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SUMMARY

I. Title
Development of Microbial and Enzyme Additives to Improve Flavor

and to Shorten Steeping Process for Yukwa Production

I Objective and Significance

Yukwa is a Korean traditional oil-puffed snack made of waxy rice
(Oryza sativa). Presently, in Korea, Yukwa, which had once been a
type of home-style food, has become a factory—-made product due to
its large increase in consumption. The main procedures for its
traditional manufacturing are as follows: 1) water-steeping of waxy
rice for 2-14 days, 2) pulverizing, 3) steaming, 4) pounding and
kneading for aeration, 5) molding, 6) drying, 7) deep—frying with
two-stage operations, and &) coating with honey syrup. The quality of
Yukwa produced by traditional methods depends primarily on the
process conditions such as the water—steeping period of the raw waxy
rice, milling method, pounding, drying, frying and so on. Among these
quality-related conditions, the water—steeping time of the waxy rice is
being considered as one of the dominant factors. Several studies have
been made on the effects of steeping time of the waxy rice as it
relates to the properties of Yukwa, and it has been recognized that the
steeping duration may influence its volume expansion. However,

The major objective of rice steeping is to hydrate and induce
chemical and physical changes in the kernel. This in turn, result in the
leaching of soluble components, sufficient gelatinization on subsequent
heating, and changes of texture and volume expansion, the most
important characteristics of rice snacks and cracker products.
Moreover, natural fermentation could also be involved in the steeping
process because of its long duration. Thus, even though a lengthy

steeping process is used in Korea based on years of experience, this



process 1is unpredictable and often leads to Yukwa with varied
qualities. Understanding the mechanisms of the steeping process is
important in order to obtain suitable criteria for the determination of
the proper end point of this unique process and to produce high
quality Yukwa or other rice-based snacks using a similar process.
Even so, little is known about the various aspects of changes
associated with Yukwa quality during steeping process, specially, the
effects of steeping conditions on the physical, chemical and functional
changes of raw waxy rice. Moreover, science-based new strategy to
standardize and/or to shorten steeping process for Yukwa production is
necessary.

Therefore, the aim of this study was to estimate the influence of
steeping periods on the physicochemical changes of milled waxy rice
in relation to Yukwa quality. Further, this study was aimed to
development of microbial and enzyme additives to improve flavor and

to shorten steeping process for Yukwa production.

Il. Scope
O Characterization of conventional steeping process for the
development of microbial and enzyme additives
- Physico—chemical and biochemical properties of waxy rice slurry for
Yukwa production
- Succession of microbial flora in waxy rice slurry during steeping

- Pasting and sensory characteristics of waxy rice and Yukwa

O Effect of enzyme and microbial starter treatments on waxy rice
and Yukwa
- Enzyme treatment to shorten the steeping process for Yukwa
production
- Characterization of superior strain and their utilization for
Yukwa production

- Evaluation of quality characteristics by various treatments



O Development of microbial and enzyme additives for Yukwa
production

- Investigation on the use of enzyme additives for Yukwa
production

- Investigation on the use of microbial additives for Yukwa
production

- Evaluation of quality characteristics and consumer preference of
Yukwa product

IV. Results and Recommendation

The Yukwa, a Korean ethnic puffed-rice snack, is typically
prepared by the steps of long—period steeping and wet-milling of waxy
rice, steaming, pounding, kneading, molding, drying, oil-puffing and
coating with starch syrup. Especially, the long—period of steeping
ranging from 3 days to 20days in water has been known to be related
with the quality of Yukwa, but the reason for this unique process is
not still clearly defined. Assuming that the objective of long-period
steeping is to improve cooking and/or eating qualities via fermentation
and modifications of constituents in waxy rice, we investigated the
physiochemical and microfloral changes of waxy rice and its steeping

water for 15 days.

As the steeping period increased, contents of crude protein and fat
of waxy rice decreased. The organic acids (lactic acid and acetic acid)
and minerals (P, Mg, Ca) of waxy rice also decreased, with a
corresponding increase in the steeping water. Acidity in the steeping
water increased as pH decreased during steeping. Swelling power of
waxy rice flour slightly increased in proportion with steeping period.
In addition, amylograph result showed that peak viscosity of waxy rice
flour increased with increasing steeping period. Major microorganism
in steeping water is lactic acid bacteria, which exhibited a peak count

2 days after steeping. During a long-period steeping, the activities of



protease, a-amylase and [Pf-amylase in steeping water tended to

increase with longer steeping.

The influence of steeping period for waxy grain on the
physicochemical properties of the starch was investigated. Milled waxy
rice (Shinsunchalbyeo cultivar) was steeped in water at 25Cfor 0, 1, 3,
6, 9, 12 and 15 days, prior to starch isolation. As the steeping period
of milled waxy rice changed from 0 to 15 days, the contents of lipid
and ash In waxy starch were decreased to 46% and 42% of initial
contents, respectively. In particular, the contents of Mg and P were
decreased by water—steeping. Depending on the steeping duration of
waxy rice Kkernel, starches showed differences in the surface
appearance under SEM. As measured by Rapid Visco—Analyzer(RVA),
the consistencies of waxy rice flours increased, while that of starch
did not changed as the steeping duration increased. The
water—steeping appeared to slightly reduce the crystallinity of the
starch granules, as judged on X-ray diffraction. On the other hand,
GPC analyses showed no differences in the molecular weight and
typical two peaks among starches obtained from waxy rice with
different water—steeping durations. These results indicate that
water—steeping only affect the chemical composition, but do not or
slightly affect the physical properties and molecular structure of waxy

rice starch.

Microorganism present in waxy rice slurry was isolated and
identified during steeping. As a result, microorganisms in steeping
water were lactic acid bacteria, FEntrococcus sp., Leuconostoc sp.,
Lactobacillus sp., Coli form, Bacillus sp., Fungi and Corynebacterium
sp. Many microorganism were increased at 6 days and maintained to
15days of steeping. But Bacillus sp. was increased at 9days,
thereafter reduced quickly. The 16S rDNA sequencing and gyrase A
gene(gyr A) analysis showed that Bl, 37, 12 isolates, which were derived



from waxy rice slurry, were identified Lactobacillus sp., Lactobacillus sp.

and Bacillus amyloliquefaciens, respectively.

The effects of wvarious steeping periods on the physical and
sensory properties of Yukwa were investigated. As the steeping
period changed from 0 to 15 days, the cross—sectional area and
expansion ratio of Yukwa evaluated by an image analysis significantly
increased from 226 to 437 mm® and from 805 to 1,874%, respectively.
Conversely, the ratio of length to height and density of Yukwa
significantly decreased with an increase in steeping period duration.
The Hunter a value of Yukwa tended to increase, whereas b value
tended to decrease as steeping period increased. Among the mechanical
textural parameters, hardness was greatly affected by the differing
steeping period with values ranging from 1,358 to 25,514 dyne/cm®.
Sensory results showed that sour aroma, color uniformity and original
flavor tended to increase, but hardness, crispiness, color roughness, oil
flavor and oil aroma tended to decrease in Yukwa with the longer
steeping period. From these observations, it can be concluded that the
steeping period of waxy rice has an influence on the physical and

sensory properties of Yukwa.

Correlation analysis was performed and the results showed that
there were high correlation between expansion rates and reducing
sugar(0.975), Ca(0.945), P(0.850) in steeping water, ash(-0.855),
lipid(-0.945) in waxy starch, ash(-0.958), crude protein(-0.857),
hardness(-0.909), peak viscosity(0.910) in waxy rice. There were high
correlation between sensory hardness and reducing sugar(-0.98%),
Ca(-0.912), P(-0.817) in steeping water, ash(0.819), lipid(0.967) in waxy
starch, ash(0.921), hardness(0.858), peak viscosity(-0.874) in waxy rice.
The regression models for expansion rates related to diameter,
perimeter and area in a diameter—axis view, area and shape factor in a

longitudinal-axis view, and volume were highly noteworthy at the



significant level of 0.01. Out of them, the determination coefficient of
the model for diameter—axis-viewed perimeter expansion rate was the
highest value of 0.958, followed by 0.942 for longitudinal-axis-viewed
area and 0.934 for volume. Even though the determination coefficient
of the model for a diameter expansion rate was 0.931, the diameter of
the Yukwa can be pointed out as a simple and useful parameter for its

quality control because of the simplicity of its measurement.

Yukwa 1s traditionally made from waxy rice water—steeped for
long time periods ranging from 3 to 15 days. This unique steeping
process has known to be responsible for the specific functional
properties and/or required organoleptic characteristics of the end
product, Yukwa. Its economical mass—production, however, has been
limited due to the long steeping period, the difficulties in quality
control and the hygienic problem caused by spoilage microorganism.
The use of commercial starter and isolated starter were tried to
shorten the steeping process and to improve the quality of Yukwa.
Yukwa made from waxy rice with or without bacterial starter
treatment and those made by traditional 15-day steeping process were
compared for their color, instrumental texture, expansion ability and
sensory properties. The expansion parameters, mechanical hardness and
sensory attributes of Yukwa made from waxy rice treated with 12
1solate were superior or similar to compared with control Yukwa made
from waxy rice steeped for 15days. This results suggest that 12
1solate has high potential to shorten the steeping process and to

improve the quality of Yukwa.

In order to shorten the steeping process and to improve the
quality of Yukwa, nine commercial enzyme additives and their
combinations were incubated for 1 hour together with the 24
hour—-steeped waxy rice slurry, based on enzyme units provided by the

manufacturer. After selecting the effective enzyme additives, Yukwa



made from waxy rice with or without enzyme treatment and those
made by traditional 15-day steeping process were compared for their
color, instrumental texture, expansion ability and sensory properties.
The addition of CH-4 to waxy rice was effective in improving Yukwa
quality compared with those from waxy rice without enzyme
treatment. Particularly, a significantly lower hardness value of 976.49
dyne/crn2 was observed in the Yukwa from waxy rice treated with
CH-4. Moreover, expansion volume, evaluated by computerized image
analysis, of the Yukwa from waxy rice treated with CH-4 did not
show a statistical difference even compared with those made from
waxy rice steeped for 15-day. The further results showed that the
addition of enzyme(CH-4) and bacterial starter(12 isolate) to waxy rice
was effective in improving Yukwa quality compared with those from
waxy rice without enzyme treatment. These results demonstrate that
the addition of commercial enzyme and/or bacterial starter will be used

to shorten the steeping process and to improve the quality of Yukwa.
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fratel 2 Az HTHow Ad F3te] Fde B dFE
A= Aoz delx e, 53 F2e HA7F @ 23 93 o ol
2 Aew puga gAY el A e FAxd wek 2~149
AE2 AT Sk o] FojA ] o] HEr} “EEoA ?@Ei”, FEERT
e Uz 2 ARRAN AASGES aEdd ey Qo0 A9 o
o SR 8 A9 15T 243 FRom FRE] 11%0
A 39%74A HFFEBE 4~5A7F FRow %—5—6}43 Ea=s 0]% fdxlﬂr

A2 713k Ao FE 4 o, 2aW A 22X F o3ty s}
Wk oy} e Ar ARA Y&, amylogramd HuFE T B4 5
4 W7 dojus Ao RuHm Yot A gV Aa e Fas
AAE F¢ MAEe] e amylase T EAxFEel o] HME Rt
dojuw, g A B3l pH7F AA gista AANEE S8t &
ok A3 gA vk e Fao] £HEw 5T 20ToA RS
& Astes A9E 2 20TCTAAN L7 S7HEsSE Astgo] & A
o2 Yeysd o= amylase-J 280 % dextrin®ol WolAl7] wlZole}
wuagdrr o $Ye fHAxE 9T I F1F 2ALY zowde
AA 2710 A=m3HE] 30~ 50/07} FHRAoR ST S EI F
ARG AAHE FEde 90% o]de]l glucosestal At A 7135t A
AEE 4279 F7]4-S  ethyl ester, acetic acid, ethanol, 2-butanol,

2-methyl 1-propanol, 1-butanol, 3-methyl 1-butanol, 1-pentanol,
1-hexanol, lactic acid, propanoic acid, butyric acid, hexanoic acid ¢ #
o2 H1s} %]\q .

ey olstetd AgEwstet yrdste] AAsta 9= AA VIS
Qe A4 30TeA 39, AV B w Se 79, A P2 60T
A 3AIRE, A S 15Tl A 159 o A sk o] FohaL st v A
otk ol AFAFTE ARERH ket e F R AUbwe] 2
R AgE Algstas olstetd ARREtE AR H HY] Yior
Hdoh B3 HF frok AEE Axste] olsietd wisiete] Fygs A
2+ ATFAME frake] Azl Hasta 7RSSR Qs TS A Al



% st ojele e

= 599 Za 7§ Fd8 2o AAA DA 5ALE 20U 7HA]
FH A EAs= TF= Yeast®t Lactobacillus sp.ol A3 A 25 o] &
= Corynebacter sp.7t &= vk fep'® w3t Lactobacilllus sp.o %
el oal pH7F Solzl = pH 4.00]8tol A= Wi AlEe arwte] 4o}
Fa o)l mRe] o el 53ta AW Uelytn Bustgoh?
& 59 %3 209 7% AAE Yeast®t Lactobacillus sp.7t oA 2 A]
T3 7|3k W& {749 Jﬁﬂ#ﬂ' diol FAFE WA= FoRE Busilo
™ —

, 7 B Ao BEd gRE HAAE HES T a2ox HX
SRS w, 5Y AHEo HAPoRLE R nluste] st o] gl
= A BT A R R

v FAl A QoA HAAAA T Hofste mAE B WAE
~ELE o] go] B dATE & 597 4 579 Ao E3g AAolr}
olE AT ASE FHEZ FFS vAE HAEY] 9] FEA Y
Eflup 9 vk B mAE 42 AR E o] &3 W P sy
Wl ok FAo A3 Qe A olojA Akl SR W FAA
A A7IM DA (DNA sequencing)s<S &3 Bt Hg3t 540 8750
Ay, wma 7 S22 Lactobacillus sp.2] 2o 93] pH7F 4.008t 2 gto}
A g Ao A EEste ERAER F A LactobacillusAl s A €
g ®Bastgch WA, Gotcheva $7& IHE o]gd wgoge xHA

[€) =
(boza)oll ©gh Aol pH 329 AFAAE GRS
Candida sp. 919l Leuconostoc sp.¥ Z2tito] @At 3t 7+ 529
Hael ZpolE Holi o] w#Fe tigh Bt} Zlo] Qe AF7E o] Foj Aok
3 Aow AlgHT.

ol ¢} o], fFHAZX FAISHA HIAE WEE ol &t FFHAFS
A AARoZ FFol @3y, o]l5S XAt AEFFH #H=Z A A
Table 17} Zt}, g & o]&3te] AAtd W P 2~ F{(bread and snack)Al
ZoE fFHE B EEo waw(sour bread), ZW W (rye bread), °}o]Ed



Gdli), FE(puto), <A (enjera), 7|l2=eH(kisra), ¥ (hopper), =4
(jeungpyun)sol Aok 2 fFE52 H HSEZ S S (cereal gruels and
non-alcoholic beverage) Al &= 2.#(0Ogi), A (Ugi), v}3] ¥ (mahewe), &

FFof (hulumur), ®=*H(boza) 5ol AT  &F 5= (alcoholic beverage) Al

Foll= FAMbussa), X $AHbouza), vlZ]AH(merriza), B (takju), E}F
(Tapuy), F7] 2 (koumiss) s°] U Tk A ® AETHE A& (starch

ingredients product)©. & 7} (gari), l—‘”Tl:r7ﬂv‘:_'—(rnungbean starch), =32
(khanomjeen), %% (pozol), "l (me) So] <& Aop* ¥,
A A2, olg T TTAA FE ALHI e 5FHE R 5

FHAE A5E LS AT HJAFAHA  Leuconostoc mesenteroides,
Lactobacillus casei, Lactobacillus cellobiosus <+ Lactobacillus fernentum 5
o o3 HEaNAS = pHe #FAae ol tgE FinAEe ¢
< BAET g gwe] 2wl A3 (Khanomjeen) %3 3% 01
Aol RA 71 et Lactobacillus sp.¥t Streptococcus sp.ol 93 Ha=
o]-§sto] AxHa vk olet o] WaE= AlFe HAAQ Wi I
(flavor)®] 3F4& 7hA & Bk ofye}, Aw 959 8% 9 BELS T
AL BAog o]gHi g&s & F A,

¢
¢
o2

w2 AFelM s Al Al e AA AR dold= VA=
Ao F

S AARoR AHRT] f5te] HA 7| HE2 A JAXEo EAE A
o5 TEsta Fues, A8, {324 (16S rDNA sequencing)i-2]
S B3 sAsI T E3 o= :‘fr el e SE4dWstE 28 &
AS FHOE A FYH dFE HATAHA Hrlsto] FAIA =9 o
sletd EAS EAsta volrt ﬁ% nAES At F2 AFe o]shs)
A, #eH F2 EAAS 2AoEZN FHAxzE vAE SEFEHEA Y AL



Table 1. Fermented products in different regions of the world™ >

. Product Major Microorganism
Classification name Country of use ingredient dentified
Sour bread Germany ‘Wheat Lactic acid bacteria, Yeast
(sandwich bread)
Rye bread Denmark Rye Lactic acid bacteria
(sandwich bread)
Idli India, Sri Lanka Rice, black gum Leuconostoc mesenterides,
(steam cake) Entrococcus faecalis
Puto”™ Philippines Rice Leuconostoc mesenterides,
(steam cake) Entrococcus faecalis, Yeast
Enjera Ethiopia Tef or Leuconostoc mesenterides,
Bread (pancake) other cereal Saccharomyces cerevisiae,
and Lactobacillus plantarum
snacks  Kisra Sudan Sorghum, millet  Lactobacillus sp.,
(pancake) Acetobacter sp.,
Saccharomyces cerevisiae
Hopper Sro Lanka Ricetcoconut milk Lactic acid bacteria, Yeast
(stake-baked
pancake)
Yukwd® Korea Waxy rice Lactic acid bacteria, Yeast
(flied sneak)
]eungwun%) Korea Rice Lactic acid bacteria, Yeast
(steamed cake)
Ogi Nigeria Maize, sorghum, Lactobacillus plantarum,, Yeast
(sour porridge, or millet Acetobacter sp.
baby food) Corynebacterium sp.
U Kenya, Uganda, Maize, sorghum, Luconostoc mesenteroides,
(sour porridge,  Tanzania millet or Lactobacillus plantarum
Cereal gruels  ppin meal) cassava flour
5 ler(lzc(l)holic Mahewu South Africa Maize+wheat Saccharomyces lactis,
non (sour drink) flour Lactobacilus sp.
beverages
Hulumur Sudan Red sorghum Lactobacillus sp.
(clear drink)
Boza” Turkey, Rice, millet Lactobacillus sp.
Romania
Bulgaria

