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< SUMMARY >

| EEEE | D-02

Purpose&
Contents

O Development amd industrializatioon of dietary fiber beverage with
antioxidant activity from resistant starch and fruits—vegetables

O Contents of research
- Development of dietary fiber-enriched beverage with berries and
fruits, vegetables
- Establishment of physicochemical treatment condition for dietary
fiber—enriched beverage
- Establishment of biological treatment condition for dietary
fiber—enriched beverage
- Developmemt of resistant starch and investigation of functionality for
dietary fiber—enriched beverage
— Developmemt and stability of seed for dietary fiber—-enriched beverage
— Development amd industrializatioon of dietary fiber beverage with resistant starch

Results

O Technical results

- According to investigation of dietary fiber and antioxidant activity of
berries, fruits and vegetables, black raspberry and black chokeberry had
higher total dietary fiber(36.93%, 34.24%), and total dietary fiber of
cabbage, sweet pumpkin, tomato, apple, mandarin and red grape was
29.66%, 21.51%, 19.85%, 12.57%, 11.27%, 9.69%. Dietary fiber beverage was
developed with 2 berries (black raspberry and black chokeberry) and 6
fruits—vegetables (cabbage, sweet pumpkin, tomato, apple, mandarin and
red grape).

- Particle size of 6 fruits—vegetables puree was reduced by ultrasonication,
citric acid, enzymes (Viscozyme, Ultraclear, celluase) treatment. Dietary
fiber of cabbage, sweet pumpkin and apple was increased by
ultrasonication or enzymes treatment, functionality as swelling, water
retention capacity, glucose adsorption and oil binding capacity was
increased.

- Lactic acid bacteria (Leu. mesenteroides GBL19, GBL20, SRL6) was
selected, fermentation properties of berries—fruits-vegetables mix was
investigated. The number of viable cells increased up until 24 hours,
after which it gradually decreased. Total dietary fiber was the highest
after 24 hours fermentaion and measured in the order of
GBL20(7.81%)> SRL6(7.68%)>GBL19(7.45%)>control(7.31%).

— Berries (black raspberry, black chokeberry, mulberry and blueberry) were

fermented for 24 hours using Leu mesenteroids SRL6. Total phenols,




total flavonois and total anthocyanins were increased, and DPPH radical
and ABTS radical scavenging activities were increased by fermentation.
Pulverization of freeze dried berries, fruits and vegetables with high
sugar contents was difficult because of moisture absorption. Addition
of resistant starch made easy to mill the dried products, inhibited
moisture absortion and increased total dietary fiber contents.

- Domestic small bean had higher Vit E, Vit B2 and amino acids than
imported lentils and pois chiches.

- Gelatinization properties and the molecular structure of Korean waxy
rice starches isolated from two japonica types, Sinseonchal, and
Dongjinchal, as well as an indica type, Hangangchal 1 were
investigated. On the branch chain length distribution of amylopectin,
the proportion of DP13-24 and DP25-36 showed reverse trends, with
higher japonica type amylopectin in DP13-24. Onset and peak
temperatures by differential scanning calorimeter were also the highest
in Sinseonchal.

- The granular size of acid hydrolyzed starches decreased to 122.4-479.9
nm, whereas granular aggregation increased with increasing hydrolysis
duration. In particular, waxy rice starch of Hwaseonchal was composed
of many tiny granules without aggregates. Gelatinization temperature
and temperature range increased with increasing hydrolysis duration. It
1s suggested that nanoparticles could be prepared by acid hydrolysis of
rice starches, and waxy rice starch is the most preferred source for
application.

- To produce cross-linked starch using acid hydrolyzed starch, acid
hydrolyzed starch was treated with trimetaphosphate(STMP) and
sodium tripolyphosphate(STPP). The sonicated and freeze dried(SFD)
showed most stable solution and lowest sediment compared with other
samples

- The cross-linked RS nanoparticles were prepared from acid hydrolyzed
waxy rice starch and showed A typed crystallinity with 17-18% RS
level. The sonicated and freeze-dried treatment was the best drying
method

- Chia seed was well germinated and maintained the condition well until
3% black raspberry juice. The seed particles did not precipitate due to
resistant starch yield in gum and drink, and was well distributed in
the drink.

- Up to 2.49 content of indigestible starch in powered drink did not
affect the taste of drink. Nano particle restraint starch yield developed




for drink has high dispersion safety and was developed as drink.

- As the result of injecting compound feeding of single berry juice or
berry juice and resistant starch yield to mouse, it did not affect
hepatotoxicity or neutral fat and entire cholesterol in serum, but
increased the excretion of bile acid.

- As a low calorie functional drink with compound function of dietary
fiber through nano sized resistant starch yield, it enables development
of product corresponding to the trend.

- It is a branding technology based on various preconditioning technique
and functionality using functional fruit like berry fruit, vegetable and
dietary fiber like indigestible starch as compound ingredient, which
diversified functional beverage.

- As cranberry, acali berry and other famous beverage ingredients are
imported, by utilizing berries that can be farmed in Korea, producing
functional beverage based on domestic fruit and beverage could have
import substitution effect and popularize as product that fits our
lifestyle.

- By utilizing the strong eco-friendly feature as UNESCO biosphere
reserve Area, it can be extended to sixth industry by linking to
tourism and experience culture industry which would lead to
vitalization of local economy and contribute to stabilization of farm
land and creation of income.

Keywords

Efé?a(%%?;r;ent Resistant Antioxidant Sensory Fruits-
e y starch activity evaluation vegetables
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Daily Recommendations of Dietary Fiber Needed* by Age/Gender
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3E 1-10 Al @l

B0 wePA A%

Texture Overall
Appearance Flavor Taste
Mouthfeel Swallow preference
A 357+1.16°  436+1.15  3.29+0.91" 3.71+1.54 3.93+1.49  3.93+1.38"
B 343+1.34"> 521+0.89*  3.79+1.25° 4.14+1.35 421+1.31  4.36+1.08%
C  364+1.74°  379+167°  2.79+158" 357+1.87 4.07+1.94 2.64+1.65"
D 6.93+1.07% 5.43£1.65% 571£1.86% 471+1.86 4.86%1.79 5.50+1.99%
E 6.00+1.30° 6.21+0.80% 6.29+1.49% 5.71+1.38 5.79+1.31 6.64+0.93*
F 3.93+2.06" 5.29+1.59% 6.57+1.74% 5.79+1.53 5.79+1.58 6.43+1.65%
W Mt 559 #5 Hrt
AN s Fse) BeRtE QAL ¥ HFE UdEd AEE Fusel d5Fs Y
o HARANLF HolHf F2E Axdy BeRstE AAKAT FulFe} Als 2gw
AgE ARE Az Agsr. ® 129 2ol Ak B ulFe} vsut e 2eld)
A3 Colle WEE, Dy WAL Wslel dl5Fa BedstE A o8 FEL @
3ol dsHkS B wls| AA €& AV} 722 M =& HA4E YEelyow gy uk g
5 AN =7, 597 FES DS W78 D e A4S dehith A
°l 7Z1&% 9A] D7} 712 7F% =%orw DeE H717F £}, Mol £t 59 oldo] At
aEg FoAe Aol Al
¥ 12 AZ® AoliF Fxol e A
Texture Overall
Appearance Flavor Taste
Mouthfeel Swallow preference
A 7.2£1.55 6.2£1.14 6+1.89 5.8+1.62 6.1£1.45 57+1.77
B 6.4£1.77 6.1£1.37 5.7£1.25 6.3£1.06 6.3£1.06 6.1+0.82
C 6.2£1.48 6.4£1.17 6.6£1.07 6.0£1.15 6.3£0.82 6.4+1.51
D 6.4+1.43 6.7+1.49 7.1+1.20 7.0£1.82 7.1£0.88 7.1+1.20
@ HZF A XA
ds7lE B3 obgsh 2e A dANE AT MelFE FRsBAe] e B
wakel obzuel® MAEAR, B Y AxFE AAHIUAE Aot FFo] we 9
g Adsel %, 7154 22T AAHA FUAA nelstel AE AAYE ® 1-3% 2

o] AAstAnt.
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3 1-3. Recipe of berries—fruits—vegetables juice

Ingredients Weight (g)
Cabbage
Steamed ) 296.3
Sweet pumpkin
Tomatoe
Apple
Raw Red grape 503.8
Mandarine
Barley sprout flour
o Black raspberry
Berry juice 199.9
Black chokeberry
Total 1,000
(b e T AL - AL BF JolHFEE A2IH I
O =59 AxTH
W Foh el Ak gmel AxFS okd 2y -1 2k WAFE F94HEF
R AER F 63 AL ALFE ARD F AL 4 F RS AARAL
AAT U AR T FulEsh BEae 08 A4S F A A3 P £
of BaSeATh 0T 1587 e F 500 mL Eebae Wel Welaar.
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g2 2ol df FaoteE vz Aol dfrt TR dastEAdo]l e WygHFE &
getomn WIS ol Aoyt AIE SRE wEo EHo »HES AAs L 24
ol A= dle] FLFS B3} stuAt Aut. I FAkst o] o HYgFE Hbe
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om fEXATF AAHAR AFHS 445
mh) B2B/B2C &t & Al A 2 st Ag
W23 () 71 289 aA(deg)s Baskal oM, EE1 5 28 TR H
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4.13+1.37
3.81+£1.64
513+1.71
5.50£1.90
5.00£2.25
456+1.97
4.63£1.75

3.50+1.21°
4.38+1.78"
4.63+1.50°
5.81+1.68°
4.13+2.03"
4.44+1.93°
A75+1.77"

3.44+1.46
4.25+1.81°
4.69+1.66™
5.56+1.75"
4.38+1.89"
4.13+1.36
4.75+1.69"
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3.88+1.45
4.25+1.98
4.50+2.03
5.88+1.63
4444213
4.63+1.78
4.94+1.69

45+1.67°
5.00+1.21°
4.69+1.20P
5.75+1.24%
6.69+2.57
5.44+1.97°
5.38+1.45"

4.81+1.22°
4.63+1.63"
4.44+0.89"
6.50+1.63"
6.25+2.49"
5.38+1.50°
4.13+1.41°
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@ WelF B - s BReRe] B}
IdE AER &3 #Y - ko] E2HUE s FAARGT I Ty A
B2 kel RUSEE Az H5PtE ARG dnks obd Esh 2k
E 17 MR S RE e AUS 9% w5t A%
A% AN Q)
<] ¥ Bl .
da=g  5a7 1= =
Control  7.04t2.13 566+1.56" 6.47+1.80° 6.15+2.04*° 552+1.84  6.80+2.08
RS 1% 6.88£1.85 598+1.84* 6.65+1.76° 6.10+£1.65* 5.70+2.02 6.63£1.56
RS 3% 6.20+2.02 552+1.45° 6.04£1.95° 595+1.34"> 5.02+1.72 6.06£1.83
RS 5% 410+1.66 50411697 4.05+1.58% 523+1.78° 5.05t1.80 5.16+1.68
@ HZF HAAY 4H
5t E Be obdel 2o HE AAYE AR el T $Y R AnFE 14
dEd A4% 9RE Agstgon dasy ARLe Wrise AF AEL APk
E 1-8 A AEY A 2ETe FHE gAY
Ingredients Weight (g)
Cabbage
Steamed . 238.3
Sweet pumpkin
Tomatoe
Apple
Raw Red grape 486.9
Mandarine
Barley sprout flour
. Black raspberry
Berry juice 254.8
Black chokeberry
Resistant starch Rice-RS 20.0
Total 1,000
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(W) Fg 2REL @ GAHY A% EHUE 24 2 A A

O d¥8A=

2 A x
IF 5T Y T 2T Be 3 Eiste] dasd AE v F 2oy 23 Edes
g Az

YR 4ABS DS 2P A BSAAE AASaT FE EGRT
QAFE du) A7k ola) EFRW 30 g& AT S 200 mLel EFFES A4
S AT BPe A el BRI SRR Azdte] EE S AAHY

E ol R ER P A9 Mgt LA EATE ATAES U

¥ 19 FE EF BT Fa oS A9 A9 An
4% AnkA 9l
% @ ot 0l o} 7) = )
A 7.89+0.56" 8.63+0.34*  7.36%1.24  6.14+0.25 7.26+0.544 7.06£0.25¢
B 7.716+0.17¢ 8.45+1.04> 7.16+2.36  6.26+1.36° 7.53%0.23° 7.13%0.36°
C 7.719+0.26°  859+0.45"  8.15+0.52 7.63+1.20° 7.88+0.44° 8.08+0.51°
D 8.05+1.35* 8.62+0.11*  8.26+1.03 7.98+0.36° 8.02+1.03° 8.14+0.212

@ BEA vee ded Bt
de) wsAst AvE EUR AL BREA ¥ 2 BE 5 Ct 10%F  Arksharh




-103 o] 9 o= HEA BuS 295 H7Fs A7F 80302 71 =8 A
BRI Rao] 10% H7ME CE 6872 714 e AFE e
# g5y wdz C7F 7MY =2 A5E YUEdn g 852 o3 g
= J

B3b fAH AFS Uedon ARG Bdde 2 AolE FA 2akAw
AW Ewel A BRA Bwe] 206H7tE AVl b mE JEEE Usd A
Fol @ Aok BRA BEe F& F/ME wsAste 24 XS 9IS F
ot A @ 5 A

=1 @gl.;g'o

-

Qlopr-7] 2] 7) NE%

A 8.03+1.03* 8.16+1.32 878+0.36  8.44+0.36" 8.74+0.15° 8.02+1.02

B 7.95£1.05" 836+0.34  8.01+£2.14  8.27+0.51° 8.12+0.16° 751+1.77

C 6.87£1.05¢  8.78+3.61 786047  832+1.25" 815+£01.37°  7.12+2.10

B7F AdE EW®E Ax olEZYol ¥ 2, B 5 Ce 10%=
AE olmyel Rure 29 W A% @, o, A3
Fgrold e F5E tehdth AWHL NEEAAE A% TR9E 4 ¥
e or] ofzue} wuke] 10%7F A7k C7t 74 AFE vebon ]
2 CE ool §e wo] UA MR A 9res 9A% RolsE 8l

)
N
N
ol
3
£
=
—
iR
=
o o

r o
o%
Bjte

o, m I

oY )y oo
o M =

1L 8 BF B F20 okzyel A7 vle 24E AF vyt A

A Ak 917
9] % £
Jor=gd B9 A
A 748+1.65  7.78+0.15  7.39+0.14 7.88+0.63 8.02+1.02° 7.89+0.64
B 7.88+3.58  7.68+1.11  7.03+2.10 7.98+0.14 7.98+0.69 71.45£0.57°
C 715236 7.15+£2.04 6.87+1.69 7.76+1.17 7.6+0.14° 6.85+0.54"
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@ EEAbet o2 Yol e Hs MU ST
Al ofZYyote] Eetvl S
F7ke AASATHE 1-12). HEAkel oz o} &
0%, B 2%, C= 5%t D= 10%= sto] #sR7he At ded7t 23 od @
M= M EEE HUbehA 2 AZF 7892 M 3 = ¥
=) AWARQl Ve Es BEAkeh ofZYobrt 2% ke B7F 7HA

A4

F1-12. FE &3 BY Fao EEx 9 olzuol & AL 93 Aegrt
27t b aR=] s e

Bk & B4 e

etz =3 7185

A 7.89+1.03 8.02£0.21*  7.52+0.36 7.87+1.26 8.02+0.03 8.06+0.69°

B 776+023  841+0.11° 801+045  815+2.10  852+0.11  8.25+0.14°

C 705044  7.48+0.14° 7.87+1.30  7.64+021 = 7.48+036  7.88+0.57¢

D 7694232 7424003  7.62+235  7.98+054  7.96+2.63  7.48+0.87¢

[e]
Ake} ofE ool &3 1A} A F T 23 d e BY AL EE AFAAE
Eiol olFolAnE WHF Wols RRERAME HEA @ FHU AEHNE 9
o A AR BlES 2857 el folA AAE dA e FASE RS ],
2, 4% FHAES SRS Ao BEAE AN 1 A ofd) % 1139 2
Xt
E1-13 Fw £ 2 T2 dAaSd AR HF vEs AAs] e dsEvt
kil Ak Q)
9% 3 % _
Jote7 2394 V5%
A 751%098 811:0.75 7.64+152 8324246 804068  7.69+1.38
B 796:124' 756+0.72 834+231  7.87+0.88  822+120°  7.54+2.01
C 702144 723+153 647:097 645134  6.83+152  6.68+1.71
@ HZF AAY 474
TR7F Molzvt W FE Fa Brege] HE A ok ¥ 1-149h 2kt
Bk 30g3 A4 EE S 200 mL 71Fo 2 AFHIEE s
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I 114 F= wolxe] FEFs FHE HAlY
Ingredients Weight (g)
FHTolF
39.2
A1 2] Ef
&l
Roasted 25 1)
1 57
¥
&
) Black raspberry
Berries 1.8
Black chokeberry
Resistant starch Rice RS 2
Total 100
(th £% 2% Hol4#28 A2F3 39
O WgF 2 Jd - 2AAh FEe AxTA
Bel - Aa Bue] AzFAL ofd 1w 133 2ol #He B Ak u] AN AA
st & HF dAY U= AFste] el dEEke 307 Ao v 3l 9w
= w5t cellulase e8] ¢ sAAx sl EH7I=2 E6ke] 80 4] Aol Az
% Zejeg Wo] xAH
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cereal mix flour

fruit-vegetable mix flour

3.72+0.85 4.41+0.69

Consumer Preference
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@ A3 Bel AR7} 9, A L ANE GEAL, B A7 FEo A
27} £ AE vehdh el A Bde FRAE mxw 2

Texture

Appear— Overall
Ance Flavor Taste Mouth— Swallow quality

feel
A 6.32+1.49% 7.09+156* 7.15+1.45" 674+1.06 6.90+0.99°  6.96+1.37°
741+£1.26° 7224148 6.70+1.34%  6.64+1.07 685+1.03  6.76%1.16°
C  452+1.35" 536+1.16" 4.10+1.20° 506+1.56  4.87+1.62°  4.22+1.32°

