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SUMMARY
(BELFF)

In this study, to develop value-added food materials from rice starch and flour by carbohydrate
engineering, first, enzymatically-modified starch and flour depending on treatment conditions (substrate
concentrations, enzyme concentrations, treatment time) were prepared. A thermostable 4-a
-glucanotransferase (4aGTase) was used to modify the physical and structural properties of starch. The
physicochemical properties of the modified rice starch and flour were investigated. As enzyme
treatment time increased, the weight average molecular weight of rice starch and flour decreased to
around 2.28x10" and the obtained moisture sorption isotherm revealed that the equilibrium moisture
contents of 4aGTase-treated rice starches and flours were higher than that of control especially at
higher water activity values (Aw > 0.8). The amount of unfrozen water in rice starch and flour
measured using differential scanning calorimetry increased when starch and flour were modified with 4
aGTase. This result indicated that the 4aGTase-treated starches and flours can be used in the food
industry as cryoprotectants. In an attempt to produce high-quality rice cake with prolonged shelf life,
rice cake was prepared by two different methods. The first method was to mix enzymes with other
ingredients when rice cakes were produced. The second method was to substitute rice flour with the
enzymatically-modified rice flours. From this study, results demonstrated that the treatment of rice
starch and flour with amylolytic enzymes like TAaGTase, TSaGTase, and BSMA could be successfully
applied to the production of Korean traditional rice cakes, Packsulki and Jeungpyun. Treatment of
those enzymes resulted in the considerable retardation of starch retrogradation, maintaing desirable
textural characteristics of rice cakes. Noodle was also prepared with 5% and 10% addition of
enzymatically-modified rice flour, and an increase of the noodle weight gain after cooking resulted.
During freeze-thaw cycles, the noodle containing modified rice flour exhibited higher values of
hardness, cohesiveness, and chewiness than those of control. The result of this study implied that the
modified rice flour could be an effective substituent for improving quality of starchy foods after
repeated freeze-thaw cycling. The results of this research could contribute to food industry in several
aspects including an increase in diversity of enzyme selection for food production, a unique
modification of food texture somewhat specific to enzyme selected, and an expansion of enzyme

application to other starchy food production.



Various kinds of carbohydrate-active enzymes from microorganisms were cloned, expressed, and
purified. Properties of carbohydrate enzymes were analyzed for the purpose of starch modification.
Structure of enzymatically modified starch was analyzed for understanding mechanism of the
carbohydrate enzymes. The enzymes modified the structure of rice starch such as average molecular
mass and side chain distribution. Relationship between structure and physicochemical properties of rice
starch was investigated and could be applied for producing modified starch with desired properties

using carbohydrate enzymes.

Starch can be classified into three major fractions, resistant starch (RS), slowly digestible starch
(SDS) and rapidly digestible starch (RDS), in nutritional aspects. In this study, enzymatic and
chemical means were employed to increase the RS and SDS fractions of rice starch. Amylosucrase
(AS; E.C.2.4.1.4) from Neisseria polysaccharea was applied to waxy and normal rice starches. The
AS-treated waxy rice starch showed increased SDS fraction (~25%) compared to control. The
molecular weights of starches increased and the proportion of long side chains (>DP 20) also
increased. The AS-treated starches demonstrated a B-type X-ray diffractogram and showed higher
relative crystallinities than those of non-treated starches. The moduli for the gel of AS-treated
starches were much larger than those of raw starches indicating increased gel strengths of
AS-treated starches. The AS treatment conditions were optimized using response surface
methodology. The optimum conditions established, which had the highest SDS and RS fractions,
were the treatment with 18700 units of AS per 0.45 gram starch for 13 hours 40 minutes. The
AS-treated starch produced under optimum conditions was applied to a rice cake (Baeksulki). Rice
flour was partially substituted with AS-treated rice starches at levels of 20, 30 and 40% to prepare
rice cakes. The enthalpy values of endothermic peaks of AS-treated rice cakes were lower than that
of rice cake without AS-treated starch implying the delays in retrogradation. Citric acid was used to
produce resistant starch. The optimum condition established for resistant citrate starch was the
treatment with 0.4 g citric acid per gram starch for 6 hours at 150°C. FT-IR spectra showed C=0
bending stretching of citrate starches, indicating the formation of cross-linking by esterification.
Morphological characteristics depicted the destruction of granule structure in citrate starches, and loss
of birefringence. The resistant citrate starch showed a loss of crystallinity, shortening in side chains,
and a decrease in molecular weight. The citrate starch produced under optimum conditions was
applied to a rice cake (Baeksulki). Rice flour was partially substituted by citrate waxy rice starch at

levels of 10, 20, 30, and 40% to prepare rice cakes. The RS of rice cakes was kept relatively



stable during cooking. The textural properties of rice cakes changed with storage time. The hardness
and chewiness showed steep decreases with the increase in CS content. The degree of starch
retrogradation determined by DSC suggested that the Baeksulki substituted with CS had a
significantly lower retrogradation rate than the Baeksulki without CS (p<0.05). The result suggested

that the use of CS could effectively inhibit the retrogradation of starch in rice cakes.
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500 O3 days storage o~ 03 days storage
07 days storage 07 days storage
400 400
- - m
0 0
Control Uiy 3l BUfy Control 1Urg 3ufg EUfg
Cohesiveness Cohesiveness
02 0.2m0
0.18 0.180
0.16 R
0.14 T 0140 1
042 4 m24h gel setting 0.120 0 24h gel setting
[ | L]
i m1 day storage — | — 1 day storage
O3 days storage O3 days storage
0.8 O7 days storage 0.070 15 07 days storage
0.08 — 0.080
0.04 — 0.040
0.02 — 0.020 1
0 0.000 -+~
Contral Ul 30 BUrg Cantrol 1Uig T Blig
Gumminess Gumminess
2000 2000
1800 1800
1600 [ 1800
1400 1400 ]
1200 8 24h gel sstting 1200 B24h gel setting
L] L]
T 1 day storage i (| | 1 day storage
03 days storage 03 days starage
800 1 O7 days storage 800 O7 days storage
600 600
400 400
200 200
0 0 T
Contral 1y Uk 6U/g Contral 1U/g 3y 6Urg
Resilience Resilience
0.08 0.080
0.07 0.070
0.06 1 0.060 —
0.05 1 0 24h gel setting 0.050 ©24h gel sefting
1 day st
i B 1 day storage — m1 day storage
03 days storage 03 days storage|
003 _ 07 days storage 00w 07 days storage]
002 — 0.020
0.0 — 0010
0 0.000
Control 1Ufy Uy BU/g Cantrol 1Urg 3Uig Uy

A4 %= TAaGTase
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@ TAaGTase 2] & & A &% 54

degel A& 54 AYE & A EAF £E 54 (molecular distribution) 1% 3
4ol JERAAT Aol A3 4aGTased] F7t 7Ad5S ofdR oA} ofd 2oE 9
T

=
intermediate and low-Mw fractions 2] &&o] F7Fgity. & ZFo] &4 dEHTY a4 v

ol g Z dojds & 4 AN, a4 Ao o] e uf A HFPo| opEE e FIH
FajeFo]l ZFAg S ¥ oY} intermediate-Mw AP fraction'= E7}sF T ofd 2o~ SFEFO
%] DaA7)= 4

ok Al dole] A7t 4aGTaseEs AE|dt & A AoM Ao J(B=)e 7

UERTHAL Bt (19 3, 4).

50 1
40
30 1
20

10 7

o T T T T 1
a0 0 40 30 &0 Mitnates

m¥Volts

Al —

50

40

30—

20

0 T T T T
20 30 40 0 &0 Mitnstes

1% 4. 4aGTase A gt 2 HAE Ao Exx BEe

® TFY AR 24 Az A3}
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2

w2

AeetA B BATe] Bl obdmAR opdR ez Rito] fEjrlo] UEkton,
A A AR Aol g o8 Ao 7x7F wakES dEhal Stk ols
Aol AxE HHststr] A 71E w2, ahsEd, g AP wg A=E HPSEC
of-&3dt] SAsATE 1 59 6ol A Bz Z o] ALY B Ea vk 3U/g
2907 ool 71 e A 5 gl (19 5), WAL A= V1E ARdS
ga7] e 90417E o] Alzte] Hadk Aow yest (11 6). 71H FEE 2t

T7.88x 105

A4 108
‘“\\212x105

2071 112 %108
WR
e \\.imxm'*
228 %104

40 —
\1_18)(104

~e 5.9 %107

T.88x 10°
-

S 404 %108
212 % 108
21 //1hr \\ 142 %108
‘\ 4.73% 104
T 228104
o
e 0t
\‘s.gmoa
30 7
90 hr
0 -
10 =
. = = o

O9 6. B4 FE 3 U/go® 4aGTase 23 fRAAE o A4 BRI
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mlolts - mlfalis o

30%, 25U/ 25%, 25U/

0 09

Mitnites

15%, 251
| s, g 2+ 1% B8

nVolts -

a4 0%, il

a9 7. 714 =52 gdylsle] A3 4aGTase 8] FR AR Balek BRye

(10, 15, 20, 25 and 30% 7]& &% (w/w), 25U/g)
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Biks o a¥uls -

1 10%, 50U 24 19 5/

Mimes Mimes

| 0%, 50U/ 1 8%, 50U/g

Mitmtes Mitnites

mlolts —

4 0%, 500

J Ul

Mitntes
a9 8. 714 =2 E gdyldle] =A3 4aGTase 8] IR AR Baek BRye

(10, 15, 20, 25 and 30% 7145 % (w/w), 50U/g)
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o
TS HAF
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-
T

Rice Starch

2hr

—e— control

—m— 1hr
—>— Bhr
——12hr

m_.OO_.OO

—

1Usluo) alnision

0.8

0.6

0.4

0.2

Water Activity

a9 9. 25Tl A]

Waxy Rice Starch

o
(4p]

—e— control

Lo
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050
Al -
1usjuoy) alinision

0.8

0.6

0.4

0.2

Water Activity

19 10, 25ColA] =AH S
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Alr

(25)°1 A

e

%= (mg sugar/mg starch)

3

ojo

4aGTase # ¢

1.

4aGTase—treated time

2hr Shr 12hr

lhr

Control

Sample

0.18 0.16 0.35 0.47

0.08

Rice Starch

0.88 0.86 0.92 0.93

0.42

Waxy Rice
Starch

3

two bite compression test] <]

o
=
o =

of A7IZel wE =44 54

iz

]

el W), 3

el = resilience®] 7

e e
om veht A% 7AAAE A% walrt 719

142

[e)
2
1

i
.
, )

hardness®] 74-$-

1
s

A

al

-

O

el
o

ok

B!

Jeny A

Aol z}ol7t gl o}t 39

79l ztol &
1L A 71A]

2=

1
s

o AR WAL 2E Fast AF 7949 2F F719

!
<K

]

H

=
2+

=

Al

Zrol 1dA7F HS w 1 ko] &

chewiness

l
=

t}. Gumminess

A7,

-
R

UEFY += adhesiveness

3AARLE 1 gho] U}
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i 2. 7k, WiAdy], S A

Storage period(days)

Texture
Parameter sample 0 1 3 7
karedduk 0.56 0.67 - -
Resilience backsulgi 0.52 0.52 0.49 0.47
jeungpyun 0.64 0.64 0.57 0.49
karedduk 28298.96 - - -
Hardness backsulgi 18469.68 20898.47 27337.65 27751.20
jeungpyun 8862.50 13257.44 14673.09 27751.20
karedduk  —5232.07 - - -
Adhesiveness backsulgi —782.78 - - -
jeungpyun  —638.43 —190.87 - -
karedduk 0.72 - - -
Cohesiveness backsulgi 0.51 0.25 0.25 0.23
jeungpyun 0.54 0.39 0.29 0.27
karedduk 0.79 - - -
Springiness backsulgi 0.50 0.49 0.63 0.66
jeungpyun 0.46 0.43 0.41 0.54
karedduk 20281.06 - - -
Gumminess backsulgi 9479.31 5195.02 6811.91 6420.26
jeungpyun 4751.67 5213.71 3911.36 3872.87
karedduk  16153.62 - - -
Chewiness backsulgi 4771.50 2559.65 4319.69 4233.20
jeungpyun 2239.12 2227.75 1732.22 2117.91
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% 3. TSaGTaseE

e gk MAdr =

Azs] A% AEE

Unit: g
Ingredients Control TSaGTase-treated
Rice Flour 100 100
Salt 1 1
Sugar 15 15
Water 20 20
TSaGTase 0 5000 U / g rice flour

¥ 4. IMO7} H71E A7) E A

Unit: g
Ingredients Control IMO
Rice Flour 100 100
Salt 1 1
Sugar 15 0
IMO 0 15
Water 20 20
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5. TSaGTase #&]

-
it
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@ 4aGTase A8 271729 A%
A7VFE= AHAFANA ATEE FARATNE(FREEE 35%)E ol&sion, aivE 4a
o
L

GTaseEs AH&3al3ltt. 2715 30g(dry basis)<

ATV AN o R whEolA] 95T F& oA 304 Eob wwk rtEdste] SstAlzh Sshd &
7HF &9el 5 U/g 4aGTaseEs H7Fste] wkgAlzlow, ubg Fol= 3l 4= 7] #s
100Col A 1023F 7FEate] 48 E8d3slagivt. 1 &S 50 ] 95%l eSS o &

sl HAAZIL 6,000rpmol A 20%7F YARF S FeoA] A F owAR Zo}

45mesho] W& A7152 AL8-3}9 )

%) HPLCE o] &3t &8 A7te] wE Rrpso] 132 tﬁi} =5

fl
\D
o\o
o
<
T3]
@)

i
N
L
ol
£
Hm
2
_>4
™
K}
lo
—_
>
o)
o
<

MO
_t
;&
:L
Oko
m
N
NG
>,
L
oft  H
oA
o
fo
2
>
El
(L
ro
o
Q1
=)
M
ol
1o,
-2
(e
o
o
N
)
ol
ed)

ol =

o] X}J%Mﬁﬁ}. O AdNs 12000rpmo1w 154 st dAestala, 1
<l S 7hl BA] 12,000rpmoll A 158 Ft dAE e stel 254 it
2 F% 05%7F 7 eppen tubeol HAFAI7|AL, 30% B #HE

R =l
AlAT.  271& 5.0 um membrane filterE ©|8&3te] HE I F, 50 mM NaNO;E 9|
|-&

o,
Mo
=
fu
2
i

(2o
2
or M R
o o 2 it of

My offt
ot

g 04mle] S22 S8 g3 &, RI detectorE AFg3te] A5}
Tosoh A} A3 G50009F G30002 Al#]L = AA3d o] AFEEFA T

EN

® 4aGTase A8 #2722 o] &3 o] A

9o ofgfsh g WMPHE ARES TGl 308 T4, 10 B B 59 F, 3

>
v T, O

o
il

2ol A temperingdto] AF&SESITE AVFE AAZF A7 W] B9+ 4aGTase$t 1, 3, 484
b sk S A A A2 BIFE AAE 10%SF 20%(dry basis) #H7Fete] Alzslth. Heo] F
T FEEEE 38%E WFA, vHEol He F7] 2x2xlemP FEh AREEIglon el 2
A Ft At

Ingredients Control® AP B¢

Rice flour(g) 100 93 87

Constituent(g) 0 ! 13

Sugar(g) 15 15 15

Salt(g) 1 1 1

Water(g) 18 21 24

Control : 4aGTase @|a}#] &k& A71E=2 A %3 ¥, PA : 4aGTase A g 27} FE
10% H7tste] A=zt ¥, B : 4aGTase A8 275 20% H71sto] A x3k o
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S)
olr
rlo
oo
il
Jm
oX,
Iy

N

axn AR die] LRl wE FHdEE o] flE £ SNoR Y
FHEETE 242 11%~9%%2 W2 udd FLF5EE0] AR 05£0.001gs Wol A& +
S71skel el oIk FPol HES of 253 AAstuA FAWSE A6k, o

4aGTase Ae]d 27FF 2A7F A7bsA] o 27hFeh 27FF 24 10%, 20% 9F =93t
A7b7e]  535/4E  Rapid Visco-Analyzer (RVA) (RVA-4, Newport Scientific Pvt.
Ltd.,Warriewood, Australia)E ©|-&3}o SAsIATh 390 3g(rF % 14%)= RVA A5%F
of Yial FHTE 25g ¥ U 0272 50C, 2~10%- 95C7HA] A<, 10~12%-2 95C o
A fAl, 12~20%S 50C7HA] W7}, 20~22%-2 50CE frAstiA AEE A5t

© XA A=l o3 54

X-ray diffractometer (D5005, Rietveld Software, Bruker Co., Germany)*= A519 L,
reflection modet 40kV$} 40mA, A1Z&-> aluminium tray(sample layer, 15x20x1.5mm)°]l o}
A] diffraction angles 26°4] A = 1.5406 nm= 10" 4] 30°7}#] step size 0.02°, time per step
25sece] 4w BAFAG

o].tgig_/; 81—31:9] 7ﬂx4

wol HEY oldrz o~ 3L jodine methodZE o]&3lo] Z4&43T)

@ High Performance anion exchange chromatography (HPAEC)E ©]-&3}o] miol <3
HAE AR o= Wt 53
g ol AgE] =
7] flste Howiy FHd A
Okayama, Japan)®t 25 mM NaOAC buffer (pH4.3), 60Cel A 60t ¥H-3A]A debranching
AT 53E 7FdskeE Aol 93] whEs TZAAIZ3, branched chain length distribution©]

HPAEC system (Dionex-300, Dionex, Sunnyvale, CA, USA) °l <J3] 27 At}

H 9] branched chain length distributions 273}
[e)

= isoamylase (Hayashibara iochemical Laboratories,
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@ Size exclusion chromatography (SEC)-multi angle laser-light scattering
(MALLS)-refractive index (RI) analysis®l] °]gF 54
g Fol 3o = A9 molecular weight distribution®] multi-angle laser light
scattering (SEC-MALLS-RI system Dawn DSP, Wyatt Technology, St. Barbara, CA, USA)Oﬂ
o3 SAH A

ol w3lE= HE 4TCoA 2447 Xiﬂi} % DSC(Seiko, Okuma, Japan)ell ©]&l =4 =]
= 4y a9 dEuE ek A oa AR HAT. HUEFS £ HES LR ste F
10 mgs &Fuw Mol HHstar 20CA 120C744 #9 5C (5C/min) B &2 S7HA17]H
A A3kt

g

@ = =A%
Texture analyzers  ©]-&3to] &AAeHE He ARSE 4
2emx2cmxlem® el ARG O™, resilience test?} TPA testE SIS
compression test®= Y% probes ©|&3toH 4 £EE Imm/secE 80%

sk,

v

Pt AlEe
7T}, TPA  test:=
M w4 =7

ol

i
Oll

(D TSaGTase 23t B7IF2 A X3 Ho EA
e WAV ofdR e~ G

i 7 Yebd A3 o] TSaGTase 2|3k A7b¢o] oz e 2~ FhaFo] 127% =2 A3}
A g A7FR] 16.6%ETH WA YEsth tE Agse] Bald] ofshi dEe] w=she
=HOo2 opdRe s FAFo] AATe] o xeE 4 lon, ofdRe s RS FaAR
= W AT Ade k3 Add 4 luhal sk9i=E(24), ©]#1 3 TSaGTase A2 e 27h
of o R o~ Frg ko] ¥ A= TSaGTase A2 dh A7EF R Azxzg Heo] wsi7t A4
2 e 7he S AT
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ok

¥ 7. TSaGTase # ] 3+ Wi 7] o] o} 2 @ A &}k

Amylose Contents* Relative Amylose Contents

(%) (%)
Control 16.610.44 100
TSoaGTase-treated 12.7+£0.07 76.5

amylose content in the sample (mg/ml)

* Amylose Contents (%) = X 100
total starch content in the sample (mg/ml)

@ NA7e] T A

TSaGTase A& s #7F=2 Azt MA7]9] maltooligosaccharide®] ¢S 543 Ayt
& 83 2§ 114 YEY =T 2-67] (G2-G6)E 2= maltooligosaccharide”} TSaGTase
Ak wAdz)e] A AgskA] &g WA vjalste] ¢ Bo] xH es & UM
th(18). TSaGTase 2|3k 7hFel A G2-GeS]  Feol  F7kgk A& TSaGTase?
disproportionation reaction Mi&¢! Z o' AZtHM, o] AEA EHE0] H wdd
FS & How AA4HEAN.