Continue



Product Major Microorganism

(Classification name Country of use ingredient dentified
Bussa Kenya Maize, sorghum, Candida crusei,
(refreshment malt, finger millet Saccharomyces cerevisiae,

drink) Lactobacillus helveticus,
Lactobacillus saliverius,
Lactobacillus plantarum
Bouza Egypt Wheat, malt Lactic acid bacteria, Yeast
(alcoholic thin
gruel)
Merriza Sudan Millet, cassava  Saccharomyces serecisiae
Alcoholic (bantu beer)
beverages Takju Korea Rice, wheat Lactic acid bacteria,
Saccharomyces cerevisiae
Tapuy Philippines Rice, waxy rice  Saccharomyces sp.,
Leuconostoc sp., Rhizopus sp.,
Aspergillus sp.,
Lactobacillus plantarum,
Kourniss”” Mongolian Goat milk Lactic acid bacteria, Yeast,
(alcohol-fermented Lactobacillus plantarum,
milk beverage) Candida kefyr
Gari ™ Nigeria Cassava Leuconostoc sp.,
Alcaligenes sp.,
Bacillus sp.
Corynebacterium sp.,
Lactobacillus sp.
Mungbean starch China, Thailand, Mungbean Leuconostoc mesenteroides,
Starch Korea, Japan Lactobaqllus aasel, .
. . Lactobacillus cellobiosus,
ingredients . .
product Lactobacillus fermenti
Khanomjeen Thailand Rice Lactobacillus sp.,
Streptococcus sp.
Pozol Mexco Maize Lactic acid bacteria,

Candida sp.
Me Vietnam Rice Lactic acid bacteria




A2 Az 2 DY

AlHEANEAR

e YA 2001 ~2003d AAHE A 32 (Shinsunchalbyeo
cultivar)® 10+ =2 =43 A& SHAFFHA7E (0 2A)ZFH A
FRbol 4T A2ZA 4] BastAA AEstdtt  FHntEe] AxE 913
AR H AR 75 Al ASHALAD)E AFESEA T

A2 A AEEHY
L 329 A7 4 A& 29

e FAPYe nEAVVR 28 Bitel U PS FFH0
AR 0 A7 Ao WEE 7wy, AAFE $58L 7|

ol HAleo A} n-amylase(CB-1, CF-2, CM-3, CA-6,
CB-9), cellulase(CC-5), xylanase(CH-4), n-glucosidase(CT-8),
pullulanase(CD-7), protease(P-1, P-2), lipase(L-1, L-2) 52 A& a4=
B % (3h=7), novozymesAH EIPE=) 9} amano enzymeAH( )2 HE &
of AbgstAtt  HIME EAho 2 AXAE 57 AlFel s FHg 2
A4S 7oz A A thste] 1~100 unit/mle] Heloldeh. A z2
2 25CE FAE wjgrielA AA st on, A 52o] Fdgh JaFs WA
3t7] 9lske] impeller(MS-3010D, MTOPS, 3t=r)& o] &3}lo] 110~120 rpm

o %=z wurstelrh

b
2{_1‘
o
b
rlr

P gAQonrE Red $ATFE AAAel 4F#H7] Slstol
<
5

MRS agar®} YM agarell streaking3t



MRSH} A (Difco, USA)9} YMu|A](yeast extract 3 g, malt extract 3 g,
peptone 5 g, dextrose 10 g, &F 1 L))o HE3F4 30T incubatorel A 48
R ool - B R S o o} 2w =] of] <>E TS wAl A wfA| e
streakingsle] GUTFUS g & Al AAu) Aol 32} A th vl ek
TS A3 AT 8w 1 mlS micro-tubed] FHata 1837 PA41EE
(Combispin, SLFVI-2400, SeoulLin Bioscience, 3+=)3F 3 AbZ=odS a7 3k
s EaEAds 1 mlel dgsiaith. olzls JaEAA A 0.1%v/v)E H
—'—o}Oﬂ AN 2 el 747 1.0 x 10° cfu/mle 5o HEE 59
} o AgATTFE FAEIA A 0.01%(w/v)E FE 38 Z‘X]"” =
o #F7F 10 x 10° cfu/mle) FEe] HES o] ddstdet. A
7&@-‘4 w2 93ke] impeller (MS-3010D, MTOPS, )%
*P%—d‘ﬂ 110~120 rpm®] & == WRkeHA] A A8 T

ol
_lzi

N u:°*‘ n°*'
-1N ;&

Ao =L A 7](Grain testing mill, Satake engineering Co. LTD,
Japan)& o] &3sto] A3 13 =A A & 200gs o]&3tdom, 20%
TAL 28A 23] MESIY A 30% =S 3EH 33 HhEEto] A A5y

12s AT A2 353 v DP‘] A=

2. A8 AAEY o5y 54 2
IOIZCES
AU B ACACHWT Fatel ANstdnh. AubgE BAS
FREZ 33 A

ocoﬂ*ﬁ 2A1 3 E R 3l sk Iy o 71

1030 Analyzer, Tecator, Sweden)% o] & sttt FESHE
2 105C A=E7](HS-100, Daeil Engineering, §r=p)oll A &o] H L& AZ
A7l 3 FAE SAst] AAEe AT =AW 2 Soxhlet FE71E AHE:



sto] olHER FEste] FFerda, =3 ﬂ%k% 550C 33t =(MF-10,
Jeiotech, &=1)E& o]&3te] AA I or =%

S ohisl Adel GAes]

A 5
=2 WEE AOAC H¥e Algste =4 o}ait}. , 50 ml AF7Zekaa
o AAA 1 mlE FHstL =7 9 mlS 713 1% phenolpthalem X] Al oF
~5E Hristdth. ¥ o 01 N NaOH% o] &£-3fo] H AT = (0.1
A

S Fo 2 HY lactic acidd FHFH(%)E AAtste] AAHdEZ
A Aol pHEA S pH meter(Orion, model 420, USA)S A}-&3fe] =

A x F x0.009008

Titerable acidity(%) = x 100
S

A ml of 0.1 N NaOH consumed
f : Factor of 0.IN NaOH
S : Sample (ml)

f714 BAe A%, AAY 50 mE NAVEEFA ALz A2

S 0.008 N HoSOs0 £3A171aL 022 m ZEHZE A7t o] o 10
W= AT AA ZARuE I (Jasco, Japan)ol FYsATE ol TS
0.008 N H:SO,&, 06 ml/mine] §%o= E##S Aminex Resin—based

column HPX-42A(300x 7.8 mm, Waters)S 35C=Z X 3HA AL-&39) o).

(ol W& x| a9 ddol F8 F7]A (P, Ca, Mg) &%
H3l= ICP-AES(Inductively Coupled Plasma—-Atomic Emission
Spctrometry, Jobin Yvon 138 ULTRAU, France)E Al-&3te] =43t #
A AlZ 15 gol AHE sl A (HNOs-HCIOs = 2:1) 30 mE #7bsha Frger A
of & w 71X ZFEAA st en a7 23 AEE 50 md

volumetric flask® A &3 & ALY 3}



4) 393 2 Blue value ZA}
FEAAA NS wgkate] 2 42 % 04 ml& Fte] 16 ml Al @] 2

31 DNS(dinitrosalicylic acid color reagent) &< 12 ml& Y2 3 voltex
mixer(Type 37600 Mixer, Thermolyne, USA)& &3t3 t}8 95T A 587+
HESAIZ T Aol Al WA AT of7]dd 84 mle] F/TE 7t #
Holz  F AAEYA3,000rpm, 3min)dtal A5 RS 10d] 3] A 5o
spectrophotometer(Diod  Array Spectrophotometer Hewlett  Packard,
Germany)E ©]€3t9] 550 nmoll A §HE=E SAHAT. UG shHEFe n)
g Fulatel = Al 9] glucose’s == 1 ek,

Blue value: Gilbert® Spragge] ™S 2839 600 nmolA
spectrophotometer& ©]&3lo] FF=E FH3 v5 100S #3 S AFE

&ttt

Zj—fz— A tﬂi GPCﬁ 2
YOUNGLIN GPC M930A] =&l A RI detectorg ©|-&73l
= ZHFE AL AT 23S 1000, 500 Ultrahydrogel column 2712
Astgon oju §rj EELEE 1.0n/minelon LxE 38CHTY.
frip HJAde EAe= G e 2o 2xE 2457 AEiA
HPAEC(high—performance anion-exchange chromatography)< AF&3}) 1L,

_,d
£
Ao
o
P‘L
3R -
1
R
r}l op o [N

pulsed amperometric detector= 7 %3}t

X-A g dx 45 &) FEe B35t 100 mesh AE F33 A
S ANEE AMgEg. SAYHS X-A 34d7](RAD-2A  diffractometer,
Rigaku Co., Japan)Z A}&3lo] target, Cu-Kn; filter, Ni; 45 kV; 40mA<2] =7
o2 FHZAE®M) 5740°7A FEAA BA A

7) A d AR $3lEA
Haol F3EA WHIE ALEFEEA(RVA, Rapid Visco Analyser—4D,
Newport Co., Australia)® =A 3t A8 dA717F A" A4S 33



I

AAg 5 4T AZaeA oF 4x 3 WA ste] E7]5 AAS ohs 7]
(GM-307, Goldmill, $t=)= &S +23Fe] 40 mesh Aol &3 Al AT

A& 35 g(A% 71)3 /75 256 mlS RVASH £7]9 €a, 50T
Agk & BC7HA 18D 12CE 7FEsta BTAA 2583
= T 12TCT=E 50C7HA] WZkA 713 50TC ol A 23 F A8t 212
Ao Was =A3Y®.  RVA viscogramO ZHE X 1 F

x| =

viscosity), # %7 % (final viscosity), breakdown, set back 5= T3, F

"

= ) “
T 9] @Y= rapid visco unit(RVU)E ZA| et oju] z} $E3 o] wE
Azl HFS ®Agsty] 9oty uge doR Astden, Alge] SR
& AOACH™ell F3te] dnbde 243} $dd Wi ol g3tel Z439
=
(100 - 14 ) x M,
M, =
(100 - Wy )
W, = 250 + ( M; - M» )

M; = Sample mass for the material as listed in the above table (g)
M, = Corrected sample mass (g)

Wi
W2

Actual moisture content of sample (% as is)

Corrected water volume (ml)

DSC(DSC-7, Perkin-Elmer, Norwalk, CT)o] <3 <
Al5&71e 4 mg AAE FA7MF9 8 ;e THTE 2ol 4% 91
2ol Al 2A1%F EF WX|Ete] 8kAZl § DSC(7 series thermal analysis
system, Perkin-ER)Z 10TC/min®] &£%=2 30TCelA 120C7HA 7Lt T
DSC thermogram . ZF-& 7159 AW stel 4% <& #F(enthalpy, cal/g)
I JHNMAIRE, Ao Hu2EE A& Reference® THTE AHE:
3o

8) e 4= =4
=4, 24 % vAEY ATy JEe A= mAls d¥S Hn7

ST I P = Texture
analyzer(TA-X2, Stable Micro System, UK)E ©]83}% 21 texturogram”’

i)
Lo

= = =] 37 1
drsE  FAsh Yo Axe



5|\
o
N
A

9] A3 (maximum force ; g)= HAEZ YEFHA 2 Table 3

2t

B

Table 3. Instrumental condition for texture analysis

Option . Rupture
Force unit : Grams
Distance format : Strain
Pre—test speed © 5.0 mm/s
Test speed 05 mm/s
Post-test speed © 5.0 mm/s
Rupture-test strain 10 %
Strain o B0 %
Trigger type : Auto
Trigger force : 10g
Probe : P25 (2omm DIA CYLINDER ALUMIUM)

9) FATFFo QA

AAE s 33 AT = 4T AFaelA o 4NZF WA ste] E7]E

A & EH471(GM-307, Goldmill, =)= 183 A7 AS A&

o JdEEALS Jri4 A (Particle size analyzer, CILAS 1064 L, France)
o™ X (peristaltic pump)e] 322 120 rpmo. = 3}
635 nm%} 830 nm=Z Pt FAHA SR SFT

2 0.05 g= A&l o A5 SHHAE 004 m~

i

-

iA

&
&
o,
2
lo
fil
=l
o
L Z oﬂi rlo ;&

500.00 m= &k

10) B&Y, g3l 9 =A%
A FAA7VE 2 g T
}Gﬂ—a—}ﬁ 3,000rpmell Al 30+7F YDA

# 3l 3 phenol-HSO, =9 S=AHHES A
=, %

:L

% Solubility = [Total sugar content in supernatent / sample weight(dry
base)] x 100

Swelling power = [Weight of precipitate / sample weight(dry base) x (100
- 9% Solubility)] x 100



5 A3 ¥ (water-holding capacity) =4 & _?4*5‘11 A=A A1 g3
S 30 me] YAEYE tubed] H7FE T 37T FF2FFoA 1A

off Mg 1 3 ol
r ol o S

Qb ket A ZhEstAth ol AE 10T YA Ee 71elA 14,000rpme] <
60 &< 2 v Oﬂdﬂr?} 5 Asds A 158 Sk ¥
o TE2= s IAHeR AAT gE, ofAE 3TN %

Axste] £RFS AP o YA,

11) F&e] A= Wstaz
AA71zke] wE FHE Z2¥W Fxo ¥WIE ATE7] f5hd
SEM(Hitachi S-2380, Tokyo, Japan)2 AF&3lsich Axd Hx Z4AS F
7 0.TmMmAEE 98 AE F sputter—coater(Hitachi E-1010 10N, Tokyo,
Japan)E ©]83lo] gold palladium ZEES 3 & 15kVY FAS FAFsHY
4007800 ol A ¥ zHa L,

Lo

3. F3& AAEY 24 A XA
1) o-, B-Amylase &4 =4

o-Amylase &84S  Yamamoto %] WHozm Z=AHsgown g
—amylase?] =4 Qa3 7|22 05% potato starch(pH 5.9)E5 Al-&3}
Ak 7148 2 mlol 2242 1 mlE H71sta Voltexmg?ﬂ % water baths
o]-g3Fe] 40TolA 10+
o] 0.01 N I, solutione 0.1 ml #7}slxL
% 660 nmolA FH%=

[e]
color density”} 105 <9F 50% #HA4e W& 1 unit® AT

B-Amylase 4< Yamamoto W] WS ZA43t9om 2 mlo
0.5% potato starch solution(pH 5.9)°] Imle] Z&EA NS FH7}ste] 40T
water batholl 4] 10%7F WkgAzH o ol MAE =S Somogy-NelsonH &
Z SA5A Y. Bramylase?] &2 o] 7oAl 10 pmol®] glucose”l 243
2 wE 1 unit® &}

2) Protease &4 =4A
2 2z oMol proteaseZ A S Anson®] WMHOE TS T
ot} F, 7|2 2E 06% casein solutiong 2.5 ml A}&3 9103% of 7)o %



HS 05 ml #7EsEe] vortexingdk - 30C water batholl A 10&3F WA
t}. 7)) 25 mle TCA(trichloroacetic acid)Z % 7}8lal voltexing &F
Zol A 30iE%E AA st whES AAAIZ ths 13,000 rpmell Al 103F3F
w2letA Y Whatman No. 4ZE 2 o #etqith. o] AHdS AAE oo
mlell H3te] 5 ml®) 055 M NaCOs2t 1 ml® 2/3 N Folin reagentE %7
SFal voltexingdr - 30TCalA] 3027 ¥Hg-AlA 660 nmolA] FH=E =4
gtk FFFAHE L-tyrosingHel 055 M NaCos 5 ml# 1 ml9 Folin
reagentE #7153l voltexingdt $ 30T A 30&37F ¥FS-AlA 660 nmol A
FTHEE AASIY. g4 F-Le 2349 Imlo]l 1889 30TaAA 1

1g?l tyrosineS 443 wWE 1 protease unit(PU)E 3¢t

SR U DY

po Mo o

o
-_ T

4. F& FAAEY v ETTH ZA}
D ZJA7E dFe] W
(1) A= e] A4

2 A2 Table 494 2t ZAd HAES 9 AgujA|
2 MRS ®i#], A2t modifed Lactobacillus selection
agar(m-LBS), &2 KF Streptococcus agar, Leuconostocs phenylethyl
alcohol sucrose agar(PES) WA & o] &3l 2™, Bacillus A8& 913 Ad
v %] ol M = tryptone glucose extract agar(TGE)E A %3l A}g3gdct. &
o9 ApAE S 9)e AEe A= potato dextrose agar(PDA) rose
bengal(0.007%), cychlohexamide(0.4 g/L.), chlorampenicol(0.05 g/L)< % 7}3s}
o] o] &3ttt Coliform bacteria A& 913 Aeuj=| oA+ EMB A &

e pj] X

=

o

o7

|
A AR

43931, Corynebacterium?: %2822 Corynebacterium agar(CRA)E,
5 =4 WA & plate count agar(PCA)E A}-&3Fi ).
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Table 4. Composition of selective medium used

Selective medium

Composition (w/v)