2 = JARoy Sauo]o 15%2 ANE=E H7Es H$-
Wobs WA A3 e FEst Ho] AESEE A2 F Yt ¥R A0
NEFHE 10~15%7 HES $uE Axd F B5aAs AT &
Ce AoMNEE 747 1.0, 1.3%, 1.5% $F3les AxsAn 522 259
SbfARSHL AEel 19%7h AZE RS itk BEAA Auks ofulst go
TE 13% H7HdE W oy A7 AvbAQ] Vaevt £ A4E wUT
% 1-18 A= 3= 2448 fsk e A3
Appearance Taste Texture
Flavor Overall
Color Seed Sweet Sour Mouth- Swallo quality
amount feel
A 6.27% 4.86% 5.74% 6.33% 5.35% 5.24+ 6.42+ 5.64%
1.16 0.90 1.54 1.55 0.90 0.55% 1.36° 1.15
B 6.75% 6.26% 5.30% 6.00£ 6.01+ 6.42+ 6.22% 6.50%
1.16 1.32¢ 0.76 0.88 1.21 1.23% 1.08% 0.74
C 6.56* 5.16% 552+ 5.92+ 5.88+ 484+ 4.28% 5.26%
0.83 0.91* 1.06 0.72 0.68 0.62° 0.87° 1.24
ERA-RoX = FRol Y9t dastyd A durEs 24387 6
g 7o 2 Yxega dASIA AR TS ety A HANE AASATHEE
S% ZAE AAG ATE ol Ee 7otk FFo ko] 19%0]m AT AR
H AIE7F o ) gl AAAR] VEEeA =2 AYE YEUST 59 Y
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AREC] AWAQ FRIA JEE P57k BEm AGARS BsA e A9 nrh A
FAES HI7ISE A9 7357 =& AS 5 T 2 AFoA AES AgA RS 2
AE Ea Al ANE 2EE APAROE YAt Ha Bl $4de] SR
of 7 72 EE HASA7IE Aoz AZtsisltt.
31719 B A= SR vt AT vk AAsh] S wedrt At
Appearance Taste Texture
Flavor Overall
Color Seed Sweet Sour Mouth- Swallow quality
amount feel
A 532+ 512+ 5.60+ h.87+ 581+ 6.25+ 6.34+ 554+
1.16° 0.88 1.17 1.55° 1.40° 1.14 1.16 0.97
B 6.70+ 6.72+ 5.95+ 7.30% 7.06+ 6.82+ 6.81+ 7.03%
1.16% 0.95 0.88 0.95% 1.05 1.03 0.79 1.05¢
C 6.64+ 6.94= 5.92+ 6.88+ 7.04+ 7.33+ 7.44+ 7.16%
1.43%® 0.74 0.74 0.92% 1.33¢ 1.16 0.97 1.10°
D 756+ 6.72+ 6.20+ 7.08+ 7.06+ 7.00+ 7.22+ 7.38%
1.27# 1.16 1.03 1.05% 0.94° 1.25 0.92 1.06°
@ A= BT SR H5P
NE RRERE Az 98 24dE ALE FB RS wol iR AoH= o
AGHE dHFS AAsH7] At dsHNE AAFAL 58 FASAH ARLS 3%=E
AR o A9l B vPEAEE Co D= oA EE ALE3A L A9 CE 1% Bt
D= 15%E #H7FsFAtHE 1-20). % 30g= - 200 mLol] FAHA1A A4 ALE A
Aetgia Ashe obdl Esh 2kt W MER Hopy st oMy Fo HFE W
grom HAAAS 7IEE L& HFE wrgr)
E 120, FEWolx A= B Faol M= FRo A= G A4S A9 Bt 4
Appearance Taste Texture
Flavor Overall
Color Seed Sweet Sour Mouth- Swallow quality
amount feel
A 5.08+ 5.60% 5.63% 5.85% 5.32% 0.20% 5.83% 5.71%
1.62% 0.86 0.74 0.88 0.90 0.55 1.36 0.75
B 426+ 592+ 5.54+ 6.11+ 6.14+ 5.84+ 6.08+ 553+
0.81° 1.56 0.76 0.98 1.21 0.86 1.62 1.64
C 6.83+ 6.22+ 5.32+ 6.16+ 522+ 6.43+ 6.23% 6.30+
0.76% 0.94 1.16 0.75 0.68 0.60 0.74 0.65
D 6.10+ 5.67+ 5.90+ 5.60+ 5.88+ 482+ 5.20+ 6.08+
1.327 0.88 0.94 1.72 0.68 0.88 0.02 1.16
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A E PERE:

BEUAS B3 olulel pol AF UATE AGFAT wMEFE ATzl 1w
b BREAR A BeBt Age et A= TR 13 %, AFHE FFe
192 stk BEA-F o= Aggre AF AAE ok E 1-213 2ok

F 121 BEEA-AANE AR HF b

Ingredients Weight (g)
Berry Black raspberry 1
Seed Chia seed 1.3
Resistant starch Rice nano RS 1
oligosaccharide
glucose
Additives citric acid 30.5
gellan gum

carageenan gum

Water Water 66.2

Total 100

Sg-AopHE Bugre] HE dAE o) ¥ 1-229 23k

F1-22. FEdels A= B8RS HE dAY

Ingredients Weight (g)
= ,‘_'——_o =

F ol 3 10

A 2] El

B

Cereals 25 1)
ZH 7 53

=

&%
Resistant starch Rice nano RS 1
Seed Chia seed 1
Total 100
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FE-XoXE #Z Azx FAE
45 A =
e O ol&E AA
!
A O Ay vz A
l
e O Aot E= At &
l
=3 O 80 mesh 21
l
a9 O Aot =, Yzt dastd A H7t
(BARE — A2 — cross-linking — 71%)
\
9 O ¥4
a9 1-8 FE-AYAR 2EEE AxeA

(2) AXYALAE FHF BT S AAE AF

h ARYA 2 HEF B 4 22 NBAL L AAE A%
S5t ol HE AAIS ARkl obd g Lol BEA-ALAA T SE P
H2ES Qs okl g o] SRS FFHe] SRE WARES At el
AT AR A= Hohste] AP AAFA,

e

@ 5@ U&@Sli A4S FE2 9 287 7EE =
A AaRs ofel] sEeb ol Al R 33 o] Mg wgkow ofmuel MESEH
o B2 AEZE7 H F2 S sdth FolAd Abol= glslnh

black raspberry- black chokeberry-—
seed beverages seed beverages
Consumer Preference 4.23+0.98 3.94+1.02
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(th Bg 9% g9 TFAAA 9 AR
BRA-Ao s AggRe HE AFS AUA
wol Eehrgyon ofgel BulE FAsd w

mL= 27435
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ZATO|/HIZ|H/VET e
B s SET/RNG/SEAAR

S

(4) W7 oA E S8 wAY A
7h fr&7isk gx
W2l F o= S5 T 7|E HdSse AFe FeH o XA o] fFAsE At A
A

Fo® FEUITE 19dS Fud 5

b AAY R FFY A R E AFH 29
BoATE Bo AN AEgnt AARS AL ST TAY A SRl
o7t M BEA EE olRUcl & WMFE FRB (DHFAA A s
2 A7bagel Fesv vudd AZARS AGABEA HoHRE FHHEA FH@
e el sbsshl H9rh
BEA4 AELRE R4 HF Faol oF 0% olvb ATl 19%% ASHBE AF
WA Ggolvt Aol 2 TS FA gom Ao ush e dasy AR 5 74
B8 Esl AxHEE ARG £A%0] vl Uitk AF 1L BAA 649499 A=
H7b SojstmE Al W Aviwelv], ol & 52 melste] ok Tt 2ol WAL 2




ATk 715 Aol 5900~650090] 7HAo] PAgH lerw 7M1 A= AR

off
o

T 124, WA ES ABAES] 7H

7+4 (/L)

7N A = 6,000
Al FAE A 6,482
Al#AE B 6,482
AlaAE C 5,900

(th 287 g AAle] A3} e

& AESESE AEsste dudas] danty ARS Brkstel Holdd FFL
w0l 71%54E SR, AtA sk G Aeldfel M5 e BT Bhe wAEE
AAS D Aol f2 Qlstel FeBe BB shud vk AF 2 Bl A=

of MAEa tololEE Ysts 2740d dA4E& T2 Ao &k

(2 44

2l

() 7]E 2819 uAUNE)S Bieta QoA BEra 5 &8kl TR o2
FHlolA TR HEgS 3 B2C At 8 & oz duHdT

T 71E AR w71 da2EY 283 6234 AR B ol 7]
Eo AFEY B AFS TR FFES oed B =80 3o wudr B3 &
279 SNSETHE e =go] d Zolth

AL 23T W &rlo] LA FATAE HaAFE A AHE FEEa 9o, FEo]
A4S HW B2 of2Yol o HFgHE 55 Ho] AR AL BEA S G4 FHA
4 7 s Aot A= §59 < L= ol ot HEE EE
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2. AMPSHA : Ho|AdF A28 WHAF F-AF AAY 7 AL
Zh 1A E CHEF R 3 - AFe AEEY R e g4
B4 2 Y IS A% =954, BETH A =24 &4
(1) W=7 23 - A7 AL 24 2 Fasad 3d
h 4% A=

A8 BA D FouoAze] Asd Ant WIREEA, ov], BFue, ofzuohe} 7l
A

N}

= =

=2 AN AT J——io\__ o_ Hé}‘}\ z gL = 4 Els RN vy oax_—l—‘;‘
0] -H/\ = RS- L.:zgoﬂ/q :rLcﬂ ]_oﬂr/]_ olulAl H o ﬂﬂ T b}tﬂx] BAO A=z & )\]
22 At

© 438

@ AN B

el o3-S Ao e, i, A, 3R s SAsIY. FREd g
105+5CAZ=7]A Frtddz o S48la, @MAdSE Kjeldahl o= S4st9e
W, AdE SAYGAR FAA L T2 FsproA AHIsyor A%

amyloglucosidase =42 A &gt $ ethanolel €5 Az &

AsE FA4ske] Aikst g 5

glass filterol] o3} Azx3 FAES A3}

Zol mAaAY ¥ 70T =+
A 5o

sspa wAE

2
o
)
—
=
jab]
=}
=5
2
s
i
>
)
o
wQ,
o)
9]
0
o
=
[}
=
2
£

@ WelF 2 - AR AR

Foo] ARE AFRE WEF D - AR AWYRS BHRGHE 2-D. FEF
S B

e 845~96.9%, G AL 06~1.6%, AEL 01~0.7%, 3|+ 01~0.7% Gt} 7
o) o

S Apoler g grake] =kal, YA A2 ofghe] ApolE Hel
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I 2-1 Hd 9 AAaFY dubdE
Moisture (%) Protein (%)  Lipid (%) Ash (%)

Black raspberry 85.72+0.68% 1.31£0.02° 0.71+0.02 0.54+0.10
Blueberry 84.54+0.45%" 0.66£0.06° 0.22£0.15 0.15£0.03
Mulberry 88.90£0.69¢ 0.64+0.03¢ 0.46+0.01 0.64+0.60
Black chokeberry 86.29+0.36¢ 1.05+0.02" 0.19+£0.10 0.66+0.06
Cabbage 91.66+0.24° 0.65+0.03¢ 0.12+0.02 0.54+0.03
Sweet pumpkin 85.84+0.47% 1.64+0.02° 0.54+0.01 0.72+0.05
Tomatoe 96.88+0.16 0.89+0.04¢ 0.10£0.05 0.46£0.12
Apple 86.11+0.56¢ 1.21+0.04° 0.24£0.2 0.13£0.03
Mandarine 88.57£0.35¢ 0.41+0.02° 0.07+0.21 0.35+0.32
Red grape 86.73+0.53¢ 0.62+0.02¢ 0.12+0.01 0.50+0.21

@ HIAF L F-AFY F Ho)HdF TF

T2 HAY AA Al 72 AR dEetr] 98 WEF R 3 - AR sEAAxEEY
ZT Aoldf TS AOAC W oz AT ofgl & 2-2¢F #Zo] F Holdfe Mg
Foole EEAA 36.93%= 7HE ko ofEYolrl 34.24% = E=skth thE WY
w3, Aol Bl EEAEeE ofZ Yool F Aol i o]l =& AS & T UMTh
A FdiFol vl 2ol df ko] ol HAFTAFS YdEEA HrEA] EgE ool &
Aolty, BEFeE| ] Aol kel 7HE Eokom ymA| i Ik =S HolAnh
BRI Gl 33 ko] ol dA BAXs wAE f glong B ARE
aHstal 7t xS A HAIY FEo ZIAAC & A FAFoAAE &7 vt
v, AbaRe] Aol gEFo] vl =2 Holduh WEFe HEEASE ofRYolE F29
YE2 AMEStE Aol £& Aolgha AZE A Aol f o] HwA e fdr #F
H7ve Fa 729 5@ FE NAAE 5 de dFole d5dd A7 Ao] vigA
g Aoleta st
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=1

Q] w
=

E 2-2. 44

A 2 7<)

%2014 £ (TDF) §

TDF (%)
Black raspberry 36.93+0.27"
Blueberry 14.36+0.14#
Mulberry 13.45£0.28¢
Black chokeberry 34.24+0.67°
Cabbage 29.66£0.43¢
Sweet pumpkin 21.51+0.42¢
Peeled sweet pumpkin 18.79+0.66°
Broccoli 43.95+1.43°
Carrot 28.03+0.82¢
Tomato 19.85+1.55°
Apple 12.57+0.69"
Peeled apple 10.40+0.30"
Red grape 9.69+0.41"
Mandarin 11.27+0.85"
Strawberry 16.90+0.63"
Banana 14.04+£0.97¢
Pineapple 9.13+0.46'

(th) 954 F4s A& R FAH2H4 3 T

O AUy

h TH=TF

ZF ds w2 7171e] Alm 100 pLol Folin-Ciocalteu A19F 500 uLE #7}ste] whe-
A71aL 20% SAAYESE &9 15 mLE H7Hs - S/HTE H7ketel & 53971 10 mL7b
A AT A A 241 9kg A7l & 765 nmol A FHEE FAHSIAT F A=
< AYAs AT EAE A 2T A S ol &ste] ALl

FTEYUR o= S

T ZtRxol= 2 Al5 1 mLol diethylene glycol 2 mL, IN-NaOH 0.02 mLE 7}3$t
o 37C F2FxolA 1A 5 ¥gAZ & UV/VIS spectropho- tometer(UV-2450,

Shimadzu Co., Kyoto, Japan)& AF&3Fo] 420 nmol A §3EE =As 9t} oo &= Zatr
rutin(St. Louis, MO, USA)& %+ &E%

510]5 @'%]:2‘ LT E =
2RE F FTHRwo= §FE Tk

R
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@@ DPPH Y% A~A%
DPPH #dZ AAFS
S A7l & 517 nmol A &3
3

theut e Mo A

ey
Qs Tt blanks &S ALgstdon, AAFAS

Radical scavenging activity (%) = (1— %) % 100
A Absorbance of sample

B: Absorbance of blank

@ ABTs #t0Z &~A%F
ABTS assay= Zt7+e] A& 0.05 mLol ABTS radical €9 0.195 mLZ #7}ste] 7 23
HF-3-A1 71 & microplate reader(Synergy HT, Biotec, Washington DC, USA)E A}-&3}o] 734

nmel A FREE F48AaL, 2T AR tAled cdgas H7kste]l SA4 s

Radical scavenging activity (%) = (1— %) % 100

A: Absorbance of sample
B: Absorbance of blank
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o] BHAlE ol X = e E o] &kl kgt AALANERY kst =4
o] o]& %1 ¢t} B3 DPPH radical scavengingS Hl % & A|7Ffjo] =
Fabst S Aol WA AREH I Atk FEEAke} ofmyolE BT 3, Aol DPPH
radical 27155 4 A= ol Fol Ut S8F A HEES} oz o}
DPPH &Yz AATL 9451%¢} 83.79% = 71 H=& d2tstad S yetllae vy 74
AaFE 24.34~60.60%2 &S YHEWY. FEds %% DPPH &z &~7ASe #
A7 vl Aol A = AN FEYHE o] /M =R HEAe of2 Yol kst g
A omgh ok EfHE o] M B EntE, A DPPH gojZd AAGHY G
ko] ol o WA yErui

A 7ol Fakst a7 F syl ABTs #HE AAEAH S SAS d3e o et

ot

k)
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o

aF 2-1°] YERE AF9E 5 w/mlEER Y
1227% % 2227} ¢ =& 84S Jegui 7S &
ABTs o]zt AAGAH L 2767 ~ 89.01 % WIE vetllon Abdrt 2767 %= 7H
o e HA #o] EnlEe] wlg] o 2v] ¥ 8001 %E /M ke gz 2ASA
Bt

2

F 2-3. WEF 2% # AL AR 65 dst G4 4 A

Total DPPH ABTs
Total phenol . . )
flavonoid radical radical
contents ) .
contents scavenging scavenging
(ng/mL) . .
(ug/mL) activity (%) activity (%)
Black raspberry 1189.19 0.16 94.51 88.75
Black
739.64 0.09 83.79 88.69
chokeberry
Cabbage 144.86 0.15 52.15 77.30
Sweet pumpkin 218.56 0.10 24.34 87.96
Tomato 90.91 0.07 45.79 4515
Apple 78.65 0.16 43.77 27.67
Mandarine 653.15 0.02 60.60 89.01
Red grape 130.36 0.14 47.98 83.13
160

80

60

nl

apple tomato mandarin red grape cabbage sweet- black black

ABTS-radical scavenging activities (%)

pumpkin raspberry  chokeberry

a9 2-1. ABTS radical scavenging activity of fruits and vegetables

Azl HEAe} o}y ol= 22583}
3

F g9rh okl 2 39 6%
[©)

1l

N
KeN
=
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(2) AolAdfF F718 A F-AF TR FAFS AT A
(7}) Dextran(H] &34 2ol df) A 47 Ad
@ sucrose BIAHo| <3 EPS A &<
b s H Wy
ofegfe] HE 2-49F Zo] WwgAFozRE | H Leuconostoc mesenteroides 9% 3}

FATT 1TSS sucrose WA (1%, tryptone, 05% vyeast extract, 0.5% dipotassium
phosphate, 0.5% diammonium citrate, 5% sucrose, pH 7.0)o] ="2¢3}o] 30T A 4847+ &
e et eh g 7] HAE AA BlAE 918 sucrose HiA| floll ZFZFo] Wl <f ﬁ%
10u1¥ A A8kl

¥ 2-4. #2¥ Leuconostoc mesenteroides 5 ==

Species Strain
FA T Leuconostocmesenteroides subsp. mesneteroides KCTC3718
GBL13
L . teroid GBL14
euconostocmesenteroides
ucon C n GBL19
GBL20
=T SRL1
SRL6
Leuconostocmesenteroides subsp. mesenteroides KCL2
KJL1
HSLS
W At
FATT 15 2 ZETdFT 9TS o] 83t sucrose LA wix|ol] AJEjolA HAES
A= T2+ GBLI3, GBL19, GBL20, SRL6, HSLg¢] AWm ity FA|AF9
KCTC3718°] plate oA = 71 AHdES Bo] AAFstE Aoz HYom 8 o5 Sl
A= GBL189] FA|wtF9F vl ngfow AAES Ho] A3t Aoz HYrH(ad 2-2).
Q@ WA Fx &3
eh s 9 By
HAE+  viscometergs o]l&3t  HEE  FAHIIoH, FAHAYHLS HEA
UL(Ultra-Low) adaptorell ®jFed 156mLS Al &3] rpm 80014 1#7F 3] AAZ] T2 cpit

2 Fahsie.
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W A

HAEE =43 23 GBL197F 1.30+0010. 2 7MY =2 cpitS Yo I o=
KJL29} GBL20°] =2 cp #S EIth FA 2 KCTC37182 plate o= w2 ©H
S Hon GBL19 ®t} v& &S B o 49 plate Aol HA
=y o]

He+e
AT At Ee] AR =2 =5 UEATHE 2-5).