TSaGTase A2|d #MA7|U] HFe] TAY £EE== HPLCE HAskglorn, dd TA%
(Average molecular weight, Mw)©] SEC-MALLS-RI system®l ©]3] SA= At (€12, & 9).
HPLCel| ¢J3l 5738k TSaGTase A2 3t WA 7]9] elution profile 371¢] fractions Z+ Ao
= yepgton, A HA fraction otE = AR o el Z1 02 TSaGTase #2]8k4 %
= WA7]9] elution time¥} 2 A oA YElou, A= HAFE 4 5 Sl wkd
A HA fractionS EAAE F AA S8R, Fit BAFS 100 g/mol2 SAHEAL. Al
WA fraction> #A4° hydrolysis®} disproportionationd] ]3] AWlFE  modified
amylopectin?} 2} =7]°] amylopectin clusterg°] &g 2o = A7tEm ojggh A F-x9)
WA 3L7F TSaGTase A 2] dk WA 7|9 w38kol A 3bol| S-S = Aoz AZHJAvH(17-18, 25).

o} & A ¥l 9] side chain-length distribution-> HPAEC®] ¢ 3l A=l ow A3+ 19 137 14
eIt TSaGTase 23t WA 7] = &2 side chain (DP 1-9)°] Z71skd] wbsf, 2

side chain (above DP 10)2 =ZAl 7FAES & 5 UAUTE TSaGTaset disproportionation

e g

processe Zulsl7] witoll, ¥F-S F amylose’} amylopectin®] side chain®.Z £Ad 4 3o

w, 1 ZA¥ amylose ¥Fo] FAsal T K< chain length distributiong YEM=

amylopecting A3t o2 d#A vt DP 14245 ZE= chainf] S7H845 HdiEo =
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s7F 51, DP 6-95 %= e chaino] S7Hds Ao msp7p Astdts Biuss
a# 3, TSaGTaseo| 93l WM H ¥ side chain profileS YWEIU = TSaGTase A |3t w4 7]
o] :=3}7} TSaGTase A 2]shA] &2 WMAd7|e} Hlulsto] Aatd Aoz HzhdAnt (26).

3t 8. TSaGTase A g|gt #Wd7]o] 4 €] maltooligosaccharide®] 73

Malto-oligosaccharide
(mg/g rice cake)
G2 1G2 G3 Pan G4 G5 G6
Control 12.00+0.72 0.46%0.02 2.09%0.11 1.5140.01 0.61+0.02 0.47£0.04 0.30£0.00

TSaGTase-treated  28.93£1.03 0.90%0.12 11.93+0.46 3.71+0.04 4.2240.10 3.91+0.07 2.66£0.07

G2, maltose; IG2, isomaltose; G3, maltotriose; Pan, panose; G4, maltotetraose; G5, maltopentaose;

G6, maltohexaose

Control-
0.4 - G1-
0.3 -
0.2 4 G2
= 014 G3
= Pan G4
E o A
L 1]
n
g G1“I I | | I
& g4 TSaGTase-treated«
o 0
o

0.3

0.2

0

I 1 I I
18 LT 10+ 15+ 20+ 20+ 30+
Retention Time {min)~

1% 11. TSaGTase A 2] g ¥4 7] o] A ¢ maltooligosaccharide®] 273
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2.5 —
- Control P

208

0.5F

TSaGTase-treated

0.0

2.0

Rl Response

1.5

1.0

0.5

0.0

Retention Time {(min)

719 12. TSaGTase ##]3F WA 7]y A& SEC-MALLS-RI chromatogram (TSGTase %}
75Cel| A 3A] 7F HEH-E)

A

e
e
<
=1

3% 9. TSaGTase A2t WA 7|U # &9

*The amount of starch (mg)

PFraction
(A) (B) ©)
Control 0.36 0.47 0.05
TSaGTase-treat 021 055 0.47

ed

*The amount of starch is the recovered mass in each fraction from the injected mass of 2 mg.

bA, B, and C are fractions obtained at different retention times in the MALLS-analysis.

The corresponding Myof each fraction is as follows; (A) 47 10/, (B) 2.8 10° (C) 1.3 10
g/mol.
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DP12

Control
0.3

0.2

0.1

0.0 AR Ao l

AAAA

DP12 TSaGTase-treated

Response (mV)

0.3 4

0.2

0.1 -

0.0 AN

0 10 20 30 40 50
Retention Time (min)

19 13, TSaGTase A 2|3 W7y A ofdzoARe] SHrtE o] £X =

i

8
I Control
TSaGTase-treated
6 g
4 -

Percent proportion (%)

0 Lynlay HH““””““”““

T
012345678 910111213141516171819202122232425262728293031323334353637383940414243444546

DP (Degree of Polymerization)

7% 14, AR H 9 S 4 AR o] Zhzhe] WA 9

@ A4 Z TSaGTase A3t WA 7] ob4A
DSC thermogram®] 40-60C A&kolA Yttt FE929 ey (AH)E S48t A&
oA EE waETt (2915, 16). WAYE AFEWA =4 9T kS TSaGTase

g3k WAl A AgehA] w2 WAl vl Al YEbster, 4TColM 2443 AR 5

LU

2
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o &, TSaGTase *g]& WA 7]o] A= A3 ¥ =5 (04 mJ/mg)e] A&y e el
Atk olefgk A= TSaGTase A |7} MAd7]9] w3tE ASIAIA 4 &S AAIFA=T,
A

aaxerZt =3 A 5 Qe 71l disids s A A= 'R, T

71zto]l 7hsste et Azt g 7FA= TSaGTase Aol €3] WP H amylopectin®] &%
Z}Fo] association®] )3 matrix7} A E =4 Qo] AR &= g zs F s A

= T
I, E A= 'a WheF A E T oligosaccharide’t 9] w3HE
U= Aolek= Aol (27). A= TSaGTase A glol ¢ amylose ] 749t amylopectin
rearrangement, malto-oilosaccharids®] @/ ¥ #2 7|2tE&0] TSaGTase A2]d WA 7|9 w3}
£ #AaA7ls A3E Y3 Ae® Asd
TSaGTase Ag|gt WA7]o] A Zto] TPA analysisg ©]&3te] ZAMEATE  TSaGTase A
2k W 7) o] Ak (hardness)7t 4 Coll A 24413 A3S o, Aelebx] & WAV HY w2
e UErdl o, 337 (cohesiveness) FAFSH #tS WERAAT (£ 10).

Control

1.4 mJ/mg

TSaGTase-treated

0.4 mJimg

<— Endothermic heat flow (uW)

T
35 57.5 80 102.5
Temperature (C)

19154 Col| A 2441 7F #1743 1A 7] €] DSC thermograms
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2.0
—@—— Control

1.8 i TSaGTase-treated

Enthalpy (mJ/mg)

0 6 12 18 24
Storage Time (hr)

18 16. 4CA A 244 7H 59 A 8= 5o =4 H TSaGTase A €

#7)9] 15}

3 10. 4 Coll A 244 7F A #-3F TSaGTase * 2] ¥l 7] o] Bl ~ % EA]

Properties Control TSaGTase-treated
hardness 11280.0 5241.12
cohesiveness 0.408 (+£0.01) 0.422 (£0.02)
springiness 0.899 (£0.001) 0.609 (£0.01)
chewiness 4138.42 1373.32

@ A 5 TSaGTase *]&]3s+ S 2] oHgAd

TSaGTase 8|8t ZHS 4Co| A 2447 A4 3 =43 w3l%
I E 110 debde. WA v Aol mrkA| = TSaGTase #2]3F 3
b ATeA e R %o ke drhils, Fel 43R we
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A ¥ = AE7F TSaGTase 8|3 T3 el 7

<4— Endothemmic heat flow (m\W)

1.15 mJ/mg

Control

™ -~ 0.5 mJ/mg
-~ e,
~o A - - ISaGTase
— ~— -
30 475 65 82.5 100
Temperature (°C)

1 17. 4Coll A 244 3T A 7-g 531 ©] DSC thermograms

1.8
—@—— Control

1.6 4 —_— - — TSaGTase-treated
1.4 4
1.2 4
1.0 4
0.8 -
0.6 -
0.4
0.2 -
0.0 -

0 6 12 18 24

Strorage Time (hr)

12 18, 4Col| A 24X 7H5-0F A A6} = HoF =A% TSaGTase # 2] 3+ =3
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3 11. 4 C ol A 24X 7F A &3 TSaGTase # 2] =3 o] 8l A~ 2] EA

o

@ BSMA- A

=
@ BSMA A 2] 3l FH ol X3+ A E 9] side chain distribution

BSMA 2|3 ZH ol 39 A2 -2 side chain (DP 1-19)> BSMA A 2] 8} %] 92 7-¢-o|| n]

8] %713+ WkA 21 chain (above DP 20)2 7F4 38t tH(2 ¥ 19). 281} o] 23 M3} TSaGTase2)

gl e} v S w= A2 2 o] At} Thermus maltogenic amylase®] 7] S| d ¥} +25 -3

2]
Hare] &b, &49] dimeric form> & 2429] active siteg 7] 3™ o] 2 13} bulky$t A &
AEo] thet Eae) A w7t Al s T B gt
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I Control

BSMA-treated

9 1011121314151617181920212223242526272829303132

L L L L L
0123456738

10 -

ealy yead Jo oney

DP (Degree of Polymerization

¥ 19. ol =

& ol A 9]

&

9] 7 9-+= TSaGTase *| €]

F 5= 919t} 4°Coll A 244 7F A

el

ke erdont,

238 TSaGTase #2]7}

s

3

0r o
o o

Aeldt SHo] A sk

A BSMA

[ez]
o2

A=

o
TSaGTase #] ]

<
T

EaL

BSMA ] o] H]

AT,

fizks
w

1LY

il

o B et
=

=]

83 en aea en
W

Feg
~w ¥

BSMA

kel

oy

A

Els

1% 20. 4 Coll A 2443 A%
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3£ 12.4°Cof| A 244 7F #1743 BSMA A 2] S-H ] g2 54

@ aiukgol o3 A4 ¥ isomaltooligosaccharides (IMO)E #7Fst B o] Az
@b IMOS] =4
BSMA®] ]3] 4% IMOS] %4 o] HPAECe] o8l 4=, 2 Ao 3% 139 Ve deh,
A3d ¥l IMO+ = isomaltose, panose, isopanose, branched penatose$l 2.H, 22 <] glucose,
maltose’} 3= o] QI3Th 12 2= sucroselt oligosaccharide$t= T2 74|, IMOE 7k ©it
g ajof af= Aol AP =M ARESE7]o] A S Ao w gl o (28), WA eF THS A
g o, IMOE #7betar w el 54 g IMO®| &35 Attt

N ru

@ IMO7} A 7Hel WA 7] o A% 5 k7]

IMO7} 37Fe Wi 7] 9] w38l 5 DSColl ol S %= Ay gt A4k 2ol o8l A st
AT (L9 21-23). 4Tl A 244 3F #4733 5 SAHH A9 = IMOZF 3 7H WA 7] 9 H7FebA] &
2 W4 7|7} 27+ 1.2 m]/mg, 2.4 m]/mgijr_ IMOZ} X7t WA 7] 7} o kel 3 <
7Hlle w, =3} 97 A AS 9T 5 AAT TPA 2 3= 5% 1490 YER AT Al =3¢
= Holx| gkkon), 4ToA 2447 A &,
IMOE #7}38HA] &2 S 9] 7 % (hardness) 9} % 317d (chewiness)= <7}kl t) o]l st A &2
IMO #7}7F | ¢] w=38t5 A&k 7] AL, 22432 A2 5 e AAFT

© o
N
2
o

of &34 (cohesiveness), ¥Hd (springiness
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% 21, 4TCollA 24A1%F A3k IMO 3 7F A 7] 9] DSC thermogram
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£3

it

<«—Endothermic heat flow (mW)

Ay T e

U Teadt
- L i B i
Fawmgn ~aivd
a9 22, IMOZF A7 WAT] 9] wghE
2.2 mJimg Control

1.8 mJ/mg

IMO 15%

I I I
30 47.5 65 82.5 100
Temperature (TC)

19 23. IMO7} 3 7Hel 31 2] DSC thermogram

@4Coll A 24217+ A7
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3 14. IMO7F H7be S 9] ¥l 54 (4 Coll A 24417 A1 )

Properties Control MO
hardness 21059.19 12914.40
cohesiveness 0.53 0.50
snringiness 0.71 0.70
chewiness 10909.43 7299.11

€@ IMOZ} A7k wad 7] o] .35 kA
IMO7} % 7H Hﬂ*éﬂA Wl b el et A= 19 249 YERSITE WE T & 5S 33
WSk 1 5, g9 = IMOE A 7FekA &2 WA 7]17F1.2 mJ/mgel 3, 15% IMOE 3 7}st 9

rob

I~

4717} 0.8 m]/mggi IMOZ #7}3 Wi 7)ol W.3l% 34 F Jehy = dgyr) ¢ b4 7S
A = AT Y B9 WA o A el Aokt (L9 25).
i
P
93 )
g v
E e
i
WS EW WS DY

a9 24, YalE BAHE IMOZF F7HE WA o] w35k&
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(the molecular weight distribution) 1§ 26
Fol 4aGTaseZ Aejeli Al7ke] ARAFS oldzo ol opzaw el
e pAmel $oEo] FAHE ¢ & AN

ofd R QA el ghaok Ajl Hole] ATl 4aGTases A 2|3k 7oA AR

ol
rir

U
—

7.88 x 105

4.04 x 105

2.12 x 105
mVolts_

1.12 x 105
25 -
4.73 x 10
f 2.28 x 104
20 7 ‘ 65h 1.18 x 10*
~ ;
Ih 17h //F\ 59x10°
a \ \
A
AN
10 / N 3h / \ \\\
— .
/ o . 43h N
5 / 7 S .
= . ~— .
/ D TS
o —

Minutes

1% 26. 4aGTase @3t A7lFo] ExzF BEX e
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@ AAE 7 W7 | A% T gax o] W)
4aGTaseEs 77t 1, 3, 48A17F &t At Axd A7l LS W7 Hel H7fsta,
G717 e B4 54 two bite compression testol] 2]3] fojxl 77 &9 TPA &
A2 YeRfATE (& 15). 99 A4S UERNE hardness? 3% 4aGTaseS 1417 A 2] %
2AE 10%, 20% H7HEE 9wk HrbekA] e mETh v gg Bla, vE ke A
7hekA] & Mol "l %2 hardness #k2 UEHHAT. A 29 A9l = 4aGTaseE 3417 A
g3 2AE 20% Mg WY Ae-R= AAE HUbsHA g HEGY e ghs Helou, dA|
732 ol F7ve = hardness= F7bete A E@de WERAITE 9 9
S S YEFH = cohesiveness®] 7-F-, 4aGTase 3A17F, 48A17F =] 2] 3F
2AE 10%, 20% 7t 2AE A7V g2 "HEY A w2 ghe dErEd 2Ey
A 29 Fol= 4aGTases 48417 A2d &AE 10% H7FgE ol A57 LAE H7bekA

ore Wi Wad e JEIAL, UrA AR5 BE 24 @64 2 dur ge

rob
18
o

9ol &S YE= springiness®] A-9-%= AAE HIFE "ol HIbelA] &g W
a 5 W2 fhe H3la, 53] 4aGTases 143 A 2|dh 2415 20% F7bste] A=k
7P S e Bt AR 29 Fell o ZEF2 FZobA 1AIRF AP gEo] v vt
S Btk =3 2S5 YER = adhesivenessi= A 0€olE= 20% H7MEC] AAE
kA 2 Holu 10% 3 7kl Hlsl| 453 & ke BAXRE A% 29 Fol= HrlekA &
2 9, 10%, 20% 7} w22 %L ;S By, 2AMEEE A1 1A17E A Ete] vzt
48417F A W ghs Btk W8S UEE gumminess 3 chewinesst= 4aGTases
48A17F A e 2AE 10% H7kgk "ol A4 0, 2 EF 7P w2 g YERdlem 1A3F
AT A A 5 BF HAUbeA @ "Ho we gs Btk e 5448 vEhde
resilience®] 7d-F- 4aGTaseS 48A1F A3 2AES 10% H74g Ho] 7MF =2 %S yel

aL, IAI7E A g

Hl o
o
N
(e}
N
k)
N
N
z
18
o,
N
N
o
—
rlo
)
o
AW
iul
=
2
o

2 W AAE WM e aaA ANl SRS A 2AE A
hehA) ke wel wal WMol £ HAMol i ¥e 54 NS & & A

¥ 151. 4aGTase A2 27152 A7kake] Azg WA7)e) grg 54
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(A=A 2d7F A7, 10% H7H

Texture Storage period(day)
samples
Parameter 0 2
control 0.49 0.56
lhr 0.47 0.49
Resilience
3hr 0.48 0.56
48hr 0.52 0.60
control 2738 5265
lhr 2647 4403
Hardness
3hr 4298 6015
48hr 4770 5898
control —41 -69
lhr —34 —-29
Adhesiveness
3hr -51 —-34
48hr —40 —-14
control 0.46 0.30
] lhr 0.42 0.27
Cohesiveness
3hr 0.49 0.26
48hr 0.49 0.30
control 0.44 0.69
lhr 0.35 0.48
Springiness ahr 0.38 0.65
48hr 0.44 0.59
control 1262 1585
. lhr 1124 1177
Gumminess
3hr 2109 1546
48hr 2354 2264
control 557 1095
. lhr 398 550
Chewiness 3hr 312 1038
48hr 1040 1351

3 15-2. 4aGTase A 2] 27}FF5 H7bsto] A3k W79 g2x 54
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(Aol 297 A%, 20% A7

Texture Storage period(day)
samples
Parameter 0 9
control 0.49 0.56
lhr 0.44 0.36
Resilience
3hr 0.46 0.62
48hr 0.53 0.63
control 2738 5262
lhr 2011 4265
Hardness
3hr 3508 4787
48hr 4488 5898
control —41 —-69
1hr =77 -7
Adhesiveness
3hr —252 -3
48hr —212 —4
control 0.46 0.30
lhr 0.43 0.28
Cohesiveness
3hr 0.52 0.26
48hr 0.48 0.27
control 0.44 0.69
lhr 0.30 0.44
Springiness
3hr 0.39 0.67
48hr 0.44 0.63
control 1262 1585
. lhr 871 1184
Gumminess
3hr 1829 1227
48hr 2146 1628
control 557 1095
) lhr 265 518
Chewiness
3hr 709 820
48hr 933 1011
@ RAEAYT BT FLEEEY
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moisture content(%)

moisture content(%)
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B —— control
- ——1hr
- a —&— 3hr
i X 48hr
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Water Activity
13 28. 4aGTase-A 8] 275 10% #H7}slo] #| %23 Wo] S2g5=4
B —e&— control
i —m—1hr
i —&— 3hr
| N 48hr
B /
0 0.1 0.2 0.3 0.4 05 06 0.7 0.8 09
Water Activity

9 29. 4aGTase-A 8] ZA7FEES 20% H7bste] A x3 Heo| S2g5534
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40GTase A& 3 A7bF A7) 27FFo S35 vAs 9FS 2ASH] f1she,
4aGTase £ 1, 3, 48 A7+ Aesto] A 27T LA4E 27T 2H2F 10, 20% H7bste] &
A= AT (£ 16). A7HF 2AZE M7beE AVFEIE Bige] AVl vls) U S
TE5 Uebdllesd], ol A7 o dE A5l &id o ZalEe], T3k S &
BAlgS Zhe BAlEo] Ui AP, & BAFES 2t BHE9 AUt dl§ e

ot o 2 o mx
N
ol
o

Sk A matrixZ7F A= AE WAske], 2R =3 A/AAZL S HoeE A7t
pea=
3500
3000
2500 Control
2000 1h-10%
3h-10%
1500 48h-10%
1000 +
500
0 -
0 5 10 15 20 25

