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SUMMARY

I. Title

Processing Technology for High—quality Rice Flour by Microbial Decontamination

II. Objectives and Significance

Rice has been a staple dietary cereal in Korea. However, the consumption of
rice is decreasing with the change in the diet of Koreans. In order to promote
rice consumption, high quality rice flour is needed for producing various
processed rice products. Also microbial contamination of rice should be
minimized for the processed rice products.

The objectives of this project were to develop milling methods for high-
quality rice flour, to develop techniques for microbial decontamination of rice,

and to develop high quality rice products such as rice cakes.

ITII. Scope

1. Control of microorganisms contaminated in rice
O Analysis of microorganisms contaminated in rice
O Isolation and identification of microorganisms contaminated in rice
O Inactivation and elimination of pathogenic microorganisms in rice

O Development of microbial multi—control

2. Development of sanitized rice flour with reduced microbial contamination

O Development of rice flour prepared by annealing treatment

_11_



o Study on starch properties of rice flour with annealing treatment
O Processing of sanitized rice flour with microbial decontamination
O Manufacturing process of sanitized rice flour with reduced microbial

contamination

3. Development of high—quality rice processed foods
O Processing properties of rice flour with annealing treatment
© Development of rice cake using sanitized rice flour

O Development of baked products using sanitized rice flour

IV. Results and Application

@® Microbial control of contaminating microorganisms in rice

Microbial contamination in domestic rice samples were investigated. Microbial
counts of rice hull, brown rice and milled rice were 7~8 log CFU/g, 6~7 log
CFU/g and 3~4 log CFU/g, respectively. Compared to ordinary rice, microbial
counts in rice produced by organic cultivation was higher. The predominant
pathogenic bacteria was appeared to be Bacillus cereus group.

Bacillus cereus group is known to cause food poisoning or spoilage because
they can survive even after heat treatment. Microbial control of Bacillus
cereus group in rice samples was investigated. To analyze the contamination
level, the selective separation, the molecular biological and the morphological
methods were established. The hbl gene of B. cereus group was detected by
PCR. B. cereus seemed to be the most prevalent strain in brown rice and
milled rice.

Decontamination of B. cereus group in rice samples was studied by treating
ethanol, lactic acid, acetic acid, Na(ClO),, vitamin B; lauryl sulfate, ozonated
water, and hydrogen peroxide. Among the treatments, the effects of combining

209 ethanol with 1% hydrogen peroxide showed definitely superior to the
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others and 20% ethanol in company with 1% lactic acid, 2% acetic acid, 10%
NaCl, and vitamin B; lauryl sulfate were followed. Those agents might be
applied to the effective B. cereus reduction through pretreatment of rice
without any hazards from the special sanitizers and nutritional loss from harsh
sterilization.

Yeast-like strains were also important contaminating microorganisms in rice
samples. Effectiveness of sanitizing agents in alone and in combination against
yeast-like strains was tested.  Combinations of sanitizing agents such as
ethanol and organic acids were more effective in controlling than treating

sanitizing agents alone.

@® Development of rice flour with reduced microbial contamination

The potential influence of annealing treatment was investigated on rice starch
functionality. Rice was steeped at the elevated temperatures of 40, 50, and 6
0C for 2 hr, and physicochemical properties of starches isolated from the
wet-milled rice flour were investigated. The lightness of rice starch was
slightly decreased by steeping at the elevated temperatures, while the
yellowness and redness were increased. The average granule size of rice
starch was decreased by the steeping treatment. Both swelling power and
solubility increased as temperature increased. The starch from rice steeped at
40C displayed the highest swelling power and solubility. The Differential
Scanning Calorimetry(DSC) data of the starch obtained from the steeped rice at
60C showed increased onset- and peak temperatures, with narrower
gelatinization temperature range, suggesting a partial annealing effect. The
pasting properties of the starch as measured by Rapid Visco-Analyzer(RVA)
indicated the increased peak viscosity as a result of rice steeping at 40TC.
However, peak and breakdown viscosities decreased at 50 and 60°C, whereas
setback and final viscosities increased.

Rice starch was isolated from 3-year stored milled rice after steeping at

elevated temperatures of 40~60C for 2 hr, and the physicochemical properties
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of the rice starch were investigated. The lightness of rice starch was slightly
increased by steeping, while the yellowness and redness tended to decrease.
The average granule size of starch isolated from the stored rice was increased
by the steeping treatment. Increasing steeping temperature increased both
swelling power and solubility to a less extent at temperature of > 70TC.
Differential Scanning Calorimetry (DSC) results suggested a partial annealing
effect on the starch of stored rice by steeping at 60°C. The pasting properties
by Rapid Visco Analyzer (RVA) indicated that starches from steeped rices at
40 and 50C gave slightly reduced peak, trough, final, and setback viscosities,
while starch from steeped rice at 60C exhibited a reduced breakdown, resulting
in a higher final and setback viscosity after cooling.

Properties of rice flours prepared from milled and broken rice produced by
pre-washing and subsequent drying process were investigated. Compared to
untreated ordinary milled rice, pre-washing process slightly increased lightness
of rice flour, while decreased yellowness. Both WAI and WSI were higher in
the flour from pre-washed rice, and gel consistency was the highest in the
flour from pre-washed broken rice. Pre-washed rice showed increased
amylograph peak viscosity and reduced setback values. On the other hand,
pre—washed broken rice showed decreased peak viscosity and increased setback
values. Differential scanning calorimetry(DSC) results showed that the
pre-washing process reduced gelatinization onset— and peak temperatures, with
increased gelatinization enthalpy. Total bacteria and yeast counts were lower
in the pre-washed rice, suggesting the pre-washing process could partially
eliminate microbial contamination of ordinary milled rice.

Rice flour was stored at 5C, 20C and 35C for 4 months and the changes in
physicochemical properties and microbial counts were investigated. Moisture
content of flour tended to decrease during storage, and the reduction in mosture
content was higher in higher storage temperature. L value of semi—-wet milled
rice flour tended to increase slightly during storage, and the lightness appeared

to be slightly higher, compared to dry milled rice flour. RVA peak viscosity of
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rice flour was lower in the following order of rice flour stored at 5C, 20C and
35C. Peak viscosity increased up to 3-month storage, especially at 35T
storage, followed by a slight decrease at 4-month storage. Little changes in
setback viscosity were observed in rice flour stored at 5C and 20C, while
increase in setback viscosity was found in rice flour stored at 35C. Generally,
changes in RVA viscosity were the lowest in the rice flour stored at 5C.

Total bacteria count was consistently lower in the semi-wet milled rice flour.
Bacillus cereus group and yeast-like strains were not detected in the semi-wet
milled rice throughout the storage. This suggested the pre-washing prior to

milling could lower microbial contamination of rice.

@ Development of high—-quality rice processed products

Newly harvested milled rice and stored milled rice for 2 years were steeped
at the elevated temperatures of 40, 50, and 60C for 2 hr, and physicochemical
properties of the wet-milled rice flour were investigated. The lightness of rice
flour was slightly higher in the newly harvested milled-rice, while yellowness
was higher in the stored milled rice. For both newly harvested and stored
milled rice, WAL, WSI, and gel consistency as steeping temperature increased.
The Amylograph pasting properties indicated that increasing steeping
temperature gave increased increased peak viscosity. The Differential Scanning
Calorimetry(DSC) results of the rice flour showed that increasing steeping
temperature increased onset- and peak temperatures, with reduced gelatinization
enthalphy, suggesting a partial annealing effect. Particle size of rice flour from
newly harvested milled rice was higher than that from stored milled rice.

Quality characteristics including microbial contamination were investigated on
rice cakes prepared with rice flour by annealing process or sterilization process.
Rice cake made of rice flour prepared by annealing process at 55C was harder
than other rice cakes. Rice cakes with rice flour by steeping process at 25T
was whiter than other rice cakes. Rice cakes prepared with sterilized rice

flour using ozone, ethanol, and NaCl had off odor and bitterness, suggesting
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need for modification of sterilization process. Higher initial colony count was
found in rice cake prepared with rice flour annealed at 25C than other rice
cakes prepared with rice flour annealed at 55C or rice cakes made of rice flour
treated ozone, ethanol or NaCl. Bacillus group in rice cake was hardly
detected during 5C storage, while it was increased remarkably during 25C
storage. Fewer Bacillus group was found in rice cake prepared with rice
flour annealed at 55C than other rice cakes. Initial microbial count of rice
cake in market was much higher than the rice cakes prepared with rice flours
tested in this research. The rice cakes in market was contaminated seriously
by Bacillus group. Overall, lower microbial count was found in the rice cake
prepared with rice flour treated annealing or sterilization than rice cakes in
market.

Various sanitized rice flours (semi-wet milled rice flour 120, semi-wet milled
rice flour 250, semi-wet milled rice flour 400), dry milled rice flour 120, dry
milled rice flour 250, dry milled rice flour 400 and wet milled rice flours
(steeped at 25C, and annealed at 50C) were prepared. Cake muffins were
prepared with various sanitized rice flour or annealed rice flours. Sensory
descriptive analysis and texture profiles by Texture analyzer(TA) were carried
out after 24 and 48 hr of storage at room temperature. The specific volumn of
cake muffin was lower in the muffin made of semi-wet milled rice flour 120
and in the muffin made of semi-wet miled rice flour 250. Cake muffin made
of semi-wet milled rice flour 250 was highest in chewinees, gumminess and
hardness by TA while those with dry milled rice flour was the lowest. After
48 hr of storage, springiness, cohesiveness, chewiness, gumminess and hardness
by TA was lower in the cake muffin made of rice flour prepared by annealing
process than other cake muffins.

Sensory panel found the differences in yellowness, surface roughness,
uniformity of air cell, cohesiveness, sweetness, egg flavor, butter flavor, sweet
aftereffect, and mouth coating of cake muffins after 24 hr of storage at room

temperature. Cake muffin made of dry milled rice flour 400 and semi-wet
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milled rice flour 400 was higher in yellowness than other cake muffins. The
higher in surface roughness, and the lower in air cell uniformity, cohesiveness,
sweetness, egg flavor, butter flavor, sweet aftereffect, mouth coating was noted
in cake muffin made of dry milled rice flour 120 than others. The lowest in
air cell uniformity and the highest on cohesiveness was found in cake muffin
made of semi—-wet milled rice flour 400. Relatively high in sweetness and
flavor intensity were noted in cake muffins made of annealed rice flours than
others. After 48 hr of storage at room temperature, difference was found in
yellowness, surface roughness, and air cell uniformity of muffin cakes. Cake
muffins made of annealed rice flours were higher in yellowness, and in air cell
uniformity. The higher in yellowness was found in cake muffin made of
semi-wet milled rice flour, while the higher in surface roughness, and the
lower in air cell uniformity was noted in cake muffins made of dry milled rice
flour 120. Based on the results of this study, the premix formula and direction

for preparation of cake or muffins were provided.
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8|43k th.  Plate count agar® &5, 531A 7] perti disholl =@ate] 37T, 484
Foaekst & 183 30~300709 HEhe A RS gt JEE ATe

At
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Rown, T PCAd widete AL AAFE et E+dFE S Pichia
anomala ATCC 8168% Candida anomala ATCC 7505 AF-& 3} Th.

2 AR Aol 2 AgAl 108 volumes A ed F 4
stomacherZ ©]&3to] #23} 3 t}S PDA, PCAol wj%ste] A a3= &<l3

o= ]
AA

Al
1>
o2
&
9
ot
d

ek Eelrtel i ZF A Ed= A2A 100 mLel wiged 1 mL HF

Fl
N



$ YM agaroll =23te] 48413 $-of &lstith. Control> A Al 2l Haf
Al

ATE Hol ZF sample?] #]F A|7HY} SLEA FFEtA T

2) BEEAGzAd & KA 5

f712k3} ethanol®] W& 2 ethanole 20%, 7148 1% lactic acid, 1%
acetic acid® ZtZt Agste] AFAN BIE AstAT BRAYEZE 20%
ethanol?} 1% lactic acid, 20% ethanol¥} 1% acetic acid, 20% ethanol® 10%
NaClE 77} 308 A g3 Wit A Ao Ho} stomaching$ PDAC] =% 3 484
F Foll glskdt.

Al w2 714k ethanol E3A 2] S22 % 20% ethanol®t 1% acetic acid
a8 20% ethanol® 1% lactic acidE 108, 30, 60% A gslgow, ZFi,
yeast-like strain, ¥2]7 % EFT T digk ASAS 245 #A@s

Ethanol Hxo] W& ASAs a2 1% acetic acid, 1% Ictic acid = ]9l
ethanol =2 5, 10, 15, 20% % 28] 3to] 108, 30%3F 33}

T4 Fo w}% AEAe 3= 10% ethanoldl acetic acid® z+z 1, 3,
5%7F HEE 3 & #F 1 mL1%)E HE3ste] 10+, 3023+ Attt Lactic
acid 92 47 1, 3, 5%7F I =5E 3 & acetic acid®t s LsHA F-3F AT

2. 3Av 9 7te7<e

7. A B

Annealing @A glo] W A7FFo] AxE 200294 dwt wWn(F7)ak 23
HE oy HE(A7)% FAA)CRRE TAS ] 4T RAFAAN Ao
AEsd . ATmu 2= 20008 AF ek win)(A7]AF =Hu)E 10T A 397t
plastic bagell E#3k & Ao AL&3FA )

AN Az APl ARES 22 20034 A7 FAEVE FAHEEGE
715%= AN REE skl 4Tl AstdA AlsE ARE-SHSl T
Al ghE2 AlEel ARgE A2 AL Wu(Ed 15)E $AsA(EFE T

ez RE Aol 4T Al W& Astdr AL&stAH
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oEE A5 B4 R AR BA

1) Annealing &3 A2 € AL

W5 40, 50, 60C 2] 2=oA & 2A7F & JAAg & Agte] A 603t
gerstdth. Fstd WS roll mill(B 714, A71e )l 29 FAAANH
A & =0 0475 mm, 2HA T 50 0106 mm) AVFFE A ST Az
€

A7bE= ad o] dEste] 4T WEale] Haskivh
2) AL A=

AR A= LZe] Al oal AAstdt. 27 300 goll 0.2%
NaOH &9 1500 mLE 7}stil Waring blenderel Al 23-7F whafigk $ 1002 200
mesh A& 2AEZ FHA7 & A& AHdENN =dFo] glojAa Fyhgol

UERbA 29 d7kd AAES 02% NaOH &ejoz 23] Wi Aeld 0o &
R F4ol B WA Aol AAR ARe QY. AR

3 % 3218k0] 100 mesh AE ErHAIATH

3) AE dMAE B
Aol R o 3R] ko zhzt AACC WHH 44-15A, 46-13, 08-01¢l
o3 BAetgon, =AW 3Ee AOAC Soxhlet W] ol&] 2243514t}

AEY A
A2 A (CR-300, Minolta Co., Japan)& AF&3le] Hunter L, a, bt &
=3

ke
>
o
20

5) A& YAz 7] £ EHFHE
HAE9 YAI7|EEE particle size analyzer(CILAS, model 1064L, France)=

Abgate] A8ttt dEARe] WA E = FALAAE R 4 (Scanning Electron

Olt

Microscope; model JSN-5400, JEOL Ltd., Japan)& A}&3Fo] 1,0008] 2 3o 3o
g =
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5000 pmel A 3027 AYEeSHT FPANL AAG g FAY FAZRE A
ek gAEE QURAT Fo 4HAL AE-FAWOE FIEL SHtol
Fagch.

Wed = [AABE FAAR FARLIE) x (100 - % FINE)] x 100

% &= = AAA T FF/AIR] FAREIE) x 100

HAE9 g4 EA L Thermal Analysis Data Station(Perkin—Elmer Co., U.S.A.)
o] dZ% Differential Scanning Calorimeter(Unix DSC 7, Perkin-Elmer Co.,
US.A)E Atgsle]l =A==, 9 me(db.)d HAEE stainless steel sample
pan°l FstiL oJ7]e] 21 mL SFFE 7Fete] HE 3 thg 2A1ERE d2ol A B
A8k er 10C/min®] == 30CHE 130C7HA 7tEste] Fd9a5 AUt
DSC &9 peakZHE ZINAI2%(Ty), &34 H=(Tp) 2 Z3A2(AH)E
Lund®] el ¢ato] 4h=atalth

8) Rapid Visco-Analyzer(RVA) &3

ARl 33 Ao AEH=ZAHA(Rapid Visco-Analyzer, Newport Sci.,
Australia) 2 FE=W3IE SAHSGT. F, A8 3 g(14% basis)S SF5 E4HA]
A 25 mLE ZAF AlFE RVA cupel ¥ 50ColA 1&3F FA3 & 7583
BTAA F7FANH o 95ToA 2587 FAAZNF A 7587 50CE YzHA
A ZAsIAT o2 RE IINNLE, HuAE 05T A 258 T Fx 50T

2 5ol AEAEE S48dn

4
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9. 329 7HF

1) 27479 A=

2ol AAAE-2 Roller mill(7d %71 4)3} Cyclotec mill(Tecator Co., Sweden)<

Ab&ate] Altatdnr. Ao FAARES WMuE 25T 55T 224 = 34

1 oEQt AAG F Akl 1A 6073 stk FskE WulE Roll mill(B

VA, 7% dF)e] 2 FRAAAHA 3 7h50 0475 mm, 2WA T3

0.106 mm) 27}F2 Axzsqivh Az 27hFE nvjd W dEste] 4T ¥F
g4

o] BHAEFTE. Wk AE AxE d8&o 05 kg FEoE E& EA}
sk U5 @55t Axd § AVER ZASIT 52 AR AxsE 4% A
2715 AMgEg o AxLEE 30, 40, 50, 60, 70CE 3to] AxA7HE Fi9)

2) AAVEAZE Y3 AHE

#o] FHA A @AE sanitizing agent *@lo] wE LA TS FAS
At &4 AAAFY(step 1)E Volume 10(EF % 754 ppm)ell A 24 7F
Ao 308 HASR LESE WA Y.  Ethanol+NaCl ¥ 38 A 2 (step
2)&= ethanol 20%(v/v)eF NaCl 10%°l] 25 30% st FHsAd.  2&EF
+ethanol+NaCl 3 A 2 (step 3)= Q2EFo A 2417 I A F ethanol+NaClell 30&
F AA Y. 2 E 5 rethanol+NaClr 2= A 2 (step 4 LEFlA] 243F 3

A% ethanol+NaClell 302 A& v QoA 203 A48t 3i.

e BXog ZF3 Bacillus group, yveast-like strains® 439t A&

bagdl Y2 ¥ 99 volume(w/v)e] Ei+E Yo stomachingd}to]
T8 3A3 F ZH#F[PCA(Plate count agar)l, Bacillus group
[MYP(Mannitol-Egg Yolk-Polymyxin) Agar], Yeast-like strains[PDA (Potato
Dextrose Agar) + antibiotics (erythromycin, chloramphenicol) + rose bengall &

27ke) A =RE F FEE S
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1) BT o35 54 B4

7 A7Ee AMx FESF  water absorption index(WAI), water
solubility index(WSI), ¥ gel consistency

ANFE AEIL7(HExE9], demxlecm)ol Fol AMAFA(CR-300, Minolta, Japan)
=2 AF23le] L(lightness), a(redness) @ b(yvellowness)#ts A3t ol Al&
st X2 L=92.67, a=-0.83, b=0.862] S 7}x @Al o]}

A7FEel FEFFAF(WADS 288 =4 5-(WSDE= Anderson®] el 9]
60 mesh ol&te] A7} 25 g3 30 mL THFE 50 mL A=

:IOL_I‘

I
o
ol
S
3R
)

g FEO Ya, 7k AojF A 303 WAIgE $ 3,000 rpmoﬂ/ﬂ 1027F A&
o stk gEUe ve e FH FRAY Fl0 Hol Axstel de 1Y
2225 g ARd U@ BEEEA FRENE stedrh. 5L A9

A& A
HA FAdE, gele] FAE AlEd dEd ]
9] gel consistency Cagampang 52 WHdl g3l FHsA. =, 275 100
mgS Ao Y 02 mLY 0.025% thymol blue £NE 7}sto] A|8E &7
gt % 0.2 N KOH 2 mLE 7}ste] vortex mixer® 5%t &3t FA I+ F

Zol| A 8%7F 7d sk 3 5871 Nioﬂﬁ WA O a5l 1583 W 7etol

=
Sz AWt A

Mo
o
B

N

ok
T

BN

—~

=
A7FEO] JERA LS A RA T (CILAS 1064, France)E Alg3le] A&t}
A7 o] A FRE MFor T8 & FAH AN A (model JSM-5400, JEOL
Ltd., Japan)< ©]-&3}

t}) Amylograph &3

A74-9] amylograph 574 Juliano 59 el oste] 8%(W/W)e| A& s
2 Brabendera® Viscographer(801360, OHG Duisburg, Germany)Z& o] &3}o] =
et obAR T Z4zA0R 35CAA 95CAA 15C/ming FEZ 7}
date], 95CAA 1527F FAAR vhg Al sded HRe2 50CT7HA 2tate] 15