MRS agar Peptone 1.0%, Beef extract 1.0%, Yeast extract 0.5%, Dextrose 2.0%,
Polysorbate 0.196, Ammonium citrate 0.2%, Sodium acetate 0.5%,
Magnesium sulfate 0.01%, Manganese sulfate 0.005%, Dipotassium
phosphate 0.2%, Agar 1.5%
m-LBS agar Yeast extract 0.5%, Peptone 1.0%, Sodium chloride 1.0%, Agar 1.5%
KF Peptone 1.0%, Yest extract 1.0%, Sodium chloride 0.5%, Sodium
Streptococcus  glycerophosphate 1.0%, Maltose 2.0%, Lactose 0.19, Sodium azide
agar 0.04%, Bromocresol purple 0.002%, Agar 1.50%
PES agar Peptone 0.5%, Yeast extract 0.05%, Sucrose 2%, Ammonium sulfate
0.02%, Magnesium sulfate 0.024%, Potassium phosphate 0.1%,
Phenyl ethyl alcohol 0.25%, Agar 1.50%
TGE agar Tryptose 2.0%, Dextrose 0.196, Sodium chloride 0.5%, Thiaminium
dichloride 0.001%, agar 1.5%
PDA Potato infusion 04%, Dextrose 2.0%, Rose bengal 0.007%,
Cychlohexamide 0.04%, Chlorampenicol 0.005%, Agar 1.5%
EMB agar Peptone 1.0%6, Dipotassium hydrogen phosphate 0.226, lactose 0.5%,
Sucrose 0.5%, Eosin Y, yellowish 0.04%, Methylene blue 0.01%,
Agar 15%
CRA Peptone 2.0%, Sodium chloride 0.5%, D-glucose 0.2%, Potassium
tellurite 0.01%, Serium 5%(v/v), Agar 1.5%
PCA Peptone 0.5%, Yeast extract 0.25%, Dextrose 0.10%, Agar 1.5%
3 AAEF FrE, SR 54
(1) 59 g
el A S ol g8 HAAALE] #F ZAAT dEd $AETY w
QezUE wd, Ysan. a9 og Fe@ TS W70 Astel o
Auj Aol HEe F 30TAA 24~48A7F wjFetdet. o] wgAS Hat
microtubed] &7 YA & FsdAS AASEL 36% glycerol(v/v)ol dE
3t 70T 9] deep freezero| &ZA R ¥ slH A AF o A3} ]
(2) 872 amylolytic &4
ved #F %, ARLALe 2t #FE dolny] el LI



£ TSA-starch 8 #](10% corn starchE &3k tryptone glucose agar)E A}
434 30C incubatorol A 48A]7F w3} T} o™ %, Lugol
solution(1.3% I, + 3.0% KD 10 m(E &3k 1023 WA g Ut clear
zone AR5 AFson, AT E S 3

& colony?] Z7] v]Z YER T,

0-Amylase®] &4 =HL Blue valuelH™ o] osle] B} =
TSBuj Aol & FE3sto] 30ToNA] 484 3HE <t widst ths, Wil 5 mlE
Hstel THTE o83kl 10 ml= 24%0} oAt & xgadom ALS

;}Oﬂ\i} S =HL 05% AEEN1% dEgH 1 ml¥} pH 5.2 acetic acid
of &4 1 mE 7}0}04 st 40T g4zl
S A7 S 05 N acetic acid 10 mlS H7}ste] wb&-
< %X]/\]Zi‘i}. a7 o o] &AE A#g oA 1 mlol 0.005% 8=
10 ml& ¥HEAIA 700 nmellA FFEE AT 42D E(unit/g)=
2829 1 mlol 93] 40T 30 &<k Ealld 05% AEENe] mi=
ER AT}

f-Amylase 84 &4 2% A& 1 ml¥ pH 44 acetate &5
ml= 30TCAA 3% ddst & 2g4 05 mlEs H7Eske] 30 TAlA 14]
WS- A1 71 o, 5% ZnSO4 2.5 ml# 0.3 N Ba(OH); 8H,O 25 mle &3
<, 4500 rpmoﬂ/ﬂ 581 A s, 4 d 1 mlE& Fste] DNSHo=E

(4) 16S rDNA rDNA 97144 4o &

Aol A 30T, 24~484) 7k Wi FE Fo o] &ate] Jukes 5V W
M-S o] &3] chromosomal DNASH 16S rDNAS E& sttt =, A gujx
Z2HE #AE 345t o37]o] lysis buffer(10 mM Tris * Cl, 100 mM

EDTA, 15 mg/ml lysozyme, pH 80) 15 ml& #H7tste] 37C= 1A <

10 o}ﬂ
o

it it



ksl wES A 7T o] 79 SDS(sodium dodecyl sulfate)E HEFsE 1%
7F SIS H7Fsta 65T Al 1587 A & -70TCAA 423 60T A
ol AL 33 WwrEEUT. HiE®E 10 ml FAHES o] &3te] 2 ml

centrifuge tube® %71 ¥ phenol : chloroform : isoamylalcohol(25 : 24 : 1)

S 23] A 83}l chloroform : isoamylalcohol(24 : 1)& 13] A g5tk 4
THE FHAstd FF9 isopropanols FH7tete] DNAE I HAAIZL 3 ALl A
Zeste]l DNA AAES Aok,

16S rDNA®9] PCR %% (GenAmp'™ PCR System 9700, Applied
Biosystem, USA)2 45 w9 WHg-&9[Taq x10 buffer 5 ul, dNTP(2.5 mM
stock) 5 ul, primer F(20 pM) 2 @0, primer R(20 pM) 2 uf, milli Q water
31 0, 25unit Tag DNA polymerase]® 16s rDNA 5 plE o] -&3lo] A A|s}
Aok 16s rDNA T3 A7 EEH ] o] &3 primere 27F(E. coli
numbering 8~27 : 5'-AGA GTT TGA TCM TGG CTC AG-3)E o] &3}
AT ol PCRE WFSZHL 94TolA 2837 7] dAE(pre-
denaturation)ZE 3 F 94Tl A 2% (denaturation), 50C |4 1% (annealing),
72T A 234 (extention) 303 WHESFAL wpx| o= 72T oAl 2047t A&
g T oukgs FA AT, Z=Z @ PCR WHSES agarose gelolA] 7]
JEsle] Bldt e, Wizard PCR Prep(Promega, USA)S o]-&3lo] A x|
3ttt PCR HFSE9] 7] <E2 15 ml &7]9 3M sodium acetate(pH
46) 20 ul, 95% ethanol 50 ul3¥} PCR HFS-ES Wi lHbsto] & g-of A
1083 AXAZ1 3 13,000 rpm o2 2053 A2 (MIKRO 22R, Hettich
ZENTRIFUGEN, Germany)at®ith. 29 thg, A5AS AAstL 70%
ethanol 250 W= Yo &8st 13,000 rpmol A 587 A&l 45
< AAstE WHoR AFRsAT. AF ) ey A4 E 7] (vacuum
centrifuge, Supra 22k, 3“8t Sko)E o] &dFe] 10WIF AXs
TSR(template suppression reagent) 12 plE X 7}ste] &3t
AT 35 A 3 TS injection tubedl &7 95CAAM 2
ato] 9aEel A7 AL ABI PRISM™ 310 Genetic Analyzer(Applied
Biosystem, USA)< o] &3t A8t ofgst w9te] A (similarity) <

BAlao] %z e

Me o



(5) gyrA sequencing®l| W& FA
gyrA genes FEZ37] 98 p-gyrA-f(5° -CAG TCA GGA AAT
GCG TAC GTC CTT-3" )9} p-gyrA-r(5"-CAA GGT AAT GCT CCA
GGC ATT GCT-3') primerg AF&3l9th PCRS 913 reaction mixture?]
T2 template DNA 10ng, 200uM dNTP, 10mM Tris-HCI(pH 9.0), 40mM
KCl, 0.15mM MgCl2, 3SmM MgS04, 20ug BSA, 0.006U Vent polymerase,
1U Taq polymerase 1# 1 primer 27F ¢} 1522R= Z+2ZF 0.5uME % volume
S 50 pl= sk

Temperature cycling<= GenAmp TM PCR System 9700(Applied
Biosystem)< ©] 83} predenaturation®}d &2 94T A 3&3+F =343} L,
denature(94°C, 30%), annealing(50C, 30%), elongation(72C, 5%) ¥F$-<
303] ¥rEsha post—elongation (72C, 108)s 339k, PCR 2H=2 1%
agarose geloll A7]9 % 3 3 16S rDNA Z7|E &<l ).

ofu ]

ofN

Zw  PCR #t&2 Wizard PCR Preps DNA  Purification
System(Promega)S ©]&3le] QAT A7 LEEX LS capillary W2 2
ABI PRISM TM310 Genetic Analyzer(Applied Biosystem)E A}-&3 o™
F2o] Alg¥ sequencing kitE ddNTPe| & 3=%2 lable W<l BigDye
TM Terminator Cycle Sequencing Ready Reaction Kit(Applied Biosystem)
S ARSI HES-E7E PCR reaction 96C 10%, 50C 5%, 60C 4%(25
cycles) o & & TP? )

5. fr3te] A=

frak v Axe e AdA AHE = WS F835te] SHE e
o] AFAAEE olg3dte] AxdAHFig. 1). LA AAS A5 Az WY
of olste] AL =715 AAF Y roller mill(EZ71A], =)= 23] &
A et a9 v FEEEe] 50% ARV HES REEste] 100T
To712 3083 SAE . SASE HEES 250 rpm o2 551 B A V] E
AN T FA7 3+ 05 mmZt HEE Y TS 60~65CoA 24 7HE
oF 12 Az Ax7F €3 A¥8ES 30 mm x 85 mm x 3 mm(Z o]
x - ox FAE AGd v FEFgEe] 17~18%7F HEE 62~65T €%
Z7)ol A 2417 or 23 Az, AxR B AP Ehtdr)eE Adhe
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Steeping
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Punching
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First frying
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Second frying
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|

Yukwa base

|

Fig. 1. Schematic diagram for preparation of Yukwa base.

1
1



6. AR SR
1) #3st&

2070 9] foputere] Ao dole} G AS A 7] (Image analyzer,
VILBER LOURMAT, France)& °]&3te] SAHsAtt. ©HAL FA7 2
mmg =7t HEE fFAugS ddsie] SAHS HAHoR 33 Y= &
9 dolo] ©@¥A 9 yolg Wik groE YEhTh “@ﬂg(expansion
ratio)e e 719 R3le] g fobupge] uE wEg 2 yehyo

[(AxD)-V]
Expansion ratio (%) = x 100

v

A Cross-section area (mm?)
D : Length of Yukwa base (mm)

V : Volume of bandegi (mm?)

2) 227

fdntge]l A7 ZAHLE Texture analyser(TA-X2, Stable Micro

System, UK)E o]&3sle] ZAsAt. SHZXAL graph type : force v

time, force threshold : 400 g, acquisition rate 200 pps, contact force : 5.0
g, pre—test : 50 mn/s, test speed : 1.0 mm/s, post test speed : 10.0 mm/s,

trigger force : 10 g¢| %12, probei= 3-point bending rig(HHDP/3pb)E& A&
ERsa=

3) A%

Ao e Fyutee] MEwWslEs Ayupott. & 10709 fnte
S BHsle] AE 60mme LI HA ] Fe e A %A (spectrophotometer,
color-eye 310, Macbeth, ]apan)# o]-8-3}o] Hunter L(lightness), a(redness),

b(yellowness) &S =4 3lal Hs AFES AT

i

O

AE = V(L—L)%+ (a—d) 2+ (b—b)?



4) Aroma scane ©]-&3 I7]EA
2 AA A mAE 2ol g o] fFautere] Al m A=
S Yolr7] skl AAR=7E 327 FEE Aroma  Scan(Model
32-12-008, Aroma Scan Co. England)& ©]&3le] #2413tk Wi-of
" FEZot oF F71E WA AALE 130 m/ming] &2 60%7F
Jd H, A5 headspaced F71& 120%37F £ FH5o=Z AlA
Bl 5 12027 AHE717F s =S 3%
FTAEHE 719 F27F AA el v A=
o _
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°F 20 g5 250 ml AHZbEel=o FHsta o "2 200 mls 7hek § A
HgG71E o] gste] 25T, 200 rpmolA 16A17Hs<E F-4& EsA=
@t} Whatman No. 42 EE o] &3}o] o33t T 342
EH 25 gy HUlx P2 FAE AOACH <3 4t
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Score sheet for Yukwa

Sample No. : Date :

I. Oder

1) Original fresh Yukwa aroma (sour aroma

)

Name

J--a-o------o---0-0-0-- -0

Extremely Very Moderately Slightly Neither low Slightly

low low low low nor high high

2) Oily aroma

? 1 i 1 1
Extremely Very Moderately Slightly Neither low Slightly
low low low low nor high high

II. Appearence

1) Color uniformity
J--0-0-0--0-0--0-0--0-0

Extremely Very Moderately Slightly Neither low Slightly

low low low low nor high high

2) Surface roughness

? 1 i 1 1
Extremely Very Moderately Slightly Neither low Slightly
low low low low nor high high

3) Expansion

J-0-

0000000

Moderately

high

Moderately

high

)
Moderately

high

Moderately

high

1 ? t ? 1
Extremely Very Moderately Slightly Neither low Slightly Moderately
low low low low nor high high high

Very Extremely

high high

fffffff J-0-0

Very Extremely

high high

000

Very

high high

fffffff J-0-0

Very Extremely

high high

rrrrrrr 0-0-0

? ?
Very Extremely
high high



Ill. Flavor
1) Original Yukwa flavor

i

) ) ) 1
Extremely Very Moderately Slightly Neither low Slightly Moderately
low low low low nor high high high
2) Oily flavor
? 1 1 1 ? ? t
Extremely Very Moderately Slightly Neither low Slightly Moderately
low low low low nor high high high
IV. Texture

1) Hardness

0000000000

Extremely Very Moderately Slightly Neither low Slightly
low low low low nor high high
2) Crispness
3-0-0-0-0-0-0-0-0-0
) ) 1 ) ) )
Extremely Very Moderately Slightly Neither low Slightly
low low low low nor high high
3) Adhesiveness
J-0-0-0-0-0-0-0-0-0
) ) 1 ) ) )
Extremely Very Moderately Slightly Neither low Slightly
low low low low nor high high

4) Fellings in the mouth after swallow

[

A 1 A
Extremely Very Moderately Slightly Neither low Slightly
low low low low nor high high

1
Moderately

high

Moderately

high

Moderately

high

Moderately

high

Very Extremely
high high
Very Extremely
high high

[

Very Extremely
high high
Very Extremely
high high
Very Extremely
high high
Very Extremely
high high

Fig. 2. Score sheet for sensory evaluation of Yukwa.



Table 5. Definition of term for evaluating the sensory properties of Yukwa

Sensory attribute

Definition

Odor

Original fresh Yukwa aroma

(sour aroma)
Oily aroma

Appearance
Color uniformity

Surface roughness

Expansion

Flavor
Original Yukwa flavor

Oily flavor

Texture
Hardness

Crispness

Adhesiveness

Feelings in mouth after swallow

Degree of original fresh sour

aroma of Yukwa

Degree of fresh oily aroma

Degree of color uniformity on the
surface
Degree of uneveness on the
surface

Degree of expansion of Yukwa

Degree of original Yukwa flavor
Degree of oily flavor

Force required to the first bite

through

Degree of something firm but
easily broken with pleasing ear

and fresh sense
Force required to remove sample

from molars
Degree of residual feelings in the

mouth after swallow




11]

=

1 29

o

B

Hn

I

Mo

f3he] 7

s &
o3

1

R

Aol A

-

Al

i vg=e] |

oo

[

_(H

ol
=X

bl el 1A erom, w5

el

Mo

ral

o

</

X

p—

0
N

A7 &

U=

A

[ R=S
AA -

o~
T

14

EEN

oj

22

-

fu

he

]

A A

15CollA 159 o]

()] 18)

=

5
oo & A7+l

1
e

=
R

Ad A==, AWt

9

o

R

=1

N7F WA gk,

A
el A-F 30CelA 3

L 60T 3, A

Ao ZAE AT

ke
.
=i

=13

FrE, A, QRS
=<

4

S

Al ARR, ZES, AF
1

[e)

o] H]ul

)

ato] A-Abel met v

Table 63} o],

]
14~15¢ W ¢jolitt.
Al

h=3

S

pzs

ste 0~15¢, 25T

)
S

-

=11
a7

70]21)

=

As e
I A3

ps

[e)
R
=
=1

°

A4 QA Aeje] sheto] 7]

S

o7 ZA}

J

s

A

=i
T
=
S
A o]
wj] %

R

I

-

R

ol
=

sk,

s 9
71l

]:]E],
=
A7}
o Azl ALgshe dE A
43t
4

70
5
ox
S

=



Table 6. Steeping condition for commercial Yukwa production

Compagy Steeping . Steeping time(day) Equipment Waxy rice
name® temperature(C)
D R.T. 3~4 Plastic jar Wangchapssal
Sumer season : 7
M R.T. Winter season : 14 Plastic jar N.S.
3BT 3
G J RT sumer season : 7 Plastic jar NS
’ o Winter season : 14~15 ] o
S-1 R.T. 7 Plastic jar N.S.
Sumer season : 7 ..
Y R.T. . ) Plastic jar Suwonchapssal
Winter season : 15
Sumer season : 7 ..
Y-1 R.T. Winter season :© 14~15 Plastic jar Nonchal
Sumer season : 7 Stainless ..
H- RT. Winter season : 14 tank Dongjin
J-1 R.T. 10 Plastic jar N.S.
S-2 R.T. 15 Plastic jar Shinsun

*Responded company
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F& T Ca, Mg 3 P9 o] W2 HJA NS Ca, Mg 2
pPe] & A 7|ze] S F4E Flebe AEolAnh. =, A (A
30%), 1, 3, 6, 9, 12, 15¥4A o] Mge 77} 1.0, 1.7, 9.2, 124, 12.8, 14.0, 14,7
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Table 7. Proximate composition of the waxy rice with the different
steeping periods

Measured Steeping period(day)
variable(%) 0 1 3

6 9 12 15

Moisture  34.6£0.13 38.2+0.25 38.7£0.70 41.8+0.21 42.2+0.35 42.1+0.46 43.2+0.05
Crude

protein

Crude lipid 1.3£0.01 1.3+#0.27 1.1#0.11 09+025 1.0+0.10 1.1£0.17 1.2+0.06

6.18£0.01 5.85+0.04 5.74+0.01 4.06+0.02 3.89+0.02 3.83+0.04 3.88+0.04

Ash 0.40+0.02 0.41+0.02 0.39+0.13 0.28+0.10 0.25+0.08 0.24+0.01 0.23+0.02

Total 57.5+0.14 54.6+0.46 53.4+0.95 52.9+0.53 52.8+0.15 52.3+0.26 51.4+0.01
carbohydrate




Fig. 3. Images of waxy rice grain stained with ninhydrin depending on
water—steeping durations. A, steeping for 0.5 h (R 100+4, G 150+8, B 255+0);
B, steeping for 1 days (R 12148, G 185+11, B 255+0); C, steeping for 3 days
(R 136£10, G 196%12, B 255+0); D, steeping for 6 days (R 152+12, G 217+14,
B 255+0); E, steeping for 9 days (R 14717, G 20916, B 255+0); F, steeping
for 15 days (R 17117, G 230+17, B 255+0).

