ste'ps.
Saccharification process is the first step using fungal for hydrolysis of rice starch to sugar.

The reaction can be summarized as follow:



Amylolytic enzyme
Starch e Glucose

Then, fermentation process is the next step to utilized product of saccharificatiun to

ethanol. Followed as this reaction:

Glucose ——X-e-w—» 2 Ethanol +2 CO;,

The Thai traditional alcoholic beverage used Look-pang (starter) containing of
mold, yeast strains and herbs, However, the?fungi in Look-pang is not pure, there is
contaminated with acetic acid bacterial strains and other microbes. On the other hand,
Japanese rice wine (Saké) uses koji rice and pﬁred yeast strains which are key factors for
quality (Karuwanna, 2003). Thus, Thai traditional alcoholic beverage characteristics will

be unique depend on area where can not control the quality of process and product.

1.2 Research objective

1. To study reducing sugar production and mycelial propagation of Rhizopus
oryzae in saccharification process.

2. To determine the amount of organic acid in sacharification and fermentation
processes.

3. To improve process and quality of rice wine.

1.3 Research hypothesis

The Thai traditional rice wine, which was used KDML 105 rice and its malt-should

be more pleasured for consumers than using conventional rice.



1.4 Scope and limitations of the study

Thai traditional rice wines have higher quality such as taste, smell and accept,

which was added with paddy, polished, malted KDML 105 rice.

1.5 Expected result

Thai tradition rice wine product will be had good quality.



CHAPTER 11

LITERATURE REVIEW

2.1 Definition of rice wine

Rice wine refers to alcoholic beverages made from rice, However, unlike true wine,
which is made by fermenting grapes or other fruits, rice "wine" is more akin to beer, in that
it is brewed from grain, Rice brew typically has higher alcohol content (18-25%) than

grape wine (10-14%), which in turn has higher alcohol content than beer (4-8%)
(Wikimedia Foundation, Inc., www, 2007),

Rice wine Saké is of special interest because of its relatively high alcohol content,
which is produced by a method different from that used for the manufacture of beer and
spirits from cereals such as barley, wheat and maize. The forerunner of the present system
of Saké brewing is believed to have originated in China, although the methods of
manufacture in the two countries now differ, particularly in respect of the microbial flora.
The essential microorganisms in the brewing process are selected molds for
saccharification in the genera Rhizopus, Mucor, Penicillium, Aspergillus, Absidia and
Monascus along with yeasts with multiply spontaneously on steamed cereals to produce a
complex of microorganisms which provides the necessary enzyme systems for concurrent

saccharification and fermentation (Kodama, 1993).



2.2 Raw materials

2.2,1. Rice

Rice belongs to the genus Oryza, of the tribe Oryzeae, of the subfamily
Bambusoideae or Ehrhartoideae, of the family Poaceae or Gramineae. The eighty five
percentage of the rice that is produced in the world is used for direct human consumption,
Rice can also be found in cereals, snack foods, brewed beverages, flour, oil, syrup and
religious ceremonies to name a few. Just as rice can be grown in many different
environments, it has many characteristics, making one variety more popular in one region
of the world than another., Rice can be a short,jmedium or long grain size. It can also be
waxy (sticky) or non-waxy. Some rice varieties are considered aromatic, Rice also comes
in many different colors including brown, red, pﬁrpie and black (Juliano, 1985).

The rice caryopsis: structure and chemistry.

The rice caryopsis resembles other cereals as shown in Figure 2.1. The husk
consists of the lemma and palea, two specialized leaves that respectively cover the back
and front of the seed. These are loosely joined by an interlocking fold on each side and are
therefore easily separated, In dry paddy there is an air space between the husk and kernel.
The underlying perocarp is a tough skin that, when intact, is a protection against mold
attack and oxidative and enzymatic deterioration. Beneath the pericarp is the tegmen,
several cells thick, which is also part of the seed coat. These cells are rich in lipids and
proteins. The nearest layer to the endosperm is the aleurone layer: rich in protein, lipids,
vitamins and phytic acid. Finally, there is the endosperm, which is human and animal foods

rich in starch with some protein, although less than most other cereals.



Starchy endosperm

Seutelium - &
Epiplast } 2
W

S
Brown rice
{Caryopsis)
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Sterlle Radlde

femmas

Figure 2.1 The inner part structure of Paddy rice

Source; Dendy and Dobraszczyk (2001)

As the rice grain develops, it passes, as do all cereals, through a “milky” stage when
starch granules are suspended in a liquid phase. As the grain ripens, the starchy cells set
into a radial pattern with hexagonal cells at the central core and elongated cells radiating
outward, It is the radial walls of these cells that form potential cleavage planes when the
grain is stressed, it will break along these, The protein content increases from the center
outward. The overall shape of the grain is familiar: the short round japornicas are almost
spherical; the long grains of indicas are cylindrical, tapering at each end. Attached in an
indent is the germ or embryo. All cereals are rich in lipids, protein and vitamins of the B
group. The aleurone layer, the seed coat, and pericarp caver the germ, with the husk
forming the final outer layer. The removal of husk and of the combined germ and pericarp

layers is important to have a white, palatable rice grain that can be stored for long periods.



Rice is unique among cereals in that it is mostly eaten as a whole grain, and the
object of the milling process is to keep the grain whole but free of the bran and husk

(Dendy and Dobraszezyk, 2001).

Nutrients in rice
The composition of rice differs with the variety, the nature of the soil,
environmental conditions and the fertilizers applied (Juliano, 1985). The compositions of

both husked and polished rice are stated in Table 2.1.

Table 2.1 The composition of rice ~ husked and polished (percentage, on moisture-free

~ basis)

Nutritive Husked rice  Polished rice

Fat 1.5-2.3 0.3-0.5
Crude fiber 7.2-10.4 0.2-0.5
Ash 2.9-52 0.3-0.8
Protein 5.8-7.7 6.3-7.1

Carbohydrates 63.6-73.2 76.7-78.4

Source: Juliano (1985)

Starch; storages and polysaccharides

Starch is the major component in all cereals. It is the energy source as such in food
and feed applications and in the hydrolyzed form for microbes in fermentation process
(Flome et al., 2001), There are consists of two components, a linear glucose polymer,
amylose, which contains o-1,4 linked D-glucopyranose and a branched polymer,

amylopectin in which linear chains of o-1,4 glucose residues are interlinked by ¢-1,6



linkages (Muralikrishna and Nirmala, 2005; Hamilton et al., 2000) The chemical structures

of amylose and amylopectin are depicted in Figures 2.2 and 2.3.

