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In order to reduce the cost of beer productiomgisice as major ingredient in
brewing process was investigated and establishextluBtions of rice malt (Hybrid
Rice CP13) in ¥ 39 5" 7" and §' days of germination was carried ofxtract
content and FAN constantly increased during te®9" days of germination. The
maximum extract content presented fhdhys of germination, but the extract content
of rice not reached the typical brewing malt (80@ the §' day of germinated malt,
it provided FAN for 145 mg/100 g malt, which wasignificant difference with FAN
in malt barley (150 mg/100 g malt). On the othendhahe rice malt from*7and &'
days of germination was negligible because of mtran 20% malting loss.
Commercial enzymes including heat stableamylase, bacterial protease, and malt
barley were supplemented for improving the qualited wort for brewing before
optimization using RSM technique. The suitabilitytbis model was analyzed and
expressed ag-value. Germination time of rice, commerc@lamylase,and barley
addition affected on extract content, yield, andnientable sugar of wort. Whereas,
germination time of rice and bacterial proteaseaéd on FAN in wort. However,
protease that generated in germinated malt showgldeih impact on FAN than
commercial enzyme addition. The numerical appré@rieonditions for mashing

condition based on germination time and rice nalos were determined.



Fifty-liters of beer productions of each treatmesis done. Total fermentable
sugars of wort from malt obtained &t 8ay of germination at 50% were insignificant
difference with standard wort at the same concgaotra However, maltose
concentration in standard wort was higher approteiga3 times than experimental
wort, whereas amount of glucose from experimentat was high about 33% of total
fermentable sugar. Germination time of rice mald darley malt addition improved
both reducing sugar and FAN consumption. Neversiseléhe highest utilization of
reducing sugar from the experiment was 70%, whiels Wwer than reducing sugar
from malt barley wort at more than 80% utilizatiomhe lack of maltotriose
consumption occurred in every treatments, whichhinige the main cause of low
ethanol production. Rice malt ratio influenced ba tolor of beer due to the Maillard
reaction of rice husk during mashing and wort Ingjli

Isoamyl alcohol in experimental beer was 570 — Ppp&h, which 10 times
higher than its beer standard. The rice malt ratid germination time improved the
formation of estery compounds in final beer inchgliisoamyl acetate, ethyl
octanoate, and ethyl decanoate. This might be dubet high level of volatile fatty
acid, which is the precursor of estery compounddh®sis. Qualities of rice malt had
no effect on sensory score when the 50% of barl@lt wvas supplemented.
Conversely, the ratio of rice malt to 70% influeddbe qualities of rice malt. Twelve
panelists judged the beer from 50% of rice malg@sd, while beer from 70% of rice

malt was judged as normal and drinkable.
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CHAPTER |

INTRODUCTION

1.1 Significant of research

Beer is the most popular alcoholic beverage aeidvom the fermentation by
yeast, which mostly uses malted barley as a stswance. However, barley does not
grow in the tropical area, such as South-East Adias, the barley must be imported
to Thailand.

Rice Oryza sativais the most significant crops in the world aslvesl wheat
and corn, which have been cultivated in over 10@nates around the world. Rice is
the essential food for a half of the world popwati Total production of rice paddy
area is about 154 million hectares, and annualymto@h of rice is about 731 million
tons (Zhacet al, 2010). However, rice is impractical for brewingchuse it contains
very high starch content (85-95%), that swells tyeand gelatinizes at temperature
70-85°C due to the presence of very small stara@nude. Furthermore, protein
content is quiet low (5-8%), which not enough feagt metabolism (Kanze, 2004), as
well as illustrates the low foam stability and gqtyalAlso, another cereal for example
wheat, sorghum, and buckwheat besides rice havediadied the possibility for beer
production and generated the novel beer approagh é&d Palmer, 1998; Igyet al,

2001; Moonjai, 2005; Odibet al, 2002; Salubchuat al, 2005; Wijngaard and



Arendt, 2006). Nowadays, the brewing industriesobee competitive. Manufacturers
have tried to improve their beer qualities and ocedthe raw materials cost. The
utilization of rice for adjunct has been done ie tirewing industry in order to reduce
the costs of production. The application of riceowdd be used as the adjunct in
brewing flavor such as neutral aroma, and tastéd@amer, 2000). In addition, rice
hull ash (RHA) is the effective filter aids for bidétration. The results showed clarity,
brightness and sensorial characteristics of beleichmwvere comparable to obtain with
traditional filter aids (Villar et al, 2004).

Response surface methodology (RSM) is a collectdnstatistical and
mathematical techniques, which is useful for dewelent, improvement and
optimization of the process. This method was estiadtl by Box and Wilson in 1951
(Myers and Montgomery, 2002). Equations were useddéscribe how the test
variables affect the response, determine the elsronship among the test variables,
and describe the combined affect of all test véembn the responses (Giovanni,
1983).

Thailand is one of the largest rice exportershmworld. Thus, rice might be an
interesting starch source for the new beer stydelyetion. The aims of this research is
optimize the used of commercial enzymes with vemmabf barley malt and rice malt
addition. Also, test for qualities of beer usingerimalt as the major ingredient starch
source for applying and reducing the cost of beedyction. The designed all variable

parameters were done by using RSM.



1.2 Research objectives

This research aims to develop and optimize thevinge process, which used
rice as a major starch source in order to incrdasealue of rice, and reduce the cost
of brewing production, with sub-objectives as fallo

1. To generate and determine the property of malt friom

2. To generate the suitable mashing model to produm from rice malt as

the major ingredient using RSM technique

3. To study the fermentation profile of rice beer gsibottom fermenting yeast

4. To produce beer from rice as a major ingredienbOditers brewing scale

and analyze the beer qualities

1.3 Research hypothesis

Malt from rice has efficiency been used for brewasga source of carbohydrate.
The modification and optimization of brewing prosdsy the commercial enzymes
and barley malt can improve the quality of rice rheend reduce the cost of beer

production.

1.4 Scope and limitations of the study
Firstly, the compositions of rice were determinedtérm of nutrition and
physical properties including moisture content, tgiro content, fat content, ash

content, and available carbohydrate as well astiggation temperature, and



percentage of germination. Thus, rice malt was pred and its qualities were
analyzed. Small scale mashing and fermentationdeag before a pilot scale of 50
liters production of beer. Small scale mashing métimcluding mashing time, and
commercial enzymes addition were optimized by ugsM. The suitable conditions
were selected to study the fermentation kinetichsas ethanol production, and sugar
utilization in 5-liters fermenter. The optimum catioh from laboratory scale brewing
was obtained in the 50-liters scale brewing. Fingthysical, chemical and sensory

analyses of final beer were determined.

1.5 Expected result

The expected of result from this study is to obthia new style beer product

from rice, which is appropriate and acceptableitaal



CHAPTER I

LITERATURE REVIEWS

2.1 Definition of beer

Beer is the oldesand most populaelcoholic beverage in the world. It is
produced from the fermentation of sugars, whichveerfrom starch-based materials.
The most common material is barley malt, and sesasath bitter taste hops. However
wheat, corn, sorghum, and rice are also widely usedonjunction with barley

(wikipedia, 2008).

2.2 Basic ingredients of beer

The basic ingredients of beer are water, fermeatatarch source (widely used
as barley malt), yeast, and hops. A mixture ofcétasources may be used as the
secondary starch source such as corn, rice, arad sftgn being termed as an adjunct
especially used as a lower cost substitute foelarialt.

2.2.1 Starch source

The starch source provides the fermentable maitbeer and is the key

of the quality of beer. BarleyHordeum vulgargis the most common starch source



used in beer. It is a cereal grasses, which hadldhers in dense spikes with long
awns, and three spikelets at each joint of thehisic Before barley is used in the
brewery, they must be converted starch in endosperfarmentable sugar known as

malt.

2.2.1.1 Rice

Rice Qryza satival.) is a cereal foodstuff, which forms an
important part of the diet of a great populatiorridwide for at least 5,000 years. It is
native to tropical and subtropical southern Asiag aoutheastern Africa. Rice is
widely grown throughout the world. Total rice pration for 2004 is placed
approximately 600 million metric tonper year. Thailand is the world class rice
exporter, which produces more than 30 million neetions of rice per year (Thai Rice
Exporters Association, 2010) and highly diversityrize variety approximately 85
cultivars have been promoted for plantation.

Structure of rice kernel is illustrated in figu2.1. Rice consists
of cover grain in which the kernel (caryopsis), @¥his encased in a protective hull.
The hull has two-piece structures, which tighthc@mpasses the kernel for protect
and the barrier to change in moisture content tapidettiarachchyet al., 2000).
After the hull is removed, the caryopsis is knovenbaown rice which approximately
93% endosperm is situated. The major constituetthefndosperm is starch and the
outer most layer of endosperm called aleurone laybe area between hull and
endosperm compose of three layers: pericarp, tegfeead coat), and nucellus
account for approximately 3% of brown rice weigbhemical compositions of brown

and milled rice were shown in table 2.1.



Rice is currently the second most widely usedadginct
material in United State less than corn grits (8pd976). The quality of rice for
brewing can be judged by several factors includioiganliness, particle size,

gelatinization temperature, mash viscosity, masimar and protein content. Short
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Figure 2.1 Structure of rice kernel

Sourcewww.fao.org

grain rice is preferred because of the low visgogitoblem. However, rice has
relatively high gelatinization temperature (70 - 85) due to the presence of very
small starch granule (2-10m) (Pierce, 1987; Lindeboot al, 2004). Rancidity of

rice grain dues to the unfavorable storage comdisach as high temperature and
humidity, high lipid content of rice could be causfethe reduction of ester formation

during the fermentation. (Anderson and Kirsop, 19A4raapaa and Lindstrom,



1973). Furthermore, rice provides a low foam qualgtability and free amino

nitrogen (FAN), which cause of the level of proteand enzymes.

Table 2.1Chemicals composition of brown and milled rice.

Nutrient Brown rice Milled rice
Starch (%) 57.0 67.0
Crude protein (%) 7.2 5.8
Crude fat (%) 1.9 0.3
Crude fiber (%) 0.7 0.3
Crude ash (%) 1.0 0.5
Niacin (ug/g) 43.0 18.0
Tocopherol(g/g) 17.0 Trace
Thiamine (19/Q) 4.4 0.7
0.9 0.4

Riboflavin (ug/g)

Source: Adapted from Huewt al (1988).

2.2.1.2 Barley
Barley Hordeum vulgarehas been associated with the earliest
beginnings of agriculture. Cultivated barley is muigely originated from wild
progenitor 35,000 — 40,000 years ago (Hockett, 20DBus, barley is a cereal grains,
which is applied many food application includingebeand distilled beverage

production, as a component of various health fded aerving as a major of animal



fodder. Thus, barley can be divided depending ematinangement of the corns on the

ear axis as “two rows” and “multirows” barleys.

A structure of barley kernel in longitudinal crossetion is
illustrated in figure 2.2, which consists of 3 maiarts: germ region, endosperm, and
grain covering. The germ region contains embrydlite growth for acrospires and
rootlets. The endosperm contains starch granuldéarge and small size. The small
starch granules with a diameter of 3 #rh represent 70 — 95% of the starch granules
in endosperm display major influence on the malpngperties, and qualities of malt
production (Kanze, 2004). The endosperm is surredra; aleurone layer, the most

important starting point for enzyme production dgrmalting.

The grains covering consist of three differelagers. The inner
most covering is the aleurone layer, following seedt or testa and pericarp, and fruit
coat. The outermost is “husk” that mainly consisfs cellulose which can act

adversely on the qualities of beer including pobmdl and bitter substances.

Vo diy
fals
i ﬁ'la

()
it
Vo)

i
\
;
l(

i
!
i
)

i
'
i
(‘fc
)

5
i.l
7
1)
\
i
<

1)

\i,
4
N
i
i

¢‘l.

il
B
)l
"
1

ji
((
zi?;‘%
i

gl
.

(
A

// 7/
o
i

/7
\
)




Figure 2.2 CA barley kernel in longitudinal cross-section (aglimentary stem, (2)
rudimentary acrospire, (3) rudimentary rootlets) gtutellum, (5)
epithelium layer, (6) endosperm, (7) empty ceB3,gleurone layer, (9)

testa (10) pericarp, and (11) husks

2.2.2 Water
Water is the quantitatively raw material for beaoguction, which
always comes from a local source. Supply and patjoar of water are largely
important to the brewer because the water quadisydn effect on the quality of beer.
The ions present in water are significant, andugriice on beer flavor,
either beneficially or adversely by both direct andirect effects, especially during
wort production, wort boiling, and fermentation.€ltaste sensation has a direct effect
on taste receptor. For example, 'Nen and K ion can contribute a salty taste at
concentration of 150 to 200 mg/L, and greater thanof 500 mg/L, respectively as
well as Md" ion can contribute a bitter, and sour flavor iehavhich above 70 mg/L
(Taylor, 1981). Indirect effects of ion on beervida for instance yeast metabolism,
which requires the appropriate concentration ofneletal for accelerated growth,
increased biomass vield, and enhance ethanol piioduéurthermore, G4 ion can
directly stimulate amylopectic, activate protealy@nzyme during wort production,
and reduce color formation (Briggs al, 1981; Comrie, 1967; Taylor, 1990).
2.2.3 Hops
The hops are the female flowers of the hop pleigulus lupulus ). A

strong climbing plant is mainly used as flavour atdbility agents in beer, others



beverage, and herbal medicine. The hops contritbart@, citrus, herbal aromas, and
flavors to beer product. Particularly, soft resfritee hops containg-acid andB-acid
(figure 2.3), which are the primary bittering compds (Rourke, 2003). There are
three major forms otr-acid, and three analogous formsfcid. Thea-acids are
cohumulone, humulone, and adhumulone, whereas eag-ttids are colupulone,
lupulone, and adlupulone (Robert and Wilson, 200B)e proportions of these
compounds are remarkably consistent on hops \esietifecting on beer flavor and
taste.