B FAA F EA s
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&) DSC &4

#7}5 o]  Differential Scanning Calorimeter(DSC)ol] 93 Axo] EAL
Thermal Anlaysis Data Station(Norwalk, Conn., USA)e] 443  DSC(Perkin
Elmer, Unix DSC 7, USA)°| 93 #2353 t}h. DSC+ indium metaldl 93] 24
A, Alge HlEde dES Y] i SFHTE Y2 stainless steel pans A}
&3ttt Als el A8 9 mgs ¥ FAIE AMEEY SRTE 21 mL ¥
of, BI7bF SR = 370l HEF st DSCE #satr] de 4%
TS 2A7HEE A2oA WA ey, AlRE 10C/ming %2 301
130C7HA] 71438t tt.  DSC thermogram & 2 F e A7}F 9] AWzl &
Z(enthalpy, cal/g)¥ T IMASE @ I3HITLEE Lunde ol
skt

He
rlo

Al

S
@)
i)

\=]
T

EN
)
12

Lo

o 4

i

2 AAnEY AxTH &H

1) 34 2 4 2779 Az
Aol AAAEE Air Classifying Mill(ACM, ™ 7} 34-5-t Al =8 S /‘]-9-3}9\,{9.
B3 A48 5719 rotor speedE 2] 3o 24 (120, 250, 400 rpm)

mlm

Zdsto] Al xekA Aol FAAES WuE 25T 55T &&ddA Eofl 34
o AAG & ARk dA 607 @58kt FskE WvE Roll mill(7d %
1A, 712 F5)d 28 37 21HA F3 =5 0475 mm, 2HA S
F=1 0106 mm) DFAZE7E ARGl A xske] Al x5Sl
2) BtFA HE FAR AVLF Az

g FAn R Alxs FAV Az (2ol 28, BUE H)E o] &5t
AL Ak wmlo o] gty o]RFE 2xIF EAMSHHEA EFFAT &
ZA 1027 YA E(1,700 rpm) 3 ©Hg Air Classifying Mill(ACM, ™ 7}3+-$-t] A]
2§ Abgsto] Al xek il
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3) FAvES 7tEeAY 4%

7h) &7tse AN
A7FEE 1 kg SR A 235 =43 o
o
AR

7 AgSEA 14 HFow A4S BAle

5, 25, 35C #2714 4714

W) AFZE Ao o] 3sty EA
AT AIFRe] FE, = I AACC W% 44-15A, 46-13,
08-010] <& EAstglom AW S AOAC Soxhlet Tl s #2439

ot A7FFo] A= AAA(CR-300, Minolta Co., Japan)& AF-&-3Fe] Hunter L,

ae)
_| uv)
toly
S
i
ot
rlo
)
_1\1

a, bAOR EASATE AR FREFAFWADS 888 24 F(WSDE
Anderson] Wl sl ZAsGth AT A4F BAFFE AEPEZA

A (Rapid Visco-Analyzer, Newport Sci., Australia)®= =7 3}91t}.

o) AT AT MAE B4
e BXog ZE3 Bacillus group, yeast-like strains® 4319t A&
25 g& Wit bagd ©€S F 98 volume(w/v)e EH+E Po] stomachingsd}ol
AGe g A3 T Z=H7F[PCA(Plate count agar)l, Bacillus group
[MYP(Mannitol-Egg Yolk-Polymyxin) Agar], Yeast-like strains[PDA (Potato
Dextrose Agar) + antibiotics (erythromycin, chloramphenicol) + rose bengall&
Zkzkol wjAlo] = & drE FAsAT
2) #7159 #SE
A g 7RO

9Od7|zdEZ HU}s

554 B}
5

Prhe dAde TAse] wol el A, F %, 244

o)

f
ki
S _|2i
P,L‘
8
ul
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3. 1EHE v

. omee AES

27

+
ok

4F9 Ay

d

o2
EL
off
o
fu
-z
Ay
2
ol
e

2) Annealing T3 A 2 &A7/1F9 Ax

A A Mu) 2 zhz 2A17F E<9F 40, 50, 60T 9] Eol HA
Zaty MU= roll mill (374, 47%

olwf roll mill®] A H A

603 =71 AR

¥ OEIAA TR Az

t}H(Table 1).
0475 mm=Z FWHA T3 7H52 0106 mm=zE A5

ol MEsto] 4T Wsale] Byt

3}

5 A

g Abgatgon, Ague

o 10CAA 23 &

Table 1. Annealing 2] 27}F9 Az A
871 #39 8 d&
2000 2002
40 O O
FHXE (T) 50 O @)
60 O @)
Control A A AT E
3) &9 F&, 3&, AW, eRAFF (%)
W) o] F=R3FZFS grain crusher(Kett, Japan)ol 98] £33 & AOAC Hg 4l
ol 105C o Hzxwiel s FHAeklar, IEdFFe A3 3E(AACC
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08-0D)ell & At o, =AW soxhlet WOz ZA43t3th
Kjeltec auto sampler system 1035 Analyzer(Tecator Co., Sweden)E A}

Automicro kjeldahl® (AACC 46-13)0.2 SAH A% IALAF 5955

&Sk

4) A7tF9 A% (L, a, b), TEIF, water absorption index(WAI), water

solubility index(WSI), ¥ gel consistency
A7kgel Axs dEHEVI(RExEe,
Minolta, Japan)S AF&3}e] L(lightness)#t, a(redness)?t 2 b(yellowness)#<S =74

SR, AR RIS AOAC HHd o8 105ToA =43+
FERIFAF(WADS FEEA =X 4F(WSDE Anderson® ol
Atk WE gel consistencyt™ Cagampang 59 HHo o 4k

= da= Fig. 13 2o

demxlem)oll  Hol A XA (CR-300,

SRS L]

I
=tk Gel

=

consistency & =

ol
o

wet with 95% ethanol 0.2 mL

with 0.025% thymol blue
J (shaking)

— 0.2 N KOH 2.0 mL

A7b2 (100 mg + 1 mg ) ——o—

T4 0] #+E water batholl A 887 XA

(shaking)

)

A

587 WX — WZ(ice waterbath, 15%) — gel Zo]=4 (30, 60

Fig. 1. Gel consistency =74 A=}

5) Amylogram &4
Amylogram 574 % Z32%+ Juliano ¢ el
Amylogram S54& Z743l7] 915t WA FEEF o8] A& AJme] ¢

A5,
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(N x Y/100)

(100 - M - Y)/100

A7 9] Amylograph 542  Juliano S Wl <oste FAHsoH,
8% (w/w)e] A FE%EF Brabendera® Viscographer(801360, OHG Duisburg,

Germany)E ©|&3to] 743ttt Amyopgraph SH X0 E 35ToA 95T7
A 15C/ming &x 2 714935t 95C°ﬂ/\1 1587 fAA17 g2 oA 543 &
T2 50C7HA ¥Zste] 1557 fAA171% 469t Amylograph 54 2=

H A= (P: peak viscosity), 95TolA 1587 FAAIZl 39 HX(H: hot paste
viscosity), 50CAIA 1583+ FAAIZl F9 HZ(C: cold paste viscosity),
breakdown(P-H), total setback(C-H), 2|3l setback(C-P) viscosityE AF&3F
=

6) 3ol EA

A7+ FAead e Differential Scanning Caloriemeter(DSC)oll ] 3 A} o]
2 Thermal Anlaysis Data Station(Norwalk, Conn., USA)¢] 424" DSC(Perkin
Elmer, Unix DSC 7, USA)ell <& #zks}alct.

4

A

> 1=2(40, 50, 60C)°ﬂ ok A7EE Qim=Av]d mE =
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8) BA71F9 &AHAE E vATZ

A7FFe] RS AACC W 76-310 93] mt-d®l  Megazyme Assay
kit(Megazyme International Ireland Ltd., Wicklow, Ireland)E AF&3tiom, &7}
Fo HAFERE Wges =g3 F FAREAER A (Joel, model JSN-5400,
Japan)< o] &3le] #EsY )

9) Annealing #7152 Azd BH79 24, #5373 54

WA7I= A & g o8 Axsdn. WA e FARs AFFIe
W, ol9e AR(E0) R AT(18)E A&at. WA AVEge] HF o] 38%7t
HreE2@7hE + 2= 300 g) < 718l Kitchen Aid (model K5SS)E o] &3¢
F 1ol 2%, F& 60lM 423 &5 FIkeidin. Egd AVEEE A4
mesh) & SHAIZ & AP-E&7](02
2 WA e F AR5 x
stk F47h B AedlA v
Texture analyzerol °]3t ©jx~x 53 RARZA sdel o3 #54 S4& 2
SET L

WwAav)el "xzx] EAL Texture analyzer(model TA-XT2, Stable Micro
System Lty., Haslemere, England)E& ©]-8-3}%] Bourne 5 (1978)° 2]3] 7]<% 2 bite

compression®] 2]3] springiness(8t2A), gumminess(74d), cohesiveness(3-FA),

adhesiveness(}F24), hardness(7A &), chewiness(F A4S =AU 2AHAZHAL
W75 SHAR2S x 25 x 25 cm)E Awsle] A7 25 cm plungerg AF-&3814]

B\
ol
oft
ol
38

force and time modeolA] 2 bite compression®] ¢]3} texture profile
o}, olw] plunger? %%+ 02 mm/sec °l¥om, HA AE Folo 2B5%E

compressiond} 91 t}.

Mg zle] e EEA e Fod de BT 15Wo|glon, WAav)e] o
9 A7 SAUEE FASE Hriedon, BRE ddado] FrtstE e 54
2 o] ool g FEg ol et AAPEHel osEAl g & 2 ARl dEkAd
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e

Age 3 WE Fdsgov,  HPTH AolPF S SAS(Statistical
Analysis System)@ ol §3fe] BARME AAstglon, BATAAN APt
Aol7t gl BAel A% X =

SNK(Student Newman Keul)£

1o >
;E
E
=
il
Q\L
30
i)

4. 1EA 9% AFHEY A

D ANEAR
Al AbgE e = 200394t 737

i
OE
52
o

2) Annealing M7 E& 2 HZAWEY A=z
Annealing * 2] w32 9w & 3A]7F Bk 55T & A & ANkl 714 60
B ES AASET e WeE roll mill(FF 71 A)e] 298 S HAA (1A
F=F 0475 mm, 29A B3 5 0106 mm) AVRE ARSI Y. Ax
FE= gduEyg ud wo] Yo 4T Wx o B3t Annealing A @
FrEA ARkl FARIEE A xwQl 25CHA T, 18 FAn R
o2M QEFAHE I L FESFrethanol+NaCl A g]t& E28 o ALg319]

Table 2. ¥ 23] A€ % annealing A gnj&E 2 HAwE

TH T O 55T ZRso] A7 AA (R E= 1: 3)
Annealing  (Anpnealing ] 7] &) e v e
o] 5 - o o o~ =
] 3 25T O 25T FFol 3A17F AX (&&= 10 3)
LEF AP v E O &9 323+ #A
ARER
dAME o = o0%ethanol+ 10%

NaCl O 9% + ethanol + NaClell 3A]7F 2 %]




3) Annealing "/ & 2 HZAuE S o] L3 He Az L A/

"2 (300 gram)®] Il wel Ve HE 28(F 4H5% FEdEe] HER)
&kl 71 (Tefal 900chol 40&3t T2 §F H571(L27F Wb 57], DAB2)E
ol gsto] duAFS Sl Y} WYHoR HE Axsiow, 23 phE
(replication) F~3J3Fdtt. Al=d

£ A, Bad 540, 2447

o 48
)
s}
ox
il
Mo
1x
>
l
A
ified
o
4>
o,
ol
ol
38
v

4) g9 923 54
Azd 7HY-2 2ol 20 cm A7]|& A2 §F Texture analyzer(model TA-XT2,
Stable Micro System Ltd., Haslemere, England)& ©]-83%}4] Bourne 5(1978)°l <]}

7l<=¥l 2 bite compressionol ]3| springiness(¥r=4d),  gumminess(714d),

cohesiveness(5-f4), adhesiveness(F2}4), hardness(’d %), chewiness({d4)E =

AolRorn, F7oZ+= plunger diameter 12.5 mm, crosshead speed 10mm/sec., —LZ]

3l 2 bite (25%) compressions A8+
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5) We] B5H 54

243 wdoldd

o dEAS QB Qe B olFol A W A FAsdom, BEAAE

.
2
2
Ho
N
S
%2
rlr
—
o1
o
lo,
o
il
it
fd

n
o

-
o,
18
lo
r 2
olf
oY
~
>
=
do

6) B HAE &4
Annealing A2 v]&E3 HAuEoz Az HS Z+7 5T 25T A&t
A AFFE 2AHEATY. S A8 25 g& " bagdl ¥ & 99 volume(w/v)

g
o] "Hy¥FE Yo stomachingsdte] AY3 =z 343

=

o
4

%=, Bacillus

=~ =

group, yeast-like strains ¥<+2 =43t}

Analysis System)< ©]&3le] B AEAS AAgP o EAHEM AN Ag 7
ZFol 7t A= EAHY A

SNK(Student Newman

>
@]
=N
IS
o oo
oy
=
El
il
P,L
2
iv)

O 2EF AW JLFAEF9 AT

1) 48A=

2 Ago] AMEE A7FF(Table 3)2 12, ¥4 2 dkga @75 AMSE9
%+ Air Classifying Mill(ACM, th7}3}$-tjA] 2~d)& A}-g-3)
Ao, B A" 5719 rotor speedE 8] o 2 A4 (120, 250, 400 rpm)
g 248t Axsdnt. FAAE A7MFE WHE 25T 55T &= A
Eoll 3AIZF &<k AAg F 3t WulE roll mill(B 7 A, A71% FF)el 29
SA 7 S A B3 7 0475 mm, 29 A B3 7 0106 mm) 3 AE

715 AbgEte] Axste] AzstATh w2 FAu R AlxE FAN Az
o]-g3te] AmA Ak Wulo] o] Gz o]

o
5 2x7F BASEAEA EFFAR & FA 1023 9SS (1,700 rpm) g ohe Air

)

A
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a9 ARALAT, ), EAF (A&
A

TRTFAE, &)

i)
o
oL
o
o
1z
lj-ll-l o
o
N
k1
=
o,
oy
o
o
nj
oL
(e}
L
1>
P{H
o

e oukd
N1%2), 27@EE, dx)e HE 2 uhAldA Edsdn. WEAFEz S
(Dow Chemical, USA)E FE¢ =z

A

FEAN(D A3, &)= LS

1 HkE2 120
2 HkE2] 250
3 wkss2] 400
4 22 120
5 A2 250
6 2] 400
7 (25T F3)
8 F2(65C +3)

2) AY WA A=
4 S1992)e] dAves 7IxE dudds Tl - M Ags Az
T s A HAas wEeT] 9 Table 4 2dth. AgHAEL ¥h=
= Azae oe #Zo WA 1) 92 ¥, B Aol BE ARE TEF
3

speed 49l 4] mixer(Hobert, USA)Z &33itt. 2) @4& ¢

6‘3_7_

rot
2
Jal
=
o d
fo M



E3 3 g9l BPE Yal 3E7F speed 4014 &3

19 x 5 cm, 7F= x A2 x Fo]) o] 300 g & ¥= = ,

190Co A 2587 FEvh #7)7F 89 A HAe ALox 23 & dFuF
A

Edol FAste] HAPAA] el AR

Table 4. 7AlmAe] Az 2 H&

H] & (%)
Sugar 22.11
Salt 0.61
Milk powder 2.56
Rice flour 22.11
Starch 5.53
Shortening 16.58
Water 12.28
Egg 16.58
Flavor(Vanilla) 0.51
Baking powder 0.31
Emulsifier 0.28
Methyl cellulose 0.28
Gums 0.28

Aol Wy HES wEy 2F5E 1112 848 £ pH meter(Corning, USA)E

_50_



2 W3 Ad(crust)E A8 crumbS 2.0 x 20 x 20 cm ZA7|(VFR x A2 x =
o)Atl.  Texture analyzer(model TA-XT2, Stable Micro System Ltd., Haslemere,
England)E ©]&3}¢] Bourne S(1978)°] 2J8] 7]<% 2 bite compression®l] 2]3f
springiness(Er#®A),  gumminess(A4), cohesiveness(&-HA), adhesiveness(F2HA),
hardness(7d =), chewiness(}3dA)S ZA3AHFig. 3). Z7A0 2= plunger
diameter 25 mm, crosshead speed 1.7 mm/sec, 12|31 2 bite (40%) compression<
ARgateith. AR 33 Wb AF@sigon, v vHEY 5709 A sE SAsA

27 ZAe A WS Axste] Aol 24AZF A F, T3 8N A F

SR I

Cohesiveness : A2/Al

Adhesiveness: A3

Springiness: =23 Zlo] R = A&
Gumminess: Cohesiveness x Hardness x Springiness

Chewiness: Gumminess x Springiness

Fig. 3. 719 wae] elxx Z24.
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A24d 29 42 3%
1. & QGvAE Aor& AE

7h AR E B o] H Y E i

A v ] w AR 9E] BAS fldte] FdAow Feld A dAve Ty
2 Wy mAES] L9 E= Table 5 z = T
10°~10° cfu/g FFo2 B ¥EE RO Table 3olA9 ol (I
Z5) 2] kA9 Table 2914 CL perfringens= 10'~10° cfu/g
TS 1y o ga4dy 5 sampleol A CL perfringens n-toxin®] AAHEE A&
gkolst 4= 2dSlth.  Diarrheal gene(enterotoxin)2 7}2 B. cereus group2| 74-%-
10'~10° cfu/g FF& Bgon o] duortt AdA e 2d%vs
Ak o= =l =elA e EAE FA ST Bacillus7b LA E O lo] o]lEe] H
o Aw o] oduo] o FE AddA & LULEE Ko ERA HolE

H st o w A Bacillus 2 9E #Aaste]e AFRH AT

fx

. Al 23 Fujo A mAE 9] s w4

A== A du)e) mAE Qe B3 A rAEe SH9XE Table 73

2tk Table 79l o] o] At 10°~10° cfu/g 58 &0 - 3

Atk ol AW B mAE 95 B4 Ao TRt gAHoRE U
< FEds F9T F AJARE sample ES] A

7}A B. cereus groupel 10" cfu/g %9 =& HES e gglon o
ot

Cl perfringens® 749 AHAd

£ diarrheal gene(enterotoxin)<

H el 2] K& sampleol A &5 A et

A= Ao HAE fslE B4 27 mAEY 2AEE Table 87 #o]
10°~10" cfu/g 5% 2TF54E 98 F Ao B. cereus group®l 2-$ 27
o] sampled Al 10'~10° cfu/g 53 =& g o Cl perfringensd 7%

EE samplel X AEHA LUt

o1l AR E wsh A@HE w3 Avle JY FEOE VYR o o
gulo] Jee & & Agom, ofF MRS AolsAu FaAY F de A4
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Table 5. Microbial contamination of brown rice and rice hull

(cfu/g)
Species Total~ B. cereus C_Zostridium )
bacteria group(HBL gene) perfrigens(n-toxin)
Sampl Brown Brown Brown
NO8 rice Hull rice Hull rice Hull
1 5.0%10° 6.7%10" ND” 3.6x10° ND ND
2 1.0x107 2.2x10° ND 3.6x10° ND 1.0x10
3 3.6x10" 2.0x10° 1.0x10! ND ND ND
4 45x10" 4.8x10° ND 1.2x10" ND 2.0x10"
5 5.2x10" 4.1x10°8 ND 2.0x10" ND ND
6 47x10° 2.3x10° ND 1.3x10 ND ND
7 7.1x10° 2.8x10° ND ND ND ND
8 5.9x10" 5.2x10°% ND 5.0x10” ND ND
9 1.3x10° 1.5%10° 2.0x10" ND ND ND
10 5.0x10° 1.2x107 ND ND ND ND
11 9.0x10" 1.8x10° ND 2.3x10" ND 1.0x10"
12 6,5x10" 1.3x10° 2.0x10" ND ND ND
13 8.0x10° 2.0x10" ND 5.0x10" ND ND
14 3.9x10" 6.0x10" ND 1.0x10 ND ND
15 2.0x10° 1.1x107 ND ND ND ND
16 2.0x10" 2.3x10" ND 1.5%10" ND 1.0x10"
17 1.8x10° 2.8x10" ND 5.5x10" ND ND
18 1.7x10° 2.5x10° ND 1.0x10" ND ND
19 4.9x10° 3.4x10° ND ND ND ND
20 1.2x10° 3.4x10° ND ND ND ND
21 1.8x10° 2.6x10" ND 1.0x10 ND ND
22 1.6x10° 2.5%x10" ND 1.0x10" ND ND
23 1.0x10° 2.8x10" 3.0x10° 2.8x10" ND ND
24 2.6x10" 3.1x10° ND ND ND ND
25 8.0x10° 5.3x10" ND ND ND ND
2 1.3x10° 5.8x10" ND ND ND 1.0x10!
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Table 6. Microbial contamination of brown rice and rice hull