A

19 2-2. sucrose iAWl 93 EPS A &<l
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3E 2-5 iR HE A

sample A% (cp) %
KCL2 1.09+0.01 14.6
KJL1 1.20+0.01 16.0
SRL1 1.12+0.01 15.0
SRL6 1.15+0.01 154
HSLS 1.12+0.01 14.9
GBL13 1.17+0.01 156
GBL14 1.12£0.01 15.0
GBL19 1.30+0.01 17.3
GBL20 1.18+0.01 15.7
KCTC3718 1.16+0.01 155

@ EPS &3, A R A%

15-2](9,950%g, 25 min)3d}lo]
A3 7Veke] 4T A 15

3
A ZE FAAA Rkt A= dAEgste] dgsta HE ovsEs AXAN F F
ANAZ 3to] o]E crude EPS®E 3t AA®E EPS AAlE ste] wjddel trichloloacetic
acide HE F=7F 4%(w/v)7t HEE H7bsta 4C°ﬂ/ﬂ 2AE Ags & dAEE st o
Aol e didS AASAT. G NS B4 ¥ 0.2um filter= o #sto] W2 ol
S AAsE 2] WhE 95% o &ES 7kl 4Tol A 16413 A AT ﬁﬁ%% o
Ateste] et FE eSS A F sAAE STk videl g A A EPS

o AHFE g/LE et

@ A7

crude EPSE ¥& 3l F &39S w GBL197F 27.36g/LZ 7MY =2 T3S B
™ GBL20, SRL6°] z+7} 17.6+0.45g/L, 13.120.22g/L <o 2 =4 vt 3% crude
EPSE oAl AAstA S el w3k 919k w72 GBL197F 19.042.83g/LE YEFH S S
AA A o2 crude EPS Bt} 15~208 A= #HA#S BATHE 2-6).

o

32
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¥ 2-6. EPS +&], dA 2 A

sample Crude EPS(g/L) Purified EPS(g/L)
KCL2 8.310.24 6.9+0.42
KJL1 4.6£0.58 3.3t1.56
SRL1 1.7+0.69 1.3+0.64
SRL6 13.1+0.22 8.7+0.49
HSLS 8.9+1.02 6.3£0.71
GBL13 11.1+0.46 9.4+0.28
GBL14 51+0.81 3.210.64
GBL19 27.36£0.65 19.0£2.83
GBL20 17.6+0.45 11.0=0.00
KCTC3718 11.9£0.59 9.2+0.28
@ T4 7 F
b AE 2 U
EPSe 4 &

< gQlst7] $ste] EPS =49 7brwslE AAs T 2 N &atke
2 100TColA 4A13F HESAZ & o] 7l wdl=S 1 N NaOH=Z F3tsk & 045 pym filter=
oAl A|EZ AREETE TLCE <Hl® Al8E TLC platee] 4pl A 3 278w
acetone @ butanol @ water (4:5:2)2 2¥ HI/RAIHTE Spot FA-E & 0.5%(w/v) «
—naphthol# 5%(v/v) H2SO4E E3+eh oehg &9 g3 HxAZ & 105C L &FelA
1037 HAA T

@ A7

wEl ol o3 A E EPSe 7 @S g9lstr] flste] TLCE 418 A3, 28
dFolA AAdE EPSe A9 = 708
S Yerg o] glucoseZ7 o] F012 homo &9 EPSE FAHE 4= At}

1

2.

3. Sucrose
4. KOOMITIE
5. GBL13

6. GBL14

7. GBL1%9

8. GBLXD

9. KCL2

1. KIL1
11.5RLY

12. 5RLG
1 223 4°'5 & 7 B .9 10 111213 13, HSLA

a9 2-3. 74 3 =2
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A 3etA EA(F o] &%, catalasePQ), 4284 9l

O %7 ol&s

b A= 2 W 0 API 50 CHLS o]&3dte] ¥ 4kt 33 (GBL19, GBL20, SRL6)2]
F ol &5 st

W 4z
E 27, Fabare] Ase Y 54(F o 4%)
3T HAEZE GBL19 GBL20 SRL6 |3 TIAEZE GBL19 GBL20 SRL6
control - - - D Xylose D-Xylose + + +
Glycerol - - - L Xylose L-Xylose - - -

. B _ _ Adonitol _ _ -
Erythritol D-Adonitol
_ : _ _ _ Methyl-BD-Xylopyr B

D-Arabinose anosicle +
L-Arabinose + + + D-Galactose + + +
Ribose D-ribose + + + D-Glucose + + +
3 2-8. FrAbtel Aste A 5EA4(F o] &%)
3T dAEE GBL19 | GBL20 | SRL6 | 3 TIAIEZA GBL19 | GBL20 | SRL6
D-Fructose + + + Sucrose + + +
D-Mannose + + + Trehalose + + +
L-Sorbose - - - Inulin - - -
Rhamnose - - + Melezitose - - +
Dulcitol - - - Rafinose - + +
Inositol - - - Starch - - -
Mannitol - - + Glycogen - - -
Sorbitol - - - Xylitol - - -
a B B e -
-Methyl-D-Mannoside i Gentibioside " *

a-Methyl-D-Glucoside | +

D Turanose

Ie\I—Acethyl—Glucosamin N N 4 D Lyxose _ . -
Amygdalin + + + D Tagatose - - -
Arbutin + + + D Fucose - - -
Esculin + + + L Fucose - - -
Salicin + + + D Arabitol - - +
Celiobioside + - + L Arabitol - - -
Maltose + + + Gluconate - - +
Lactose - - + 2—keto—Gluconate | - - -
Melibiose + + + 5—keto—Gluconate | - - +
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@ catalase test
D Ax L
Aol catalase A oFS "Hojrmy & 7]

W 23

H
)
o

& s

catalase test A3 A FAAS BF 7|EE PASHA| g+ catalase 5T OE
of @714 MAELS IRAFAT(GEE 2-8).

% 2-8. Akt e] A3ty 54 (catalase )

Sample Catalase test 4%}
GBL19 -
GBL20 -
SRL6 -

min, 4C) 3t dAE 3I]Fste] &
medium 5mLe| Y] 5~6McFarland
cupledl 65ul HF3tAct AT 2E
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& 2-9. fAktel a4ag gl
Enzyme GBL19 | GBL20 | SRL6 | & WA= & GBL19 | GBL20 | SRL6
Control - - - Acid phosphatase - - -
) Naphtol-AS-BI-ph
Alkaline phosphatase - - - - - -
osphohydrolase
Esterase(C4) - - + a-Galactosidase - - -
Esterase lipase(CR) - - - B-Galactosidase - - -
Lipase(C14) - - - B-Glucuronidase - - -
Leucine arylamidase - - - a—Glucosidase + - -
Valine arylamidase - - - B-Glucosidase - + +
) ) N-Acetyl-8
Crystine arylamidase - - - o - - -
—-glucosaminidase
Trypsin - - - a-Mannosidase - - -
a-Chymotrypsin - - - a-Fucosidase - - -

(xh) AT AsE 82
O ME 2 Uy
A FAaket 3% (GBL19, GBL20, SRL6)S MRS A uj =] ol A A& 23] A ekt 3
1%% HF38Fe] 30°C A 24%1% A u] FshHE A A A e 600nmoﬂH Hj o] g

Zo §A17] %S zAbR A GBLIOS GBL20S ok SAZHRE] A So] F29
Zrbel g on], SRL6S W AAHEE Ago]l FA8 F7d F W 1240 EHE 4H7]
O

(3) F-AF E3HH A
b AAY 23 #E =
O AA=F BH
@ ANE AF R A
dqH] AdS T8 A" e

e agase Mae s,
z %
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340 : 0
. Leuronostoc mesenteroides GBL1S Leuconostor mesenteroides GAL20
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Lo

Absorbanoe at GO0 M
o
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Time{h)
19 2-4. MRS brotholl A4 g A2 A A=A
@ zg3 Az

ultrasonicator

650 WY AxF  BHde  FRES 11 F
5 BB 2LRAYE @ F ARE

(B8510E-DTH, Branson, USA)E A}&3Fo] 303 1A%
AH-&-3F AT
@ T4 A
659 HY - ArF AL 01 M FAA £93 10 M FAMN &
171 & A28 A3

FF T NaOH £ Ag3to] pH 7002 %5
@ &Ta2AY
659 #Yd - AMAF BEHAE FHF9 1112 T3 E Viscozyme (Novozymes,
Denmark) ¥ Ultraclear (Novozymes)& AF&3to] 45T oA 2A17b&<t A2d & &S A
AANA A 52 AFESEATH

@ A 27 B4
243 BT
PE A2 JEE47](Helos/Rodos&Sucell, Sympatec Gmbh, Germany)E A}8-3}
05 ~ 3500 um HA7AA YA E Z=AEAY AE AL Hx YR(x10, 10%), =
7F AR50, 50%), HH LAHx90, 90%)S =A &3t}

@ 27
T2 YA YR 249 vei 3 3 AFE stEAeR e B =, A
T, AEE A4 duFe dx =] BExE ofg #F 2-103 ¥ 2-58F 7kt
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0.1M T2k @] o) s o)<
ol o AR =77 Frol A &

o o
=

3 2-100 FrEel dAE 236l whE A 271(um)

x10

x50

x90

Control

Sonication

0.1 M CA

1 M CA

Enz - Viscozyme

Enz - Ultraclear

127.91+3.02°
79.87+0.21¢
117.69+4.02°
56.92+0.36°
47.79+0.78"

92.83+0.68°

335.45+0.47*
227.20+0.66°
305.094+0.85"
170.45+0.97¢
156.46+1.03

246.58+1.68°

592.0241.33"
394.79+2.30¢
538.96+0.90"
361.26+6.32¢
345.14+4.36"

406.25£0.31¢

Cun

distribution 003 { %

nulative

Cuy

100 T 3 I T T Blial
ol T ) ‘;Z_ T T T Tt :‘—flg
s : ol 16
- 2w f( 414
s £ al e
o £ sf :
awl jg iy I /'/ I \ AR
Ehy . | T g ;ﬂ:— ! / g\

WE ’ &L . i st
1 T 50 100 1 4 6 810 20 0 @ 0100 200 400 600300
particle size | B particle size | B
Control Sonicaiton
100 L .0 LA L S S W O AR AR LB n e R
. T = i W[ i T ! winiie:
f(-\ e Jis £ ol f =
,"( —21:;{_ 55 10:_ Y Y
maE! /)/ T ::m% é ;‘zz ! R Hifgos
-t AR __ S
H : Ehode £ uf ¥
| L - mmL 7;‘; Yl _J__. g ! EO
10 30 100 300 1000 o I 1 L laiiliiil | Lo -ighy
pcticle size! B 1 $ 6 810 2 40 60 Solod 200 400 600800
particle size ' B
1M CA
100 T ® BARILA T T T T TTTITIT
e _ 0 I
Wi " el
e 2 Bk A
&0 [ 2 £ |
sl £ £ wf T i
iy 2. s wl ! I
ol E £ of J o
nfE = E nf o0
. S \L-‘ Jozs
o I i o w armNRRANTH] I 48000
1 + 6 310 0 40 60 0100 200 400 600300 1 4 6 810 20 10 60 0100 200 400 600800
particte size | 2 particte size | B
Enz - Viscozyme Enz - Ultraclear
a9 2-5. o] AA Y 2o WE dre EF
doure] Jdzp A7) Fx= obd sEeb 2RI AU 259 e 0.AM AL A
g oA doure] 2 Japso] FrEsIA IM AR Aot BaA g oAM=
AR QA 2710} e,

mulative distribution (03 1%

QA 27)E WE fgon 2e9 Ash e
3ol 3k o,

Dewsity distibution

T nsity distrbvntion 3%

T nsity distrbtion 3%
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3 2-11 dorbe] Ay 3o mE

U2 271 (um)

x10

x50

x90

Control 51.94+£2.36

Sonication 37.88%£0.24

0.1 M CA 20.49+1.25

1 M CA 1.84+0.30
Enz - Viscozyme 8.68%£1.30

Enz - Ultraclear 9.58%+6.31

261.72+2.36°
248.60+4.3"

242.75+1.30°
96.84+6.20¢
89.65+0.34¢

107.27+£0.41°¢

431.40+8.36°
416.15%0.63¢
424.15+0.33"
284.88+0.144
163.47+7.30¢

290.18+2.33¢

awaATH 1 4 0.00
4 6 8 10 20 40 66) S() QD 200
partcle size | B

Sonicaiton

g3+

Density distribution

100 BARIALEI T L S B 57 8 1)< 100 T
o 5 sl i
L T I & o
= e i S
o nf 2 wp
2 wf £ pl
£ wE T // mi £ 5F
= sl ! L T a0
£ o s | B
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R E nl[
S kb 1 = E }\ o35 Y onf

ok i ] B W A Y 0P - R ok
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Do nsity distribution g3

FI/ 1 I T
IR T M TS AR EIT
= =

S i

o e i 1 B B S ;i
1 2 4 6 8310 20 40 60 80100 200 400 600 800 1
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a1 2-6. @Euke] A xxd wE Y= BE

L
'—'__‘J__*‘L .

EntEo A =7
TAN A, B4

ATt

ot} F 2-12¢9} 219 2-7% %
SEEICE R
AE AAHoR AR} AV|Eo] Z7FsFG ot

A& agel Frhsdn

ol #e

Ll
8510 20 40 60 80100 200
particle size | B
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1=

diens

)
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% 2-12. EnpE el

|
]

BN
)
9,
=
i

U2 271 (um)

x10

x50

x90

Control
Sonication
0.1 M CA

1 M CA

Enz - Viscozyme

Enz - Ultraclear

17.11+0.32

9.42+0.02

9.00+0.10

28.7916.10

5.75x2.00

10.38£1.02

137.39+2.30¢
109.16+3.22f
127.80+1.52¢
213.08+3.22°
142.04+3.12¢

199.97+2.22°

347.14+1.22"
365.99+0.31¢
354.05+2.10°
419.30+1.01°
390.65+2.03¢

413.93+£1.04"

0.1 T TTTT T T 12 100 — T T T (AR L R o8 1311 B
z of 2, < | }f’)} los,
2wl Z S nf I ! RRAR 1] N S MEMRRRATE Y
£ sl | 2 s I I .,') I Jos £

' 4 r T T + 1 1 =
£ sl l);/ £ £ nl Hos B
2 F — sy = £ F ! I I 4l R s
= ES H : =S
£ o I T | A B g T H’r_,.” T AT o
5 3 . T & 3 g e jes 2
E n[F I ./.J,r a E wnlL I I I T I N g
s I [ I 01 g I
CouE w—v‘"""ﬂ “w ;H{,/P' .fr—'*'rr ! ! I o1

o E =SS L Ll Vi B A Y R T o e T T T e 1 1 e e W 1

1 2 4 6 310 0 0 60 30100 1 g 1 5 810 20 P 200 00 600 800
particle sze B particle siza | B
Control Sonicaiton

mﬁ_ I ¥ S I B P f‘__,E‘ 100 T T T T T T T 1.1 TIPTITT &

50 3 s [
£ ol ! = = -
B il i 2 = i e 2%
2 6 R 2 s ! o L4102
2 sf Jos € 2wl ./" Jos B
2wl ] 2wl i i I Sk
£ 0l 1045 2wl | I=1= LT I ...;045
: Wb - 2 aF i ) ! e 2
& == = H I S Wb e 1w AR \;'-501

N I Y Y S O 1 Y A N A AL 4 T = 0 s i T 0 A A AR AT I S B AP (0

1 2 FINNERCET B 0 60 SD100 200 400 600800 6 810 n 40 60 80160 300 400 500800
particle size / B particle size / B

100 T T T T T TT T T T T TR AT LS 100 - T T T T TTTTTTTTTT TP L

wf = i T oo —— }/
= n = i 1o
El = 5\ i = q =
T | / S nf ! /'/. s
s @l 2 60| y NN
2wl Tt 2 sf Jos 2
s Or 5 °F I IHERRRRNTIA I s &
o = o A NN . HHHE T
5 wl I s - e 1 (HENRRARIIN] I e g
E nf s Ewf LIt
S [ 40 L e f_,.-a-'"y. ]

= AT o 1| o 5,9+ I o S o 1 1 e i i B S G WK I it b dd oo

1 4 6 310 B 40 60 50100 200 400 600 300 1 2 £ 6 8110 » 0 0 80100 00 400 600 800
particle sze B particle size | B
Enz - Viscozyme Enz - Ultraclear

a9 27 EvbEe] Axg zAd] wE

A}t el
Tt A elel
A 277} 7
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ol
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J
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A7) BEE old E 2-13% 19
A At =719 Wl A 9
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F 2-13. Abeke] A 2ol wE dA 271 (um)

x10

x50

x90

Control

Sonication

0.1 M CA

1 M CA

Enz - Viscozyme

Enz - Ultraclear

152.96+0.36"
150.22+0.22°
138.15+0.96¢
161.36+2.30°
55.00+0.22¢

64.29+2.10¢

390.90+0.31"
367.4840.05°
377.35+0.90°
411.69%0.41°
214.5040.36¢

213.43+0.74¢

691.75+1.02"
649.58+0.74°
696.47+9.61"
733.9247.12°
339.0946.32¢

328.13+2.01¢

100 T 18
% T B
L s = Or gLe
il = 5 wE 3
< omE [N =
- £ sl 3
ERE £ nf 3
E s E anE iz
£ nf £wp
E ol E a &
° b © oL J62
0 I A TGO nmi ] L Ll a3 0 0
1 5 10 0 100 300 1000 ! 3 10
particle size | B
Control
100 3 100 T 18
%0 H1s - 3
Ei = - 3
=R & = SIEN
3.% B Eiod
4 £ 2 ol .-
1 = = L 1 =
I T oal Hos =
=] 2 ol Hos £
Hos & ERTy Hos &
= ol il Ho2
L Lol I 0 Ll g0
5 10 1 5 10
;057 T T 100 T T T T 30
sl it sl 225
k3 - k3
S w ) 200
= F 3 = S
o pf = 2 ol ! s T
2 [ 2wl ! 150 2
R / E snf 1 2 T mf;
iy | I A . W1 100 8
B0 SR A oL %z
= nf £ E nf ! Y Hoas 2
: wf s nf Foso 2
= | S LL | H025
oL | . el I W R ARRITE PR Ll ik 0,00 oL | s i/ W R WY T R S Y= )
1 % 4 6 310 20 40 60 30100 200 400 600 800 1 2 4 6 810 20 40 60 80100 200 400 600 800
particle size | B particle size /| B

Enz - Viscozyme Enz - Ultraclear

b AXE el WE gE B

FH

=9o] <z} 371 By olgl ¥ 2-149F 19 2-9¢ % 2 253 Aol o)
AR =71 7F S7heF ol IM A4 Aol ol s A= °‘x}ﬂ7l W3kA] ekokth 0.IM +<
2b Aol gaA g 8 A= 7F AT

_75_




F 2-14. #9 AAE e g J4AF 27 (um)

x10 x50 x90

Control 49.33+0.23"  210.21+0.36"  369.84+0.63°
Sonication 64.52+0.12*  245.39+0.14*  493.20+1.03%
0.1 M CA 5.2440.41° 210.44+0.63"  362.17+0.14°

1 M CA 40.39+0.25" 209.41£0.74">  393.44£0.72"

Enz - Viscozyme 7.46+0.03¢ 76.69+0.36° 261.54+0.324

Enz - Ultraclear 8.59%0.96° 75.86£1.20P 234.05+0.66

100 T T T 100 BRRLIBLLLLI T TTE R 7 16
= = T LT i
B3 - B3 -
5 o 5 o g H11 &,
S o < omE INITITHiT— ARRRRIRLL I 2
e e I =
2 wf £ sof LI 1 Hos £
2 .C 2 2
: or : o i Hdos =
2w g =t > s §
E ol E ol =
R Y f 02

o i T RN o T b T Y Y L P P

1 2 4 6 310 20 40 60 80100 1 5 10 50 100 300 1000
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= = F
= ol Y e
3 = o F

0 < nl
5 Wk 2 @
£ nf ER=
S 40 ; s
£ nl / E nf
5 a0l Fr | ././-’ | E
L RRRNIH Eq_.‘h!ﬁ' 5 8 L F

o L L o T A T R L 0 ! T R R 1T I,

1 2 4 6 810 20 40 60 30100 1 2 4 6 810 20 40 60 80100 200 400 600 800
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70 Hos o Hos
INHAR los