. CHaOH o
o ﬁ CHQH o
H
o - CHOH o
o 3¢
H

Figure 2.2 The chemical structure of amylase

Source: Muralikrishma and Nirmala (2005)

H SHOH:

Figure 2.3 The chemical structure of amylopectin

Source: Muralikrishma and Nirmala (2005)

2.2.2 Water
In general, the water should be neutral or slightly alkaline, colourless, clear,

odourless and tasteless, free form harmful microorganisms and unsuitable minerals

(Kodama, 1993).

2.3 Rice wine process

Rice wine making begins with the introduction of koji, which break down rice

starch into glucose in a process known as “saccharification”. Then, yeast is added and



fermentation will be begun, At first stage, rice wine can be characterized by solid state
fermentation followed by a liquid fermentation. The objective of the first stage is to
produce a high concentration of polymer-degradingﬁ fungal enzyme. During the second
stage, these enzymes degrade polymers such as starch (for beer or wine making) and
protein (soy sauces and pastes). Examples are rice wines, soy sauces and pastes, and

vinegar (Nout and Aidoo, 2002).

2.3.1 Saccharification and Fermentatiqn

Solid-state fermentation (SSF) involves the growth of microorganisms on moist
solid particles, in situations in which the spaces between the between the particles contain a
continuous gas phase and minimum of visible water. Aithough water droplets may be
present between the particles, and there may be thin films of the water at the particle
surface, the inter-particle water phase is discontinuous and most of the water in the system
is absorbed within the moist solid-particles. The majority of microorganism in solid-state
fermentation processes is aerobic organism, such as filamentous fungi, although some
involve bacteria and some involve yeast. The substrates used in solid-state fermentation
processes are often products or byproducts of agriculture, forestry or food processing.
Typically the source of nutrients comes from within the particle, although there are some
cases in which nutrients are supplied from an external source (David et al., 2006).

SSF holds tremendous potential for the production of enzyme and used directly as

the enzyme source that can be applied food and fermentation industries.



Table 2.2 list some of the possible applications of the enzymes produced in SSF system

Process Enzyme

Enzyme-assisted ensiling Fungal cellulases and hemicellulases

Bioprocessing of crops and crop residues Fungal cellulases and hemicellulases

Fibre processing Fungal pectinases, cellulases,
hemicellulases

Food supplement Amylases, proteases, lipases, cellulases,

hemicellulases
Biopulping kylanases
Directed composting Hydrolytic enzymes
Soil bioremediation Lellccases, ligninnases
Post-harvest residue decomposition Trichoderma harzianum cellulases
Biopesticide T. harzianum cellulose for helper
function

Source: Pandey et al. (1999)

In this process, when maltodextrins are saccharified by further hydrolysis using
glucoamylase or fungal alpha-amylase. A high yield of 95-97% glucose can be prodilced
from most starch raw materials such as maize, corn, wheat, potatoes, barley and rice.

One of the major advantages of SSF is that usually it is carried out using naturally-
occurring agricultural by-products, like straw and bran, etc (Pandey et al., 1995). There are
many products which used solid-state fermentation such as cheese, miso, tempe or koji
(Raimbault and Alazard, 1980).

For rice wine making also used saccharification under aerobic condition results
from molds producing a-amylase and amyloglucosidase that degrade rice starch into

dextrin and maltose, but mainly into glucose (Dung et al., 2006). The main role of this

10
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process is to provide the various enzymes, such as a-amylase, glucoamylase, and protease,
which hydrolyze the rice components to produce various nutrients to supply to the yeast
(Fujita et al., 2003). Filamentous fungi are widely used for traditional foods, such as miso
and cheese, and beverages, such as Shochu and Saké industries. An important characteristic
of filamentous fungus that is used in these industries is a high efficiency of various kinds of
enzyme production. For example, Rhizopus, Mucor, Amylomyces, especially Aspergillus
species have high activity to produce hydrolysis enzymes and have a long history of use in

food and beverages industries (Iwashita, 2002).

2.3.2 Microorganisms

Due to lower cost, microbial enzymes hé}ve largely taken the place of raw material
to conversion starch into oligosaccharide or maltodextrin (Rose and Harrison, 1993).

The number of fungal species encountered in fermented foods is relatively limited,
but they belong to various orders. Table 2.3 shows some major examples and products in

which they are predominant (Nout and Aidoo, 2002).

Table 2.3 Major functional fungal species in Asian fermented foods

Zygomycetes

Actinomucor  A. elegans, A. taiwanensis (sufu, tou-fu-fu)

Amylomyces A, rouxii (ragi)

Mucor M. circinelloides, M. rouxii, M, indicus (ragi, murcha, tempe, pehtze)
R. microsporus (tempe), R. oligosporus (tempe), R. oryzae (koji, nuruk,

Rhizopus chu, murcha, tempe)
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Table 2.3 (continue)

Ascomycetes

Monascus M. purpureus, M. ruber (angkak)

Neurospora N. sitophila, N. intermedia (oncom)

Deuteromycetes

Aspergillus A. oryzae (koji), A. sojae (koji), A. glaucus, A. melleus, A. repens,
A. candidus (katsuobushi), . niger (koji)

Penicillium P. glaucum (katsuobushi)

Yeasts ‘

Brettanomyces B. anomalus (kumiss)

Candida C. javanica (idli, kombu?:ha, murcha)

Endomyces E. fibuliger (murcha, ragi)

Hansenula H. anomala (Saké, koji)

Hyphopichia H. burtonii (ragi)

Saccharomyces 3. cerevisiae (nan, toddy, murcha, kombucha), S. dairensis (tempe),
S. globosus (kumiss), S. kluyveri (nan), S. sake (Saké)

Torulopsis T. versatilis (idli, kombucha, soy sauces and pastes)

Trichosporon T. pullulans (idli), T. beigelii (tempe)

Zygosaccharomyces Z. rouxii, Z. sojae (soy sauces, soya pastes)

In saccharification process, there are many reports shown that Rhizopus spp-,
Mucor spp. and Aspergillus spp. were isolated from Asian mould starter (Merican and
Yeoh, 1989; Steinkraus, 1996; Dung et al., 2007), In Thailand, filamentous fungi are
isolated from starter (Loog-pang) such as Absidia, Amylomyces, Aspergillus,

Chlamydomucor, Rhizopus, and Mucor (Wanapu et al., 2002). Peixoco et al. (2003)
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For the distillery industry, Rhizopus spp. (mainly R. oryzae) has been used for
industrial production of enzyme starter according to Lotong, (1998). Lim et al., (1987)
reported that Rhizopus spp. were good producers of amyiase. Amylase enzyme is used in
starch hydrolysis for sugar syrups and brewing, The major end products from the action of
a-amylase on starch are glucose, maltose, maltotriose, maltotetraosse, maltopentaose and
maltohexaose. Moreover, they can produce glucoamylase, which used in starch processing
industries is due to their good thermostability and high activity (Nigam and Singh 1994;
Norouzian et al,, 2006),