Several authors have suggested that the effeahtdfiotic and positive
antibacterial in hops due to the rich sources aldhes glycosides, especially
xanthohumol, and others prenylated chalcones, whideived much attention as
cancer chemopreventive agents (Stevens and Pa@d4, 2@rsonaet al, 1996;
Natarajanaet al, 2008). Furthermore, rh@-acids from hops extract illustrated the
anti-inflammatory activity and reduction of cardescular disease (Figardd al.,

2008; Hallet al,, 2008).

Cohurmulone R = CHCTH S
Hurmulone R = CHo CH(CH ),

Adhurralone R = CHICH)CH,CH,

Colupulone R = GHCH),
Lupulone R = CHGHICHS),

Adlupulone R = CH{CH)CH,CH,



Figure 2.3 Chemical structures of the hopacids and3-acids.

Sourcewww.botanix.co.uk

2.2.4 Yeast

Yeast is the microorganism that responses fordhadntation in beer.
It metabolizes sugar that extracted from graingrtmluce alcohol, and carbon dioxide
also change wort into beer. In addition, yeasuigriices on the character, and flavors.
Beer quality is strongly influence by the biocheabiperformance of yeast during
fermentation. The ability of yeast to separate frioeer at the required time, utilize
sugar quickly and efficiently, high yield of ethanand balance of flavor compounds
are the appropriate yeast for brewing (Powelhl, 2003). There are two types of beer
yeast including ale yeast or top-fermenting yeasSaccharomyces cerevisjaand
lager yeast or bottom-fermenting yeasSasivarunknown asS. carlsbergensis.

2.2.4.1 Top-fermenting yeast

The ale yeast strains typically used at temperatamging from

10 to 25°C. It is generally regarded as top-fernmgnyeasts since they rise to the
surface during fermentation, due to yeast flociotatentrap C@ creating a very
thick, and rich yeast head. Fermentation by they@dests at rather warm temperatures,

which produces a beer high in esters that regard ebkaracter of ale beers. Top-



fermenting yeasts are used for brewing ales, pritouts, Altbier, Kélsch, and wheat
beers.

2.2.4.2 Bottom-Fermenting yeast

The lager yeast strains typically be used at teatpss ranging
from 7 to 15°C. At these temperatures, lager yegisie/ slowly than ale yeasts, and
less surface foam that tend to settle out to theboof the fermenter. The final flavor
of the beer is depended on a great deal of thenstfdager yeast and temperatures.
Some of the lager styles made from bottom-fermegntyeasts are Pilsners,
Dortmunders, Marzen, Bocks, and American malt lrguo
2.2.5 Adjuncts

Adjuncts are materials other than malted barley pmavide sources of
carbohydrate and protein into wort, for example alted cereals such as corn, rice,
rye, oats, barley, and wheat. Adjuncts are supphadeto the main mash ingredients
often with the purpose for reduce costs, but sameetis generating additional
characteristics. It illustrated result in beershwéinhanced physical stability, superior
chill-proof qualities, and greater brilliancy (Galtimer, 2000). Rice is a by-product
of the edible rice milling industry wildly used ithe production of beer, which
insignificantly influence on the flavor. As brewirgljunct, the rice has a very neutral
flavor, and aroma, which provided a light cleartitas beer. (Goode and Arendt,

2006).

2.3 Types of beers

There are two main categories of beer in relatmfetmenting yeast activities

including top-fermentation, and bottom-fermentatio@ers.



2.3.1 Top-fermentation beer

Top fermentation beés a type of beer using the top-fermenting yeast. |
hydrophobic surface causes the flocs to adhereQg &hd rise to the top of the
fermenter during the fermentation process. Thisstydarments the beer quickly,
provides a sweet, full bodied, and fruity tastée types of top-fermenting beer are
shown;

2.3.1.1 Wheat beeor Weizenbiereis the top-fermentation beer came
from Bavaria made with at least 50% wheat malt. Typecal wheat beer aroma is
mainly influence by 4-vinyl-guajacahat contributes fruity, refreshing taste with a
malty aroma, weak bitterness, and aroma of yeast.

2.3.1.2 Altbieris a dark hearty and little rustic beer. The attihias an
original gravity of 11.5 — 12% and an alcohol contef 4.8 — 5%v/v. The color
ranges between 30 — 38 European Brewery Conve(EBR) units and the bitterness
is 30 — 40 Bitterness Unit (BU).

2.3.1.3 Kaolschis a dry and pale beer, which can only producs in
Cologne, Germany. The Kolsch beer has a light gold@®wn color of 7 - 10 EBC
units, a bitterness of 16 — 35 BU and alcohol aonté 4.6 — 5.1 %v/v. The Kdlsch
has a fresh and refreshing with a malty aroma pfeéomentation.

2.3.1.4 Stoutis a dark top-fermentation beer made from a mixuifre
pale malt and color malt such as black malt androat malt. Stout has a very strong
burnt taste, which have bitterness about 40 — 50 &ilbr is up to 200 EBC and

alcohol content of 4.5 — 5.0%v/v.



2.3.1.5 Porteris a very strong dark beer about 300 EBC units and
bitterness is 40 BU with an original gravity of £314% and 4.5 — 5%v/v of alcohol
content.

2.3.2 Bottom-fermentation beer

The bottom-fermentation beds a type of beer using the bottom-
fermenting brewers’ yeast. This yeast can floceulahd tend to settle out to the
bottom of fermenter during the fermentation procé&dse final flavors of the beer
depend a great deal on the strain of lager yeaktr@ntemperatures of fermentation.
The types of bottom-fermenting beer are shown;

2.3.2.1 Lagerns a beer type which is definitely. Nowadays its@mts
for 80 — 90% of the bottom-fermentation producedrbewhich the common type of
beer in the world. The word “lager” comes from Ganrthat mean “storage”. The
lager beer has a light golden color which has agiral gravity is generally between
10.5 — 12.5%, alcohol content among 4.7 — 5.3%rmaoderately bitter around 18 — 23
BU.

2.3.2.2 Marzenis an Austrian beer type. The Marzen is classiéisch
“strong full beer” with an original wort extract &8 — 14%, and alcohol content is 4.7
— 5.9%uv/v. Two types of the Marzen consist of ggjee with a color of 11 — 12 EBC
units, and dark type with a color of 40 — 42 EBQ@.un

2.3.2.3 Bockbieror Bock beeris very strong beer which has origins in
Einbeck, Germany. The Bock beers brewed from 167% Driginal wort extract.
Thus, the longer of fermentation and lagering agy vequired. The Bock beers are
pale (8 — 13 EBC unit), or dark (45 — 100 EBC uaitd have a high alcohol content

of 7% vl/v.



2.4 Beer production

There are 4 main steps for production of beer; maduction, wort production
beer fermentation, and beer aging.
2.4.1 Malt production
Malting is the first step in beer production, alnigenerates enzyme in
germination grain kernel and causes certain chamngdss chemical constituents.
Barley malt is directed by a number of grain préijesr such as the content and
composition of proteins, carbohydrates, endosperoctsire, cell wall composition
and the activities of hydrolytic enzymes during timg (Zhao et al, 2006). The
processes of malt production consist of steps\vioiig;
2.4.1.1 Steeping
Steeping process has physiologically and biodtedin
changed of grains, which carried out by drainagthefwater and resting in air to take
place over a period of appropriate days. The cooembinations of water and air rest
must be absorbed the water into the grain. At apprately 35% moisture content,
the embryo within each kernel of grain is starttoggerminate. The modification of
rice or barley kernel is satisfactory if they hdke appropriate moisture content at the
end of steeping (Gamla#t al, 2008).
2.4.1.2 Germination
Germination is a process used to produce malii® brewing.
The germination is start during the air rests tasahe end of the steeping stage. A
technical term of “modification” is used to deseileither all the physical and

chemical change that occur when grains is conventéo malt caused by the



degradation of the cell walls of starchy endospéBmggs, 1998). Gibberellic acid
(GA) is synthesized by the embryo and diffusedhe aleurone layer cell (see rice
structural part in figure 2.1). Then, the aleurdager is induced and amylolytic
enzymes are released into the endosperm. Subsigtleati-amylase angt-amylase
convert the starch molecules of the grain into sugfaat the embryo can use as food.

The diagram and mechanism of germination of graresllustrated in figure 2.4.
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Figure 2.4 Mechanism of germination of grains.

1. GA is synthesized by the embryo and releasem starchy
endosperm via the scutellum.

2. GA diffuses to the aleurone layer.
3. Aleurone layer cells are induced to synthesim secretex-

amylase and other hydrolases into endosperm.



4. Starch and other macromolecules are broken dovamall
molecule.
2.1.4.3 Kilning
Klining is the drying process designed for r@dg the moisture
content in germinated grain from over 43% to lées1t5%. Water removal was done
by passing hot air thought malt and germinatiorgi@in should be terminated. The
reduction of moisture stabilizes the grain and vedlato long-term storage, which
inhibits all life process in malt for example, enmy activity and modification in grain.
During kilning, there is a development of color andrease the acceptable flavors.
Color development results from the reaction betwsagar and amino acids at high
temperature to form melanoidins by Maillard react{@almer, 2006). The mechanism
of the Maillard reaction is illustrated in figure52 After the kilning process, the
rootlets are cut off and removed by put through acmme known as Deculmer to
remove the culm or small rootlets that have emerfjech each kernel during
germination.
2.4.2 Wort production
The purpose of wort production is to provide theassary conditions for
fermentation of sugar from yeast to alcohol, andb@a dioxide. The initial
components in malt must be converted to solubladatable sugar.
2.4.2.1 Malt milling
In order to provide malt enzymes, the malt musbkmken into
small fragments. The husks must be treated cayefuil used as a filter material

during lautering.
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Figure 2.5 Formation of melanoidins, some flavor and aroma strxe by
Maillard reactions

Source: Briggs (1998)

2.4.2.2 Mashing

Mashing is the most important process in wort pobidn. Grist
malt is added to heat with purified water, cargfidbntrolled time and temperature
process. The malt enzymes break down the starshgar and non-fermentable sugar
(dextrin) as well as the complex proteins of thdtnsaconverted to simpler nitrogen
compounds. During mashing, two amylase enzymesudinal o-amylase andB-
amylase present the important function for stargdrdlysis. Alpha-amylase has
optimal temperature in range of 70°C5 and B-amylase is around 55-80. The
protease enzyme can work at temperature 2&%Mhd FAN is determined as product
of enzyme activity. Carbohydrate composition ofi@as types of wort was showed in

table 2.2.



Table 2.2Carbohydrate composition of wort (g/100 mL).

Origin Danish Canadian Canadian German UK UK
Wort type Lager Lager Lager Lager Pale ale Pale ale
ConcentrationP) 10.7 11.9 11.55 12.0 10.0 10.0
Fructose 0.21 0.13 0.10 0.39 0.33 0.97
Glucose 0.91 0.87 0.50 1.47 1.00 0.60
Sucrose 0.23 0.35 0.10 0.46 0.53 -
Maltose 5.24 5.57 5.50 5.78 3.89 3.91
Maltotriose 1.28 1.66 1.30 1.46 1.14 1.39
Maltotetrose 0.26 0.54 1.27 - 0.20 0.53
Total dextrins 2.39 3.06 421 - 2.52 2.48
Total fermentable  7.87 8.58 7.50 9.56 6.89 6.78
sugars
Total sugars 10.26 11.64 11.71 - 9.41 9.26
Fermentability (%) 76.7 73.7 64.1 - 73.3 73.2

Source:MacWilliam (1968)

The mashing methods can be divided into two ncabegories: infusion
and decoction mashing. The infusion mashing is ddreesingle temperature without
stirring, which requires high-quality and well genated malt (Eaton, 2006). The
decoction method is used as a series of diffeemperature with under-modified or
enzymatically weak malt (Montanaet al, 2005). The common rests occur at the

temperature optima of enzyme:



45-50C protein ang-glucanase rest,
62-65C maltose production rest,
70-75C saccharification rest,

75-78C final mash temperature,

2.4.2.3 Lautering

At the end of the mashing process, the mash cgnsfstvort
mixture of undissolved substance called “spentngfai The spent grains consist
essentially of the husk, seedling and others nasenvhich are the source of protein
and fiber that provide the benefits with human (Saitoet al, 2006). Only wort is
used for beer production, and spent grains museparated. The mash is transferred
to a straining or lautering vessel usually usenclical with a slotted false bottom.
The liquid extract drains through the false bottand run off to the brew kettle.
These extract through the grains is washed outweh raf the extract as possible. The

spent grains are removed and sold as animal feed.