(cfu/g)
Species b;rc(%glia gro%(IC{e]giusgene) CL perfrigens
WEPEN Brown gy Brown gy Bown gy
Bolgel  26x10°  85x10° ND ND ND ND
Fgsta 1.3x10°  25x10° ND 2.0x10" ND ND

Table 7. Microbial contamination of milled rice and brown rice in market

(cfu/g)
Spectes Total B. cereus Cl perfrigens CL perfrigens
Sﬁ]rg)lgle bacteria group(HBL gene) (CAMP test) (a-toxin)
A 3.0x10 ND? ND ND
B 7.0x10° 1.3x10° ND ND
C 6.0x10° ND ND ND
D 4.8x10° 1.1x10 ND ND
E 1.0x10° 3.3x10" ND ND
F 3.9x10* 5.0x10" ND ND
G 1.2x10° ND ND ND
H 1.2x10° 1.0x10" ND ND
I 75x10" ND ND ND
J 3.7x10° ND ND ND
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Table 8. Microbial contamination of rice in market

(cfu/g)
Species
Total bacteri B. cereus i i
ota acteria . perjrigens
Sample group(HBL gene)
NOI)
K 4.1x10° 3.0x10" ND
L 2.4x10" ND? ND
M 1.2x10" ND ND
N 3.7x10" ND ND
0 1.4x10" ND ND
P 3.2x10" 2.0x10° ND
Q 5.9x10" ND ND
1)
No. Name RN Ful %] v 31
A rbg At
PRl =a A
KA w20 20 481 2002134k
e s
Ll e A AW Gl 5359 i ¢
(061)532-5638 bl
M| gn AT AN 5 273-3 SRR 200211 4}
A5 200232k +7EH,
ol A } A \ o c-to
N| el B AR = 815 (061)394- 2008 P
O wzzu A F4 F4e R o0
: de Bas DG 3 QUEE okl E,
Pl el # | 29 297 298 A ool
=) 7] ok ] 2L =2 B}
Q Zm] AN 93% 1027-1 )4 °UL: sEAE 20021 Ak 25
o

2 ND: M/O not-detected.
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Y. B. cereus group 54 ¥ toxin gened HZE

1) B. cereus group®] PCRE o/ &% 53

B. cereus group? A9 FEES I EFTT F B cereus® gyrB genes
target>. 2 PCRS 33 23} Fig. 59 2t}

B. cereus, B. thuringiensis® primer= gyrB gene? nucleotide sequencesell
NS5 Fi FgAHEHYOHW, o] gened =2 specific probe target® @ DNA
gyrase(topoisomerase typell )¢l B subunit proteing <3 3}3kt},

B. cereus™= gyrB genes target® ® primer¢! BCl, BC2r2 PCRES 33t
I} B. cereus KCCM 40935, B. cereus KCCM11773, B. cereus KCTC 1094 =
365 bpe PCR productE &<lgd < <A, B. thuringiensis KCTC 1509, B.
thuringiensis KCTC 3452% product7} &1 A e %tt. stAIWE B. thuringiensis
KCCM 11428, B. thuringiensis subsp. kurstak KCCM 114299 7§ 53t
B. cereus®t 7o) 365 bpel PCR product”} 215 ¢t}

B. thuringiensis®] ¥4 FHES 9 AT TF gyrB genes targetO =
PCRE 3 Z3¥ Fig. 63 v} B. thuringiensis primer?l BT1, BT2r2 PCR%
333 A3 B thuringiensis KCTC 1509, B. thuringiensis KCTC 3452+ 368 bp
9] PCR product’} &<1%% 3, B. cereus KCCM 40935, B. cereus KCCM 11773,
B. cereus KCTC 1094 B. cereus°l| A product’} &<lw x| okc). sFA v BCl,
BC2r2 PCRE <3A] product® #213 B thuringiensis KCCM 11428, B.
thuringiensis subsp. kurstac KCCM 11429¢] 7% PCR product’} &<l¥ x| 9
=3

w2} A B, thuringiensis KCCM 11428, B. thuringiensis subsp. kurstak KCCM
11429 A&A RS 98 RE B cereus groups crylAb gene} crylAc gene
S target>® PCR¥ A= Fig. 73 2tk 2% 52 A= 85 7}
A3 Q¥ B. thuringiensis subsp. kurstakt= TAF#Fo] ¢F 130 kDa%l @ d =z +
dElo] glow, ofxE YA o] dwHdd AHAR v-UlS5A2E S, W5k
O] AAE st FHoNA dZed pHE Qlste] wed &
A 9] oA (insecticidal protein: ICP)Z H3ko] = o

2ES ANAIE E4S ol gaA Mg AFAR o) Fm Yk,

—1“ mﬁ

fol
B
:l_{
i)
oX,
e
o
9 ofe
01}1'
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WA o)l# 3 EAS o] &3] B. thuringiensis® pesticidal cry genesS 2-¢ls}
71 938 crylAb gened targeto @ dF= SB-2, U3-18 primer<} cryAc gene=
target® 2 3} RB-19, U8-15 primerE ©]£3}9] cry toxin genes 2 <lslrz] ¢
3l PCRS 33 A3 B. thuringiensis KCTC 3452% SB-2, U3-18 primer®l 4l
858 bp productE <13t 1L, gyrB geneS target genelZ PCRE 3 ZAi F&
X &Y B, thuringiensis KCCM 11428, B. thuringiensis subsp. kurstac
KCCM 11429 RB-19, U8-15 primer®l A 653 bpell A product7} &1 A},

B. mycoides®] 739 B. cereus® X¥A primer?! BCl, BC2r primer$t B.
thuringiensissﬂ A2 primere! BT1, BT2r primeroll 4] product7} 1= # &gk
o HE3 cry toxin geneGA] 2 E A &k
2 Zo A B FH, hblA gened zZt= oS B. cereus group 84719 HFEHE
Al 2 98l PCRS % A% Fig. 69 %tk BCl, BC2r primer®
PCRE 33 A3 B. cereust 365 bpel PCR productE &<1&d 4 A,
BC1, BC2r primer® PCRS 33 Z3 B. thuringiensis 368 bp2] PCR product
7F #elE et 3 B. mycoides®] 7% BCI, BC2r Primer®} BT1, BT2r primer

of| A product”} &A= A eko} oFAE B. cereus groupe A€A FiES T 5 3l

At}
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M 1 2 3 4 5 & T 8 M

Fig. 5. Agarose gel electrophosis of B. cereus group by PCR with the primers
of BCland BC2r(365bp)

Lane 1, B. cereus KCCM 40935; Lane 2, B. cereus KCCM11773; Lane 3, B.
cereus KCTC 1094; Lane 4, B. thuringiensis KCTC 1509; Lane 5, B.
thuringiensis KCTC 3452; Lane 6, B. thuringiensis KCCM 11428; Lane 7, B.
thuringiensis subsp. kurstak KCCM 11429; Lane 8, B. mycoides KCTC 3453.

368bp—

M 1 2 3 4 5 & T 8 M

Fig. 6. Agarose gel electrophosis of B. cereus group by PCR with the primers
of BT1 and BT2r(368bp)

Lane 1, B. cereus KCCM 40935; Lane 2, B. cereus KCCM11773; Lane 3, B.
cereus KCTC 1094; Lane 4, B. thuringiensis KCTC 1509; Lane 5, B.
thuringiensis KCTC 3452; Lane 6, B. thuringiensis KCCM 11428; Lane 7, B.
thuringiensis subsp. kurstak KCCM 11429; Lane 8, B. mycoides KCTC 3453.
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<—858bp
«~—653bp

M 1 2 3 4 5 53 T &8 M

Fig. 7. Agarose gel electrophosis of B. cereus group by PCR with the primers
of cryAb(858bp) and cryAc(653bp)

Lane 1, B. cereus KCCM 40935; Lane 2, B. cereus KCCM11773; Lane 3, B.
cereus KCTC 1094; Lane 4, B. thuringiensis KCTC 1509; Lane 5, B.
thuringiensis KCTC 3452; Lane 6, B. thuringiensis KCCM 11428; Lane 7, B.
thuringiensis subsp. kurstak KCCM 11429; Lane 8, B. mycoides KCTC 3453.

_62_



2) Hemolysin BL(HBL) gene® A&
B. cereus, B. thuringiensis, B. mycoides®] hemolysin BL gene? A& ¢ 3l
PCRE 383 ZAy:= Fig. 8% vl B cereus F837/7160F=ZHE EA3H

HBL 3709] protein componentE 7143 1&=dl binding component B} 27

b

Li, Lo lytic componentE 7}A|321 t}. B component hblA geneol 23] 9353}
o, ol hblA gened Heinrichsol €& clone®} sequence® At L3
Lo(hbID%F hbIC) 9] gened Ryans ol 98l sequence® 1 tt.

Hemolysin BL genes target®. % 3+ HblAl, HblA2 primer= B. cereus group
cellse] HBL® B component® encoding® hemolytic enterotoxin binding

=
ax
o
e
p‘L
=

fiu

x,
X
i
32
o

component gene hblA gene= 4 = S

Mintynen® Lindstrom< F54E fFWUsls ZE w54 PCRS 3319
hbIA genes Y73t o, Hsieh 52 8471 #F oA 31%7F geneo] LA
AL Pruff 52 23709 w5 FollA 43%7F EAE AT Baskit)

B. cereus group= hblA genes target®® 3dF+= HblAl, HblA2 primer® PCR
+3stg S /Mo =759 B. cereus group = B. cereus KCCM 11773 # =
A A3 B cereus®t B. thuringiensis, B. mycoides 75 2lEd A Eg4d
FolA= BT 873 bpe AHES AT F AArh AIC genes targeto.® S}

HBLC-N/HBLC-C primer® PCRE 433312 W hbIA geneo] WA &+
B. cereus KCCM 11773759} hblA geneo] Eeld g #3F B-28AEZ A 93 =
= wFolA 399 bpel At=S elst At

hblD genes target® ® &= HBLD-N/HBLD-C primer® <13 A3} hbIC
gene®} Zo| B. cereus KCCM 11773 F¢} R gl+F B-28AE A3 e o
Foll A 439 bpol AHES FSlstt

ol#) 3+ hbl gened B. cereus? enterotoxin =4 RE UelUE Aow Uy

o

A lom, o]l23t hbl geneo] BT EAF}= AL &

i

=

i
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873 bp —

E & TE 9 19 0 IE 1§ |4 MW

439 bp —

(©)

399 bp —

Fig. 8 Agarose gel electrophoresis of hbl gene PCR products from B. cereus

group. (A)hbIC (B)hbID (C)hbIA

Lane 1, B. cereus KCCM 40935; Lane 2, B.cereus KCCM 11773; Lane 3, B.
cereus KCTC 1094; Lane 4, B. thuringiensis KCTC 1509; Lane 5, B.
thuringiensis KCTC 3452; Lane 6, B. thuringiensis KCCM 11428; Lane 7, B.
thuringiensis subsp. kurstak KCCM 11429; Lane 8, B. mycoides KCTC 3453 ;
Lane 9, B-28A (B. thuringiensis) ; Lane 10, B-34B (B. thuringiensis); Lane 11,
B-38B(B. cereus) Lane 12, B-50B(B. cereus) ; Lane 13, B-59(B. mycoides);

Lane 14, 11-2(B. mycoides).
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WA A FAAE o del BN, 448 dAedn dobds] wRe)
2] < B. cereus= 2% WIS doHA B cereuss A3t
Qe e Ausag s AFEEe 2 9% S Pgo
2 Aold Ak hydrogen peroxide, potassium sorbate, benzoic acid, propionic
acid, citric acid, lactic acid & 714t2 NaCl ¥ 7|e} HEAE S50 =2 E=
HEs A A7t Bol B i AT} Fischer 52 FAAbe] ah2 Gk Ayt
HAS Aojste=d ERAdS Bushdar, 3 e SR/ Fo nAEd o

A Holdt dtedS ZHAa dua s @A SuelM FH xR Sl

=
o)
<l

A
sorbate, butylated hydroxyanisole %)ol 23+ w]AY

A=)
=
BUHJAAT A Agats Antel= 2 &st717 o ¥

& Aew wold Ay ¥
Al g AKAE Slskel wael ¥ FHBS ST ATl T okgF
5

ES AFE3LY] 9|5 Bacillus " E 9
A
A A A B 2o X—q.:lz—qlod Oﬂ:rL7} ReR-Ig 2]
= 9

2 ol &Ha, Y, ol AR WE FRO FHTE AFZYA AEEO o
m, o]#]8t ethanole dell Fwwo] AFxYA HA AAHE FHS 7HA 3l
o Ade HUMARA AFY AFAS FAAITI7] fete] AbgEol gkow, A4
of A E e WMAAE E= AAEAEE E4E, B AR

oA, Cliond =48, AAEf e A B CO0l tie Z448E =0l
o - 1og dex vl A g BHERZAMY 8-S potassium sorbateE
sodium benzoate¢} &7 2%E M7t stASw E. Coli¢t S. typhimurium®l] o 3}o]
A&A s 2go] o] B FHIAT 0.3% potassium sorbate$} 3% NaCle] W&
A7k txzTrol Blsl fFe7]gbo]l 12A413F AFHAA, Adse FAEJTL B
a9tk 2 EF % chlorine®t AF8Fal milk biofilmell U+ wAES] &4 3

o E¥Aolgtx By vl gltl. Hydrogen peroxide® Bacillus spore®]| thal <

]

S
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(

o =2 FEAA radicals FA3H7] wiwel ©l &3Ao]il Bacillus sporef]

0.

protoplast, cortex, spore coati hydrogen peroxided ==AH L9 =2 Tk, A
pH, =& 2% 2o o& 5843 =) webA hydrogen peroxidex Bacillus
9] sporeo] Tl€ @33 ol AR ¥ TE Ethanold NaCle] H7FEd&w &49A
of ALY AL EHRs FUE =R NaCle] H7F9 ethanole 312 A3}
i yolrl AFS BHESHE OYe Viss 7T & Ao olyg Al ¢

3l =AM A As) &+ Ao

1) NaClell & g3

NaClE @522 3%(W/V), 5%, 7%, 10%9 =2 AZste] AFH MoS
B7F A ste] A9 dS Hrtstd. B cereus, E. coli ol W3ste] 3%, 5%, 7%,
10% NaCl 4o 2 wEAe stPAvt Sdg AsAs) aa4E5 #2d F71 gl

o},

2) 714kl g |3k

Lactic acid& Aglste] HAMTE BHS Asfstaxt adckFig. 9). 1%
lactic acid & 9ol A A H7F YW 7] Al&atdla Ael & AFskA] o At
TE A% Aol Ut o ok AYAEE 1% &olA 5RFETF H AT
=

N
Bt HuAdAS flste] 22 884 #Rl E colith A AEE W
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Fig. 9. Inhibitory effects on B. cereus and E. coli by exposure at different

concentrations of lactic acid for bSmin.
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Acetic acidE AHglsle] EAAMTFY WL AsstnA gt 2% acetic acid
SdNA ASAN G e Al Fgl oy Alargte] g 3ol glojA] Zolrt it
el o (Fig. 10).

—
\}

—
@}

oo

Log CFU/mL
(@)}

A~

——E. coli
—M— B cereus

0% 1% 2% 3% 4%
concentration

Fig. 10. Inhibitory effects on B. cereus and E. coli by exposure at

different concentrations of acetic acid for 5 min.

3) XA FA L dolEA B

B. cereus® ¥ A= nutrient agarel metal ion(Ca®’, Mn”', Zn*)5< 4o} wjk

3
T vegetative cell A3 A A7) 98] 100Co A 1057 heat-shock= |
= Fig. 113 2. B. cereus® TAE AF$ES fE3E a¢o=zA, 73 &
W FAAHAE 7hA =Y Husmarkis ©2 Bacillus €9 EARU AAdo] 74s)
o e FHE F o] MHEE U B cereuss AAGY] o Hol Uk
I 3o, Andersson 5 B. cereus¥:A7F H-Zol]l #ojstE BEAF B AR

= 7FA2 93, Husmarrk®} Ronner B. cereus® & ®W Adsl wjEolgtx

stk ol B A A A A del Adde 7HA

¢
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de b B obel go AuAEe AYst

slo] 7by FA Fol AFEY odS
=i =5& 7Y, A e FEg v wolstal Adsto] enterotoxings AYAF
3t}

(A) (B)

Fig. 11. Difference morphology of vegetative cell and spores of B. cereus.

(A) vegetative cell; (B) spore.
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Bacillus% ¢ G FAESE £A4= Egel FHASA REH] Ak Edel= oF
10°~107g7A1 ) £A47F ickar was s gvk 28ja 4 F& gApd AL o
3 datd B9E Adsan A g kg R wsky AFeA wAd @<l
o FAQ Aol® B edg woln 53 HukwA T
AT dobd A gk oA o] AiA HF% 2
Ag doAY TEE R AP A4FEE do

Bacillus A+ /‘4]73./‘] /‘g%% T US W onE olYEt Ao AuA o

F¥ germination®] WA H-2 6A] 7t
Y 2y o] AT @A olHE HAAT= Aol WEA ofx

Bacillus7t 95 #oatar vk AR WA 7]ere] w3 o]& EHA R AA
WA= Azst A F e A7 F7ER o] Fol A A skt wgk Ante] ThE
Fredee] sl T WSy FanAdEs FEdted w4 2 dsrE
ARk ARG A9 Bacillus TV A E ] A& AT + e Aow HY

=
Nl pH7F 36~439 W9l QoA BEHoE BEAL dt Aoz nedh

o

g =rele] A el 102714 9] AE (e E )l Bacillus®l 3
AHE AR A 824%° A4 HEFHJL I F 147%+= B. cereus ¥EAFG L A
2o AFdE FEeA LdHe] AdokeE Bk YA FTolA = Aty F
TG, FewE 5o vAESAQ FH4ES S Aol i RS A
A AFstE A9 fAside]l AARE AR Aol o] FolAof s A
W, e Sol= Bacillus cereus 21 1ol 107 cfu/g® EAet= Al87}
°F 9% 5 Holi glo] 5 Fo|rt awdtta 3%
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Table 9. Inhibitory effects of ozonated water on B. cereus and E. coli

(cfu/mL)
E. coli O157:H7 932 B. cereus KCCM 40935
Tap Oronated Ozonated Tap Ozonated Ozonated
D.W water water D.W water water
water Vols Vol.10 water Vol5 Vol.10

Omin  9.2x10° 9.2x10° 9.2x10° 9.2x10° 9.0x10° 9.0x10° 9.0x10° 9.0x10°
30min  9.3x10° 52x10° NDV ND  19x10° 2.1x10" ND ND
60min  8.2x10° 58x10° ND ND  16x10° 9.0x10" ND ND

120min  6.3x10° 4.6x10° ND ND  27x10° 1.7x10" ND ND
U'ND : Not detected.