Table 8. Proximate composition of the waxy rice starch with the different

steeping period

Measured Steeping period(day)

Variable(%) 0 1 3 6 9 12 15

Moisture  12.1£0.26 11.8+0.41 11.5£0.15 11.5+0.01 11.0£0.18 12.0+0.06 11.9£0.08
Crude

protein

Crude lipid 13020 1.2+0.14 1.1#0.11 1.2+0.04 0.9+0.06 0.7£0.06 0.6£0.03

0.09£0.00 0.11+0.00 0.13+0.01 0.19+0.00 0.19+0.04 0.39+0.01 0.19+0.01

Ash 0.26£0.02 0.28+0.05 0.19+0.01 0.21£0.02 0.11£0.01 0.09+0.01 0.11+0.03

Total

86.3+0.09 86.7+0.32 87.1+0.04 87.0+0.01 87.8+0.08 86.8+0.13 87.3+0.08
carbohydrate




Table 9. Effect of steeping period on the content of Mg, Ca and P in

waxy rice, waxy starch and its steeping water at 25T

Measured Steeping period(day)
variable
(mg/100g) 0 1 3 6 9 12 15

Mg 12.4£0.3 10.8£0.2 7.8+0.2 7.8+0.1 84%0.1 8.7+0.3 9.6%0.3

Waxy Ca

rice 9.0£t04 74£09 57106 4.4+02 56+0.1 57+0.6 5.6%0.8

P 41.4+25 37.3+1.4 30.7£0.5 33.5£0.3 34.2+1.4 33.9+£1.1 36.1+04

Mg 89+0.2 52+0.1 3.7+x0.2 4.0+0.1 3.6+0.2 3.6%0.1 3.1+0.1

Waxy . 58t08 7705 6006 64+0.7 59407 6.4+04 52+1.1
starch
P 16.0£05 83+0.1 6.4+0.3 6.1+0.3 6.1£0.1 65+0.2 5.8+0.2
Mg 1.0+£0.1 1.7x0.2 9.2+0.2 12.4+2.3 12.8+0.1 14.0+0.5 14.7£0.3
Steepin
g Ca 0.1+01 ND 1.1+0.1 23+0.7 27+0.1 35+0.2 3.9+0.1
water

P 0.4£0.1 2.7£0.5 19.8£0.2 26.5t4.3 30.4£0.8 35.311.5 35.8+0.9

ND: not detected.
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Fig. 4. Changes in pH and titratable acidity during steeping of waxy rice.
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Fig. 5. Changes in organic acids present in steeping water during

steeping.
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Fig. 6. Changes in reducing sugar during steeping of waxy rice.

Table 10. Analysis of short chain sugar component in steeping water
depending on water-steeping durations

unit : mg%

Steeping period(day)

Sugar
0 1 3 6 9 12 15

Glucose - 0.11 0.20 0.19 1.17 3.80 7.61
Sucrose 0.46 0.22 0.15 0.10 - - -
Maltose - 0.18 0.59 1.57 3.09 4.89 5.22
G3 - - 0.03 1.42 2.43 3.65 5.10
G4 - Ta 0.15 0.30 0.42 0.60
G5 - 0.08 0.15 0.60 0.90 1.25

G6 - - - - 0.39 0.40 0.45
G7 - 0.06 - 0.14 0.20 0.30
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Fig. 7. GPC chromatogram of starch from waxy rice with different
steeping duration. A, starch from waxy rice steeped for 0.5 hr; B, starch
from waxy rice steeped for 1 day;, C, starch from waxy rice steeped for 3
days; D, starch from waxy rice steeped for 6 days; E, starch from waxy rice
steeped for 9 days; F, starch from waxy rice steeped for 12 days; G, starch
from waxy rice steeped for 15 days.
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Fig. 8. X-ray diffractograms of waxy rice starch from waxy rice with
different steeping durations. A, steeping for 0.5 h; B, steeping for 3 days;
C, steeping for 9 days; D, steeping for 15 days.

Table 11. Relative crystallinity of waxy rice starch from waxy rice with

different steeping period

Steeping period Relative crystallinity
(day) (%)
0 2.70
1 3.05
3 3.20
6 2.60
9 2.60
12 2.70

15 2.38
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Fig. 9. Scanning electron micrographs of kernel surface of waxy rice
with different water-steeping durations. A, non-steeping waxy rice; B,
steeping for 0.5 h; C, steeping for 3 days; D, steeping for 6 days; E, steeping
for 9 days; F, steeping for 15 days.

Fig. 10. Scanning electron micrographs of cross—sections of waxy rice
grain with different water—steeping durations. A, non-steeping waxy rice;
B, steeping for 0.5 h; C, steeping for 3 days; D, steeping for 6 days; E,
steeping for 9 days; F, steeping for 15 days.



Fig. 11. Scanning electron micrographs of starch granules from waxy rice
with different water—steeping durations. A, steeping for 0.5 h; B, steeping
for 9 days; C, steeping for 15 days.
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Table 12. Pasting characteristics(RVA) of steeped waxy rice powder with

different steeping duration

St‘(ceienll)ieng .Peak. Breakdown .Fina.l Setback Peak time
(day) VISCOSIty VISCOSItY
0 122.2+0.3 47.3+0.8 100.7+0.9 25.8+0.1 3.4+0.0
1 160.4+6.8 67.8+3.1 127.8+4.2 34.7£1.2 3.5£0.0
3 165.5+1.8 76.1+0.5 125.4+1.3 36.0£0.0 3.5+0.0
6 240.2+1.2 131.3+0.8 158.2+1.7 49.4+1.4 3.5+0.0
9 260.3£6.1 149.5+6.3 155.8+0.1 45.0+0.3 3.5£0.0

12 273.8+1.0 161.0£3.1 162.8+1.2 50.0+0.9 3.4%0.1

15 281.0+7.6 165.8+8.4 165.6+1.7 50.5+2.5 3.6+0.1

Table 13. Pasting characteristics(RVA) of steeped waxy rice starch with

different steeping duration

Steeping

time 'Peak' Breakdown 'Fina'l Setback Peak time
(day) VI1SCOSItY VISCOSIty
0 162.9+1.4 85.9£1.3 115.8+0.2 38.8+0.1 3.6£0.1
1 152.3+0.7 77.7+0.5 110.9+0.6 36.3£0.4 3.7+0.0
3 150.0+1.9 76.1+1.0 109.5+0.6 35.7£0.4 3.7£0.0
6 149.6+1.8 77.1£2.3 108.4+0.7 35.9£1.2 3.7£0.0
9 150.1+2.5 78.1%1.3 107.8+1.4 35.8+0.2 3.7+0.0

12 150.2+0.1 76.9+0.6 109.3+0.1 36.0+0.7 3.7+0.0

15 155.0+1.2 82.8%0.3 108.2+0.5 36.0£0.4 3.8+0.1




Table 14. Effect of steeping period on thermal properties® of waxy rice

starch
Steeping period Peak 1 Peak 2
(day) To(C) Tp(C) AH(J/g) To(C) Tp(T) AH(J/g)
0" 63.8£0.3 81.9+0.3 2.3+0.5 94.3+0.1 95.9+0.1 0.1+0.0
1 73.4+6.0 78.1+0.2 3.0+1.1  94.5+0.2 96.1+0.1 0.4+0.0
3 62.2+2.6 81.6+0.7 2.6+0.1 94.3+0.1 96.1+0.1 0.5+0.0
6 69.6£0.8 80.0+2.2 3.9+0.2 94.7+0.0 96.1+0.0 0.4+0.1
9 69.4+0.4 80.0+2.5 51+0.1  94.5+0.0 96.2+0.0 0.4+0.1
12 62.3t0.4 81.4+1.1 4.8+0.1 94.6+0.0 96.0+0.2 0.5+0.1
15 66.8£4.8 82.1+0.5 4.0+04  945+0.2 96.0+0.1 0.3+0.1

* To(°C) = onset temperature, Tp(°C) = peak temperature, AH(J/g) =

enthalphy change.

b Steeping for 0.5 hour
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Fig. 14. Changes in hardness of waxy rice kernel during steeping.
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—amylase@ 4 9] ZF7te vlu A ghvtatgdnh. A Ve A SR AN S
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Fig. 15. Changes in enzyme activity in steeping water during steeping of
waxy rice



o
sl At 2 Ay dukRakite MRSWIA|, Lactobacillus 42 mLBS
x| 7} A g8kl o, Entrococcus <, Leuconostoc <, Bacillus <3}
Corynebacterium 42 Z}Z} KF Streptococcus agar, phenylethyl alcohol
sucrose(PES agar), tryptone glucose extract agar(TGE)®} Corynebacterium

agar(CRA)7} A &3ttt 281 coli forme #& EMB agars, ARt 2

FREYE 9% dYuA 2 potato dextrose agar(PDA)E Awslal o,
EFF A4S 2E nAgEo] & 2= plant count agar(PCA)HIA S A €l
Hj A 2 o] 8-3Fo] A A]st tH(Table 15).

FHse A 094 60 x 10° cfu/mlelld Aol 644 80 x 10
cfu/mle YERNTE  Lactic acid bacteria® HA 044 1.6 x 10° cfu/ml
ol Aol HA 64A 92 x 10" cfu/mlZE Z78t1 2™, Entrococcus 45-&
04A 1.4 x 10° cfu/mlolglem 394 36 x 10° cfu/ml7HA F24 3] F7}18to]
o] kgl =7} FAE UelArth  Leuconostoc &< 094 80 x 10°
cfu/mlel e Aol 644 9.3 x 10" cfu/mlZ F7Fstg o o]Fe= o9
ALk S fASYT.  Lactobacillus 4 0244 1.0 x 10" cfu/mlel 9=
Aol 644 1.1 x 10° cfu/ml® F438 Z718Q1 ol Fow 2L FF<
ATt At 3330 18l Corynebacterium 452 A 04# 717
6.0 x 10* cfu/ml, 1.8 x 10* cfu/ml, 55 x 10* cfu/mle] &< ERQ 2L,
A 644 FAs F7tste]l 58 x 10° cfu/ml, 4.3 x 10° cfu/ml, 2.8 x 10°
cfu/mls YWeEtH oW, o]Fo= gntstA FasteE AdFES UEWIdth
Bacillus 49 7295 #AA 049A 55 x 10° cfu/mle] ™ Aol H= 644
22 x 10° cfu/mle2 323 Z7reta 1A 94#74A 42 x 10° cfu/ml=Z
gwret S7F FAE B, o]F FAF gaste] A 1594 50 x 10!
cfu/mls WERH A tH(Fig. 16).
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AR, AA 6UA thEe] w5el wivh Auw FAaN, 2 of
FEo0s® £E2 FA%E Fe Uitk WY Bacillus %9 45
= AA 3UARA FAI %

F AA 9UARAE SV FAFAS
ATE AL ol e A7 5

B 20€7bA] A=A Ao EA8t= T+ Yeast®t Lactobacillus sp.©] Sl

o K- 3

A=A 259 o]Zol = Corynebacter sp. 7} BAFYTE & 519 w39} H]
sk wf, Yeast= WA WA &9kal, Corynebacter sp.”} ##EH Al7]o| = A}
o7} AU

—@— Total Cell
—O— Lactic acid bacteria
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—<— Bacillus sp.
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Fig. 16. Changes in bacterial count during steeping.

Values are mean of triplicate determination. Each bacterial
population was counted by growing colony on selective media.
The selective media used for counting total cell, Lactic acid
bacteria, Enterococcus sp., Leuconostoc sp., Lactobacillus sp., Coil
form and Corynebacterium sp. were PCA, MRS, KF Streptococcus
agar, PES, m-LBS, EMB and CRA, respectively. The most
consistently isolated microorganism was lactic acid bacteria.



Table 15. Total bacterial number counted by growing colony on selective

media

Colony form

Medium “hite White  White  Mold Mold Red Red Yellow Yellow black black
(small) (large) (smooth) (white) (grey) (small) (large) (large) (smooth) (small) (large)

MRS - 3000 - - - - - - - - -

m-LBS 20x10° - - - - - - - B _ _
SA 98x10° - - - - - - - _ B B
APT 22100 - - 61x10° - - _ - _ B B
OSA - - 9.8x10° - - - - - - - -
KFS - - - - - 68100 - - - - -
MFE - 310 - - - - - _ _ B _
EBA - - - - - - - - - 1940 40x10°
KEA 26100 - - - - - . - ; 0 -
PES - - 47:10° - - - - - - _ -
FSDA - - - - - - _ - , _ ~
TGE5.0 20x10° - - 25x10F - _ _ _ _ _ B
TGE7.0 42¢10° - - 1510 - _ _ _ _ B B
TGE9.0 36<10° - - 12107 - _ _ B _ B B
MYP - - - - - - - - 50x10" - -
DCP - - - 36x10° - - - - 457x10° - _
PDAr - - - 2610 - 430t - - - . .
PDArt - - - 28100 - - - - - - -
PDAch - - - 15x10° - 15x10° - _ _ , _
PDAcp - - - 810" - 10x1° - - - _ _
SEL 19x10° - - - - - - - _ B B
AFB 95x10° - - 5310 - _ - _ _ _ B
CDA - - - 3100 - - - - - - _
MEA - - - 33x10" - - - - - _ _
WA ’ - - 26x10' - - - - _ _ B
MC - - - - - - 300" - - - -
EMB  1bx10° - - - - - . - ; 15490 -
FC - . - - - -0 - - -
CR - - - - 24x10° - - - - 25x10° _
CRch2 - - - 5 (1 - - _ 91510
TSB-s 75x0° - - 23:10° - - - - 6.0x10° - -
PCA 27x100 - - 25¢10° - - - - 8.0x10° - -

MRS: MRS agar, m-LBS: modifed Lactobacillus selection agar, KFS: KF-Streptococcus,
PES-3: phenylethyl alcohol sucrose agar, FSDA: fast slow differential agar, TGE:
tryptone glucose extract agar(pH 5.0, 7.0, 9.0), SLA:sellective agar, PDA: potato dextrose
agar(rose bengal(r), cychlohexamide(ch), chlorampenicol(cp)), MCA: MacConkey agar,
FCA: fluromocult agar, CRA: corynebacterium agar, TSAs: tryptic soybean agar(10%
starch), MYP: Cereus selective agae base acc. to Mossel , DCP: Dextrose casein peptone
agar, EMB: EMB agar, AFB: Agar for fungi Base, CDA: Czapek-Dox agar, MEA: Malt
extract agar, WA: Wort agar, MFE: Membrane Filter Enterococcus selective agar, EBA:
Esculin Bile agar, SA: Sorbid acid agar, APT: APT agar, OSA: Orange Serum agar
agar, KEA: Kanamycin Esculin azid agar.



FHE AA = 5 2 A 5}
545 Yol A3+ Table 163 2tk Gram @& AAg 2 43
H EE #F7F Gram YA oE YEtWn. B3 dARA S ol&ste] dEHE
s A3 159, 6, 259, 40 wFE oo, UywA| e
ol Aoz eyt CatalaseZ A2 758 w5 A9 BE Ao I
A=A ekt

Table 16. Morphological and physiological characteristics of bacteria

1solated from steeping water of waxy rice

S . Characteristics
teeping
od (day) Isolate
bert y Gram St. Cell form Catalase
75 P’ coccus +
3 74 P coccus -
12 P coccus -
15 P rod -
58 P coccus -
6 37 P coccus -
68 P coccus -
6 P rod -
B4 P coccus -
9
B1 P coccus -
25 P rod -
12
40 P rod -

% . Positive.



API 50 CHL kitE co]&ste] @59 F WaeHS Lol ZAies
Table 172 2Zth. 497019 3 <, D-glucose, D-fructose, D-mannose,
N-acetyl glucosamin, arbutine, esculine, salicine, cellobiose, maltose, @
—gentiobiose® Fod REE TF7} ol &3t= Aoz uyelywth  Erythritol,
D-arabinose, L-xylose, adonitol, B-methyl-xyloside, rhamnose, dulcitol,
insitol, inuline, xylitol, D-lyxose, L-arabitol> =& #g|iF7} o] &34 X
SEAL o] &3t Awrt oFdk Ao UERNAL gluconates ¥ RE
FoM ol gAe] eFdt o ehuth

ol gA S EUR o] EgHFE API softwareE ©o]-&3le] A3
7&4% Table 18] Webd kel 2o = A 3d4 L8 w579 & @
2¥ue A, 75 == Brevibacillus lacterosporus®} 99.3%, 74 5

= Leuconostoc citreum®t 95.8%, 129 5% Lactobacillus pentosusSt
72.3% rAbskAl vErE Y HA 644 E " 16" T Lactobacillus
pentosus®t 985%, 58, 37 2 68 T+ Lactobacillus plantarum>f 7zt
7} 81.0%, 99.0%, 76.9% +AFgt Aoz velykow 6W #+FE Lactococcus
lactis lactis9} 95%7F FAFEE Ao & vebygth A 9dA Eeld B494 Bl
<+ Lactobacillus plantarum™} 82.4%, 60.0%7} AtskAl YeEl o,

A 1294 E8¥ 253 400 =+ Lactobacillus plantarum™} 99.9%i
o9 FAREE BEFEE YERHATE o] ARE FFbste] B o, FA
Z7]ol+= lactic acid bacteria, Enterococcus sp., Leuconostoc — sp.,
Lactobacillus sp., Coil form, Bacillus sp. 2 Corynebacterium sp. ¥} <
oy #F9 FFE E"]Oﬂ e o Holw A Tl FE FHAkt
2o zdth olE £959 mael Bako]l A 7|7
]%“?}% ol A A e S Yoy 3P5e] wast
A3}E HERH AT

o

J

ot 2

A}

rlr

FIF off o
(03

e o HE
=

E’.
) o [U[O

R

v AE ~EtHE At w#5<l Bl 37, 128 e B
of FEA<Ql 16S rDNA @714 4E 415 AAlstat 7+
=3t DNAE PCRel 93] 533 thg 0.8% agarose gelol A
2231 (Fig. 17), Wizard PCR Prep< o] -&3te] A A 513t}
S ABI PRISM™ 310 Genetic AnalyzerE o]g3lo] H48 & t}oksl
T+ FA (similarity) & =438t %2 YERA AT

0["5..