“wmuative distribu tion (73 %
2
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Density distribution 3%
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= o
Density distribution g3
e
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AR E NI EAREER

I 1 o ol
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1 2 4 6 110 2 40 6D 80100 200 400 500 80D 1
particle size |
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% 2-9. 2o AAe 2o mE AR £ %
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3 2-15. AExx9 A 2o B dA 27 (um)
x10 x50 x90
Control 58.70x1.25 237.56x0.31°¢ 409.45+0.63°
Sonication 71.00+2.11 258.66+0.41° 422.75+0.21°
0.1 M CA 61.21+0.33 236.3211.33° 401.41£0.444
1 M CA 69.05t0.41 263.211£0.417 432.60£0.74%
Enz - Viscozyme 16.83+0.26 112.75£0.03¢ 288.0840.63"
Enz - Ultraclear 22.50x0.63 136.78+0.23¢ 313.34£0.34°
%;z; / E;i:: AR :'JQE
émf T /’} [ é:zi ,/ ,o:vj.é
’ ﬁ} ! M e s e "iu.u. o - ﬁzl ‘T'."f‘-rl.m.m I e E;,
1 4 6 310 ;;mm-.\cé 60 0100 200 400 600 800 1 6§ 310 paomeu;ré 6 80100 2
Control Sonicaiton
g S“;:j BARIALE ERESEIILN ] \’/ﬂrm:i
B oga .
Hi0f £ snf
Mi ?, a0 [
i o6 £ z wf
i BT R A I ‘\\\\.-L.-l_(z; ‘%izz
0.IM CA
"‘;‘g T | RASEALA] T [BEBERIRIRAL T ';/w iniaibhnd “;E‘ |!w|

dis tribution (3 ! %
@
B
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IEEEEEEEEEEEEEEERER

I
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S b=
Density dis tribution g3*

Cumulatve distribution O3 { %
=
TTTTITTITTITTTITTITT T

E 2 0
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01
e
o9 2- X

® A% 2 g=

@ }le‘a H’I—lﬂ

e =
, USA) o] &

24

Spectroclolrlmeter(CM 5, Minolta, Japan)Z&
d- 2 el E Lik(Lightness), #2219 %
b#k(yellowness) 2.2 LERY]
sto] AEo] 540 wet ol e E

4 6 310 2 40 60 80100
particle size | B

Enz - Ultraclear
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ow gspindele] 7] Al#et & 57 AX He o319

iy

=2 cP(centi poise)&+9 = 31t}

£ 2-16. 659 HAALFE Fr 54 23

Sample Conditions

Spindle rpm
Apple ULA 1
Tomato LV63 150
Mandarin LV63 50
Red grape LV63 5
Cabbage LV63 150
Sweet-pumpkin LV63 200

@ 23

FufFo] A7 e W Mol HAEZ 7 2-179 YER Sl
FAYEE 45145 YEFY D 0.1 M CAX g T 7P =& HWxE S 29

3 i YA AR

2 FAwEYG @2 A s Uehlth %R agtdAE BT @S Bed 1

T SAaA g T (viscozymed ultra clear)E°] U™ A AlRRHY 25 ¥ 2 #& Ria 3

A2l bgk2 sonication? 0.1 M CAA glwto] ALt A 55 =2 AL gb& YT

Sl Hm= FAE wolA 143970 cP #S dElW = HYE 3 AJ5E A

7 A 38 ¢ 5 e 2 F oultraclear”t 3099 cPE 7FE e AT S HO A
o7 Hol aaxg® Qlaf guiF el Aol dFrt Bol FilEs & F AT

Viscosity
L a b : :
Viscosity(cP) % Torque
Control 4514+1.16°  -2.18+0.05¢ 6.82+1.18 1439.70+33.93% 6.00+0.14°
Sonication 43234028  -2.48+0.03° 3.49+0.15 143.97+67.87° 0.60+0.28°
0.1 M CA 46.60+3.40°  -2.09+0.33¢ 3.61+2.58 49.99+2.824 0.20+0.00¢
1 M CA 44.26+0.80°  -2.10+0.13° 6.86+0.25 227.95+152.71° 0.95+0.64¢

Enz - Viscozyme 44.84+0.35 -1.95+0.05" 6.03+0.14 248.43+3.22" 10.35+1.34°

Enz - Ultraclear 44.33+0.92°  -0.99+0.11° 6.28+0.57 30.99+9.90¢ 0.15+0.07¢
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Gaute]l A e wE ATl HEE X 2-189 YEFHTh A, W=l Like
FAY TS 47764 YEFW I sonication® 1 M CAA g o] FAg T v Ax e
UEbW AR 0.1 M CA, &4 387 (viscozyme¥} ultraclear)o] ¥& WE S BEAch HA
Eo aztdlE FAEE Bo AAEFE0.1 M CA9F 1 M CA)ol &7 28 & 5 AT
Geule] He= AP wolA 14877 cP @S UEldlle=d AHEE 3 A 55 H=UF 7
2 EsE Y T ANy
¥ 2-18. d&ube]l A 7o wE Nk 2 HE

Viscosity
L a b : ;
Viscosity(cP) % Torque

Control 47.76+0.524 3.25+0.23" 34.01+0.712 148.77+6.79° 12.4+0.57
Sonication 46.34+0.224 1.18+0.06¢ 32.01+0.71° 62.99+4.24° 5.25+0.35
0.1 M CA 49.97+1.75" 4.38+0.44* 35.06+1.54% 82.78+1.70° 6.90+0.14
1 M CA 46.93+0.224 4.80+0.13% 32.97+0.53" 73.79+5.93" 5.95+0.21
Enz - Viscozyme 47.89+0.06° 3.41+0.33" 32.05+0.98" 55.58+7.34° 7.55+4.74
Enz - Ultraclear 48.92+0.48° 2.78+0.17° 32.95+0.50" 52.19+4.24° 4.35+0.35

EvlEo] A 2@ mE Az dxE F 2-199 YERWE 4, WEQd Like
J 8] 31.71S YEFW AL sonicationd} ultra clear &4 & 7F 318 gkoll v]8] =&
E%ﬂ\i’, A=l gt e FA e X1t sonication® 0.1 M CAX 2] o] %‘7}
T AT EnfESY] HEE FAE oA 1200 cP @S YEHed HEE & Al

b AL Ee o AT

pud)
2

Mode b o
MB mlo

it o
lo
uZi
l-['I

7 2-19. EvIEY Ay Fdo wE Ax 2 Hdx
Viscosity
L a b ; ;
Viscosity(cP) % Torque

Control 31.71+0.45" 4.80+0.23" 5.70+0.17" 12.00+0.00° 2.00+0.00°
Sonication 32.71+0.36% 5.58+0.54% 6.01+0.47° 11.70+0.42? 1.95+0.07%
0.1 M CA 31.99+0.18" 5.78+0.05% 6.06+0.25° 5.4+5.94P 1.65+0.07"
1 M CA 30.03+0.31¢ 3.88+0.23¢ 3.67+0.33¢ 9.6+0.00 1.60.00"
Enz - Viscozyme 30.41+0.10° 3.96+0.04¢ 3.04+0.01¢ 6.0+1.70° 1.0+0.28"
Enz - Ultraclear 32.12+0.60° 4.22+0.52¢ 3.32+0.38° 6.0+0.00 1.0+0.00°
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ALl A el 2o & AMret dxE ¥ 2-200] YEWTY. A4, WEel Lo F
AP ate 31372 VEFWA 01 M CASF 1 M CAZF ¥A48 ol vla) v+ Mk 73S 54
3, AAER] gzt e FAETEY Ay dEe] BT AT sonication®} 1 M CAF
ol Z+ZF 2803 2360 % =gkl Abbel M= FAlg] oA 1560 cP e UErW =T
A& 3 AlsEEY HE7F 7 2S¢+ Atk
E 2-20. A} A 2dd wE AE 2 o Hgr

Viscosity
L a b ; :
Viscosity(cP)  %Torque

Control 31.37+0.51" 3.58+0.95° 7.77+0.88° 15.60+1.70¢ 0.65+0.07¢
Sonication 31.46£0.05 2.80+0.07" 7.94+0.09 21.60+6.78" 0.90+0.28"
0.1 M CA 30.99+0.14° 1.97+0.10¢ 7.03+0.23¢ 20.36+0.21" 0.84+0.14°
1 M CA 29.99+0.234 2.36+0.16° 6.86+0.25° 19.2+0.00° 0.80+0.00"
Enz - Viscozyme 31.02+0.10¢ 1.87+0.12¢ 7.63+0.04° 18.00+1.70° 0.75£0.07¢
Enz - Ultraclear 31.06£0.20¢ 1.87+0.17¢ 7.05+0.32¢ 22.80£1.69% 0.95+0.07°

o A xde] We Axe EES ¥ 2200 etk $4, BEe Lk FA

oAl 41.369 YWEFHIL 1 M CA Al A 37.87, &44 2] (viscozyme)ol Al 38.10%2 dto}

A= AL 4 5 Ak AL azks viscozymed &4 Aol A 6312 =& ¢S o
E}Mﬂ AT bt 1 M CA Ha o] 19772 e 2+S By Lty §AsE 43S

Aot #9 Axve FAE ol A viscosity7F 2879 cPE YERW AL viscozyme &A1
ELO] HAE7 FA g3 729kal, sonication A S FA @ tdl vla] F=7E S 4 A
o &2 A FAY RO golx = AL & 5 AATh
¥ 2-21. =9 A 2 wE AE 2 HE

Viscosity
L a b - -
Viscosity(cP) % Torque

Control 41.36+0.16° 5.97+0.31" 22.47+0.37" 28.79+4.24" 4.80+0.71°
Sonication 40.81+0.60° 4644026  21.01+0.76™ 36.89+0.42° 6.15+0.07
0.1 M CA 40.80+0.52¢ 5.30+0.15°¢  21.59+0.41¢ 15.3+1.27° 2.55+0.214
1 M CA 37.87+0.73¢ 5.77+0.67> 19.77+1.14¢ 0.01+0.001 6.58+1.20°
Enz - Viscozyme 38.10+0.87¢ 6.31+0.74° 20.12+0.87%4 28.50+9.75" 4.75+1.63>
Enz - Ultraclear 41.84+0.70° 4.68+0.41 23.24+1.22% 15.61+1.71° 2.6+0.287
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)
==
k1
o
N
BN
[4\1

do) wE Awsh AEE E 2-220 YEth $4, ¥R Lgte
y )

v o
)
o)

r\r =

A gate] 29.73% sonication®} ultra clear 422 oA ¥ WE S HQ
AL, AAERl agkel FAel= 7675 dUEhla Fol ek visiAlE 1 M CAA ol =
S s Bt FAE bl AdE 1 M CAZF 0942 74 =& 7S H.lal, sonication
Ao A -029% 7HE v FAE gs YEdllth AxEe AR FAE oA 12.80
cP < YElWETY viscozyme T4 E o] YAt AR o] A thE A

%Y
TEe BAY TR A%k Bk WS O & AU

¥ 2-22. AEEO A o] E A 2 Hn

EL
. ., b Viscosity

Viscosity(cP) %Torque
Control 20.73+£0.12°  7.67£0.56° -0.69+0.09¢  12.80+1.13 1.6£0.14
Sonication 30.46£0.12*  6.47£0.18°  -0.29+0.07¢ 14.4£1.13 1.80+0.14
0.1 M CA 20.25+0.04¢  839+0.14">  0.35+0.07" 17.2+0.57 2.15+0.07
1 M CA 27.15%£0.19¢  9.45%0.29*  0.94%0.12° 15.6+0.57 1.95+0.07
Enz - Viscozyme  2801+0.20¢  7.231£0.07¢  0.5340.84° 12.4%1.70 1.55+0.21
Enz - Ultraclear  30.68+0.27*°  53140.33"  0.35%0.23° 18.8+0.57 2.35+0.07

HREzLe} ofZyole] Mmol HEE o X 2-239 YEWCLE A Bt} ofZ o}
o] Mol Lgke z+z; 78.929F 6892, A MLl a e ZHz; 47.13% 27.135 AL bre
10.099F 9.06<% Bt AxE= BRA7F 11.80 P, of2YolE 807 cPE 77t vreluith

Zahs

% 223 BEAS ofmyole] Ae] xAd HE A

NE

Viscosity

L a b ) )
Viscosity(cP)  %Torque

black raspberry  7892+0.89°  47.13+1.87°  10.09+0.56" 11.80+0.83 1.4+0.12°

black chokeberry  6892+0.89 27.13+0.74 9.06£0.48 8.07£0.01 0.75£0.00

*p<0.05
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(W4) AAE 274 & Ho)HdF E 754 &
O F€4 Aol F#(SDF) ¥ &84 Ao|dF(DF) &3
@ /\lt‘ﬂ H]—HJ
T84 Aol el B84 Aol df= AOAC WHel el E}Qﬂ 2ol BA3AT)
5
=

A &oll a-amylase, protease, amyloglucosidase® A tZ A2 3F & o ebgo] A7

Az TAE 248k 584 NoldfE ANNAL Gk A5ENEL glass filtero] vHE
ofiste] PAE ZAT AL BN AGE ANSAT F Aol £84 Aol G

S} 84 Holdfel Fom ANl vheit

4

W 23

A 240 wWE Aol fo HEE dolry] e FEA AHoldf H B8 2
oldRFE A I L 1 A ofd ®eol ot

AR E FujFe SDFS IDFZFS ofdl T 2-240] YeEdeh A4 o= IDF7}F

SDFE W =2 s Wetdah 253k Ao of&) 84 Holdf & &84 2ol4
T gEol Frketel & Aol ol 158 Frbste]l Aoldf &

S & 5 Atk UHA Aol o= Aol fe ezt dojds &

01 M T2 Ao s = Ao)lde

F2-24. FulFe] A Ao wE Holaf
SDF (%) IDF (%) TDF (%)
Control 9.69+0.40° 16.90+0.28° 26.59+0.68"
Sonication 11.25+0.33 29.56+0.74° 40.81+£1.07°
0.1 M CA 5.53+0.74¢ 20.20+1.06 25.73+1.80°
1 M CA 3.63+0.54¢ 2.40+0.42¢ 6.03+0.97¢
Enz - Viscozyme 6.45£0.61¢ 8.45%0.62¢ 14.9+1.23¢
Enz - Ultraclear 5.76+£0.91° 7.58+0.69° 13.34£1.61°

el o) g
DA @A Rsen EaAdd od LAHE AEE HToﬂ alsﬁ W A2 1M
FAM A A FEFAAsh 2ol b Rk Al ol ¢ & ATk
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3 2-25. kel A 2ol wpE Aolilf
SDF (%) IDF (%) TDF (%)
Control 5.29+0.70 11.58+0.57* 16.87+1.27°
Sonication 5.04+0.25% 12.83+1.12% 17.87+0.88°
0.1 M CA 4.07+0.47 10.94+1.17 15.01+0.70*
1 M CA 2.57+0.64¢ 4.80+0.28° 7.37+0.36¢
Enz - Viscozyme 3.63£0.44" 8.66£0.60° 12.29£1.04°
Enz - Ultraclear 3.88+0.86™ 8.95+1.18 12.83+2.04°

EntEe Ay Aze obdl i# 2-267 2T O E Al A9t Zo] 25T A
olsl] F AHolAdf7t Ttk T2 B84 Aol F7tdl o Feoldlth EntEs
viscozyme A2 A] Ao f&aFe] 7Favt A 9aL, ultraclear A2l 93] F Aol {3k
oFZF st R oy FE&AAA AR TS A FAHJAT 01 M AL A os) F
Aol FHS FASIF oY T8N R TR ot SUtsta E&A Aol R T
T ST 1M AR A g2 Algo e} o] Aol fe & AU dojytont
01 M T4k AHEl= Al 24-el 9ld] IDF #4aE 5 4 S Aoz A3
3 2-26. EvtES A Zxlo| mpE Ao|df T

SDF (%) IDF (%) TDF (%)
Control 6.18+0.37* 23.37+£1.98 29.55+1.61°

Sonication 5.98£0.88* 26.18+2.80° 32.16+3.68

0.1 M CA 6.51+0.55* 12.86+0.98° 19.37+£1.53°

1 M CA 2.64+0.42¢ 2.79+0.21¢ 5.43+0.63¢

Enz - Viscozyme 5.61+0.71° 19.76+0.84° 25.37+1.55°
Enz - Ultraclear 5.65+0.43° 15.65+0.50" 21.29+0.07°

AbbE 3R 2273 2ol & # - ATt gl 259429t Ultraclear A gloll ] &)
FTA ol ol FkekR AL, 0.0M FAAt A YAl FA oA FEel AY FAEHAY. 5
3l 29 Agd oaiAe= T8 Aol el FrMeATE 1M A AP et
Viscozyme #2]ol] eJsir= & AolidF FaFo] skt
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3E2-27. Abbe] AHE 2@ e Aojdf g
SDF (%) IDF (%) TDF (%)
Control 4.69+0.37° 5.99£0.4&8° 10.67+0.85"
Sonication 5.59+0.69° 9.92+0.96° 1551+1.65°
0.1 M CA 4.74+0.83" 6.21+0.85¢ 10.95+0.01°
1 M CA 2.95£0.57¢ 2.18+0.90¢ 5.13+1.47¢
Enz - Viscozyme 2.30£0.35° 4.58+0.624 6.88+0.96°
Enz - Ultraclear 2.09+0.34° 11.20+£0.28* 13.29+0.06%

29 SDF¢} IDF, TDF #& oFgll ® 2-28¢] YeEtuidth. &2
27 SDF¢} IDF7F M2 vl A==2 5o A =534 &
g 7 dAuH gkt w3t Age 01 M T4

Joldf e FAHT BEH Aoldf FHW dhddh 1 M

oe 9 - ARee o

& Aol ofs] Aol
b 28T A Aol ole) S84
FAM AZA Aol

:[o

q
e g A A

23kt

32728 #9 A 3o ©E Aol FF

SDF (%) IDF (%) TDF (%)

Control 557+0.63* 570£1.07* 11.27+1.707

Sonication 5.66£0.92¢ 5.16£0.33* 10.82+1.25°

0.1 M CA 5.92+1.05° 3.58+0.42" 9.50+1.47*"

1 M CA 3.38+0.42° 0.62+0.2&8° 4.00+0.71¢

Enz - Viscozyme 3.13+0.95° 3.96+0.86" 7.09++1.8

Enz - Ultraclear 3.47+0.49° 3.24+0.16° 6.71+0.65"
¥ 9] SDF, IDF, TDF A3+ ofgl % 2-299F 2ottt A¥X = #3 FAFSHA SDF
o} IDF &&Fo] Hlzsk Holw xS AA g, ahx e o&) F Aolidf o] A
ATk 0.IM T4 Ao YA = T84 Aol dFro 584 Aol dfe ATV dojyk

o IM A4 AP E AYstas BF A vl =3k Ao df dES AT
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¥ 2-29. AEE A Ao wE Ao]Alf s

SDF (%) IDF (%) TDF (%)

Control 4.06+1.02*" 5.63+0.92° 9.69+0.10°
Sonication 3.33+0.27° 4.05+0.28" 7.38+0.01°
0.1 M CA 4.40+0.42° 3.41+0.55" 7.81+0.98"
1M CA 2.29+0.30¢ 0.47+0.26° 2.76+0.56°
Enz - Viscozyme 2.40+0.54¢ 4.61+£0.43° 7.01£0.97
Enz - Ultraclear 2.02+0.68° 4.10+0.35 6.12+0.33"