719 30. RVAZ o] 48 7}5e] 5854

X-ray diffractions ©]-&3gF ®o] AGH =%
XA 3 A sk 54

Lolia, QLEES AY 2¢d F9o XA 34

b

o7 20=20°4 Z3 yI= Yell= v-4483

=

=

Uetl= B-24ds HolFth. BY 2B =3} ARelAM yelvs 2d4deR, 44
agla a48 AEF AZko]l dojdaE 260=17°, 23.2°¢14 ¢ I
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A7F A o AT A2 aaAYE ¥ AAE AV W A0l ¥ Fokxva

control
Control

1hr-10%

1hr-10%

3hr-10%
3hr-10%
48hr-10% W ’

48hr-10%

1hr-20%
1hr-20%

3hr-20% 3hr-20%

48hr-20% 48hr-20%

L 1 1 1 1 1 J
15 10 15 20 25 30 35

2(©)

7% 31. X-ray diffractions ©]-&3gF W] 4444 574

(@%; A4, 025 A4

WEY WAL, AT L V)5 AELA olF HAFY AFHY % AFSHL 24
7] glstel, A% E2E AYG BATE W Alzel A g WP WA B o
) 7L RAE Axsta, o W Axe] A7kl BAS EASHE o PHoEM o

T7F 2= ATt
= 7}7} 7

4-a-glucanotransferase®} Bacillus stearothermophilus maltogenic amylse (BSMA)E 717} 27}

Foll WESA|A wWAd 7)o} FHS A|xgE $, HPAEC, GPC, Texture Analyzer, DSCE ©]-8-3}¢
AE B2 42, g2, 23 542 £248300h TSaGTaseE A2 ¢k H €] amylose 332 o

q
Zol Hlel 20% Ao, A AR A 7z WstE 543 23}, amylopectin cluster
Abele] a-1,4 Aol Zhpa o] Al F 10°9 cluster’t A E A, ) ndFIE AA

HAck e, #e obdZHEl 523 (degree of polymerization, DP < 9)& T7Fst Wb, 71 of

WEALZ (DP > 10)= #&aATh 4T BF AF Bgel e ARe) wmdre az Az
of el AAS frasts AL AT 5 AKATE BSMA Aol oF & AR BA TxE R
o]

A5k A3, DP7F 19 olskel 49 BEXx= S7FE 1AL, DP 20 oAl 7

=
] AR om, A wstwe AT BSMASE a-GTase® 3t S5 A

of



Al isomaltooligosaccharides (IMO)E A|x3stal, A4abd IMOE #H7bete] H& Alxst3ih
4C 3% XV‘L L %ﬁﬂ% HJ% T 9o w3} A adE #AF 3 A, dxzd vl IMOE
o7 asn. aaAgel os AR E LS AlxshaL, o]
=
=

B P

2
M
kr
ot
il
fol
)
2
o
b
18 12 J we

4aGTaseE 1A%t 343k, 484

i=)}
=
AR g BUVRE 27 5% (dry basis) ‘F%Ei A7Vl o, Aol A7 i%% =

FEIFS 38%7t WA Ak olelsh g MW E ARE EFH H A v BNA
B0RET A F, 10RFN B Bol 92 Az

£ 16. o] g

Ingredients (g) Control GTV
Rice flour 200 193.3
a—GTase treated rice flour 0 6.7
Sugar 30 30
Salt 2 2
Water 31.5 34.6

D4aGTase # 2] € B7} 571 271 o
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E17. 1S W) e BrE s 2 S0 G, Frhgy

Attribute Definition Evaluation technique

Texture

Moistness of Amount of water perceived

surface

Springiness Amount the sample recovers when Compress sample between the thumb and
force is removed index finger.

Firmness Force to attain a given deformation, Bite down on sample with even pressure.
usually force to bite completely Evaluate sample.

through sample with incisors or

molars
Toughnessl) Force required to bite through Bite through sample with incisors until
sample the sample is sheared.

Roughness of Amount of irregularities, protrusions, Place the sample between palate and

surface grains, or bumps on sample surface tongue. Rub the surface of sample with
tongue
Adhesiveness Degree to which sample sticks to Bite through sample once with molars.
mouth surfaces or teeth Evaluate oral cavity.
Chewiness Number of chews required to prepare Chew sample at a constant rate and
sample for swallowing. pressure until ready for swallowing;

measure time or count chews to base

intensity on.

Cohesiveness Degree to which the mass holds Chew sample with molars to bolus,

of Mass together evaluate sample.

Starch-like Amount of starch-like residue After swallowing or expectoration of

(Residual) perceived in oral cavity sample, evaluate mouth surfaces with
tongue.

Crumbliness? Possessing the textural property Bite through sample once with molars.

manifested by a tendency to break Evaluate oral cavity.
down easily into small, irregular

particles

Flavor and taste

Steamed rice  The typical flavor from readily-prepared steamed rice
Off-flavor The flavor which was not expected from rice cakes, such as chemical flavor

Sweetness The typical taste of sucrose

Y Only evaluated for rice cakes prepared on the day

? Only evaluated for rice cakes stored for 24hrs
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Aol A zg W o] #5H 542 3 189 YERUITE 2o H58 A== 2ol A GTA
A A7k Bt o)A o 2 Eokth B4 GT4890 A 718 | UELs o n, GT1o] fro) 4 o =& viok
oh Teet Jret A7 AEE BE AR 7he o] A<l ake] 7} YEbs oW, GT48¢] 71 vt
| S0l 7H ofekainh W o] AR FE= F Afo] 7k YERA] oF
Ao}, GT489 A = A YEFRTE 240 GT480l| A th& Al Al it} o4 o2 =7 Yelst)
A3 A GT483 t o] 7oA o &2 F%th 7H7] = GT1el A 71 331 GT4891 A 7
o2 frol A o & Apol 7k i) ol H = vl v gk vERl e, gz

4aGTasex] 8] Al g1t Alolol] f-o] 2 Q1 ZFo] 7} UEphA] ek o B 2, 4aGTase A 2] 27F7<] #

¥ 18. 4aGTase A 2] A7}#7} H7he | o) h53 547

Control GT1 GT3 GT48
Moistness of surface 7.92° 6.86% 6.42° 5.58"
Springiness 6.75" 5.11° 5.83" 8.17°
Firmness 7.19° 3.28¢ 5.50° 9.61°
Toughness 7.56" 3.44¢ 5.39° 9.72°
Roughness of surface 6.00° 6.08" 7.11% 7.86%
Adhesiveness 6.75" 6.50" 6.00" 8.39°
Chewiness 8.56° 6.00" 6.31" 8.97°
Cohesiveness 7.69° 4.75° 5.89" 8.31°
Starch-like 6.03" 9.25% 6.97" 5.61¢
Steamed rice flavor 5.00? 4.44° 4.92° 4.94%
Sweetness 4.28° 4.19° 4.17° 4.28%
Off flavor 2.22° 1.78* 1.83° 1.86°

D GT1, GT3 and GT48% 4aGTase X 2] Z7157} 715 © L o v 5}y
2} 7V A= F o A8 A|7HS o u) &

o 2]

= = 1
59.58% 9}2231%2 Arste], 3 HA F e FAR O R HAA Wiz 81.89% = ATl vt
SEAE AeA, A7 A 2SS PC1 ol &l k2] Hekol - 7}7bo] B3lE o], o] 5 EA



Zholl 2 o] AaaA S HEp AT oo vtal] 7}77]= PC 1°ﬂ 3l o] Wakol] 9 x]5he] %o
Wkl 9113 5S4 5o ZaaAE vEbdnaL ATt a&«d, PC 20| thal] 7} 2 <&
of B 7HA= Y A A= 7HE 2 59 = ‘JrE‘rH%b FH e 53 J = PC 20 o)
Arets T8 540, of F 574 Zell= A7 5o AEaATE dvkal & = vk GT489] 43] Rt
5 B37F w52 PC 1ol el o] oz AFstr) Fahelo] glom &4, 524, e A=, 23
A e e M R A e e

VA 1A 8k ol 52 o] 7HE AP ghe v vk Wb GT1}

Foll 23k5]0] Qou] 7hE7] g3t shrte] A ke] bR B o] %
&ta1, PClol| o2 Hatso] g EAHENA e A8 & 5 ok 272 PC 20 So= 2o}
sle} glom, Eue] ZE3 Hme} sprke] 91H3te] of o] Za whl, PC 20l vl %5}
B HatEo] e AR AR g B2 5o W AS & U
L eldl
¢ gt *
rough gta8
* ¢ gt48
star eadhe
¢ * spri
ISl
= *a3
[s2]
CN\J- .ol R control ‘ faugh
§ b chewx f/:m
* gt48
¢ o ¢ control sonrol * o
*
at3 gtg
m0/sf + control
PC1 (59.58%)

1% 32, 4aGTase * 8] B7}77}F H7be | o] glax] SA00) tf 3k FA B84
R adhe, adhesiveness; cohe, cohesiveness; chew, chewiness; firm, firmness; moist, moistness of

surface; rough, roughness of surface; spri, springiness; star, starch-like; tough, toughness

@ 4aGTase A W7} M7} 9o A} AF F B5d 54
Az F 2uAZ AFE e A SAe E 199 e BUe) 38 Ars

L

GT1¥} thzxTo] fo¥ oz A el 84S GT480 A 4oz #i1, GTliﬂr GT39
A oA ow ugkth vhddt A= GT489A 9o s =4 GT1o] f9%o s ugkr)
EHY AR A= GT33 GT489A =4 YErS AL iz 3 GT1dA WA YEls e A3

O

AL GT1o] FrolHo= A YUegton GT48 9 gixwro] fodoz voyrt 724, A3
A d SHAE GT48°] 7FE A UEwow GT1d GI3L foFo=z yokt) 7137+
GT1¥ GT37} fold oz wokeh ¥ &u|, gt 9 o] = Fojdoz o]zl gt
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3

#£19. 4aGTase # & 2715 A7} 9eo] 24A7F A% &

i

L
54

Jm

Control—1 GT1-1 GT3-1 GT48—-1

Moistnessof surface 6.39% 6.75% 5.08° 6.06%
Springiness 7.72° 5.44¢ 6.22° 9.39°
Firmness 7.86° 3.64° 4.53¢ 8.89°
Roughness of b b . .
) 5.17 6.17 8.69 8.69

surface

Crumbliness 6.00° 10.14% 8.08" 5.39¢
Adhesiveness 7.14% 5.14° 6.06% 7.39%
Chewiness 8.64° 5.78" 5.94° 9.19°
Cohesiveness 7.67% 4.94° 4.86° 8.50%
Chalkiness 5.86" 9.36° 8.39° 5.44°
Steamed rice flavor 3.22° 2.92° 3.31° 3.47°%
Sweetness 3.39° 3.36% 3.56% 3.442
Off flavor 0.81°% 0.83% 0.75% 0.75%

D GT1, GT3 and GT48% 4aGTase X 2] Z7157 715 © L o n) 5}y

ERE PSS P BN

4aGTases A 2] gt B7}FE 5% 71eh B & 243 A S 9] vl SA sl FAE A&
3 A= 19 330 YR QATE PC 13 PC2E 22 76.77% < 11.28% S A ato], A WA F 7)
of FAEORE WA HEo 88.05%5 AWt v, F-2, dekst J=, §3A

_]
[e]

PC1oll thall o] W&oz 7shA F-stxl9lom vlg- 717kl fl A8k, o] 5 54

[e]
WA E HERR AT ol Wk 7F7] B 5 20 PC 1ol tal 52 kel f1AIsted, o] = 54
Zbell A3k o] i AE vl om, PC 1ol disl ko] ol AT S5 4 ol 4
AE deR Ak 9k, PC 20l thsll 7HE & o] ahs 7HA = AR Aok 7 2 o] whs YE
W S5 4= PC 20l tisf drshs =8 5409, o F 54 tell= 23 &2 daaA7t
SAttaL & = gtk GT 489 Wk g7} k52 PC 1ol taf o] WaF o= 7Fai F-sh=of lov &
A, A, ae e A, AR B SRS PR SRSkl ols 5ol 7 ARHE HER G
RFH GT12 GT3+= PC 100 thafl o] W@ -st=of 9low, 777 543 7}7ko] 91A|8he] 7+
7} 5740] ZFetal, PCloll Fo2 Fapyof gl vy, dhakdt Ak, A, A B F- A o] W
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2% o 5 ik 2 Te PC 20l 02 350l gom, Ee] 2 Yok shrte] 911 st
o] Ego] Za e, PC2el th3) ZatA FOE o] i B AN AE HAo e AL
o % glsint

2
*
egt3-1 | ¢ rough gt4s
gh—1
% e gtat
= gt48-1
PN ¢ gt1-1 79[/,
o e |, tas1 9MEFWE e
=z & &gt 1 Y /177
o 2 crumbg ‘co/ve >
8 mol. chewi
Y gt1—1 * *
& gt1-1
contiol control
* *
controtontrol

o)
Z

PC1 (7677%)

7% 33. daGTase A2l 27HF A7k We] 24X 43 F 822 5] 3t F R
D adhe, adhesiveness; chew, chewiness; cohe, cohesiveness; crum, crumbliness; firm, firmness;

moist, moistness of surface; rough, roughness of surface; spri, springiness; star, starch-like;

SEE TR
o] Ao A= 4aGTase 1413k, 3A13F L 48 A7t AL & BIAF-2 5% FE02 H7he ¥ 9
A 5L A% FY A 199 BT A% F AN daGTase 4847 A3 B TS 3
7he wo] ol uls) Basta, wgol glov], A7, $94 R WPl B A0 ey
ou}, the A wse gl ve) v A, WA, 47 A% S92 Mgl we ow
Chebgh A 099 W& A2 weks ARse] 471 S0l Lehkar, A2 19001 $AA = 54
oF YRS, 40GTase = 48412 A1 21T 152 A7 W A% 19 FoE A1 5 g, 2

2 2

R = s
4, dad A, AP 2 SRS e, A el 2wt R o AR HlE M= 2
93 FA 7o) 9k o= ebe). o] s o o
QR A 10 W] $54 SAol glof thekvk §-o 49l zpelol vial, Bae] P2 @ e} By

49l A FEI} Agsto] A FE ANE 24 54 R B FeHL F O BH 5 UL A

I R

I
Q
®)
H
[o5)
5]
(e}
Ll
)
R
3
N
b
i
il
i)
N
)
ol
o
2
tjo

J



ole} 4zt

e
=

(3) 3=

h As 2w

%
N
s
4

=
M
BN
of
ol
o
fru
Q1
N
M
2
1)
o,
i,
)
o
o
i)
N
s
rot
S
—
o
o
dy

o

N
=
>
W
o
Hm

2 s
HhalHA] ZHEEiTth AlxE sstdS 75C7HA] WZHAIZL ¥, 4aGTase (5 U/g, dry basis)&
H7bste] 7247t & AIRPEE 3 AIA o] A& 1] 93l 100ToA 30+

B AT g, 5AE HYT] &

=

;
il

2 HPLCE ©] &3 4aGTase A8 2759 Ea Rxe

4aGTase A& 27} 120 mgell 90% dlmethyl sulfoxide (DMSO) 12 mlE Y31l 100C

oA 1A ZERE wgket A Eklar, thA] 25 Coll A 24X 3 wkete] Hitd AR

£ DMSO &9l &xd3s] A AT, A (A &5k 1.0% w/v)= ol&s &A% 3§t

3L, gl siglon, dAlEE st A AAES Al B Eoll $AHA71a, BEE ol &35}

of dE3 %, 50 mM NaNOs:E ©o|FFo 2 o] 3 04 mlo £x2 F¢ 23 F. RI
] gttt

detectorE AF-&3to] BA139tt. AHE TosohAl AlFE G50003 G3000S &7 Af

= &
A74¢ &5 dEy= DSCE o|&ste] A4, SA4E &5 A2y o=z dA
= a = 43171 93k, 4aGTase
Aqe]stA] oo AvtEel At AULEE DSC WMol ¥al dAY (F FuTH 59%) E&
o C/min =2 Y7Zst & thA] 40CollA 130C7HA] 5C/min &
&

7}
LI s SAHSAT (1% scan). 53 A d54AH &
[e)

Ay 54 F vtz ARE 0C7H4] 9443 vs oAl 40C7HA 2C/min 22 Yzts)
-40Col A 130C7H#] 5C/min &=z 7Fdsto] 3} & d524 &8 dEyE 433

al
t} (2 scan).

@ 4aGTase A& 27}F5 H7Fg 559 Az 54
Tee L7HReE BAVRREE 112 5] zﬂ%ﬂ‘ﬁigﬂﬂ =4 AlZ Al 4aGTase @]k &
s 3 199 o] A7FE] 0, 5, 10%E WAkl H7bskqivh. 4aGTase 23k 27159}
Wb 23y ARE wF7| ¥ F FAT £FL Bol Ho wE WE5£E w579
KeX

234 EsEA A

N

AN =AAZ 5, AW7](Dong

- 5
Nam, Korea)E ©]-&3}o] HE Ak HE 459 A7]= 6 mmx 2mm $Ith

1

>
i
-
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mlE ¥ A= 80gs ¥ F Fold w9 Fy= 543}

Z[:
of FA digk ¥ ¥ SVt =5 FA STHEEA AL

E 19 AR o] 24

WF RF substituent salt water

RF:WF=1:1 20 20.0 0.0 0.8 13.20
1hr 5% 20 19.0 1.0 0.8 12.74
l1hr 10% 20 18.0 2.0 0.8 13.17
3hr 5% 20 19.0 1.0 0.8 12.74
3hr 10% 20 18.0 2.0 0.8 13.17
48hr 5% 20 19.0 1.0 0.8 12.74

48hr 10% 20 18.0 2.0 0.8 13.17

WERF 1:1 ; 271F9 271225 1.1 v &2 £g38te] Axd =5
1hr 5% ; Y7FF9 B7LHE 112 E£¢3tal, 1 5 27159 5%
A7 EaA e A7FRR A T
3hr 5% ; W7FFeF BILEE 117 E¢stal, 1 5 BT 5%
GhAE A7MFE QA S
48hr 5% ; L7FFoF A7VEE 112 £38ta, 1 T A7LF9 5%

oAy A7rFE AR =

Iy
Qo
>
)
fol

® 4aGTase A& 27132 E3sts 59 JYals 54
TF AREES 20004 204F & sAA17 5, A2 (25C)elA 1A7F &2t BA| st
EAAL, oldd Wals AAHE 3M7EA wHESlth Wals 8-S AR =9 20g= 200
Zt

ml = 2ol Yol 123 o3 Fol =2 FA 34/ § 2718 AAsta zed w9
X

2

ol

71AA 22 7FS Texture Analyzer (TA-XT2, Stable Microsystems, Surrey, UK)E Al-&3to] =
ettt 3emo] w7 ES plated]l =21% > U cylinder probe (@50 mm)E AR&-sto] %
2] FHelA 70%] M o] doluhE= 1.0 mm/secd] HEZ F W GA-FASGI
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ke
H

O A =
HPLCE ©]-83te] 4aGTase A 2]gk 27FF9] #Ad X9 Wt
Ut 40GTases A 2]otA] &2 A7FF9] Aol old 2983 ofd2 e
UEbsE O, 4aGTase A 2] 3k 27} %Oﬂ—t— 4aGTase # 2] A|to] F7hgtol whe} ofd =+
o] Fyyo] veoe Ao=E A7ty = A HAl 8 (Ve 3040 ml)e] =7+ #4sha, 7 |
8 (Ve: 40-52 ml)¥} Al WA % (Ve: 53-65 ml)e] =77} AA F7bekdlth. 277} 65
Al ZF E9F 4aGTaseo] 93 WHAAE Fol= A WHAle F HAl 23o AlglA] 2
~228 x 10" & Zv FERE WaEACH

|

K
o
T
Al
Y
ofi

7.88 x 10°

2.12x 105

mVolts_ 1.12 x 105

25
4.73 x 104

2.28 x 104

\ 65h 1.18 x 10*

I\ h \/C ::\\ 5.9 x 10°
{ o R,/ N “

19 34. 4aGTase A &gt 27179 FA%F #X% (5 U/g)