2.4.2.4 Wort boiling and hoppingare recognized as serving numerous
of technologically important functions including:
a) Inactivation of residual enzymes atyiafter mashing process.
b) Sterilization of the wort to eliminzd# bacteria, yeast and
molds that could participate with the brewing yes®d possibly cause off-flavor.
c) Coagulation of excess proteins and tantarisrm solid
particles (trub), which are important for beer digband foam. The key reaction

during protein coagulation related with the dediawrc of disulfite bridges, which



convert to free thiol-groups. These can be reaet#tti thiol-groups of another
proteins and peptides.

d) Formation of dimethyl sulfite (DMS) from tipgecursor S-
methylmethionine (SMM) during wort boiling. Howeveahe developments of DMS
also appear through kilning and fermentation predésgure 2.6). The DMS has a
significant impact on beer flavor and is the magh#sicant flavor compound from
malt. Typically, the aroma of DMS is described aoaked sweetcorn, tinned tomato
or baked bean flavor (Bamforth, 2009). The acceptecentrations of DMS between
the threshold level of approximately 30-1,0§/L (Hansen, 1999).

e) Extraction of the bittering compounds from hops.

f) Color formation by Maillard reaction.

| 0
St NH-* b Malt kilning
/ 3 Wort boiling S ||
/ \ Fermentation / S\
CO,
SMM DMS DMSO

Figure 2.6 DMS formation during wort boiling, kilning and feentation process

Source: Hughes (2009)



2.4.3 Fermentationand biochemistry of fermentation

To transform wort into beer, the sugar in wort tnbe fermented by
yeast to ethanol and carbon dioxide. The conseguienthe formation of fermentation
and by-product has considerable effect on tastemay and other characteristic
properties of beer. For the fermentation of sugadt the carbohydrate metabolism
such as glucose, fructose, maltose, and maltoteoséransported into the cell (figure
2.7). The enzyme invertase is responsible for §ardiysis of sucrose. Glucose and
fructose are converted in the cytoplasm and asefieomplicate intermediate stage.
Pyruvate is produced and ultimately converted haueol.

The conversion of glucose to 2 pyruvates withinrit®rmediate stages is
known as Glycolysis. Under the absence of oxygeastyconverts pyruvate to ethanol
via alcoholic fermentation shown in figure 2.8. Hoxer, the presence of oxygen
fermentation is greatly inhibited or totally stoppealled “Pasteur effect” the pyruvate
is transported to mitochindria and breakdown viaynatermediate stages to achieve
high energy (36 ATP/mol), C and HO. Unfortunately, in the classical beer
production process, wort aeration step is stillessary to ensure sufficient yeast
growth, and a good fermentation performance. Thet weration has a negative
impact on wort qualities leads to oxidation whican damage the flavor, and ethanol

content (Depraeteret al, 2008).
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Figure 2.7 The uptake of wort fermentable sugars by yeast

Source: Lewis and Young (1995).

The yeast cells require many sources of nitrogenthde synthesis of
cellular proteins and other cell compounds esplgcfvor-active compounds, and
higher alcohol formation (O’Connor-Cox and Inglede®©89). Ingredew (1975)
reported a rough distribution of nitrogenous commubun wort including 20%
proteins, 30 — 40% polypeptide, 30 — 40% amino,amd 10% nucleotide.

In wort, the main nitrogen sources for yeast mdtaivo are the
individual amino acid, small peptide, and ammonims form from the proteolysis
of barley malt proteins (Clapperton, 1971). Thetg@iro metabolism is therefore very
important for the beer because many of metabobduycts have a considerable effect

on the flavor and stability.
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Figure 2.8 Pathways for dissimilation of glucose to ethanoy@ast via glycolysis
and the hexose monophosphate shunt

Source: Boulton and Quain (2001)

Yeast has impact on the flavors, and aromas ef. Béne flavors and the
aromas of beer are very complex, being derived feomast array of components that
arise from a number of sources. These forms aréyhwoducts during fermentation
and maturation. The most notable of these by-prsdue ethanol and carbon dioxide,
in addition, a large number of other characteriticors compounds are produced for

example:



- acetaldehyde (green apple aroma)
- diacetyl (taste or aroma of buttery, or buttetslep
- DMS (taste or aroma of sweet corn, or cooked w=)g
- fruity / estery (flavor and aroma of bananasgwsberries,
apples, or other fruit)
- medicinal (chemical, or phenolic character)
- phenolic (flavor and aroma of medicine, pladgBand-Aids, smoke)
- solvent (reminiscent of acetone, or lacquer tarn

- sulfur (reminiscent of rotten eggs, or burnt rhat)

2.4.4 Aging and finishing

Aging refers to flavor maturation at the end ofnfentation, many
undesirable flavor, and aroma of “green beer” onfiature beer” is presented. The
purpose of aging is to reduce the levels of undbir compounds including the
diacetyl or the sulfur compounds as well as stadtiion of beer. The diacetyl or
vicinal diketones (VDKSs) is the normal productsboéwery fermentations that impart
to beer characteristic aroma which provided a byflavor considered objectionable
in lighter-bodied beer, if their concentration i4 6- 0.14 mg/L. During aging, yeast
produceda-acetolactate then secreted into wort and convedediacetyl and 2,3
butanedione.

After aging, clarification step, it is required temove any remaining
yeast as well as suspend particles of protein-p@gpl complexes and insoluble
materials during cold storage. The common clariicatechniques are used either or

combination including sedimentation, fining, cefuigation, and filtration.



Carbonation is the process of adjusting the cardmxide (CQ)
replacement for the traditional rising to a specificoncentration. Typical American
lagers contain 2.5 — 2.8 volumes of £Q volume is equal to 0.196% GBy weight
or 0.4 kg of CQhL). The CQ concentration in beer can increase by increasiag th

headpressure of GQalso decreasing the temperature. The carbona#ible twas

represented in table 2.3.

Table 2.3Carbonation volumes related between headpress8BiedRd temperature

eC).

Pound per square inch (PSI)

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

3.0 2.15 2.24 2.34 242 2.52 2.62 2.72 2.80 2.90 3.00

3.5 2.10 2.20 2.29 2.38 2.47 2.57 2.67 2.75 2.85 2.94

4.0 2.05 2.15 2.25 2.34 2.43 2.52 2.61 2.70 2.80 2.89.98 2

4.5 2,01 2.10 2.20 2.30 2.39 2.47 2.56 2.66 2.75 2.84.932 3.01
5.0 1.97 2.06 2.16 2.25 2.35 2.43 2.52 2.60 2.70 2.79.872 296

55 1.93 2.02 212 221 2.30 2.39 2.47 2.56 2.65 274822 291 3.00

%): 6.0 19 1.99 2.08 2.17 2.25 2.34 2.43 2.52 2.60 2.69 782. 2.86 2.95

§ 6.5 1.86 1.95 2.04 2.13 221 2.30 2.39 2.47 2.56 2.64.732 281 2.90 2.99

G 7.0 1.82 1.91 2.00 2.08 217 2.26 2.34 2.42 251 2.60.682 2.77 2.85 2.94 3.02

g 7.5 1.88 1.96 2.04 2.13 2.22 2.30 2.38 2.47 2.55 2.62.72 2.80 2.89 2.98

g 8.0 1.84 1.92 2.00 2.09 2.18 2.25 2.34 2.42 2.50 2.52.67 2.75 2.84 2.93 3.02

E 8.5 1.80 1.88 1.96 2.05 2.14 221 2.30 2.38 2.46 2.52.62 2.70 2.79 2.87 2.96
9.0 1.85 1.93 2.01 2.10 2.18 2.25 2.34 2.42 2.50 2.58.66 2.75 2.83 291 2.99
9.5 1.82 1.90 1.98 2.06 2.14 221 2.30 2.38 2.45 2.52.62 2.70 2.78 2.86 2.94
10.0 1.87 1.95 2.02 2.10 2.18 2.25 2.34 2.41 249 725265 2.73 2.81 2.89
105 1.84 191 1.99 2.06 2.14 2.22 2.30 2.37 245 425261 2.69 2.76 2.84
11.0 1.80 1.88 1.96 2.03 2.10 2.18 2.26 2.33 241 824257 2.64 2.72 2.80
11.5 1.85 1.93 2.00 2.07 2.15 2.22 2.29 2.37 2.44 522. 2.60 2.67 2.75
12.0 1.82 1.89 197 2.04 211 2.19 2.25 2.33 2.40 472. 255 2.63 2.70

Sources:modified fromwww.ebrew.com



2.5 Response surface methodology (RSM)

RSM is a collection of statistical and mathematitechniques useful for
development, improvement, and optimization procesddyers and Montgomery,
2002). The most general applications of RSM ar¢han particular situations where
several input variables influence some characterigif the process. Thus,
characteristic is called tHeesponse” or “dependent variables”. The input variables
are sometimes calléthdependent variables”.

The RSM has been successfully used for various biotmolgical and
agricultural applications (Popet al, 2007; Capanzana and Buckle, 1997; Vohra and
Satyanarayana, 2002; Rodriguesgsal, 2006; Wanget al, 2007). The field of RSM
consists of the experimental strategy for explorihg space of the process or
independent variables, empirical statistical modglito develop an appropriate
approximating relationship among the yield, thecpss variables, and optimization
methods for finding the values of the process Wemthat produce desirable values
of the response (Carlegt al, 2004). Statistical modelling to develop an appiate
approximating model between the respoypsad independent variablés & . & .

In general, the relationship is:

(S ) (1)

The variabless, &. ...
are expressed in the natural units of measurenuehtas degrees Celsius, pounds per
square inch, etc. Generally RSM typically transferthe natural variables twoded
variables xq, %...... %, which are usually defined to be dimensionles$i wwiean zero,

and the same standard deviation. In terms of tdec¢@ariables, the response function

will be written as:



The first-order model is likely to be appropriatdhem the experimenter is
interested in approximating the true response serter a relatively small region of
the independent variable space in a location wtene is little curvature ih

For the case of two independent variables, thédider model in terms of the

coded variables is

N=Bo+ PXHBXy e 3)

The form of the first-order model in equation isr&dimes called anain effects
model, because it includes only the main effects oftii variablesg andx,. If there
is an interaction between these variables, it can be added to theslhemsily as

follows:

=P+ BX+BoXo + PoXX, e (4)
The second-order polynomial model is very usefuhm RSM because it is very
flexible and be able to take on a wide varietywifdtional forms. It often works well
as an approximation to the true response surfakbe. data was fitted to a Taylor

second-order polynomial equation:

K K K
Y =5 +2ﬂjxj +Zﬁjjxj2+2ﬂijxixj """"""" (5)
j=1 j=1 i



where:
Y = expected response

X = levels of the factor

constant

Po

£ = linear terms coefficient
£ = quadratic terms coefficient

interaction terms coefficient

Bi

The second-order model is widely used in RSM éwesal reasons:
1. The second-order model is very flexible which take on a wide variety of

functional forms. Also, usually work well as an apgmation to the true response

surface.

2. The second-order model is simple to estimate#rametersf). The method

of least squares can be used for this purpose.

3. There is considerable practical experience atdig that the second-order

model works well in solving real response surfacbf@ems.



CHAPTER Il

RESEARCH PROCEDURE

3.1 Materials

3.1.1 Rice and barley variety
Rice for malting and brewing in this research \wgisrid medium short-
grain rice CP13 provided by Charoen Pokphand Cd., fhailand. Barley malt for
brewing in this research wdaudin species provided by Khon Kaen Brewery Co.
Ltd., Thailand.
3.1.2 Microorganism
Yeast strairS. cerevisia@o.34for bottom fermentation whicls widely
used in the brewing industrial from Technical Umsiy of Munich (TUM),
Weihenstephan, Germany.
3.1.3 Commercial enzymes
Commercial brewing enzymes were Termamy®5@s a heat stable-
amylase which has a standardized activity of 12®Nadvo unit (KNU) and
Neutrase® as a protease enzyme provided by Novaziyme
3.1.4 Hops
Hops pallets was Hopsteiner P90 (4.3&acid) purchased from

Hopsteiner, Mainburg, Germany.



3.2 Rice qualities

Proximate analysis of rice including moisture comtefiber content, total
nitrogen content, fat content, ash content, andahta carbohydrate were determined
according to AOAC (1990). Percentage of rice geatiam was performed by EBC

(1998).

3.3 Rice malt production

Malting schedule of rice was done by steeping andest as summarized in
Table 3.1. Temperature of germination and relativenidity were controlled at 3C
and 99%, respectively in incubation chamber (CanviE7/2). Germinated rice was
collected on first, third, fifth, seventh, and mirday of malting period and kilned at
50°C for 24 hours in each treatment. Rootlet and sbbaried malt were eliminated
and kept at 4C in covered bucket. Qualities of rice malt inchuglimalting loss, free
amino nitrogen (FAN), extract content, gelatiniaatiiemperature--amylase andg-

amylase activities were determined.

Table 3.1Rice malting schedule

1% day- 3% day — 5" day - 7" day -
9" day
2" day 4" day 6" day 8" day
Steeping 8 h Steeping4 h  Steeping 10 h  Steeping 20 h  Steeping 24 h
Airrest 4h Airrest8 h Airrest2 h Airrest4 h
Steeping 8 h Steeping 4 h  Steeping 10 h
Airrest 4h Airrest8 h Airrest2 h




3.4 Optimization of mashing methods on wort qualies

3.4.1 Mashing time
The suitable mashing time in protease and sacdwtrdn rest (50 and
95°C) was determined. The temperature-program was #&&°00 min, 50°C for 30 —
90 min, 63°C for 40 min, and 95°C for 30 — 90 mirhe condition of mashing
including: 3 days of germinated rice, 75% rice madtio, 0.259/100g malt of
commerciala-amylase and 0.25g/100g malt of protease enzynmntyrains were
eliminated from wort. Qualities of wort includingentage of extract content, FAN,
and filtrate volume were analyzed.
3.4.2 Optimization of mashing methods by RSM
The wort was done in mashing water bath (Julabo ZWiking 50 g of
grist malt and 250 mL water by stirring at 100 rpfhe most appropriate temperature-
time profile from previous experiment was carried. @ he wort was eliminated from
spent grain by percolated through filter paper N@hatman®, 110 mm diameter)
and qualities of wort were determined. The expenitaledesign was performed using
Design Expert software version 7.1 (Stat-Ease IbcS.A.). Optimization of beer
production from rice malt was carried out by RSMsdxh on face center central
composite design which chosen to evaluate founfactGermination time of rice {x
ratios of rice and barley malt fx also commercial enzyme addition including

Termamyl S@® (x3), and Neutrase® g respectively (Table 3.2.).