Then, alcoholic fermentation process is reaction-using glucose to produce ethanol,
The main yeasts which ferment saccharified rice starch to alcohol are Pichia burtonii,
Saccharomycopsis. fibuligera, S. cerevisice, C;zndida glabrata and C. lactosa, while Sm.
Jibuligera produces amylolytic enzyme as well (Tsuyoshi et al., 2005). For rice wine are
produced from the hydrolytic breakdown products of cereal starches and other
polysaccharides. They range from simple Thai rice wine to highly sophisticated Japanese
Saké. The yeasts involved in alcohol production of Asian rice wine include S. cerevisiae,
Sm. burtonii, Sm. fibuligera and related yeasts, Rice and/or cereal wines are produced on
both a cottage and a commercial scale in most Asian countries, especially Japan, China,
Korea, Thailand, the Philippines and Vietnam (Nout and Aidoo 2002). Some uses of yeasts
in the food, beverage and fermentation industries (Stewart et al., 1987) are shown in Table

2.5,
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Table 2.5 Products of yeast in food and beverages, industrial chemicals, industrial

microorganisms (Stewart et al., 1987)

Organism

Type

Product

S cerevisiae

S. carlsbergensis
S, rouxii

C. milleri

Foods and Beverages

Baker's yeast, wine, ale,
Saké

Lager beer

Soy sauce

Sour French bread

S cerevisiae

Kluyveromyces fragilis

Industrail Chemicals

Ethanol (from glucose)

Ethanol (from lactose)

C. utilis

Sm. lipolytica

Single-Cell Proteins

Microbial protein from
paper-pulp waste
Microbial protein from

petroleum alkanes

Eramothecium ashbyi Vitamins Riboflavins
S. cerevisiae Invertase
K fragilis Enzymes Lactase

Sm. lipolytica Lipase
Phaffia rhodozyma Carotenoids Astaxanthin

Fermentation is a process of energy production in a cell in an anaerobic

environment (with no oxygen present) (Wikimedia Foundation, Inc., www, 2007). Yeast is

main microorganism such as Saccharomyces spp. S. cerevisiae is high activity to produce

ethanol. Sugars are the common substrate of fermentation, and typical examples of

fermentation products are ethanol, lactic acid, and hydrogen. However, more exotic
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compounds can be produced by fermentation, such as butyric acid and acetone, Yeast
famously carries out fermentation in the production of ethanol in beers, wines and other
alcoholic drinks, along with the production of large quantities of carbon dioxide, under

anaerobic conditions, to ethanol via glycosis (Mogg, 2004).

2.4 Step of“Rice Wine making

Rice, Oryza sativa, is polished to remove protein, lipids and minerals which are in
excess in the bran and germ, and then washed, steeped in water and steamed, then cooled.
A starter was then made by culturing R. oryzae on rice at 28-30°C for 5-6 days. The
steamed rice was mixed with fungus starter and incubated for 3-4 days until
saccharification process completed, then yeas‘t starter and water, were added to form the

main mash. The overall of step is shown in Figure 2.4.

Rice

Delivery

' !

Polished rice

Bottling, Pasteurization

’ :

Washed rice

Filtering, Blending
‘ 1

Steamed rice Storage

v v f

[ Koji (Moulding rice) ' Moto (Seed Mash)f_‘

' v

Moromi (Main Mash) |
( l ) Filtering, Biending

Pressurization - =
and Filtration Sedimentation

Pasteurization

Water for T
Fermentation

‘_—-_-

Y

Figure 2.4 Flow diagram of rice wine process (Rose and Harrison, 1993; Nout and Aidoo,

2002).
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2.5 Malting process

Malting is a process applied to cereal grains, in which the grains are made to
germinate and then are quickly dried before the plént develops. Malting consists in the
germination and drying of cereal seeds, the prime objective being to promote the
development of hydrolytic enzymes that are not active in raw seeds. The main enzymes
produced during germination that intervene in the hydrolysis of starch are a- amylase and
B-amylase. The a-amylases are liquefying enzymes. The traditional maiting of cereals
consists of several stages: steeping of seeds (i_n water), germination, maturation {during
which the seeds are piled and protect from light), and finally sun drying. In addition to the
use of malted cereal flours in the manufacture of beer, a further use is their incorporation in
infant flours to increase the energy density of tﬂe gruels, which is facilitated by the action
of u-amylase (Traoré et al., 2004), On steeping step, water is an important factor that
controls the physical phenomena and chemical reactions in biological materials during
processing. Water is needed to start and maintain the germination of seeds in order to
produce hydrolytic enzymes and the subsequent hydrolysis of biopolymers leading to
endosperm modification (Holmberg et al., 2002). On germination step, embryo produces
gibberellins. For malting this is an event of central importance, because these plant
hormones stimulate the aleurone layer to produce and release enzymes of modification
including o-amylase; in a certain sense this is the only desirable function of the embryo.
Figure 2.5 shows modification proceeds generally from proximal to distal end and from
periphery to center of the endosperm. 1, Entrance of water (in general flow is proximal to
distal); 2, Formation and release of gibberellins, stimulating the aleurone; 3, Progressive
stimulation of the aleurone to form and release enzymes of modification; 4, B-glucan
solubilase and B-glucanases dissolve cell-wall B-glucans; 5, Proteases and peptidases partly

break down proteins; 6, a-amylases attack small starch granules; 6a, Latent B-amylase



becomes free f-amylase; 7, Embryo nutrition; 8, Malting loss from metabolism of CWE
(cold water extract) to CO, (respiration) and formation of acrospire (insoluble) and rootlets
(removed); 9, CWE available in malt as an index of modification contributes to malt color;
10, Physical modification: (a) increase in friability; (b) lowering of wort and beer viscosity;
11, Index of modification as Kolbach index (soluble nitrogen ratio, SNR or total soluble
nitrogen/total nitrogen). This is important in beer foam/ haze, beer flavor and amino acids
for yeast nutrition; 12, Formation of w-amylase (dextrinizing units, DU) effective in
mashing; release of p-amylase (diastatic power, DP) for wort fermentability. These

contribute to CWE in the major part (Lewis anél Young, 1995).

co, o,

Figure 2.5 Summary of events occurring during grain germination in barley
(the number are represent details in text)

Source: Lewis and Young (1995).