Ml o
T X N e

T o
& o
4 %
\i
ol
ol
=
MR o2 oo

N%%P{T-{EOH



I A3}, Fig 18, 199} Table 19, 200 e wpe} o] Bl 379
T+ X5 Lactobacillus %9 43sle AMrolith. =, Blir+% Lactobacillus
plantarum(JCM 1149T)3} Lactobacillus pentosus(JCM 1558T)¢] F+=v <}
16S rDNA<9] A7[A<Ldo]l 100% HX|3t9 L, Lactobacillus paraplantarum
(DSM  10667T)3 %= 99.6%, Lactobacillus arizonensis(NRRL B-14768T)<}
96.49, Lactobacillus collinoides(JCM 1123T) % Lactobacillus
alimentarius(ATCC 29643T)<} 91.2%°] FAMEdS HAY. 37H 5 E3
Lactobacillus plantarum(JCM 1149T)3} Lactobacillus pentosus(JCM 1558T)
of XTwT9t 16S rDNAS @7IA el 100% LAk, Lactobacillus
paraplantarum (DSM 10667T)3 %= 99.6%, Lactobacillus arizonensis(NRRL
B-14768T)¢+  96.4%, Lactobacillus  collinoides(JCM  1123T) @11
Lactobacillus alimentarius(ATCC 29643T)<} 91.2%9 FAHdS 2t &
A Lactobacillus= 80719 & @ o}Fo]l ZASH " Lactobacillus
plantarum <+ Lactobacillus pentosust full 16S rDNA 7] Ado] &3} 1
base®] Z}FolE H. o)L Lactobacillus paraplantarum}+= 4 base2| =}o|E& H
olpg E AxAdiutow A Aol Eresittn o Et  oela
d 54< 91814 DNA-DNA hybridization W™ e 54
O 72 AAstofol & Ao AR ET

124 #F= Fig. 203 Tabel 21 e #®¢} 2ol Bacillus
amyloliquefaciens(ATCC  23350T)¢}  99.9%, Bacillus atrophaeus(NCIB
12889T) 9} 99.7%, Bacillus vallismortis(tDSM 11031T)%2} 99.6%9] AMA &
WAt ®3 Bacillus subtilis subsp. subtilistATCC 6051T)<F 99.3%,
Bacillus  mojavensis(IFO  15718T) Z18l3l  Bacillus  subtilis  subsp.
spizizenii(NRRLB-23049) ¢} 99.2% 2] FAH3S R Bacillus % 43k Al
wow HAWHAY  Bacilluse @A 75E°l EAS™M  Bacillus subtilis
Complexol = Bacillus amyloliquefaciens, Bacillus atrophaeus, Bacillus
mojavensis, Bacillus vallismortis, Bacillus subtilis supsp. subtilis, Bacillus
subtilis subsp. spizizenii, Bacillus licheniformis?} %38 U= Aoz el A
AP wela] REE A 16S rDNA sequence TFOE HEFE =AH3E A
Bl Ade £4S 93 gyrase A genelgyr A) d71Ad 245

)
e #Ao ayErh

8 o
(i,



o gt A4S 918 gyrase A gene(gyr A)
= Fig. 21 2 Table 229+ 2v.  Bacillus
subtilis complex®l &3t FEI gyrase A FAAS AR A A
Bacillus amyloliquefaciens®] X9 9531%= 7Fg =<2 nucleotide
sequence similarityS HXolH, AEFolAxE olE I F Qo

Bacillus amyloliquefaciens +=2 574315 tH(Fig. 22).

whebA] 129 T B
|

H7IME BHE AAE

Bacillus amyloliquefaciens + 19434 Fukumoto®l] &3] Aoz 7=
H A}t o] ¥ Bacillus subtilis ¢+ FAFskA %, DNA hybridization 4] o
A Bacillus subtilis®} 15%<2] homologyE YEAT  Mol% G+C &3
Bacillus amyloliquefaciens (43.5-44.9%)7} Bacillus subtilis (42-43%) .t}
o7 mom E(soi)oll A = AT



Table 17. Carbohydrate fermentation of bacteria isolated from steeping

water of waxy rice

Isolates
37 63 6 B4 Bl

+ - -

h istics
Characteristics 7 7 B

Glycerol + -
Erythritol - - - - - - - - _ _ _
D-Arabinose - - -
L-Arabinose - + -
Ribose

D-Xylose
L-Xylose

Adonitol

[ Methyl-xyloside
Galactose
D-Glucose
D-Fructose
D-Mannose
L-Sorbose
Rhamnose

Dulcitol

Insitol

—
7]
ul
o
[\~
al

40

H+
H+
|
H+
H+
H+
|

I
+
+ o+
+ o+
+ o+
+ o+

|
+
+
+
|
|
|

o

o
o+ o+ o+ o+

[
L+ o+ o+ o+
o+ o+ o+ o+

o
o+ o+ o+ o+ o+
L+ o+ o+ o+
o+ o+ o+ o+
+ o+ 4+ 4+

Mannitol

Sorbitol

i Methyl-D-mannoside
i Methyl-D-glucoside
N Acetyl glucosamine
Amygdalin

Arbutine

Esculine

Salicine

Cellobiose

Maltose

Lactose

Melibiose

Saccharose

Trehalose +
Inuline - -
Melezitose - -
D-Raffinose - -
Amidon + -
Glycogen + -
Xylitol - - - - - - - - - - -
[IGentiobiose + +
D-Turanose - +
D-Lyxose - - - -
D-Tagatose - - - - - - - - -
D-Fucose - - - - - - - - -
L-Fucose - - - - - - - - -
D-Arabitol + - - -
L-Arabitol - - - - - - - - - -
Gluconate + + + + + +

2 ceto-gluconate - + - - - -

5 ceto-gluconate + - - - - -
Symbols: +; Fermented, —; Not fermented, +; Slightly fermented.
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Table 18. Identification with API 50 CHL of bacteria isolated from steeping

water of waxy rice

Steeping APIS0CHL
period Isolate o Probability
(day) Scientific name %)
75 Brevibacterium laterosporus 99.3
3 74 Leuconostoc citreum 95.8
12 Lactobacillus pentosus 72.3
15 Lactobacillus pentosus 985
58 Lactobacillus plantarum 81.0
6 37 Lactobacillus plantarum 99.0
68 Lactobacillus plantarum 76.9
6 Lactococcus lactis lactis 95.0
9 B4 Lactobacillus plantarum 82.4
B1 Lactobacillus plantarum 60.0
2 25 Lactobacillus plantarum 99.9
40 Lactobacillus plantarum 99.9

1,650 bp >
1,000 bp >

M B1 37 12

Fig. 17. PCR amplification of DNA samples with 16S rDNA universal

primer. M : DNA marker [1kb plus ladder(Promega)l, Bl : 16S rDNA extract from
B1 strain, 37 : 16S rDNA extract form 37 strain, 12 : 16S rDNA extract from 12

strain.



5-ACGCTGGCGGCGTGCCTAATACATGCAAGTCGAACGAACTCTGGT
ATTGATTGGTGCTTGCATCATGATTTACATTTGAGTGAGTGGCGA
ACTGGTGAGTAACACGTGGGAAACCTGCCCAGAAGCGGGGGATAAC
ACCTGGAAACAGATGCTAATACCGCATAACAACTTGGACCGCATGG
TCCGAGYTTGAAAGATGGCTTCGGCTATCACTTTTGGATGGTCCCG
CGGCGTATTAGCTAGATGGTGGGGTAACGGCTCACCATGGCAATGA
TACGTAGCCGACCTGAGAGGGTAATCGGCCACATTGGGACTGAGAC
ACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAA
TGGACGAAAGTCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGGTT
TCGGCTCGTAAAACTCTGTTGTTAAAGAAGAACATATCTGAGAGT
AACTGTTCAGGTATTGACGGTATTTAACCAGAAAGCCACGGCTAAC
TACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCG
GATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTTTTAAGTCTGAT
GTGAAAGCCTTCGGCTCAACCGAAGAAGTGCATCGGAAACTGGGAA
ACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAA
ATGCGTAGAT-3

Fig. 18. 16S rDNA partial sequence of Bl isolate.

Table 19. Identification of Bl isolate with nucleotide differences

Accession Similarity Nucleotide differences

Strain No. (%) /compared
Lactobacillus plantarum JCM 1149T D79210 100.0 0/69%
Lactobacillus pentosus JCM 1558T D79211 100.0 0/696
Lactobacillus paraplantarum DSM 10667T A J306297 99.6 3/696
Lactobacillus arizonensis NRRL B-14768T AF(093757 964 25/689
Lactobacillus collinoides JCM 1123T AB005893  91.2 61/694
Lactobacillus alimentarius ATCC 29643T  Mb58804 91.2 61/689
Lactobacillus brevis ATCC 14869T MbBE8E10 90.9 63/694

Lactobacillus rhamnosus JCM 1136T D16552 90.2 68/692




5-ACGCTGGCGGCGTGCCTAATACATGCAAGTCGAACGAACTCTGGT
ATTGATTGGTGCTTGCATCATGATTTACATTTGAGTGAGTGGCGA
ACTGGTGAGTAACACGTGGGAAACCTGCCCAGAAGCGGGGGATAAC
ACCTGGAAACAGATGCTAATACCGCATAACAACTTGGACCGCATGG
TCCGAGYTTGAAAGATGGCTTCGGCTATCACTTTTGGATGGTCCCG
CGGCGTATTAGCTAGATGGTGGGGTAACGGCTCACCATGGCAATGA
TACGTAGCCGACCTGAGAGGGTAATCGGCCACATTGGGACTGAGAC
ACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAA
TGGACGAAAGTCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGGTT
TCGGCTCGTAAAACTCTGTTGTTAAAGAAGAACATATCTGAGAGT
AACTGTTCAGGTATTGACGGTATTTAACCAGAAAGCCACGGCTAAC
TACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCG
GATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTTTTAAGTCTGAT
GTGAAAGCCTTCGGCTCAACCGAAGAAGTGCATCGGAAACTGGGAA
ACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAA
ATGCGTAGAT-3

Fig. 19. 16S rDNA partial sequence of 37 isolate.

Table 20. Identification of 37 isolate with nucleotide differences

. Accession Similarity Nucleotide differences
Strain

No. (%) /compared
Lactobacillus pentosus JCM 1558T D79211 100.0 0/696
Lactobacillus plantarum JCM 1149T D79210 100.0 0/695
Lactobacillus paraplantarum DSM 10667T  AJ306297 99.6 3/696
Lactobacillus arizonensis NRRL B-14768T AF(093757  96.4 25/689
Lactobacillus collinoides JCM 1123T AB005893  91.2 61/694
Lactobacillus alimentarius ATCC 29643T  M58804 91.2 61/689
Lactobacillus brevis ATCC 14869T M58810 90.9 63/694

Lactobacillus rhamnosus JCM 1136T D16552 90.2 68/692




5-GAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGGACAGAT
GGGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGT
GGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCT
AATACCGGATGBTTGTTTGAACCGCATGGTTCAGACATAAAAGGTG
GCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTT
GGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAG
AGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACG
GGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGG
AGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTG
TTGTTAGGGAAGAACAAGTGCCGTTCAAATAGGGCGGCACCTTGAC
GGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGG
TAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGG
GCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAA
CCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGA
GAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGG
AACACCAGTGGCGAAGGCGACTCTCTGGTCT-3

Fig. 20. 16S rDNA partial sequence of 12 isolate.

Table 21. Identification of 12 isolate with nucleotide differences

. Accession Similarity Nucleotide differences
Strain

No. (%) /compared
Bacillus amyloliquefaciens ATCC 23350T X60605 999 1/713
Bacillus atrophaeus NCIB 12899T X60607 99.7 2/681
Bacillus vallismortis DSM 11031T AB0O21198  99.6 3/721
Bacillus subtilis subsp. subtilis ATCC 6061T X60646 99.3 5/719
Bacillus mojavensis TFO 15718T ABO021191 992 6/721
Bacillus subtilis subsp. spizizenii NRRLB-23049T AF074970 9.2 6/721
Bacillus licheniformis ATCC 14580T X68416 979 15/720
Bacillus pumilus ATCC 7061 T X60637 96.0 28/701
Bacillus pseudofirmus DSM 8715T X76439 95.2 35/721
Bacillus oleronius DSM 9356T X82492 94.7 38/712
Bacillus sporothermodurans DSM 10599T U49078 94.6 39/716

Bacillus carboniphilus JCM 9731T AB021182 945 40/721




5'—- CCCGGGCGCTTCCGGATGTGCGTGACGGTCTGAAGCCGGTTCAC
AGGCGGATTTTGTACGCAATGAATGATTTAGGCATGACCAGTGACA
AACCATATAAAAAATCTGCCCGTATCGTCGGTGAAGTTATCGGTAA
GTACCACCCGCACGGTGACTCAGCGGTTTACGAATCAATGGTCAGA
ATGGCGCAGGATTTTAACTACCGCTACATGCTTGTTGACGGACACG
GCAACTTCGGTTCGGTTGACGGCGACTCAGCGGCCGCGATGCGTTAC
ACAGAAGCGAGAATGTCAAAAATCGCAATGGAAATTCTGCGTGAC
ATTACGAAAGATACGATTGATTATCAAGATAACTATGACGGCGCA
GAAAGAGAACCTGTCGTCATGCCTTCGAGATTTCCGAATCTGCTCG
TAAACGGAGCTGCCGGTATTGCGGTCGGAATGGCGACAAATATTCC
TCCGCATCAGCTTGGGGAAGTCATTGAAGGCGTGCTTGCCGTAAGT
GAGAATCCTGAGATTACAAACCAGGAGCTGATGGAATACATTCCGG
GCCCGGATTTTCCGACTGCTGGTCAGATTTTGGGCCGGAGCGGCATC
CGCAAGGCATATGAATCCGGACGGGGATCAATCACAATCCGGGCTA
AGGCTGAAATCGAAGAGACATCATCAGGAAAAGAAAGAATTATTG
TTACGGAACTTCCTTATCAGGTGAACAAAGCGAGATTAATTGAAA
AAATCGCAGATCTTGTCCGAGACAAAAAAATCGAAGGAATTACCG
ACCTGCGAGACGAATCCGACCGTAACGGAATGAGAATCGTCATTGA
GATCCGCCGTGACGCCAATGCTCACGTCATTTTGAATAACCTGTAC
AAACAAACGGCCCTGCAGACGTCTTTCGGAATCAACCTGCTGGCGC
TCGTTGACGGACAGCCGAAGGTG -3’

Fig. 21. Gyrase A sequence of 12 isolate.



Table 22. Identification of 12 isolate with gyrase A sequence

Accession Similarity Nucleotide differences

Strai
traimn No. (%) /compared
Bacillus amyloliquefaciens KCTC 1660T AF272015  95.31 43/917
Bacillus mojavensisNRRL B-14698T AF272019 34.23 123/780
Bacillus subtilis subsp. spizizenii NRRL B-23049T AF272020  83.09 137/810
Bacillus subtilis subsp. subtilis KCTC 3135T AF272021 8261 132/759
Bacillus atrophaeus KCTC 3701T AF272016 8253 152/870
Bacillus vallismortisNRRL B-14890T AF272025  81.95 163/903
Bacillus licheniformisKCTC 1918T AF272017 7829 185/852
Bacillus vallismortis NRRL B-14890T
Bacillus subtilis subsp. subtilis KCTC 3135T
Bacillus subtilis subsp. spizizenii NRRL B-23049T
12 isolate
Bacillus amyloliquefaciens KCTC 1660T
- ———— Bacillus atrophaeus KCTC 3701T
L Bacillus mojavensis NRRL B-14698T
Bacillus licheniformis KCTC 1918T
0.1

Fig. 22. Phylogenetic tree of 12 isolate obtained from steeping slurry of
waxy rice. This tree was constructed from a matrix of pair-wise genetic

distances by the neighbor-joining method.
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Table 23. Colony and clear zone size on starch agar fermented by isolate

strain present during the steeping process

Isolates Col(zzlrs;)size Cle(ainfone Clear zone / Colony size
75 1.7 2.5 1.5
74 0.9 1.7 19
12 0.9 1.7 19
15 0.9 1.7 19
58 0.8 1.5 1.9
37 1.0 1.5 1.5
68 1.1 1.7 16
6 0.8 14 1.8
B4 1.0 1.7 1.7
Bl 0.4 0.5 1.3
25 0.7 0.8 1.1

40 1.0 15 15




Table 24. Amyloytic enzyme activity of isolate strain cultured in tryptic

soy broth from steeping water

Strain qumy.lase 4§gtivityl) B*Arr.lylase activityZ)
(Unit, D™~ 5) (Reducing sugar, pg/ml)
75 0.08 36.2
74 0.13 335
12 0.09 45.6
15 0.08 38.2
58 0.12 356
37 0.18 37.79
63 0.12 354
6 0.09 36.8
B4 0.09 36.1
Bl 0.10 40.2
25 0.14 339
40 0.11 40.1

U A unit of u-amylase activity is defined as lysed volume(ml) of 0.5% soluble
starch by 1ml crude enzyme for 30 min at 40C.
? A unit of B-amylase activity is defined as the amount of enzyme that produce

reducing sugar equivalent to 1 pmol of maltose from starch per min at 30C.
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Fig. 23. Photograph
of cross—sectioned
(left) and  whole
(right) Yukwa made
from waxy rice
steeped for duration

from 0 to 15 days.

a, Yukwa made from
waxy rice steeped for
0 day; b, Yukwa
made from waxy rice
steeped for 1 day; c,
Yukwa made from
waxy rice steeped for
3 days; d, Yukwa
made from waxy rice
steeped for 6 days; e,
Yukwa made from
waxy rice steeped for
9 days; f, Yukwa
made from waxy rice
steeped for 12 days;
g, Yukwa made from
waxy rice steeped for
15 days.