@ 43449 &5 gy

A4 e B2 AF HelAd f8E 5 e 22 SEIA 44EAS u), Dscoll 93] &
A4 &8 dEHEH F8-E F Utk AV AREEY 344 &8 gy A=
3% 207 19 3590 YERASAT

53t A 549 45474 Y= 4aGTase Zﬁﬁlo}ﬂ % A7HF7}F 4aGTase R%ﬂﬂ %7}

Hu} Hkom, g4 vhE

]_
<H%eﬂﬂaﬂ€%°WﬂTﬂnﬂgﬁe@ A% G E 2 SR EHE A8 Yo
o F= B 5 AGS

2ol Ws) AA P B
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o gol FReta Jee vkl FAkh o]de] AR 4aGTase Ae] A7HF 2A7h JEM
o g

4 H A = A

320 2A7FFY A2 &5 Y (unit : J/g)

4aGTase
et A] E& 1AF—4aGTase 3A1t—4aGTase 48A17F—4aGTase
BT}
st
1 284+3.5 259+£5 254+£2 243%+4
scan
2nd
266%5.1 255+1.1 235£3.4 226%3
scan
-5
g 0
E
Z 5
3
o 10 2nd scan
(@]
©
L% 15 /
2 1st scan
o 20
(W
Eﬁ 25
T
30
199 -15  -10 -5 0 5 10 15 20 25 30

Temperature (C)

19 35, 48X 7HE¢t 4aGTase &3 #7159

AeAY &4 Ay

= =



@ =49 =7 54
40GTase *]&] 3%t
etk xe
®

PR o] = Aemw FAHUY 4aGTases 1417F 3A1E €]
AR A7VRE Eodehs gl FASTE RO ke R FaE ol 7 A
A7hE EASh B3 E g FolAE AL AE AL ¢

Pz
=g
Bo] gobA HEAd Ao oAAAY, £ FuyHor xos) A4 5
L A

TR

T
B
Q
0
—
Q
®
_&
o,
(67
~
T
L

i
>,
o~
)

Azl et Avb= 220
AA S 40GTase # 2] 3sh
3 e s 2
omn, Walls Mo|Fo] =7}t wit 1791914 16607F4 A a1 o] 7+4 389 HH 40GTase

=
Aed wATE TP GrE YoE H4e 29 wEse abg Folx Adudel osld

2t} &telgkal, 3 i 48417t 4aGTase #2]3F #7}¢ 5%2 F3ets 4o A 170600
A 1784 M EH 4aGTase A2 s 2775 E3ebA] &2 2 79 A5 AL (1791)#%
A dE2A &2 AdE YERHATE. € (springiness)®] -5 4aGTase A E|gt A7FFE

EgekA] ¥ vz 7 Yelss 39
3], 48A1%F 4aGTase A &gt A7} 5%5 3 0

Koy, "z vl ¥ F g4 BAn. f8Ad A dixzd 5] SR/ 0] 0.6000 4]
056°. % 7rAashd] Hbel, 48417t 4aGTase A 2]3F 2715 5%E X §3el= 5 05994 0.60

=
wob Avks A% weP W, BrbRe] AVE AR E 484

N =1y - 7t 4a

GTase A28t A7MF= A8t A 2 Ao vghAs 93-S & Jo= Alndn
EI AEs dste AES e HEAS W dojus deAe] AT ST
A 2AS Yo Anze] VSAS AaATE EAE 20T F dnh 2Eu ¢
Al Am et 4aGTase st A7l e AR 2AES diAste] AHEdS o, Yalls HAaS



WA= &8k AREE = deee AzETh
3 21. 4aGTase A&t A7MFE5 Lt =59 =g 54
R 7t = S7HE =5 PR TEY g 23] 24 (%)
A (2) 53] (ml) (670 nm)

WEF:RF 1:1 29.4%x0.4 25.7x1.2 147.1+1.9 0.330%£0.151 3.86x0.3
1hr—5% 29.4%0.6 25.8x1.4 147.1+£3.1 0.472x0.080 4.31£0.3
3hr—5% 29.9x£0.7 27.5x0.0 149.7+3.6 0.485%0.101 4.40%+0.5
48hr—5% 30.9£1.5 27.3%£0.3 154.3+7.3 0.483%0.040 4.42%0.0
1hr—10% 29.1£0.7 26.5%£1.3 145.5+3.6 0.439%0.077 4.91+0.6
3hr—10% 29.1+1.5 26.8£1.8 145.6x7.5 0.469%0.036 4.99%+0.6
48hr—10% 29.5+1.3 26.0x1.0 147.5£6.3 0.449£0.106 4.78+0.6

WERF 1:1 ; 27159 27152 1.1 v &2 &3 sto] A x8F 2

lhr 5% ; W75} A7 FE
A =4

3hr 5% ; W7t} A FEE
A& =4

48hr 5% ; A7}F9F BILFE
= oA 55

lhr 10% ; H7H7o 27MFE

= AR =

3hr 10% ; HW7}F<} 275

= AR =

48hr 10% ; U759} A7 =

2 AR @

112 E¢stal, 7 5 A7F 5%5 147 aaxy A7tER

112 Egstal, 7 5 A7 5%5 3417 oAy AtER

112 &3etal, 71 5 A7F9 5% 48417 AR B7LE
112 &£335ta, 1 5 27FF9] 10%S 1A13F a4 8 275
112 23ela, I 5 B7FF210% S 3A1F a4 Ae B7h5

112 = = A7 10%S 48A17F a4 g &7}
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¥ 2.4

Wall5 13] hardness adhesiveness cohesiveness springiness chewiness
WEF:RF 1:1 1791+168 —371%£16 0.60+£0.01  0.91%+0.01 982+64
lhr—5% 1851%£197  —397+57 0.59+0.01  0.89+0.01  979%132
3hr—5% 1886£192 —383+49 0.58+0.02  0.89+0.01  970%151
48hr—5% 1940+£241 —421%19 0.59£0.01  0.90£0.00 1024%156
lhr—=10% 1668+28  —355%74 0.57+0.00  0.85%0.03 823%3
3hr—10% 1736+£200 —372438 0.57£0.02  0.87£0.02  857%149
48hr—10% 1886%x99  —402+£69 0.58%£0.03  0.88%0.02 962120
W3l 23] hardness adhesiveness cohesiveness springiness chewiness
WEF:RF 1:1 1784+£254 —347£159 0.58%£0.03 0.82%+0.07  870%255
lhr—=5% 1840%£371 —387£176  0.59%£0.03 0.88+0.07 970312
3hr—5% 1966+256 —411+148 0.58+0.04 0.83+0.13  977%323
48hr—5% 1941+162 —350%19 0.59£0.02  0.85%£0.04  978%155
1hr—=10% 1819£40  —403*16 0.58+0.01  0.85%0.03 909+£57
3hr—10% 1805%251  —451472 0.59£0.03  0.89%£0.04  967£227
48hr—10% 2046+47 —490+125 0.58%£0.04 0.86%£0.08 1032%146
W3l 23] hardness adhesiveness cohesiveness springiness chewiness
WEF:RF 1:1 1660£35 —196+4 0.56+0.01  0.74%0.03 701+38
lhr—=5% 1643%£254  —176%47 0.57+0.03  0.72+0.04  683%178
3hr—5% 1706£8 —264+4 0.60+0.02  0.81%+0.00 836£35
48hr—5% 1784x277 —269%91 0.60£0.01  0.85£0.07  920%233
1hr—=10% 1427+131 —194%46 0.55+0.01  0.73%+0.01 583£48
3hr—10%  1475%£59  —239%52 0.58+0.01  0.81%+0.04 703£63
48hr—10% 1586137 —232%£93 0.56x£0.00  0.79£0.07  709%142
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2. Al 2 AF-FA
7 @xrd 74 2 A%
(1) 12hd =

@D A19F a-GTased] =23 2 g

0EY AAR A2 YT

h 64

o] A4 3l = WEA < Pyrococcus furiosus=H-8 WE7d
4—a—glucanotransferase(0]‘3} PfaGT)9] FHAE Eesta ol ARAAT & 54 A3
th 1§ 104 %], genomic DNA A E3 UASHHA FAlo] Neol?}t HindlllE 2 primers A%}
skal ©|Z1& Pyrococcus furiosus DSM3638 genomic DNA9F PCRE aF3laL, ©F 1.9kbe] PfaGT genes ¢
< T AUATE o] gene FZtol| AFEA Neol? HindlllE A3t 9 4= A2E p6xHis119
vector (44) o #folAlolAd Qlck 1 ¥, AAE &olstA 871 9130 exhistidineo] THE =5 Ndel 7}
Hindll1Z 25= primerS thA] 2124619031, ©] A4S QuickChangesite-directed mutagenesis kitZ ©]-&-3}
o] PfaGTAl Ndel site7} §loixl praGTH“Eﬁ} PCRE 3312 Ndel?} HindllIE 2= PfaGT genes
AL, o) AE Ndel#} HindlIol A2]% p6xH119HE] S} 2ho] Aol dataitt.

kol‘
U o
o

il
e

a1 Cloning strategy of PfaGT

PCR primers PCR primer design
GTaseNcoI: 5’ -AGTATCACTCTCCATGGTTAATGGGTGG-3’ 6xHGTaseNdeI: 5’ -GGGGARACCATATGATTAATGGGTGH3"
GTaseHindIII2 : 5’ -ATTGGTGATGAAGCTTTCCCTATCCCGA-3' GTaseHindIII2 : 5’ -ATTGGTGATGAAGCTTTCCCTATCCCGA-3’

! g

[PCR with genomic DNA of Pyrococcus furiosus DSM3638} —»L PCR using pPfaGT119 without Ndel site as template J

g

{Subcloning onto p6xHis11 9}

=)
O

Subcloning to p6xHis119 ﬂ

Ned (5412)
2009(d2) \  Ndd(1)

EcR1 (5088)

\uAlS-’w'\i
2009(d2) \ Eedi@n)

EcaR1(5083)

p6xHisPfGTase

PPiGTase119 5435 bp

5411 bp

944(c1)

944(c1) ~
HindllI (1977)

[Removing Ndel site using QuikChange™ site-directed mutagenesis kit}—

HAASS 95t 5ml LB A wix]o)] <5 AFEQ E. coli MC1061E HE38te] 37 Coll A 124 7+
v k3t ar, v 1.0mlS A= LB A vix] 50mlol] E3Fe] 600nmolA &3 =7F 0571 €
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Foll 15mlg 4Coll Al QAR E (7000 xg 5%)3te] #AZ 35e ¥
I (50mM CaCly2 #ESlo] 98 ol A 3087 $Ashgirh. ALtel
dolflel e Bole £isla, g Lol 1A% WAL F 42C
2 o

w7bA] ) FsEait. Y
0.75ml1¢] &g}
0.15ml°l] 500ng<] 7]
283t A4S FAH (42).
T, AR e I LB @3 wjH el g ‘:“‘o}Cﬂ WaE Bole #FE 12k etk
124 A 7FE vldde] x3Hd LBO“xﬂ 4] 5mlol %j%o}oi 37Co1w 12/\] uj) 93} L,
dateste] #AE 5 = =
StaL Ndel#t HindIIAIFE G4 % ddbste], of 1.9kb9] PfaGT Tr;ﬁx}ﬂ E@ﬂom%% gel a5}
ATt

@211 a-GTase®] A4k
g1 A8 poxHPfGTase =M =5 E. coli MC10612 FAZZ A ffr M !
FE el e JAASAE dujade] e LBAA A 352 E ] At 16A17HE<E
el wd &, A @€, 7000 xg, 30&)3te] wAE #538kal, 300mM NaCl¥} 10mM

-5 50mM Tri-HCl 38N (pH 7.5)9 dE3t & 223 Eslch 44
sted s s FBkaL, 75CelA 10w4E DA v 41 #(10,000 xg, 30w)3he] &e =
TESIAT. NS NiNTA 33 A=RviEldgye] F9ste] At AAF

2 9 H9x, BNAgR Gk 54 (35, 39)3kel 13 29}

317] 9138 50mM EFO]E 589 (pH 6.0)0] &3llE 02% ofER o~ 7]-89 250
d HEEd 600nlS il 50%HES A & 50uS WK F, &4 100uE Eol 85CelA 10
A dte] e2nMellA FEE S5

off g
N
N
i
||\
oX

= [e]
i=] o e A= [e) [e]
T S AIT 3, FEEFALLE)RAS Yo AR E
ol X

AT (17, 36). S EE oFdEQ A FE A1 Hluste] 1Y 1mg/mle] ofdE Qe A7} Fols w9
HEAFS 1WUnite = Attt 19 2= FADAE specific activity & -8+ A H| o] E-o]th.

@At a-GTase] 54
=0 733
SXTh mAS B MAE G o] 98] 20TEE 10T 5CUA 10T Holg F
ahol qrhe dopuodth RE W 50mM AFE2FCJE hFE9 pH 6.0014 o]Folxrh 1 A
o, T3l M B30l 85CellM HH LS Hela 3§l
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Purificaton of PfaGT from E. coli

KDa ™ 1 2 3
Cell culture ( 3.5L)

205
Cell extraction
116
97
Heat treatment
(75C, 10min) 66 ™ <+« PfaGT
M : size marker
. 45 - Lane 1 : cell extract
Ni-NTA chromatography Lane 2 : heat treatment
Lane 3 : Ni-NTA
Total Total Total Specific . o,y Purification
volume(ml) activity(U) protein(mg) activity(U/mg) Yield(%) fold
Cell extract 350 68.8 1592.5 0.043 100 1
Heat treatment 325 36.8 422.5 0.087 53.5 2.0
Ni-NTA 5 22 10.3 214 31.9 49.8

\J
o
w

110

1001

90

801

70

Relative activity (%)

60

50

66 70 75 80 8 90 95 100 105
Temperature (°C)

] = ZAFEE] f18, 85 Col A 12417Hg<E ofe] 714 71H Al PlaGTE A 2fst3d
RS RS T8 4ol BSo] gRew ARutE T u(TLC) s B = 1 A3}, PfaGTase
E7} ohd MEEQANE & HhE S A% § A, ofdRe AR

= N2
B9 WHE2 =2 EAES HolA] loading positiond] HAA ASS AT 5 U

-11::

@ PfaGTY] H&EY AR A|lzxzolg EA
A

Ad F2E FAE] et (F)AHAFOZEE AT A E5% 0l PFaGT OOSUHlt/ng



Reaction pattern of PfaGT

Gl

G2

G3

G4

G5

Gb
G7

" "
&

L
. "
M 1 4 5 7
G2 G3 G4 G5 G6 G7 Amylose
23] e YAS sl ARG 1 F, A0 W2 opuzAe] B4 walE Aelsoin 2

AFFS MALLS(multi angle light laser sacttering) = A% Atk (16, 40). 1 A, 727 504 HZo] of
WRIAR o] FApgro] Algto] A whel Ao w Fojus &9l & 5 SUUTh ol PlaGT7 obd®

“Eaas s » »
o G

N

A SY BT Abol& 7hEE] sto] ofdmARlo] ol RAY FAH W9E i | AES
la}3ir.
BEE Molecularweight change of modified waxy rice starch
If'% Control | 8.86X108
— S
it v s v
0.4 II' 9 v

B g ] N Smin | 408105

secaimocloy iy N 30min | 9.35X105

) % -F g0min | 7147x1p5

i F /N 180min | ‘6.84x1
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€ MAase2] AAF
TEAY  opd#lo]=(MAase)= TYFE 71AS ThEEd] shol —ZFE maltoseS  AJLFsA
glucoset} maltoses U3h-1,624F o= o] = @iolth (30, 38, 44). S ol| A= Bacillus
stearothermophillus=5-E] MAase genes T=sto] A3 DNAE A|Z3I%la, o]3S GRAS MAE
Q1 B. subtilis LKS87°] RFAM&Ast] a8 ol Aidsdnh o9 Aidk &4= NiNTA
chromatography & &3l A#13l4] specific activitys =73til SDS-PAGEE st HAALEE &<l

sk, whldea ke Sgstel 0¥ 63 2e AAdolRE Pk

T A

F
i
jais

Jge Expression of BSMA from Bacillus

M 1 2
KDa

205

Cell culture { 2L ) e

— 97
_ 66 W - 62kDa
Cell extraction :
it a5 -
29 M : size marker

Lane 1 : cell extrnact
Lane 2 : after Ni-NTA

Ni-NTA chromatography

Total Taotal Total Specific i ory Purification
volume{ml) activity(U) protein{mg) activity(U/mg) Yield(%) fold
Cell extract 200 17917 2357.5 7.6 100 1
Ni-NTA 13.4 9032.9 93.8 96.3 50.4 12.7

@ MAase®] 2 l‘i‘ﬂ%tﬂl’% Az 54

MAaseE o83 AdEowiy BASYLTS Axdrld A, dEe] A3tE 98] sstd
50mM AFAIEZ4E ! pH 6.00] 30% &%l Termamyl(NovozymeAl) 0.2U/mge ¥ar 90C
ol A 1A17Hsek HHS3ISIth HES F, MAaseS 0.15U/mg(712 1mg@ 0.15unit)S YL 50CollA 12A413F
Ahgetle). Hhgdle s Soleugt ARntEad R E4Hh 17 7014 HTo] MAase=

s AAARORNE PATESY IS YA, AFA BA Seue] FFE 5264% Ack

Yeast display of CGTase mutant
CGTaset™ HFOZHH cyclodextrin(CD)< A/d3s}

T akdolth 2 Jd4HE CDE AASE dial
Ao TR -

| %2 CGTase mutant (31-43)& ®HEUTE ©] &i4e Mol Ae3s W CGTase
wild types AFe o Boh @ =37} Ags 16t lar, webs st A aiwm e o8t
RIS o] 45 AW aRoA FAAZITHA A% =35, CGTase mutant’} W& F2E 52
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1

ato] w37t HuA Xds e AETxE v old Aolal, FERE TEEsEo] e =FAe s
TEQAE yeast7} o]&3lo] U B CO 9 dlehES AAste] o] F4d 1 £ JI

gh= 7HdS AR yeastoll CGTase mutant™& ST}V =S transformationd}3l Oy, BAo] W& &3}
DNAS9] <tz do] Afds] "Wolxith webA yeastol] 215 CGTase mutant gene<s integration-S &
yeast cell ¥l displaysh= A3 silvh o A¥S el 19 83 o] Kpn 13} Xho I+ At
pYD1 WEfolloll SA] Kpn 13} Xho 10] # 2] cgt 3.18 genes Fo]Alo]A 3to] pYCGTmut #|%% DNA
E Axdth 1 5 o] A=Y DNAE A8 &R S. cerevisine EBY1000] & 8E A7) cell el A
AGA2 cassette® E33I= cgt 3.18 gene©] genomic DNAMO] &7} 18 93 o] yeast EH

CGTase= displaysh= @2 #57F Alzdrh A4, £ A8 AT 13 Tl 9l

Branched oligosaccharide production from waxy rice starch

@ @0 G1, G2
a—amylase e MAase
® o 3 0% feetules
liquefied waxy X :
Waxy Rice Starch rice starch Branched oligosaccharide
10
Components Weight percentage (%)
081 G1 2367
G2 21.18
0.6 1 BOP2 12.61
G3 114
~ BOP3 24.50
04 ,1,5 Y G4 066
£ és:é: BOP4 8.00
0.2 b & BOP4 G5 0.70
_‘J BDPS BDPS BOS BOPS 490
Gz G3 G5 G6 g7 G6 0.05
0.01 G i A ‘3\4 - N BDPE 261
B O EEU G LS O Total % fractions for MO 52.64
02 r r r
] 10 20 30 40
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Hinc 11 (656)
Hind 111 (796)

pUC ori

Pst1(806) AGA cassette

Kpn1(919)
—Bam HI (922)
\ Eco RI(937)

\\ Pst 1(946)
\ EcoRV (949)
\ Xho 1(970)
Xba 1(976)

pYD1
5009 bp

Amp"

Eco RV (1823)
Xba 1(2020)

Scal(3238)
Hine 11 (3177)

Kpn 1
Xho 1

pUC ori_

Amp"
pYCGTmut
7468 bp

\J
oy
©

linker

amyR2 (321 bp)

pPR2CGT F286I
5994 bp

cgt 3-18

Kpn 1
Xho 1

AGA2 cassette

Kpnl (919)

gt 3-18

¢
Xho1(3182)

<y

Aga2

7

agglutinin
receptor

— ) — —
o () )

S} - = CGTase[3-18]

cell wall

Agail

/

z

Baker’s Yeast
(S. cerevisiae EBY100)

)

e

L S— =
—

.
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(2) 22 =

@ PfaGTE ©] &3 YFd e A

PfaGT+ 224 PABEQD Pyrococcus furiosusoll A freldh 2l Fxlo] giolt) ofg] EalolA
By vke} o] PlaGTE a-14-AFS FHolste] Amjdd7ke )
O
e o

amylose9} WHS-3to] Sdold @S Aakelc) (17, 30, 36). oled &S Ao] HEEAZ 9 amylose
=2 iﬂ]s}@] e A T Slal amylopectin®] 7HAAS dojo] A S dorl= Aew &
A7 Sloh 2 Aol 2HEA 549 PlaGTE AEd WEAIA obd=2 ks £dstal ofde

dRie) TuaE frolel B4 A Srd 906 250 WL AEE Ak Soh 19 1

o
2 Ao FHFELo|t

O’O%j_l Amylopectin
Amylose

l o-GTase Branching
Enzyme

ﬂl

S
<

N 7

Modified rice starch
(low amylose rice starch)

a7 1. o] BaE o837 %

@ PfaGT ] 2 2 A

E. coli MC1061S 3 2~E= 3}o] PfaGTE WlFAAHSIGITE 5L LB wiA] ol 12417 Auekst A= o
Aite 1% AEsaL 37ColA 18417 v gsidlnh. wld 5 AlXE AR E o]&sto] deHozy
H Eeletal v 1/10 F-3€] lysis buffer(pH 7.5 50mM Tri-HCl, 10mM imidazole, 300mM
NaCl)oll 2o & & 253 712 34 ik o] § RS Sal 84 Fits &
75ColA 1083 A2 stel didw frelel ddes =243t A7 $ NiNTA  affinity
chromatography% st At 75 did w5 et FAE (35, 39)8 ¢St
7 A SDSPAGES adlste] Shelskih (28 2, 3 1)

CE!