In germinating rice, starch is degraded by the combined actions of enzymes, such as
a-amy!ase, f-amylase, and a-glucosidase, during cooking and processing as wéli as
germination. a-amylase has a major role in degrading native starch granules. Several
isoforms of a-amylases exist in rice. They are expressed depending on the tissue types and
developmental stages, Several heat unstable isoforms of p-amylase also exist in rice seeds,

some which are an inactived form in ungerminated rice grain. Although amylase activities

18



are highly induced during germination, the activity begins during seed maturation and
continues in dry seed to affect the quality of storage rice (Awazuhara et al., 2000),
2.6 Ethanol production

Most alcoholic beverage fermentations are carried out using strains of the yeast .
cerevisice (Berry, 1995). Yeast can degrade sugars using two metabolic pathways:
alcoholic fermentation and respiration. These two processes begin in the same way, sharing
the common trunk of glycolysis (Ribereau-Gayon et al., Vol 1, 2000). During growth in
anaerobic conditions such as those occurring‘in alcoholic beverage fermentations, all the

ATP required for the growth is generated by the process of glycolysis (Figure 2.6)

Starch l l Polysaccharides

LMaltose [ Iﬁlucose phosphate l

1 l

l Glucose—l Glucose-6-phosphate l-——‘- LFructose—G—phosphate i*——w{ Fructose 1,6 diphosphate

2ATP

]ﬁ) Enol pyruvic acid phosphate ] (2) Triose diphosphate 2 molecules Triose phosphate ]
Inorganic phosphate l

PR

| 2N4;,DH2 | LZ“NAD |

@ Pyruvic acid T @) Acetaldetyde + 0O,  E— { @ Ettanet |
| 2¢0a ][ 2 Acetyl Coa +2 0O, +4H |

Figure 2.6 Pathway for alcoholic fermentation by yeast (Berry, 1995)
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In the early stages of alcoholic fermentations the rate of alcohol production
increases exponentially in parallel with the increasing biomass, Once yeast growth ceases,
however, the rate of production of ethanol proceeds linearly until the available carbon
sources have been consumed.

Ethanol is the resulting product of yeast fermentation of natural carbohydrates.
Besides ethanol, a number of other monoalcohols and polyalcohols are presented in wines,

as listed in Table 2.6

Table 2.6 The most important alcohols present in wines other than ethanol (Ough and

Amerine, 1988)

Monoalcohols Polyalcohols

Methanol Glycerol
1-Propanol 2,3-Butanediol (fevo)
1-Butanol 2,3-Butanediol (meso)

2-Methyl-1-propanol (isobutyl alcohol) 1,2,3,4,5,6-Hexanchexol (levo)
2-Methyl-1-butanol (/evo) (active amyl (D-sorbitol)

alcohol) 1,2,3,4,5,6-Hexanehexol (levo)
3-Methyl-1-butanol (isoamy! alcohol) (D-mannitol)

1-Hexanol 1,2,3,4,5,6-Cyclohexanehexol (meso)

2-Pheny! ethanol (8-phenethy! alcohol) (mesoinositol)

Furthermore, the main acid produced during alcoholic fermentation are pyruvic
acid, L(+)-lactic acid, D(-)-lactic acid, succinic acid, acetic acid, citramalic acid,
oxaloacetic acid, fumaric acid and citric acid. These acids are produced by all living
organisms and are involved in the lipid metabolism and the Krebs cycle (Figure 2.7).

Especially, acetic acid is the principal volatile acid of wine. It is produced in particular
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during bacterial spoilage but is always formed by yeasts during fermentation at the
beginning of alcoholic fermentation (Figure 2.8). Thoukis et al. (1965) reported that the
amount of acetic acid formed does not exceed 0.03 to 0.04 g per 100 ml in bacteria-free
fermentations. By far the largest increase in acidity during fermentation is brought about by
the formation of nonvolatile organic acids, and it generally varies between 0.1 to 0.4 g per

100 ml but averages about 0.2 g per 100 ml.
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Figure 2.7 Tricarboxylic acid or Krebs cycle

Source: Humboldt University, www, (1999)
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Figure 2.8 Acetic acid formation pathways in yeasts, | = pyruvate decarboxylase; 2 =
alcohol dehydrogenase; 3 = pyruvate dehydrogenase; 4 = aldehyde
dehydrogenase; 5 = acetyl Co-A hydrolase; 6 = acetyl Co-A synthase

Source: Ribereau-Gayon et al. (2000)



CHAPTER III

MATERIALS AND METHODS

3.1 Materials
3.1.1 Chemicals
Standard chemical of organic acid (acetic acid, citric acid, lactic acid, malic
acid, succinic acid, glucose, fructose, sucrose, maltose and ethanol) were used
chromatographic grade for chemical analysis by HPLC, All chemicals used for chemical
reaction were of analytical grade which purchased from Carlo Erba Reanepti, Fluka

Chemica, Sigma Aldrich, Difco and Across.

3.1.2 Equigments
Equipment used was as follows: High Performance Liquid
Chromatography: HPLC, Atomic Absorption Spectrophotometer, 797 VA computrace,
incubator, hot air oven, suction pump, analytical balance, hot plate, Petri dish and box,
refrigerator (4°C), freezer (-20°C), laminar flow hood, pH meter, water bath, analytical
balance, Compound microscope, Sonicator, filter, Vortex mixer and basic microbiological
equipment. All equipments are located at the Center for Scientific and Technological

Equipment, Suranaree University of Technology.

3.1.3 Microorganisms
Microorganism for saccharification process to produce rice wine was used

Rhizopus oryzae strain BM8 and for fermentation Saccharomyces cerevisiae strain 1.3109



was used. Both microorganisms were obtained from Biotechnology laboratory, Suranaree

University of Technology.

3.1.4 Raw materials
Khao Dok Mali 105 (KDML105) paddy rice was obtained from Organic
farming at Surgt_naree University of Technology, Nakhonratchasima, KDML 105 polished
rice was purchased from Phimai Rice Research Station, Nakhonratchasima. Malted KDML
105 rice was made from SUT Biotechnology Laboratory, Nakhonratchasima. Koji rice was
made from steamed sticky rice which was inociulated on 107 spores/gram of steamed rice

with R. oryzae (BM8 strain) (Bramorski et al., 1998).

3.2 Methods

3.2.1 Microbial Cultivation

R oryzae BM8 strain was used in saccharification process. R. oryzae was
maintained on Potato Dextrose Agar (PDA) which containing of 39 g of PDA in 1000 ml
distilled water, R, oryzae was cultured for 7 days which was suspended in distilled water
and then spores were counted on haemacytometer by compound microscope.