Table 3.2Process variables and their levels in the foutefachree-level response

surface design

Variable levels

Variables Codes

-1 0 1
Germination time of rice X1 1 3 5
(days)
Rice malt (%) X2 50 75 100
oa-amylase addition
(g/100g mal) X3 0 0.25 0.5
Protease addition % 0 0.95 05

(9/100g mailt)

A total of 52 experimental runs of 2 replicationgre completed as
shown in Table 3.2. The dependent variables weterméed: extract content (%)
(y1), FAN content (mg/L) (3), percentage yield of wort which adjusted to 18rde
plato CP) (y), and fermentable sugar content (g/L) as a totajlucose, fructose,
maltose, and maltotriose 4y These variables were expressed individually as a
function of the independent variables.

The optimal condition of wort production was stéel according to the
following criteria: extract content of wort must kgual or more than 80%, FAN of

wort must be a in range of 220-350 mg/L and yidld/ort must be equal or more than

85%.



3.5 Laboratory scale fermentation
3.5.1 Inoculum preparation

The S. cerevisiaeNo. 34 for bottom fermentation was prepared by
inoculating 2 full loops in 200 mL of YM medium @@L yeast extract, 3 g/L malt
extract, 5 g/L peptone and 10 g/L glucose). Theiomadvas shaken at 28 for 24
hours, 100 rpm. Yeast cell was separated by cagaiion at 4,000 rpm for 10 min
(Sorvall RC 5C plus, U.S.A.) and transferred intb af wort starter. Wort culture was
aerated using aquarium pump for increasing cell bemand temperature of
inoculated wort was maintained at°C4for 24 hours. Cell concentration was counted
using Haematocytometer under microscope and caédclthe volume of wort starter
which needed to inoculated at 212’ cells/mL of fermented wort.

3.5.2 Fermentation condition

The suitable mashing methods were selected to ghelfermentation
and beer production. The wort was prepared asitescin 3.5.1 and adjustedto 12
°P. The wort was sterilized by boiling at 2@for 60 min and further cooled to room
temperature. Three liters of cast wort were tramste into 5 liters of sterilized
fermenter (Sartorius Biostat, Germany). Bottom-fentng yeast was pitched at
1.2x10" cells/mL at 14C and stirred continuously at 50 rpm. Fermentedt wWas
collected every 12 h for pH, viable cell count, FA&thanol, and reducing sugar
analyses. Fermentable sugar content of fermentetl mduding glucose, fructose,
maltose, and maltotriose concentrations were aadlyEermentation was stopped at

120 h, percentage of FAN and reducing sugar utibnavere determined.



3.6 Fifty-liters brewing

The appropriate conditions from laboratory-scalashing and fermentation
were applied in 50 L brewing tanks by using 10 kgrst malt and 50 L of water in
mash tun. The temperature-time profile was useatcoordance with laboratory-scale
mashing. Sweet wort and spent grains were sepanatizditer tun. Afterward, wort
was boiled at 10@C for 60 min and hops pellet was added to obtaialfibeer
bitterness for 25 BU (mg of bitter substance ptar lof wort). Sterilized wort was
transferred to the whirlpool for clarification arthie wort was cooled to 1€.
Fermentation temperature and pitching rate wertopeed following the laboratory-
scale brewing. Maturation step was done AT 4or 1 week. Residual yeast was
eliminated by centrifugation at 4,000 rpm for 10nnaind 4C (Sorvall RC 5C plus,
U.S.A.) and carbonation of finished beer was donditect addition of C@into keg
of beer and incubated at@ for 7 days. Physical properties of beer includisgr
color, sensory analysis, and volatile compound uiiclg alcohols, esters,

acetaldehyde, DMS, and diacetyl of beer were apdlyz

3.7 Analysis
3.7.1 Analysis of malt qualities
3.7.1.1 Malting loss
Malting loss of malt was calculated according tonhilaet al.

(2000) by formula:

wt.of 100grains- wt.of 100malt y

: 100 ------------ (6)
wt.of 100grains

%Maltingloss=



3.7.1.2 a- Amylase andp-amylase activity of malt

The a- and p-amylase activities were analyzed according to
lwouha and Aina (1997). Crude enzyme extraction ssacted by mixing 1 g of
grinded malt with 9 mL of 50 mM Tris.HCI, pH 7.4 thi3mM CaC}, and 4 mM
NaCk, then incubated at room temperature for 30 minpnirbinterval of shaking was
done. The crude enzyme was separated by filtemedigh cotton and centrifuged at
4,000 rpm for 10 min at°€. The supernatant was maintained on ice untilyarsl

The a-amylase ang-amylase activity assays were carried out
by measuring of reducing sugar from starch hydislgs enzyme activities. Fot-
amylase enzyme assay, 0.5 mL of crude enzyme wabated at 7GC for 5 min for
activateda-amylase enzyme activity. Zero point 5 mL of sulsgtiwhich contains 1%
(w/v) potato starch in 50 mM acetate buffer (pH)SWth 0.003% CaGlwas added.
The reaction was continued at°@for 10 min. For thg-amylase activity assay was
the same procedure as the@mylase enzyme assay, but crude enzyme was irezlibat
at 50C using substrate, which contains 1% (w/v) potatrck in 50 mM citrate
buffer (pH 3.6) with 1 mM EDTA. One mL of 3,5-diniisalisylic acid reagent was
supplemented. The mixture was boiled at°ID@r 5 min to stop both-amylase and
B-amylase enzyme reaction and then diluted with 10 wmater. The mixture was
mixed thoroughly and measured the optical dengitgducing sugar at 540 nm using
spectrophotometer (Ultrospec 2000, Pharmacia Bijtec

Standard curve of glucose was accomplished by miegsthe
optical density of glucose solution (0, 0.2, 0.4,®.8, and 1 g/L) and procedure were

done according to enzyme reaction assay.



3.7.1.3 Extract of malt: Congress mash

Extract of rice malt was performed according to EBG.1
(1998). Fifty grams of grinded rice malt were mixgith 200 mL of water and stirred
at 100 rpm in mashing water bath (Julabo TW12)lunixture in the mash reaches
45°C. The mixture was maintained the temperature ¢iC4for exactly 30 min.
Afterward, the temperature of mash was raiseéd frer min for 25 min. When the
temperature reached to°rQ) 100 mL of water at 7€ was added and incubated for
60 min. The mash mixture was cooled to room tentpegaand spent grain was
percolated. Two-hundred mL of water was addedltiafe and soluble sugars of wort
were determined on Hand Refractometer atC20Extract content of wort was

calculated according to the formula:

Epemim)- PN ™
E,[%(m/m)]= 1';2' iol\c/l) ------------- (8)

where

E; = The extract content of sample (%m/m)

E, = The extract content of dry malt (%m/m)

P = The extract content in wortK)

M = Moisture content of malt (%om/m)

3.7.1.4 Free amino nitrogen (FAN) of malt
FAN of malt was determined using Ninhydrin methosl a

described in EBC 7.6 (1998). Two mL of productsnircongress mash was mixed
with 1 mL of color reagent (5 g of Ninhydrin in 1df water which contained 100 g

NaHPO,, 60 g KHPQ,, and 3 g of fructose) in a test tube. The test twbs placed in



boiled water for 16 min and then cooled t@0Five mL of diluted solution (2 g
KlO3 in 600 mL water and 400 mL of 96% ethanol) wasealddand then measured the
optical density at 570 nm. Blank was determinednwdt mL of deionized water.
Glycine standard solution was checked using 2 mlglg€tine solution (0.172 g
glycine in 100 mL water and diluted to 1:100 befased). The FAN content in malt
was calculated using the formula:

FAN, - (9)

10E,,

where:

FANy = Free amino nitrogen in malt (mg/100g DW)

F = Free amino nitrogen content in wort (Mg

E’ = Extract of dry malt (%)

Ew = Grams of extract in 100 mL of wort (g/100 mL)

3.7.1.5 Gelatinization temperature of malt
The rice malt samples were grounded to 0.2 mm d&me

Gelatinization temperature was measured with adraEco analyser RVA Super 4

(Newport ScientificWarriewood, Australia) as reported in Keld¢al, (2005).

3.7.2 Analysis of wort and beer qualities
3.7.2.1 Viable cell count
Viable cell count of yeast cell in fermented worasvdone
during fermentation step using Haematocytometee fEimented wort was diluted

with DI water to an appropriate cell concentratemd then mixed with methylene



blue solution (0.1 g methylene blue in 100 mL wateefore observation under
microscope.
3.7.2.2 Reducing sugar of wort
The amount of reducing sugar from fermented worts wa
analyzed according to Miller (1951). One mL of tid wort was mixed with 1 mL of
DNS solution (10 g of 3, 5-dinitrosalicylic acid)® g of KNaGH4Og in 200 mL of
2N NaOH and adjusted to 1 L with RO water). Thetom@s were mix thoroughly and
development of color was conducted by boiling teaction tube for 5 min. The
concentration of reducing sugar was calculated nsgaistandard of glucose
concentration 0.2, 0.4, 0.6, 0.8, and 1.0 g/L.
3.7.2.3 Free amino nitrogen (FAN) of wort
Free amino nitrogen of wort and beer were deterchibg
Ninhydrin method according to EBC 8.10 (1998). @mleof sample was diluted with
DI water to 100 mL. Then, 2 mL of diluted sampleswaken into test tube and 1 mL
of color reagent was added. Test tube was placedilad water for 16 min and then
cooled to 20C. Five mL of diluted solution was added and meaguhe optical
density at 570 nm. Blank was determined with 2 nildeionized water. Glycine
standard solution was checked using 2 mL of glysioletion. The FAN content was
calculated the using formula:

A x2d
A

FAN(mg/L) =

where:
A; = Optical density of test solution at 570 nm
A, = Mean observe density of standard solution atrgi0

d = Dilution factor of sample



3.7.2.4 Extract content of wort
Extract content of wort was determined by measurihg
soluble sugars of fermented wort during fermentabyg Hand Refractometer at 2D
Extract content of wort was calculated accordintheformula:

T R — an)

where

E = Extract content of sample (%m/m)

W = Amount of water per 100 g of malt (mL)

P = Extract content in worfP)

M = Moisture content of malt (%om/m)

3.7.2.5 Fermentable sugar and ethanol in wort andeer
Fermentable sugars in fermented wort for the peraid

fermentation step and beer including glucose, @ggt maltose, and maltotriose were
established using High Performance Liquid Chromatplgy (HPLC) with Refractive
Index (RI) detector (Agilent 1200, Agilent Techngjo Inc., U.S.A.). Standard
mixture of glucose, fructose, maltose, and malbsti concentration of 0.2, 0.4, 0.6,
0.8, and 1.0 g/L and standard ethanol concentratiédh2, 0.4, 0.6, 0.8, and 1.0 %v/v
were prepared. Samples were diluted with DI wateato 1:50 and filtered thought
0.45 um filter paper (Whatman® 47mm diameter) before ysial TenulL of the
sample was injected through a VertiS&®A (300x7.8 mm) column using DI water
as a mobile phase at 0.8 mL/min flow rate. The temrafure of column and detector
were set at 3. Quantity of fermentable sugar and ethanols impdes were

calculated using standard equation.



3.7.2.6 Volatile compounds and higher alcohols in beer

Volatile compounds and higher alcohols in finisheser were
modified from EBC 9.121998)using gas chromatography model CP 3800 coupled
with a mass detector model 1200L Quadrupole MS/M8&ri@n) by solid phase
microextraction (SPME) technique. Samples were dtkdab 70C and agitated
continuously at 600 rpm for 20 min. The volatilemgmunds of samples were
collected using Polydimethylsiloxane (PDMS) fibgrisge.

Volatiles compounds were collected by pierciagtam vial by
a septum piercing needle. After that, the fiber eggsosed to the headspace of sample
(20 mm above sample surface) for 20 min. This adldwhe analytes from the solution
to diffuse to the fiber. Then, the fiber was reteglainside the septum piercing needle
and the fiber holder was removed from the samplearalytes were absorbed on the
fiber was desorbed by piercing GC inlet septunbfamin.

The samples and standard were injected and segpanate DB-
WAX column, 60 m x 0.25 mm i.d.: 0.2pbm film thickness (Agilent, U.S.A.).
Column temperature-program was 35°C 5 min and asmd to 230°C by 6 °C per
min (running time 37.5 min.). Mass detector corahis were electronic impact,
EI0O mode at -70 eV. Source temperature was 220€@nrsng rate 1 scan's
Mass acquisition range was 45-170. Carrier gas he&sum at 1.0 mL/min.
Identification of the volatile components of beemsvcarried out based on
comparison of their GC retention times and masstspeavith authentic standards
from NIST Mass pectral search Program for the NEFFA/NIH Mass Spectral

Library version 2.QNational Institute of Standard and Technology, 8.5



Standard mixes of six levels including dimethsulfide

(DMS), acetaldehyde, propanol, isoamyl alcohol, bis@anol, ethyl acetate,

isoamyl acetate, 2-phenyl ethyl acetate, ethyl moctde, ethyl decanoate and

octanoic acid were prepared corresponding to T&bBeusing 40% ethanol as a

diluted solution.