BAsh olZUok: BE 584 AHolMfntt B84 Holdi FFel v wel @
fElo] AR F oWl Re F Aolf Feln oRb Aol Aot 84 Aol
FHE FASHATHE 2-30),

T 2-30. BE4 W okzuole] el mle] wE Holdf §Y
SDF (%) IDF (%) TDF (%)
black raspberry 5.10£0.45 35.48+1.85 40.58+1.40"
black chokeberry 5.84+0.26 25.96+1.99 31.8+2.25
* p<0.05

@ AAHZE 3} - A7 7154 &

@ /K1 ?54 Hol—tg

Bagd s 78S Holdw7t Al FEs Fstel i ds S7HA7I
FegA o= 29 o = 23 W2 Robertson 5(2000)] ¥ o
2 uEd 29 ‘7}. ! %‘?%‘% A& 200 mgs S 10 mLell EAMAIA Aol A 18417F A

ottt

lo K

il
£
Ao
ol
ol
N

o
o)

T H 522 Robertson 5(2000)9] Moz vz o] F43}
FTH ol EAAIA AZelA 18213 3 A

sto] o Ao = ALEsHS

WRC (g/g) = (residue fresh weight - residue dry weight) / residue dry weight

FAAFHL G FFEe AolARTt B
Hg

2 Aahe] wjHA 7 E
715g dotns] 91 SRega 4 &

Zhu -5(2014)¢]
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HHoE ARE Yo Wol 25TddA 1A 4k & dAlEgste] I HdES nylon
meshell 3|3te] FAE FAka ofef 4 o= ALtsSlh
OBC (g/g) = (Pellet weght-Original dry weight)/ Original dry weight

9552 Peerajit S(2012)¢] PHO ANRE TEF §olo] RAAZ F 37Co|
N OBAZE WA A ARG T Sele] TRders Zgste] ofgjd oz AAtetlT

glucose adsorbed (mmol/g) = {(Ci-Cs) / Ws } x Vi

Ci = glucose concentration of original soln (mmol/L)

Cs = glucose concentration of when the adsorption reached equilibrium (mmol/L)
Ws = weight of DF (g)

Vi = volume fo glucose solution (mL)

@ 23
AR D 3 AT Holdf 154S AAF] g B, SR nK, §4 2
38, 9 452 34993 1 Ans w2

S A 2o mE VeSS FA% AAE x 2-310 HERT xR
swelling& FA g0l 17.04 mL/gs WEFIAIRE viscozyme A 22(17.16 g/g)el 7HE =LAl
swelling ¥ 13L, 1 M CAA T2 437 mL/g= 7H¢ @2 #s BT FFo] FE74
g1 #F3 vbA R 1 M CA Agatat 2709 a4 efol U Algse oF 104 =
of M= AS & & N3, &Y Z3E 2 sonication A El7o] 520 g/gloZ FA BT H
g =L odAgE A

o 4
:
~ ‘}‘O

3 2-31 FHlFe] A2 x=Ho WE Vs 54

Swelling Water retention Oil-binding Glucosg
capacity (ml/g) capacity (g/g) capacty (g/g) adsorption
capacy (mg/g)
Control 17.04+0.14° 0.03£0.02 2.6310.01° 1506.02+1.14°
Sonication 24.06+0.85° 0.12+0.01 5.20+0.00° 1767.19+6.04°
0.1 M CA 13.64+0.39° 0.02+0.20 3.03+0.16° 1405.47+8.36"
1M CA 4.37+0.26¢ 0.22+0.36 0.71£0.05° 1703.47+1.09*
ViSE;ZZ e 17.16+0.15" 0.27+0.04 2.11+0.09" 1162.50£7.96°
Enz - Ultraclear 14.82+0.63° 0.29+0.65 1.63£0.07" 1068.10+8.27¢
“sute]l dAe 3o wE VleAdE gl AdE F 2-32¢ vE T dsvre
swelling& Fg]o] 559 mL/go=2 AAe g ARERT 27 swelling B5 & F AU
o ool FREFAHES FA 2T ¥ sonication A2l ol vl A T 2E & 5 A
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A

a1, ¢ AgH e sonication Aol 298 g/gl 2 1 M CAA g0 7H4
=

sl
A
S B3 sonication HE|To] 7H A LAdATS v AS & F AU

L

¥ 2-32 wsure] Az 26 we 7)%H 54

d

Swelling Water retention Oil-binding ac?;i)lfs:ign
capacity (ml/g) capacity (g/g) capacty (g/g) capacy (mg/g)
Control 5.59+1.20% 0.10+0.04 1.42+0.20° 1617.58+5.82%
Sonication 3.54+0.47" 0.10£0.10 2.98+0.02% 1451.78+5.95
0.1 M CA 455+1.01° 0.33+0.25 1.23+3.02° 1597.99+8.262
1M CA 1.18+£0.63¢ 0.37+£2.59 0.95+1.27" 660.52+8.69°
‘Enz } 3.54+0.95" 0.34+0.68 1.14+0.36" 1477.04+7.96"
Viscozyme
Enz - Ultraclear 3.49+1.64° 0.46+0.24 1.26+1.07° 1638.6£10.35*

EntEe] A xdo| mE 7|sA8S EIs A2¥E E 2-33¢] UEHT ErtES]

swelling= FAgv+o] 3750 mL/gS YEIWAIRE A8 S 3

T Ad=d 53] 1 M CAX o] 9600 = 7HE =LA #HAasHA

Entgo] odAgtH e ALy} mizrtAZ FA w3 sonicationA] Bl E.TE o] & A9 gh
So] 9 Aggol rkd swelling® vF7IAZ 1 M CAZF 718 AHA 7

239tk FRAAEE viscozyme Aol 11 g/g 02 M 2o A o & dgith

= O = =] ©
ANRES BT dads &

!

¥ 233 BvlES] A7 20 e /54 54

Swelling Water retention Oil-binding Glucosg

capacity (ml/g) capacity (g/g) capacty (g/g) adsorption
capacy (mg/g)
Control 37.5+£0.96% 0.11£0.25° 3.42+0.15" 1422.95+9.23°
Sonication 29.64+0.34" 0.14£0.03° 4.35£0.31% 1312.22+2.21°
0.1 M CA 17.76+1.09° 0.31+0.16° 1.75+0.54¢ 1656.98+10.274
1 M CA 9.6+0.164 0.78+0.08" 0.6£0.32°¢ 1759.53+£9.88*
.EnZ ) 26.33+1.64" 1.01£0.54* 2.62£0.68° 1188.74+£9.45°

Viscozyme

Enz - Ultraclear 25.05+1.06" 0.22£0.32°¢ 2.81+£0.34° 1420.47+8 57"

Abke]l Al 2ol wWE VS s AAE x 2-349 YErt A
swellingS Fx @ +wto] 4.24 mL/gS YEFWA 5 3 A S ¢
JdAa=d E3 A Y (viscozyme ultra clear)o] 7FE =4 719 S 4 4 Ak A

7}o] water retention capacityt™ swelling@} vF7FA] 2 8 A4 8w (viscozymeX} ultraclear)

A

= O = ==
T BT 57

—|~
o oo
o
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1.037% 1.06 g/go® =& e Bt 2dAadd

o
A —
A YA AnEe] 0 Age] Fee & >

% 2-34. A7he] A el WE s5H 54

Swelling Water retention Oil-binding Glucos'e
capacity (ml/g) capacity (g/g) capacty (g/g) adsorption
capacy (mg/g)
Control 4.24+0.219 0.10+0.124 2.19+0.10° 1777.49+5.45°
Sonication &.75+1.03¢ 0.08+0.01¢ 2.88+0.21% 997.51+1.18°
0.1 M CA 4.96+0.681 0.41+0.03¢ 1.93+0.39° 1757.24+5.62°
1 M CA 4.26+1.291 0.85+0.06" 0.65+0.34° 1117.82+10.02°
[Enz = 15.98+0.87° 1.030.07° 1.00£0.36° 1022.89+7.98°
Viscozyme
Enz - Ultraclear 18.53+1.65% 1.0620.05% 0.67+0.04¢ 1347+9.15"
29 dAg 2Hdd wE 7S st AxE ¥ 2-359] yEFHT Z9 swelling
© Aol 353 mL/ge YEPAAW Alvhel npRAAA R EaAE ARt G2 AR u
o e g UEhith el 9UAFHe 01 M CA AYEe MA@ UuA Amse] 2
A 2SS &4 F dAJa FEFAHL 1 M CA A o] WA AlgEd vl 714 =2
A =of s AL & F AU
¥ 2-35. #9 Ay 2o wE 754 EA
) . . Glucose
Swelling Water retention Oil-binding adsorntion
capacity (ml/g) capacity (g/g) capacty (g/g) capacyrlzmg Ja)
Control 3.53+0.21° 0.30+0.63" 1.48+£0.01* 1762.40+6.44%
Sonication 1.18£0.11°¢ 0.27+0.34° 1.72+0.36° 968.53+4.29°
0.1 M CA 0.02+0.01¢ 0.52+0.57" 1.41+0.02° 1153.85+10.30"
1M CA 0.00+0.00¢ 1.45+0.78% 0.98+0.07" 1555.12+8.26%
.EnZ ) 3.55+0.03" 0.55+0.65" 0.23+0.08° 1214.98+5.89"
Viscozyme
Enz - Ultraclear 5.88+0.05" 0.45+0.63" 0.5+0.06™ 1318.79+7.25%

= ¥ 2-3601 UEbit AEre)

L/g—% U EFH A 9F sonication # 2]+ (14.01 g/g)S A|Ld A=
SR RN S g e B2 FEAAHS 3 vpIAE 1M CA A#e] y
™ X 7

NSl M8 4 2A o At A & 4

Hxree] dAy =4
6

swelling< 3 2] 9]
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I 2-36. AEx%

o] Ael = wE 7S

— =
4 54

Swelling Water retention Oil-binding Glucos'e
: . adsorption
capacity (ml/g)  capacity (g/g) capacty (g/g)
capacy (mg/g)
Control 5.65+0.01" 0.50+0.02 1.49+0.022 1784.53+9.36%
Sonication 14.01+0.10% 0.45+0.14 0.27+0.02¢ 1128.64+20.20°
0.1 M CA 4.17+0.02° 0.37+0.06 0.02+0.02¢ 1014.64+10.03"
1M CA 2.26+0.07 0.75+0.02 1.01+0.01° 1203.18+12.02"
Enz - b b
) 4.55+0.01 0.47+0.03 1.49+0.022 1321.57+11.01
Viscozyme
Enz - Ultraclear 4.90+0.06" 0.41+0.16 1.51+0.04% 1095.52+8.06"
BRAs) ohziole] AAe el ME /AL FAF ARE E 2379 vhehd
o}, BEE A swellinge 446 ml/g, oF=2Yol= 347 mL/go & E-EA}7} of2yolo H]3|
swellinge] 2 @ Zoleha AZH ATk, FEFAY 94 BEAsE okzio} ula) of ou)
< #HE HYy, 2dAZE L ofZ Yoy} 1.09 g/glE =2 2dATHE HAS & 5 9l
At
T 2-37. BEA D okzyele] A 2 mE /%A 54
) ) o Glucose
Swelling Water retention Oil-binding .
: . adsorption
capacity (ml/g) capacity (g/g) capacty (g/g)
capacy (mg/g)
Black raspberry 4.46+1.06 1.01+0.68" 0.68£2.36 1216.41£1.51
Black chokeberry 3.47+1.14 0.17+0.54 1.09+1.67 1270.68+1.64"
* p<0.05
(th A2 z2A6 BE A5H 54 F9
D A
BEAAE B A4E 6% H - AxFE N EGS ¥ 2o A, &
LAY E At FeAALE AASAT FeEAALE W&ol A EFd T ATFYES
gz slw, @, o, A7, AwAE JEEe gud va) 98 wHow /EEE B
g e}
@ A3
60 Tk EFES bR WWoE A & F wEPAE AAFAT B0l
+ &3S ARG A= ofdl 1 2-387 2-399F ZUTE AoldfF 7 2 e
AAE T 253 A4 TaAF(Viscozyme) gt WgF HY AMAFY EFF2E dAE
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4 e Fooh uustelth BEH AT AN R A we Ant AWAH S EEs
OF7F kot folF el Aol fiew FAolAR FHEe 2SAAYE e A
ol HF AFS 259AE AHYE HAFAFTY dAAE YHoz AAHS AT
F 2-38. A o] & RAdirF £ F2o BeH Ay
Texture
Appear- Flavor Taste Overall
ance Mouth- preference
Swallow
feel
Contol 6.61% 6.20+ 6.00+ 545+ 6.10+ 6.08+
onto 1.46 1.21 0.97 1.98 1.67 1.23
Ultrasonicaton 6.36% 5.84+ 5.25+ 6.05+ 5.49+ 543+
asonicato 0.98 1.46 1.77 0.87 0.80 0.74
B 0.62+ 6.01% 5.88% 5.87+ 06.34% 593.+
nzyme 1.06 157 1.87 1.34 0.91 1.34
F 2-39. A o] E FAdaF EFE AolAlf s
TDF (%)
Contol 20.70+0.71°
Ultrasonicaton 25.15+2.90?
Enzyme 17.62+0.71¢
(4) M52 <kAA ZAL
7} €59 AE Z EA 24
O 2guH
HZE AR gA g vt AFxE FA2E 4T 20T AFstHA Fx, 2=, pH, A
T2 =A% dxE G A(PAL-1, Atago, Japan)ZS, pHE pH WES Alg&sle] =4
aslm, A= pH RS Akg-ete] ko] 83¢] Hvl 225% 0.IN NaOHO| &wl@g 7
# ¥ FANen @abetel F4 FROOR UEhIATh AmE BRSAACM-5,
Konica Minolta, Japan)& ©]&3te ZA3stAth i A3 9A3(L=989, a=-0.12,
b=-0.27)°] A t}.
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@ 23

S97b Ans okl E 2-40, 2-41, 24280 Rtk F2o Pm
10.57°bx, 0.21%, 4.17 ©]Q a1, = :
BRAsh ofZUolrt Gl B

A=

(= T S
2
—r

b

L
BRE AA AL 4T AREE A
s

Sugar brix .
(°Bx) Acidity (%) pH
0d 10.57+0.15¢ 0.21+0.11¢ 4.17+0.01¢
7 d 11.37+0.12* 0.31+£0.01# 4.33+£0.01°
4C
14 d 10.90+0.01¢ 0.29+0.01¢ 4.18+0.01¢
30 d 11.29+0.01=» 0.30+0.01° 4.27+0.01°
juice
0d 10.57+0.15° 0.21+0.11¢ 4.17+0.01°
7 d 10.00+0.06° 0.15+0.01¢ 4.12+0.01¢
40T
14 d 11.10+0.01# 0.38+0.04° 4.18+0.01°
30 d 11.20+0.012 0.44+0.04% 4.34+0.12?
32741 Al e AgE Fo Mk ¥s)
L a b
0d 57.77+0.03 19.09+0.01° 53.90+0.01°
A 7 d 57.40+0.13? 20.24+0.08¢ 58.14+0.09
T
14 d 55.05+0.01° 18.65+0.01°¢ 54.50+0.01°
uice 30 d 55.44+0.01° 17.90+0.01¢ 51.90+0.02¢
0d 57.77+0.03? 19.09+0.01* 53.90+0.01¢
40 7 d 57.42+0.15 18.23+0.19" 60.90+0.11?
14 d 53.99+0.01° 17.17+0.01¢ 57.89+0.02°
30 d 53.77+0.01° 16.62+0.02¢ 54.89+0.04¢
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E 242, Aol mE e o BeH 54 W
Appear- Overall
Flavor Taste Texture .
ance quality
0d 580+1.23 5.30£092 6.20£0.92° 5.60+0.84 5.70£0.95
4T
7d 568+094 535+0.79 594+0.88 5.62+0.88 5.81+0.74
juice
0d 5.80+1.23° 530092 6.20+0.92° 5.60+0.84" 5.70+0.95"
40°C
7d 524102 501x0.88 4.18+0.88 4.38+0.45 4.55+1.12
* p<0.05
(W) A #AEFFH v
O A3 39
HE e F29 3 - A F2 ABAEFS vasty] 9 Aol i H(TDF),
=, AR, pH, A%, A ade S4skth
Q@ A%
S8 459 95, A% pH+= oFdl 3% 2-433 o] 49~11.1 °bx, 1.60~3.90%, 3.61~
415 2, M AFS Ad AFol H&) de Aee =2 Holda AsHA A9 JHE
=2 A34E verlth D Al Al AEe MEs ofd] & 2-449F o] L, a, b #ol
67.94~88.41, 0.61~24.83, 11.15~24.03 o= 7WEAFo] A3 AFHT Mo] FHi o] Fo
gl Fel Aol o Amatel aulAlA £ WS AL+ AL Ao AAHUG

3 2-43. JNEAEI A dAE] 54 WA

Sugar brix

TDF (%) °Bx) Acidity (%) pH

Juice 25.15 10.57 0.21 417
Commercial A 14.53 4.90 0.16 4.15
Commercial B 5.65 7.30 0.22 3.88
Commercial C 16.85 10.90 0.37 3.61
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X 2-44. NEAF

ABAEE] A5
L a b
Juice 67.94 24.83 24.03
Commercial A 88.41 5.90 16.18
Commercial B 88.08 3.34 11.15
Commercial C 87.02 0.61 20.11
N AF AR AEY A Ed S SA-S A= oby x 2-459F AT F
=g 8383.78 ~ 1360.81 pg/mL ©]al, DPPH &tz AA T 3768~8448%9§\‘ﬂr. 70
Ao F dAESFY ditsedo] 7E AlAYH e 55 5 WEF7F gaE g A TR
O ZA =o) 7l sAo] 73 AFeE FuE T
3 2745, WA F AlFAEe] gitkstEAd v al
Total phenol contents DPPH radical
(ug/mL) scavenging acitivity (%)
Juice 1360.81 84.48
Commercial A 1232.43 45.42
Commercial B 883.78 47.12
Commercial C 1151.35 37.68
G 2REE B AR Hol Ak F4E A% ARG AA Y
Holdf 23 $24 G2y AF 2L AAY A= Pun 24
1) F-AF ¢85 E T3¢ T3 ST &<
71 €8 63 AT agd g4
O 4=
Fabt MRS AL el IAdEe] A4H Amel GuF, wE EniE A,
4E%, S ARE AHgdgn
@ &' =74
B AaFe HEE 0~-297F 30T A@stgdar, HE A F9& 98] pH, A
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B} R AT FHNAR, FEH HoldR, e Holdd
632 R W% WEs|ge]l Avbgel wet pHE dasgon, EvES 4EEE A
o) shm Alwi wavzie] Anghel et FHIAS. wEae B Al BrEst Fksgle
G deA HEE A9 WL G A e Rl 35 Rl wai §
Abyto]l BAE A ekoront wrg vl Ao wpel Frhste] @E 294 9.2x10° CFU/mLE o
B, dsuty EnfEE 2w EF 27] 20~22x10° CFU/mLolA & 294 2+7F 6.4x107
CFU/mL$¢} 6.0x10° CFU/mLE Yebd. Atk 49 wtg 0, 1940 = b7 325X
grorout wg 294 35x10° CFU/mLE veby. 38 HEwol #& a7t 5o ket
e A kS (3 2-46)
E. 2446, B B AxFE BE 54
. Total Sugar Lactic acid
Fermentation .. . .
Sample pH acidity  concentration bacteria
days .
(%) (°Brix) (CFU/mL)
0 5.69 0.11 8.2 -
Cabbage 1 5.20 0.20 8.0 2.6x10°
2 4.11 0.40 8.0 9.2x10°
0 5.89 0.12 144 2.2x10°
Sweet
. 1 499 0.40 14.6 5.0x10°
pumpkin
2 4.68 0.59 149 6.4x107
0 4.19 041 34 2.0x10°
Tomato 1 415 0.42 34 3.4x10*
2 413 0.43 35 6.0x10°
0 413 0.29 155 -
Apple 1 4.02 0.31 155 -
2 3.90 0.34 154 3.5x10°
0 3.53 0.42 15.7 -
Red
1 3.52 0.42 15.7 -
grape
2 3.52 0.42 15.7 -
0 3.53 0.71 11.0 -
Mandarin 1 3.46 0.80 11.1 -
2 3.34 0.91 11.2 -
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(Wb H-AF TR FA4T TEEY 9
D #- A% TG A=
SR EFAe vhedt ge xR Azdgth W FHF202%), A wEY
(16.7%), EvtE F#(186%), A F21(20.4%), A2 % F&(11.1%), 2 +d(13.0%).