LETFE A= AF Ags] Htow, Hid HlojAd A5FE ¥ F Hf
volume(W/V)&] LETE 7lste] AHEE ZA43 A3 Table 103 2tk vt
H FErFus AR A8 Adyets g2 Ao a3t Ao yehuA &

Lt
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Table 10. Inhibitory effects of ozonated water(Vol. 10) soaking on
microorganisms of rice samples
(cfu/g)
(A)
Control 30 min 60 min 90 min
a 1.4x10° 8.3x10" 8.2x10" 1.2x10°
b 1.3x10" 75x10° 9.0x10° 8.7x10°
Milled 1 4 3 3
, c 2.9x10 2.0x10 7.8x10 9.0x10
rice
d 3.6x10" 4.2x10" 1.8x10" 2.0x10
e 2.0x10° 2.3x10° 9.5%10° 1.9x10°
a 7.3x10° 4.2x10° 3.0x10° 1.1x10°
b 1.2x10° 5.8x10° 7.0x10° 8.2x10°
Brown 5 6 6 5
, c 4.6x10 2.8x10 1.0x10 1.2x10
rice
d 5.5x10° 4.1x10° 3.3x10° 5.3x10°
e 1.4x10° 1.4x10° 9.9x10° 8.7x10°
(B)
Control 30 min 60 min 90 min
a 2.0x10" 2.0x10" ND 1.0x10"
b ND ND ND ND
Milled 1 1 |
, c 1.0x10 ND 3.0x10 1.0x10
rice
d ND 1.0x10" ND ND
e ND ND ND ND
a 1.0x10" 2.0x10" 2.0x10" ND
b 4.0x10" 3.0x10" 5.0x10" 4.0%10
Brown | )
, c 2.0%10 2.0%10 ND ND
rice
d 6.0x10" 1.0x10" 2.0x10" 4.0%10
e 1.0x10" ND ND 1.0x10"
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(©)

Control 30 min 60 min 90 min
a 2.1x10° 7.0x10" 1.0x10° 1.1x107
b 1.8x10° 6.0x10" 5.0%10" 6.0x10"
Milled ) . ) )
, c 9.7x10 8.2x10 2.1x10 9.3x10
rice
d 5.0x10" 2.0x10" 3.0x10" ND
e 8.0x10" 2.0x10 6.0x10" 5.0x10"
a 1.2x10" 3.2x10° 5.4x10° 2.7x10°
b 5.0x10° 7.1x10° 8.0x10° 6.4x10°
Brown 5 5 5 5
, c 6.0x10 1.3x10 1.1x10 3.0x10
rice
d 1.1x10° 45x10* 8.0x10" 2.1x10
e 3.0x10° 6.8x10° 7.1x10° 5.8x10°
A: Total bacteria, B: Bacillus group, C: Yeast-like strain
A a2 wOK, b AFIE 5342, &4V et ewd Aoy
du); acsggTdn], pirlolFd ], cHF7| I, ddEvE A ‘01, e dYddn].
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Table 11. Inhibitory effects of ozonated water(Vol. 10) flowing on
microorganisms of rice samples
(cfu/g)
(A)
Control 30 min 60 min 90 min
a 1.4x10° 9.0x10" 1.2x10° 8.8x10"
b 1.3x10" 6.2x10° 3.0x10° 5.4x10°
Milled 1 3 3 3
_ c 2.9%10 8.7x10 9.4x10 7.6%10
rice
d 3.6x10" 1.2x10" 4.0x10" 9.7x10°
e 2.0x10° 4.0x10° 5.4x10° 3.1x10°
a 7.3x10° 3.8x10° 2.0x10° 1.4x10°
b 1.2x10° 7.9x10° 8.0x10° 6.3x10°
Brown 5 6
_ c 4.6x10 4.5%10 3.8x106 3.3x106
rice -
d 55x10° 8.4x10° 7.6x10° 9.4x10°
e 1.4x10° 3.0x10° 6.8x10° 4.4x10°
B)
Control 30 min 60 min 90 min
a 2.0x10" ND 1.0x10" ND
b ND ND ND 1.0x10!
Milled 1 1 1 1
, c 1.0x10 3.0x10 4.0x10 2.0x10
rice
d ND 2.0x10" 1.0x10" ND
e ND ND ND ND
a 1.0x10" 4.0x10" 4.0x10 3.0x10"
b 4.0x10" 2.0x10" ND 2.0x10"
Brown 1 1 1 1
, c 2.0x10 1.0x10 1.0x10 2.0x10
rice
d 6.0x10" 5.0x10" ND 2.0x10"
e 1.0x10" ND ND 1.0x10!
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Control 30 min 60 min 90 min

a 2.1x10° 1.8%10° 6.0x10" 9.0x10"

b 1.8x10° 4.0x10" 5.0x10 3.0x10"

Milled ) . 2 2

_ c 9.7x10 3.2x10 4.2x10 2.4x10
rice

d 5.0x10" 8.0x10" 2.0x10° 2.0x10!

e 8.0x10" 3.0x10" 5.0x10 4.0x10"

a 1.2x10" 6.5x10° 5.6x10° 42x10°

b 5.0x10° 1.2x10° 8.0x10° 9.5x10°

Brown 3 3 3 3

_ c 6.0x10 2.0x10 1.0x10 2.5%10
rice

d 1.1x10° 8.7x10° 1.0x10" 9.4x10°

e 3.0x10° 6.5x10° 45x10° 8.8x10°

A: Total bacteria, B: Bacillus group, C: Yeast-like strain
A aZwOK, b AbRIE, csESA8%, dd7|sd a4, e s Ao
An; arsdg=dn], binlolgdn], crl g, &) o], erd U3

avha Fabel whe S l4Eel A RaE R ugker, el )
A &% 5 kgray HE WolA 1, 3, 5 kgrayZ 27 AR
Bacillus group, yeast-like strain® = U-o] &A% A7 = Table 129} Ztt}.
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Table 12. Effect of gamma irradiation on microbial growth of rice samples

(cfu/g)
(A)
Control 1 KGy 3 KGy 5 KGy
a 1.4x10° 1.3x10° 1.0x10? 2.0x10"
b 1.3x10" 8.0x10° 2.0x10° ND
Milled
e c 2.9x10" 1.1x10° 1.0x10° ND
rice
d 3.6x10" 9.0x10° 7.0x10° ND
e 2.0x10° 3.0x10" 2.0x10" 1.0x10!
a 7.3x10° 1.2x10° 6.0x10° 3.0x10"
b 1.2x10° 3.8x10* 7.0x10" ND
B -
oW 46x10° 3.7x10° 6.0x10" ND
rice
d 5.5x10° 6.5x10° 3.9x10° 1.1x10°
e 1.4x10° 1.7x10° 2.0x10° 5.0x10"
(B)
Control 1 KGy 3 KGy 5 KGy
a 2.0x10" ND ND ND
b ND ND ND ND
Milled
e ¢ 1.0x10" ND ND ND
rice
d ND ND ND ND
e ND ND ND ND
a 1.0x10" ND ND ND
b 4.0x10" ND ND ND
B
D 2.0x10' ND ND ND
rice
d 6.0x10" ND ND ND
e 1.0x10" ND ND ND
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Control 1 KGy 3 KGy 5 KGy
a  2.1x10° 1.0x10" ND ND
b 1.8x10° ND ND ND
Milled )
_ ¢ 97x10 ND ND ND
rice
d  5.0x10" ND ND ND
e 80x10' ND ND ND
a  1.2x10* 1.1x10° 7.2x10° 7.8x10°
b 50x10° 2.1x10° 2.0x10° 2.0x10"
B
Vo 6ox10° 2.1x10° 4.8x10% 1.1x10°
rice
d  1.1x10° 9.4x10" 2.2x10° 9.0x10"
e 3.0x10° 1.1x10° 7.0x10° 2.4x10°

A: Total bacteria, B: Bacillus group C: Yeast-like strain
A a2 70K, b AFIRIE, csaadd, a4 718 e, evd Aoy
Al amsgFdv], biujolgdn], 713, ddu) R X Fo] el PdAn],

2) 38 AaAEAY a3 vudy

NaOCl& 3] 2o, NaOCle At A=A YW 73k ahar=lz gl zhgol
N GAeSoA Zettk. B, cereus®l 7F NaOCl 5% 800 ppm¥} 1400 ppm
oAl 10" cfw/mL FFAA 10" cfu/mL FFEo2 ko] s YER A (Fig.
12).
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Fig. 12. Inhibitory effects on B. cereus according to different concentrations of

NaOCl for 10 min.

Ethanol& A #lste]  Fig. 133 o] HAAHe AHS Asiatara s ow,
2 A¥ 30% ethanol &Hol A A&7t eEly7] Al#FsE ol A2 A7k 30%
ethanol €A SEAHE7} H4dte] 2Hoz WAL 20% ethanol &HA 5
&, 10, 153, 303, 60 &<t A3 5 Azko]l F3}ghel whet Fig. 149 2ol

(e}

5
B. cereus® A3 &7} 538 A
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Fig. 13. Inhibitory effects on B. cereus and Escherichia coli by

exposure at different ethanol concentrations for 5 min.
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Fig. 14. Growth inhibitory effects on B. cereus and E. coli by exposure at
20% ethanol solution for 5, 10, 15, 30 and 60 min.
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2 Ao b5 AEA ASAHE HolA %= 20% ethanol €3 8710%
o] AF7F EABH ethanol 5% 20%0 4] AASHA Abto] dojdtisE Rarel uf
gt 3, 5, 7, 10%< NaCl& < 10% NaCl&d& =gl o5 E coli ¢ B
cereus®ll =% A2t al, Table 13949t 22 AZE AJrE. 10% NaClg§H
@ ARRAL 10E3E APERs W E colivs Aol ASEA Fkou, B cereus
o] A9 10° cfu/mLolA 10 cfu/mL FFo 2 oF7F 7HAs o)

20% ethanol &4 o= i H&duf 523 AHed 45+ NaClak 2o] E. coli
= A9 AaEA ¥R, B. cereus®] AS 10° cfu/mL FFA 107 cfu/mL §
Fo =z okziut

r1r

Aachs A4S BHAFAT =3 B cereus®l 4% 20% ethanol
o] = 10804 10* cfu/mLz a3 Aoz ey
20% ethanol®} 10% NaCl &&= 10%37F A A wol= E coli®] 45
10° cfu/mLel A 10° cfu/mL FEo okte] A&As) adrt Jegod B
cereust E. coli®t 2] 5% A Al 10%1A4 10° cfu/mL $&o2 ZHirdte] A%
As) &It Hold Ao w2 yeton, 53] 1023 AgstdS 4 s A5
ol A= e = F AUtk oled A= Zzhe] 94 A Al = A
A Wyt o 2 AT ASAE synergy 235 UHENWE Ho=
NaCl2 1 249 #2284 A48 o= Fk oA
82 AtE ARt ethanole] H7FHW HE Alito] WHot= Fieo
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Table 13. Growth inhibitory effects on B. cereus and E. coli by exposure at
20% ethanol solution in alone or in combination with 10% NaCl for 5 and 10
minutes

(cfu/mL)
E. coli B. cereus
Treatmentsl)
5 min 10 min 5 min 10 min
Control 1.8x10° 2.4x10°
20% EtOH 1.5%10° 1.3x10’ 2.0x107 1.6x10"
10% NaCl 1.5%10° 1.2x10° 1.7x10° 1.7x107
20% EtOH + . . ) ”
5.0x10 2.7x10 1.5%10 NG

10% NaCl

U EtOH(ethanol).
Y NG(Non Growth).
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E0.8% Vit Bl
O01.0% Vit Bl

Log CFU/mL

0 min 10 min 30 min

Fig. 15. Inhibitory effects on B. cereus according to different concentrations of

vitamin B; lauryl sulfate and treatment time.

AAAGAE  EdA st FHATEE BsS Az s 20%
ethanol®| sodium hypochlorite, H:O:5 < =%3te] A2+ &3+ synergy &3
7} A9 YebA] kR 9k acetic acid, lactic acid, NaCl#}e] &3z goq:= A
SA8 synergy 235 #AFF F7F AAH(Figs. 16~18). 53] 20% ethanold}
10% NaCl& Ztzbe] Aedk 4-ol= ASAs axrt 79 gldARt &4 28
W AEAE a7t Vet

Ethanol®] Ahit 282 ethanol?t 7+E EHE& Z2FFo=2A HstA ok £1¢
2o Ao wElA ethanol?t Vitamin By 2232k 9 9 E49] B3t &
o] Ay selAE= Table 14, 159 2. waka B
006% Vit By #d&aed 8 0 EFE 108, 3083 HFA & Ad 10
cfu/mL $FA 10°~10" cfu/mL FFo2 AgsE AL AT = AAAT A
ol w2 Aelai= AT 4 gloloen, T3 20% ethanol? 0.8% Vit By 25
F3219S Age 4% 10 cfu/mL F Loﬂfﬂ 10" cfu/mL FFo 2 A== A
T AATE 0.8% Vit By eh+-H 34 ethanol B SEFE 2ol A gt

&9l 5t
A3} B. cereus’7t HEH A ol H3A e wE synergy &35 &< & & 3l

)
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Control 20% ethanol+ 20% ethanol + 20% ethanol + 20% ethanol +
1% H202 1% lactic acid 2% acetic acid 10% NaCl

Fig. 16. Inhibitory effects on B. cereus by exposure at 20% ethanol

solutions with different sanitizing agents for 5 min.

H20% ethanol + 0.06% Vit B1

O20% ethanol + 0.06% Vit B1 + ozone water 7.54ppm

M 20% ethanol + 0.8% Vit B1

020% ethanol + 0.8% Vit B1 +o0zone water 7.54ppm

Log CFU/mL

0 min 10 min 30 min

Fig. 17. Inhibitory effects on B. cereus according to sanitizing agent

combinations for 10 and 20 min.
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M| Vegetative cell
O Spore

A A
control 2% 3%
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Q — N W & A 3 X

concentration

Fig. 18. Inhibitory effects on B. cereus vegetable cell and spore according to

different concentrations of H>O for 30 min.

Table 14. Inhibitory effects of ethanol, vitamin B; and ozonated water in combination

on B. cereus and E. coli

(cfu/mL)
B. cereus E. coli
1.30x107 3.70x10°
control
10 min 20 min 10 min 20 min
20% ethanol + 0.06% Vit B;  150x10°  1.10x10° <10 <10
20% ethanol + 0.06% Vit By 9 9 , ,
9.10x10 1.10x10 <10 <10

+ ozone water 7.54 ppm
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Table 15. Inhibitory effects of ethanol, vitamin B; and ozonated water in combination

on B. cereus and E. coli

(cfu/mL)
B. cereus E. coli
1.37x10" 1.55x10°
control
10 min 30 min 10 min 30 min
20% ethanol + 0.8% Vit By 1.00x10" 1.00x10" <10t <10t
20% ethanol + 0.8% Vit B ) ) ) )
<10 <10 <10 <10

+ozone water 7.54 ppm

_85_



v H A= Ao7lee] BFH A3}

1) EA A 9F

20% ethanol, 1% lactic acid, acetic acid, 10% NaCl& @ T+ E3H o= 30
7 Aol AH AHgste] yeasts-like strain®] S o]| v = J3FS FALSH

A= Table 169 2ol Ao o}R A8 E 314 &< control& 7.8x10° cfu/mL
o] 213l 20% ethanol ©5 29} 1% lactic acid ©5A 23 AL 10° cfu/mL 57
o7 AGAHN EBI7F Ao 20% ethanol + 10% NaCl EgAg 3 A A
10° cfu/mL#= control #3 W3 FF] ATFR AFEATE 28U 20%
ethanol + 1% lactic acid® g 3 A& 1.0x10" cfu/mLE g§o] FAFHAL
20% ethanol + 1% acetic acidE @ & A% 10' cfu/mL ©l3t= A&o] A ¥
Atk

Table 16. Effects of sanitizing agents in alone and in combination on the yeast

growth of rice
(unit=cfu/mL)

Yeasts like strain

Control 7.8x10°
20% ethanol 4.1x10°
Lactic acid 3.6x10°
Acetic acid 6.3x10
20% ethanol + 1% lactic acid 1.0x10"
20% ethanol + 19 acetic acid NDV
20% ethanol + 10% NaCl 55x10°

Y'ND : Not detected.
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= 20% ethanol®t +7]14ke] @5 Aelnth BAelE S wo] 2 AbE g nrt
=7 Yetwttl.  Pichia anomala ATCC8168 ¥ Candida tropicalis ATCC 750, &
23 2-1 A F 10" cfwmLE FSA Ho] iAo HEHA ggkon 2
23t 1-1& 2.0x10" cfu/mL2 A2 A& AF&akx] 2-& controlgkel Hla] AA3] 7+
2kt

Table 17. Effects of sanitizing agents in alone and in combination on the

growth of isolated and reference yeast strains

(unit=cfu/mL)

Lo Candida
Pichia anomala L Isolated 1-1  Isolated 2-1
tropicalis
Control 4.0x10° 2.1x10° 5.8x10° 8.9x10°
20% ethanol 3.1x10° 2.4x10° 3.0x10° 2.0x10°
Lactic acid 5.9x10° 8.3x10° 1.8x10° 6.9x10°
Acetic acid 3.7x10° 3.0x10° 2.1x10° 3.6x10°
20% ethanol + 1% lactic acid NDV ND 2.0x10 ND
20% ethanol + 1% acetic acid ND ND ND ND
20% ethanol + 10% NaCl 7.2x10° 5.9x10" 3.4x10° 2.8x10"

Y ND : Not Detected.

2) B AFA AZA BE ASAH &

ol 108) volumee] A& Aol 10, 30, 60t 2 AA S 23 F Pt 4
Aol Ho}l stomaching$ PDA9F PCAel =23 & 213t Axte g3 g2}
(Table 18, 19)

_87_



Table 18. Inhibitory effect of sanitizing agents on total bacteria counts of rice
(unit=cfu/mL)

10 min 30 min 60 min
Control 6.0x10
20% EtOH +1% A.A 3.1x10° 2.2x10° 5.0x10"
20% EtOH +1% L.A 4.0x10" ND" ND

Y ND: Not Detected.

ol A% A A9 controle] FTFE 6.0x107 cfu/mLol912H 20% ethanol
+ 1% acetic acid® g3 A% 102, 3022 10 “cfu/ml 539 571 B2y
Qom 60 10" cfu/mLe F57F #FE AT 20% ethanol +1% lactic acid &
Aed 49 108 APoA 10" cfu/mLE B5o] A HQoem 3023 608 A
Al PCA wil A Woll #57F HEHA &t

Table 19. Inhibitory effect of sanitizing agents on yeast-like strains of rice
(unit=cfu/mL)

10 min 30 min 60 min
Control 3.6x10”
20% EtOH +1% A.A NDV ND ND
20% EtOH +1% L.A ND ND ND

Y ND : Not Detected.

ol A Aeg 4 A A yeast-like straine BFA3 s 9A F&
control #ke] 3.6x10° cfu/mLel 23 20% ethanol + 1% acetic acidS &gt 4
105, 30%, 60% =% =sk  ulx ol colony’t A& A &k Zoas
20% ethanol®} &71AFS 23k 2@ gl Suo] Al7to] Ao wal AFEEo] o =4

el o yeasts-like straine 10, 30, 603 =% 10" cfu/mLo]dt= A 5o A 3

wo] wjA ol HEWA FUdr
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3) B3 A 2z wE yeastd AEAH &
A2 A 100 mLoll v 1 mL BF & 242z A4221TC)3 50CoA 3082 39
YM agarell =%43Fe] 48A17F vk 3k o 3elstdt} (Table 20).

Table 20. Effects of sanitizing agents and temperature on the growth of
isolated and reference yeast strains
(unit=cfu/mL)

Pichia anomala  Candida tropicalis Isolated 1-1 Isolated 2-1

RT(217C) 50C RT(21C) 50C RT(21C) 50T RT(@1C) 50T

Control 5.9%10° 6.8x10° 2.3x10° 3.1x10°
20% EtOH D

1% AA ND ND ND ND ND ND ND ND
20% EtOH 2 1

1% LA ND ND ND ND  1.0x10 ND  3.0x10 ND

Y'ND : Not Detected.

FTFE 20% ethanol + 1% lactic acide #Hel& S wlel acetic acids =
A @& Hrh AlEEo] E=%om™ (Table 16)7 vl S wo] yeast like
strain acetic acidg A2 S wol lactic acidE HZ P& 45 AFEEC] 9 =
ATE  ESZF (Table 2009 E2lvt 1-12 1-29] 53} A2 A] acetic acid7} AFE E 0]

=4 Uetgon 50ColA Asjanrt vk & Aoz yekikth o] yeast like
strain latic acide A& §& WRT} acetic acidE 53 A2 de 45 2971 =
=+ ¢ =4 YElyY yeast-like strain ©]2l9] 714 #FE lactic acid® <ldl
Asf7F | Aol AQlew HzrE Tt

4) B3 A YA ethanol FE9| WE yeast ASA 3] &7

19% 77143} ethanol w52 FEds 2 Zelwte] A5 As) a3E Lopn7)
A3t A2 A 100 mL7F F714F 1%9}F ethanol 5, 10, 15, 20%°¢] X H == 3
T #F 1 mLOU%)E HFske] 108, 30% Hg F wjxo] m@ale] Ass3lc
(Table 21, 22).
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Ethanol &= we} 10 AZE 3AS A Candida tropicalis ATCC 750
= 19% acetic acid®} 20% ethanol 10% A @]l 4 9.0x10' cfu/mL FA7} 7439
I 1% lactic acid®} 20% ethanol H@|atdS 4% wix|del HEHA 2ot
Pichia anomala ATCC 8168+% 1% acetic acid®} 20% ethanol A2 Al A& A &
9kom 19% lactic acid$} 20% ethanol 10% A elol A 2.0x10" cfu/mL= FA7} 7
2k #elit 1-12 f7149 15% ethanol A A 744 107° cfu/mL 425 2]
TA 7 AEst] AFEITE A9 Lot {714 20% ethanol A4 EHE &
B 10" cfw/mL FF9 @A AEH] 108 ALE s F9E 7713 20%

ethanolol A A& A3 &35 Yeldle= AS & 4 AAh

Table 21. Inhibitory effect of ethanol treatment(10 min) with different
concentrations on yeast growth

(unit=cfu/ml)

10% 15%
() )
Control 5% EtOH EtOH EtOH 20% EtOH

19% Acetic acid  3.2x10°  1.6x10°  6.4x10"  81x10°  9.0x10"
Candida tropicalis )
1% Lactic acid  3.2x10°  1.8x10°  9.0x10*  6.8x10° NDV

1% Acetic acid ~ 3.3x10°  46x10°  88x10°  3.0x10° ND
Pichia anomala ) _
1% Lactic acid  3.3x10°  3.1x10°  1.6x10° 27x10*  2.0x10

1% Acetic acid ~ 4.9x10°  26x10°  14x10°  2.9x10° ND
Isolated 1-1 r i
19% Lactic acid  4.9x10°  4.3x10°  32x10°  4.3x10*  5.0x10!