=
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kDa
205

116
97

66 « PfaGT

45 -

71%] 2. SDS-PAGEE ©|-83F PfaGTS AA%= &2l M, size marker; 1, cell extract; 2,
75C heat treatment; 3, Ni-NTA affinity chromatography

3 1. PfaGTE] A 3 &4 97h= Lugol's solution method (10, 11)& A3}
o

1
on ghlF o] s Bradford method (14)E ©]&-3Fe] Z73ISith.

Total Total Total Specific Yield(% Purification
volume(ml) activity(U) protein(mg) activity(U/mg) "1e1d(%) ¢4
Cell extract 350 638.8 1592.5 0.043 100 1
Heattreatment 325 36.8 4225 0.087 53.5 2.0
Ni-NTA 5 22 10.3 2.14 31.9 49.8
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@ PfaGT 9] Z&ol ik 448 wAYS

AAE PaGTE BAR) Aejste] 2 FAE EAEATh 10mg/ml 5w ARFENE
°]F 0.1U PfaGTE Azlste] 85CelA ainkgs Fasqlrh o] WHAIEE Azt uhel 2|3 38}t
BAR Dol RE 58 ATE3iT) (16, 40, 45).

a1

N
=
ol
l_,

O PfaGT A2 2de] LA wis}
HEGAIZE whEh AjF g A5 5 SEC-MALLS/RI(Size exclusion chromatography-Multi Angle Laser
Light Scattering/Refractive Index) A|Z~8lS o]&ato] S EA I (16, 40). RESAIEE &4}
ol whel 2ejebr] f1ste]l 4% ShodexAH] SUGAR KS-8049F 806 b2 17238 size exclusion
chromatography & ©]-&afe] 415 %
AAR] HPEAFS aad 5% & Ey Bl Blske] 1/200 7L t}
o] Fol= HAF Hasilont o AAad2 v u
ERIQIT) 180% A & RS oF 6.84x10° o|Qled] o]E Ee Ex}EEe] 1/1000 7l B
Hatrt PfaGT A Al Yehs 2] E44% #shs dyH4 9= amylopectin©] cluster &9 =2 &
e wjo] 1A} s A jEg 2Rkl FAS BARFAE Ho| K (cluster®] B3 chain &
o o

o Balgel wel) Algto] B4% FaE

off

(o
HU
gl
1p
ol

N
B
ol

2

T 4 Zol=H dAFFoet A= o o]Ake] Wshrt YERA
et 684x10° & UERR 180% WS AlRE AFAQ clusterd] BAF s Row B 4 9
o} whebA] 224 G491 PlaGT+ A S ZHE amylopectin clusterg 4840 = Arlet 1

g0
S CLR e EIES TR I ERRSE

_4

e WAYES V)] Fo4 §Aa5T 2 Afo
1

SV FolFE 2 Aole & 5 Ak

QoA HEAFS A4S amylopectin cluster®] 7FAAIHEEE A0 PfaGTS aANke:

S AN F o B39 e Wrlste] F BAFe] ARS AR QARLE Fafo] 3
A AR ARG 37C ARGl A

H ALS 3estal FEaEe] 2 Aeit Jx
5 50mM sodium acetate bufferel] &3|AIZTE o] isoamylases *&|5t] «
1L6-A%S 3] wEsliskqltt o] & e Eo 58Xt 7FEstY] isoamylaseE A A SRl filtering
% Carbopac PA-1 column (Dionex, W|=)< “2tste] HPAEC(High Performance Anion Exchange
Chromatography) & 33} TH16, 40, 45).
18023 aaxe] & AaE EAT Addke ok a2z Yeiild (2H 4). BHEY SE=)
T &F AasiSlal THE 8 olste] #e VSR A TUHES & ¢ Tk o=
S8l PlaGT Ae] A 2] Haaatael ek tEo] ofd=ad] 7px ol o] Aujdo
= & vk ogd &2 7HAe T7h= amylopectin cluster®] ©]3}sHA SAJS WAL Fow
F5 @ ¢ Stk sl digh AR SR G714 A 94 5 ugE 54 WEE 7aE ¢
e

HE F 5 ol thi $4S AYste] THNSE AT o] WL Ao Rk

N

e
2
at

_.\L
o}
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Control | g 8610

Smin | 4 08x106

30min| g9 35x105

90min | 7 17x105

/N 180min | g ggxq0s

Wit A §3) control, Pfa



A)

T T T
20 40 60

B)

T T T
20 40 60

1% 4. HPAECE ©]&3 PfaGTA 2] 279

M E4E 180 A
gk AIZEE 4. A) PfaGT A2 A AEE isoamylase A2]; B), PfaGT A& ¥ A&
£ isoamylase A2
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@ E. coli K12 r2¢] Branching enzyme(BE)°] S =%

BEZ o16-A%o=2 JFHolg Fadshes Al aiolth dWA o= BEvx glycogen synthesis
operon®] N2 SFIA AN TLF &5 FIIIE | & TH¥EE mA=o] BE
= As AE3 ¥i7 T 79 e Aedelr 2 (40).

#+ BET ©d] o-l6-AF FHe] Frle] wrto] ofyE} Hwd H5% AR MIANA wATol
U 20 WstE frieshks Aol Batg vk Qlth aGT¢F #FASHA amylopectin clusterE A3k 1 o
sfeby 542 Aok e Aoz A vk i dAgelM T4 mA=Rl E coli KlZl‘i*Ei BES
cloning3lal o]9] Ao e a4% EAS H3] BES o]&3 wEIAE AAE 3 A5E 753

A S

o]
1)
Q
2
=
=
©
™
Q
=]
=

(|

e

l

@b BE(GlgB)®] cloning

A E. coli K12E LB wi]e]l wjekate] ole] HAAAMAE Felatqlrh AA| genome sequence Tl
olHE wA3le] BES coding Sk glgB7AME 3l o] ZK-E] PCR primerE A & $ PCRS
TFdste] ggBrAAE SHEAUE ofFA SEHI FAAES HHI AFarw A F pexHI19
vector (44)¢} ligations F38)3te] poxHGIgB A|X2F FHAv| =8 A3l o] AxF =

= amp1c1llm A S JER™ 6719 histidines N-terminalell Z3AIZ1 A2 BE(GlgB)E 4kst
t}. o] % p6xHGIgBZ E. coli MC1061°] A=EAIA BES e Hasiqict AgFa el wie a7 5
S} 2t

@ BEY] W 2 A4

E. coli MC1061& SAER sko] BES thfAAksloitt 3L LB wiA|ol 12413 Zdulj et Az o
e 1% FEskaL 37°CollA 18413 sjdsialt. vl 5 AxE AR E o] &sto] AR oz E
wElekal wiE e 1/10 F3]¢] lysis buffer( pH 7.5 50mM Tri-HCl, 10mM imidazole, 300mM
NaCljell &0 &= §F 53 372 gafjsidiv). o] 5 s &8 784 FErvts w8t
Ni-NTA affinity chromatography & 3te] AASIATE AA & A7PE5A dild 55 31
AARE (35, 39)2 YAstal JA e SDS-PAGES 3ste] 2Hlslqitt (& 2, 213 6).

SDS-PAGE &<l Z3} BE: AL} uf$- -3l A cell extract Aol = ©hlz o] $x]=
el & 4= ATk Ni-NTA affinity chromatography & AA =7} w9~ =2 &3t BEE F]s}3ith

Z

o] % Ultra filtration (Mw cutoff 10kDa)= &3at] ILFERE F53 & HAFPS 3
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______

Escherichia coli K-12 genomic DNA
PCR

(2.2 kb) E—

Ligation

PBLMA
B Ndel

p6XxHGIgB —GaB

Amp 5924 bp

Pstl

1% 5. BE(GlgB)®| cloning

116
97.4

66

45

29

M 1 2

712 6. BE2] SDS-PAGE 4. M, size marker; 1, cell extract; 2,
Ni-NTA affinity chromatography.
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3 2. BES| AAl

Purification Total Total Total Specific Yield Purification
steps Volume(ml) Protein(mg) activity (U) activity(U/mg) (%) fold
Cellextract 100 1137 70193.21 61.74 100 1
Ni-NTA 28 151.76 28048.81 184.82 39.96 3

* G40 97 amyloses 71ZE 3] iodine solution A2 ¥ 640nmollA &3 L]

Hasro s S4sglom a4 F X & Bradford method 2 ZAA3IITH

® BEE |83 amylose®] W

4A1¥l BEE amyloseo] A2Jste] L ®stE dAaI3ith amylose®] §%=5 247 0.3%
& FH|ste] BES FH7bekal 15A17F &)t 37ColA Rk skl B =olA
aanke FAATIAL AR EE gote] =2l o
= Agsto] ool Holds 2TFFE AAst HAEs dRART s X AR
45 50mM sodium acetate bufferoll 5] isoamylaseE A2ttt o] ¥
Z18313lTt (16, 40, 45).

ul

—

_—

WA BEAE F- o %% Aelst7] A TLCE olgste] Whgibas wAsklrh. 18 70l = 5
Yol BE Az Folk 295re] 79 AHA eisltt 719 wke] mhE Aol fle Aom u
ERstt.

Isoamylase #2] Aol peak7} AQ) YePA] Gz Zoz Hol g4 A2l & YeRd peak= 714
Agte] allE AzpZolgta 3 4 vk (1F 89 W § AZwLETH). [soamylase AT $ A|RE
HPAECE o]g&3ato] A8 Ax}, F3% 6 o] thekst dole] peak7} YUEFSLTE Isoamylase *1&]
Aol peak7F A9 UEA &= o= Wol 3 A2l § yehd peakt 7S] #ald 23}
wolgtal & ¢ Stk THE 50l8ke] TR A2 Aol UEhA %kl THE 108 TR o F
BeFo] A AL FEHE YERNSITH (2" 8). o= B. subtilis 12| BE(BBE)9}= & #}olE EOJ
Uk BBES] 7% DP6 peak7} 7 3L AA3] 1 o7k Hadhs JHiE Yebith 18y E. coli
BE®| Hl3te] DP20 ode] 71 7FA] H|&2 X A YEsth (2 A7 AdA et vlalsksl
). 714¢] ko] wWE branching pattern> 7] ZFo]7F 110 0.5% ol el A= 0.3%0l BIs| A
Ao 2 21 7HA7F Wol yUehsth (11 9).

9o Aol whe} BEQ] ol whet Hs] tE P9 branching patterns WERS & 5 Utk &
o7 HYS T BEY 71H] Fol e Aowe] Afo]E Agtste] o]l 5o HiEHS
o H2= GRS dATreloF & Aojtk

=

=2

©9
[SKe)

i}
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; .« o o
@ e @
- . S A
‘6‘ ‘?%s d:g'v %9
R T T %
19 7. amylose®ll BE #2] $ TLC 4.
— 0.3% amylose
—0.5% amylose
= 0.7% amylose
0.8 0.3% amylose
0.67
0.47 \ ”
0.27
867
0.8 0.5% amylose
0.67
0.47
L
. J_I I .IJ:JL'L--L_|_IL]|._.L'IJIJJ'_"J._/._-_«._,._,._._.__—
R
0.87 0.7% amylose
0.67
1 |
E: H’|h‘|[|!|'|'.
210 DU M A
0.07
U 10 o =0 40 =0

% 8. BEAE] AlZe HPAEC. W 9] 1ej2= 7} A|E & isoamylase= A 2]35}7] A
HPAEC® #-413F g 2ntE1d 9,
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I 0 3%
I 0.5%
0.7%

—h
= o =] =]
. . .

Relative peak area (%)

%]

=

5 10 1B 20 25
Degree of polymerization

19 9. BEX Y 5 BAE AT THHHolEE. (WAHE)

@ BEE |43 tapioca stach®] 42

BES] Wizl digh J3FS A8 915t tapioca starche BEE EAAEE SIATE 5%
tapioca starch =89 FH|SIAL 160U/g @912 BES A fsto] wkgAlgtol wel AlRE AFE
THAAEESE AT BE AE - 28 F-9]9] olghEs Ajste] AR ¥ s Al
Azt FHEE 358t 398 JAEL o] T isoamylase*2]E 713 HPAEC +4& 331
o} (31, 40).

wA23} BE WS ARto] S7kgoll whel 40 oo X1 SRS T 77 AAastal 9= 10

ojate] #HL 7Ee] T Ao® yehgth (2™ 10). 64 A Folkm T Al F

Wahe QRlom 6417 Ae] Amel AzehEael Feps BBE Mg Aol TR0 vk HARE B
2 eI 37 29S Folo] olefd TRl ALt olged YW 5& 97E Ba

7} e Ao Az
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control
_,Ll. ] JJ Ul W\MMMMWWWWWMK

1% 10. BEE A2 $F tapioca starch®] 7FA Aol EE W3} control, BE A2 A

BSMA & 11273 W& B. stearothermophilus25-E] fresk MAEA ol2] E/F9 MA FellA 7P
A3 GHolse Kol adolth & dATelMe ek el BSMAE Agste] AETx
= oS At 7154 BEE AR Aakskalat sigitk o] ATte] JHERH
© I ok 19 11 YERiITh

NS Hgke] BSMAS A2|stal whgAgkel e} A5 A3 sto] isoamylase#]

5% FAEAE T8
2] - HPAEC 415 Fasioity #4723 19 12014 Kol uiel o], 11 T3 7 dd
AAF fastal @2 7pxA e Wlgo] S8kt 3 isoamylase] A zloll ofsf Al kel
A %+ glucose = maltose T9A17F Aget 7147 FE7F Srksle] AmntETR T EAs
garge] HjEo] Solgs & F AUtk #HS Holo] AR S wRAHES #8400 wg- F

)
]
7 Aoz o dE™ isoamylaseo] el el EA| = THAAEE dheAbEe] AR SRS

r (
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A3 Ag AL Ao dake 4

Aol wlz} thololE

Aol o] So HgH

Waxy rice starch

Hydrolysis / .A Transglycosylation

Ago} @

ATh (16, 40). BSMAE o]&3ate] Aikgt o]y
W gk

- = [e)
A= EAES A

LR
.
0.4
s control
0.3 7 Y
0.2 7 O
0.1 1 i
] DF&
v
0.0 7

0.4

0.3 7

0.2 7

0.1 7

0.0 7

OPFE
‘{I

DP12

I
i, || |L|||

‘_-1—

v: branched side chain

4hr

Lhn U I

10 20 30 40 50
Time {min)

gk

AEe] AL BOSE

1% 12. BSMAE A gk #AHEe] 7R A o] ¥, Control> BSMA A& #

Nzl 7ol BT FznbE e vl
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(3) 33 =

D 2UYdA TEAY ojdgo|=e] Sry 2 EA 1y

TEAY oldyo|ZE o]&3F HE Ao AL H Ao

[e RS HARL

_4

A gts] e mf glom Ak =
Ast=Alo] 1 7§3ﬂr*‘ 3k vp vk oA Ql o2 Bacillus stearthermophilus e o] HEAY opd o]

= (BSMA) B #H¥o AHelslo] optzs whe Soldow RBad 4 9leg WU (24). HE BSMAE
AFES] AR & MOﬂ Agste] =2 U] 7 AFES X awA] ofdEAY FYAHE Alst

£ ABSVIE HSI0k OIAY YEAY UAI=S ol ouRag YIS 24T WYL

& g onw (42) ket §=0 MAHES A=t Slo] T8 A4S & 5 s Aem U
e} 2 Aol s 2D vIBES] Staphyolothermus marinus ZH-E TEAY opddo|2E 2249
afal o1 SAS W olE WMIAHAE At o) &staat sl

@) Staphyolothermus marinus F1 2258 TEAY opddol= (SMMA)Y 249

S. marinus F1> 1986\ Aelle] QAo miE wejslon A4 HH2w7 85T A 92T o=
= 2SR F7IA8 A=tk o] mAE Tr?ﬁiﬂ—f'r“% Hlas FZoflof Ry fl=d, Alds
alignmentE F3sto] A3 A3}, Smar_0613°] L& s= ol < opdyo]= HAdee} v
AFete] 47]9] conserved regions 7HAH HEAY O]-‘?:iﬂ1]°]5$r9]- HluA =8 AP identity S U
RS oF & 9l ole} e HRE v OR Smar 0613 FHAE F2Y stz v P
PCR primers TAR] &3tk  forward primer (SMMA-Nde [, 5-GGCTGTATAGCA
TATGTACAAAATTATTGG-3); reverse primer (SMMA-Xho L 5-TAG
CTCGAGTATATTACAAGGTTTAGAACC-3). ©]&| gt F primerg °©]&3te] PCRE +3 ¥,
21 kB ZL7]°] E3dk= PCR TFAt=4S AUtk PCR AHE3 pTKNd6xH (36)5 A1 &gk A g
a42 Agg ¥ ligationsto] Axd  EFkAv| =Rl pTKSMMA6XxHE A3kl
pTKNdéxH= Zhputolal Al A3 miAE 7HAH ddw o] histidine tags 3
AA EEAZ s EE g 2d8 #E o]tk SMMA cloning®] thHEfAl W2 of

A 2% 10 YERAT

& SMMAS] Zd 9 A

pTKSMMAG6xH AZ3 Ee AW =5 E. coli MC1061 (44)°l transformation 3t 2L LB
W2 & o] 835l wmFelgith 18A13F F<F 37C, 250 rpmEA SR wig 3 & ANFEE
At cell S 83 § ©]E lysis buffer (50 mM pH 7.5 tris, 300 mM NaCl, 10 mM
imidazole)°ll resuspending3d}il sonicationd}®] cell extractE® ASTE ©] & 70TColA 2083t
7vdate] ool @lAS A ASkaL, Ni-NTA affinity chromatography & A Alsle] # %4

- 100 -



OS2 SMMAE kR AASIY. HE Al F v-CDE VIFR 3 HHzzA
specific activity= 11.5 U/mg 7}l om, +5

588 21% 7FEo|1th. SDS-PAGE Aol A
E 7 3%, SMMAS] bande o] 24Ql A 2T XA dER oy T1odd %
= A SRl 10% ol stEA *JOM o] &5 e Mg K3 Aow HAT
SMMAZ] 44 o] &S e F7F A8 Bl RdFS /)H5a, GRAS HAES
o] &%t U Ayl AL wEdof & o R Alr .