@ TE FA A

¥ 2-473} o] W F7Ite]l Ao uhel A F EF A pH 2 GEE AUl
A= Zrtetdnh fakE e A9 wE 7)o 5.0x100 CFU/mLel A W& 7] 7ke] 7
I &tol| wal Z7ksle] WE 49 A o] 9.8x107 CFU/mLE e T

3 2-47. Fermentation properties of the fruit and vegetable juice

. Sugar Lactic acid
Fermentation Total . )
davs pH acidity (%) concentration bacteria
(o]
Y y (°Brix) (CFU/mL)
0 4.28 0.41 10.3 5.0x10!
1 419 0.46 10.3 1.4x10°
2 3.90 0.57 9.8 2.4x10°
3 3.80 0.67 9.7 6.1x107
4 3.65 0.96 9.6 9.8x107

D UELE FF 0 F AFAAEE BE AF A FF 3% FAEF 1F)
— Leuc. mesenteroides SRL6, Leuc. mesenteroides GBL19

@ Ty =4
A AAFY HaE 0~4U7F 30TelA A, o HEHF2 05% At da
U Fels Qe pH, A%, F%, FAES, F Ao (TDF)E =431, 35 AALS
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- 1AdE 2 g Ag Al 75 3% (SRL6, GBL19, GBL20)3 & Al 5 (KCTC3718)
5 -AF T v A HgddS s Ay (Table 2-48) 459 #TE ¢
= Est A gE2TFE a57E JITEA ¥ #3125 Za 7|gte] A gl ulhel
pH ¥ 3%+ 4S9, AEs Sk

- fFAEFE 459§ 2% 2E 1949 SRL6(26x10"°  CFU/mL)>

GBL20(2.1x10"° CFU/mL)> GBL19(1.8x10"° CFU/mL)> KCTC3718(1.5x10" CFU/mL) <
o2 Hd *Jﬁ? LR o] F wrEvizte] Ayl wet st e A4
g 4dA ol Ho fabr S JEAE9.8x10° CFU/mL).

Al o] Al %(TDF)%

- ‘%‘ /H'o]}g_ﬁ_t —11‘3]:1 2—113"]' 7ELO] ‘(i?l'}i].'ﬁ 3%“9] %:‘f{ 1?:_]' _‘_'6: S 7
kol gt Ay fAktr e HEFEA X2 UERTRU fFdes HE3: 73t F Aol F s
o] o A uehsomn, GBL20(7.81%)> SRL6(7.68%)>GBL19(7.45%)> thZT(7.31%) w2
2 % Ao FF e

- BEHAE BAF EFA FAT 3FS 1Y a3 T AsHAE AAZ Ay
g4 71a%7F  SRL6(7.647%)>GBL20(6.027%)>GBL19(5.22% )= ©.
2-49). o= & A *WA FEFoR ATt EEFE VSTt WolA e AEFS YEH
19 o] 7Y Atk F7F B 3ol o olHE s

=
4 et e AAsA we Aoz Busglth

= g A HA A UE o F 0 Leuc. mesenteroides SRL6

= g Al A F Aol f &% w5 Leuc. mesenteroides GBL20

= g A B5A 4 T Leuc. mesenteroides  SRL6

= AR EE A F AR ol 7B =4 YEY Leue. mesenteroides GBL20 w5
9 B WA EAo] T4 ol AR T Aol o] mom wm Al Hu
At B5E EAS FgH 0w st Leuc mesenteroides SRL6 5 A4

9 =W EoE
wEEE
B
7
-]
g 5
g 4
3
1] . I

SRLE GBL19 GBL2O Control
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19 2-11. 3%F 9] Leuconostoc mesenteroides & ol o3t A A7F F+229 TDF &k

M 2-48. Fermentation aspects of fruit and vegetable juice by single culture

Fermen- Total Sugar Lactic acid
Strain tation pH acidity  concentration bacteria
days (%) (°Brix) (CFU/mL)
0 4.22 0.42 10.2 2.5x10"
Lewc 1 3.82 0.64 10.2 2.6x10'°
mesenteroides 2 3.81 0.68 10.1 3.1x10°
SRL6 3 3.76 0.78 10.0 2.3x10"
4 3.64 0.94 10.0 1.3x10°
0 4.22 0.44 10.2 1.6x107
Leue 1 3.79 0.93 9.8 1.8x10%
mesenteroides 2 3.71 1.20 9.6 2.5x10°
GBLI9 3 371 1.33 95 7.0x10°
4 3.68 1.35 95 5.9x10°
0 4.27 0.42 10.2 1.4x107
Leue 1 3.95 0.77 96 2.1x10'°
mesenteroides 2 3.82 1.03 94 3.6x10°
GBLZ20 3 3.80 1.22 9.4 5.0x10°
4 3.70 1.39 9.3 2.0x10
0 4.28 0.40 10.2 2.6x107
Leue 1 3.84 0.88 9.9 1.5%10%
mesenteroides 2 3.80 1.06 9.8 1.7x10°
KCTC3718 3 3.72 1.23 9.0 1.3x10°
4 3.45 1.63 89 2.8x10"
0 4.28 0.41 10.3 5.0x10"
1 4.19 0.46 10.3 1.4x10°
Control 2 3.90 0.57 9.8 2.4x10°
3 3.65 0.67 9.7 6.1x10"
4 3.80 0.96 96 9.8x10"
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DA &ft F20] st A

)

3E2-49. &S a9

Overall

Strain Apperance Flavor Taste
preference

Leuc. mesenteroides
SRL6

7.54£1.16 7.02+1.54% 6.51+0.91% 7.64£0.94%

Leuc. mesenterordes b b
7.44+£1.34 4.14£1.08 4.36+1.08 5.22+0.23°¢

GBL19
Leuc. mesenteroides b b b
7.50%1.34 4.71+1.39 4.86+1.79 6.02+0.93
GBL20
@ £gux
@ EFLTE P F 3T

- Leuc. mesenteroides SRL6 +Leuc. mesenteroides GBL19
- Leuc. mesenteroides SRL6 +Leuc. mesenteroides GBL20
- Leuc. mesenteroides SRL6 +Leuc. mesenteroides GBL19

+Leuc. mesenterordes GBL20

@ LE =1

e Aol TE= 0297 30TAM Al@sdda, o HFF2 05% vk (111 =
T L), HE FY IS A8 pH, Ate, B, FAEFE S4500 A HALE
A sk

@ TE ¢4 27

- g5y Ay HF HAAHE Leuc. mesenteroides SRL6Y| Leuc. mesenteroides
GBL19%} Leuc. mesenteroides GBL20= 1:1H]& H& L1LIH]EZ 3275 &5
0.5%7]. Qci 142_525]. U 161—1:11-_8_ Ok ALS 3‘;}9_;]- A 1} DHS’Jr g9r= 7kAa »3].oﬂ 0111 AL
= S7tste Ao ® eyt

- faktgr EgEE 37k RF wE 194 SRL6+GBL19(4.2x10°

CFU/mL)>SRL6+GBL20<2.7x109 CFU/mL)>SRL6+GBL19+GBL20(2.3x10” CFU/mL)<=

o2 HAu FAHTE UERd o] g 2dA ATt #HAste AoE YEhy e

U Leuc. mesenteroides SRL6 #55 @5 &3 2(26x10"° CFU/mL)®Et} YA o

Ef St T
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® 2-50. EFtTol o FLANLAF T By EA
Fermen- Total Sugar Lactic acid
Strain tation pH acidity concentration bacteria
days (%) (°Brix) (CFU/mL)
0 4.22 0.46 10.5 2.5%x107
SRI6 + 9
1 3.93 0.66 10.2 4.2x10°
GBL19
2 3.87 0.75 10.1 1.1x10°
0 410 0.48 10.5 2.1x107
SRI6 + 9
1 4.00 0.53 10.2 2.7x10
GBL20
2 3.82 0.72 10.1 1.2x10°
7
SRLG + 0 418 0.48 10.5 2.3x10
GBL19 1 3.93 0.68 10.2 2.3x10"
+ GBL20 2 3.87 0.81 10.1 9.9x108
0 4.16 0.47 10.6 4.4x10!
Control 1 412 0.49 10.6 1.8x10°
2 4.07 0.54 104 1.3x10°
- wEAAk UEUEEY ERUAR weds 43 un wad B 457 =
Al U ERSL T =4 RIS SRL6W =3 (7.69%)>SRL6+GBL20(6.18
H)>SRL6+GBL19(6.04)> SRL6+ GBL19+GBL20(5.018)s 2. & YERTHIE 2-51).
E 251 EFEF 0% FAALF Fro| B 5y
. Overall
Strain Apperance Flavor Taste
preference
SRL6 + GBL19 7.24+1.12  6.23%£1.94° 5.62+£1.12°  6.04£0.38"
SRL6 + GBL20 7.27+1.34  6.10%£1.12° 5.36+£1.42°  6.1840.21"
SRL6 + GBL19 + b ¢ ¢
GBL20 7.17£1.38 6.24%+1.02 4.64+1.37 5.01£0.32
SRL6 7.50%£1.27 7.05+1.17% 6.51+1.28% 7.69+0.87%
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T vEbd -3k SRL6+GBL19
i

o
b

SRL6ol ©] &t

= FHFAHO R Leuc. mesenteroides

HEEF> 05% At

iy

£ A% 24 27

Gl

@

<
T

DPPH radical 27159 2% @&

F(4.18, 4.52, 1.17mg/g)

A A
B 4

=
y T

e

X

;OL
2

)

Fo] 16.37mg/g o & 714

Ak
Ak

23|

ey
Ak
ok

=
Ll

44.63mg/g°l

=& 37.86mg/goll 4l 38.55mg 2

o %

Ast ATHE 2-52).

=
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S|

2-52. W AF BA A

A

Fruit and vegetable juice

Items
Non-fermented Fermented
Sugar concentration(°Brix) 10.47+0.15 10.20+0.21
Total acidity(%6) 0.47+0.01 0.59+0.08
Reducing sugar(g/100 mL) 1.59+0.04 1.55+0.02
TDF (%) 7.26 7.68
Lactic acid - 16.37
Citric acid 418 1.35
Organic acid Malic acid 452 -
content(mg/g)  Acetic acid - 4.02
Tartaric acid 1.17 1.11
Succinic acid -
Fructose 4463 35.80
Glucose 37.86 38.55
Free sugar
Sucrose - -
content(mg/g)
Maltose - -
Lactose -
Total phenol contents
49.52+0.04 56.48+0.05
(mg GAE/mg)
DPPH radical scavenging
o 6.12 13.53
activity (%)
() FAF Holdf F718 9% 45 2x 21 3
O FA T A, 253 2%, 2873 & @¢g FgFQ
© 2z =7
TF HEHS 0, 001, 0.1, 05%13 LEE 197 259 30TAA A A3
Zdol weh pH, A%, BE, fAESE S0,

, HE
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I&42 fAFE7F S s vHE 2% 0.01%: 8.9x10° CFU/mL, 0.1%:
1.1x10° CFU/mL, 0.5%: 1.6x10°CFU/mL).
D Fagre] 9
25Ce]  ma 30C2aE Aol FATEFEE =A el (EHERE 05%, 25T:
76x10° CFU/mL, 30C: 1.6x10° CFU/mL).
e Far|zre] ok
g Ao Hle] 19 wE A fAbFSETE s TR E 09, 05% FE 2.8x107

CFU/mL, &3 1%, 05% A%, 30TC: 1.6x10° CFU/mL).

Table 2-53. fFAtwt HEF, daLs, dar|zte & 28 ¢4

Lactic
Sugar .
Fermen- Seed Total . acid
. emper-— . concentratio .
tation volume pH acidity bacteria
. ature n
time(h) (%) (%) . (CFU/m
(°Brix)
L)
0 4.26 0.42 10.5 1.4x10°
0.01 4.26 0.42 10.5 3.7x10°
0
0.1 4.23 0.43 10.5 3.6x10°
0.5 4.20 0.44 10.3 2.8x107
0 4.24 0.44 10.4 8.3x107
o5 0.01 4.21 0.45 10.4 1.8x10°
0.1 4.05 0.46 10.3 8.5x10°
05 4.10 0.48 10.3 7.6x10°8
24 0 412 0.49 10.4 2.6x10°
0.01 4.09 0.53 10.3 8.9x108
30T
0.1 4.05 0.58 10.3 1.1x10°
05 4.01 0.64 10.3 1.6x10°
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71 Aol dF &

g 7|3l wEl fAke JEFF0.01~05%) % TE2E(25T, 300)dl wE F Aol

WE 1Y 5 Holdg #Fol Frsalrk
1

25CHY 30CelA TDF g o =A Yebd(25TC, 05%5F: 6.96%, 30T, 0.5%F
T 7.86%)
B HEZdE g
05% #H<E A TDF 7F¢ =A YeEH(E0T, 001%: TDF 6.37%, 30T,
0.1%: TDF 6.93%, 30C, 0.5%: TDF 7.86%)

(3) dAa3Ad AL £ Ad - A
hH 959 AAF g A
O Y82 AAY
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A== Brookfield dE=AE AF&3sle] 2RV A5 AT
W A
- Fuj o Ay Ao wE Axe ALE F 2-540] Vet ¢4, MEQl LY
A+ 39.29= L]—E]— 3l sonication 25C AHglw+o] 7F4 =& WHE FS By, A4
0l aFdl e BF - FHES B, AT bk sonication 25TC A gt 7MY =&
ST ghs YErdTh OEHHTQ AE+= FAHE oA 279940 cP #e YyEeERW=d dA
= 3 A 55 A7t S €8 4 5 A 1 % cellulase A goA 714 =& A
T ke B e ole cellulase7t A2 AE FAsHA wHE TV wiEolgta F35
SRt
2-54. Fnl 3] Al 7o mE 2 HE
Viscosity
L a b
Viscosity(cP) % Torque

Control 39.29+0.40°  -3.14x0.01°  456+0.34" 2799.40+144.92 35.00£18.04

SZ?;;E?“ 52.71+0.24%  -2.18+0.04°  7.02+0.61°  3996.48+191.49 49972397
SZ?ZS%OH AT49+757°  ~1.32425%°  444+163°  5979.32+151.07 74681886
Fnz - 46.38+139°  -265+0.09°  2.46+0750 58766512025  73.54+20.41
Ultraclear
Enz - b b c
4852+0.67°  -2.60+0.16° 351055 6045.65+100.6 78.65+15.2
Cellulase

g -550] uEb T 54, HERl L
FAYTd vd 4 B 24aAd AR

E a-o A 17851 cP @& e
a

rr &

b | i
Y FAE T v =%k kS B9 31, Sonication 40C, A3
FES et #AA4se AS € 5 Stk
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# 2-55. @EHhe] A 2ol wE Ak g Ho

Viscosity

Viscosity(cP) % Torque

Control 32.23+0.03° 6.87+0.05" 46.48+0.52* 178.51+10.28" 70.23+3.72°

SZ?;;EEO“ 31850030 668:0.02°  46.18:0.11°  170.04+49.44°  68.07+19.82"
SZ?IZESEEO“ 303161.30% 6126049  43.42:273°  14435:4260°  57.73:17.01°
Enz - a . . . ;
Ul 3905:034"  535:028°  2447:057°  135.028280° 51654501
Czrlljla;e 3834+052°  453:0.267  2368+0.85°  150.78+47.98"  53.25+15.01¢

- EntEo] A Ao wE MEel HEE ¥ 2-56°] YerWd 94 HxEe L
o] AL 21.38% YEH I Sonication 25T, 40C H#E FA 2 Frol vl&] =& H:
#e Btk A agtol A= FA 27 sonication 25C AHEl& W3 FS
sonication 40T EAhHE AlEELS AL o] FAaHAT EnfES HEs FAE

ol A 70.02 cP S YEFW =Y Sonication 25 CAHEE 3 A5 HE: 21854 cPE F7}

o 2
28 ¢ A AT

[o
T
o
e
M

=

256 EntEY A 2o B A% 2 An

Viscosity
L a b

Viscosity(cP) % Torque

Control 21.38+0.13%  12.74+051*  10.21+0.51 70.02+36.69° 27.09+£11.85

Sonication . A b A
£ 95T 35.52+0.22 12.76+0.18 8.13+0.41 218.54+93.95 27.30+11.68
a
Sonication b b b b
. 33.44+0.90 9.70+2.31 7.44+0.08 75.30+30.35 27.77+11.42
at 40C
Enz -
30.27+1.01¢ 4.40+1.43° 3.37%1.04¢ 74.65+10.61°¢ 27.82+15.54
Ultraclear
Enz - c (9 c d
30.16+0.44 4.90+0.19 3.19+0.06 72.87+8.65 27.69%1.02
Cellulase

- e A 2o e Aws AEE w2579 JE $4, B2 Lk
FAY e 19418 WEblaL, v A dAgE ARES AP gl vlE =&

B ATl agkolA FA 2] sonication 25C A #l& W3 S UERHA T
g & AL YA AREAAE agte]l FaES & 5 UG Ao H=

A1 83549 cP #s UEtNEH AAHYE ¢ AlEEY] ALV T7F €S & 5 ASdTh
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¥ 2-57. Atake] A7 o wE AL 9 HE

Viscosity
L a b ; 5
Viscosity(cP) % Torque
Control 19.41+0.01¢ 5.09+0.19% 10.21+0.27° 835.49+22.55° 41.78+11.43
Sonication b . b .
L 9B 33.90£0.05 5.39+0.02 8.13+0.12 11630.85+871.55 29.08+21.80
a
Sonication b . b
¢ 40 35.27+7.60% 2.90+2.42 7.44+1.04 10644.40+425.83 26.62+10.65
a
Enz - ¢ b d b
30.23£0.95 2.06£0.51 6.74£1.31 10153.54+789.51 25.54+11.65
Ultraclear
Enz -
30.16+0.80° 2.32+0.83" 6.62+1.09¢ 11268.84+12.57% 26.2£10.68
Cellulase
- odA Ay FA wE MEol FEE ¥ 2-58 vErHth ¢4, WxEel Lk
o] FAEa#  Sonication 25T, 40T Aear2 vl #s EHAAT ZhAZ AEES
e ZHS yERY AA =l agh, ATl bk Tk YA g v =23 ke YERW A v
5249 AREe AAEE - 4e, BAERES 2 42 UEhin cdAe PEE 7
] oA 2184.87 cP = YEW =4 Sonication 25C A AE7F oS H YT,
Sonication 40TC A# S FAHZT By A7 4 €8 & F AT 24aA48d A=
Se Qs BE AEgE ok Aade R dEst S8 Adow F3ag