Table 3.3Concentration of standard volatile compounds

Volatile compounds

Concentration levels (ppm)

1 2 3 4 5 6

DMS 5 10 20 30 40 50
Acetaldehyde 5 10 20 30 40 50
Isoamyl alcohol 10 20 40 60 80 100
Propanol 10 20 40 60 80 100
Isobutanol 10 20 40 60 80 100
Ethyl acetate 10 20 40 60 80 100
Isoamyl acetate 5 10 20 30 40 50
2-Phenyl ethyl acetate 10 20 40 60 80 100
Ethyl octanoate 10 20 40 60 80 100
Ethyl decanoate 10 20 40 60 80 100
Octanoic acid 10 20 40 60 80 100




3.7.2.7 Color of beer
Color of beer was done by Spectrophotometric methbith
determined the absorbance of diluted sample atmB0within the linearity of the
spectrometer. The colors for sample were calculatecbrding to EBC8.5 (1998)
using formula:
Col@BC units) =A.f.25  ------------ (12)
where:
A = absorbance of sample at 430 nm in 10 mm cell

f = dilution factor

3.7.3 Sensory analysis of beer

Sensory tests on aged beers were carried out tigdgnic Test with 12
assessors who have experience and familiar of #eeking. The discussions for
meaning of each attribute in score sheet were predebefore beer tasting. The
hedonic scale (5 levels) was designed for appeararoma, flavor, mouth-feel, and
overall-impression. The score 0 was extremely ksl was dislike, 2 was normal, 3
was like, 4 was very like, and 5 was extremely.liker overall-impression, the scores
of 0, 1, 2, 3, 4, and 5 were undrinkable, drinkale not prefer to the next glass,

drinkable and prefer to the next glass, good, gend, and excellent, respectively.



3.8 Statistical analysis

The statistical analysis was carried out by SP8Sion 14 (SPSS Inc.All
chemical experiments were analyzed in duplicatedse Ftatistical analysis was
evaluated in Completely Randomized Design (CRD)lgsis of Variance (ANOVA)
and means comparison by Duncan’s Multiple Ranget TeMRT) were used to

determine differences between meap<di.05.



CHAPTER IV

RESULTS AND DISCUSSIONS

4.1 Rice properties

Proximate analysis, percentage of germination aatigization temperature of
rough rice (Hybrid rice CP13) used in this reseasgne analyzed. The results were

summarized in Table 4.1.

Table 4.1Chemical composition of rice.

Nutrients Chemical composition (%)
Starch 61.8
Moisture content 11.5
Crude fiber 8.8
Crude protein (N=5.95) 7.5
Ash 7.3
Crude fat 3.0
Germination (%) 96.0
Gelatinization temperaturéQ) 95.0

Hybrid rice CP13 is medium long-grain rice that hashigh productivity
approximately 1 ton per hectare. Medium long-grae has benefits for malting and

brewing as a result of the low viscosity problenghhlevel of water adsorption



(Bradee, 1977; Tengt al, 1983) cause of the very high percentage of geatiain

that about 96%. On the other hand, gelatinizatenpterature of rice was very high.
Rice contained 3.0% of fat which higher than baf@p%). However, disadvantages
for brewing were the formation of stale and ofiviba aldehydes from the oxidation of
unsaturated free fatty acid (Schwatzal, 2002). Protein content of rice was 7.5%
which less than barley, sorghum, and wheat, whi#eck was very high (61.8%). Rice
contained 8.8% of crude fiber in form of rice hublat benefit for lautering process

because of a filter aids properties in rice husk.

4.2 Effect of germination time on rice malt qualities

Germination of grain involves numerous metabolithpeys, particularly the
starchy endosperm modification is a major mechare$rgermination since starchy
endosperm is accounted around 73 — 85% of graitiopofBao and Bergman, 2001).
Rice was germinated in the period of 1, 3, 5, @ &ndays. Qualities of rice malt
including malting loss, extract content of malt, NFAf malt, a-amylase and3-
amylase activities of malt were determined. Theltssvere summarized in Table 4.2,
compared with unmalted rice (control). Influenceddference malting period on the
percentage of malting loss of malt was determiméalting loss define as the loss of
dry matter that occurred during malting result froime kilning and removal of the
rootlets after germination. The results showed thalting loss was corresponding to
the germination time. The rate of malting lossesraased significantly during the
germination time due to the lost of storage sulegtafor rootlets and shoots
production, elimination of longer rootlets, shoofsgerminated rice, and the leaching

of substances into the steep water. At theaid §' day of germination provided the



29% and 38% of malting loss, respectively that mi@nyield of rice malt were only
71% and 62%, respectively. In general, the inapjeitg malting process occurred
when the malting loss of malt is more than 20%theryield of malt is less than 80%
cause to the higher production cost of malting laredving. Hence, germinated rice in
the 7" and §' day was negligible.

The extract content illustrated the percentagextrfaeted compounds of grist
malt from hot water used the soluble sugars wad asethe major component. The
extract content at the’iday of germination time was insignificantly diféerce with
control <0.05). While, the extract content continuously @aed during the3to
o day of germination. The maximum extract contentuoed in the 9 days of
germination was 45.6%. However, the extract contd#ntice could not reach the
typical brewing malt (80%) due to the low enzymesdification. At 70°C of congress
mashing was used for theamylase activity that suitable for determined éxéract
content in barley malt. However, the gelatinizednperature of rice malt was
undetectable. The congress mashing might be inppgpte for rice malt
determination.

The FAN of malt considerably increased during tH8 ® 9" days of
germination according to extract content due todbgradation of proteins to amino
acids and small peptides by a range of proteognzymes (Celust al, 2006; Enari
and Sopanen, 1986). At thd' @ay of germination, it demonstrated the maximum
FAN content that approximately 145 mg/100g of malhich not notably variation
with malt barley. Furthermore, the FAN of rice malas higher than sorghum malt
(70 mg/100g of malt) and consistent with wheat nib3 mg/100g of malt) (Palmer

et al, 1989).



Amylolytic enzymes in malt including-amylase an@- amylase displayed the
hydrolysis of starch into fermentable sugar thasyean metabolize and converted to
alcohol and other compounds (Evans, 2005). Unitaedmylase andB-amylase
activities of malt was expressed as the weighedficing sugars generation (g) from
starch hydrolysis in 10 min at the appropriate bation temperature. The amylolytic
enzymes of rice malt were not significantly diffierédrom control after the®iday of
germination as a result of low extracts content. t@& other hand, the-amylase
enzyme activity was highly increased aftér @y of germination, wherefisamylase
activity was increased and kept constant thday, after that it was significantly
increased once more during th® ® 9" day of germination. These results were
related to extract content andamylase activity exhibited positively. Theamylase
and B-amylase activities of malt barley were 1.052 andl82 Unit/g malt,
respectively, which are higher than that foundiae malt approximately 1.8 and 3.6
times, respectively. Th@-amylase is exoenzyme, which catalyzed hydrolydis o
a(1—4) linkages penultimate to non-reducing chain eadd released disaccharide
maltose (the major enzyme in barley malt) while dhemylase appeared in rice malt

as the major amylolytic enzymes.



Table 4.2Qualities of rice malt at difference malting perim@mpared with control and malted barley.

Germinated time (days)

Malt qualities Control Barley malt
1 8 5 7 9

Malting loss (%) 0 3.99+:0.73 8.78:1.30° 17.5%1.68  29.160.68  38.920.9¢ >20
Extract content (%) 11.26:0.0%  11.40:0.0F  15.4@1.31°  27.36:0.66  41.700.01"  45.5%0.6F ~80
FAN (mg/100g malt) 5.22+0.43 18.76:3.59 447489  118.4531.29 136.414.88' 144.543.7%F ~150°
Gelatinization temperaturé(Q) 96.0 95.1 ud ud ud ud =70
Enzyme activities (Unit/ g malt)
o - amylase 0.015:0.00F  0.034:0.00F  0.312:0.007 0.3940.006 0.484:0.023  0.7650.027  1.052-:0.020
B - amylase 0.011#0.00F  0.032:0.00F 0.296:0.008  0.294:0.02%8  0.3250.01 0.4110.016'  1.48%0.017

Mean value of three replications of analysistandard deviation

The difference superscript letter between the cakimere significant difference BK0.05

ud = undetectable

Enzyme activities (U) = weight of reducing sugagseration (g) from starch hydrolysis in 10 min pey of malt



4.3 Influence of mashing time on wort qualities

Influence of mashing time for protease {60 and saccharification rest (95)
on wort properties with sample prepared under d¢ardiof 3 day germinated malt
and 0.259/100g of commercial enzymes (zero-levéheivariables) were carried out.

The qualities of wort including FAN and extract temt in finished wort were

determined.
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Figure 4.1 Time-course of FAN ¢) and extract conten®) in wort preparing by
using 50% of 3 days germinated rice malt adding5 0g2100g
commercial a-amylase and protease enzymes addition. Error bar

indicated the standard deviation of 4 measurements.

Figure 4.1 showed the time-course of FAN and ektmaovort from 3 days
germinated rice (50%) using 0.25 g/100g malt of cwrciala-amylase and protease

enzymes. The commercial protease enzymesxaanthylase were supplemented at the



beginning of protease rest (&) and saccharification rest (85), respectively. The
wort samples were collected every 10 min at 3®0limin of mashing time. As of the
result show that, the rate afamino nitrogen liberation increased continuoustynf
30 minutes to 60 minutes at the maximum of 110 nfgAN from the activities of
both commercial proteases such as proteolytic eagyohrice and barley malt. Then,
the FAN was stable after 60 minutes because oflithiation of protein in rice
(7.5%). The result of extract content was conseguéh the FAN, soluble sugars of
wort increased to 14°B or approximately 86.5% extract, due to the agtiaf
amylolytic enzymes. Hence, the temperature progmnthe experiment was 46 5
min, 500C 60 min, 63C 40 min, and 98 60 min. Gorinsteiret al. (1980) studied
the possibility of adjunct increasing by adding coencial enzymes to the mashing of
65:35 ratio of barley and sorghum malt. When adddd commerciab-amylase
(Termamyl 60L), the extract content was 72.0% a2&% extract content was found

when addedi-amylase mixed witl§-glucanase enzymes (Cereflo 200L).

4.4 Optimization of wort production using RSM

4.4.1 Model fitting and evaluation
The wort from rice malt at difference germinatiome, rice malt ratio,
and commercial enzymes addition were investigaléeé. process variables cased the
change in the following properties of wort inclugiaxtract content, FAN, percentage
of wort yield, and fermentable sugar content. Thepieical model was constructed
from experimental data and the significant of easahable term in the model was

analyzed througip andF — value. The reliability of fitted models was deténed by



analysis of regression coefficient including, Bdjusted R predicted R and %C.V.,
respectively as represented in Table 4.3 and 4.4.

Table 4.3 illustratedF-value andp-value for each variable in the
polynomial model. The-value associated with a test statistic at leagtxieme as
the one that was actually observed that the nylbthesis of observing a test statistic
was true. Thep—value lower than 0.05 indicated the dependentaltas were
significantly difference at 95% confident intervél. this experiment, the-value of
all models was lower than 0.0001, indicated tha thodel fithess was highly
significant. Thep-value for lack of fit showed the undesirable clteastic of the
model, whereap greater than 0.05 indicate that the lack of fisw@t significant. It
means that, the variation of the data around thedidel was small and the predicted
models fitted the experimental data sufficiently.

Evaluations of independent parameter in fitted nhéateeach dependent
variable were determined. Individual rice malt oafx,) and the commerciad-
amylase addition gx showed the highly significant effect on the extreentent of
wort, while germination time ¢y and the commercial protease additiog) (xere not
affect with the extract content at all (Table 4.3).

Three factors including germination time)(xrice malt ratio (¥), and
commercial protease fxaffected to the quantity of FAN. The germinatitme of
rice and the rice malt ratio had interaction. Mamep the quadratic terms appeared in

germination time of rice (X) and commercial protease:{x



Table 4.3F-value andp—value for each variable in the polynomial models.

Fermentable

Extract content FAN % Yield
Sources sugar

F-value p-value F-value p-value F-value p-value F-value p-value
Model 11.08 <0.001 43.67 <0.001 11.11 <0.001 970. <0.001
Linear
Xy 3.93 0.0605 159.65 <0.001 3.49 0.0763  21.98 0.001
Xz 21.35 0.001 63.81 <0.001 12.01 0.0024 257.62 0€10.
X3 11.23 0.0030 0.08 0.7794 25.94 <0.001 54.97 €10.0
X4 - - 124.96 <0.001 - - - -
Interaction
X1 Xz - - 23.27 0.0002 - - 16.92 0.0005
Xa X3 7.78 0.0110 3.71 0.0719 5.98 0.0239 3.11 0.0932
Quadratic
X4? - - 11.17  0.0041 - ; - ]
X2 - - = - 8.14 0.0098 - -
Xs 722 00151  3.38  0.0845 - - - -
X2 - - 7.31 0.0156 - - - -
Lack of fit 151.47  0.0640 3.48 0.4002 31.99 0.13851.92 0.5208

p<0.05 = significant

Considering the yield of finished wort, rice maitio and commercial-

amylase addition were significant term while thengieation time of rice malt was

non significant term. This implied that the amouwofta-amylase supplement in this

experiment could overcome the less enzyme activigerminated rice with no matter

how long of germination time. The relations betweee malt ratio and commercial



oa-amylase were described and proportion of rice radldition appeared as the
guadratic term.