8. cerevisiae strain L3109 was cultured on yeast malt extract (YM) broth at
30°C for overnight in aerobic condition. The yeast population was determined by counting
of viable cell on haemacytometer and calculated the cell by used equation (Fugelsang
1997):

Cells/ml = cell counted x 10* x dilution
3.2.1.1 Optimization of yeast growth on temperature
The medium broth was YM broth which containing of 10 g of

glucose, 5 g of peptone, 3 g of malt extract and 3 g of yeast extract in 1 liter water. The
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medium was used to determine for yeast growth that was inoculated with 10° cells/ml and
incubated at different temperature between 15 to 35°C. Samples were collected every 2
hours. Growth was followed by monitoring the optical density, using spectrophotometer at
660 nm (Abbott et al., 2005).

3.2.1.2 Optimization on pH

| The medium broth was followed from section 3.2.1.1. The medium
was adjusted pH with IN HCI in range of pH between 2.5 to 5.0. Inoculation was 10° cells
/ml and incubated at 30°C, and then samples were measured at 660 nm by
spectrophotometer (Abbott et al., 2005). |

3.2.1.3 Study on inoculum size

The starter of S. cerevisiae L310§ strain was prepared at 5x10°

cells/mL, Then, inoculum sizes were varied at 1L, 2L and 4L in rice wine fermentation
tanks and incubated at 30°C. Viable yeast cell was measured by viable plate count method

on YM agar,

3.2.2 Kaji preparation
The eight kg of sticky rice (RD6) was steamed then washed with water and
inoculated with 107 spores of R. oryzae strain BM8/ gram of steamed rice. The saccharified

rice was incubated at 30°C for 5 days.

3.2.3 Rice wine making process
Four fermentation tanks were prepared by adding steamed paddy rice,
steamed polished rice and steamed malted rice into saccharified rice in ratio 1:1. Control
tank was prepared by using saccharified rice, All of conditions were conducted in
duplicate, Six liters of water were added and adjusted the sugar concentration to 21°Brix

with sucrose. Vitamin B complex and 0.2% of di-ammonium phosphate (DAP) were
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added. Must was treated with 250 ppm of sulphur dioxide overnight in each of them.
Samples were inoculated with 10° cells/ml of S. cerevisiae strain L3109. All of them were
incubated at 30°C in the dark room. Samples were taken every 24 hours until the
fermentation was finished. After that rice wines were filtrated and pasteurized at 65°C for

15 min. Rice wine was aged for 2 months before evaluating the sensory test.

3.2.4 Preliminary study of rice malting
KDML 105 rice was screened and removed undeveloped seeds and

foreign materials (Eneje et al. 2004). |

3.2.4.1 Steeping and germination

Paddy rice was test germfnation by breakdown dormancy with oven
at 50°C and steeped in N KNOs. Rice was tested germination by various steeping time at
0, 24, 48 and 72 h. Moisture content was measured at various steeping time at 0, 12, 24, 36,
48, 60 and 72 h, Rice was steeped at 30°C for 48 h in the dark (Murata et al., 1968) and
changed the water every 24 h. Afler steeping, rice was germinated at 30°C in the dark for 7
days, then sample was taken and analyzed every 24 h and kilned in a hot air oven at 50°C

for 24 h.

3.2.5 Analytical in saccharification process
3.2.5.1 Determination of mycelial propagation
The mycelial mass in the saccharified rice was estimated by
determining the amount of N-acetyl glucosamine as described by Desgranges et al. (1991),
Essentially, chitin in the samples was first hydrolysed to N-acetyl glucosamine by mixing
samples with 10N HCl into 1 g of dried koji sample at 25°C for 16 h. After dilution with 10
ml distilled water, the hydrolysis of chitin was further proceeded by boiling for 10 h at

80°C. Samples were neutralized to pH 7.0 with 10N Sodium hydroxide (NaOH). An
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aliquot of 0.5 ml hydrolysate samples were first mixed with 0.5 ml 5% Sodium nitrite
(NaNO3) and 0.5 ml 5% Sodium bisulfate (NaHSO,). After 15 minutes, 0.5 ml 12.5%
Ammonium sulfamate (NH;SO3NH,) was added. After 5 minutes of reaction, they were
further added with 0.5 ml 5% 3-methyl-2-benzothiazolinone hydrazone (MTBH) and
heated in a boiling water bath for 3 min. After cooling to room temperature and mixing
with 0.5 ml 0,5% Ferric chloride (FeC!;), the absorbance of the reaction mixture was
measured at 650 mm.

The glucosamine content of mycelia obtained from the 3-day' old
culture of test organisms was first measured. Tf;e mycelial propagation of test organism in
the rice koji was then estimated by dividing the amount of glucosamine due to growth, with
respective glucosamine content in mycelial of vélrious test organisms (Lin et al., 2006).

3.2.5.2 Reducing sugar content

One ml of samples were added with 1 ml of DNS reagent and mixed
well. Samples were boiled in béiling water for 10 minutes and cooled in ice immediately.
Reducing sugars released were determined by the dinitrosalisylic acid method. Results
were expressed as glucose concentration using a calibration curve (Miller, 1959).
Moreover, glucose and fructose concentration were measured by HPLC.

3.2.5.3 Quantification of total protein concentration

Total protein concentration was done by using Dye-binding
Bradford method. Bradford reagent was prepared by dissolving 100 mg Coomassie
Brilliant Blue G-250 in 50 ml of 85% phosphoric acid, diluted with H;O to 1 L and filtered
through Whatman No.1 paper just before used. Then, added § mi of dye reagent to protein
sample containing 0-100 pg of protein per ml. Mix and let stand at room témpcrature for 5
min and measured protein by spectrophotometer at 595 nm which compared with blank

consisting of 1 ml of sample buffer (Bradford, 1976; Bollag and Edelstein, 1996).
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3.2.5.4 Determination of organic acid
Determinations of organic acids were quantified by high
performance liquid chromatography (HPLC). Organic acids were analyzed by HPLC with
a Phenimenex® Rezex ROA organic acid column (300 x 7.8 nm). The condition was
followed as 55°C with flow rate 0.5 ml/min of 0,0IN H;80, as mobile phase. UV detector
was detected at 210 nm (www, 1999).
3.2.5.5 pH measurement
Hydrogen ion concentration is generally expressed as pH. It is
measured using a pH meter. Standard buffer sélutions are used to calibrate the pH meter

(Zoecklein, 1995).