¥ 2-58. 2@l A g

g

o] e AR W 4R

Viscosity
L a b ; 5
Viscosity(cP) % Torque
Control 50.01+0.70°  1.03+0.15°  35.84+1.47  2184.87+111.21¢  27.32+13.88
Sonication b
¢ 95 53.53+0.47% 1.66£0.29 30.11+0.49 3115.34+216.86° 38.95+27.08
a
Sonication b
¢ 40T 50.96£9.41 2.31+1.802 33.61+4.74 2006.24+76.02° 25.08+9.54
a
Enz - d q b
43.53+2.65 -2.30+0.62 16.11+£3.09 3387.35£63.2 28.65+6.74
Ultraclear
Enz - .
46.98+6.26° -1.57+0.82°¢ 20.16£8.05 3795.5+51.65° 29.54+5.65
Cellulase
- AxEo Ay ZHdo wE Axel FEE ¥ 2-599 yEWlith A, W=l LIk
o wATo] 23858 YL Yuix AREL TAY @ol Hal £ PE @S ngl
. HAEQl agtel ¥AEE 680 UEba, YA NEEe FAHTHT % @S
yebdlth A= Zhe FA @3 sonication 40CoA 5645 7M=& FE UEW L
FaAEE ARES YolAeE AL &2 st Axre s FAP dtollA 2736.75
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o PN
S ¢ F AAJH

¥ 250 Axwel A z7d o

i
1=
ki
)
e
ki

Viscosity

L a b 5 :
Viscosity(cP) % Torque

Control 23.85£0.71°  6.80£0.33"  2.95+0.05" 2736.75+63.84° 34.22+7.90

Sonication A b b d
£ 95T 35.75+£1.60 4.86+0.30 2.83£1.52 1836.94+176.48 22.97+22.10
a
Sonication b
¢ 40°C 34.98+6.90 3.87+0.79° 5.64+9.38% 3637.89+176.56% 45.48+22.04
a
Enz - L
32.33t1.92°  3.15+0.78° 1.36%1.80° 3348.51+186.32 47.26+21.02
Ultraclear
Enz -
30.80+0.68%  2.26+0.98¢ 0.11£0.97° 3515.27+162.02° 4954+11.71
Cellulase

G- FEFE AXE AT d5s AR A 65 4 - ALF(FE, &
o BErtE, AR, 2E S U8R ARSSAT
sdd=x
652 Hd - AnF T FlFt dEE W F AAX st YA 458 doz
TAAZS ] HEUR TR F wdlsd of W AR ARe HEEY B HASH
AeEd, dashd WS A 5% EdEte] wash it

- SP-A flour : 652 3} - AarF T o5 doure 5uj42e] Eof 1007TC ol A
JNEFE3 F I YA 4] FE5Ay E3Ee] gdAEY e Wasiy 9a
EY Wi ARS Egteto] BE A xR

fm
&S
i
b
b
ox
2
™
o
o
et
ol
£
M

size analyzer (Beckman Coulter, Inc. Fullerton, CA) A}-&3to] =43}t Dry Powder

moduleg AFE3F31 3L 0.04~2,000 ym 7HA =43

@ Az wuel 9427
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7t

o
=

H7F ol Fo How dastd AL

=]
RS

&

o m Ay

o
T

7
A5 A7t b sk

SJ:

2

iz

pariy
fife)

dgo Mean Median

(x90, pm)

dio
(x10, pm)

(um)

(um)

171.8 131.8

369.0

30.23

Control

154.3 122.3

322.9

217.68

Maltodextrin

125.8 107.9

295.1

23.44

Nondigestible dextrin

248.9 119.2 100.3

20.10

Resistant starch

s
fin}

<
il

A}

=
=

7] (Awtherm, Rotronic)

A3t

i)

5 day

0 day

0.1821+0.0° 0.1738+0.01

Control

0.1838+0.01" 0.1678+0.00

Maltodextrin

0.1634+0.02 0.1559+0.01

Nondigestible dextrin

0.1656+0.01 0.1531+0.02

Resistant starch
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2-62. 1}

L P RS

=
1:'1—_',*‘

>~ O

9

E[o{t

FRERAS

= T
WAI
Control 6.18+0.32%
Resistant starch 4.63+0.11°
Nondigestible dextrin 4.90+0.25°
Maltodextrin 4.51+0.62"
Q@ A=
Azgel Be JARALT Fue AEE 459D A%e E 2637 ¥ 2645 2
Fig=y
# 2-63 AT TAAE FUFLY AR
L a b
Control 27.13+0.01° 42.33+0,02° 37.44+0.03°
Maltodextrin 31.91+0.00° 41.98+0.00° 39.18+0.03
Nondigestible dextrin 29.92+0.01" 41.89+0.02 39.49+0.00"
Resistant starch 29.03+0.02" 41.01£0.02¢ 39.75+0.02°
#2-64. FAALF BFAE BEFLY] e
L a b
Maltodextrin 74.04+0.26% 20.59+0.27" 13.04+0.03"
SP-B Noz(ifzfgble 6624043  29.05:0.36°  15.46+0.01"
Nondigestible 72.07+0.57° 20.44+0.18" 16.34+0.16"
starch
Maltodextrin 85.82+0.01" 5.35+0.01 11.36+0.01"
gp-p  Nondigestible 87.48+0.01° 5.27+0.02" 11.14+0.01"
dextrin
Nondigestible 82.69+1.31¢ 9.16+0.24% 13.94+0.43"
starch
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200 mL o #AFA1#A 9

=
T

<

[e)

=

3 230 g

] #3

o/

548 24}

B

—_
file)

]
—_

]

R

K

ol

R

¢+

ol

ol

)

ol

ol

e

iz

ojn

Overall
quality
6.70+
1.52
6.30+
0.69
6.10+
1.43
5.50+
1.20
5.80+
0.82
5.20+
1.18

Texture
6.40+
0.68
6.00+
1.83
6.20+
0.84
5.20
+1.05
5.60+
1.22
5.20+
0.94

Taste
6.20+
1.22
5.80+
1.67
570+
0.78
510+
0.97
5.30+
1.45
510+
1.37

Flavor
6.20+
0.67
6.00+
0.85
5.60+
1.02
5.60+
0.67
5.30+
1.41
5.40+
1.76

Appear-
ance
7.30+
1.32%
6.80+
0.94%
6.90+
1.25%
6.60+
1.86
5.80+
0.78°
5.40
+0.88°

additives
Control
Nondigestible
starch
Control
Nondigestible
starch
Control
Nondigestible
starch

Drying
Freeze
drying
SP-A
SP-B

0

e
N

H
i

TR

=0

N
el
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celluase #]

ErbE, Ab3t, A

N

!

Ho

29 sl AR W7}
80 mesh

#

o

A

s} %=

H o}
=

(4) 2= wo] =

xr
]
o

nze)
o
-
=K

s
Hr

AbE
gl A}

[y

s

3y

=
=

o
<

—
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Hr

105+5C A x7]

,ﬂl
T
iz

X0

jont

O

!
il
<

o
nE
bH

=K

nE
Hr

=K

i
Hr

IHo

0
JH

.2,4

et 2242 0.78~6.92% 9

o

=
=

0.74~4.79%°] H <]

KN
T

o
o -

e

e, TR

[e)

=

3z

10.22~1571% i, Z3|# &

I el ej 7t 247 4799 4.39% =2 71

el
o

!

ks

]

A

Uetlled TR Assolsat Al EzE 42 69294 633% %2 7MY =2

ol &l

1
LN

ngn

701% =

Aol 7k e}

174}

=
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R
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9.13711.50%° W=
T1%= 74

w2 W

=2 3 &
! 0.6177.11%2]
olglE > JHHFE >

H
=

J2 e
Ech

Ao TUA FRAA WS

Moisture Ash Protein Crud lipid
13.29+0.04°  0.73+0.13%  13.90+0.109  0.78+0.01"
72 12.47+0.01™  1.64+0.09™  12.32+0.37¢  5.78+0.04"
& 11.24£0.08°  1.57+0.27*  1821+1.85°  4.69+0.03°
ER L] 13.90+0.01°  1.30+0.12°  7.01x0.84°  2.15+0.00¢
=5 15.71+0.01*  1.16+0.18°  824+0.20°  2.32+0.04°
FHiEo 102240060 4.79+0.07°  44.33+152%  6.92+0.37°
11.4040.06°  4.40+0.01*  40.94+1.43*  6.33+0.47%
115040.11¢  1.51+0.00  1821+0.08°  1.38+0.02°
11.16+0.08°  1.23+0.10°  14.81+0.16°  0.69+0.06"
e 1046+0.05¢  2.05+0.15"  23.76£047°  0.61+0.04!
o 10.08+0.04  1.05+0.09°  11.89+0.46°  3.57+0.16%
1058+0.03  0.95+0.14/  12.27+011¢  7.11+0.13"
9.13+0.02°¢  477+321*  23.01x0.07°  1.76+0.05°
o
gato] 13F9 FH9 ZAATEE A8 P4 E(20)=
5~45° 7}
- AR
TEAZ ARG FRoF 3t X-A 3 ALoA
Bl B, Co® TRah, Fi A i Age 44
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& 771498
- IR g
FH 2 FRO FIARE obd) 3 2-67, 683 o] UERHth BE ARA T
&9l FAS HAFHA dkh Ui 18 M el MEEvh 7.28mg/kgo R M wE
we dEbier FEnIE 126mg/kgo® 7MY wE el @ EE dERT ofde TR A
EolFd MeEl7h 747 30,059 32.60mg/kg o M =gtom AR 10.97mg/kg O ®
7w okdftEs Bt F ]l @E A Aol AMElE] @Fo] 508.659
419.80mg/kge 2 7HE w2 f@e Hlov Zuedo] 11620mg/kgo 2 7H v E

=2

Bl e vlEe ZAEEe] 14383meg/kgo 2 7MY w1 EAEHUN ZEe FwelTol
129341mg/kgo.2  ywA AlxmFe H& gGEHoR =& FHS HADL AFETH
865.23mg/kg &2 ES #S B L &5F7F 32 49mg/kgi e e Kol
7l FAwolFH A7t 7649.159F 7515.92mg/kg®E =& @S E AL #1Y
olF ¥ A= ei7t 77t 1419.23% 132.28mg/kg® 7S E=2 %;E—OE— B Wre ZEuv)
24.89mg/kg® =2 #he Bl YEFS Z5U|7F 29.28mg/kg® 7HE =2 @S BATH

TA} DdE5AA FE= AT Hotg Fol 5099 592mg/kg®E M =

Em

S
< FFE vEhllon] ofd2 e dolavt 4561mg/kg o R 7MY ko gkl
7HE s FAElsh oF 9w AE Aol Bl F e dwbHom v FES HlA
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b O 5 wWolglEol 289.83mg/kglE M =L S EAdy v dE
33.03mg/kg o & 7Hd A SAHA=U SUish ZFEeAR oF 2 Al 1O o
ot e 7E7) 29043me/kg o MY B e deliEd b Be s ghelan
o} oF 48] EIAW At A= 368.70mg/kg®E 7T8mg/kg A E T E IS AolE HY

A2 oEe] 4768mg/kg® 7HE Ekow ZES WolElFel 5875.24mg/kg R VMY
gtom 7 e o EWRT ¢ SHjES 7S Byt uladHe FHEEV 805.70mg/kg 2
b mgron] wrhe WolaZo] 2559mg/ke® 7HE E=gron] gkl =alo] A7b 7.24mg/kg
et HEES A7 3207Tme/ke s WrERlEEl Fuldb Ao

F2-67. TUAE B A 557, FRe FIAR0)

Cu Zn T-P Al Ca Fe
(mg/kg) (mg/kg) (mg/kg) (mg/ke) (mgke) (mg/ke)
Z R e 2.75 2091 116.20 14.33 306.34 22.86
74 2.00 10.97 258.46 0.13 368.70 29.14
= 1.64 25.49 278.86 1.25 74.84 32.49
Eals A 1.69 14.27 187.69 0.11 73.96 6.61
2 51| 1.26 15.58 221.13 0.62 173.52 9.63

Aol F 6.21 30.05 508.65 0.44 1293.41 2891

SEL 728 3260 41980 463 86523 2894

T E 338 3514 21151 068 16985 2614

ﬂfﬁ P 362 4561 22004 055 6955 1118

hq  WE3 509 3903 17465 3303 51966 3440
oEY 3.00 938 14850 076 18558 4768

7] 197 530 16285 205 29043 1929

ol F 0.92 28.75 289.83 1.17 426.27 21.23
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F 2-68. A B FA a5, R FUIARQ)

K Mg Mn Na Sn
(mg/kg)  (mghkg)  (mgkg)  (mgke)  (mgke)

dued 131569 4079 12.99 2023 ND
A2 177299 7838 B2 2478 ND
&% 166857 123209 1592 5.15 ND
S @m 119564 66008 1874 1473 ND
FEE 165287 88003 2489 18.89 ND
Awold 764018 141923 1471 7.8 ND
Aelel 71292 132028 1746 9.76 ND
ARE 181431 80670 1901 1275 ND
e 170 67981 724 2551 ND
L UEE 3008 ST 80 17.11 ND
eE®™ 110887 39745 2097 2227 ND
A2 127251 48215 2129 3207 ND
WolelZ 587524 86930 2550 12,62 ND

€@ W EE 3 BT

-2 gy

HIEIYl Eo] A4S 9 Z+7te] A& 200 mgol 5 mL9 0.2% ammonia solutiong

1= -
23 40~50TCol A 308 & =53
Az =] 340 mL7bA] A5 oA
o 5 mLS

mLel FHojA 7 2-69¢9F 2 o=z FASHA T

—_

FZ3%th 2 F 35 mLY
< 3,000 rpmell A 20+ F<F

F3stel Ny gas ¥ speed vacuum concentrator® &

Ay

o e

o
=5 ¥y

W7 arof A
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2-69. vitamin E ¥4 %4

Column

Kinetex C18
(46 X 250 mm, 5 um, Phenomenex)

Guard column

UHPLC C18(AJO-8768, Phenomenex)

Column temperature

35T

Mobile phase 98% MeOH
Run time 20 min
Flow rate 1.0 mL/min

Wavelength UV 230 nm

Injection vol. 10 uL

Mo

=

- uER BEe] BAL

200 mgS A #3ste] 2 mLel 10% acetic acid:4.3% trichloroacetic acid (v/v)<

913l HPLC(1286, Agilent)E ©]-&3ato] A etitt. Z4zke] A

gy

1A]

%ot shaking &, 94 Egste] A=dS 045 um? syringe filter® o] #3slo] £ 2-70

2o 2o g BAS YT

2-70. vitamin B; ¥ B, 4 %7

Column

Kinetex CI18
(46 X 250 mm, 5 um, Phenomenex)

Guard column

UHPLC C18(AJO-8768, Phenomenex)

Column temperature

35T

Mobhile phase

Ar 25mM NaH:POy4 pH 2.5 by HCI
B: ACN

Time(min) A B
0.0 100 0
5.0 100 0
Gradient 100 85 5
20.0 0 00
23.0 0 00
24.0 100 0
30.0 100 5
Run time 30 min
Flow rate 1.0 mL/min
Wavelength UV 254 nm (vitamin B;)

FLD 450(Ex), 530(Em)

Injection vol.

10 uL
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- A3

=57 2 FFY vehy B ol ® 2-713 o] yebiith &4 ®lERTIC Vit
Ex T/ Awold, AgEH, AEF ot FelAArt  EAHAL  FwolFol
16.570ug/mg .2 7F =91, 0.849ug/mg= #AEFo] 71 A EXEQ+=d FHwolF3 o
200 8= g ApolE HAHh Vit Bl glHel AEF, HolFs AL EE AlRAA &
Aggded 2 F ZFRedy ool 7+7t 63133 574lng/mg® A EAH ATk Vit B2E
E AR BAHAEHE d=glo] 27t 0.900ng/mg o2 7 A A Anvkrow

Szl mRt ZEe) Vit B2 §ol o =& AL & & AT

& 2-71 =7 3 9] vitamin E€F Ba 9

E BI B2
(ug/mg) (ng/mg) (ng/mg)

SR 6.313 0.191

7 el 2.384 0.205

& 0470 0.241

SO L - 0.904 0.041

251 - 0.789 0.352

ol 16,570 1.360 0418

Al 4.900 - 0.241

Are - 0.711 0.085

= 1.956 0.900

g W9 0.849 - 0.036

© eEw - 5.741 0.064

7 el 3.884 0.091

olel ¥ 8.803 - 0.059

o] =2t

- BAuk o oolu| Ak B8 98] HPLC(1100, Hewlett packard)S o] -&3Fo] 4]
stk ARel AAE A7 Ang 4ds] AxA7L PITCRE FEA8 sl 43
4 2 200 ule A €l E A TE microcentrifuge® YA E ] Eo] A& A=S (045

m syringe filter® o] ¥}3&to] E 2-729F 2o o w BEA3I¢T).
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¥ 2-72. obm A B2

Waters Nova-Pak C18
Column
(396 X 300 mm, 4 um)
Column temperature 46C
) A: 25mM NaH.PO,, pH 2.5 by HCI
Mobile phase
B: ACN
. . Flow
Time(min) A B ]
(mL/min)
0.0 100 0 1.0
12. 92 8 1.0
13.0 88 12 1.0
15.2 80 20 1.0
. 22.5 54 46 1.0
Gradient 2.7 0 100 15
23.2 0 100 15
25.0 0 100 15
25.7 0 100 15
26.0 100 0 15
29.0 100 0 15
30.0 100 0 1.0
Run time 30 min
Flow rate 1.0 mL/min
Wavelength UV 254 nm
Injection vol. 10 uL
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- A3
i 2 TR opuxAt B A= 1 2-737 U
E2-73 S RO opnmal 24 Ay
Ry 9
3 A o) ks
L T T N I o}
Elﬂl’%—ﬂ]ﬂ]ﬂﬂléoh%%lrﬂa
% Z =
Cys 000 000 000 000 000 006 005|000 000 000 000 000 0.00
Asp 001 004 001 003 008 039 029|004 001 048 004 003 0.02
Glu 000 001 001 002 007 026 033|005 004 1.07 005 004 017
Asn 001 003 002 002 006 070 084|007 002 080 008 005 003
Ser 000 001 000 001 002 019 013|000 001 004 002 001 001
Gln 000 000 000 000 000 000 000|003 000 000 003 001 001
Gly 001 002 001 001 002 007 007|001 001 009 001 001 0.02
His 000 000 000 000 000 023 017|000 000 017 001 001 0.02
Arg 001 002 001 0.01 002 435 380|003 004 087 003 001 081
Thr 000 000 000 000 000 005 004|000 001 011 001 001 001
Ala 001 002 001 002 002 060 047 [ 001 001 018 002 001 0.01
Pro 000 001 001 001 001 006 003|002 001 007 002 001 005
Tyr 000 001 000 000 000 010 008|000 001 004 001 000 001
Val 000 001 000 000 000 004 004|001 001 013 002 001 0.02
Met 000 000 000 000 000 004 002|000 000 002 000 000 0.00
Cys2 000 000 000 000 000 000 000|000 000 000 000 000 0.00
Ie 000 001 000 000 000 003 002|000 001 003 001 000 0.00
Leu 000 000 001 000 000 003 002]000 001 006 001 000 001
Phe 019 021 020 022 019 008 007|005 009 008 009 006 005
Trp 0.00 0.03 000 002 002 060 036|001 001 010 0.02 001 0.05
Lys 009 009 007 008 007 008 005|001 003 013 003 002 005
@ 47 9 575 B2 #5534 54
e HsF 7t
5 R TR 23S 24 Sl 715 2AME AASHIATHE 2-74).