1% Acetic acid ~ 7.0x10°  2.0x10°  4.6x10"  2.0x10° ND
Isolated 2-1 _
1% Lactic acid  7.0x10°  6.8x10°  1.6x10°  4.1x10° ND

Y ND : Not Detected.
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30% A Al Candida tropicalis ATCC 750% control®] 3.2x10° cfu/mLol| A 5%,
10% ethanol 24l 10" cfu/mL& #57F 3HAdkgla 15% ethanol A S
wol] 1.2x10° cfu/mL& A5o] AH AW 20% ethanolol A= HEE A ket
Pichia anomala ATCC8168% 1% acetic acid¢} 5% ethanolS A& stdS 7459
1% acetic acid¢t 10% ethanol2 30% #3892 7% control®] 10° cfu/mLolA
10" cfu/mLE F57F 2489tk 1% acetic acid®t 15% ethanolS 223 A&
10> cfu/mL, 20% ethanol 23 Z& 10' cfu/mL olst& Ago] = A=A
=3

T By 1-12 1% acetic acid®} 5%, 10% ethanol A2 A #A7F 10!
cfu/mL¥ 2& 7H28tth7b 15% ethanolol A 10" cfu/mL ol&t= Ao A=
o} 1% lactic acid® H7+e 4% 15% ethanol®l H=74A 10°° cfu/mL 4%
o7 A3 1% lactic acide} 20% ethanolS A 2]8} S o #A7F =
A ekt Ethanol® s%7F =555 AbEEo] Eskem 5/ A2l Al 20%
ethanolol A1 10" cfu/mL ©]3t= =423 105 A 39S wWl 15% ethanoli-E

10" cfu/mL ola}= ASo] A= A},

Table 22. Inhibitory effect of ethanol treatment(30 min) with different
concentrations on yeast growth
(unit=cfu/mL)

10% 15%
Control 5% EtOH 20% EtOH
EtOH EtOH

1% Acetic acid  32x10°  7.1x10"  3.1x10"  1.2x10° NDV
Candida tropicalis

1% Lactic acid  3.2x10°  83x10*  2.2x10* ND ND

1% Acetic acid ~ 3.3x10°  5.0x10"  7.1x10*  3.9x10? ND
Pichia anomala 5 - 1 L

1% Lactic acid ~ 3.3x10°  3.1x10°  5.0x10*  3.0x10 ND

1% Acetic acid ~ 4.9x10°  1.1x10°  2.3x10" ND ND
Isolated 1-1 5 - _ 5

1% Lactic acid ~ 4.9x10°  35x10°  1.7x10°  6.4x10 ND

1% Acetic acid ~ 7.0x10°  6.8x10"  6.3x10°  1.0x10" ND

Isolated 2-1 p 5 4 4 ]
1% Lactic acid ~ 7.0x10°  1.1x10°  5.4x10 1.0x10 2.0x10

U'ND : Not Detected.
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5) Ethanol® =9 #7]4F A2 A yeast S A &7

Ethanol 10%¢} #7114k 1, 3, 5%7F =% 100 mL AHgAE THE 5H +5
mL(1%)E HZsto] 105, 30% o =w3ate] AG3s Az Table 23, 249
=

m

Table 23. Effect of organic acid treatment(10 min) with different concentrations
on yeast growth
(unit=cfu/mL)

Control 1% 3% 5%
‘ o Acetic acid 45x10° 1.2x10° 1.0x10" ND"
Candida tropicalis 5 4 3

Lactic acid 45x10 7.1x10 1.4x10 ND

o Acetic acid 2.8x10° 4.3x10" ND ND
Pichia anomala ) ) 5 . ) L
Lactic acid 2.8x10 2.6x10 4.0x10° 1.0x10

Acetic acid 3.6x10° 1.8x10° ND ND
Isolated 1-1 5 - 4 )
Lactic acid 3.6%10 4.1x10° 4.1x10 8.2x10

Acetic acid 3.1x10° 45%10° 3.0x10 ND
Isolated 2-1 ) ) 5 4 5 L
Lactic acid 3.1x10 7.8x10 45%10 3.0x10

Y ND : Not Detected.

Table 24. Effect of organic acid treatment(30 min) with different concentrations
on yeast growth
(unit=cfu/mL)

Control 1% 3% 5%
, o Acetic acid 45x10° 1.4x10" ND" ND
Candida tropicalis 5 4 L
Lactic acid 45%10 3.0x10 1.0x10 ND
_ Acetic acid 2.8x10° 8.0x10° ND ND
Pichia anomala ) ) 5 4 5 L
Lactic acid 2.8x10 3.8x10 5.2x10 7.0x10
Acetic acid 3.6x10° 41x10" ND ND
Isolated 1-1 . . B - 3 )
Lactic acid 3.6x10° 2.2x10° 2.6%10 1.6x10
Acetic acid 3.1x10° 6.8x10" ND ND
Isolated 2-1 5 - )
Lactic acid 3.1x10 3.2x10 2.8x10 ND

Y ND : Not Detected.
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Ethanol®t #714F A2l F714ke] w27l #2555 A5A8 &3/ =4 e
wom 107 Ag ®Bu 308 Asisls W AsAH & Eokvh 102 A
39S wi= acetic acidE 3% = A¥eAS Wl Pichia anomala ATCC81689F &
2 1-10] 10" cfu/mL ©ol&t= AZHA &t Acetic acid 5% A A A&
TeuTet EEdT B2 T3k 308 FIIAS BT 3%
acetic acide A&t S A5v FFdTd LEdT BF Aol AEHA &
kom 3% lactic acidE H@ste] AdAS Heshx &L controlgtel ®ls] 10"
cfu/mL A2 B5S Asietdnt

o
Y,

i

i,

N

&

fass

o

o

6) Ethanol® ¥ =4 {714 AgA & v BE AFAH &3
Ethanol 10%<} +714F 1, 3, 5%7F ¥ =% 200 mLe] AdAlE s & 20 g9
AEE ¥ 5 24t Bag & ##3 A= Table 25, 263 2k A A
g di#5E 9 control &2 1.1x10" cfu/mL ©]% o™ 10% ethanol® 1%
acetic acid H g8 AL 7.0x10 'cfu/mLol 3 3, 5% acetic acid A 10" cfu/mL
of #57F BT, Ao Ak AlEFE acetic acidd A5 1% A= S vl
%= 10 lefu/mL FEOE AL AHEZIE JEbH oW lactic aciddl A$ 10°~10°
cfumLFsoz2 Aaf= Atk 283 10% ethanol?} lactic acidE A 2g 2
3% we 10° cfu/mL & #5E wA7E 27489 2m 10% ethanol ¥}

5% lactic acid® H7}e AL 1.4x10° cfu/mL& #57F 745 2ok
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Table 25. Effect of 10% ethanol in combination of organic acid with different
concentrations on total bacteria count
(unit=cfu/mL)

Control 1% 3% 5%
10% EtOH + Acetic acid 1.1x10" 7.0x10! 6.0x10" 1.0x10
10% EtOH + Lactic acid 1.1x10* 8.0x10° 4.2x10° 1.4x10°

control

714k A2 Al yeast-like straine A& A thal Hi AIdFE d
o] 1.3x10° cfu/mLel Qo™ 1, 3, 5%l A vl Ao #A7} AEH A ekt

Table 26. Effect of 10% ethanol in combination of organic acid with different
concentrations on yeast-like strain
(unit=cfu/mL)

Control 1% 3% 5%
10% EtOH + Acetic acid 1.3x10? ND ND ND
10% EtOH + Lactic acid 1.3x10? ND ND ND

7) Ethanol® NaCl EZ@A A vAEe A& A &7

HFE%=7F 20% ethanol, 10% NaCl7} ®%== 200 mL &4 whe 5 2 A8
20 g& P A= 21T)3 50CAA Z+2E 2A17F WA gk & stomaching 3Fe] Bl 4]
of = % g A Table 273 2t}

folr

Table 27. Inhibitory effect of 20% ethanol and 10% NaCl on the
microorganisms of rice
(unit=cfu/mL)

Control 21T 50C
Total bacteria 4.9x10* 2.6%10> 1.5%10°
Yeast-like strains 1.6x10" NDV ND

Y ND : Not Detected.
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ARk At A2 A

IHERE L wE

Bl

FZFF5 %7l 20% ethanol, 10% NaCl7} ¥ %% 100 mL £

Aol

Al

1

= sllen

control zkell HEte] 10° cfu/mL HAE i
5

20% ethanol®} 10% NaCl A2 A] 21T <}t

PN
AETE

37°C A& control #kol 4.9x10
cfu/mLel 1 2™ 20% ethanol® 10% NaCl H @ g R 21CAA 2.6x10° cfu/mL,
50Col A 15x10° cfu/mLZ #ZH 2t Yeast-like strain control el 1.6x10°
cfu/mL, 7123 21T 50Tl = A 7F #2= A eFgket.

AubAl TRl A5

AYAE $A &

rlo

3o yeast-like strain®l 73

mL(1%)E H=slo] A=2(21T)¢ 50CoNA 2z 2417+ #X]
of wjA|o] Eale] & #Esk A} Table 287 2t}

o
0ColA A5 Asfasrt = Ae=

Table 28. Inhibitory effect of 209 ethanol and 10% NaCl on the growth of

isolated and reference yeast strains

(unit=cfu/mL)

Control 10+ 30+

Candida tropicalis 21°C 5.8x10° 5.0x10" ND
50°C 5.8x10° ND ND

Pichia anomala 21°C 36x10° 3.0x10" ND
50°C 3.6x10° ND ND

Isolated 1-1 21°C 2.8x10° ND ND
50°C 2.8x10° ND ND

Isolated 2-1 21°C 8.0x10° 1.8x10° ND
50°C 8.0x10° ND ND

Candida tropicalis ATCC 750 21T, 50Col A 58x10° cfu/mLe w57} &%
Holon 105 21CoA 50x10" cfu/mLZ #A 7} 2S5t 183l 50T ol A
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= 1089A AEHA LUt Pichia anomala ATCC8168%= 21T, 50TolA
36x10° cfu/mLelgl e 21T, 1029] 3.0x10" cfu/mLz TFA7F Fol5th 18
a1 50Tl = 1087 A2lads 4% AEsA 29

Bai 1-12 controlo] 2.8x10° cfu/mLel o™ 1023 30%-S 10" cfu/mL  ©]
a2 FA7E AL AEHA Fgom REd 2-18 controle] 8.0x10° cfu/mL
olglem 21CeA 108 g 9L wol 1.8x10° cfu/mL ol&t& 7283t
50ColA 108 AHlstadw A #ARHA Ltk aga Ry ZEAEF B
T 20% ethanol?} 10% NaCl& 30% A& 3tS wiol wiA| el A7 2= XA
o Sk,

20% ethanol®} 10% NaClZ WE &9 1083 A2 eAS 4% 21TCelA 10
'~10° cfu/mLz 5ol AsHAT.  50TAAM AT AL HEHA &gk
Yeastel 20% ethanol® 10% NaClx 2= 50Cel A 15x10° cfu/mL® #2=d
AwkAlztel Blef 21CHY 50T s Al ad7F ko 308 Asid
10" cfu/mL ol3t& &S Asfd = A
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2. 3AuE 713719 M
7F. BV R T Y Ve

1) &9 AL R AdIFAY <

2e A ER o] &ty M e EESAA AVFFR wtEolok st A fTt
Bow ArtEAEe] gt wel AVtES F d8E s ARE JheAlE
of st A A7EF] Aokl wAle] EobAal vk AVFF A=Al 2o
FEol e HEe SAAo] ool AEVIY FF H ARLYH Fol A7HF
7ol & 4%

o
=
WATE BE B

il

2 oo Wit EEA WA
S F=sl7] 9% W9l annealingS FE3 SR EA St T8> o]} A
LA AgEas o o AgtE e W

=
AE WstA7]7] flgh Weto s AS AR oo R AsH &5%(40, 50, 60T)el
2]

=
stol AET F olZHH Y3 M| Bt 54 WstE A



B

BIVE A ZA] AEYHS B7FFe 7)eAde & 9SS vXE oz dHA
Ao AS AXNATY AJEdP AT FAAE A & FyE dEe EHE
v 23 A3} (Table 29), 33}2%, pasting A%, #&8, &34 5 dEY EA

A eFzrel Aol el F gt

Table 29. Properties of rice starch isolated from dry and wet-milled rice

Dry milling Wet milling

Color

L 97.36 98.90

a -0.09 0.02

b 0.39 0.34
Mean granule size (ym) 5.53 5.62
Pasting temp. (C) 714 72.4
Peak viscosity (RVA) 261.3 238.1
Swelling power (at 50C) 1.16 1.89
Solubility (at 50C) 0.30 0.73

Annealing> F&38 79 EASt w32 % olstol A A M SRS o
o
-

dojub= ddow A AAAY dd3 FAFAG] AFE S WA 7=
g o, & dFdAAE B FHE FA AE annealing Mg WHoE & A
TS HAAA & HAE Esistd EQRstE Aekdth 2 AddAe= At
Fo 7S WEA7] 7] fle Wete g AL AR oo ASE 21(40, 50,
60C)ol A A Yete] Awe & o]2HE s Ao =g sted 54 Wt
& ZAsE T
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7}) Annealing T3 AT & AL dNAFE

40~60TCe] Fsd =0l FHAT W ziy £33 dEo dIdES
TAe A3 Table 303 2t ?v‘%, g gl 3 ke 9.59~10.
5~0.22%, 0.17~0.23% WA= A& 7-3 Apol 5 HolA Fgko 1
50Tk 60Ce] =3 Aol A vebstt

Table 30. Proximate compositionl) of starches separated from milled rices

steeped at elevated temperatures
(%, dry basis)

Steeping temp. Moisture  Crude proteinZ) Crude fat Ash
Control” 9.59 0.20 0.33 0.23
40T 10.49 0.15 0.42 0.23

50C 10.55 0.18 0.04 0.17

60°C 10.43 0.22 0.03 0.18

YValues are means of triplicate analyses.
2)Nitrogen x 595,
YWithout steeping.

W) Annealing 3 A2 d & AL & Fy 2 A7)
40~ 60C°ﬂ/\1 FAA Y HRRE B A¥e] ARg FIARA ¥ o
T AR vad Ay dxE ok gasg oy A Aolst igla, A A
vERUlE ash bk oF2F E=e Ao UERTHTable 31). & A
ApAALE R o2 A A= Figo 199 2o 2 JE dAb=
o] B AAY &% ol

it
T e o= AEFEA Aol 2o Jd EuEAvE @



oAUt EAoR IeyA k. A AR Hit AV FHIA G dF
T &9 6.3 moll A 40, 50, 60TCoA 2412 =3 A gl wet Zhz 55, 54, 5.9
mzZ Ui ads A4S el ol £l JaHe] wEl e AR
QF FEFo Tt WEo® FaEH U
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Table 31. Color and mean granule size of starches separated from milled rices

steeped at elevated temperatures

Color values
Mean granule

Steeping temp.

L a b size” (um)
Control? 99.84 -0.02 0.24 6.26+0.09
40C 99.18 0.00 0.35 5.49+0.02
50T 98.33 0.02 0.38 5.44+0.09
60T 99.19 0.05 0.30 5.94+0.02

YValues are means of triplicate analyses.
IWithout steeping.



Fig. 19. Scanning electron micrographs(SEM) of starches separated from milled
rices steeped at elevated temperatures. Before steeping(A) and steeped at 40(B),
50(C), and 60T (D), respectively.

t}) Annealing F3 A3 & AE9 JF{FHIG LI=
Annealing 3383 A& H&H7 &I =S 30~90TCAA =AH3 23+=
Table 329} #t}, & AR HHY JJr Ses SAHA2ET AsEd we S

A= =2 AEHE HAFAT ol & AR BFHo] 50~60T o] FFH A
A7k 80T ol H = fhE] SrbethE Al frAbeAl UEEY. 2=
7b S7kel meh aEo] SUkske Ae b ke Al wek A HH ®
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T A B el wel vEw AR e AdEe] Astd e o] ekl
Aggra skl Wong# Leliveres 4AF 27|17 &5 W&ol 21 A
=F AT A= AR Ao E4F W&ol dral sl @ 2
Ao AR vl Ao AR Had #ZHAd A AR vlE] AgHo] A 574
o, ol MR sWHHo] F=E amylopectino] 93] 712187 WjEow I

B Seerh 7hE mokem T o]l AFeREdME AR ta
Aol AUAR HE2T AILEE =7 e annealings #EE ¢ 9l A
&

=
b & Ao Badd geEe] 4B F Aow v

Table 32. Swelling power and solubility of starches separated from milled rices

steeped at elevated temperaturesl)

Steeping Swelling power (g/g) Solubility (%)
temp.  30C  50C  70C 90T 30C 50T 70T 90T

Control” 116:009 121016 6616084 128329 015:008 0174000 2564078  6.09£1.92

40C 1701031 183026 741+032 13814314 056001  076:001 306£073 781326

50C 1514023 1704000 680£001 1227351 0431007 0521006 2244075 6694216

60C 1704029  181#010 724048  1269+347 061004 086001 246+084 7274218

UMeans of three replicates * standard deviation.

PWithout steeping.



Zl) Annealing 3 A2 & AL DSC EA

Differential Scanning Calrorimetry(DSC)ell &3] A&l dEAS =4 4 A
ow AP & Ao DSC 4 A¥d= Table 333 #2vh. 2 o] DSC
thermogram< 271¢] peakE® HolF3Eglom A WA peak:= w33 Ho] AL

1}
Ell= 3ol F WA peaks ofd R =9k A A iaiﬂﬂ SalE e Aoz ¥
o

Auj
T
£
4>
2
_N‘_ul
Ac)
ol
N
2
O
(>
[
Me
lo
e
3
)
o}
@)
Q
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als
fol
S
Lo}
(@)
Q
2.
fu
2
fols
Lo
=
>,

Eoopdre~s A BaArt §aHE peak®A 90~120TolA vErdrhE
Azte} Ao ] 3kol= Ao Aot §le Ao R el
40Ce 50CoNA A & AR 3I/MAE} AP EE HEF

2 gl e ofzh wtopxon wstdEy= ot Sbskdit ey 60T
Ao A HEd & dio EPIAES} S ETE thA] R EolA =
AaFolglon satddvlo s W ApolE HolA gsitt. S3tel] Jagh g
= FAARE o7 AVFFIE AAAEl ol @2 AT Hle] Egkow 33}
dguzt w2 Arpedes dEe] 24427 ¥ Bel did Aow HuHgl
o @ 40~60TC =04 FHAT & dEL T39I peake] Fol
2+ & AR vF ta Folxth HES annealingol 93] £3} endotherm
o] E%7F S7bsta SaE UL FobAH Lkl vt Sbs A W stk 81
Uil Bargk Ayt vladu 40T e 50TelA A & By 60T 3
Al gk oA Hite] A2l annealing E37F YERG o R ks S
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Table 33. DSC thermal properties of starches separated from milled rices

steeped at elevated temperatures

) First peakl) Second peakl)
Steeping

temp.
TO Tp AI_Il(J/g) TO Tp AHZ(J/g)

Control”  60.21+0.13” 68.33+0.37 11.83+0.68 93.53+0.02 93.95+0.02 0.04+0.01

40C 09.87£0.45 66.30+0.58 12.80+0.52 93.51+0.00 93.95+0.02 0.06+0.00

50T 57.01£0.14 64.68+0.01 12.84+0.48 93.52+0.01 93.95+0.01 0.06+0.01

60T 61.631£0.16 68.64+0.03 11.16+£0.69 93.55+0.03 93.94+0.03 0.04+0.01

PTo and Tp = onset and peak temperatures (C). AH; = enthalpy of
gelatinization. AHs = enthalpy of melting.
PWithout steeping.

YMean+standard deviation.

¥}) Annealing &3 A 23 & AL RVA 54

A& H =7 7] (Rapid Visco-Analyzer)oll 93 A2t & Ao s34
& =49 AP Table 348 7ok 40, 50, 60C°ﬂ/‘1 YT B AR 53
ANLEE 247F 710, 724, 738CEA 2T & AR 71.6C Bl& 40C F3
= Aleetar gk Frhei o ol FRA Y o TR EE ol
Axet FAbsA T

FRAGA &2 2 A& Hla 40T FHIAYT A AR HAuH=7r St
319 T breakdowno] Z7l8lg o 50C HZ2AE7F 279 H

oFt Zadtith ey 50T 60TColA A g 2o d&
238t trough BE7F 5718e] breakdowno] #AstHom FHE4

o] setbacke]l F7Fste Ao Yehgth HuFEme 95TeA 25859 HE=Ql
trough®t¢] =to] = breakdown AEE A& pasted] HAgko] T
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T AxolH, HE
annealing®ll 7]Q1s HEe] Wl wfil Ho
50Ce 60Ce] Fsd 2EdA FHAHeE 2 HdiES RVA HixE, trough,
breakdown, &% %, setbackol]l Z}olE Kol AR T3l Yo wWIs Fut

7= Ao ® yERsH

Table 34. RVA pasting properties of starches separated from milled rices

steeped at elevated temperatures

Steeping Onset Viscosity (RVU)Y
temp.
temp. (C) Peak Trough Breakdown Final  Setback

Control?  716+1.0° % 2394+1.0° 139.0+2.8" 1005+30° 263.0+34° 235+34°

40°C 71.0:09°  2485+05" 1388+1.3° 109.8+1.3" 261.3+2.1°¢ 12.7+2.0"
50C 724107 2370+0.8° 151.7+62* 853+55° 2760451 39.1+4.4°

60°C 738+04"  2287+03" 1565+2.1%  722+20° 2937+16" 65.0+1.4°

1>Trough = minimum viscosity after the peak, breakdown = peak viscosity
minus trough viscosity, setback = final viscosity minus peak viscosity.
IWithout steeping.