Table 25. Effects of steeping periods of waxy rice on the expansion

parameters and density using image analysis

Steepmg Cross—sectional Longitudinal-cut Length/Height Density Expaps:on
period area area (D/C) @ /Cmg) ratio
(day) (A, mm?) (B, mm?) (%)

0 2064 942° 4.10° 0.16 8054
1 2114 1017¢ 4.40° 0.17° 7644
3 210¢ 969d° 435 0.16 7214
6 208° 1142¢ 3.97™ 0.13 1171¢
9 311¢ 1163™ 3.91° 0.13 1238°
12 357" 1209 3.72¢ 0.13 1468"
15 437° 12907 3.48° 0.12¢ 1874%

Each value is the average of twenty replicates. Mean values followed by
the same letter in the same column are not significantly different at 5%
significance level by Duncan’s multiple range test (n = 20).
*Volume expansion ratio (%) = [ (A x D) V 1/ V x 100,

A : cross—sectional area

B : length (longitudinal-cut)

V : volume of bandegi
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Table 26. Definition of parameters to describe expansion from the Bandegi
to the Yukwa

) . ) Expansion
Dimension Bandegi Yukwa
parameter
Diameter Db(effective) Dy Dyb=Dy/Db
Length Lb Ly Lyb=Ly/Lb
Perimeter in a . _
diameter—axis view PDb(effective) PDy PDyb=PDy/PDb
Perimeter in a PLb(effective) ~ PLy PLyb=PLy/PLb

longitudinal-axis view

éjr;s in a diameter-axis ADb(effective) ADy ADyb=ADy/ADb

Area in a . _
longitudinal -axis view Al b(effective) Aly ALyb=ALy/ALDb

Volume Vb Vy Vyb=Vy/Vb

Notes: The dimension of the brick-shaped Bandegi was converted to the

effective dimension of a cylinder.



Fig. 24. Images of Yukwa samples. (a) the original and (b) processed
images in the longitudinal-axis view;, (c) the original and (d) processed
images in the diameter—axis view of the Yukwa for the analysis of geometric
features; and (e) the original and (f) processed images for the analysis of its

porosity.



Table 27. Changes of the Yukwa dimension with increases in the

water-steeping period of raw waxy rice

Steeped time Yukwa
of W WY p, L, PD, PL,  AD, AL, .
rice(day) (mm) (mm) (mm) (mm) (mm°) (mm°) (mm’)
0! 16.96 55.60 53h2 13985  226.2 942.2 12550
1 16.40 62.08 5154 14231 2114 10169 13100
3 16.34 59.36 51.84 14050  209.7 969.1 12430
6 19.42 59.09 61.43 14699 2975 11424 17420
9 19.88 58.56 63.02 14816 3109 11633 18180
12 21.30 56.90 6745 151.01 357.1 12089 20230
15 23.597 54.85 7477 15129 4370 12899 23870

! Water-steeped for 0.5 hr.

30

—&— Dyb

25 +

20

15 -

Expansion rate

0 Il Il Il Il Il
32 34 36 38 40 42 44

Moisture content of raw waxy rice (%)

Fig. 25. The expansion rates of length, area and volume of Yukwa with

respect to the moisture content of raw waxy rice.



Table 28. Expansion from the Bandegi to the Yukwa with respect to the

water—steeped period of raw waxy rice

Time Expansion parameter

(day) p, L, PDy, PLy ADy ALy Vy FD FL  P(%)
vb vb vb vb vb vb vb

0" 280° 179 225 189 783 501° 1401° 1.009* 1657° 127
1 276° 199"  221° 192° 765° 549 1518 1.001° 1588 95
3 283 190" 224° 190° 800° 536 1516° 1.021* 1.624® 12.1°
6 3050 1.92® 250" 198" 935" 583 17.78Y 1.014® 1513 14.4°
9 3.34° 190" 268 201* 11.15° 6.32° 21.10° 1018 1.506° 11.0
12 354" 182" 283" 203 1254° 644 2276° 1.017" 1506° 18.9°
15 389 171 311* 199 1517 6.66° 2590 1.020° 1.416° 175°

! Water-steeped for 0.5 hr.
> Means with the same letter in a column are not significantly different

at the significant level of 0.05.

1.8

15 W
2
8
5 12
a
S [ e —— e, . | Sy T
S 09r
g
u= —e— FD
g o6r —o-FL
8 —w— Porosity
w

0.3

0.0 L L L L L

32 34 36 38 40 42 44

Moisture content of raw waxy rice (%)

Fig. 26. The shape factors and porosity of Yukwa with respect to the

moisture content of the raw waxy rice.
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Table 29. Effects of steeping periods of waxy rice on color properties

using colorimeter

Steeping Hunter color value"
period L a b
0 73.23bc -1.83d 6.59b
1 76.56a -1.43c 3.67d
3 72.29c -1.71d 11.64a
6 75.01ab -1.35c 5.38¢c
9 73.41bc -1.31c 4.06d
12 73.42bc -1.09b 2.58e
15 72.40c -0.87a 1.41f

*Means with the same letter are not significantly different(P<0.05, n=10).

Table 30. Effects of steeping periods of waxy rice on textural properties

using rheometer

Steeping Textural parameter”
Period ardness Adhesi Yield  MaxWeight Dist Strength
(day) (Dyne/cm?2) esivness 1e axWeilg 1stance reng
0 25514° 1.7 869.0°"  1179.0°™ 4,94 117900
1 27542° 1.3 1053.7°  1420.8° 5.26a 142080°
3 19843° 1.0° 551.9 727 4% 3.73 72740¢
6 18517° 1.5 6359  950.4™¢ 5.14° 95040¢
9 1727¢ 1.2 867.4™ 996.4" 5.93 996°
12 1358° 1.5 567.1° 637.8° 5.06% 638°
15 1784¢ 1.3 667.6™ 8535 5.12° 854°

‘Means with the same letter are not significantly different(P<0.05, n=10).
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Different letters indicate significant difference at P<0.05.
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Table 31. Effects of steeping durations of waxy rice on sensory properties

Sensory Steeping period(day)

attributes 0 1 3 6 9 12 15
Sour 545° 6450 360 665 9.60° 1120 970
aroma

Oily 890°  7.30°  11.00° 745  515°  360°  460%
aroma

Color 730° 940 330" 835% 1000™ 11.10°  13.30°
uniformity

Surface 915"  7.10° 1040°  770° 6559 5950 435
roughness

Original 625" 690"  430° 740"  980° 1095  10.20.
Yukwa flavor

Oily

925  840b  10.75a 820b  660c  630c  6.20c

flavor

Hardness 11.10°  10.10™  1045™  9.40™  855° 6.35¢ 4.95°
Crispiness  11.30° 985"  12.00* 9.85 8.25° 7.95. 6.55

Adhesiveness 835% 9154  690° 895 995  11.75° 11.00"

* Means with the same letter are not significantly different(P<0.05, n=7).
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Table 32. Correlation coefficients” for selected physico—chemical properties

Protein  Liid ~ Ash  Redwdng  cain pin

. Volume Peak Ashin . . . B . . Sensory  Sensory
Variable T Chora Haness T inwaxyy nway  inway S eoping  steeping v Sa
expansion  Viscosity Wwaxy rice fice starch starch M redia redia hardness  crispness
Volume 1
expansion
Peak
Viscosity 09102 1
Color a 09817 09038 1
Hardness 0908 09066 07833 1
A 0BT 0 0S4 087 1
n waxy rice " : N -

Protein e .
foen o O OWB 0B0  0%H 050 1

nd e  09B4 0SBl 0B 0960 089 077 1

M s OO OSTE 0B OB 076 0765 015 1

flding Sugar 0970 0818 0950 0SB 0NT7  OBO  0%WB  OBH 1

(2 oping waier 093 09658 085 -0%I3 0017 09 0N 0950 0875 1

P r
in steping water 0500 09471 07BB 0B OW2 O 088 0B 0739 0974 1

ﬁ’gr“aq"gs 09789 08739 0933 0880  0®13 07980 09674 08187 0981 09116 -0.8169 1
EZ‘;%‘;S 0920 0869 0962 0862 0930  08I% 086 0728 0964 08B 071H 0924 1

YFrom 70 parameters, parameters which were significantly correlated with
sensory hardness or volume expansion of Yukwa were selected.



Table 33. The regression models for expansion parameters of the Yukwa

. . 1 .
with moisture content™ of raw waxy rice

Model: v = a + b (MC) + ¢ (MC)*

R’ Pr’
Y A b c
Lyb -1257 07524  -0.009737  0.779 0.0488
PDy, 34.62 -1.757 0.02375 0.958 0.0018
PLy, 4.348 -0.1413  0.002024 0.840 0.0254
ADy 273.0 -14.38 0.1942 0.912 0.0077
ALy, 33.08 -1.607 0.02301 0.942 0.0034
Vyb 356.7 -18.83 0.2579 0.934 0.0043
FD 1.227 -0.01248  0.0001778 0.391 0.3712
FL -2.259 02230  -0.003177 0911 0.0079
P (%) 370.4 -19.12 0.2537 0.663 0.1132

1 .
%, wet basis

“Pris a significant probability that means the significant level.
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(-0.945) 8%, e 33(-0958), @A (-0.857), A%E(-0.909), HiHd%E
09100191t s SAAF fFoulge] Zue =& AVHL B AL
HAjAe] A F(-0988), Ca(-0912), P(-0817)=x & HAE] 3IJ&
(0.819), AW (0967 ol e 3]:%(0.921), HE(0.858), HAHE

(-0874) 5 oAtk ol A%d ZAel A&H, HAA, §ol4e 1ol
a4 AY BRE vebd 4 e 144 Auze AM9F a9

gl [}
9 are AASem, 244 AERE RVAS @ Hngws 445

Aedh i Alz2g 38 JAE 72 540 #3 A%E Ed=E =
Ul - Q2 5E AT g7t eAHe] v a4AE FHEAT 19 o
8 g 1, 10, 100unite] 45 H7Fe T 1A T 244 7F B9k 9EgA
7 F 134z 1) a7 g 9 S A ] e vn By A= 2) 3
dd 9@ g 5 ojgstA AR WEl AL 3) iAo 3 oln], o]
AR LS ghetsty] flgh IFANY] HAL 4) 44 5294E e Ed 8
He 7HE 9 AF&old T8 A vlustdTh WA gestE bl
T4 Zbed, 24 AE$F olnE WASE CA-2, WA arlelal FHs5io]
o8& CH-6, CD-7 5% 1A= AAAAHY. &4 FTHA ot §43
b 2 RESAIZES dEslte] S|, Wy g9mds BAe Ade
Table 34¢} Zt}y. FTHH 2 &HES A4HE 23 CB-1, CF-2, CM-3& o
2 Aol vls] a4 H7rE vlE] EAE&o] HlEste] 2 AR B
SrstE 2l E40)7] Wi £ Ao wE 2awd Rk Aol A
of gtk T3 w4 A wE Ao FFS BE A FolA A
Fo] F7tel wet Stk Ao®E yEhgoy a4 FH b & AolE gl
T ZoE BT mEbA 23 ARE A ahAE JRY Hu JEE
AW Ay, g Ee AAAES IAZE A TR 24A2F A
T7F 48k AL, CH-4, CC-5, CB-9 &4 A2 7} 159 FoF A3 4o
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Table 34. Changes in Brix, weight ratio, crude protein and reducing sugar

by enzyme treatment under different conditions

Amount Reaction time(1 hour) Reaction time(24 hour)

Enzyme adfied Brix Wight Crude Reducing Brix Wight Crude Reducing
(unit/g) ©%) ratio protein sugar (%) ratio protein sugar
°7 (%) (%) (mg/ml) " (%) (%) (mg/ml)

1 1.0 961 5.55 6.0 1.6 799 5.19 11.8

CB-1 10 1.1 94.0 5.55 8.3 19 754 5.16 156
100 1.3 893 5.33 9.7 25 750 4.98 21.0

1 1.2 933 5.60 7.6 1.7 825 5.23 175

CF-2 10 1.3 917 5.33 102 25 809 5.16 21.8
100 29 834 543 180 52 705 5.19 22.7

1 1.1 888 5.45 4.6 15 761 5.15 134

CM-3 10 1.3 904 5.35 108 22 651 1.93 22.2
100 25 807 - 168 6.2 59.7 4.59 26.2

1 09 926 5.69 6.9 1.0 932 5.25 13.6

CH-4 10 09 933 5.86 8.1 1.3 93.0 5.19 12.6
100 1.0  93.6 5.61 105 ND 63.7 4.63 27.2

1 09 918 5.73 8.0 1.3 90.1 5.32 175

CC-5 10 1.0 929 5.52 102 12 898 5.18 34.4
100 1.2 92.8 5.56 137 ND 564 4.86 30.8

1 1.1 937 5.70 79 25 916 5.30 19.2

CA-6 10 1.3 927 5.67 109 40 901 5.27 19.7
100 3.8 918 5.57 182 6.0 89.0 5.14 23.7

1 1.1 99.7 5.69 9.2 1.2 903 5.25 185

CD-7 10 1.3 99.7 5.86 9.3 1.9 90.6 5.19 15.8
100 2.7 998 5.61 156 37 914 4.63 16.3

1 1.0 101.3 565 9.6 1.1 911 5.32 10.1

CT-8 10 1.0 1002 552 9.3 1.2 90.0 5.18 13.7
100 1.3 101.0 573 106 15 903 4.86 17.3

1 1.1 1006 570 103 1.2 903 5.30 17.6

CB-9 10 1.1 1007 567 106 15 91.0 5.27 172
100 1.2 99.0 5.57 141 18 878 5.14 31.3
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Fig. 28. Effect of pre-steeping time on peak viscosity of waxy rice treated

with several enzyme. Peak viscosity was measured by Rapid Visco
Analyzer.
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Table 373 #vh. 1 A3 FHHE el SHES A9 F7, 55, ¥h&
AlZbe] #AGle] & W37 gl A Ao U FFS FE FLA
= WS AIZEe] A4E Y APAZAM = 2F Y] FEvF FolESE F
Hehe A4S ek wh, de) wuld e At R, R 0
sAZbel w2 Wt gllon) dAS s AV ET|7F oje
Table 36. Composition of waxy rice with different polishing degrees

Iiloehgsr};lensg Moisture Crude protein Crude fat Ash

(%) (%) (%) (%) (%)

0% 13.94+0.33" 8.58+0.00" 2.65+0.01° 1.29+0.06"
10% 13.76+0.12° 7.61+0.01" 0.90+0.03" 0.42+0.02"
20% 13.63+0.00° 6.67+0.02° 0.55+0.08° 0.28+0.03°

30% 13.31+0.23" 6.18+0.05" 0.37+0.06" 0.20+0.04°




Table 37. Comparative effects of different acid treatment on weight ratio,
crude protein and reducing sugar of waxy rice slurry

Acid Concentration  Reaction time(hr)  Weight ratio(%) Cnﬁc;;):otan Reducing sugar(mg/m)
0%y i 73 L
A 334 201
R i o
Oy g i 10
R 122 276
0%y 364 e
P a w s 0
ctic
N R T o 10
I R - 7
WSy awo . 10207
0% 355 i
R S iy 121
cetic
P R T 40 0
26 i 10 v
We 334 2555
016y s 200
N 5 o
Butyric 10% 1 134.1 3.95 0.92
Acid 24 126.0 3.42 1.68
26 34 Lo
WO s 35 1006

2) EaAl o3 st 54 st



Rk FRO WEA BAAME R Ak delste] BUY gy
S A% Ade oA yERA Table 349 2tk CB-1, CF-2, CM-3,
CH-4, CC-5, CA-6, CD-7, CT-8, CB-9 54 & 1At 33 4 A=

of HgdflE W @A FS 747 53~55, 5.3~56, 54~55, 56~59, 5.
5~5.7, 56~57, 56~59, 55~5.7, 5.6~5.7(y°]°*‘jr CB-1, CF-2, CM-3,
CH-4, CC-5, CA-6, CD-7, CT-8, CB-9 &4 & 24713t 3¢ 38 HAAE
of MEldls W @A R 27 50~5.2, 52, 1.9~52 4.6~5.3, 49~5.3,
51~5.3, 46~53, 49~53, 51~53%°]Att. CM-3 &4E 24AN3F F3 T
o A= 10 unit A WAE BF Ao ow 1.9%9] v ded b

& yeugieod ot BAeA e walt oleld An: AwE o,
fa Aol mE zuwd FFe AT L2 FF, L2 % FE
AR FHAG] Ao dF B G Ao wATh ok AgH Tt
B55HE Be) faol/] MEoE 47

CB-1, CF-2, CM-3, CH-4, CC-5, CA-6, CD-7, CT-8, CB-9 24 &
AlZE AR AR A g Adle W ST gE2 44 6097, 7.0~
18.0, 46~16.8, 69~10.5, 8.0~13.7, 7.0~182, 9.2~15.6, 9.3~10.6, 10.3~14.1
mg/mlol‘”l?‘r CB-1, CF-2, CM-3, CH-4, CC-5 CA-6, CD-7, CT-§,
CB-9 2aE 243 33 2 A=l Ade o &d3 FF2 44
11.8~21.0, 175~21.7, 134~26.2, 136~27.2, 17.5~30.8, 19.2~23.7, 158~
185, 10.1~17.3, 17.2~31.3 mg/ml°|th. DA HoZ Y FhoAE i
o] ol 7kl wet, 1A SR A JAAE By 2443 ST