Genomic DNA

PaLma
PCR g - Ndel (327)
Pst 1 (342)
‘Hin d111 (350)

— +

F1 origin from pET

ligation

KamR

Psima

F1 origin from p

Pst 1(2247)

1% 1. S. marinus genomic DNAZFE SMMA®| S=' Y

- 101 -



45 -

29 -

719] 2. SMMA 9] SDS-PAGEE o]-&3F AA|= FA. M, size marker; L1, cell extract;

L2, Heat treatment; L3, Ni-NTA affinity chromatography.

¥ 1. SMMA 9 AA &

Purification Total Total Total Specific Yield Purification
step Volume(ml) Protein(mg) activity (U) activity(U/mg) (%) fold
Cell extract 300 171 441 2.58 100 1
Ni-NTA 25 8.15 93.6 11.5 21.2 4.45
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& SMMAS a7 54 3 7 g
BEAY oldyo]lz: AREORREH 7}5E3
T97bE ARG ALkE S 3}
3,5-dinitrosalicylic acid WS A&
%< 1 Unite.2 24 ‘8}04 A7t =AEAY
7] $18te] v-cyclodextrin (v-CD) & 7|&= 3}
Zol oy FHO S5 7oA (pH 4.0 -
8 Oﬂﬂ 110C Afole] &xoja] bz}
-3 Fleste] SMMAS] HA ¢k pH 2718 AASAE 17 30049} o] SMMAE
Col A= Hojx|ol nlste] 70% 7M7he 45
2= 919t} 80°C ot A= HA B H]
3kof 40% olste] ¢7hE uEhdh. SMMAS] 37 pH 5002 Uehgtsd dA7kA &
27 v HEAY opdyoel=d Hlste] B XA pH g YERNATE dubqoR HE
E#g s B %9 4% pH #hol 55 /M-S YelhE oz deA gl
B FA olge pH oA 9x @ die seA W
2 glemz SMMAS pH we @AY HEASG o
SHT (42).
SMMAE @A7HA &zl BEAY opd#ol=gt vuste] 7 & HALEE Ub
=

g Eaol™ pH 507 2 b 2AH nBAS e DEAY ofdde] =)
o _
S 9T
B)

120 120
~ 100 - —. 100 |
X X
2 80 1 2 80 }
S 2
S g |
e 60 @ 60

o

S 2
] 40 4 ® 40 |
3 °
] 14
x 20 20 }

0 Ll L) L) 0

80 90 100 110 120 3 4 5 6 7 8
Temperature(c) pH

a9 3. SMMAS] 2% 9 pHel| wE A Wa =4
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@ Differential Scanning Calorimetry (DSC)E ©]-&3% SMMAS] At A 4]
UG 549 SMMAS daAAS =437 93te] DSCE o] §3to] Fd3

RS SH)
At SMMA®] DSCE o] &% w443 ofgf 19 4o Yehdileh 28" &  Ux
°F 110Ce =2ds o 549 a7t veves 3s 423 ? Atk F7FEAAA = 110C
NN e FFdFEe] 97ts HEtlle Ao 2 vegoy, DSC w43 aade] 74 =7
ol tzrw AHPAow vHud F = flv Aoex A %E}. SMMAE 2% 3o &4
Havks dells AoR Hol A $ g 3 AeHe vad fdd Aow e
g dnk o] 22 ZAIE vgor SMMAYE dAA7HA] Bad CEAY ofdiol= F

- =
M Ee AARAS el 2 0] @ W F9 T 5 ok

Cp (kcal/mole/°C)
=]
1

] ] ] I ] | | | I | | ] |

L T L% ]
10 20 30 40 50 60 70 80 90 100 110 120 130
Temperature (°C)

13 4. DSCE 0]%} SMMA®] dotdAd B4 HAA AA, SMMAS AA < =4, 4

=
A b A, AA Y ZAL v oz AakE SMMAY & g,
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A7 3S W, SMMAE 4o =T 9 BEAES JheEd FAER AAs

ATE G3-G72 o] &3 05% 7HdFEdA e Gl vgAEY T2 EHE e #Ay

A ekttt SMMAS] &AukS & ©

2wt o a-, B-CDe A9 wEafiskAl Egvhe otk dubH o g TEAY ofY

dol== Al T/ CDE EF Z 7IEsfstAy B-CDel v %2 714 Sol4d5 u
s 59

ox
of\
Jm
N
o
(2
=
>
>
i
o F
o,
fol
DX
rlr
<
0
w
rr
kol
o
X
1

Fhis Ao dad Sl 5w, e SMMAT ol 93 v.CD g Solqe
Z Zdietel the made AEAd S4E vedith H29 A7 waw o
TR ofgdol=F Aavt FAFE SAS Jehie AeR I Atk o 2 54
& G429 catalytic site®] FEfA 54, & 55 ofvwAt Fxd 9 el A

a2
o7 FZ¥ 3 gt} (32, 43, 44, 46). SMMALE ZE TS Hafste] Fwmssl ito] UE
2~ 2 XeS AAE 01 soluble starchot e WHS-Slo] WEQ AE 7lEs)] AHER
s odut ofdeol= AsledE AR e obFR.e s HEd SMMAY
Hol XEF3 PTS (PseudoTriSaccharide)& A3t ol EET
S A BEAY opdyel=e AP a45H T sholtt (44).
et &2 SMMAS 71 SoldE 1™ 6o Atk o2 & o,
TEAY opdol=e] g4 SA4S YEhY, CDWFOl ek A7FEA S} 2ol

LR =
oz @ol Aejxl FEAY ofddolzg PHHE E5I EAE @A Adx
=

1o

=
%

n
<
<
>
rlr
2
[‘E ofl

¥o 1o
ul
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GlL

G2

G3

G4

G5

Go6
G7

Gl e » »
]

® © © © © e © o o o ¢
std G3 G4 G5 G6 G7 o-CD B-CDvy-CDPull SS acar

a8 5. theksk 71 sk SMMAS] HES AR EA Pyll,

Z 5% SS, soluble starch; acar, acarbose.

y-cD — o *+ @
maltose glucose

Starch

% R, * 00+ o

pullulan panose >> maltose glucose

NHFOAD NNt D
—

acarbose PTS glucose

% 6. SMMAS] 714 7hERE 544, w2 S EE SMMAS] JHEE
A3l /1A E e PTS, pseudotrisaccharides.
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© B 05%% dtar 95C, pH 5.00014 ®bgS stk 3£ 20014 yebd viep 2ol
SMMA®| H# 7|2 Gesl Aoz Yeth Solsi/ SMMAS] G3o gt 7}
Geoll Hlste] 5%l =33t Aoz SAHHAY. ditqor BEAY o ol=s G
gt J7h B2 Aom d#A oy SMMAYE 1 FeAE 1 =V P 2 Al
AZYEATE E. coli el ¢ maltodextrin glucosidaseq! MalZe ZEAY ol # o=}
FEsl =S ottt AE eSS 7HA =, Malze G37F bR aiite ol H A1
2 geA g @4l). TUEAE SMMAE G62 AHo o awy 7 HEUAEY
of "ald= 977 A Hache S UEITh o2’ 542 catalytic site®] 3
Atz 54 9 osubsite®] 722 540 o3 Aow AZ4H=H, #9944 ATE ©]
§3te] SMMAS] subsite 725 AF3h= 2k u|7b 1S AoRE ALREHTE (32, 43).
UM AT vket ol CDF FTolAM = v-CD7F 7 2 7hrEs S8 UE e a
o7 F4FQIth DP=20~30 7}Fo 2 o]Foxl
cycloamylose (CA)= CDFEY < 7Hitd] £=5 yetdled 2 Agg Aded o
e F7HA A7 28 Jow Almnd.

¥ 2. g3t 714 tigk SMMASQ] ZhERE] = Hu

Substrate Specific activity (U/mg) Relative activity (%)
G3 0.9 4.1
G4 15.5 70.7
G5 19.1 87.0
G6 22.0 100.0
G7 17.5 79.7
G8 7.7 35.0

a-CD 1.8 8.1

B-CD 2.0 8.9

y-CD 9.5 43.1

cA” 12.9 58.5
@) SMMAE ©| &% v kE TES A A A
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T g8 Uk e, AES Haste] HYdge] dEQAE Ao RN FH o w35

Wxe 4= 9= a37F 7] uto|th B A= SMMAE TE QA AlY ALk &&-

k7] ¢1ste] AgS Jygsi o F5 AuAbgo] wsldAlaszA o]gE & A=A
T+

SMMA¢JI 9|gt Ao 7l 2 dES~2o MG g dolrr] fsto )
< AYPE AT WA AT 2%seE AT EedE SRSkl SMMA, diEeiE &
rfopd e o] =l Termamyl (Novo A}, TreX (Sulfolobus solfataricus 1] debranching
enzyme) (31, 34, 37)& o] o= Fste] 110TC oA autoclaves ©]-&3to] 3AIZE 5
b WEE sk 2™ 8olA9h o] SMMAE AAMROERY YELAS FAE
2 AAste Zhedavbes ddsielon 29 ARl & 4 ko] dRo R A-85ho]
aHor AAHES FAT = e Aoz YElWth Termamyld $74 A2g Alg
Hlaj A= ol A Hito] {alH A kil Hol v s AT & Aoy HAHxAS
. 5 AlE+ SMMAS®} Termamyl %
debranching &A% TreXE &Alo Agsi=d ob& A8} vluste] 7H aixes 3t
AAEo] HELA B Xegow HAHASS BT 5 vk old AnE wgow o

o

o2 SMMAE ATkl olgstr] % td dF

pL3
<
£
)
g
%
iR
1k
A
%9,
rlr
Md
2
fat)
o
fr
ox
=
it}
)

i

G1 . .

G2 C .

G3

-

G4

G5
G6
G7

18 8. SMMAZE o] 83 M ogRE WEO A Ak 1,
2% FAAE; 2, 2% HAAE + SMMA; 3, 2% HAHE + SMMA +
Termamyl; 4, 2% APHE + Termamyl; 5, 2% A + SMMA +

Termamyl + TreX.
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@ FZAY AFAA o] &5 A% HIFAN AA =
G5 ol&ste] AR 725 WAL ofE AAH SR ol &dly] fsiM e Y &b
o] A7t A o ®m Al ojok gtk el Aol A o] &E Tdd mAEd A
= 9ot At 2 A A" 5 A =stelth
@b BSMA 3 TSaGT®| Wzt A28 -5
A AFE B3t BSMASE TSaGT GRAS W AE<Q! B. subtiliss ©]43 LA ~H
= AR 753 v v B ATolA = o] F FR7e &4 E pilot scale BiHS 9138t
of AA WiA7IYG 3 FAE AF Foll At
@ PfaGT 3 GlgBe| tFAL A28 -5
Al A5 Foto] & A9 PlaGT % GlgBE E. coli system= ©]-&3Fo A gl
of Aestilal 1 g4 BEAS et Aok ols mAY A ol&& fEiA =
GRAS " ES o] &3 WA AE FHo] sl o= 98] B. subtiliss A A
T Ol%é‘P ﬁ‘& ANz EH2r=s Axdal oy A= G d S 26t
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o] AFeAE ElFAF A ARs ASAN=mTEH AFgitol ALgsgith a4
2154 100mM sodium citrate buffer(pH 6.0)ol A& 747t 1, 2 2 3% s== dEse] 10
T B A F et AR &NS FHISAT. Neisseria  polysaccharia 2 9
amylosucrases 77t 500, 1000, 2000, 5000, 10000, 20000 % 30000 UE A}&3te] 30T &=

FxoA 43A7F vkeS JAPA . a4 AgE S 42 e 3] oEgER vkes A

f

A7, SRR F84 Fas A ¥ Adxste] AlRs Al dastd o
A ashd AR TS A7 30mgel 100mM sodium acetate buffer(pH 5.2) 0.75mL¢} &4 &
9 (a-amylase, amyloglucosidase) 0.75mLE 37Col A Z}7F 10+, 240 <+ &3kAIZ T o]

o

T3S GOD- PODHH o g =439

hYA
. 240 o]F o= ABEA] e AES WASA AE 1083 240% Alolol] A3lH AES
_]

(o3

)
oA 108 b el A 0 AT, A5
t}

AR a4 A A9 54 "4k 38 ARS ARSIt A (20g)Y 0.1M A/ E22E
2 123 5, 128TC o] &3 2olA 1443
=l; S N S 3tetal 339 iﬂ*‘l‘ﬁca(8770><g)%;l &l
2 ol AE &HE Ao ula, AL dx F 2(150um) dFe] AF A HAES A4
£ Brumovsky®} Thomspson®] WS WPt 54 ?'5}91‘:}-
Z3 AE %-% dastyd dE FF 9 s8R Qe E9S Abgee AlEE
< Ab 8N (5mL, pH 35)% At (5g) o =4t
f HJ‘](16A17J)6}°4 A ?.Moﬂ B &l & 2mELRR 8191, 50C QoA
]
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O &44 PHS AR da
AR A ARG 3 dEo] AstEe AR dES A 108 F 40%7F 23HE A3
E ) 22 AR 49 108 F 70% ol¥e] 43+E ) h(Figure 1). Ag

T ol 80%7F 4
Sy A% FHeka Aok Sest wE YA

A 15.1%9] WdAasHd AR 445%9] A4
= e e dv2 123%29] FASA HAE, 13.7%9] A askd AR g % L}E}M_uﬂ

7 F Azsd AR Fol T3] w23 TH(Table 1). o
A= Qste] FHE &3k a4 HIACl ¥ Solsizy] witoltt
1y
.. .............. R e ——— g
&0 ._._.-/b—"
&0 /
40
- olE e
20 L
—e— e
{] i i i i ]
0 50 100 150 200 250
AlZH(E)

Figure 1. Digestibilities of raw and cooked waxy rice starches

Table 1. RDS, SDS and RS fractions of raw and cooked waxy rice starches

RDS SDS RS
Raw starch 40.4+0.1 44 5+1.2 15.1+1.2
Cooked starch 74.0+2.3 13.7£0.5 12.3£1.8

Y RDS, SDS and RS represent rapidly digestible starch, slowly digestible starch

and resistant starch, respectively.
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washd W A4S AR TS ST e S 2] fske] 3 ARl
amylosucraseS A 2letlth. 2 =& G5 ko] ke &4 5= (500, 1000, 2000,
5000, 10000, 20000, 30000 U)E A #a}30iL, Mol v%+= 1, 2, 3% = 3tk 2 AR dai
st B AasHd A FHS S A% 54 sEY AE sEed wet 98% A S
HolA] FRAN, A H A A HAE T MY S AlsEE &4 F% 2000 U, A
T FE 2% AR o] AR sty HE TS 425%, AL AR 280%F, Ei
A o] FHTh A HAEE 302%, An3H WS 143%7F S7HEFSItH(Table 2,
Figure 2). ©] A&@)A AlE3 amylosucrase™ & o] ofU 2 Qe e ofd =AY nlZALE

HJE

o] HEAAd LA A EE glucoseE ZAFAIZIT} (Figure 3).
oflm e 29} oflmIARlo] AAHHIL F & ARE &<t o
AAgstz lsf ashao] Yozl Aoz Alg T

}Hoe Az o7t 74
18 Ajzel A% 15 1)

gt}

Table 2. RDS, SDS and RS fractions of amylosucrase-treated waxy rice starches

Starch Amylosucrase (U)

solution 500 1000 2000 5000 10000 20000 30000
RDS

1% 33.4%£1.8 34.9£3.1 21.9+£3.1 29.9+1.2 27.6x3.4 29.0+2.2 28.1%£2.1
2% 35.8+£0.6 33.2+1.4 29.5+5.8 27.6x1.8 27.1£6.2 29.7£6.2 34.2%t1.0
3% 35.6x3.6 46.2+1.2 35.0+£3.0 35.4%+3.3 35.9%x1.5 42.1£2.1 41.8£.18
SDS

1% 26.4x1.9 23.6x4.5 22.1+£1.3 189%x1.4 19.0£4.0 20.0£5.4 16.5£1.0
2% 22.6x2.6 23.1x1.2 28.0x5.2 23.7x1.2 21.6£4.9 19.7£1.5 19.5%£2.0
3% 23.7x1.7 171.£3.5 22.2+2.4 20.6+3.3 22.3£4.0 17.4%£3.7 15.6£0.4
RS

1% 40.2+£3.8 41.6x1.0 46.0+£1.8 51.2+0.2 53.4+0.6 51.0£3.3 55.4%3.1
2% 41.6£2.0 43.7£2.6 42.6£2.0 48.7£0.6 51.4x1.3 50.6+4.7 46.3£3.1
3% 40.6x£1.8 36.1x£2.3 42.8+x0.6 43.0+0.0 41.8+x2.5 40.5+1.6 42.7+1.4
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Figure 2. SDS fractions of amylosucrase-treated waxy rice starches
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HEW, 20% A BNom Axg AR I ARkl we} 242}y 26.5%, 35.6%, 47.7% = 57}
Sk L, 40% AF 8RO Axgh dEAE sd EAE AgtAA 47.7%, 41.4%, 55.9% = <
Al v =AY F7reklth & Ed Hit 60%E W shelw]o] AAke] AAH SH
A3 9@ dAashd VA SW OET ol MHoR Axd diEt dYE AdE B

ct.

»

)

Table 2. Digestibilities of citric acid-treated waxy rice starches

Citric acid Time
(& g starch) (hr) RDS SDS RS
0.2 3 68.7 4.8 26.5
0.2 5 62.0 24 35.6
0.2 7 61.9 6.6 47.7
0.4 3 48.9 34 47.7
0.4 5 46.9 11.7 414
0.4 7 26.2 17.9 55.9
Raw starch 57.5 38.7 3.8
Cooked starch 81.3 14.1 4.6

Figure 1. Changes in digestibilities of citric acid-treated rice starches

according to time

- 117 -



D BaY PHOER AR Gashy W Axshy B AR T2 R BY B

A

@b Amylosucrase 2] 2 o] A%

o] ATt A= Naisseria polysaccharia 2 ¢] amylosucrase® AF-&-3t3lom, 4
T Hatoz ArgAd Az RE AlgRtol ARSIt 2% (w/w)el & A
sucroses 100mM sodium citrate buffer(pH 6.0)° #E3lo] 107 F E3A Z T} 2000H] 9
amylosucraseE % 7}8}¢], 30C d24FoA AR A7 AR 2HHE A7

HES A1 A Al 2T

~"

=
Aol Astes SAS 94‘3“’4 A 30mgS 0.75mL sodium acetate buffer(pH 5.2
7 i & 0.75mLe] §ANS H7bsle] 37Co|A 108 2 240% 7+ ukS

A F T aade A Y olel (pancreatin) 2gS 24mLe] SHFol Eil wuke ol AAEE

ol
o

i, S 20mLE 0.4mLe amylo- glucosidase R 3.6mLe FF+< 410 A=t a4
S A7 T YA R ste], AFHe] FFFO~E GOD-PODWH O & =455t} o
ZHE 108 ojulel &stEE AS HE7 ii}lﬂ—t— HAE(RDS), 1037} 2403 Alolo] Ashy| =
Ae A&sd AEEGDS), 240 o] Fol= A3tEA Fe e Fashd AERS)e= E73d)
Atk

@ otERAY AtE X
10mge] & &S 90% DMSO(0.5mL)ell AHAA 7FEdt 5 05mL S5 3 7Fskqih

o] &< 0.5mLol 0.49mLe] 0.2M sodium citrate buffer(pH 3.5)& 4]3l, isoamylase(Sigma)E
dol 40CoA 16A1ZF ¥HGA|A  debranchingst@lth. ol& HAEHs 1 A4S

Carbo-pack PA100 anion exchange column(4 X 250mm, Dionex, Sunnyvale, CA, USA)< %
% HPAEC-PAD system<  ©]-83to]  RA&9ith. DP 1% DP 79 #e
maltooligosaccharide standard(DP1~7, Sigma)& Ab-&-3to] A4 3}3lt.