3.2,6 Analytical methods of rice wine
3.2,6.1 Yeast viability
The active yeast cells were determined at each sampling time by
spread plate technique on YM media (Golden and Beuchat, 1990). Yeast culture was
incubated at 30°C for 24 hours. |
3.2.6.2 Reducing sugar and total sugar content
The colorimetric estimation of reducing sugar was described in
section 3.2.5.3. Various glucose concentrations were used as standard. Total sugar content
(°Brix) was measured on rice wine samples with hand refractometer (Banda and Valdez,
1976).
3.2.6.3 Total acidity measurement
Two hundred of boiling water will be placed in a 500 mi wide-
mouth Erlenmeyer flask and added with I ml of a 1% phenolphthalein indicator solution

(in 70% ethanol) and titrated with 0.1 N sodium hydroxide to a faint but define pink color.
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Five ml of sample was placed into the flask, and titrated the sample to the same color or at
pH 8.2. For rice wine sample was degassed before titrated (Ough and Amerine, 1980).
The TA concentration calculated as follows:

Titrable acidity = (ml base) (N base) (0.075) (1000)

(g/L tartaric acid) m! sample
where:
misample = sample volume (mi)
ml base = volume of sodium_ hydroxide used for titration (ml)

N base normality of sodium hydroxide solution

il

3.2.6.4 Ethanol and monosacch?ride determination
Determinations of ethan.ol and monosaccharides as fructose and
glucose were quantified by high performance liquid chromatography (HPLC). Samples
were determined by HPLC with a Phenomenex® Rezex ROA organic acid column (300 x
7.8 nm) (MacDonald and Kimmerer, 1993). The condition was followed as 60°C with flow

rate 0.6 ml/min of distilled water as mobile phase. RI detector was used.

3.2.7 Analysis of malted rice
3,2.7.1 Quantification of total protein concentration
The Dye-Binding Bradford method was used to estimate total
protein in malted rice everyday. Method as described in section 3.2.5.4. Samples and
standard BSA were measured at 595 nm. |
3.2,7.2 Quantification of reducing sugar concentration
Reducing sugar content was done by using the dinitrosalisylic
colorimetric method. The method can be followed as section 3.2.5.3. Absorbance was
measured 540 nm. A standard curve was prepared by using the various solution of glucose

(300, 450, 1,050, 2,000, 4,000 pg/ml) using at least five data points in duplicate.
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3.2.8 Sensory evaluation
Sensory evaluation of rice wine was estimated by using the method of
quantitative descriptive analysis (QDA) which is the most common analytical methods for
sensory in the wine industry (Zoecklein et al.,, 1995} Rice wine samples were tested by
panelists, All panelists were the person who interested in wine tasting. The sample was

served at 20°C and samples were served at eleven A.M.

3.2.9 Product Contamination
Standard of Thailand Production Industrial is determined the level of food
contamination. The amount of food contamination must less than the limitation in Table

3.1

Table 3.1 Standard quantity of contaminated substances

Contaminated substances Quantity (less than mg/dm”?)

Copper 5
Iron I5
Lead 0.2

Arsenic 0.1

Ferrocyanide Not found

Source: Wanapu et al., 2002
All of them were used atomic absorption spectrophotometer, expect,
ferrocyanidc was used 797 VA Computrace to analysed ion contamination in samples.
Samples were added with 0.1 M potassium hydroxide and boric acid. Cyanide analysis was

used voltage at 0 to -0.5 V,



3.2.10 Statistical analysis
Analysis of variance (ANOVA) was applied to the organic acid
concentration, ethanol production and sensory data By using the SAS (Statistical Analysis
Syatem) program, version 6.08 for windows (Copyright 1989 by SAS Institute Inc., Cary,

North Carolina, USA).
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CHAPTER1V

RESULTS AND DISCUSSIONS

4.1 Study on KDML.105 malting production

The results of germination test by various breakdown dormancy conditions were
shown in Figure 4.1. Germination of rice was over than 95% when broken down by
incubating at 50°C for 5 days and then steeping at 30°C for 48 h in water, steeping in IN
KNO; for 24 h and then steeping at 30°C for 48 h in water and the steeped at 30°C for 48 h
in water. In this work, incubation temperature at 50°C was chosen because potassium
nitrate (KNO;3) has potential health effect if inhaled, ingested, contacted and chronic
exposure. The possibility of using rice for malt production was studied and found that rice
grains were able to absorb water and reached the maximum water content of 40% within 48
h (Figure 4.2). At 60 h, moisture content decreased because seeds were germinated and
waster is also generated, together with carbon dioxide, by the respiratory processes that
occur in the living tissues (Brfggs, 1998). However, at this time, steeped rice seed (new
water was changed everj 24 h.) had bad smell; it might be contaminated by some
organisms, The next experiment, gertiination test by various steeping time was tested and
the result was shown that steeping time at 48 h was shown the highest germination than 24
and 72 h (Figure 4.3). Then, Germinated rice was measured reducing sugar and protein
concentration at period time. Before used, shoot and root of germinated rice seed were
removed. The result was shown in Figure 4.4 that for 4 days starchy in rice grain was

developed into sugar by amylolytic enzyme activity in rice endosperm which similar to
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result from Palmiano and Juliano (1973). Weight of rice seed was loss because it was

modified to root and shoot as a result to increasing protein concentration.

120

100 . .

80 A

Germnition (%)
oY
S

i

Control Incubated at 50°C Steeped in 1N KNO,
Seed treatment
Figure 4.1 Germination test of breakdcwn dormancy condition of KDML 105 before

germination; Rice seeds was incubated at 50°C for 5 day, steeped in IN KNO;

at 30°C for 24 h and steeped in water at 30°C for 48 h as control
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4.2 Study of saccharification process

In this process, soluble solid, pH, reducing sugar and mycelial growth were
measured. The result in Figure 4.5 demonstl;ated the relationship between the
measurements of reducing sugar by DNS method and HPLC. On the third day, the both
measurements have shown the highest of reducing sugar production in rice koji which is
122 g/L. This result was similar to Prakash and Thapa (2006). They were shown that total
reducing sugar in saccharification process was increased until the third day and then,
decreased. Decreasing of reducing sugar and g}ucose concentration might caused from the
growth of R, oryzae. |