The total fermentable sugar in wort was calculae a summation of the
fermentable sugar including glucose, fructose, oselt and maltotriose. The result
found that, three factors including germinationdjmice malt ratio, and commercial
o-amylase addition were strongly affected on ferrabl& sugar content while the
interaction between germination time and proportémice malt were considered as
insignificant term.

Table 4.4 showed the linear, interaction and quadreegression
coefficient of the predicted models. The mark of tegression coefficient specified
trends effect to the dependent variables as pesitand negatively. The germination
time of rice malt demonstrated the positive imgacall the variables and showed the
highest impact on the FAN. From the result, shoat the germination time of rice
can improve the overall qualities of wort. On thibey hand, increasing the rice malt
ratio caused the negative impact on the qualitiesvart, especially on the FAN.
Addition of the a-amylase has a positive effect to the yield, ext@mntent, and
fermentable sugar content but not effect on FAkhatsame time as the commercial
protease addition and the germinated rice grairsb@gd the negative impact on
FAN

The coefficient of variation (C.V.) is the standaeliation expressed as
a percentage of standard error of predicted vabu¢h¢ mean value of observed
response. A model can be considered logically daprible if the C.V. is less than

10% (Ahmadet al, 2007). The fermentable sugar and the FAN contentort were



in acceptable range of C.V., meanwhile germinatiore of rice and wort yield were
greater than 10%.
The mathematical model generated from the éxm@tal data using

Design-Expert software is expressed by the follgwjnadratic equations:

Extract content (%) = 123458.86X% — 0.87% — 63.66X + 1.36%X3
FAN (mg/L) = 297 62.19X — 2.4% + 268.1% + 439.68% +
0.45%X3 + 9.37X%° — 330.0%” - 485.23%°
Yield (%)616 + 2.15X + 2.28% — 24.73% + 0.95 XX3 —
0.02)¢
Fermentable sugar content (g/L) = 138.07 —%;271.22% + 9.07X% + 0.11X%X>

+ 0.38%X3

In order to confirm the suitable precision, thenpgprediction of the
model was carried out by measuring the dependenablas at the point of the
interests in triplicate experiments. The averagéues for each triplicate were
compared to the predicted value or must be in raf@5% CI value which the upper
and lower bound of the 95% confidence interval thatrounded the coefficient
estimated for the center point. The point prediti@f the models were completed
(Table 4.5). All of 6 experimental values of thdragt content and the percent yield
of wort were in a range of 95% confident inten@nversely 2 experimental values
of FAN were out of 95% confident interval range. &sesult, the empirical models of
extract content and the percentage yield were meiye confident and suitable for

application while the empirical model of FAN wasepted.



Table 4.4regression coefficient of the predicted models

Extract content FAN Yield Fermentable sugar
Factors
(%) (mg/L) (%) (9/L)
Bo 76.28 215.22 89.02 64.06
Linear

B1 5.71 55.69 4.30 5.89

B2 -13.31 -35.20 -7.97 -20.15

B3 9.66 -1.26 11.71 9.31

Ba - 49.27 - -

Interaction
B1 B2 - 22.55 - 5.48
B2 B3 8.52 -9.01 5.97 2.35
Quadratic

Ba” - 37.48 ; ]

B2” - - -11.83 i

B -11.30 -20.63 - -

B4 - -30.33 - -

R? 0.6784 0.9609 0.7353 0.9466
Adj. R? 0.6172 0.9389 0.6691 0.9333
Pred. R 0.4570 0.9013 0.5285 0.8952
C.V.% 16.02 9.08 12.07 8.31




4.4.2 Analysis of response surface

The 3-dimension response surface and the 2-dimemwsiotour plots are
the graphical representations of regression equafldfney provided a method to
reveal the relationship between responses and iexgreial levels of each variable
and the type of interactions was between two tagalles. The shape of the contour
plots such as circular or elliptical, indicate wieat the mutual interactions between
the variables are significant or not. Circular @amt plot indicates the interactions
between the corresponding variables are negligiihéle, elliptical contour plot
indicates that the interactions between the coomdipg variables are significant
(Zhong and Wang, 2010).

The relationship between independent and depéndamables was
illustrated in 3-dimensional representation of thesponse surfaces and two-
dimensional contour plots generated by the modelxtfact content, FAN, % vyield,
and fermentable sugar content. Two variables weygcted in one 3-dimensional

surface plots, while the other variables kept etlleero.



Table 4.5The comparison of predicted model and experimentalel

Extract content (%ow/w) FAN (mg/L) Yield (%)
Runs' Predicted Actual Predicted Actual Predicted Actual
Values Values values values Values Values
85.0 261 86.60
1 87.3 233 88.0
[78.9/98.16} [235.5/286.2] [75.7/97.5]
97.70
88.8 239
2 89.2 252 [89.62/105.7 95.9
[79.4/98.2] [210.1/267.5]
3]
94.6 269 86.00
3 86.8 258 92.9
[83.5/105.8] [243.0/294.0] [76.7/95.3]
89.4 293 100.75
4 85.3 274 96.4
[80.7/98.1] [268.5/317.0] [91.8/109.7]
88.8 274 99.57
5 80.9 245 92.2
[77.6/99.9] [244.2/302.8] [90.2/108.9]
86.9 284 91.19
6 81.2 253 91.7
[73.7/100.0] [258.5/309.1] [80.3/102.1]

"Runs 1 : X =1 day, % = 50%, % = 0.5g/100g malt, X= 0.5g/100g malt

2[95% ClI low/ 95% ClI high]

2 ; X =3 days, X =60%, % = 0.59/100g malt, X= 0.5g/100g malt
3; X =5 days, X =50%, % =0.19/100g malt, X= 0.1g/100g malt
4 ; X =5 days, X=70%, % = 0.49/100g malt, X= 0.2g/100g malt
5; X =5 days, X =90%, % = 0.59/100g malt, X= 0.25¢g/100g malt

6 ; X =5 days, X =100%, X% = 0.5g/100g malt, X= 0.5g/100g malt



Figure 4.2A showed the effect of rice malt ratiogl germination time of
rice on extract content of wort. Germination tinferioce highly impacted on extract
content due to the chemical and physical modificatof rice kernels by breaking
down the starch granule to fermentable sugars (&e&nP95). On the other hand, the
importance of germination time of rice slightly demsed when reduced the rice malt
ratio (increase the barley malt proportion). Howeggrmination time of rice did not
impact to extract content when the barley malt ayslied more than 50%. Therefore,
the high level of amylolytic enzymes in barley maibuld hydrolyze the
macromolecules in both rice and barley malts whgeteaser enzymes in rice malt
were negligible. Heat stable amylolytic enzymesreased the extract in wort.
However, the extract content was constant when lsommted witha-amylase of
more than 0.25¢g/100g malt, while the bacterial gmee activity was not significant
affect on extract content at any concentration-aimylase.

Mashing program was done at’@0for the degradation of low molecular
weight protein particularly peptides and amino acihe wort must be contained at
least 200 mg/L oftr-amino nitrogen for yeast propagation and ferménatProtease
activity from both of commercial enzyme and gerntolamalt improved the-amino
nitrogen liberation rate but not interacted betwaea variables. Mashing of*1day
germinated rice with 0.50 g/100g malt protease c¢aygnerate approximately 220
mg/L as the same amount found frof! Bay germinated rice without protease
supplement. The polynomial curve of FAN down whiee tommercial protease was
added, which indicated the rate of FAN generatiigh8y decreased as a result of
limitation of protein body in rice malt. While, Iger germinated rice malt had a

higher impact on FAN than commercial enzyme additierom the results, the FAN



in wort was noticeably increase when malt was wgid a higher germination time.
The result was in according with Markowet al. (1995) who found the liberation of
oa-amino nitrogen in combination of barley proteastaet and bacterial protease was
more efficiency than single bacterial protease. [&/lthea-amylase had a little effect
on the FAN by reason of the proteins enzyme inec#se FAN in wort.

Response surface plot and contour plot of rick rado and germination
time at fixed commerciak-amylase and protease at 0.25 g/100g malt on pageiof
wort yield when adjusted to 12 was represented in figure 4.4A and 4.4B. Maximum
filtrated wort obtained from 75% rice malt wort agermination time of rice enhanced
the wort yield. In general, rice husk is a natdilér aids which has been shown an
effective on brewing process including lauteringl ararification step. Furthermore,
rice husk can reduced the filtration time as wslirecrease the yield of filtrated wort
(Villar et al, 2004). However, the yield of wort decreased wihenpercentage of rice
malt more than 80%. According to the extract contahwort was reduced due to
increasing the level of rice malt.

Figure 4.6 represented the consequence of getiotingme of rice malt
and rice malt ratios on the summation of fermemtabligar including glucose,
fructose, maltose, and maltotriose. The quantitynalt barley ratio was impact to
fermentable sugar content in wort due to the amgiitolenzymes activity as same as
extract content. Longer germination time of riceltnaso affected to fermentable
sugar, by reason of internal structure of rice matidosperm, amylolytic and

proteolytic enzymes are produced during germination
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4.4.3 Optimization of wort production

The numerical of the appropriate conditions for hiag process based on
germination time and rice malt ratios were demautstt in Table 4.6. The predicted
criteria of wort were selected. Extract content tms equal or more than 80%, the
FAN of wort must be in range of 220-350 mg/L andlgiof wort should be equal or
more than 85% whereas fermentable sugar was nagligDesirability indicated the
desirable range of each response (Myers and Morggora002) equal to 1.000, which
specifies the treatment was appropriated. Rice rirath 5" days of germination
showed the maximum rice malt ratio at 90% with 0gd000g malt of both enzymes
supplementation. Furthermore, onlYf 4nd 3 days of germination only 70% ratio of

rice can achieved the accept wort qualities witb00and 0.40 g/100g malt of



commercial enzymes addition, respectively. Inters@ucture properties as the
gelatinization temperature and enzymes generatiare wnodified during the

germination of grains that is able to reduce thamercial enzymes addition.

Table 4.6Numerical optimization of wort production base @irgination time and

ratio of rice malt as well as poteld value of wort qualities.

Germination ~ Rice malt o-amylase Protease Extract  FAN Yield
pateh time (days) (%) (g/100g) ~ (9/100g) (%)  (mg/lL) (%)
1-50 1 50 0.50 0.50 85 261 86.6
1-70 1 70 0.50 0.50 81 207 96.0
3-50 3 50 0.30 0.25 89.8 251 86.3
3-70 3 70 0.40 0.40 83.7 224 96.5
5-50 5 50 0.10 0.10 94.6 269 86.0
5-70 5 70 0.25 0.25 84.7 311 90.2
5-90 5 90 0.40 0.40 82.9 308 93.4

4.5 Laboratory scale fermentation

4.5.1 Fermentable sugar content in fermented wort
Total 7 treatments of mashing programs in variogisngnation time and
ratio of rice malt were done. The wort was steeitizat 100C for 1 hour and hops were
added to reach 25 BU. Fermentable sugars of wagaah treatment including glucose,
fructose, maltose, and maltotriose were analyzedHBY.C and sugars ratios were
determined (Table 4.7). Modification of rice grawas capable of improving the

amount of total fermentable sugars in wort. Fifergent of the 8 days of germinated



rice (5-50 wort) illustrated the highest fermengablgar content in wort at 81.52 g/L.
On the other hand, fermentable sugar concentrati@ne 73.72 and 70.09 g/L on the
1% and ¥ day of germination, respectively. Furthermore, itteased of maltose and
glucose at 33.97 and 26.79 g/L showed the enhamterhéermentable sugars content
in wort. The results indicated that the modificatiof rice malt was higher impact on
fermentable sugars concentration than the commesniymes addition at 50% rice
malt ratio because of the amylolytic enzymes aistiin malted barley. However, the
commercial enzymes had more effect when the ridénai#o reached up to 70% due to
the insufficient of enzymes at high ratio of ricalmAddition of commercial enzymes
increased the concentration of fermentable carbmityd soluble protein, and free
amino nitrogen whereas all components took advantagecreasing of wort viscosity,
higher filtration rate, increasing of yield, anddaty more amount of adjuncts (Denault
et al, 1981; Goode and Halbert, 2003).

Total fermentable sugars of wort from th® &ay of germination at 50%
were similar as Canadian lager wort, which con@i8.80 g/L fermentable sugars at
the same wort concentration (P3. Whereas, experimental wort was found lesser tha
German lager wort of 95.60 g/L. Maltose in Germagelr wort was very high at 57.80
g/L or 56.5%, which was more than experimental vagproximately 1.5 - 3 times.
While glucose was lower at 14.7 g/L or 14.6%. Theoant of glucose and maltose in
Canadian lager were about 5.0 and 55.0 ¢g/L, reseéct(MacWilliam, 1968;
Hoekstra, 1974). The activity ¢&-amylase in barley malt was the main reason of the
high level of maltose. High concentration of gluedsund in wort was from the-

amylase of both native and commercial addition. diliference quantity and ratio of



fermentable sugar had impact on yeast metaboli@mmedntation parameters, and

gualities of final beer after fermentation.