YMeans of three replicates = standard deviation. Means with different letters
within the same column are significantly different (a =0.05) using Duncan’s

multiple range test.



3) Axve ojdg A &7}

Annealing A&+ 2784 29 WstE Foum HdE o]t 54
&S 1 Ztl Yamamoto®?} Shirakawael <&t A7)z B &3 2SS annealing
AgeRs 4F 2o zst5de] MAEATE AR vk B A=

3d Feot B#sk Aaivlo] annealing THE A ¢ AES s o]stEd &

'I:]
A

7hH AaH & % v‘i‘wl ststxA

40~60TCe] AsH XA FAAe AuvZ5E e AEo] dukgde
S A% A= Table 359 #2th. FRAFEA @S dx7 AES 015%
WA 0.01% AW, 019%9] 3)F FHFS FAL FHAYS A FEREEH E
gt o] dWMAES dxzT AR dARZ FAS FAE BAFAT @
A, A, 3 E3Ee 247 0.13~0.15%, 0.01~0.09%, 22 3L 0.07~0.15%2] 3 ol
ATt FRAG Aav =R e AP opdm e~ S g A
Edvh Aav] AR oo~ e 40760C S A el w
2} 27.07%0l A 28.04~28.60%% k7t Z7}&FATh

Table 35. Proximate composition (%) of starches separated from stored milled

rices steeped at different temperatures

Steeping Moisture Protein Lipid Ash Amylose
temp.

Control 9.77 0.15 0.01 0.19 27.07
40°C 10.43 0.13 0.01 0.12 28.40
50T 10.53 0.13 0.05 0.15 28.60
60T 11.33 0.15 0.02 0.07 28.04

YUValues are means of triplicate analyses.
2)Nitrogen x 595,
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b AzE g AR A, Fo L =27
40°60C S 458 SEAN FHANE AV ZrE 2P AR h2T A
B ot WE (Lgol ozt E UEhdthTable 36). F@AA@ Aan] Ae
o)

A% (ag)st FARDHI wdvh AALe T4

7 = ZWd dF §FET A4S HAFAom o FH ot #
AAEA G A Dol Uzt EHo g FEsArh A AEE TF ART
A 7HE ARZIZE A 2~10 ume] MR FE QA7) 7E 64 umE 7P AE
Ao g Wagh v vk ASE FHZEE Table 369 HERH vhe} o] AR
o] Bt JAA FFE F= AR vEuth FAALSA Fe dx=T A
avlE F=2717F 515 um Q2.7 40~60CAA FHA g A o] A&

R
= ﬂ

AAA7)= 6.02~6.27 um= F7}38)

Table 36. Color, water absorption index(WAI), water solubility index(WSI), and

mean granule size of old rice starch annealed at different conditions

Steeping Color Mean
WAI WSI  granule size
temp. L a b (um)
Control 99.06 0.22 0.77 2.17 0.88 5.15
40C 99.08 0.06 0.35 2.45 0.53 6.02
50C 99.12 0.05 0.39 2.49 0.53 6.06
60T 99.26 0.07 0.49 2.49 0.36 6.27

DValues are means of triplicate analyses.
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Fig. 20. Scanning electron micrographs (SEM) of starches separated from
stored milled rices steeped at different temperatures.
A, before steeping B, steeped at 40°C for 2 hr C, steeped at 50C D, steeped at

60T

o) Aam & AL BEHA &=

gE Axvsh FAAGS Auvizry Ped dve Bedn foms
K<

Wl Srhsgth. 30T 5009 EFALEAAE FAAND Awn ARl B
ol Ha ARuTh of7k AT BEHE S0TAA FAMA ) Ads
et o 2ALEs sHerd Ao we Bade 2/ ouagn.
2L 0T oldel FPLEeNAE FAAYG ARol vET ek BuHe F
747} srobA

Axv] AR §AE 4 ZHLEA ol weh Fhsg dxzT A

e &l 42 50T 70T Afelold F7kaskr] Al#tske] 70T2E 90°C ol
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Fig. 21. Swelling power of starches separated from stored milled rices steeped

at different temperatures.
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Fig. 22. Solubility of starches separated from stored milled rices steeped at
different temperatures.
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[e)
=1 = 1=
o 2T Aav AR DSC 545 B4 A3 a3 Es 604T 9o

W ZAYLEE 67.8CE UEwth DSC oA %9 3348 e%E 40T
o 50T 9 FHXEAA A AFS BArh 40T 50Tl 33 A v
Ade FRAEA e 7 Aol ns] ofgt 535y A9 o] Wi w34l
gy b vt Zlo 2 yEebytth. ey 60T A FHEA S Ao dEe 53}
T30 Zo] oft F& Aow FAHL. zEy A 2= FolAlE A
oful MAAA AR mEAe] ofdYol 7|dstE Aow nEe v gt Fsh
ER7L FolAn s AALETt Tk ¥ T EUE FolA e A4S A

42 WalE AAEFTH ol A E 60CAA F=HSE A &
HZFo] 2 AEY  annealinge] FEslE Aoz AT

A
thermogram®] 93~94TC Xt <kt F WA =7l ety 584 J3e

AE vERl S0

Table 37. Differential scanning calorimetry(DSC) thermal properties of starches
separated from stored milled rices steeped at different temperatures

Steeping Peak 1 Peak 2
temp- To Tp AHI(J/g) To Tp AHZ(J/g)
Control 60.44 67.78 13.32 93.51 93.51 0.03
40C 56.40 64.74 12.17 93.53 93.93 0.04
50C 57.96 66.05 11.56 93.60 94.03 0.03
60T 61.40 68.28 11.58 93.63 94.00 0.03

T, Onset temperature, T, Peak temperature,
AH;: Enthalpy of gelatinization, AHs: Enthalpy of melting.
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AM&EHE =7 (RVA)SE Brabender Viscoamylograp®t A ¥WH o2 18y
S22 AESA A 35S F4sked dE ARgET Ao
Els

29Y $2% 9% RVA 5854 348 2%E Table 3801] et ale,
2 Ao A% 721TCe] Hl&] 40~60CoA g Qv =Hy &+
gk A SNAIZEE 724~73.0C ®HHUAH. dxT A Hn =

]
256.7 RVU lom 3k 2 Ao Hudes 2426~256.2 RVU M2 tix7

40Ce 50CelA w3 AurEzRy #z dde dxzg el Hls)
trough Ax¢ HZAE7F okzk vtk 28y 60TCoA 33 Afan ABEES

breakdownO] o}l WS HEAE7F BHd =94t Beakdown HEE I3 AE

Table 38. Rapid visco analyzer(RVA) pasting properties of starches separated
from stored milled rices steeped at different temperatures

Viscosity (RVA)

Steeping

temp. PaSﬁ?%jfennl Peak  25-min hold 50T Set-back
Control 72.08 256.72 128.69 258.78 130.08
40T 72.40 248.19 121.17 240.86 119.70
501 73.02 256.22 122.86 9250.11 127.25
60 72.98 242,61 12872 279.36 150.64

YTrough = minimum viscosity after the peak, Breakdown = peak viscosity
minus trough viscosity, Setback = final viscosity minus peak viscosity. 2)Means
of three replicates standard deviation.Means with different letters within the
same column are significantly different (a =0.05) using Duncan’s multiple range

test.

- 112 -



4. 3Ev &9 tErle A

1) AL & 27159 EA 2 241 AE 4
BIVFAZA A7 TH R ARl ArEFe] vl Ad &

= Aow defA o ARl wet nAdEe WItE q5d = vk 27

T As 2o HAGdE S W F Edste FAAE GHS

sk AAAE el os) AT AVFFY HAES EAg

Bacillus T2 HE%A &skov AAAREo] FAAE HHo| H&] Fid9},

yeast-like strain®] 47} & HoZ et (Table 39). & HAse F54S

A skl el gk wkE2 Aglste] Axg AVMF= dmde] HlEl total

bacteria, yeast-like strain®] 7} 9A UElgon 2 gHn| Rl AH gy

A A& A7pFo Hlal] mAdEe] e A= vl YEtH(Table 39).

Table 39. Microbial counts of rice flours prepared by different milling methods

Total bacteria B. cereus group Yeast-like strain

Rice (control) 25x10" 1x10" 2.8x10"
Dry milling

Roller 2.9x10* ND* 2.9x10°

Cyclotec 1.6x10° ND 7510
Wet milling

25°C steeping 5.0x107 ND 4.2x107

55C steeping 1.4x10° ND ND

* ND: Not detected.
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annealing =3 A d71&3 ##A3
55C annealing T3 A W& FAAE 27T 5A4S 4% A% Table
407 vk 55TCelA old®] F3 A A7tF7F 25T
=7F o m=%ow bt @
‘:XlTL 55C 3 A7FFol A =%2om gel consistency™ Tha WUTh B¢
AA7E AE AR Aoz Yeigon 55T A st ArEFe] wA 3ol A
e A (Fig. 23).

Table 40. Effect of steeping temperature on Properties of wet-milled rice flour

Steeping temp (C)

25T 55C

Color
L 97.19 97.50
a -0.27 -0.25
b 2.64 2.31
Moisture content (%) 31.3 354
WAI (g/g) 1.71 1.70
WST (%) 1.37 1.68
Gel consistency 0.80 0.45
Mean particle size (um) 36.99 37.66
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Fig. 23. Scanning electron micrograph (SEM) of flours wet-milled from rices

steeped at different temperatures. A, 25C steeping; B, 55C steeping.
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FRHS A3 A= Figs. 24 2 259 2o FESE 15%0] =Edt= Al
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Drvara limeghal

Fig. 24. Moisture content of wet-milled rice flour(25°C steeping) during drying

at different temperatures.
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Fig. 25. Moisture content of wet-milled rice flour(55°C steeping) during drying

at different temperatures.

3 FAREAZE AT FHAALEY Ve
2 ednAd=e &, 3ok A
nAEe] Aalads =AY L5 A9 MaAste] 7} @AY sanitizing

agents A g]oll W& F9 Bacillus cereus, yeast-like strain® 5 A3t

lo
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Table 41. Inhibitory effects of sanitizing agents during steeping on microbial counts

of rice flour (A) before milling; (B) after milling

(unit = cfu/mL)

(A)
Total bacteria Yeast-like strains Bacillus cereus
control 2.5%x10" 2.8x10" ND*
Step 1 1.3x10" 3.2x10° ND
Step 2 1.5x10° ND ND
Step 3 55x10 ND ND
Step 4 ND ND ND
(B)
Total bacteria Yeast-like strains Bacillus cereus
Step 1 2x10° 2.5x10° ND
Step 2 3.3x10° 1.3x10° ND
Step 3 3.6x10° 4x10" ND
Step 4 1.3x10° 1.1x10 ND

* ND: Not detected.

Step 1. Ozonated water soaking for 2 hr in room temperature.

Step 2. 20% ethanol+10% NaCl soaking for 30 min in room temperature.

Step 3. Ozonated water soaking for 2 hr
ethanol+10% NaCl soaking for 30 min in room temperature.

Step 4. Ozonated water soaking for 2 hr

in room temperature — 20%

in room temperature — 20%

ethanol+10% NaCl soaking for 30 min in room temperature — Ozonated water

soaking for 20 min in room temperature.
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= o] 25T el w8 F3Fo E45 AVFRe vAAE 2
2 BAEAY.  Sanitizing agentsol]l &3k AT g E ESF A (step 1)
HogE uAE Aol gyl wuEom Q@ FES+ethanol+NaClS H-&3F 2o
Al (step H7F 7V A= Ao &3 F Aoz yeiut 25T sl H 9
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Table 42. Inhibitory effects of steeping conditions on microbial counts of rice

flour
(unit = cfu/mL)

Control  After steeping  After milling
Step 4 3.9x10° 6.5x10°

Oronatied waier 2.3x10" 1.1x10*
Total bacteria ping 1.7x10° \
55C 8.0x101 3.0x10
255C 3.4x104 2.2x10"

Step 4 ND” ND

Ozonqtled water ND ND

B. cereus steeping for 3h 1.0x10°

55C ND ND

25°C ND ND
Step 4 ND 6.8x10°
. Ozonatied water ) 2

Yeast - like steeping for 3h Lax10’ 2.1x10 3.1x10
strain 55°C 3.0x10" 7.2x107
25T 4.7x10° 5.1x10°

* ND: Not detected.
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= Table 433 2t} 2&4F dS5AHE(step 1ol v & 2 FEF+ethano+NaCl #] €
?(step Aol A A7 ] Lgkol %%Oﬂﬂ bzt wrekth. Step 448 step 17
g A7FF vl & =AFTE =% o™ gel consistency$t Wt PAAT]
= AP Ao ' e TH

Table 43. Properties of wet-milled rice flour according to steeping treatments

Steeping treatment

Ozonated
Ozonated water
water+ethanol+NaCl

Color

L 97.36 97.93

a -0.26 -0.24

b 2.58 2.23
Moisture content (%) 30.23 32.27
WAI (g/g) 1.56 1.61
WSI (%) 1.20 2.29
Gel consistency 0.90 1.05
Mean particle size (Um) 36.68 36.41
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Fig. 26. Scanning electron micrographs of wet-milled rice flours with different

steeping treatments. A, Ozonated water; B, ozonated water+ethanol+NaCl.

2ol FRAE e we FAAE 279 amylograph 573 Table 449 #th
A7EFe] Huye 55Tl 33 Aok eEFAe oA 7HE =gkoen
& EF+ethanol+NaClA 2] gk &7FFell A 74 vHAl vetwtth, e e] 4 27
F+ breakdown¥ cold paste FE=7F =hou Q2 FEF+ethanol+NaClAH 8+

breakdown¥} cold paste %E7} Yo} setbacke] 7H w2 HAo =z e

Table 44. Amylograph pasting properties of wet-milled rice flour with different

steeping treatments

Ozonated Ozonated
Viscosity (B.U.) 25T steeping 55C steeping water+ethanol+
water
NaCl
Peak 365 395 395 340
Hot paste 240 275 250 240
Cold paste 550 595 590 480
Breakdown 125 120 145 100
Total setback 310 320 340 240
Setback 185 200 195 140
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AGN RRFAT BE AT BAFE B FYRHPL AA ARG 54
WAL YRS TOE BA ANAR ds WEs} Boe A3s 4R
AoE etk AR aghe BE (OROE AR o7k A9l o
FAEE el bahe BREFEA Q2T AV mE TA0) Ao Ans

AZLE] SRS duge vls] FAm et FAm Yol ofF E=kom
A e iz FEdE WitE ddE
A7V FEFFAF(WADS 288 =41 (WSD= 2t 9%
oA 7Hd wA deteth FREHEA T A
Fxd o] Frtete ez Hud vl Aok AUVEFE9] gel consistency® 9R
Ay B o] vlE] FAm g gHel A thAh =UTE Gel consistency® gel®] =
= Yell+= A FE=ZH amylograph cold paste viscosityS o &8 & Jom %2
setback#t ¥ hard gel 547t A#AA 7 A= Aoz Bud v o

Table 45. Physicochemical properties of flours from milled rice subjected to

washing treatment"’

Pre-washed

Rice(control) Rice Broken rice

Color

L 96.05 97.06" 96.66"

a ~0.40° -0.37° -0.39°

b 417" 341° 397°
Moisture content (%) 10.61° 11.23% 12.107
WAI (g/g) 3.31° 3.23° 3.03"
WSI (%) 2.52% 2.83" 2.18"
Gel consistency 1.15° 1.15° 1.70°
Mean particle size (um) 39.63" 41.39° 39.65

YValues are means of three replications. Means with the same alphabet in each
row are not significantly different at p<0.05 using Duncan’s multiple range test.
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Fig. 27. Scanning electron micrograph(SEM) of flours from milled rices
subjected to pre-washing treatment. A, Rice(control); B, Pre-washed rice; C,

Pre-washed broken rice.
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Byt tl. Peak viscosity$l hot paste viscositye] x}o]¢l breakdownS 7F&59] <
ALE e s AEE AFEEH = 9829 155 B.U.o| H&] FAn7F 185 B.U.
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Table 46. Amylograph pasting properties of flours from milled rices subjected

to washing treatment”’

Pre-washed

Rice(control)
Rice Broken rice

Peak viscosity 410° 495" 4007
Hot paste viscosity 255° 3107 320°
Cold paste viscosity 503" 475° 565"
Breakdown(P-H) 155% 185% 837
Total setback(C-H) 248°* 165% 2457
Setback(C-P) 93° -20° 162°

YValues are means of three replications by Amylopgraph.. Means with the
same alphabet in each row are not significantly different at p<0.05 using
Duncan’s multiple range test.

2}) FAn &71F¢ DSC §4

FAmE A7FFe] DSCOl 9%t ssl5EAdS S5ty dady vust A=
Table 47¥ 2tk DSC &4 A3y FAHu& 52 vl Ssir =9 &3}
Hu2%7F G fgadte AFEFS HAFAY. A EE dEddA 7

oJ

Fe e vehgon HudA g v e dehit. ERAner 94 9
gogo] sl 2 Aol glAW FAplsh FAM HYeNAE wF v vhebgeh
DSC &sldlgry= ds2e] 843 J/goll vlal] FAv&= 975 J/go = thah =ho

W FAN YoM 1028 J/gom By 2 gs yehloe EFaA Az
ol zaklgy 5 SUMAR AR YERT ols FAAEd 27 2l

Aot T H A =7E AAAET AVEFo] vl vh2 wbdoe] dE S ste] A

FAge FAALE BTN BIhs Anet FA5
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Table 47. DSC thermal properties of flours from milled rices subjected to

washing treatment”’

Pre-washed

Rice (control)

Rice Broken rice
Onset temperature A b .
. 63.92 63.39 62.00
(C)
Peak temperature A b ab
. 72.00 71.26 71.80
(C)
AH (J/g) 8.43° 9.76" 10.28"

YValues are means of three replications. Means with the same alphabet in each

row are not significantly different at p<0.05 using Duncan’s multiple range test.
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Table 48. Microbial Counts” of flours from milled rices subjected to washing

treatment
Pre-washed
Rice (control)
Rice Broken rice
Total bacteria 3.3x10™ 6.1x10% 9.2x10%
B. cereus group ND? ND ND
Yeast-like strain 5.1x10% 75%10" 4.7x10%

YValues are means of duplicates. Means with the same alphabet in each row
are not significantly different at p<0.05 using Duncan’s multiple range test.
?Not detected.
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Table 49. Moisture content, WAI and WSI of rice flours prepared by different

milling methods

Milling WAI WSI Moisture
(g/g) (%) (%)
Commercial 2.08 1.43 11.14
Dry milling
Rotor speed 120 2.03 1.57 9.52
250 2.00 1.46 9.80
400 2.10 1.66 9.00
Semi-wet
milling
Rotor speed 120 2.07 1.32 10.70
250 1.99 1.20 10.27
400 2.11 2.01 9.23
Wet milling
Steeping temp. 25C 2.17 0.63 9.81
55C 2.27 0.51 11.89
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Table 50. Color of rice flours prepared by different milling methods

Milling Color
method L a b
Commercial 96.93 0.04 4.29

Dry milling

Rotor speed 120 96.56 0.05 3.70
250 97.07 -0.07 3.75
400 97.94 -0.01 3.39

Semi-wet

milling

Rotor speed 120 97.48 -0.02 3.61
250 97.44 -0.01 3.58
400 98.27 0.00 2.94

Wet milling
Steeping tenp. 25C 99.38 -0.25 2.76

55T 99.28 -0.26 2.96
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Table 51. Particle size of rice flours prepared by different milling methods

using a sieve shaker

Milling Mesh size

method $50  +70  +100 +120 +140 <170 +200 +230 +270

Commercial 008 217 390 17.14 6298 1257 057 057 0.03

Dry milling

Rotor speed 120 0.00 005 008 019 6521 402 2112 915 0.9
250 002 008 008 020 5721 610 2043 680 0.10
400 000 017 030 047 4805 446 37.70 856 0.32

Semi-wet

milling

Rotor speed 120 0.02 023 031 036 6078 901 2167 7.08 056
250 000 018 022 042 3933 839 3491 1529 1.29
400 000 053 143 173 3703 402 4653 744 131

Wet milling

Steeping terp. 25°C 2938 2276 611 285 1144 806 7.06 858 3.79
55C 2514 2439 615 321 1445 658 645 413 953
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Fig. 28. Particle size of rice flours prepared by different milling methods

using particle size analyzer.