In addition, the genus Rhizopus includes species those are capable of efficiently
secreting organic acids, such as citric acid, fumaric acid, and malic acid (Goldberg et al.,
1991 quoted in Oda et al., 2002). From this reason, rice koji is changed into lower acidity
than initial stage. Initial pH of SSF process was pH 6 then, pH was dropped to pH 3.5 and
stable until finished this process (Figure 4.6). Moreover, the amount of soluble solid was
also determined. The result of soluble solid had not related with the results of reducing
sugar and glucose concentration in Figure 4.5 which may be interfered from starch at zero
day. The fungal growth in rice koji was determined using N-acetlyglucosamine compared
with weighting of mycelium on PDA; the result was shown in Figure 4.7. At 5" day of
saccharification process showed the highest of mycelial growth weight because it used

products of amylolytic enzyme for growth. Thus, glucose concentration decreased in 4™

day.
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Figure 4.5 Time course of glucose concentration and reducing sugar (as glucose) in boiled

sticky rice which inoculated with R. oryzae BM$ strain by HPLC ( ¢ ) and

DNS method { ¢ )
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Figure 4.6 Soluble solid (°Brix) ( 1 ) and pH monitoring ( A ) in SSF process at petiod time

after inoculated with R. oryzae BM8 strain in boiled sticky rice.
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Figure 4.7 Growth of R. oryzae in rice koji; 0 N-acetylglucosamine, 0 mycelial weight on

PDA



4.3 Optimization of growth of S. cerevisiae L.3109 strain

The growth of §. cerevisiae L3109 strain was optimized by various temperatures at
15, 20, 25, 30 and 35°C using microbiological inéubators for temperature control. The
samples were monitored every two hours. The results showed that the lowest specific
growth rate was 0.6847 at 15°C while the highest was at 30°C, 1.1875 (Figure 4.9) which
was similar to the results obtained from Ferreira (1959), who studied yeast growth on
several temperatures and found that at 30°C is the best temperature for yeast cell growth
and alcohol production.

On various pH conditions at 2.5, 3.0, 3.5, 4.0, 4.5 and 5.0; the results showed that
yeast was not grow at pH 2.5. On the other hand, this strain was grown well on pH 4.0 to
5.0 (Figure 4.11). Charoenchai et al, (1998) re;ioned that variation of medium pH between
3.0 and 4.0 did not significantly affect the growth rate or cell biomass of the yeast.

Then, inoculum size of S. cerevisiae L3109 strain was studied for fermentation
process. Cell concentrations at 1x107, 2x107 and 4x10” cells/mL were not effected for their
growth and reducing sugar utilization was better than one. Thus, 1x107 cells/m] was chosen

for inoculation in rice wine process (Figure 4.12).
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Figure 4.9 Specific growth rate of S, cerevisiae L3109 strain in various temperatures
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Figure 4.12 Time course of S, cerevisiae 1.3109 strain at various inoculum sizes; 1x107
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4.4 Rice wine production

Normally, Thai traditional rice wine mostly used steamed sticky rice which
inoculated with microbial starter or Loog-pang. In 'this work, KDML105 was added into
rice wine making process to improve the smell of rice wine. The wine making process was
varied into 4 conditions i.e. adding steamed paddy rice, steamed polished rice, steamed
malted rice, and without adding as control. Yeast and more rice were added at zero days.
All of them were duplicated. Figure 4.13 was shown as yeast growth by viable count in
various conditions. All conditions were similar pattern of growth except control which
shown longer live at the end of fermentation. The result of yeast growth had related with
the result of reducing sugar by DNS method. They were shown that reducing sugar in rice
wine was increased until day 3, and then delcreased because the activity of amylolytic
enzyme from fiungal production still was being activated. Rate of reducing sugar
production from day 2 to day 3 were shown highest as paddy 47.775, 39.861 and 37,769 as
polished and malted, respectively. Moreover, S. cerevisiae can produced invertase enzyme,
which hydrolyze sucrose into glucose and fructose (Zoecklein et al,, 1995) so the result
was shown in Figure 4.14. During fermentation, yeasts utilize glucose and fructose
differentially. Glucose was fermented faster than fructose. Thus, the end of fermentation,
fructose had present in greater amounts than glucose in rice wine. The pH of wine was not
changed; thgy were still in acidity at pH 3.3 to 3.4 until fermentation finished (Figure 4.15).
Moreover, soluble solid were estimated by hand refractometer to predicted finished
fermentation. Trending of soluble solid are the same, they were slightly decreased from 8"

until 21* day as shown in Figure 4.16,
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Figure 4.14 Reducing sugar residues in samples by DNS method; paddy rice ( ¢ ), polished

rice ( 0 ), malted rice ( A ) and control ( ©)
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Alcoholic fermentation typically refers to the chemical conversion of carbohydrates
into alcohols or acids using yeast under anaerobic condition. Mostly yeast which using for,
is S cerevisiae, The end of fermentation, ethanol, 6rganic acids were obtained including
byproduct such as glycerol and other polyhydric alcohols (Zoecklein, 1995). Table 4.1
summerized the results of titratable acidity, organic acid (such as acetic acid, citric acid,
malic acid, lactic acid and succinic acid) and ethanol production from rice wine
fermentation which was detected by HPLC, Organic acids account for a significant fraction
of wine. In grape wine, some of them are originally present in the grape (Zotou et al., 2004)
but in rice wine appear during alcoholic fermentation because primary composition of rice
grain is polysaccharides, protein and fat (Juliano, 1985). Moreover, organic acid was
produced during alcoholic fermentation; filamentous fungi such as Aspergillus spp. and
Rhizopus spp. were used to produce organic acid (Sasaki and Takao, 1967; Magnuson and
Lasure, 1992; Oda et al., 2002; Zhou et al.,, 2002; Wang et al., 2005). For organic acid
detection, there are many methods for analysis but mostly using chromatography. Gas
chromatography is normally used for analyses fermentation products but recent
developments in high-performance liquid chromatography (HPLC) have advanced it to a
level such that it may be better technique for fermentation product analysis than GC
(Ehrlich et al., 1981). According to Frayne (1986), who studied in Direct Analysis of the
Major Organic Components in Grape Must and Wine Using High Performance Liquid
Chromatography and reported that HPLC method showed it to be highly reproducible,
reliable, and stable, moreover, good agreement in accuracy and precision than compared
with conventional volumetric, distillation, and enzymatic methods of analysis. In addition,
the advantages of using HPLC in the determination of organic acids are speed,
simultanequs, analysis of several acids and easy sample preparation (Fernandez-Gareia and
McGregor, 1994). Hence, this work was used HPLC method to analyzed fermentation