4.5.2 Effect of germination time, commercial enzynegeand malt barley

addition on fermentation profile

Time-course of viable cell count, reducing suga&N utilization, and
ethanol production as well as fermentable sugaswmed (glucose, fructose, maltose,
and maltotriose) during fermentation were illustchin figure 4.7. The suspended cell
concentrations of all treatments were increasedpghavithin 36 hours and then
decreased gradually until the finish of fermentatisVhereas, the FAN in wort was
consumed rapidly from 0 to 60 hours. Then, the RAds stable for every treatment.
Lekkaset al. (2007) reported that amino acids group A, the &siorbtion amino acid
including glutamic acid, aspartic acid, asparaggietamine, serine, threonine, lysine,
and arginine were disappeared within 15 hours imt iermentation. Subsequently,
intermediate absorption amino acid, or amino acmug B including valine,
methionine, leucine, isoleucine, and histidine weitdized slowly and gradually
(Perzte et al, 2005). Pickerell (1986) reported that the initiart FAN had an effect
on the FAN uptake rate, the sugar utilization raaed ethanol production rate.
Furthermore, direct influence on linear growth rael mass increase the number of the

yeast cells.



Table 4.7Fermentable sugars content and sugars ratio @remental wort.

Fermentable sugar content (g/L) Total
Treatments
Glucose Fructose Maltose Maltotriose  (g/L)
17.87 2.47 31.72 18.08
1-50 70.09
(25.50) (3.45) (45.26) (25.79)
16.74 1.17° 27.458 19.9F
1-70 65.271
(25.67) (1.71) (42.09) (30.54)
21.74 2.3¢ 31.66 17.92
3-50 73.72
(29.51) (3.24) (42.94) (24.31)
19.34 1.72 22.28 14.99
3-70 58.33
(33.15) (2.97) (38.19) (25.69)
26.79 3.2F 33.97 17.49
5-50 81.52
(32.87) (4.01) (41.68) (21.45)
20.55' 1.72 22.89 14.1%
5-70 59.32
(34.65) (2.92) (38.58) (23.85)
21.34 1.8% 19.02 13.0G
5-90 55.19
(38.67) (3.32) (34.46) (23.55)

() = sugar ratio (%)

Glucose and fructose as the monosaccharide wdizedtand completed

at 36 hours of fermentation period for every treaitn Maltose is the major sugar,

which did not significantly decrease during thertstaf fermentation, presumably

because of the maltase permease or the represggdcoke and fructose utilization

(Patel and Ingledew, 1973). The presence of glubaskeffect orMigl complex and



MAL-activator proteins likéMAL63 transcription seem to be the major step in specific
glucose repression of maltose metabolism (Naatakl., 2004). The rapid utilization of
maltose was occurred between 36 — 80 hours of faatien eventually resulting in 80
— 85% of maltose utilization, while the decreaséeoientable sugar was positive with
the decrease of the reducing sugar. However, maltet the trisaccharide fermentable
sugar was not utilized leading to the low etharoldpction.AGT1 permease was the
unique o-glucosidase transporters, which requires for tlk&ve transport of the
maltotriose across the plasma membrane (Akteal, 2007). Zhenget al. (1994)
studied the factors which influencing on the maitste utilization of brewing yeast. It
was found that the maltotriose uptake was depemaenihe yeast strains, the pitching
level, fermentation temperature, pH value of wartgd ethanol level whereas quantity
and type of ions were not affected. The maltotrioptake could be enhanced at the
21°C of fermentation temperature with a higher pitchilevel and agitation. In
addition, the maltotriose uptake ability of the dagstrains was better than the ale
strains. On the other hand, the uptake rates agkiand maltose in wort showed no
differences between ale and lager yeast. The aiefity of the maltotriose utilization
leads to one of the problem in the brewery, fomegia atypical beer flavor profiles in

finish beer.
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Table 4.8 illustrated the percentage of the FAN @attlicing sugar uptake
after finishing of the fermentation at 120 hoursrd@ntage of utilization indicated the
proportion of fermentable sugar and FAN that yeastsumed. The germination time
of the rice malt improved the utilization of redogi sugar, FAN, and barley malt
supplementation. Beer from 50% anll 8ays of germinated rice malt showed the
maximum of FAN and reducing sugar utilization apqmuately 75% and 70%,
respectively. At the same time, the beer from 90 the &' days of germinated rice
malt demonstrated only 50% and 57% of FAN and reducsugar utilization,
respectively. The incomplete of mashing processiaadequate of enzymes addition
causing excessive amount of reducing sugar, FAMtride oligosaccharide, and non-

fermentable sugar as well as protein in fermented.w

Table 4.8Percentage of FAN and reducing sugar utilizatiofeohented wort.

% Utilization

Treatments
FAN Reducing sugars
1-50 61.50 60.06
1-70 64.10 56.73
3-50 65.03 62.21
3-70 68.95 57.61
5-50 75.16 68.99
5-70 69.67 62.43

5-90 49.56 57.21




4.6 Pilot scale brewing and qualities of final beer

4.6.1 Chemical properties and volatile compounds dinal beer

Maltose was remained in final beer in the rang2.80 — 4.60 g/L, while
the inefficiency of maltotriose utilization was aceed in the 50 liters brewer, which
was the cause of residual maltotriose in final reduct (Table 4.9). The amount of
ethanol in beer was lower than standard commelw&r because of the lack of
maltotriose consumed then converted to ethanol.iideimum ethanol concentration
appeared in 50% of malt barley addition at appretely 4.00% (v/v), which was
lower than standard commercial beer at 5.00%v/\blg'd4.10). Quantity of rice malt
ratios had an effect on both pH and color of fibaler. High ratio of rice malt
influenced on the higher pH value and higher coldue of final beer due to the non-
enzymatic browning or Maillard reaction of rice kuduring the mashing and wort
boiling steps. The color of beer of 50% of rice nvads approximately 20 EBC units.
The color of beer from 70% and 90% of rice malt \88s— 32 EBC units in range of

standard dark lager beer (20 — 50 EBC units).



Table 4.9Various types of fermentable sugar at the initral &inish fermentation.

Sugar concentration before

Sugar concentration after

Batch fermentation (g/L) fermentation (g/L)
Glucose Fructose Maltose Maltotriose Glucose Fructose Maltose Maltotriose

1-50 17.87 242 31.72 18.08 0 0 2.62 17.13
1-70 16.74 1.11 2745 1991 0 0 2.32 17.34
3-50 2175 239 3166 17.92 0 0 3.30 17.54
3-70 19.34 1.73 2228 1499 0 0 2.90 17.40
5-50 26.79 3.27 33.97 17.49 0 0 4.63 15.93
5-70 2055 1.73 2289 14.15 0 0 3.93 13.29
5-90 21.34 1.83 19.02 13.00 0 0 2.59 12.96

Table 4.10pH value, amount of ethanol and color of finisteer.

Ethanol Color
Batch pH

(Yov/v) (EBC)
1-50 4.84 3.66' 20.6'
1-70 5.88 3.46 31.6
3-50 4.74 4.07 21.9
3-70 5.81 3.67 32.9
5-50 5.00 3.97 20.3
5-70 5.95 3.55 29.2
5-90 6.06 3.18 30.8

SignificantP<0.05 in the same column



Volatile compounds including higher alcohol or fusdcohol, estery
compounds, and free fatty acid in final beer wegtedmined as summarized in Table
4.10. Isoamyl alcohol or 3-methyl-1-butanol wasange of 570 — 700 ppm, which was
higher than standard beer (60 ppm) and isobutanfahal beer was 9 — 29 ppm, which
in range of isobutanol of standard beer (9.6 p@rmg isoamyl alcohol in final beer was
high because of the intermediate substances a$dlaenyl alcohol formation including
leucine and 2-phenylalcohol was found in large amhoBiosynthesis of the isoamyl
alcohol and the isobutanol was showed in figure @&derbank and Hammond (1994)
studied the influence of higher alcohol includihg isoamyl alcohol and the isobutanol
availability on ester formation. It was found théite maximal rates of isoamyl acetate
production occurred in 40 hours of fermentationt thlgghtly later than the time of
alcohol acetyl transferase (AAT) activity, whichtiee acetate ester synthesis enzyme.
The isoamyl acetate formation occurs especiallyhim high gravity fermented wort
(18°P) and was relatively effect by the availabilitytbé isoamyl acetate. The addition
of 400 mg/L of the isobutanol enhanced the rates@dmyl acetate production during
the fermentation in the normal gravity fermentedtw®.5P). However, the formation
of other estery compounds including ethyl acetiatéyutyl acetate and ethyl hexanoate
was unaffected.

High level of rice malt and longer germinatiormé& improved the
formation of estery compounds in final beer inchglisoamyl acetate, ethyl octanoate,
and ethyl decanoate. It was found that, amountlofl ®@ctanoate on 70% of rice malt
beer were 1.3, 7.8, and 9.9 ppm and ethyl decanee?.9, 9.1, and 13.0 ppm ofy 1
3 and %' days of germinated rice, respectively. In addititre free fatty acids in

beers were founds in abundance content (Table .44kl p result, octanoic acid and



hexanoic acid were in range of 138.3 — 602.4 ppthBh9 — 54.3 ppm, respectively.
For the reason, the rice malts contain the higbkllef/fat (approximately 3.0%), which
higher than fat from malt barley. Volatile fattyidddrom the lipase during mashing
step, the precursors of estery compounds increaket longer germinated time and
higher level of rice malt was used. However, thadweal of volatile fatty acid in final
beer was the main cause of the off-flavor in b&mnogrovéova and Démény (1999)
reported that the present of 5 ppm of the hexaacitt and 10 ppm of the octanoic acid
were characterized the cheesy, goaty, and sweatgrfl Furthermore, Bosswadt al,
(2002) reported that the mechanical agitation dutire fermentation of beer improved
the some estery compounds and fusel alcohol inodudsoamyl acetate, isobutyl
acetate, isobutanol, and isoamyl acetate, but estlitree formation of ethyl acetate and

ethyl hexanoate.

Table 4.11Volatile compounds of final beer.

Concentrations (ppm)
Compounds

1-50 3-50 5-50 1-70 3-70 5-70 5-90

Isoamyl alcohol 6743 709.5 585.2° 648.4°°603.4° 619.F°° 571.7
Isobutanol 284  19.9° 17.7° 26.8° 258° 21.f° 8.9
Isoamyl acetate 157 223 1868 203 60 418 33.6
Ethyl octanoate B 26 46> 13 78 99 10.8
Ethyl decanoate 7 56 69 28 9™ 3¢ 12.8°
Octanoic acid 244%0 2689 364.6 138.3 4317 468.6 602.4

Hexanoic acid 4120 41.3° 528 179 348 48.1° 54.3

SignificantP<0.05 in the same row



4.6.2 Sensory evaluation of final beer

The sensory analysis test was completed by 12 ssaseat SUT. There
were five attributes required to evaluate includagpearance, aroma, flavor, mouth-
feel, and overall impression. The appearance of Wwas evaluated according to sight,
color, and clearance of beer. At 50% rice malt &oidiin difference germination time
had average score at 3.0 (like) as well as been fiee &' days of germinated rice at
difference barley ratios was non-significantly drént. However, 70% of rice malt
ratio at the T and & day of germinated rice (1-70 and 3-70 beer) hadaberage
appearance score at 1.50 (dislike). Moreover, 7i@gmalt ratio for I and & day of
germination was found the excessive amount of rmctsarification starch and dextrin,
which caused the opaque appearance in beer.

Figure 4.9A showed the sensory evaluation scér6086 of rice malt
addition at difference germinated time. Flavor amalith-feel from three treatments (1-
50, 3-50, and 5-50) of beer was found non-sigmifilyadifferent with scored at 3.0 and
3.2, respectively. Its indicated that the flavod amouth-feels of beer brewed from 50%
rice malt was more favorable. Figure 4.9B showedsttnsory evaluation score of 70%
of rice malt addition at difference germinated tinide score of all attributes was
lower than that 50% rice malt beer. Particularlge tbeer from the %1 day of
germination (1-70 beer) had the low evaluation scas 1.0 for flavor, aroma, and
overall impression, therefore it was specified adrinkable. According the result, the
assessors disliked beer from tieday of germination because it contained high ratio
of non-modify rice grains and contributed the swéavor and aroma which was
extremely non-acceptable properties in this bedril&\the evaluation score of the 3-70

and 5-70 beer was similar excepted the appearanpeny which was lower than from



50% rice malt beer. The overall impression scorbeddr was 2.0, which indicated the
overall acceptance was normal but drinkable. Inrmamy, the qualities of rice malt
unaffected on qualities of beer when the 50% oflelgamalt was supplemented.
Conversely, when increased the ratios of rice nlf0%, the qualities of rice malt
express as the germinated time of rice was inflednEor example, the modification,
gelatinization properties, and enzymes formationnguthe germination of grains or
the amount of FAN was affected. The acceptabilitypeer was direct variation on
guantity of barley malt addition and qualities icermailt.