@ BAY 57
25mge] & A& 5mL DMSO 4kAIZl F 7FA Skl ethanols F7hete] A& HAA
Ak AR * AHES 100mM NaNOsol| &3A1A 15% 3+ Fola o3gh thf
HPSEC-MALLS-RI system(Model PU-2080, Jasco, Tokyo, Japan, DAWN DSP/OptiLab, Wyatt
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A AyeAR F dedd Azd TARA LEEARAL sas P
.0

%
A9 Jhv etE g A $ 333 A v % (DE/ Axio Imager A1, Zeiss, Germany)-2 ©]-8-3}¢] 9} &} & g
2 BFeth A 8] P22 54 FALH A M 7 (JSM 54101f, JEOL Ltd., Tokyo, Japan)<- ©]

Table 1. Coding levels of variables, citric acid concentration, reaction

temperature, and reaction time

Independent variables -2 -1 0 1 2
Citric acid concentration

0.08 0.16 0.24 0.32 0.4
(%)
Reaction temperature (C) 70 90 110 130 150
Reaction time (hr) 1 3.5 6 8.5 11

© FT-IR 54

IR 332 FT-IR(Nicolet 6700, Midac, Costa mesa, CA, USA)S ©] 835
3 2] 40004-E] 400cm™ ol A 4em™ ] R 7] S A A5 RS KBroll 1:1009] =2 3]
sto] ekt S E 23S dolH 4 AZES|(OMNIC) < ©] &35t 45 3lth,

@ ol mAE L A& B

10mge] 2 # o] 1M KOH 100uL®} 555 200uLE Ho] #AMAZ T 1M HCIS ¥
3t TRTE F7keke] & F37F ImL7F HA SQlth o] &9 0.5mLE F35He] 0.49mL
°] 0.2M sodium citrate buffer(pH 3.5)& 4]il, isoamylase (Megazyme)E ¥ o] 45TCo| A 24]
b WS AlA  debranchingdl$ith. ®bS F2 3 QalRgste] I AEFdS HPAEC-PAD
systems ©]-&3&fo] A8t

@
>
12d
oty
i)

© g go)d 298, DSCE ol 43 A4 54
[e)

=<
o A AR FE AT AR UL Agetel SYash

folr
DX
X
ol
mE
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(h 2 %

O 5244 WHoz Axd dastd 9 AAsigd A Ao Fx 2 24 24
2 Amylosucrase glel o)t 43lso] Wt

58 % AR RDS FFol 70% ol FoE v ¥ AsES nv)
X

T AR %XM AA Tz o] 7]¢1F Ao 7

Ak 27121 30Tl 40A1F & BA&HH tx-e] RDS 332 & dd9] 49 54.6%,
WA AR A 52.7%= .38 HiEe] vl gasksich ol &8 Aol FAZE Ft WA
5lo] w317} ulxgg}oﬂgtq olo] we} 43}go] Wolxl Aoz Wtk Amylosucrase 23
Aol RS 2 dixtol HlE) gk Frtet gl o, A3 §F 1047 olulel A3tE= RDSE &
A3 grAaston, A3 &8ty SDS7E AA SFETh oleh e 4ggo WE: PR
AR A AR BFoA AR o, 38 Aol A SDS B RS9 o] weol Frhe
Ao YERstT

Table 1. The contents of RDS, SDS, and RS

Cooked Control AS?

Starch
RDS SDS RS RDS SDS RS RDS SDS RS

Waxy rice 739 7.8 18.4 54.6 49 40.5 21.2 291 49.8

Normal rice 72.4 6.5 20.1 52.7 4.7 42.6 41.4 12.4 46.2

YRDS, SDS and RS denote rapidly digestible starch, slowly digestible starch,

and  resistant starch, respectively. ? Amylosucrase-treated starch.

@ Amylosucrase Aol ¢Jgt A& A& Fxe] W}

HPAEC-PAD system= ©]-83fo] 2 HAFo] Ab& do] £X 5 543 A= Figure 1 3
Table 201 VER ST 32z wlgo] Al ol 1—5— e A& (DP6~12)°] 7247} 38.0%<} 33.7%,
21 AFE(=DP37)¢] 2.5%%F 3.5%ClN o, ASH Y HitolA = F 3.6
&2 199%9F 23.3% = YEFSTH(Table 2). A7 OM M B s AAE B %“é}jﬂr
& B DP13~24 A Wh, amylosucrase #2] $-¢ll= DP25~36°.% UEtsth SAHT & =
P R A R o] Aol M= 72 DP52¢F DP54= WEREEAL, ASH P ol A
+ DP71% 7002 e, amylosucrase 2] § DP#ke] 160174 S7hst Ae & ? ASA T
Amylosucrase™ T-&A &5 A& BISHAAY BHS AHAITIE Blom delA glom, ofd
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23Eo] A& Zo] FEE HFe stk dey W, w3 o dFE vA= o=
adHA Stk o] A7 AH{ZFH amylosucrasedl] o]gF ofHZHAE AL Zo]o] AlAo] HiE
7

A 2std Y& SV A2 Bl

Normal rice starch Waxy rice starch
10 10
12 I Raw L I Raw
Il Aylosucrase H Amylosucrase

Area (%)
Area (%)

LI} 10 20 30 40 50 60 70 &0
DP

LI} 10 20 30 40 50 [11] [} &0

DpP
Figure 1. The side chain distributions of amylosucrase-treated starches

Table 2. Side chain distributions of amylopectins

Relative area (%) Highest
Starch
DP6~12 DP13~24 DP25~36 =>Dp37  detectable DP
Raw 38.0 50.6 8.9 25 52
Waxy rice
AS? 1.2 32.2 43.3 233 71
Raw 33.7 52.9 10.0 3.5 54
Normal rice
AS 3.6 38.6 37.9 19.9 70

Y Amylosucrase-treated starch

@ Amylosucrase *2]°l 9|g FA}=Fe] W3}
Amylosucrase Aol ©|gt FAFe] W= Table 3 Yefidich A 2 A& @2
] Bapare zhzk 959x10°3 3.53x10'g/mole] et ASHE Foli 13.79x107 H

=

10.21x10’g/molZ %7133tk ©]& amylosucrase # 2ol <) Al&o] Ao F713 Aow
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AzrAct, sk, W8 9] refractive index chromatogram2 2 ofdZ I T 0 R FA = =
8 19 opdRESe A Y F3 BAR FAYE 28 IR ve F e, 8 19 £
AA S7rek ey 8 1o wARe] Sk Al o2 #ol, amylosucrase A ol &%k A}

& 2GS TP B obdE " A opdR e AT 1 Wol dojdt AS & 5 AT

Table 3. MALLS parameters of rice starches

Starch Mw (107 g/mol) Rg (nm)
Raw 9.59 + 1.44 174 + 22
Waxy rice
ASY 13.79 £ 2.46 203 + 26
Raw 3.563 +0.51 178 + 22

Normal rice
AS 10.21 +£ 1.95 230 + 26

Y Amylosucrase-treated starch

——- Raw
—— Amylosucrase

Detector responce

20 25 30 35 40 45 50

Time (min)

Figure 2. The refractive index chromatograms of normal rice starches

@ Amylosucrase 2 2ol °]3F XA 3dr= 9 HFojA st st

2 A XA 3dE= Figure 3o WERITE 32 2 fide] AR XA sdEe
15, 17, 18, 23°¢l14 A7} Uehb= A@F AR ARS Yehdiith &9, 719 § a4 vhea
Fe A LA dxzddlM e dart A8 dehA sk, ols 7hd 3 F AA

>V
Mo

92 A7) MEOR nolth AS A AR FW W P AR W BYOD WHI Ao

= UEgton, oj= AlEe] A 34 whe st " de] x=3te I3 Aow Az
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g, FdiA 245t Es Table 49 WebllEd], dixae] 49 AdEnn o2 Jdi# 2
A= E?jgb}, amylosucrase A 2]& AL A} FARE 2AHSEE BT o] 25
B amylosucrase #|2]+= 2 Ateo] FAY 9SS A7 AR 4

=
T 2™, amylosucrase A e]d Mo 27} o Aekal X Hst

Waxy rice starch MNormal rice starch
Raw
Raw
AS
AS
Contrel
Control
o 5 1o 15 20 25 30 S U e i = = £ cY &3
20 20
Figure 3. X-ray diffractograms of amylosucrase-treated starches
Table 4. Relative crystallinities of rice starches
Starch Raw(%) Control (%) AS? (%)
Waxy rice 48.1 10.7 47.5
Normal rice 40.7 18.6 39.1

Y Amylosucrase-treated starch

Amylosucrase | 2]o] €3 D2 54| W3}

DSCE ol &3te] #A1eh AR, s 2 AsH e HiEe] 44 52L& Table 69 e
oh AR AgQ 53 548 Jeds 938 BAvh ET3 amylosucrase A2 A
T2 3F § 30CeA 401%F &< =3tA17] AgolBe w3t 545 UBlE YAE Ko
of ste=tl, hxwe 4% A7 UeuA @skornz tixde =3t A7t 5449 5 S
Az Zokvtn webE), ¢, amylosucrase ## AR S7HE AME o] wFe] k3l:
7F =7 A1, amylosucrase 2] At Ay Wit gho] &I oA Z4zb 733
53 J/g Tp#kel z7} 88.7C¢et 88.8C&E =7 UEXTE ©]i= amylosucrase *12] &9 274
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TE27F Aoy dxzwtel Hs) ¥ HAsite Ae ket dubHor ofdr e s AALS
ofdzdd AARY ¥ A, I AkES 7R ol =AE A
48 Hol= Aoz d#A gt} o] A3 A= amylosucrase® 13l AbEo] 217G ofd 29

=
W Abzol opuzossh fAME Feha AWE A4 TEE AT B 5 ok

i
rlo
b
to
[»
o
do
>,
ol
G

Amylosucrase #2] § A& #

HAET amylosucrase 2 HE] Hio] wWE Fw3E 54 Figure 49 LERAYTE
HE AidA dE #57F 7185 E modulus #heol 5718kl en, amylosucrase *2] $-¢f
L AR modulus o] =715t A A S o] kA AR oM e A

3 3 -
of A PH Seo] £ MY obUE G HEF EHL e A0E Rtk YARS

=

Table 5. Thermal properties of rice starches

Starch To () Tp (TC) Tc (T) Tc-To AH/g)

Raw 58.3+0.1 64.940.2  76.0404 17.6+0.3 11.6+0.2

Waxy rice ASY 75.640.5 88.740.1 100.140.4 24.4+0.8  7.340.5
Control N. D.

Raw 55.840.7 62.640.1  76.5+0.1 20.7£0.7  9.840.2

N:i’zzal ASY 73.740.8 88.840.2 101.841.0 28.1+40.9  5.3+0.3
Control N.D

Y Amylosucrase-treated starch
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Table 1. The RDS, SDS, and RS contents of citrate starches”

Citric acid  Reaction l?eaction RDS (%) SDS (%) RS (%)
(/g  temp.(C) time (hr)
Native 53.9 30.3 15.8
1 0.16 (-1) 90 (-1) 3.5 (-1) 79.7£0.6 6.4+5.9 139+£55
2 0.16 (-1) 90 (-1) 8.5(1) 76.2+3.1 41+£3.6 19.6+2.7
3 0.16 (-1) 130 (1) 3.5 (-1) 59.7+£0.5 50+£54 353+£59
4 0.16 (-1) 130 (1) 8.5(1) 545+15 26+1.0 429+0.5
5 0.32 (1) 90 (-1) 3.5 (-1) 785+23 43+£26 171+ 0.9
6 0.32 (1) 90 (-1) 8.5 (1) 740+49 79+6.1 18.0+1.2
7 0.32 (1) 130 (1) 3.5 (-1) 48.6+1.3 40+18 474 £0.5
8 0.32 (1) 130 (1) 8.5(1) 421+£35 1.0+25 569 +£1.1
9 0.24 (0) 110 (0) 6 (0) 709 £3.5 1.9+55 27.2+3.7
10 0.08 (-2) 110 (0) 6 (0) 67.3+£39 1.3+3.6 313+1.1
11 0.4 (2) 110 (0) 6 (0) 81.0+1.6 6.1+0.3 129+13
12 0.24 (0) 70 (-2) 6 (0) 79.3+£3.6 34+3.0 17313
13 0.24 (0) 150 (2) 6 (0) 152+0.1 35+14 81.3+1.6
14 0.24 (0) 110 (0) 1(-2) 81.0 £ 4.6 2.9 £ 3.7 16.1 £ 0.9
15 0.24 (0) 110 (0) 11 (2) 61.9 £ 3.9 3.1+£5.3 35.0 £ 2.4

n RDS, SDS, and RS denote rapidly digestible starch, slowly digestible starch,

and resistant starch, respectively.
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Figure 2. Light micrographs (left) and scanning electron micrographs (right) of waxy rice

starches
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Figure 3 . FT-IR spectra of citric acid-treated waxy rice starches

with different reaction time
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Table 2. Side chain distributions of amylopectins

Relative area (%) Highest

detectable
< DP6 DP6~12 DP13~24 DP25~36 > DP37 DP

Raw - 22.7 53.5 14.8 8.9 64
Control 0.7 229 42.6 16.8 16.9 56
Citrate 2.2 171 58.3 18.5 6.3 46
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Figure 4. X-ray diffractograms of citric acid-treated waxy rice starches

with different reaction time

@ A|EE2F 2 2o o] 7t

A7} 55 Aol

A} 727} 53 ¥ o]

G e

d

=]
Rus

g oll A
Ak, 7kl 2

s

w3

0
o

ol
i

- 131 -



Table 3. Thermal properties of waxy rice and citrate starches

To Tp Tc-To AH
Raw 61.3+1.0 67.6+0.8 15.2+0.4 13.6+0.6
Control N. D.
Citrate starch N. D.
3) 3zhd =
1) 44 WS o]&3sh dashyd 9 AAasd & i Alx 2719 HAs 2 wAdv]9
Ed 54

eh W EWEA S o] 88 amylosucrase A g &7 FH A s}

st = 525 A=A @ A FHdste] dZel JAAH(Wilson and others 1978)
o] g3te] HAES T Fol ALESIUTE. @R E Naisseria polysacchareaol| A -2 g
amylosucraseE AHE-FATE 3% (w/w)e] 2 &3} 100mM sucroseE 100mM sodium citrate
buffer(pH 6.0)°ll @AEste] 102 7+ SSPAIZTh Tableloll AAE FAI3AA wel A4
@91 amylosucraseE H7Feto], A& AZF 5)F 30T &2FxolA vhEAIA WY AES Al

x3tel, 23h&2 S4senh

=
Aol AsES v Zo] SASATE & A 30mgs 0.75mL sodium acetate buffer(pH
52)0 FAHAIZ] A 10+ 2 WA - 0.75mLe] &ANS HUFste] 37ColA 10 9 2404 7H
WS AT EAdS WA ol (pancreatin) 2ge 24mLo] SOl Wil Rk o AR
gstal, 45 20mLE 04mLe amyloglucosidase R 3.6mLe| 79t 4lo] Axzsqth &
2 RS AN F AR ste], A 2F322AE GOD-PODYH o= SAH T
O ZHE 104 oJjell A3tEE= A 553 4stEH= AF(RDS), 1027 240 Alolol A3}y
= A% A43A AESDS), 240% o] Folxm 23 HA de AL A AERS)CE BEH
33tk RDS, SDS 2 RS d&S wbS W42 SAS SA|971 4] (v9.1) S o]&3le] wh-g-E A

Q.
[}
& AAso] RDSE A2 stA, SDSSt RSE Arjstels H4 21% Systar st

rr
)

u
>
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Table 1. Level combinations in central composite response surface design

for optimizing amylosucrase treatment conditions

Amylosucrase (unit) Time (hr)
Sample
Coded Actual Coded Actual
1 0 15000 -1.414 2
2 1.414 25000 0 12
3 -1 8000 1 19
4 -1 8000 -1 5
5 0 15000 0 12
6 -1.414 5000 0 12
7 1 22000 -1 5
8 0 15000 1.414 22
9 0 15000 0 12
10 0 15000 0 12
11 1 22000 1 19
12 0 15000 0 12
@ Amylosucrase A A= tiAgE WA 7] o] 54
O W7ol Az
g9 HA 2o R Axd a4 AY AES WF Axste] ddsiA EFe & A7
of A&sh= AdS FHeATE WA Az AREE YAV EE FE WEH, Top rices: T
Yato] 33] Aol A9 FxEel 3ARF IAT U roller mills ©]&3to] 23] A|E § A
sttt o] F24 W& 7FFel  amylosucrase A gk s EH e AVFFE 20, 30, 40%= A
A7rete] AE WY & AG@ Aol FA3AE WAEAHAR) 10%, SuElE, E4hE) 10%, T8
15%% H7kste] oAl Al AM WAV AIRRZ ARSIk 7] A7) ¢kel 1519 =& Wil
ZEHIH 2 AR HE Za A F 25cm Eo] 22emE THEORX gAY HES Al FH R
T A=7E EFE AsE S0y Herh 42 0S8 9ol € 30 1 A EE UMEE H
B 7 102 55 & v 748 23 AS 92 A d2elA A7 BAg 3 A% 099
ANE2 AREEIATh 19 93U 7 4Ce ¥ BastiA A 73] w2 54 ®sE 24}
.