AAE Agis v AT FFo] Srhstes Aokt 97kA] a4
T el A FF Aol AA Fe AR HIYH

ShH 24X A ZR AA B AAES MY 2EEe B3
Aoz AHYPS u UG FFS FAS A= Table 387 2k 5% &
2 Ao e FY93F Fe 50~93 mg/ml BYUE GY EiA ol Ha)
e Ads el o8 7HA 23 Fol CHI00 unit + CM100 unit #]
g9 A ko] 933 mg/mle®E HAYAEZ YegliAT. 28y ZE4E
o 27FA =3 T AT o Aol AA] F& FoE HATH

Table 38. Reducing sugar content in steeping medium of waxy rice



treated with two different enzyme

Reducing sugar
Sample & sus

(mean%S.D.)
Control 4.82+0.08
CH100unit + CM100unit 9.33+0.05
CH100unit + CMb50unit 8.46+0.11
CC10unit + CM100unit 7.77£0.11
CC10unit + CM50unit 6.28+0.03
CB10unit + CM100unit 6.98+0.04
CB10unit + CM50unit 6.85+0.08
CH100unit + CT100unit 6.51£0.09
CH100unit + CT50unit 7.53%0.01
CC10unit + CT100unit 8.33+0.07
CC10unit + CT50unit 5.09+0.01
CB10unit + CT100unit 5.60£0.01
CB10unit + CT50unit 5.04£0.05
3) maAel €@ Beld 54
aaAel wE Fae sy wae SAAE v =

Table 39¢F #Zt}. =, CB-1, CM-3, CH-4, CC-5, CT-8, CB-9

LR 2R AA= AYIE

203, 201, 100 RVU°] it} 24/\]7}

CH-4, CC-5, CT-8, CB-9 34&5 *

RVU= 143 Aol A g A EE} Bl R I el

final viscosity, setback® #2 3.3} 54X %

uf peak viscosity®= 27+ 31, 127, 188,

& AA =
o‘?‘ 45, 200, 229, 216, 207, 223
t}.  Breakdown,

peak viscosity®} H|S=3F 7 gk

mlm N

-

CB-1, CM-3,



o] At

gk 2447 3 o 27HAH 2Feto] BE§A
o7 ALPs W 2 A2E ArE A+ Fig. 29
9 Table 407 Zth. =, 34E AgskA &L dix+, CCI0 + CMI100,
CC10 + CM5B0, CC10 + CT100, CH100 + CM100, CH100 + CM50, CH100 +
CT100(5=Ak= #7beh Eae] unitE 523 A<l peak viscosity:= ZH2t
190, 167, 194, 233, 264, 205, 240 RVU°|At. A4 7kdl CHI00 +
CM100¢] #x3gto] 7F4 =& peak viscosity XS Bt TAE A7 dA
2 iz vl 24 HYTY sk SEAAVE A =S AP,
breakdown, final viscosity, setback®} & %3} 5A X% peak viscosity 2}
FARRE Ao ® CHI0 + CM1009] 3ol 7H4 % 35 vt 9

A

9
ol
B
1

U o3t 5AA AN oARdE 18 w E4AE 27FAY x3eho
B3 og AgstE o] "ddas Ao vE H4eatsEs v E &
=oha AztEc

2N AAFEE GEFAZE F AE ZhA HoF 219 sy
g e TIEAS + Fig. 303 #th  10%,
20%, 30% Z=A gt F&e] peak viscosity= 247 272.05, 293.04, 297.30 RVU,
final viscosity: 150.30, 165.79, 167.50 RVU®Z uE}lyttl. ¥E3F breakdown}
sethack®™ =4 &o] S7MEF5E F7teke Ao BAHAT. o= A7z
o] T7ttrE HuHE ¥ breakdowno] T7HSThE AS e w), F4A
Abell ARG EE A S-S deke 3ol HAVINS dFAY =

om A8 FeAe AT,



Table 39. Pasting characteristics of steeped waxy rice treated with

different enzyme

Steeping Pasting Feature
time Enzyme Peak Break Final Peak  Pasti
e re in. e asting
(hour) Viscosity Through down  Viscosity Setback Time  Temp.

CB-1 305102 11.3+0.7 192405 165+1.1 51+00 31400 70.7£0.5

CM-3 126805 471+08 79.6+03 589+06 11.8+0.1 34+0.1 69.4+0.1

CH-4 187614 920+1.1 96125 1202+1.5 28200 3.3£0.0 68.8%0.0

CC-5 203.0£0.3 105.7+0.2 97.3+0.5 138.7+0.2 33.0+0.1 3.4+0.1 68.7£0.0

CT-8 200.8+1.1 111.1+0.5 89.8+1.6 144.0+1.5 33.0+0.1 3.4+0.1 686+0.1

CB-9 996409 536108 46.0+0.1 70.8+0.7 172400 3.3+0.0 686%0.1

CB-1 44703 153+1.1 294408 22.3+1.1 7.0+00 3.240.1 69.9+0.7
CM-3 200.3£1.1 102.7+0.2 97.6+09 130.6+0.2 27.8+0.0 3.4%0.0 689+0.0
CH-4 2292+1.2 119.3£15 109.8+04 157.2+0.2 37.8+1.3 3.4+0.1 689+0.1
. CC-5 2161410 1170420 99.1+1.0 150.940.2 33.9+1.8 3.4+0.1 689+0.2
CT-8 207.1£2.1 123.3+19 83.8+0.2 1569+1.5 33.5t04 3.5£0.0 69.2+0.5

CB-9 222.3£1.8 119.8+0.5 102.5+2.2 155.3+0.1 35506 3.50.0 69.1£0.6
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Fig. 29. Rapid Visco Analyser curves of steeped waxy rice treated with

combined enzyme.

Table 40. Pasting characteristics of steeped waxy rice treated with
enzyme mixture

Treatment . Peak Break .Fma.l Set Pwk Pasting

o name viscosity Trough down VISCOSItY back time temperature
sroup (RVU) (RVU) (min) (C)
Control 190.13"  59.58% 13054¢  71.79" 12.21° 327 70.33°
CCI0+CM100  167.42% 4500° 122.42° 5275% 775" 333 71.18°
CC10+CM50 194.25° 6479 129.46° 79.42° 1463 327 70.30°
CC10+CT100  232.71° 82.30™ 135.42° 126.42" 29.13"  3.40° 70.30°
CHI00+CM100 264.25% 101.21* 163.04® 135.46° 34.25° 3.27° 69.48°
CHI100+CM50  205.38% 75.17" 13021 94.84% 1967¢ 333" 70.33"
CH100+CT100 239.75° 9238 147.38" 122.25° 29.83" 3.27° 69.55°
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Fig. 30. Rapid Visco Analyzer curves of steeped waxy rice treated with
different polishing degrees.
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= AxT v FEE5AHe] WIE durst. WA AddE g4 A
e Az oo 9¥4 S-S Fig. 313 2o 169 JAT 2= A
zek g2 el Hlaste] CH-4, CC-5, CB-9 45 Ags FE=E A
Z3F e P H SAANA dxzdo sy 43 Aor Bol {3
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A A= Table 413 2tk 4 #Zol| A vepd Aol sUsHA,
CH-4A4 ] (241 7t A3 Fh&ol 1A12F A ) WA, Ed4do], qsys
5 SAANA e 2AY FoHeR =& FAE EAT CHA4,
CC-5, CB-9 45 Aggt A2 Azxd F349  54A 7k A
L mgk CH-4A g wo] & Ag el vls] 9] 4 =
At (Table 42). CH-4, CC-5, CB-9 345 Ay
el ¥s A4S AAE Ay Table 433 o) 3, 1568 L2 o] 83
WAL, ol ), 22 5 B EAS ATE A3 19 AAS AR A
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1552, 17712 B3a2 Aol wa dd a4 Ao axkrt 7pg =k
o= W3} EHX]Oﬂ*i; CH100 A&l +¢ a¥47} =& Aoz Yeyon o
&°] CHI00 + CT100 A2 oldth T3 F42ES 27MAA 2§35l &
dAoR AHEgh JFaARE Axg F4o AR AEe MEE AT A=
Table 45 2 463} #t}. CH100, CH100 + CM100, CH100 + CT100 =&
o] A% 717, 573, 656 g/em’o 2 159 HAG AR Az gxT 73
o] A% 931 g/em’el HlE frolH o rRrthp<0.05). M= BAA a 3t
o] 7, CH100 + CT100 # &7} CH100, CH100 + CM100 2]+ H] 3}
FolHow b4 =ga, bk o Aol vl CHI100 + CMI100 2]
7 7HE =tk (p<0.05). LYy AERES AlEaribel] oA Aolzt gl

T
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S HrEE Aok F2A (adhesiveness)2 M10-CH100S A3 ZE A5
o] HFAlgE Aoz HIIEHAY. AL F  “=A(feelings in mouth after
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st oA ZAaY & AP AdAY 2o E e =& 4t
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kel Fd 548 ARSIt WA, dn| g 10%, 20%, 30%= =4 &
< gyt F3AE 24A kS At e Az & futee] Bsts
S AHE A= Table 484"’«L 2ok e g Ae 1569 For HAE
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30% =A% FAZ Az §7E 349 mmPol Utk 159 A e FEE A
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o AAE AT 2o 93ty FAS AT ¢ FHE AF3S image
analyserg °|-&3ste #B3&S SAHFI ™ 1 A= Table 500 HERH
npel 2ok 1 Ay 16Y sk A FAR Az fHe] Wstsd v
3Fo] 4% acetic acid®} 4% butyric acid 1A17Hs¢E A @)d A3 ate] Ha&
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uhere] 22 7+S =43 Ay= Table 513 #t}h.  Springinesst 0.47~0.60
2 AP Ao fHntg 159 st AAS FEAE AxE FurEl
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Fig 31. Images of Yukwa made from waxy rice treated with selected
enzymes.

a) Control I (water-steeped for 15 days), b) Control II (water-steeped for 1
days) ¢) Treatment CC-5(water-steeped for 1 days with CC-5 treatment
for 1 hour), d) Treatment CH-4(water-steeped for 1 days with CH-4
treatment for 1 hour), d) Treatment CB-9(water-steeped for 1 days with
CB-9 treatment for 1 hour)

Table 41. Expansion parameters of Yukwa made from waxy rice treated

with selected enzymes

Yo

Sample Gusseod o o Gossetiod Gossfod Y Yoo, 0 ik
group aea loglagh  dotlepgh aea  aonfeere g wvdue
Control ~ 3.94° 759" 2.32° 214" 1206" 1504" 227* 22.09°
CH-4 364" 7.26° 2.21° 204" 1208 1541° 216" 2158
cc-5 311 6.86° 2.10° 191 11.35" 1524 200° 19.33"

CB-9  327° 6.67 2.04¢ 1.87°  1121° 1491° 205° 17.84°




Table 42. Textural properties of Yukwa base prepared from waxy rice

treated with enzyme

Texture attribute

Experimental
group Springiness Cohesiveness Chewiness adhesiveness Hardness
Control 0.461° 0.102¢ 50.612°  17.113*  1185.71°
CH-4 0.441° 0.116°  51562™  21.906°  976.49"
CC-5 0.418" 0.114" 52410  11.487"  1259.08"
CB-9 0.449" 0105 60725  21.093"  1207.07°

Table 43. Sensory properties of Yukwa base prepared from waxy rice

treated with enzyme

Sample group
Sensory attribute

Control-1 Control-II CH-4 CC-5 CB-9

Aroma original 12.87* 2.20" 11.27° 11.27° 9.73¢
Flavor original 13.67° 6.00° 10.00° 12.33 8.60¢
Flavor oil 13.33° 8.00° 9.53° 13.00* 9.20
Color lightness 10.73° 3.60¢ 8.40° 6.53¢ 10.40°
Color uniformity 12.73° 2.00¢ 11.80° 9.80¢ 9.53¢
Roughness 4.67° 13.40° 7.93° 5.60¢ 8.53"
Hardness 3.73° 13.00° 4.67° 6.87¢ 7.93°
Crispiness 10.20° 3.40° 10.87* 10.67* 11.00*
Adhesiveness 12.67° 2.80" 11.73° 10.00° 9.53°

YBased on a 15-cm line sc ‘%e, with left end for very low density and right
end for very high intensity. “Means with the same letter are not significantly
different(P<0.05, n=20).

Control I (water-steeped for 15 days without treatment), Control I
(water-steeped for 1 days without treatment), CH-4(water—steeped for 1 days
with CH-4 treatment for 1 hour), CC-5(water-steeped for 1 days with CC-5
%reatlment )for 1 hour), CB-9(water-steeped for 1 days with CB-9 treatment
or 1 hour).



Table 44. Expansion parameters of Yukwa made from waxy rice treated

with enzyme mixture

Cross— Cross— Cross—
sectional sectional sectional

Sampl
ample group area long  short

Cross-

sectional

Yukwa
long

Yukwa
short

Yukwa Yukwa Yukwa Expansion
circumference  area  volume  Ratio(%)

) 1 ength length circumference length  length
Control = 330" 19.0° 170° 657" 549' 198 1480° 1,145 181597 1545°
CHI100 4100 211> 190" 7465 5670 226" 162.1°  1,386" 23.238" 2,005°
CHI100+CM100 307" 187° 169° 668 583" 19.2° 1577 1,225° 17,903 1,522¢
CH100+CT100 364° 20.0° 182° 702d 56.7° 209"  156.0° 1275 20,653 1,771
* . Yukwa made of waxy rice steeped for 15 days.

Table 45. Textural properties of Yukwa made from waxy rice treated with

enzyme mixture

Sample group name Hardness
Control” 931.91+80.58
CH100 717.73+35.82
CH100+CM100 573.74+72.62
CH100+CT100 656.29+69.59

* 1 Yukwa made of waxy rice steeped for 15days.



Table 46. Color properties of Yukwa made from waxy rice treated with

enzyme mixture

Sample group name

L a

b

AE

Control”
M10-CH100
M10-CH100+CM100

M10-CH100+CT100

81.23+0.97™ -0.52+0.01"
81.76+0.38"  -0.24+0.06
82.22+0.67"  -0.41+0.12

80.89+0.23¢  -0.83+0.06

853+0.65°  25.32+0.96"

8.67+0.35°  2568+0.34™

10.31+0.09"  26.02+0.58"

7.67£0.61°  25.26+0.16™

*  Yukwa made of waxy rice steeped for 15days.

Table 47. Sensory properties of Yukwa base prepared from waxy rice

treated with enzyme mixture

Sensory attribute A B C D E
Oflginal fresh Yukwa aroma 595  9.20 925 595 9.50
Oily aroma 495 9.05 985 445 12.10
Color uniformity 10.30  7.05 10.10 10.55 10.40
Surface roughness 10.75 11.60 9.60 8.35 8.10
Expansion 5.35 7.35 12.05 6.55 10.75
Original Yukwa flavor 6.80 8.00 8.30 4.60 5.90
Oily flavor 13.45 11.10 10.75 11.00 10.80
Hardness 10.80 10.05 7.20 7.30  6.40
Crispness 10.00 10.35 8.05 6.65 6.00
Adhesiveness 10.20 10.05 8.75 10.45 9.15
Feelings in mouth after swallow 12.80 10.35 8.60 12.75 10.20

A: Control I (Yukwa made steeping of waxy

(Yukwa made steeping of waxy rice during 24hour),

M10-CH100+CM100, E: M10-CH100+ CT100.

rice during 15day), B: Control II
C: MI10-CH100, D:



Table 48. Expansion parameters of Yukwa made from waxy rice with

different polishing degree

s Cross The minor The major .
Polishing . . . Ratio of cross-
sectional .. axis of axis of .
degrees Circumference g i d& i sectional area
(%) areaz 1ameter tameter (A/control)x100
(A, mr) (mm) (mm)
0 114° 447 8.0°% 14.3° 329
10 273" 64" 16.2° 20.2" 78.7
20 307° 69° 17.3° 21.0° 88.5
30 349¢ 71 20.7 21.6 100.6

Table 49. Sensory properties of Yukwa made from waxy rice with

different polishing degree

Sensory parameter S15-Y M30-Y WR8-Y
Aroma original 9.54" 12.71% 5.86°
Flavor original 10.00 13.25" 2.96°
Flavor oil 9.68" 757 12.96°
Color lightness 9.21° 9.64" 14.04°
Color uniformity 5.68° 1257 10.50"
Roughness 13.04% 5.71° 9.39"
Hardness 12.39° 9.68" 5.96°
Crispiness 8.43° 10.89° 12.96%
Adhesiveness 9.14° 8.36" 13.11°

S15-Y: Yukwa made from waxy rice steeped in water for 15 days, M30-Y:
Yukwa made from waxy rice with 30% polishing degree, WR8-Y: Yukwa
made from waxy rice starch.



Table 50. Comparative effects of different acid treatment on expansion
parameters of Yukwa base

Cross  Cross  Cross .
. . . Cross Yukwa  Yukwa .
sectional sectional sectional . Yukwa  Yukwa Expansion
Treatment sectional long short o
area volume  Ratio(%)

(fnr;az) 1:;2%}] 1:]1;31 circumference length  length

Control 1+ 3980™ 228 207" 753" 648° 228 14265 25,768 2739
4%
Acetic acid ~ 4375%  237° 219" 785" 67.8° 226" 15077 29651° 3167
1hr
4%
Butyric acid  421.9%" 234" 207 76.3% 701 27 1578 29545 3155°
1hr
4%
Butyric acid  3834° 227" 206° 736° 659° 217" 1345 25500° 2719
24hr

*  Yukwa made from waxy rice steeped for 15day.

Table 51. Comparative effects of different acid treatment on textural

properties of Yukwa base

Textural Parameter

Treatment
Springiness Cohesiveness Chewiness Hardness

Control I * 0.58" 0.10° 42.75° 676.36"
Control 1T #x 047 0.08" 19.59° 526.66°
4% Acetic acid A . be .
0.55 0.08 25.81 531.24

lhr
4% Butyric acid n b e d
0.60 0.09 25.02 428.55

1lhr
4% Butyric acid A be b b
0.59 0.08 28.98 595.05

24hr

* 1 Yukwa made from waxy rice steeped for 15day.

#% 1 Yukwa made from waxy rice steeped for 24hour.