Table 52. Mean particle size of rice flours prepared by different milling

methods using particle size analyzer

Milling _ .
method Mean particle size (gm)
Commercial 35.11

Dry milling

Rotor speed 120 45.69
250 4498
400 43.02

Semi-wet

milling

Rotor speed 120 4717
250 4587
400 42.35

Wet milling

Steeping tenp. 25T 41.72
55T 43.46
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Fig. 29. Particle size of rice flours prepared by different milling methods

a sieve shaker
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Fig. 30. Scanning electron micrographs of rice flours prepared by different
milling methods. A, Commercial; B, Dry-milling; C, Semi-wet milling; D, Wet
milling (25Csteeping); E, Wet milling (55T steeping).
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Table 53. DSC thermal properties of rice flours prepared by different milling

methods

Milling method Onse(Ect;’mp' Pea}foct‘jmp' (C;I/{g :
Commercial 59.308 67.816 7.576
Dry 250 63.179 70.682 9.136
Semi-wet 250 63.519 70.846 8.892
Wet 25T 60.527 69.681 8.933
55T 60.829 69.141 8.839
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Table 54. Microbial populations of rice flours prepared by different milling

methods
Milling Total bacteria Bacillus cereus Yeast-like strain
method group
Commercial 0.4x10° - _
Dry milling
Rotor speed 120 2.0x10" 1x10" -
250 9.5%10” 1x10" -
400 2.7x10" 1x10" -
Semi-wet
milling
Rotor speed 120 2.7x10" - -
250 2.8x10° - -
400 2.4x10" - -
Wet milling
Steeping tenp. 25°C 1.8x10" - -
55C 2.2x10° - -
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Table 55. Changes in moisture content (%) of rice flours during storage
. Storage Storage period (month)
Rice flour tem
b 0 1 2 3 4
Commercial 5T 11.14 10.45 10.58 11.39 10.58
20C 11.14 9.79 10.19 11.17 9.25
35T 11.14 9.29 8.94 8.57 8.38
Dry milled 5C 9.80 8.86 9.16 10.07 9.20
20T 9.80 8.66 8.81 9.90 9.42
35T 9.80 8.07 8.15 8.35 8.21
Semi-wet .
) 5T 10.27 9.09 9.59 10.58 9.68
milled
20C 10.27 .84 9.24 10.46 9.42
35T 10.27 8.72 8.60 8.81 8.36

W) A7tFe As Ao W
AFzZA wWE ALE AVF A @ dkg2] A JESE ArFe] Mo WlE
ZAMgE A= Table 56~589F 2tk A7FFo] Like A7 kel whep ofF 571
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Table 56. Changes in color of commercial rice flour during storage

Storage period (month)

Storage
e 0 1 2 3 4
5C L 96.93 98.24 93.03 97.77 93.01
a 0.04 -0.04 -0.08 -0.07 -0.14
b 4.29 1.53 4.03 4.12 4.03
20C L 96.93 98.22 97.80 97.81 97.80
a 0.04 0.04 -0.07 -0.07 -0.13
b 4.29 1.61 412 4.12 4.21
35T L 96.93 98.07 97.76 97.69 97.77
a 0.04 0.00 -0.14 -0.14 -0.17
b 4.29 1.92 3.46 4.46 4.63
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Table 57. Changes in color of dry milled flour during storage

Storage period (month)

Storage
temp. 0 1 2 3 4
5T L 97.07 98.30 97.52 97.89 97.55
a -0.07 0.00 -0.13 -0.08 -0.18
b 3.75 1.00 3.46 3.52 353
20T L 97.07 98.33 97.96 97.80 97.87
a -0.07 0.03 -0.16 -0.07 -0.13
b 3.75 1.05 3.68 3.59 3.54
35T L 97.07 98.24 98.05 97.83 97.77
a -0.07 0.00 -0.15 -0.17 -0.15
b 3.75 1.25 3.87 3.76 3.93
Table 58. Changes in color of semi-wet milled flour during storage
Storage Storage period (month)
termp. 0 1 2 3 4
5C L 97.44 97.81 97.57 97.81 98.51
a -0.01 -0.05 -0.11 -0.13 -0.24
b 3.58 1.02 3.34 3.44 3.31
20T L 97.44 98.05 97.73 98.05 95.53
a -0.01 -0.02 -0.18 -0.09 -0.17
b 3.58 1.01 3.50 3.48 3.41
35T L 97.44 98.39 97.68 97.43 98.05
a -0.01 -0.02 -0.14 -0.26 -0.28
b 3.58 1.05 3.56 3.75 3.78
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Table 59. Changes in WAI(g/g) of rice flours during storage

Storage period(month)

Rice flour Storage
temp. 0 1 2 3 4

Commercial 5C 2.08 2.10 2.12 2.13 2.10
20T 2.08 2.14 2.17 2.27 2.18
35T 2.08 2.17 2.20 2.37 2.33

Dry milled 5T 2.00 2.11 2.15 2.20 2.16
20T 2.00 2.15 2.13 2.35 2.25
35T 2.00 2.24 2.36 2.54 2.40

Semi-wet

milled 5T 1.99 2.05 2.18 2.19 2.19

20T 1.99 2.22 2.28 2.44 2.31
35T 1.99 2.29 2.43 2.93 2.50
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Table 60. Changes in WSI(%) of rice flours during storage

Storage period(month)

Rice flour S;Lorage
emp. 0 1 2 3 4
Commercial 5T 1.43 1.45 1.43 1.36 1.67
20T 1.43 1.72 1.44 153 1.47
35C 1.43 1.47 1.40 1.59 155
Dry milled 5T 1.46 1.76 151 1.46 172
20T 1.46 159 1.48 1.48 151
35C 1.46 1.49 1.44 157 1.73
Semi-wet g 1.20 135 1.29 1.32 141
milled
20T 1.20 1.49 1.37 1.45 1.44
35C 1.20 1.23 1.26 158 155
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Table 61. Changes in RVA pasting properties of commercial rice flour during

storage
Storage Storage Onset Viscosity(RVU)
temp. (fnecﬁl(;i) temp('C) Peak Trough Breakdown Final  Setback
0 59.76 323.95 118.97 204.58 25942 140.44
5T 1 62.00 305.41 121.08 184.33 261.11 140.03
2 59.57 305.75 118.03 187.72 299.78  141.75
3 59.45 325.53 124.31 201.22 269.25 14495
4 59.76 305.80 116.64 189.17 25722 140.58
20C 1 62.56 301.66 120.42 181.25 26225  141.83
2 59.75 313.70 122.17 191.53 26725  145.08
3 59.63 334.97 131.25 203.72 280.44  149.19
4 59.00 318.03 124.25 193.78 214.22 14997
35T 1 61.78 339.72 136.92 202.81 292.03  155.11
2 58.31 356.64 142.05 214.58 303.17  161.11
3 59.31 380.08 151.20 228.89 31428  163.08
4 59.06 366.64 150.39 216.25 32433 17394
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Table 62. Changes in RVA pasting properties of dry-milled rice flour during

storage
Storage Storage Onset Viscosity (RVU)
temp. (glegrﬁ?l) temp(C) Peak Trough Breakdown Final  Setback
0 60.00 324.58 107.70 216.89 207.33 99.64
5T 1 63.56 303.39 104.89 198.50 200.69 95.81
2 59.95 306.95 107.14 199.81 203.83 96.69
3 60.32 323.89 108.31 215.58 207.55 99.25
4 60.13 308.83 100.50 208.33 200.47 99.97
20T 1 64.00 327.64 106.86 220.78 211.03  104.17
2 59.70 321.58 104.25 217.33 21067  106.42
3 59.70 351.47 111.06 240.42 22225  111.19
4 60.42 328.31 100.28 228.03 209.50  109.22
35T 1 64.89 366.25 114.78 251.47 23350  118.72
2 60.38 379.20 119.56 259.64 24356  124.00
3 62.88 419.81 125.64 294.17 25517 12953
4 59.83 418.61 126.20 292.42 260.53  134.33
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Table 63. Changes in RVA pasting properties of semi-wet milled rice flour

during storage

Storage D038 Opget Viscosity (RVU)
temp. (qu(f;(;i) temp(C)  peai Trough Breakdown Final Setback
0 59.18 325.61 105.42 220.20 202.36 96.94
5T 1 62.89 306.69 102.19 204.50 195.50 93.30
2 60.00 311.67 105.08 206.58 199.83 94.75
3 60.07 332.86 106.92 225.94 204.69 97.78
4 59.60 311.72 102.67 209.06 198.94 96.28
20C 1 62.22 325.47 102.50 222.97 205.30 102.81
2 59.88 326.75 105.33 211.42 207.92 102.58
3 59.25 351.78 107.47 244.30 212.67 105.19
4 60.35 338.14 104.22 233.92 209.14 104.91
35T 1 64.34 372.66 112.78 259.89 22711 114.33
2 60.26 386.39 116.89 269.50 236.92 120.03
3 59.74 429.47 126.14 303.33 251.39 125.25
4 59.48 419.11 126.61 292.50 256.42 129.81
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Table 64. Changes in total bacteria counts of rice flours during storage

Storage Storage period (month)

temp. 0 1 2 3 4

Commercial ~ 5C 9.4x10° 2.7x10°  86x10 1L.1x10"  25x10°
20C 9.4x10° 1.1x10°  8.0x10°  8.4x10’ 1.1x10°
35C  94x10°  4.1x10° 12x10°  95x10° 1.1x10°

Dry milled 5T 9.5x107 26x10°  35x10"  22x10"  54x10°

20C  95x10°  4.1x10° 1.9x10"  9.0x10° 1.3x10"

35°C 9.5x10° 1.9x107 49x10°  24x10°  95x10°

Rice flour

Semi-wet . 9 5 4 5 5
_ 5T 2.8x10 2410 1.2x10 8.4x10 0.3x10
milled

20°C 2.8x10> 2.2x10° 5.6x10° 3.1x10° 2.2x10°
35C 2.8x10° 1.5%10° 2.0x10° 1.0x10? 1.0x10°
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Table 65. Changes in Bacillus cereus group of rice flours during storage

Storage Storage period (month)
Rice flour
temp. 0 1 2 3 4
Commercial 5T - 5.0x10! - - 2.0x10"
20C - 1.0x10" - 1.0x10"  3.0x10!
35C - - - 1.0x10" -
Dry milled 5T 1.0x10"  4.0x10"  2.0x10* - 1.0x10"
20C  1.0x10! - 2.0x10"  2.0x10" 2.0x10!
35C  1.0x10° - 1.0x10"  2.0x10" 1.0x10!
Semi-wet .
, 5C - - - - -
milled
20C - - - - -
35T - - - - -
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Table 66. Changes in yeast-like strain of rice flours during storage

Storage period (month)

Rice flour Storage
temp. 0 1 2 3 4

Commercial 5C - - - _ _
20C - - - _ _
35T - - - _ _

Dry milled 5T - - - 1.8x10°  1.1x10%
20°C - - - 3.0x10'  3.0x10'
35C - - - _ _

Semi-wet .

milled oC ) B B B B

20C - - - _ _
35T - - - _ _

v AZs AU #5EA

AT AR whga A7 ded 54 %
st AeH7ME AASE A= Table 673 2l AFF A7MF2 Xﬂ& w o]
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Table 67. Sensory scores of rice cakes prepared from sanitized rice flours

during storage

Storage Storage period (month)
temp. 0 1 2 3 4
Color 5C 7.77 6.82 6.65 7.07 7.00
20T 7.77 5.94 6.71 6.71 6.93
35T 7.77 6.47 6.53 6.43 5.93
Flavor 5C 6.15 6.71 6.59 6.71 6.00
20T 6.15 6.24 6.06 6.21 6.07
35T 6.15 6.24 541 6.21 6.21
Taste 5C 5.23 6.35 6.71 6.50 6.14
20T 5.23 541 5.71 6.14 6.43
35T 5.23 5.65 512 6.00 6.21
Texture 5C 6.00 5.77 6.53 6.29 5.93
20T 6.00 6.18 5.18 6.36 6.43
35T 6.00 6.18 4.65 5.86 5.86
Overall 5C 6.00 6.18 6.94 6.64 6.36
acceptability 20T 6.00 6.12 5.82 6.29 6.93
35T 6.00 6.35 4.94 6.14 6.29
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Table 68. Textural properties of cakes prepared from sanitized rice flours

during storage

Storage period (month)

Storage

temp. 0 1 2 3 4
Springiness 5C 0.87 0.79 0.80 0.86 0.86
20T 0.87 0.84 0.86 0.83 0.87
35T 0.87 0.84 0.83 0.86 0.88
Cohesiveness 5T 0.71 0.55 0.54 0.54 0.53
20C 0.71 0.53 0.54 0.53 0.53
35T 0.71 0.53 0.54 0.53 0.53
Chewiness 5T 360.84 97.87 109.93 135.86 172.95
20C 360.84 118.42 152.25 159.33 186.41
35T 360.84 126.97 168.24 188.78 196.68
Gumminess 5T 414.94 123.99 138.02 157.87 202.20
20C 414.94 140.41 17752 192.33 214.46
35T 414.94 151.57 201.59 220.64 224.07
Adhesiveness 5T -402.22 -735.39 -660.22 -421.60 -201.34
20C -402.22 -385.64 -489.54 -551.48 -327.63
35T -402.22 -518.28 -758.80 -610.74 -335.66
Hardness 5C 584.07 227.10 254.50 293.30 383.67
20C 584.07 265.10 326.53 362.07 406.83
35T 584.07 286.23 374.23 412.77 423.60
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Table 69. Proximate compositionl) of milled rice

Milled rice

Stored Newly harvested
Moisture (%) 13.7° 17.3"
Ash (%) 0.40° 0.35"
Lipid (%) 0.30° 0.12°
Protein (%)” 6.34° 6.38"

YValues are means of three replications; Means with the same alphabet within
row are not significantly different at p=0.05.
2)Nitrogen x 5.95.
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consistency
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gt B APAE 60T £ AP foHAE fo AREPEI Ba
=< WSI

9] gel consistency GA] Ao FolHQl Aol= fIAINE AR AR
O 2= 2R gele] AR7F tha

AR R 2o Frto uwhEl gel

Table 70. The effect of elevated steeping temperature on color(L, a and b),

moisture, WAI, WSI, damaged starch and gel consistency of wet-milled rice
i

flour

Stored rice Newly harvested rice
40T 50T 60C 40T 50T 60T
L 95.8" 96.0° 95.2° 97.1° 95.6" 96.0°
a -0.21° -0.11° -0.17* -0.33" -0.28" -0.38"
b 5.16" 507 5.22" 2.97° 3.26° 369
Moisture (%) 31.0° 316"  362° 3234 331 38.2°
WALI (g/g) 3.07 3.09 3.14° 3.01° 3.09 3.13°
WSI (%) 0.52° 0.59° 0.63 0.59" 0.69° 0.72°

Damag(?)j)mmh 3150 303" 383 391" 385" 458

Gel consistency 0.35° 0.58* 0.88* 0.23% 0.50° 0.85"

UValues are means of three replications; Means with the same alphabet within
row are not significantly different at p=0.05.
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3) Amylogram E4

oo Aol FRLed wE FAAL 27HF amylograph 3G
Table 710 VElY itk dAA o=z Agao] o] vlsf A7HF2] amylograph
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viscosity®] A @R FHLwol Zrhd uwg 510~519 B.U.SZ oFke] Z7}
5 WY o Al 9= 40TelAM 50T 2%t mobd uf & Fow F7)
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Table 71. The effect of elevated steeping temperature on pasting propertiesl) of

wet-milled rice flour.

Stored rice Newly harvested rice

40C 50T 60°C 40C 30T 60°C

Peak vscosity (P) 633" 761° 777 510° 518 519°
Hot paste viscosity (H) 347° 389° 420° 267" 286° 3224

Cold paste viscosity (C) 662" 794° 8027 5524 578 623°

Breakdown (P-H) 285" 372 356 242¢4 9394 197°
Total setback (C-H) 3154 405 381" 2844 2924 301¢
Setback (C-P) 29¢ 32¢ 25¢ 42° 60 103°

UValues are means of three replications by Amylopgraph; Means with the same
alphabet within row are not significantly different at p=0.05.

A

4) Aol &4

A Agge] o wE A7FF] DSCel 93 w354 54 Ayst A=
Table 729} Zt}. H&F AG8 RFoA ¢35 F7to] wet A7HFo sl
A2zt 3l uwr Skt AR annealing®l]l 93] 3} endotherm?] =&
Z=7F S7betal sk eI Fokxlvta BRaskglon, Rt Fo 82 EhA
7Vl whet Ao E%—E—X—]J annealing @4F¢] §2¢EE Aoz AlEHATE &
shdlery) = Ao 49 50ColA F3A e g Aol 7 23 e Ae=
A0ColA A2 & }*? oM 7Hd AA yebskow daat A el A 60T
oA Fxg AVt Stz 7 WA UEsh

2 A7 AdoA 50T oldes 3 X7t F7kske] 60TolA e 45 53}



7005 e W AT AAREo] Bol] FH= Jdow AdHUAY. S AR
o] 7k 2ol ©J7k annealingA] ZspA=d] 7} 60Colete] Tsf2molM = 5%

=
o wheh F7hEkARE 60T ol el FALEeIME L% ol wheh gragol Hu d

vh gl B QTATE oo fAlebA Aol Ahe £AAA 0T w4
0Ce 50CA +HASE 4% B} annealing 371 Bt 274 YepdE Aoz 3
lRRab =4
Table 72. The effect of elevated steeping temperature on DSC thermal
propertiesl) of wet—milled rice flour.
Stored rice Newly harvested rice
40°C 50C 60T 40°C 50T 60T

Onset tfféferamre 5088 6035°  6430° 5947 6001 638"
Pealk t‘?r%ﬁerawre 6305°  68.29° 71270 678F 68365  70.46°

AH (cal/g) 7.31° 752° 6.19° 7.72° 752° 5.85"

YValues are means of three replications; Means with the same alphabet within
row are not significantly different at p=0.05.
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5) AnnealingA 2 27159 4= € vAT=x

Paap Agge] A e ArtFe =g EA4 % A= Fig 319 2
o AR R AZze ARV AR AR BrFo vl ke A7 b 2
BEFS BHoFAT A Ag FRAAY 2o o AvEE §iAe] A7) &
Foll= AA FFo] AU, A A= 60T, 50T, 40C AT w22 9
22717 & AFE RoFAk. SEMel ©|gF annealingA g 759 wAlFx
#2 A (Fig. 32)olA % R FH2%7F S7kste] uel A7FF9 %‘Z]-£7_7]7]-

Ae HAT 5 Yk ok FE FFl WA Av)e] FFL wol
ol BL4E o] Y7k Folda und ARG i Aol E nolFY

550

Diameter (um)
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Cumulative percentage (%)

—e— control —— 0244 40C —+="02A 24 50C —=— 0244 60C
'00 A AF 40C '00 &F 50C —o—"'00A 4 60T

Fig. 31. Annealingx 2] 27FF9 dx 24 : AAAd =000, '0234) 2 3
%(407C, 507C, 60C)e .
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Fig. 32. Scanning electron micrograph(SEM) of flours wet-milled from rices
steeped at elevated temperatures. A: stored rice(40C), B: stored rice(50TC), C:

stored rice(60C), D: newly harvested rice(40C), E: newly harvested(50C), F:
newly harvested rice(60C).

- 161 -



6) Annealingx @ A7IF =2 AZ3F W79 EIdF, #54 EA
Annealing#] 2] &7}F2 Alz=gk W7o A 271(Fig. 33) R 24413 A%
(Fig. 34) #54 5423 annealing A g2%0 o3 JFH}= Fde
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Table 73. 27}%F A|ZA] annealingZ 719 wE Texture analyzerel] 2|3k ulAd7|
o "z 54

FIdE 2000 2002

Falen 40C 50C 60C 40C 50C 60C
A 27
Springiness™* 0.60° 0.62" 0.59° 0.65™ 0.66" 0.68"
Cohesiveness™ 0.40° 0.43" 0.42° 0.47° 0.48° 0.47°
Chewiness"™ 88" 84 89" 126 116 128
Gumminess”™* 157 135° 142" 198 176 145™
Adhesiveness ™ 152 134 192° 72 99° 110°
Hardness 360" 3207 349 398" 379 381°
A 24N 3§
Springiness™” 0.72° 0.74 0.76 0.85° 0.85° 0.82°
Cohesiveness™ 0.19 0.16° 0.14" 0.31° 0.32° 0.32°
Chewiness™™ 172 226" 232" 681° 778" 290"
Gumminess”™ 192° 248° 245¢ 726" 1133* 296¢
Adhesiveness - - - - - -
Hardness ™ 1210° 1608% | 1514d° | 2255° 3115 3719
abe columnjol Al 2L alphabetd 28 &9,
A&7} p=0.05, 0.01, 0.001 F=F=olA FH 3 2ol 7l L.
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G739 7HE, AR F WA EEH

Annealing A 2v]&3 FAv R o7 Ax3 e A7t wE w & W
s Fig. 459 2tk "9 z7] F5E 2BCA 3t Alxe Heo v)s)
55C annealing =% A g]&to] A3 Wit QEFAE T QFF+ethanol+ NaCl
Ay Jol A A vekwkth. 538 @ E5+ethanol+NaCl 23k ©& 5T} 2
5C A 271850 571 7H3 B A Yelsoh
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Fig. 45, vliel W He| AT St Wil
A 25T+ BT A%, B 55THHGT AR, C &5 AHGBT AF), D &&
F+EtOH+NaCl(6C A7), E: 25C+3(25C A4, F: 55T+ (25T A, G &
=4 A2(@25T A, H: LEF+EtOH+NaCl(25C A 7).