O wWA7|o] A

)
a4 A FE A

H

A
o oX
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FAHolA Color and color difference meter(CR-300, Minolta, Tokyo, Japan)E ©]-&3}
Hunter Color System® L, a, b % AEE 43 om o]uf standard platex= L=95.66,
a=-0.06, b=2.30 ©| AT}

O WMA7|e] BlAx A
HA7)e] gadq Wk A7) Alx A5 g AR A AlE9 polyethylene filmo. 2 W%
sto] 4ColA 14, 39 A3 A5E 7FA 3L Texture analyzer (TA-XT2i, Surrey, UK)E Al-&
sto] SAsR o™ 54 21 Test type: texture profile analysis, Measuring type: with
pre-test speed of 2.0 mm/s and 30% strain for resilience test with test speed and post-test

speed of 5.0 mm/s and 30% strain® = 3} 31T}

=
G S A A $ Brumovsky and Thomson(54) '3

O
Ashae WA W S8&stel 5438
Aok AzE W7 el G4 Wil (pepsin) S ©]-83te] ESAIFTE AxE w47 vf
T 300mgell 30mL 0.IM KCI-HCl buffer(pH 15% 93 t3 0.6mL HX &g
pepsin/10mL 0.IM KCI-HCI buffer)S ¥ il 40ToA 2A17F &< §EAIZ] & ThA] o] AR
30mg< 0.75mL sodium acetate buffer(pH 5.2)°ll % 0.75mLe] &4~
; °

A1 108 7 WA
NG H7hske] 37ColA 108 2 2408 2+ WHSAATE A
24mLe] TF<Fol Ya mukdk g 94t 45 20mLE 0.4mLe] amyloglucosidase
R 3.6mLe FFFok Ao Alxsdin. a4 wheS AR F AT e, e =F
S5 GOD-POD ¥ oz SAs gt Holy 242 b g A2 459 sdaA

a3t

=

A AZ7|NA 24X AZAA 4L F 100 mesh Ao W
I ST 45uLE H7bske] dEek o
3 =

0Cel A 150C7HA 7tLate] &4

33] w®b&Este] #88kltt. ANOVA 3! Duncan’s multiple range test
SPSS(12.0K, SPSS Inc., Chicago, IL, USA)E ©]-&3lo] AAIsF3AT
h 2
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Amylosucrase ¥h-& Z=719] 43}
A A et amylosucrases A ] 3te] A=k A E2] A3}&-2 Table 20 YERSL
o 7t 23l met vgek RDS, SDS B RS w8 & 7= Awe AlEsgion, ofF we ¥
Ao w #4% A3E Figure 10 WERHSITE RDSE 18639 unit, 13.22413F A8 Al &

o] S YEhRem, SDSE 18717 unit, 13.66A17F A2l A Hhe] kS, Z18]al RSE 18511
unit, 12447130 A2l Al Hole] s YEtlideh o] Aol H23 RDSE HAslslwA,
SDS 2 RS RIS HUw = 2AL BE A9 24 oo yoA YJelgon, A8 EA

Bl =y

Z719. 2 amylosucrase 18700 unitS #7Feke], 13A17F 40 &<

O{N@

Table 2. Digestibilities of amylosucrase-treated waxy rice starches

produced under different conditions for response surface analysis

Sample AmylosTlcrase Time RDS DS RS
(unit) (hr)

1 15000 2 53.32 13.76 32.93
2 25000 12 29.73 30.3 39.97
3 8000 19 39.12 21.75 39.13
4 8000 5 56.99 7.24 35.77
5 15000 12 30.52 30.43 39.05
6 5000 12 53.47 17.52 29
7 22000 5 38.87 23.54 37.59
8 15000 22 29.73 33.69 36.58
9 15000 12 30.13 29.73 40.14
10 15000 12 30.09 29.65 40.26
11 22000 19 35.35 21.57 43.09
12 15000 12 28.61 30.86 40.53

Figure 2. Response surfaces for RDS, SDS and RS contents of amylosucrase- treated
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Minimum:
18639unit/13.22h

va0se 15000 000t 26008 00 0

Unit Unit
starches produced under different conditions

HA 7oA AxH amylosucrase A 2 Wi RDS7F tjx=7-ol ©
om, sDS¢t RSO 2 77t 43%t 39% = AA Freslvh W
amylosucraseE 2]t W& Ao A5 & A&l v RDSS 749k SDSO| F7H7F A
ATk AR FEfe] FE, WA dES RDS9F SDSe| ol Wkt o= &3t A kol 1
A dui7t 23 a40 AFE SolahA @71 el 0% 1t 23 ¥ 'l

A 2ol M AR a2 RDS7F S7tsk3ith o= 33F 3 T AL

& vl e Ao2 HAh B, RS Sk 23k o]l A wek ma wke 2
WA H o] =37k WA "ol 7]1gval & 5 Sl

Ol
)
)
ﬂ

N

=
P
ol
o
38

Table 3. The contents of RDS, SDS, and RS

Starch RDS SDS RS

Raw 38.2° 50.2¢ 11.6°

Waxy rice  Control” 68.4¢ 13.4*° 18.2°
AS? 17.3° 433° 39.3¢

Raw 25.0° 61.0° 14.1°°

Normal rice Control” 73.0° 11.1° 15.9°¢
AS? 37.1° 14.6° 48.3°

YCooked and kept under the same enzyme treatment condition without enzyme

? Amylosucrase-treated

@ Amylosucrase A& HTo= tiAgh WA 7]e] 54
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O Amylosucrase #2] HdiLo = s W7 o] A%
Amylosucrase A2 Lo = A g M7 79 Table 29 Zo

=7 WA 7o B3] FATH Amylosucrase A g & 9 A HE] A "ol S
u Oﬂ

ol
H
(il
v
o
=
uly
=
)
o)

= YEo} Wl Aow Uehdth agte diAde] BeFS JE Wasld nal A4 3
qEi PAe wglon, b Ex AT ARl ATl HoPFF FAA P i
Holvh ARHOR Eh Auld Are] Aol FE5EE Yot Robw A% R A
%7} ol o vhebgt,

Table 4. Color of rice cakes with and without amylosucrase-treated starch

Substitution rate

Sample %) L a b
Control" 0 84.8¢ -1.09¢ 6.99'
ASWR? 20 90.7° -1.01¢ 5.99¢
30 92.0" -0.92° 5.29¢
40 91.7" -0.67' 4.50°
ASR’ 20 92.0' -0.70" 5.24¢
30 92.88 -0.65" 4.70°
40 94.6" -0.508 3.84°

YRice cake without any amylosucrase-treated starch
? Amylosucrase-treated waxy rice starch

Y Amylosucrase-treated rice starch

O Amylosucrase 2] HAiEOo = tiA|gh WA 7| o] A4 7]|3to] g © X
54

g 7] A

BN
0
o
g

39 B 4ToA 24A13F A gk WAd7]9] texture profile analysis® A¥}E
Table 5 2 6°] YERAT Ax= vz WA 7)o H w34 amylosucrase® 2] g %3]
A o] BaT= Aol A% 713 0ol HlsiA 19 Foll 1 540 HE A
A e o™, a4 AE @2 A ®Hoh a4 A 3 Ao H ] BEFE o] e

=xo] Ak
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Table 5. Texture parameters of rice cakes with and without different

amylosucrase-treated starch contents without storage

Substitution rate

mp e ardaness prln 1mess onesiveness ewiness
Sample” % Hard Springi Cobhesi Chewi
0
Control 0 6.18%° 0.85° 0.71¢ 3.74°
ASWR 20 6.47°° 0.79*° 0.64° 3.28"
30 6.12°° 0.83%¢ 0.62° 3.15°
40 5.58° 0.77° 0.54° 2.34°
ASR 20 6.95° 0.80*° 0.68¢ 3.78"
30 6.77" 0.87° 0.64° 3.77°
40 5.52° 0.84°¢ 0.49° 2.27°

USee descriptions below Table 4.

Table 6. Texture parameters of rice cakes with and without different amylosucrase-treated

starch contents after storage for 24 hr at 4C

Substitution rate

Sample" Hardness Springiness Cohesiveness Chewiness
p ) pring
0
Control 0 20.3° 0.99° 0.61° 12.3°
ASWR 20 18.02° 0.97¢ 0.56 9.79°¢
30 14.4°¢ 0.93° 0.45° 6.09%"<
40 8.66"° 0.92° 0.36 2.90°°
ASR 20 9.42%° 0.95%¢ 0.44°¢ 3.99°°
30 7.63" 0.92° 0.41° 2.90°°
40 6.06 0.85° 0.38° 1.94°

USee descriptions below Table 4.

O Amylosucrase A2 &S A H7psk wid7]e] 44 54

3
o
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BEARE°]100C FLoll A 9 27 A F O, o] &= amylosucrase * 2] o] 5244 ©
A7) A O = Table 7= 4 Col| A 24417 < A e Al9] 50-60C 22 w8} ¥ A5 #4938 4]
olt}. <l'd3] = ASWR 40% 2+ ASR40% 7} 7+2F 1.02} 0.5 ] /g o2 v Z=-of] H] 3| A ShA] vERRLT).

Table 7. Thermal properties of rice cakes with and without amylosucrase- treated

starch stored for 24 hr at 4C

Samples” To (C) Tp (C) Tc (C) Tc-To (C) AH (J/ g)
Control 453" 51.7° 57.9° 12.6° 1.60°

ASWR 40% 45.2° 52.7° 59.0°" 13.8*° 1.00°
ASR 40% 47.1° 54.0° 61.9° 14.9° 0.50"

USee descriptions below Table 4.

O Amylosucrase A8 FEo 2 diAgh W7o 4
Amylosucrase *2] A& tjA|gFo] FoldF=E dlx=wtdl WA RDS7F 7H4stal RS7F &
7}skSith(Table 8). o]l W3l SDSw= Al H7hrat dakgle] Ba AlmelA frAksiAl Y=
g, ol WMAaY|E Hes BAlA dol ZheiAEA AdE Aow HAY. weba g4 A7
of o3 AHE SDS +F2 Lo EH@ ol = Aowm AlRHH, o] Zgof lo]
Kol

= 7101 AZE el M ThEshs AEEuE W 2ol GAIRE Thd sk Aol A8

Table 8. The contents of RDS, SDS, and RS of rice cakes with and

without different amylosucrase-treated starch contents without storage

Samplel) Substitution rate (%) RDS SDS RS
Control 0 74.4° 14.3° 11.4°
ASWR 20 68.9 13.2° 17.9"¢
30 67.8° 16.3" 15.9°

40 59.7° 16.7° 23.6¢
ASR 20 68.8° 13.7° 17,5
30 68.9° 12.5° 18.6"
40 64.8° 13.6" 21.6°

2) B3 WO Axd dASY # AR oA WA AR

)
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=
ol

- 139 -



zel
wr
=K

i)

°o]-&

o
=

o2 Al

Ny

—_
file)

AEs Al

3

A s oke] st

oA Hzx

o}

o

R

Al
=

&t ¢l

7‘_(41

2 A

gra

el

A

—_
fife)

=
iz

—_
10

AACC 44-15A, AACC 46-13, AACC 30-20,

).

r

Z

Jayakody and Hoover(56)°]

[e)
F

1

1ol

—_
10

H

AACC 08-17¢]

Table 1. Proximate composition and amylose content of waxy rice starch (Hwasunchalbyeo)

5)

Amylose content

Ash?

Lipid®

2)

Protein

1)

Moisture

(%)

1.01+ 0.02

0.99+ 0.00

10.39+ 0.01 0.02+ 0.03
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0.2M sodium citrate buffer(pH3.5)& 4]1l, isoamylase(Magazyme)E Y o] 45CeA 243t ®
1

5Al17  debranchingstSith. w3 Fx F ARSI A4SHS  Carbo-pac PA 1
column(4*250 mm)S ©]-&§ HPAEC-PAD( Dionex, Sunnyvale, CA, USA) system O 24 F2]
Skl

2
et 15% i H7HE, AEEAD A Ao oAl HoF ulg =4 2 HA A

Table 2%} 7ro] A73}AT).

Table 2. Formula for the preparation of Baksulkies

Wet basis (g)

Sample Rice flour Substitution Sugar  Salt Water

Control" 100.0 0.0 10.0 1.0 15.0
CS 10% 90.0 10.0 100 1.0 15.0
CS 20% 80.0 20.0 100 1.0 15.0
CS 30% 70.0 30.0 100 1.0 15.0
CS 40% 60.0 40.0 100 1.0 15.0

Y Rice cake without citrate starch

O ANEZA g AEo=Z A3 W7o Mz =3
A|EZ Ak ﬂ‘ﬂ A8 AR BHLS YgEA ghAE WA ghrF WAYE A2E T

Color and color difference meter(CR-300, Minolta, Tokyo, Japan)E ©]-&3}> Hunter Color
System®] L, a, b 3 AEE 5433t} Standard plate®] L, a 3 b #2 ZH7t 95.66, -0.06 1
2|31 2.300] ATt

O ANEEZA A AEo &2 thA gk W79 texture profile analysis
W7o Hads MAd7] Az A g AR WS A5 polyethylene filmo. = 58}
o 4TColA 14, 3¢ A%3g A|5E 7FA 3L Texture analyzer (TA-XT2i, Surrey, UK)E A}-8&3}

S Test type: texture profile analysis, Measuring type: with
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pre-test speed, test speed and post-test speed of 2.0 mm/s and 30% strain for resilience test

with pre-test speed, test speed and post-test speed of 1.0 mm/s and 20% strain® = 3} 31T}

Brumovsky and Thomson (54) *'H-&
o

o %
= T
NA47] & Sl de oilld 7heRe] 2490 4l (pepsin)

ek Azxzd A%
k. Az WAy 7} 300mgell 0.1M KCI-HCI buffer(pH 1.5) 30mLE g o} A g9
(1g pepsin/10mL 0.IM KCI-HClI buffer) 0.6mLE 2L 40Tl Al 24|13t &< WA 5 TFA|
°] Al& 30mg< 0.75mL sodium acetate buffer(pH 5.2)° &4HA17]13L 1023 W] £ 0.75mL

o] FAhds UM o 37CelA 108 % 2408 P WESAIZTE G402 Aol
(pancreatin) 2g< 24mLe] THFFo] €a wwdk ofS YR A4S 20mLE 0.4mL2)
amyloglucosidase % 36mL«] SHT 4o AxsY a4 S AR & AR E)
o, ”20“4 FFAL2E GOD-POD o= A3 Holy 42 aa A AL

5t A5 9} polyethylene filme 2 H-g-3lo] 4ToA 1Y, 3d AAgt A5E -70CE 243 &
AN & A AZRT) A 24AXZF AxA
Al Eastd W AR 10mge pancl Wi THF 4uLE A7bste] WBE F Lol 8

=
©
FHF WA S b B 5T $& LR 20CeA 130T/ hdskel F2 F4E AUk

RE AFEE 33 RHEste] Fdsgith. ANOVA 2 Duncan’s multiple range test:
SPSS(12.0K, SPSS Inc., Chicago, IL, USA)E ©]&3}o] A&t}
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Table 3. The contents of RDS, SDS, and RS" in citric acid-treated waxy rice starch

produced under optimum condition

RDS SDS RS RS after heating
Raw 41.2° 49.8° 9.1° 19.2°
Control 72.6° 20.2° 7.2° 8.7°
Citrate starch 13.0° 3.5 83.5% 71.0°

YMeans of triple replicates. Means within a row not sharing the same superscript letter are
significantly different (I’<0.05, Duncan's mutiple range test). RDS, SDS, and RS represent
rapidly digestible starch, slowly digestible starch, and resistant starch, respectively (57).

A
22k AEd2 53} 437} A3 L}E}Urx] ok, ol a2olA AFA
T27F s Eo) AW AHA ARV AEE] Faste] 33 dojur] dEAY Tl
g Agor sl %%O] dojupx] gk7] Mo ddEn

Figure 1. DSC thermograms of raw, control and citrate starch
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F___d___—____hﬁhﬁ‘“‘\\\\\hﬂ////,/”__ Raw

Control

Citrate starch

40 a0 =) 70 80 a0 100 110 120 130
Temperature [°C)

Table 4. Gelatinization parameters’ of raw, control and citrate starch

To (C) Tp(C) Tc(C) TeTo(C) AH (/g

Raw 59.7+0.3 68.8+0.3 75.8+0.4 16.1+0.1 12.6+0.2
Control 59.5+0.6 65.6+0.3 72.6+£0.3 13.1+0.7 7.9+0.2
Citrate starch N.D.?

Y To, Tp, Tc and Tc-To depict onset, peak, conclusion temperatures and gelatinization
temperature range, respectively.

? (Peaks were) not detected.
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Figure 2. Side chain distributions of raw, control and citrate starch
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Table 5. Hunter's color values of rice cakes

Sample” L a b AE
Control 84.82¢ -1.19° 7.23" 11.96"
CS 10% 87.82' -0.90' 7.30° 9.35%
CS 20% 88.25° -0.83™* 8.11 9.44°
CS 30% 89.93¢ -0.76™ 8.14°% 8.21°
CS 40% 89.24° -0.78" 9.02' 9.32°
CS-cont? 10% 81.46" -1.15 7.78° 15.25°
CS-cont 20% 80.09" -1.11% 8.28 16.71°
CS-cont 30% 76.09" -0.98" 8.40% 20.51°
CS-cont 40% 71.88™ -0.86™ 8.58° 24.61°

Means of triple replicates. Means within a row not sharing the same superscript letter are
significantly different (P<0.05, Duncan's mutiple range test).
Y See Table 2

2 Baeksulki substituted with control of citrate starch
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Table 701 2443t F<t A Wid7)e) gaxE vepdilah. WAd7] Az A5 @71
g7 524 (Table 6)°ll HI&| ZA=olA w9 %2 e Hola glow, tE I3 2y AE=
A WA TIRke] iAol SUF Aes Aok Al s YEhdt 53 oAl
o] 30%%t 40% <1 7-¢-oll= thx-ol ]

4Co A 39 3+ A

o] ALE= 1 Z7)F Zo] Agtow, A EEZAF AR 30% L 40% AT A9 o
e A% kS yetddit A g€ Ade AF 7)7be] dojAgE 1 gho] HAse] 3Y
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Table 6. Texture profile analysis of rice cakes without storage

Hardness Cohesiveness Springness Chewiness
Samplel)
) (No unit) (No unit) (No unit)
Control 3.24% 0.73° 0.86% 2.06%
CS 10% 4.96° 0.72¢ 0.78%f 2.76'
CS 20% 4.68% 0.68° 0.77¢°% 2.42¢%
CS 30% 4.59%¢ 0.66° 0.70° 2.13%
CS 40% 3.86° 0.63° 0.75 1.81°
CS-cont 10% 4,20 0.76¢ 0.82f 2,594
CS-cont 20% 4,21Pcd 0.75% 0.79¢ 2.50%
CS-cont 30% 4,12 0.76% 0.79¢ 2.46%
CS-cont 40% 3.96° 0.75¢% 0.77% 2.30"

Y See descriptions below Table 5.
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Table 7. Texture profile analysis of rice cakes stored for 1 day at 4C

Sample? Hardness Cohesiveness Springness Chewiness

) (No unit) (No unit) (No Unit)
Control 15.72P 0.36° 0.92%¢ 5.16%
CS 10% 21.00% 0.43° 0.94¢d¢ 8.41°
CS 20% 17.35" 0.47° 0.94° 7.70°
CS 30% 13.51° 0.46° 0.93P¢d 5.80%
CS 40% 7.65% 0.41% 0.91* 2.82°
CS-cont 10% 38.97¢ 0.61° 0.94% 22.36°¢
CS-cont 20% 43.78° 0.66° 0.94% 27.16°
CS-cont 30% 55.64" 0.72¢ 0.94% 37.54¢
CS-cont 40% 71.77" 0.79° 0.89° 50.45%

Y See descriptions below Table 5.

Table 8. Texture profile analysis of rice cakes stored for 3 days at 4C

Hardness Cohesiveness Springness Chewiness
) (No unit) (No unit) (No unit)
Control” 21.56% 0.14° 0.83° 2.44°
CS 10% 29.94° 0.23" 0.87" 5.99
CS 20% 25.04 0.21° 0.90™ 4.73°
CS 30% 16.49° 0.24" 0.87" 3.48°
CS 40% 12.35°% 0.23" 0.88" 2.52°
CS-cont 10% 88.07° 0.34°¢ 0.89” 26.25"
CS-cont 20% 160.97¢ 0.45% 0.87% 62.80°
CS-cont 30% 245.50° 0.60" 0.89” 130.75°
CS-cont 40% 359.29" 0.72° 0.87% 222.42'

Y See descriptions below Table 5.
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Table 9. The contents of RDS, SDS, and RS" of rice cakes (%)

RDS SDS RS

Sample”

16.5

7.5

76.0

Control

749 5.6 19.5

CS 10%

69.7 6.6 23.7

CS 20%

65.8 3.1 31.2

CS 30%

60.2 25 37.3

CS 40%

75.6 8.9 15.5

CS-cont 10%

76.6 6.7 16.7

CS-cont 20%

75.9 6.2 17.9

CS-cont 30%

74.5 11.3 141

CS-cont 40%

) See descriptions below Table 3.
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) See descriptions below Table 5.
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Table 10. Retrogradation properties” of rice cakes stored for 1 day at 4C

Sample? To (C) Tp (C) Tc (T) Te-To (C) AH(Y g)
Control 476 52.3% 57.6% 10.0%° 1.9
CS” 10% 46.5° 51.9° 56.4° 9.9 1.8
CS 20% 46.9° 52.2% 56.4° 9.5% 14°
CS 30% 46.9° 526" 57.4°% 10.5° 1.1°
CS 40% 48.7° 52.8° 56.8° 8.1° 0.8°
CS-cont” 10% 46.9° 52.2% 56.7°° 9.7 2.3°
CS-cont 20% 46.6" 52.3% 57.4° 10.8° 2.0°
CS-cont 30% 48.1%° 52.5% 57.7% 9.6 1.9%
CS-cont 40% 47.6"™ 52.8° 57.5% 9.8 1.9%

Y See descriptions below Table 4.

? See descriptions below Table 5.
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Table 11. Retrogradation properties” of rice cakes stored for 3 days at 4C

Sample” To(C) Tp(T) Te(C) Te-To(T)  AH(/ g)
Control 47.1%° 52.1° 56.6" 9.5%¢ 3.2
CS 10% 47.5° 52.7°cde 57.4% 9.9%>d 2.5%¢
CS 20% 481" 53.1°% 57.4%¢ 9.3% 2.3
CS 30% 47.1% 52.2% 57.0% 9.9%d 1.9
CS 40% 46.7° 52,5 56.6" 10.0°" 1.8%
CS-cont 10% 47.0°° 52.3% 57.6% 10.5™¢ 3.0
CS-cont 20% 46.5° 52.8° 58.78 12.1% 2.7%f
CS-cont 30% 46.8° 53.4° 58.0°" 11.1% 2.0°
CS-cont 40% 48.2° 53,17 57.04 8.8 1.8%

Y See descriptions below Table 4.

? See descriptions below Table 5.
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