The deficiency of flavor and aroma as well asraleacceptance score of
beer from rice malt based consistent with resukaétile compounds (Table 4.10) in
beer, which contained the high level of volatildétyfaacid such as octanoic acid,
decanoic acid, and hexanoic acid that contributedancidity of beer. Fusel alcohol in
beer, especially isoamyl alcohol was approximatehytimes higher than standard and
threshold. Finally, the sweetness that consequemceftertaste of beer from the
existing of non-fermentable sugar, for example atattaose, maltopentaose, dextrin,
and oligosaccharide and particularly maltotrioage tb the insufficiency of amylolytic

enzymes particularl-amylase also mashing time or reaction time.
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CHAPTER V

CONCLUSIONS

The influences of germination time on the rice ntplalities including malting
loss, FAN, extract content of malt and enzymesva@s includinga- amylase ang-
amylase were carried ouExtract content and FAN constantly increased duthng
third to ninth days of germination. The maximumragt content occurred in ninth days
of germination but the extract content of rice wias reached the typical brewing malt
(80%). Ninth day of germinated malt provided 14510§ g malt of FAN, which non-
significantly difference with FAN in malt barley 0 mg/100 g malt). Whereas, the
quality of germinated rice malt in the day was non-significantly different with
unmalt rice (control). Rice malt from th& @and 9" days of germination was negligible
because more than 20% malting loss. Commercialreegyincluding heat stable-
amylase, bacterial protease and malt barley wepplemented for improving the
gualities of wort using RSM technique. The suit@&pibf model was analyzed and
expressed ap-value. Germination time of rice, commercialamylaseand barley
addition affected on extract content, yield, anantentable sugar in wort. Whereas, the
germination time of rice and bacterial proteaseaéd on the FAN in wort. However,
the protease in germinated malt higher impact & RAN than commercial enzyme
addition. The appropriate conditions for mashingditon based on germination time

and rice malt ratios were determinéthe rice malt from the"5days of germination



showed the maximum rice malt ratio at 90% with 0gd000g malt of both enzymes
supplementation.

Total fermentable sugars of wort from thi8 &ays of germination at 50% were
non-significantly difference with standard wort the same concentration. However,
the amount of maltose in standard wort was highan texperimental wort roughly 3
times, whereas the glucose from experimental wait guite high about 33% of total
fermentable sugar. The germination time of rice tmadd barley malt addition
improved both reducing sugar and FAN consumptioevextheless, the highest
utilization of reducing sugar from the experimerasw 0%, which was lower than wort
from barley malt at more than 80% utilization. Tlaek of maltotriose consumption
occurred in every treatments, which is the mainseaaf low ethanol production.
Amount of rice malt ratio was influenced on thearobf beer due to the Maillard
reaction of rice husk during mashing and wort Ingili

Isoamyl alcohol in experimental beer was 570 — @@, which was higher than
that of the standard beer. The rice malt ratio gn@germination time improved the
formation of estery compounds in final beer inchglisoamyl acetate, ethyl octanoate,
and ethyl decanoate. Qualities of rice malt hadeffect on sensory score when the
50% of barley malt was supplemented. Converselg, ritio of rice malt to 70%
influenced the qualities of rice malt. Twelve pasislwas judged the beer from 50% of

rice malt as good while, beer from 70% rice mals\yadged as normal and drinkable.
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APPENDIX A

ANALYSIS OF RESPONSE SURFACE

Table 1A Experimental design of response surface

Coded value Actual value
Germinati . a-amylase Protease
RUNS X1 Xz Xa X on time R'Cg/malt (g/l%Og (9/100g
(days) (%) malt) malt)

1 -1 -1 -1 1 1 50 0.00 0.50

2 0 1 0 0 3 100 0.25 0.25

3 0 0 1 0 3 75 0.50 0.25

4 1 -1 -1 1 5 50 0.00 0.50

5 1 1 -1 -1 5 100 0.00 0.00

6 1 1 1 -1 5 100 0.50 0.00

7 1 0 0 0 5 75 0.25 0.25

8 1 -1 1 -1 5 50 0.50 0.00

9 -1 -1 -1 -1 1 50 0.00 0.00

10 -1 -1 1 1 1 50 0.50 0.50

11 -1 1 -1 -1 1 100 0.00 0.00

12 0 0 0 -1 3 75 0.25 0.00
13 0 0 0 0 3 75 0.25 0.25
14 -1 0 0 0 1 75 0.25 0.25
15 -1 1 1 1 1 100 0.50 0.50
16 0 -1 0 0 3 50 0.25 0.25
17 -1 1 1 -1 1 100 0.50 0.00
18 -1 1 -1 1 1 100 0.00 0.50
19 0 0 0 1 3 75 0.25 0.50
20 1 1 -1 1 5 100 0.00 0.50
21 1 -1 -1 -1 5 50 0.00 0.00
22 -1 -1 1 -1 1 50 0.50 0.00
23 0 0 0 0 3 75 0.25 0.25
24 1 1 1 1 5 100 0.50 0.50
25 0 0 -1 0 3 75 0.00 0.25
26 1 -1 1 1 5 50 0.50 0.50




Table 2A Responses value of each experimental design

Coded value Responses value
Runs X X X X Extract FAN : Fermentable

T Ty mgi) VA0 g aar (g

1 -1 -1 A 1 80.1 244 74.5 70.1
2 0 1 0 0 76.3 146 83.0 43.8
3 0 0 1 0 83.0 205 93.0 74.9
4 1 -1 -1 1 87.2 323 75.6 83.6
5 1 1 -1 -1 37.4 206 54.0 43.9
6 1 1 1 -1 76.6 201 83.6 66.7
7 1 0 0 0 87.1 322 87.4 74.4
8 1 -1 1 -1 88.3 245 85.3 97.7
9 -1 -1 -1 -1 84.0 153 77.6 81.0
10 -1 -1 1 1 90.6 259 86.8 96.3
11 -1 1 -1 -1 16.5 41 28.0 17.5
12 0 0 0 -1 87.0 145 87.1 68.7
13 0 0 0 0 84.1 217 84.6 64.3
14 -1 0 0 0 83.1 196 92.7 55.6
15 -1 1 1 1 76.4 140 89.6 48.6
16 0 -1 0 0 89.9 269 94.1 86.0
17 -1 1 1 -1 4.7 36 85.2 42.0
18 -1 1 -1 1 20.3 150 36.0 22.5
19 0 0 0 1 82.7 238 94.6 63.0
20 1 1 -1 1 79.5 323 77.2 46.1
21 1 -1 -1 -1 83.6 183 81.4 74.3
22 -1 - 1 -1 81.9 146 87.0 87.3
23 0 0 0 0 82.7 203 87.1 69.8
24 1 1 1 1 79.5 256 86.3 61.4
25 0 0 -1 0 79.8 197 85.8 47.3
26 1 -1 1 1 91.2 309 105.5 78.9




APPENDIX B

STANDARD CURVES
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Figure 1B Standard curve of standard glucose using DNS method
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Figure 2B Standard curve of standard glucose using VertiS&pA column with

DI watermobile phase and RI detector.
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Figure 3B Standard curve of standard fructose using Vert!$&pA column with

DI watermobile phase and RI detector.
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Figure 4B Standard curve of standard maltose using Vertt$&pA column with

DI watermobile phase and RI detector.
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Figure 5B Standard curve of standard maltotriose using \epti5 OA column

with DI watermobile phase and RI detector.
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Figure 6B Standard curve of standard ethanol using Vert!$epA column with

DI watermobile phase and RI detector.
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Figure 7B Standard curve of standard isoamyl alcohol by GC-t8g DB-

WAX column with SPME technique.

3000000000 +

2500000000 -

y = 3E+07x

2000000000 - 2
R®=0.9756 *

1500000000 -

Area

1000000000 -

500000000 - °

o T T T T T 1
0 20 40 60 80 100 120

Isobutanol concentration (ppm)

Figure 8B Standard curve of standard isobutanol by GC-MS quédB-WAX

column with SPME technique.



9000000000 -

8000000000 -

7000000000 -

6000000000 -

5000000000 -

Area

4000000000 -

3000000000 -

2000000000 -

1000000000 -

0

y = 8E+07x
R?=0.9987

0

20 40 60 80 100 120

Isoamyl acetate concentration (ppm)

Figure 9B Standard curve of standard isoamyl acetate by GQiMi&y DB-WAX

column with SPME technique.
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WAX column with SPME technique.
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column with SPME technique.
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CHROMATOGRAMS
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Figure 1C HPLC chromatogram of 0.2 g/L of each standards agac fructose,
maltose and maltotriose using VertiS8pOA column with DI water

mobile phase and RI detector.
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Figure 2C HPLC chromatogram of 1 g/L of each standards gleicdsictose,
maltose and maltotriose using VertiS8pOA column with DI water

mobile phase and RI detector.
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Figure 3C HPLC chromatogram of 0.8 g/L of standard ethanigi®/ertiseg™

OA column with DI watemobile phase and RI detector.
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sample 2 using Vertiséfl OA column with DI watemobile phase and

RI detector.
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sample 10 using VertisEh OA column with DI watemobile phase

and RI detector.

(A — o 1000
w0
8
1 = i
04 S o
1 . g
%)
o —
1000 2 5 - 1000
g o
w £
3 £ i
bl il
20001 | - 2000
0 2 4 6 8 10 12 14 16 18 20

Minutes

Figure 6C HPLC chromatogram of fermentable sugars in 1-50t\w&bi0 h using

Vertiseg" OA column with DI watemobile phase and RI detector.
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Figure 7C HPLC chromatogram of fermentable sugars in 1-50t\&b#8 h using

Vertised" OA column with DI watemobile phase and RI detector.
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Figure 8C HPLC chromatogram of fermentable sugars in 3-50t\w&bi0 h using

Vertiseg" OA column with DI watemobile phase and RI detector.
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Figure 9C HPLC chromatogram of fermentable sugars in 3-50t&b#8 h using

Vertised" OA column with DI watemobile phase and RI detector.

30004 —— - 3000
1]
7
b 2 L
I
2000 = L2000
=
E . 3
0
1000 £ 3 - 1000
2 &
E = o i
i
04 Al | | L
L B e
0 2 4 B 8 10 12 14 18 18 20

Minutes

Figure 10C HPLC chromatogram of fermentable sugars in 5-5 ab® h using

Vertiseg" OA column with DI watemobile phase and RI detector.
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Figure 11C HPLC chromatogram of fermentable sugars in 3-50tvedr48 h

using Vertisep” OA column with DI watemobile phase and RI

detector.



APPENDIX D

LIST OF PRESENTATION

Poster presentation

Kongkaew, A., Wanapu, C. and Usansa, U. (20R@sponse surface optimization
of wort production for brewing from rice malt using commercial enzymes
and malt barley. The 18" Asian Agricultural Symposium and"lnternational
Symposium on Agricultural Technology: Sufficiencygiculture, August 25 —
27, 2010, Faculty of Agricultural Technology, KMITBangkok, Thailand.

Kongkaew, A., Wanapu, C. and Usansa, U. (20B@gr production from rice malt
based in pilot scale brewing : chemical and sensati properties approach
The 3 SUT Graduate Conference 2010, November 21 — 280,28uranaree

University of Technology, Nakhonratchasima, Thailan



Crop Production for Sustainability (P1)

Poster presentation
P1-18

Response Surface Optimization of Wort Production for Brewing From Rice Malt Using
Commercial Enzymes and Malt Barley

KONGKAEW, A.!, C. WANAPU'* and U. USANSA?
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Suranaree University of Technology, Nakhonratchasima 30000, Thailand
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Abstract

The present experiment aims to increase rice malt ratio for wort production by using
commercial enzymes (TermamylSC®, heat-stable a-amylase; and Neutrase®, bacterial
protease) in wort production step. The experimental design was determined using response
surface methodology (RSM) using a quadratic polynomial model. Small-scale mashing of 26
experiments were carried out. The temperature-program was 45°Cx10 min, 50°C*60 min,
63°Cx40 min and 95°Cx60 min. Germination time of rice, rice malt ratio, a-amylase and
protease were selected as the independent variables. From responses plot, o-amylase
exhibited the essential for extraction and improved the filtration volume due to the
saccharification activity. The proportion of 75% rice malt with a-amylase illustrated the
maximum filtrate volume. Addition of bacterial protease increased the amount of FAN
content. However, germination time of rice demonstrated the highest impact on FAN in wort
as well as ratio of malted barley illustrated the increase of fermentable sugar in wort.
Conditions to obtain the appropriate wort for brewing base on germination time and rice malt
ratio were determined.

Keywords: rice malt, wort production, response surface methodology
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Beer production from rice malt based in pilot-scale brewing:
chemical and sensorial properties approach

Artit Kongkoeww, Chokchai Womopu1 and Ulaiwan Usansa’
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Suranaree University of Technology, Nakhon Ratchasima, Thailand.
9Deporfmenf of Biotechnology, Faculty of Agro-industry,
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Abstract

Production of beer from rice malt at difference ratios (50, 70 and 90%) in 50 | scale
brewing plant was carried out. Commercial enzymes (TermomyISC® as heat-stable
a-amylase, and Neutrase® as acterial protease) as well as barley malt were added for
improving the quality of rice beer. Fifth days of germinated rice at difference ratios were
brewed. Maturation and carbonation step of beer were completed. The amount of ethanol
in final beer was 3.18 - 4.00 % (v/v), might be due to the lack of maltotriose utilization in
fermentation step. Quantity of rice malt ratios was direct variation with the color of beer
at 20 EBC for 50% rice malt and 30.EBC+for 70 and 90% rice malt, which defined as the dark
lager beer. Rice malt beer contained isoamyl alcohol of approximately 600 ppm as well as
350 - 600 ppm octanoic-acid, which are the main reason of off-flavor in beer. The overall
impression score of 50% rice malt was at 3.0 defined as good, while 70% and 90% rice mait
beer were at 2.0 defined as normal and drinkable.,

Keywords: Pilot-scale brewing, Rice malt, Chemical property, Sensory analysis
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