HS 5C AFAlAl Bacillus group< A2l HEHA &k (Table 74) 25T
Me AGdF7E ARl wel Srbetew 55T ofEd® Ayste] Az Hol
A 1 FR7 M 2R3 th(Fig. 46). Yeast-like strain® ZA-$ 5ColE %7] W3}
7F A4 ey A 445 5E Frbeal 25C AAl = A 297HA S
stglom 3 AT itell= A AelE BolA Fekth(Fig. 47).
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Table 74. =2 W2 5CANA 9 Bacillus group <=2 A3}

FHEE dht A 2
25 55C QESF 9 Z5+EtOH+NaCl
0 ND ND ND* ND
1 ND ND 1.0x10" ND
2 ND ND ND ND
3 ND ND ND ND
4 ND ND ND ND
5 ND ND 5.0x10" ND
6 ND ND ND ND
7 ND ND ND ND
* ND: Not detected.
10 r
9 |-
8 ——25CH3
7 r . _
o —=—55CH &
.,:_’ 6 & @=L K|
; 5 r //f\ x / —T=
g 40 TN stens
3t 2
5 | g
1+
o 4"' L L L
0 1 2 3 4 5 6 7
PeESIES

Fig. 46. ]3| w2 W] A% Bacillus group A 52 W3}
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Fig. 47. v]&o] & Yo A5 Yeast-like strain® A4 W3l

A 25CFH BT A%, B 55THFHGT AR, C 257 HGBT A4, D
F+EtOH+NaCl(6C AA), E: 25T+ (25T AA), F: 5T (25T AA), G 2
=43 A2 (25T A, H: 2&+EtOH+NaCl(25C A 4h).

3) A# "R HMAE B4

Al b7 37HA & FASEY 5T 25TColA Ads vAE] 75 S4S 47
(Figs. 48~50) A& "WHe %7 A#FE 10°~10" cfu/g A= Aol A A
Z3 "ol Hls ER Emokow XVWVJ%OH 10°~10° cfu/g AEE =& FAE
AT Al WR/E Bacillusoll %433 2dEo]l Ao AGdG5TE 218
ol wat gwrs] Frbele AEFS iﬂ??i\i}. AdA oz Al HFe ofddy
FRAY Be AAeEd o Axg "o v vdEe] A=t =4 v
B}k o}
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9. 1EFE AW JFAEF9 AT

1) A @& AY HA E53 EA

71l WA Wk pH 2 Wyl Wiz Table 750 Qlom, wk=o] pHe 79
H e Pk #AE Fig. blel Atk wh=o] pH+e 6559014 6.76% 91l AL
om A WA W 043914 049 Wl At BIFE A 5ZF £
9 A5 AS pHZF 7.0000 77k, " Al 25T 50CoAlA #3138t Al
Z3 A7EFE e AlY mAe] devt v A JEETh wsAA T 1207
Nk A A7 2500 A A Ao WErt v v Ay 2 wolA g A
el A& 7H58E RoFolth
gk pHet Ao WA Wmele] A (Fig. 51)olA W=} “EQM A
274} Aoz YJehhle o o1 £ thd R® #0649tk ol w9 pH
7b 65 2Wols W Al wae WETF vhA vt

n{u
rL

mlm

Table 75. 2= W= 719 v wkso] pHSE 79 wae] d=

% weg wen wsd Ay am2 a4 BT %0
= A 120 250 400 120 250 400 T3 T3
= "o

pH" 6.55" 658"  655°  655° 656° 656" 6760 662°

b b b b b
0.43° 0.43° 0.45> 0.44° 045> 045 048 0.49°
(g/mL)
abe rowWol A #Z& alphabetd Z2& #=59]
o A& 7F p=0.05, 0.01, 0.001 ==X <942 Zo]7} AL
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analyser(TA)ES AF&3Fo] =A3 Ayl Table 763 #Zth RE EXAL A gE7H
of frelAQl ztolE yetwn. @AY P A4 1209 A4 2500] 7HE vt
%ar, Wbl 250, 25C FH I 55T o] M =k HIA, A} AeE
F2 2500] b Eekar A4 2500] 7 wEkTh

A7tEAEY] FE EAJA AZT FJA ZolAe B 2 A HHe AS
7bEAE ol et e formulad] wef, =, A® 3} shortening®] H]
go] & AF A AFe] GA 2 =3dde ZAV HA S RAFa
Att vhuh A 48A1F § TAS] RE 5ACA ATFRe o Apols H TS
o o2 AL e vE SRS Y AbFE e A wdle] A e,

d, A, A4 A A=7F A dEtwd. Al wAe TA Ar=wst
of e &7}Fa = Fig. 5201 vk A2 4009 7
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2} 2500 A AT A7bEe vSd ArE wolFoATh wispa AvbRel A4
A2 2500 Hlel vaA e FRE Bk ey AWk o A 2443
o= e Ao wye B wa| 484 & B Wske T AA Srts
A edoh, A4 4005 AeF 2 Aol AHgE BE AVFEE A F& vas A
FohedH Agsitta kA 53] 43 559 A% AlEe] ARV v e
S7tgE BoFolr dnbHom ZAdd Abgd B AVkRR wE A HA

Table 76. Texture analyzerol <J3gt 7Al¢] mMyle] dx~x 54 - 2471 &

TA 924 54

Gt edAT AT GAT magTt Am
Hk5A) 120 0.77° 0.37 155" 205" -0.34 560°

Hks7 2] 250 0.81° 0.43° 202" 250" 341° 571°

gk 241400 0.79™ 0.36" 145" 182" 353" 503"
A4 120 0.76 0.35" 136™ 178" 2.48" 510"
A4 250 0.77° 0.35 17 152° -4.07° 431°

2400 0.78% 0.39"" 150 191 -0.15" 493
25C 53 0.81° 0.42° 154 190™ 1.43% 454°

55C+3 0.80° 0.43° 160 198 2.30 456"

abe rowoll A 2 alphabetS 2& 39,

A& 7F p=0.05, 0.01, 0.001 A oAl 2ol 7F U=
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Table 77. Texture analyzerol 23t A wHe] Al EA - 48A7F &
TA €23 54

AT F

g™ SRATT AgATT »BATT REAATT AR
2k 21120 0.73° 0.28" 149" 204 6.94° 7397
k521250 0.72° 0.28" 159 218% 0.06° 753
1k 2521400 0.70° 0.27" 154° 214 -5.53° 786"
212 120 0.73" 0.28" 144 196 2.14° 689>
A2 250 0.72° 0.26° 1207 165 507 631
A4 400 0.67™ 0.28" 155° 226" -5.44° 799
25C 3 0.65° 0.25" 109™ 167" 2.44° 670"
55C+3 0.64° 0.23 88° 137° 3.66° 614°

® ok Rk

rowoll A & alphabets %
1

Al57F p=0.05, 0.01, 0.00
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Table Appendix 291 $ith. 7 WA S0l Sadr= 7o Hade

Ee AR AR ARl Seadelddecd Ve Aoer AzdEd. A

wol ek A7hRe] gaE HoE WA SAL ‘wEAe Ak xwe AH

w4, 71ee #dA, S84, gt Al By dule] Fu] Qidks e A=
"t

A4 4002 54 400 A7FER e A v A vhe AVERE e A9
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ol vla =gddo] Ashar 424 1209 A5 e AdgAol 21 7E9 +F
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2 AFo A AtslE A M & premixe] W& Table 78 o A<
Wy wy Bv ofyet AdE JHAA HA FHE F & formulac]th
Table 78. #1¢) W A& A7} Premix] H & 2 AFEH

S H]-&
Sugar 40.5%
Salt 1.1%
Milk powder 471%
Rice flour 40.5%
Starch 10.1%
Flavor(Vanilla) 1.0%
Baking powder 0.6%
Emulsifier 0.5%
Methyl Cellulose 0.5%
Gums 0.5%
(AHEHH)
Ty~ 500 gram  pkgoll o &
1. Al 3709k £EY 160 grameS 9o $E5%(E2 7148 Hobart mixer
speed 4~6)° A 383 &3k}
2. ARG H S SEY-AF SgEol| Tyl & 120 mLE ¥al 4
£ Io(speed 2)o A 1#3F A2 F, FHoR WS 9] ot 2 4=th
3. 2714 % (& & Hobart mixer speed 4~6)ol A 187+ £33t}
4. Mol Fo} 185T o de oA #HE5Ag 2ol & wj(20~25%) 7k
T
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Appendix 2. A< wHAL H5F 5EA-24A L &

AR g wea wmgA A4 a4 144 25T 55T
=y 120 250 400 120 250 400  FH A
w=dAel A 715" 665 835" 571 811" 955" 739 814
ij} FHe 701" 722" 670" 830" 670" 597" 685"  7.24%
AALA”
71 waAg™t| 742 753" 598 624 783 717™ 816"  8.00°
ek 6.15 5.94 6.30 622 618 672 622 599
Al ek sk 6.97 6.94 7.15 742 719 750 811 808
F ek 6.80 7.28 7.83 692 763 803 790 832
W B g 6.92 7.18 7.92 6.73 7.65 8.15 7.77 8.37
wol Ak | 3.84 3.97 3.39 289 277 281 400 440
R 465 497 4.93 479 483 481 554 467
e A 7.23 757 7.69 7.09 7.48 7.09 7.71 6.10
A4 6.69 6.91 5.95 782 678 679 705 719
FA 6.97 7.10 7.23 633 755 790 730 764
ﬁ 34 6.43 7.11 747 670 728 763 752 7152
" 31 2ko) A 7.38 7.20 6.36 719 711 647 742 778
EEAE
i 652"  6.04° 787" 588" 649" 715" 593 666"
524 5.99 5.62 6.84 5.74 5.83 6.37 5.31 5.82
ok 743" 721" 764 600" 709" 727" 820" 848"
2k 496 4.07 491 427 447 436 489 494
3 A et 705" 703" 725" 625" 708" 739" 808  7.78"
S-frut 6.15 6.23 5.69 587 645 626 640 630
B E gk 710" 650" 704" 593" 686" 735" 7707 7.92°
R 441 453 5.06 445 436 432 545 545
gute] ul™ | 626" 637 664" 517" 628" 6457 766" 7.34°
T SFEFENEE 3.73 3.75 4.39 387 380 360 485 446
Y OL:% 9& | 555" 575" 623" 491" 5957 6520 685  7.23°
A
wont 1.66 1.80 1.99 171 130 166 231 260
abe rowoll A & alphabet® & FF9.
.o e A&7} p=0.05, 0.01, 0.001 FENA 22l 2ol 7} A
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Appendix 3. A< wA T2 54-48A17F &
AR wE wbsA i ) 4 A 26T 55T
E A 120 250 400 120 250 400 3 FF
wghle] et 7.70° 7.96 912" 530° 529° 662 956" 1017
Sjﬂr EHe 6.68" 529" 645" 796" 664" 664" 684" 709"
AR
71Ee] #1769 815" 783" 641" 718" 761" 885" 875
SHF 6.48 6.86 750 723 679 699 666 @ 713
7 ek 7.08 7.63 807 674 691 723 780 759
&F o3k 811 7.88 845 744 794 838 770 727
W B 3 7.43 7.85 8.27 7.18 7.68 7.85 8.09 7.06
] o] 7 39t g 3.45 3.68 390 397 358 327 338 305
S PP 5.22 5.33 503 529 474 636 498 471
ekl A 6.84 741 697 695 746 710 608 638
A3 7.21 7.13 6.36 7.81 6.86 7.71 7.44 7.48
= F5I4 7.27 8.32 776 730 686 787 89 822
j{ A4 6.96 6.37 742 728 702 68 772 801
b Q] ool A 7.44 7.67 7.36 7.66 7.02 752 7.19 6.81
EEAE
34 6.15 6.00 666 566 613 697 630 555
! 5.66 5.39 669 529 543 682 583 572
ok 7.43 8.27 830 677 792 807 825 828
7ok 3.33 3.64 391 390 348 333 326 3.9
3 Al gt 6.91 7.02 760 613 634 681 793 726
-t 6.74 6.77 6.99 6.72 6.64 6.65 7.08 6.71
HE gt 6.77 7.36 7.92 6.52 6.53 751 791 7.63
R 511 5.08 5.70 5.76 5.33 6.07 511 5.55
whuto] 3u) 6.94 7.65 7.23 6.41 7.08 711 7.21 6.60
1—3 ST 4.77 457 473 489 479 486 481 510
et %S_—EE = 6.93 7.38 800 645 590 707 730 645
R 2.04 1.97 228 213 224 244 210 171
abe rowWol A & alphabetd 2& F59.
A&7} p=0.05, 0.01, 0.001 F=olA F2H =Fo]7} AL
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Appendix 4. A¢ WA #e2 5 B4 S FBAST(T) - (1/6)
WA 54
mgdel 0 48] eee Aew e wuw
L@ Ax 1.00
xHe AASA -0.47 1.00
7159 #dA 0.57 -0.38 1.00
5 & 0.17 -0.23 0.12 1.00
Al 2k 0.58 -0.23 0.55 0.07 1.00
ek 0.25 -0.53 0.22 0.33 0.43 1.00
H B g 0.46 -0.59 0.29 0.17 0.58 0.86 1.00
| o] 7 =}-9-t & -0.24 0.09 0.11 -0.09 0.18 0.19 0.19
SFFIE -0.23 -0.19 0.07 0.30 0.01 0.43 0.16
2=k -0.43 -0.21 -047 -022 -038 -0.12 -0.18
4774 -0.31 0.46 0.16 017 -004 -020 -0.38
=34 0.73 -0.53 0.72 0.42 0.46 0.37 0.55
Hed 434 0.60 0.09 0.29 0.17 0.41 0.24 0.37
54 detelMe xe=A4dw -0.38 0.14 0.28 0.04 0.15 014  -0.02
<34 0.28 -0.35  -033 -0.14 0.03 0.42 0.56
24 0.36 -0.22 -0.22 0.18 0.10 0.37 0.40
ok 0.51 -0.56 0.70 0.26 0.58 0.59 0.65
-k -0.08 015 -038 -0.63 013 -0.15 0.08
Al Tk 0.74 -0.36 063 -0.17 0.79 0.37 0.62
-t 0.23 -0.31 0.67 0.67 0.23 0.39 0.29
HE Tt 0.72 -0.47 0.70 0.27 0.76 0.55 0.70
STt -0.05 0.01 0.21 0.62 0.24 0.54 0.30
ko] 2m| 0.28 -0.62 0.58 0.26 0.50 0.72 0.70
S5 7T 0.06 -0.04 0.35 0.60 0.24 0.42 0.21
A S HE AR 0.50 -0.54 0.54 0.51 0.61 0.79 0.76
el -0.17 -0.01 0.11 0.23 0.37 0.66 0.51
Springiness -0.27 012 -044 -0.74 -007 -012 -0.01
Cohesiveness -0.11 015 -023 -0.79 012  -0.12 0.05
TA Chewiness -0.31 -008 -025 -034 -0.07 0.14 0.08
E£4  Gumminess -0.29 -016 -013 -0.09 -0.09 0.21 0.09
Adhesiveness -0.16 027 -013 -030 -025 -0.28 -0.32
Hardness -0.05 -0.27 0.19 0.73 -0.10 0.32 0.07
e Hyd = 0.49 0.11 0.52 0.03 0.67 0.24 0.39
Wk pH 0.32 -0.01 062 -0.15 0.60 0.06 0.27

- 198 -



Appendix 4. A¢ WA #ed 5 B4 S FBAST(T) - (2/6)
s 574
WIS SIT o wmEs waad SEud e
W o] 7 9 -] & 1.00
R 0.07 1.00
BER -0.06 0.19 1.00
B RA -0.10 034  -046 1.00
EE N -0.08 019  -052 0.10 1.00
R34 009 -021  -042  -0.09 0.42 1.00
gotel A o] HEAE 0.61 038  -0.23 0.49 002 043
34 -0.14 0.05 018 064 0.05 0.09
ang T -0.26 0.19 001 044 0.13 0.13
o, T% 0.40 019 030  -022 0.65 0.32
T g 027  -0.30 035 048 044  -0.05
A st 023  -005 026 035 0.55 053
O 0.13 029  -0.44 031 0.65 0.16
B gt 025 017 045  -0.17 0.76 0.47
e 0.40 057  -0.28 0.28 0.29 0.24
ghate] 3n) 0.50 039  -011  -0.16 0.56 0.16
ST G 0.27 043  -0.34 031 0.38 0.29
Aot Wi Aw 0.35 040 038  -0.06 0.72 0.29
5ot 0.66 045  -0.27 0.14 0.13 0.09
Springiness 028  -024 052 041 059  -0.14
Cohesiveness 0.27 -0.19 0.33 -0.29 -0.41 -0.02
TA  Chewiness 055 0.26 039  -021 031  -0.42
=2 Gumminess 0.53 0.45 026  -007 013  -0.49
Adhesiveness 012  -038  -0.13 012  -0.25 0.11
Hardness 0.12 052  -018 0.25 034  -0.28
o wAD = 0.07 -0.11 -0.56 0.14 0.45 0.77
W pH 0.20 010  -0.29 0.19 0.47 0.46
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Appendix 4. A WA #HF2 EAF B2 X EAI AAAS(T) - (3/6)
HeH 54
R sxy way ww aw Aew
ool A o] s=AHE 1.00
k! -0.46 1.00
72k -041  0.84 1.00
ok 0.16 0.13 0.13 1.00
2k -0.08 0.41 0.12 -0.20 1.00
S Al gk -0.06 0.27 0.20 0.67 0.26 1.00
LE(;\: Tt 0.42 -0.41 -0.20 0.50 -0.73 0.15
e H e gt 0.11 0.25 0.31 0.86 -0.02 0.84
R s 0.39 -0.11 0.09 0.56 -0.40 0.06
ko] ] 0.34 0.07 -0.05 0.89 -0.17 0.56
SFFAF & 0.29 -0.29 -0.14 0.57 -0.56 0.09
Aots He AR 0.34 0.14 0.22 0.76 -0.29 0.57
92k 0.48 0.08 0.08 0.57 -0.10 0.22
Springiness -0.06 0.25 -0.11 -0.34 0.86 0.09
Cohesiveness -0.04 0.28 -0.01 -0.21 0.84 0.29
TA =4 Chewiness 0.32 0.20 0.09 -0.08 0.40 0.03
Gumminess 0.44 0.15 0.16 0.02 0.11 -0.03
Adhesiveness -0.17 -0.31 -0.52 -0.13 -0.12 -0.16
Hardness 0.37 -0.16 0.13 028 -0.75 -0.24
et H = -0.07 -0.05 -0.02 0.56 0.01 0.63
Qb= pH 0.12 -0.25 -0.31 0.47 -0.02 0.69
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Appendix 4. A¢ WA #e2 5 B4 S FBAST() - (4/6)
s 54
o 0 Y g
gt 1.00
H 5t 0.44 1.00
SEFF7FF Tt 0.53 0.44 1.00
%fj' ko] $u| 0.56 0.72 0.59 1.00

o SFFAT T 0.63 0.40 0.90 0.61 1.00
AtE HE A= 0.68 0.80 0.62 0.83 0.59
92t 0.30 0.43 0.79 0.67 0.65
Springiness -0.73 -0.30 -0.51 -0.19 -0.63
Cohesiveness -0.70 -0.08 -0.48 -0.16 -0.65
Chewiness -0.30 -0.11 -0.12 0.09 -0.38

TA 54

Gumminess -0.04 -0.02 0.07 0.19 -0.18
Adhesiveness -0.18 -0.36 -0.12 -0.09 0.15
Hardness 0.70 0.14 0.57 0.35 0.56
HyEE 0.18 0.65 0.39 0.36 0.44

7] et
= pH 0.29 0.54 0.18 0.48 0.36
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e 54 TA 54
"E Lo o . . .
gy S0 springiness cohesiveness chewiness gumminess
sx WA HE A= 1.00
54 wed 0.60  1.00
Springiness -0.38 -0.13 1.00
Cohesiveness -0.31 -0.08 0.92 1.00
TA Chewiness 0.05  0.23 0.62 0.62 1.00
574 Gumminess 022 033 0.30 0.33 0.93 1.00
Adhesiveness -0.30  0.03 0.13 0.01 -0.11 -0.20
Hardness 052  0.36 -0.71 -0.75 0.03 0.37
wHyEE 033  0.34 -0.21 0.00 -0.48 -0.53
I 1< pH 032 0.28 -0.11 0.07 -0.21 -0.23

Appendix 4. A¢] WA #HF2H S B2 S FBAT() - (6/6)
TA 574 71ek 54
adhesiveness hardness el pH
Adhesiveness 1.00
TA 574
Hardness -0.17 1.00
HAad = 0.05 -0.31 1.00
7] e
W= pH 0.15 -0.19 0.69 1.00
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