products which was similar to researches from Davis et al., 1986; Callaway and Martin,
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1996; Wei et al., 2001; Zhou et al., 2002; Nozal et al., 2003. Table 4.1 showed the results
of orgaenic acid analysis by HPLC, titratable acidity and ethanol concentration. Statistical
analysis for organic acid concentration, acetic acid in rice wine (no adding 0.188 g/L) was
significantly decreased when added with paddy (0.030 g/L), polished (0.048 g/L) and
malted rice (0.037 g/L). Thoukis et al. (1965) reported that during alcoholic fermentation
by yeast there is an increase in total acidity and a change in the constituent organic acid
composition of the fermentented medium. The formation of acetic acid, widely referred to
as volatile acidity, is generally recognized as a normal by-product of alcoholic
fermentation, Decreasing of acetic acid, it might be cause of active yeasts can used acetic
acid as a carbon source, some winemakers used this advantage led to reduce volatile acid
(as acetic acid) in wine (Zoecklein, 1995). Funl;ennore, rice wine added with malted rice
was significantly increased in ethanol concentration because malting process, products of
enzyme modification in rice germinated are short-chain polysaccharides, oligosaccharide,
glucose and especially, maltose. Normally, glucose is the best carbon source for yeast
growth, For this strain, L3109 could utilize glucose rather to 100% in control, while 50%
for fructose. Ethanol concentrations in rice wine were 13.32, 13.53, 15.239 and 17.20% in
control, added with polished, paddy and malted rice, respectively. Product yields (gram of
ethanol per gram of substrate) were 0.482 (paddy rice), 0.427 (polished rice), 0.544 (malted
rice) and 0,736 (control).

Balli et al. (2003) who studied on Effect of yeast cell immobilization and
temperature on glycerol content in alcoholic fermentation with respect to wine making and
found that S. cerevisiae produced glycerol at temperature range 5 to 30°C. But rice wine

fermentation, samples were fermented at 30°C; glycerol was not detected on the HPLC-

based,



48

The contaminated substances (copper, iron, lead, arsenic and ferrocyanide)
detection, rice wine samples were not detected corresponding Thai Industrial Standards

(Table 4.2).
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The finished products of rice wine were tasted by trained panelists and evaluated
characters of rice wine. The objective of the sensory test was to determine the condition
which added with various modified KDMLI05 rice into traditional rice wine effect on
sensory profile of rice wine. Mean intensity ratings for the wine made by five samples were
plotted on polar coordinate or radar graph, the center of the graph represented low intensity
with respect to each character increasing to an intensity of 10 at the ends of axes. The
results were illustrated on Figure 4,17, The graph showed six characters, which were
clarity, color, smell, sweet, taste; and acceptable of wines (p<0.05). The Least Significant
Different (L.SD) was calculated to determine where the different occurred and denoted by
letter (Table 4.3). All of samples were not significantly different in clarity and color.
Beside, three characters and acceptable of wine were significantly different among five
samples (p>0.05). 2-acetyl-1-pyrroline is a mainly volatile aroma compound of rice,
especially KDML105 (Buttery et al., 1983; Zhou et al., 2002; Wongpornchai et al,, 2004).
As a result, smell character in rice wine added with KDML105 was significantly different
higher than no adding. Overall of scores, rice wine added with paddy rice was obtained the
highest score and the lowest was control (7.537, 7.357, 6.768, 5.789 and 5.419; paddy,
polished, malted, commercial and control, respectively), which was meaning the panelist
most accepted in rice wine added with paddy rice and polished rice, the second was malted

rice and the last was control and commercial.
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Figure 4.17 Polar coordinate graph of the mean intensity rating of five rice wine samples in

term of clarity, color, smell, sweet, taste and accept (p<0.05) ; commercial

(0), control (@), paddy rice (0), polished rice (O0) and malted rice (A)



CHAPTER V

CONCLUSION

This is the first time, which studied in quality development of Thai traditional rice
wine or Sato by adding which rice KDML 105 strain. On malting process, KDML105 was
broken down dormancy by oven at 50°C for 5 day and steeped in IN KNO; at 30°C for 48
h before steeped at 30°C for 48 h (changed the water every 24 h) which were germinated
more than 95%. In 4™ day, germinated rice gre;ins had the highest protein and reducing
sugar. On saccharification process, R. oryzae strain BM8 which was inoculated to steamed
sticky rice, can produce amylolytic enzyme to hydrolyzed starchy source and produce the
highest reducing sugar in 3" day. After that reducing sugar was decreased because growing
of R. oryzae strain BM8.

In rice wine fermentation, amylolytic enzyme from saccharification process can
hydrolyzed paddy, polished and malted rice which were added into rice wine. Then,
reducing sugar was increased, decreasing of volatile acid as acetic acid when added with
rice is significantly, except control. Ethanol concentrations in rice wine were 13.32, 13.53,
15.239 and 17.20% in control, added with polished, paddy and malted rice, respectively.
Moreover, rice wines were not contaminated by heavy metal and cyanide. Statistical
analysis of sensory evaluation, the most panelists accepted in rice wine by adding paddy
rice and adding polished rice, the second was malted rice. Commercial and not adding

(control) less accepted.
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APPENDIX A

METHOD

1. Sensory evaluation

The sensory evaluation of wines was done by using 10 volunteers and 2 experts of
wine making. All ten volunteers participated in a round table discussion session. They were
given representative wines, terminology of wine descriptors and tentative reference

standards,



QDA sheet for wine tasting

Please evaluate the sour taste, flavor, balance and overall of the sample in

sequence. Place a vertical line across the horizontal line at the point that best

describes each property in the sample.

low moderate high
(0-3) (4-6) (7-10)
A. Clarity | ! N
B. Color I I
C. Smell ! i. L
D. Sweet [ 1
E. Taste |
F. Accept
G. Overall |

Figure 1A Work sheet of QDA for rice wine tasting
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APPENDIX B

RESULTS

1. KDML 105 seeds germination

Figure 1B KDML 105 seed germination, a) paddy rice; b) 1¥ day steeped in water; ¢) 2™
day steeped in water or 0 day germination; d) 1™ day germination; ¢) 2™ day
germination; f} 3 day germination; g) 4* day germination; h) 5™ day

germination; i) 6™ day germination and j) 7™ day germination
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Figure 1B (continued)
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2. Chromatograms of standard and sample by HPLC
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Figure 2B Chromatogram of standard organic acid: acetic acid, citric acid, lactic acid,

malic acid, succinic acid
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Figure 3B Chromatogram of organic acid in rice wine sample at finished fermentation

(added malted rice with yeast)
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Figure 4B Chromatogram of standard ethano! and monosaccharides by HPLC
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Figure 5B Chromatogram of ethanol and monosaccharide in finished rice wine sample
(added malted rice with yeast)
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3. Chromatograms of cyanide contamination by Polarography and Voltammetry

Free Cyanide No, 110{2¢
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Figure 6B Chromatogram of standard cyanide tested in distilled water by 797 VA

Computrace
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Figure 7B Chromatogram of cyanide analysis in rice wine sample
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