Table 52. Comparative effects of different acid treatment on color

properties of Yukwa base

Hunter's value

L a b ANE
Control 1 * 76.07° 0.14¢ 11.01¢ 20.20°
Control II#x 76.99" 1.32° 12.46° 17.92°
4% Acetic acid . b b .
72.28 1.96 14.13 15.91

lhr
4% Butyric acid d a . d
71.41 3.31 15.48 15.34

lhr

4% Butyric acid

69.55° 3.37% 15.27° 13.46°

24hr

* 1 Yukwa made from waxy rice steeped for 15day.

% 1 Yukwa made from waxy rice steeped for 24hour.
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Table 53. Types and composition of bacterial starter used

Abbreviation Starter used
B1 Isolate from steeped water at 9 day
37 Isolate form steeped water at 6 day
12 Isolate form steeped water at 3day
LA Lactobacillus amylophilus (KFRI 00238)
BA Bacillus amyloliquefaciens (IMSNU 11009)
SC Saccaromyces cerevisiae (ATCC 6037)
SD Saccaromyces diastaticus (ATCC 2833%)
SH Sporobolomyces holstaticus (IFO 1032)
ABT-1D Lactobacillus acidphilus, Bacillus longum,
Streptococcus themophilus
ABT-1E Lactobacillus acidphilus, Bacillus longum,
Streptococcus themophilus
ABY-2D Lactobacillus acidphilus, Bacillus longum
LH100 Lactobacillus dolbrueckii subsp. lactis,
Lactobacillus helveticus
MDO088 Lactococcus lactis subsp. lactis var diacetylactis

TAO061 Streptococcus salivarius subsp. themophilus
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Fig. 32. Comparative effects of bacterial inocula on pH of steeping water.
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Fig. 33. Comparative effects of bacterial inocula on titratable acidity of

steeping water.



o e nme wEw A
glucose®] FHE ZA|3}H maltose
H sucroset= Z7]° ¢ Eal = o
A Zz7)°] glucose ol

—amylase®] #g&o 2 HE

of
o
2

.

e lr
S
— ol

o we x
9

X
IN
N

AE A n-amylasest P
dojupr, AAH glucose’t H

!O ]IL_]
ol b
of

—_

b
rot

N HE [}
o
N
-

:
|
o 12
2 b
2
PN
oty o
oy Fo
~
i L e
Y
oy ol
2 m ot
ol -
HF [ &
. T oo
- N
o 1o —
oX ofN
fatal
Nz
N
A
ko]
o T :
N
22
o
2,
ol
o
N
0 2
A,
e &
=y

oﬂ ok
o
o|\
N
-~
o
o
a
M
2,
i
B
ST
4l
Al
-0,
ol
B
ot
o

S, A8 JAAEo| AR 2EEHE A s W, AAE F AR

S g2 Auugtt, o ZAy= Figo 359 yERG npel ZAo
FUTE A F 16M7A F43] Tkl a o] Fell =
FAEE Aoz veyth. MD0S8H 37H w e A
wE RAow eyt B3 MD0OSSS HA 4x7F w thE Ao A
16A17HA 9] 235 £39 1.9 x 10° cfu/mI7bA] Z2 819l th.

Ay

A

P
T =
2
ofN
1
o

HAE 2elHE F2 JAEo 2447 &<t Aes o e At
< g A3 Table 549k 2tk F, FRFFS 357~375%= 379
Ae]7F 7HE okew ABT-1DA 277k 7HE Al vetyith o

47~6.1%= ﬂﬂ%oﬂ wep Z ztolE ®Helom ABY-2D7} 6.10%
P =g 224 e 08~12% 2 25 Ao FASHA UE
ke AAAH R 02~04% HLAE UERNATE 53], control,
ABT-1D % 129¥ & A 0] 04%= =%kow, ABT-1E, ABY-2D,
LH-100, Saccaromyces diastaticus, Sporobolomyces holstaticusS 23 &
02%= otk Hok 77 FAS FA AAFozK v A 57

T M oox
oo o
o

ot
M

o ol A FraATL e THEY e o s Ax)7)1tol
o1l e zgwAL Agsie rasdoy EAUEEe A4 297
A sttt A4 39 olF AAE e A%e dehiRe, dAex
A G AW zoMA BEEE T Aol wold Ak



40F —@— Control
—O— ABT-1D
—w— ABT-1E
—7— ABY-2D
—@— LH-100
: 30T 3 mposs
< —@— TA061
S
<
on
2
2, 20}
g
)
=
=
D
& ot
0.0}
0 8 16 24 32 40 48
Steeping time (hr)
4.0
—@— Control
-0 12
—v— BA
—/- SC
= 3.0}
S
S
<
on
2
2 20}
g
<
=
=
D
& o0t
0.0}

0 8 16 24 32 40 48

Steeping time (hr)
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steeping.
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Table 54. Composition of steeped waxy rice treated with different bacterial
starter

Treatment Moisture Protein Lipid Ash
(%) (%) (%) (%)

Control 37.0 5.5 1.1 0.4
ABT-1D 35.7 5.7 1.1 0.4
ABT-1E 37.2 5.5 1.2 0.2
ABY-2D 37.0 6.1 1.1 0.2
LH-100 36.2 5.6 1.2 0.2
MD88 36.7 5.5 1.1 0.3
TA61 36.6 5.5 1.2 0.3
B1 37.2 5.0 1.0 0.3
37 37.5 5.1 0.9 0.3

12 36.3 5.5 1.0 0.4
LA 36.9 5.3 0.9 0.3
BA 36.6 5.9 0.8 0.3
SC 36.6 4.8 1.0 0.3
SD 37.0 4.9 1.0 0.2
SH 37.3 5.5 1.0 0.2

Values are mean of three replicates.
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Fig. 36. Hardness of waxy rice treated with bacterial starter in steeping

process.

Each value is the means * S.D. of 20 replications. Values followed by the

same letter in the same column are not significantly different(P < 0.05).



Table 55. Particle size and specific surface of steeped waxy rice flour

treated with different bacterial starter

Bacterial starter Diameter Specific2surface
(ym) (cm*/g)
Control 50.0 + 2.8° 7,947 + 353
ABT-1D 477 + 2.7 7567 + 304°
ABT-1E 46.8 + 3.8 8,054 + 226%
ABY-2D 485 + 1.8% 7743 + 145%
LH-100 480 + 2.7 7912 + 203%
MDS88 438 + 1.2¢ 8814 + 73°
TA61 496 + 0.7 7562 + 147°
Bl 428 + 2.7 8490 + 189™
37 478 + 5.2 8,046 + 540%
12 461 + 1.8 8,022 + 92¢d
LA 452 + 0.9 8387 + 122
BA 435 + 1.0 8671 + 33°
SC 46.4 + 0.6 7,885 + 93%
SD 498 + 2.9% 7543 + 282°
SH 481 + 1.8% 8109 + 162>

Values are mean = SD of 20 replicates.
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Fig. 37. Correlation between particle size and hardness of waxy rice

steeped for 24 hour.
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Table 56. Pasting characteristics of steeped waxy rice treated with

different bacterial starter

Bacterial . Peak Trough Break .Fina.l Set Peak Pasting
starter  viscosity down  viscosity back time  temperature
Control ~ 230.63  76.75  153.88 98.54 21.79 3.07 68.18

ABT-1D 281.17 11567 16550  151.88 36.21 3.27 69.53

ABT-1E 268.05 11217 15588  147.75 35.58 3.33 70.38

ABY-2D 265771 113.05 152,67  147.00 33.96 3.40 70.40
LH100 276.38 116.00 160.38  151.75 35.75 3.40 70.35
MDO088 25859  111.04 14754  141.17 30.13 3.37 70.33
TA061 27113 116.00 15513  152.04 36.04 3.44 70.25

B1 26617  82.08 184.09 107.54 25.46 3.04 67.15
37 268.63 8113 18750  106.75 25.63 3.04 67.58
LA 25796 8184 17613  106.00 24.17 3.00 67.18
12 283.00 9550 18750 @ 122.17 26.67 3.04 67.63
BA 234.04 7934 15471 99.84 20.50 3.07 68.00
SC 27559  90.17 18542  116.63 26.46 3.04 67.25
SD 27792 8400 19392 11284 28.83 3.07 67.60
SH 239.88 7883 161.04 101.88 23.04 3.13 67.98

Values are average of three replicates
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Fig. 40. Whole and cross-section Yukwa made from steeped waxy rice
treated with bacterial starter(A-E, respectively).

A: Control(during steeped 15day), B: treated Bl strain, C: treated 37 strain,
D: treated 12 strain, E: treated SC strain. (during steeped 24hour, B-E)



Table 57. Expansion parameter and density of Yukwa base made from

steeped waxy rice treated with bacterial starter

Treatment Weight Volurgle Expansion Densitgy
(g) (mm”) ratio (%) (g/cm’)
Control” 168 25,016° 2,166° 0.069°
Bl 1.69° 23,966° 2,071 0.072°
37 1.88° 27,729 2,412 0.069°
12 2.09" 31,784° 2,779° 0.066°
SC 1717 26,023 2,257 0.067°

* Yukwa made from waxy rice steeped for 15day.

Each values is the average of 20 replicates.

Values followed by the same column are not signification different(P<0.05).
Expention ratio(%) =([A x D] - V) / V x 100, where A = cross—sectional area, D=
length(longitudinal cut), and V = volume of bandegi.

Table 58. Textural properties of Yukwa base made from steeped waxy

rice treated with bacterial starter

Treatment I?zr/irrfzs)s
Control 6544 + 138.3"
Bl 7027 + 212.6°
37 7213 + 162.4°
12 6235 + 122.9°
SC 6987 + 155.2°

Values are mean * SD of 20 replicates



Table 59. Color properties of Yukwa base made from steeped waxy rice

treated with bacterial starter

Hunter value

Treatment "
L a b AR
Control 81.23° -0.52¢ 853 25,32>
Bl 81.91" -0.43¢ 8.19° 25.95%¢
37 83.19° -0.22° 8.76™ 26.99"
12 81.02° 0.02 9.76 24.80°
SC 82,74 0.07° 9.13% 26.42%
Values are average of three replicates.
s AE = V(L—L) %+ (a—d)* + (b—¥)?
B
a CORTROL
)
]
< C El
]
=l
Il
[ R & =
4
i
(VR
72
ni - L, e o 3
-1C -+ [ F I f
FOA =400

Fig. 41. Volatile flavor analysis of Yukwa base made from steeped waxy

rice treated with bacterial starter by aroma scan.



Table 60. Quality factor for normalized patterns of Yukwa base made from

steeped waxy rice treated with bacterial starter

Sample Quality factor
Control : Bl 2.852
Control : 37 0.988
Control : 12 1.197
Control : SC 0.302

B1 : 37 1.071

Bl : 12 1.044

Bl : SC 2.692

37 112 0.593

37 SC 0.887

12 1 SC 1.232

Original frash Yukwa aroma
15.00

Expansion Oily aroma

Surface roughness Color unifromity

-9 Control ->—-B1 A 37 AN—12 -@-SC

Fig. 42. Sensory evaluation on odor and appearance of Yukwa base made

from steeped waxy rice treated with bacterial starter.



Original Yukwa flavor

Fellings in the mouth after .
Oily flavor
swallow

Adhesiveness Hardness

Crispness

—— Control —-B1 —A— 37 12 -@-SC

Fig. 43. Sensory evaluation on flavor and texture of Yukwa base made from

steeped waxy rice treated with bacterial starter.
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Table 61. Change in pH, titratable acidity and reducing sugar in steeped

waxy rice slurry treated with bacterial starter and enzyme

Polishing _ | ) Titratable  Reduced
Microbiology(12) Enzyme(CH) L

degrees . pH acidity Sugar
(%) (unit/ml)

(%) (%) (%)

5.08 0.140 0.181

0.0 1 4.20 0.250 0.263

' 10 4.08 0.295 0.227

10 100 4.16 0.355 0.367

0 5.83 0.117 0.445

01 1 5.32 0.117 0.042

' 10 5.08 0.145 0.845

100 4.82 0.199 1.021

0 4.95 0.165 1.612

1 4.81 0.166 1.772

00 10 4.84 0.174 1.723

20 100 475 0.187 2.846

0 5.48 0.056 1.939

0l 1 5.53 0.077 0.560

10 5.22 0.068 1.874

100 5.21 0.085 2.687
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Table 62. Hardness of steeped waxy rice treated with bacterial starter and

enzyme
PC;)ehSrI:enSg Microbiology(12) Enzyme(CH) Hardness
: (%) (unlt/ml) (g/Cl’l’lZ)

(%)

0 2,615 + 262

0.0 1 2,561 + 203

‘ 10 2,462 + 284

10 100 2,085 + 203

0 2,326 + 309

01 1 2,256 + 284

' 10 2195 + 310

100 1,855 + 332

0 2,550 + 181

0.0 1 2,281 + 380

. 10 2,255 + 297

20 100 2,116 + 246

0 2,036 + 408

01 1 1,981 + 289

‘ 10 1,849 + 425

100 1,235 + 352
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Fig. 44. Rapid Visco Analyser curves of steeped waxy rice treated with
bacterial starter and enzyme.
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Table 63. Expansion parameters of Yukwa base made from steeped waxy

rice treated with bacterial starter and enzyme

Cross

Cross

Cross

Experimental sectional sectional sectional Crf)ss Yukwa  Yukwa  Yukwa  Yukwa Expansion
sectional long short area volume - 1o

group area long short . 9 5 ratio(%6)

(m?)  length  length circumference length length  (mm”) (mm?”)

MI10+12+CHI0 326.2° 19.2*  17.3° 67.4b° 555® 200" 1,194° 18112 1541
M20+12+CH10 3231 193" 167" 68.6” 522¢ 198" 1,131 16845 1,426°
Control 3450° 196”183 70.1° 540" 193" 1,153 18617° 1,587

Mﬁlﬁglo 2875° 183 153" 64.8° 51.8°  183° 1,080° 14,864° 1247
M%Z;ﬁ&:w 3992" 218 192 75.3° 569° 216 132" 22673 1,954°
;;ﬁir;’; 3787 210° 188 73.6° 548" 209" 1253 20,718 1,777

Means with

the same letter are not significantly different(P<0.05, n=9).



Fig. 45. Whole and cross-section Yukwa made from waxy rice treated
with bacterial starter and enzyme.

A: MI10+12+CH10, B: M20+12+CH10, C: Control(steeped waxy rice during 15
days), D: M10+12+CHI10+additives, E: M20+12+CH10+additives, F: Control+additives



Table 64. Comparative effects of treatment with bacterial starter and

enzyme on color properties of Yukwa base

Hunter’'s value

Treatment 3 - 0 NS
M10+12+CHI0 85.05™ -0.50" 8.99° 25.96"
M20+12+CH10 86.23"" -0.51" 8.20°" 25.86™

Control 83.36° -0.46" 7.30° 24.04"
M10+12+CHI0+additives 85.20" -0.33° 9.18" 24.69"
M20+12+CH10+additives 87.94° -0.49" 8.94% 27.16%

Control+additives 85.14™ -0.34° 6.87° 25.55%

Means with the same letter are not significantly different(P<0.05).

1800

1600 |

1400 |

1200 } T

1000 |

1
%m

— e
—

800 |-

Hardness (g/cm?)

600 |-

400

200

A B C D E F

Fig. 46. Comparative effects of treatment with bacterial starter and
enzyme on mechanical hardness of Yukwa base.

A: M10+12+CH10, B: M20+12+CH10, C: Control(steeped waxy rice during 15
days), D: M10+12+CH10+additives, E: M20+12+CH10+additives, F:
Control(steeped waxy rice during 15 days)+additives. Means with the same
letter are not significantly different(P<0.05).



PCAZ=13688%

Fig. 47. Volatile flavor analysis of Yukwa base made from steeped waxy
rice treated with bacterial starter and enzyme by aroma scan.

A: M10+12+CH10, B: M20+12+CH10, C: Control(steeped waxy rice during 15
days), D: M10+12+CH10+additives, E: M20+12+CH10+additives, F:
Control(steeped waxy rice during 15 days)+additives.

Table 65. Quality factor for normalized patterns of Yukwa base analyzed

Sample Quality factor
0.753
2.045
1.927
3.002
4.154
1.615
1.446
2.029
2.874
1.145
2.605
3.923
0.916
1.474
0.563
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Fig. 48. Changes in acid value and peroxide values of Yukwa prepared
from waxy rice treated with bacterial starter or enzyme during storage at
377C.



Table 66. Sensory properties of Yukwa base made from waxy rice treated

with bacterial starter or enzyme

Sample name
A B C D E F

800" 830" 930" 750" 10.10™ 11.40°

Sensory attribute

Original fresh Yukwa aroma

(sour aroma)

Oily aroma 960" 730" 790" 740" 790"  890°
Color uniformity 10.60° 11.00° 11.10* 9.70°  9.60"  10.00%
Surface roughness 10.20™ 11.20™ 10.10™ 13.30* 7.40° 8.90™
Expansion 870°  9.00° 9.70™ 350° 13.00* 11.80"
Original Yukwa flavor 890" 930 9.10° 7.50° 9.80*  10.40%
Oily flavor 9.40° 10.40° 10.20" 10.70* 10.70° 10.00°
Hardness 10.00* 10.20™ 11.30* 12.30° 850"  7.70°
Crispness 940" 11.20* 840™ 670" 10.70* 10.30
Adhesiveness 10.30* 1120 940 720 10.10* 9.10%

Feelings in mouth after swallow 9.80° 890 11.00° 9.60* 870" 10.50%

A: M10+12+CH10, B: M20+12+CHI10, C: Control I (steeped waxy rice
during 15 days), D: M10+12+CH10+additives, E: M20+12+CH10+additives
F: ControlII (steeped waxy rice during 15 days+additives)

Table 67. Hedonic sensory attributes of Yukwa base made from waxy rice

treated with bacterial starter or enzyme

Characteristics
Treatment
Overall
Appearance Texture acceptability
Control T* 7.23° 6.73% 6.83%
M10+12+CHI10 6.77% 6.73" 6.67
M20+12+CH10+additives 6.23" 6.23" 6.63"

* Yukwa made from steeped waxy rice during 15 days. ®The means with the
same superscripts within each column are not different (p>0.05). 1-9 point
hedonic scale (1=extremely dislike, 5=neither dislike nor like, 9=extremely like)
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