H
-

Z 30
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=l
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nE
Uk
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nF
Hr

@

ol

]

2 A

bl NEE 241

5|

&S v2

F5e)

59}

Hr

Texture Overall

Taste

Flavor

Appear—

quality

ance

6.12+ 6.15+ 6.57+ 6.28+

6.87+

cereals:beans

0.88"
6.98+

1.64 0.74° 2.20
7.46+ 6.12+

6.55+

0.65"
7.22%

=11

cereals:beans

1.32°
6.10+

1.43 0.56" 0.96
6.43+ 6.74+

6.08+

1.24*
6.60+

= 1:0.7

cereals:beans

0.87¢
6.04+

0.83 0.80° 1.42
5.87+ 6.22+

6.21+

1.42°
6.00+

= 1113

cereals:beans

0.96 1.21° 0.46 0.81°

0.44°

= 1116

A g

)
=

(4) Fashd dE

(7h) A2l w

EO
mwo
xr
i

oF
p
<

0

]
oF

e
=T

jze)

-
of

Zn

—

<
) .#O
o)
il
N
T
Ho
o
M
mK

e

a-amylase,

1 g(d.b.el

Al &

glass filterol] o3}

o

—_
o

viel

X
__,Qﬁ

ey
T

s

A

protease, amyloglucosidase <4 %

_&0
A

%4 0] 4

A et

S

tel ALk

glass filterol] o ¥t FAS =

ko3
T

HS ethanolol] &4 Al71

bl ot

S

Ton

s obel & 2-759)

!

o] e 3= sonication?]

ojp

TR

cellulasex] 8] 3+ AJg9o] A

AT
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¥ 2-75. FuiFe] Ae 2o wE Aol %

IDF (%) SDF (%) TDF (%)

Control 15.9+0.11° 9.53+0.17¢ 25.430.08°
Sonication 25T 28.2+0.10 10.05+0.51" 38.250.44"
Sonication 40C 29.18+0.08" 10.13+0.42° 39.31+0.26™
Enz - Ultraclear 7.58+0.07 5.76+0.30¢ 13.34+0.34¢
Enz - Cellulase 29.38+0.15° 11.57+0.25% 40.95+0.41%

- goube] A el wE w84 AHoldaet & Mol Ay obd & 2-763
2ol yetdllth. @oHhe cellulasex g S A9t BE AR ol ¢844 Holdwrt 3
a¥= AS G F AdH AT F Aol M= ultra clearg Al9lEta EE AR A
EZ vla F7tEA=d L F 53] cellulased 93] @ol] F7bgS WERWUT
3 2-76. Gz A 2ol whE Aol I
IDF (%) SDF (%) TDF (%)
Control 10.78+0.12" 5.15+0.13* 15.93£0.57¢
Sonication 25T 12.55+0.24* 5.08+2.06™ 17.63+3.20°
Sonication 40T 12.74+0.04* 5.12+3.29* 17.86+2.10°
Enz - Ultraclear 8.95+0.20° 3.88+1.03° 12.83+0.161
Enz - Cellulase 12.00+0.12* 8.36+1.36" 20.36+£1.03"
- EvtEe] AR wE ¢844 AHoldaet & Aol Ay okl & 2-77%
Zol yetlith. AEEH} cellulasex] 83 AR E AT BE 584 HolidF FEFS A4
S Yebdlh AR F Aol fE ultra clear A3 AR E Asta S HAE
ol B84 Holdw el TUHEMS Aol F5HH
X 2-77. EviEe] Ae 2o wE Aol df &
IDF (%) SDF (%) TDF (%)
Control 22.712+0.26° 6.02+1.03 28.74£0.75°
Sonication 25T 26.09+1.03" 5.75£1.05 31.84+0.28"
Sonication 40T 27.07£0.85 5.88+0.29 32.95+0.86"
Enz - Ultraclear 15.65+0.76° 5.65%0.78 21.3+0.12¢
Enz - Cellulase 2703097 6.06+£3.03 33.09+0.63°
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- el AR e FE4 el dfs F Aoldfel At ok ¥ 2-78% 2

of ettt 919 ARE3 FAS AE¢S YERWE ultra cleard # g A5 AEE A
To me Awk A= 584 Aol Adfrt AastAdn. AN F Aol fe ANk ow STt
31993, 3] cellulasex 2]8 A= ZAEZ | oF 2] A% =& Ao|dg IS e}

.

= 278 AT A xel wE Aoldd ¢

IDF (%) SDF (%) TDF (%)

Control 6.09+0.12¢ 4.87+0.06° 10.96+0.08°
Sonication 25T 10.39+0.15¢ 5.62+0.16" 16.01+0.11°
Sonication 40T 10.51+0.06° 5.87+0.26 16.38+0.26"
Enz - Ultraclear 11.20+0.07 2.09+0.08¢ 13.29+0.08°
Enz - Cellulase 12.02+0.18° 8.63+0.06* 20.65£0.18"

= & F AT SHAT T Aol fre TEE A

2o Hl&] 7HY @ #S RAI cellulases AEE
o

¥ 2-79. @A A o] B oG F

IDF (%) SDF (%) TDF (%)

Control 5.96£2.06 5.02+0.36" 10.98+0.02°
Sonication 25T 5.00+0.56 5.27+0.21° 10.27+0.08"
Sonication 40T 0.22+1.98 5.36£0.27" 10.58+0.16"
Enz - Ultraclear 3.24+2.36 3.47+0.34° 6.71+1.00°
Enz - Cellulase 5.11+0.26 8.54+0.14° 13.65+0.12°

N ® 2
wol Ueth oA $le] Ash grat fALE AROE ulra cleard @ A2t AEE Aw
42 B £84 Aol

% Egd Hl3

7 84 AHoldwE WadERe

Ho 84 Aol df7F Aast AS & 5 AAdY o= HAAE
F53
cellulaser oF 4% AW AdtH o g 2 Ay #+& AEZ H& +e ke B
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¥ 2-80. AXE9 Ay Ao wE Ao]Alf s

IDF (%) SDF (%) TDF (%)
Control 5.60+0.26° 4.12+0.08" 9.72+0.24"
Sonication 25C 4.12+0.16° 3.45+0.10¢ 7.57+0.06°
Sonication 40T 4.17+0.19° 3.85+0.06¢ 8.02+0.12¢
Enz - Ultraclear 4.21+0.55% 2.15+0.124 6.36£0.05°
Enz - Cellulase 7.74+0.38° 5.78+0.87* 13.52+0.06*
() dasid A 2 FEAEY Ao df 2 kst &4
D % Holgf B
o w4 Wy
FHol A= A%FE A& 1 gldb)ol a—amylase, protease, amyloglucosidase =4 =
A2 gk  ethanoldll &< A7l % glass filteroll o3 Ax38ta FAE SA st ALttt
@ % Holdf F
FARZS} EHAXS 23 F AoldF & Aole ofd & 2-813% ZUT T
A7 ze] A Az 2 Ao BgHRe] A2 Az RHHDE Ao ERol B
Aglel Mg Aoldf S UehiTh 2R Axe] 49 47 9 FE2L AR
A7bEel Hold g Tl 9FS wol wakrh
T 2-8L #Y AxF BEFEE Azl e HolHf FF
Drying additives TDF (%)
Control 24.57£2.21°
Maltodextrin 20.42+2.71°
Freeze drying Nondigestible .
dextrin 26.64+0.76
Nondigestible a
starch 23.70£1.83
Maltodextrin 2.3£0.42¢
. Nondigestible a
SpraSyP iigymg dextrin 25.26%1.63
Nondigestible b
starch 9.47+0.90
Maltodextrin 5.77+0.75°
Spray drying Nondigestible .
3pB dextrin 29.58+0.88
Nondigestible b
starch 10.20+0.98
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AP IAPA RS} 3o T dHEdtEy & R
3 7+ 2759 ABTs #@oZd 2A% S
zyzyol Al& 50 mgol SF<F 10 mLE 1A% 5o 289 F

mLol S/ 75 mLe Folin-Ciocalteau’s phenol regent 0.5 m
Na;COs; 1 mLE AWHE 7H o dhelA 1A &<F ¥9hgA1Zl & UV/VIS
spectrophotometer(UV-2450, Shimadzu Co., Kyoto, Japan)E AF&3te] 760 nmol A &%
=2 =4 3tk olu tannic acid(Sigma-Aldrich Co., St. Louis, Mo, USA)E ZF&4
2 ARgste] HA#ads At 2R Y T EYdls FEE ekl

T FdRxol= TS AZbe] AR 50 meoll S5 10 mLE mﬁ ol
FZE% AlZ 05 mLol olgke 15 mL, 10% Z4tdFuHF 01 mL, 1 M 24H24F 0.1 mL,
S 28 mLS A UE 7H8Fal vortex mixerZ Eg8Fe] A oA 40E37F wH3A] 7] 1
UV/VIS spectrophotometer(UV-2450, Shimadzu Co., Kyoto, Japan)Z& AF-&3}¢] 415 nmel
A EFAEE =4 sttt o)W quercetin(Sigma-Aldrich Co., St. Louis, Mo, USA)S #
TEAR ANt HESAAE AAdsta o2 R F EdtE o= §Es 53

X
ol[‘

Ut rlo

=

uim
>“ — H\]r
ulles
j‘:_l‘

DPPH &Yz 2AEAL 100 ng/mL 322 ZA % ZHZte] A5 0.1 mL o o &
0.2 mLE 7}sta 0.2 mM DPPHE 9 03 mLE 73t $ vortex mixer® nHFSFS L, A2
o A 30&7F ¥F3-A]7] 3 microplate reader(Synergy HT, Biotec, Washington DC, USA)Z
AbESte] 517 nmell A FR =S SASAT. dEx v A5 il ogss Hrtste] =
Attt

ABTS assay= 100 pg/mL =% ZA|3F ZFzFe] A& 0.05 mLel ABTS radical &

o 0195 mLE H7Iste] 7 E3F ¥F2A]7] $ microplate reader(Synergy HT, Biotec,
Washington DC, USA)E Al&3le] 734 nmolA 3 =S A3, g2+ A5 gil
of deteS FH7iste] FA 353

@ kst g 9L Fakst 24

I-AF 8F TAAFE EUA R HEUAEY, ‘dii}/‘é drEd 9 WA
A7bste] @ikst S vwg Ad= ofy i 2-829 ok YEHUXEAS UM
o] F s IS 16.96+0.68 mg/mLE 7}% o S WY, dasig AR
7F 22 16.09+0.81 mg/mL, H43H4 d9A2E" H7E Edo] 1570+0.66 mg/mLe &
S HYou fFoAQl ztole HolA gdth T FoRicolt IS WAy YgiE
3 Fas ARES HEE A RoA ZZE 453098, 4554056 mg/mLE WERyEaL, 2
N ~ed H7F B3 375:0.29 mg/mLE 7Y @S &3S non) gaslay AL

si DPPH % ABTS #@tZ 2AZ4< 100 pg/mL =4 =33 Z3 DPPH 2t
AT L 31774058 ~32.74+0.84% W2 Vet ArbAle] e FA] Fole ®
2 9kth. ABTS &oZ 2AZA] A9+ 22 sk dasd dAies Hrhsk &+
1571 81.9221.57% % 7Hd =& @45 Holal, BEYXZE Y G4ty BEU2ERY

7F 222 Zol7k AL e Alm JE

A

o pd O ol do HorM ool m e oo
nj
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¥ 2-82. HAlF T AR B kst &
DPPH ABTs
Total Total . .
) o ) radical radical
Drying additives phenol flavonoid ) .
(ma/g) (mme/e) scavenging  scavenging
m
& activity (%)  activity (%)
Maltodextrin 16.96+0.68 3.75£0.29 32.74+0.84 69.74+1.67°
Freeze Nonmdigestible 000,060 4534008 31772058 64.79+2.26"
drying dextrin
Nondigestible 1091081 455056 3264119  81.92+157
starch
- -2 F 8F9 HFFHS EHAZXS EEA R TEYxAEY Wi dxEQ
2 odASYARS Arbete] it BHS Wud ArAE BEHAEAS P 2
DA 5ol A 556+0.57 mg/mLi 7+ %;‘9}2‘/} wHashyd daed 9 dasiyd dES A
e AESke Aol mA gtk F Behuwols §E AT AL dashy
dxEdS H7Fst Al57F 347+£1.05 mg/mLi 7 = S KA, F SR o=
T3 2 AJolE HOo|A &= &t gakst s =4S Qe DPPH % ABTS @tz &7
g5 100 pg/mL sEAA =AH3I Az DPPH oz A2ASALS 7.23+359~
9.36£0.29% WHHAZE T AolE HolA & &dor, ABTS #dzd 2ASH S S4% 2y
M= dEY2EY H7F B2 40.66+0.78% % 717 =2 FAS HAT(E 2-83)
¥ 2-83. F-AF BHFAx Bde kst g4
DPPH ABTs
Total Total ] )
) o ) radical radical
Drying additives phenol flavonoid . ]
(me/a) (ma/e) scavenging  scavenging
m
&8 activity (%)  activity (%)
Maltodextrin 5.56£0.57 2.66£0.12 9.07£0.25% 40.66+0.78°
Spray Nondigestible
drying ges 5.39£0.74 3.47£1.05 7.23+359° 33.44+2.63°
dextrin
-A
Nondigestible o /140 2612024  9.36020° 2276153
starch
- B A F 8T FEES EHUZXS EIARY UEYAEI WAIA 9rEY
2 oGasAARe Wobshel WAs BAL MG AReAE asd Sasde 1)
st AlBolA F EPdE o] o, Ay sANE 2y HFd ERdAx BER
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o shake] Aol YL AA YEEY T3 F SR eolE StES A3 Ao
daisd d2EdS HUbsh AlETF b =2 E§HE 1S Fikstgdd A4S 9160
DPPH % ABTS #HHZ 2AZAH S 100 pg/mL s%dA =A3 A3 DPPH vz A&
AL 10.77+017~19.79+1 17% 2 Y434 dA2EHS H7LsE Edo] 718 =& 4]
S HYa, dasiyd dEs HUkg 2o 7MY w2 @& B ABTS #d#d &A
g s S 2o TEUAEHS HIe B8 61.79+7.08%, HAstd drEW
S H7F +2o] 60.44+813% = xHA HYAWAA FAS A4S Bom dastd A
2SS A3 BEUe 44.87+5.05%2] ABTS oz AASAHAS HAT(E 2-84).
% 2-84. F-AF B 229 ks 24
DPPH ABTs
Total Total . .
) o ) radical radical
Drying additives phenol flavonoid ] ]
(me/a) (me/a) scavenging  scavenging
m
&8 &8 activity (%)  activity (%)
Maltodextrin ~ 11.54+0.49" 2.94+0.29 15.08+0.67°  61.79+7.08°
SPray o digestible
drying £es 14.71+0.91% 4.71+£1.26 19.79+1.17*  60.44+8.13%
B dextrin
Nondigestible 19,070 3812098 1077017 44874505
starch
6) 2% AT Y 24
7hH A7 e B S5 EAEY
© A% 22 2 2Y By
A ERQ]D FLEFY S 2o BAAA I TC)H F=(20T)ol A 0, 5 10, 2043+
nasE A B4 g
@ A s ¢ 559 54
Ao & Alge A7 5o dol we dEe Frhska, A= pHE #HAsks
AeE B ok v WAL F Alss A vlE 2 WHEe gl AbEef pHIF oF
b A4S A TR 2-85).
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¥ 2-85. A AMAF BT Ao
20C 4T
Brix (°Bx) 8.10 8.10
0 day Acidity (g/L) 411 411
pH 3.98 3.98
Brix (°Bx) 8.20 8.00
5 days Acidity (g/L) 4.05 4.10
pH 3.64 3.91
Brix (°Bx) 8.40 7.90
10 days Acidity (g/L) 3.84 3.97
pH 3.20 3.88
Brix (°Bx) 8.58 7.80
20 days Acidity (g/L) 3.61 3.93
pH 2.84 3.75
() AF713ke e 28 559 #SHA
O A =4 € A8 4y
MEAEQA FLEFYS Eol FAAA ¥4UT)H F2(20TC)dA 0, 5 1043 H
stAA #sH7ME AASHAH
@ A7)l we Hu Suel BEAA}
BsW7t A oldl E 2-863 o] ubehuth MurHom ged E AR ¥F
of B ARRG W ke Bm, 53 A7l wek gen 3Fe ARe] st 4
W= FAsk zols Btk 594 g BRI AFHEHE 579 o] Uy Aztglom
Fen T 10940 Falste] w5l W, G AuHQ JlEmw Borshgich
Table 2-86. A&7 FLFE29) Aol }2 57t A3
Appear- Overall
Flavor Taste Texture .
ance quality
7.58+ 7.96% 7.06% 7.58+ 7.88%
Control
0.36% 1.54 0.84 0.65 1.24°
20 6.79% 6.87% 6.15+ 6.87+ 5.94+
1.25% 0.65 0.98 3.20 0.36
5 days
AT 7.15% 7.28% 7.06% 712+ 6.87%
0.84% 1.35 0.44 0.36 1.58°
. 5.31% 3.28+ 3.87%
20T b )
2.36 2.24 2.35°
10 days
. 6.59+ 6.21+ 6.06%
4T b
2.03% 0.15 0.45
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(6) A FAF3 H
7h 43 W9

o FAAYE A FE A5HT 9F 3% =

3 2-87. JNEAE I A FAES Aol § oAl

TDF (%)

ol tria 19.20+0.21
WA 23.91+0.27°
Commercial C 11.47+0.98°
Commercial D 10.55+0.28°
Commercial E 9.31+0.22¢

() st 24
EEAEe] T ZYvls 3F 823 21.57~115052 ng/mLe] WHHE HERiT

A Fol A|FAF Bt 1.2 ~533 vf =2 gs e
DPPH @t} &AAZE 1, 5, 10, 25, 50, 100ul/mle] &=olA #z3k 23

T

Nom ZAUGE AL % 4 AAT AL AT Aol ABATA v ]
OB S Bal AR AFS Aw AFel sl Aol kel wowA s
EE RS % 5 AN

3 2-88. JNEAlE I AlEAlE e FEEE vl

Total phenol contents

(ug/mL)
70 A 1150.52+9.80"
Commercial C 985.36+9.11°
Commercial D 743.15+14.10°
Commercial E 21.57+2.481

HE hdE F TJr-ZH T A BJAEE Vs fs AldAlEe] HsEE F
3l 712=7F 7 =9kd S7HAIC, D, E)E AEste] & Aol $FFH(TDF) R rhstd
s SR & E¢9= % DPPH &z 2AE4S 48kt

[

P’

Fo F Aoldf gL 2891%2 ABHE AFRD 15 ~ 18 W =%
[e]

N

(s

et i 19
ox ¥ i
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16 -

14 A
12 4
10 - mC
g = HD
6 BE
mINEHE
4 4
2 =
o

1ul Sul 10ul 25ul 50ul 100ul

I 2-15 T AE B AIRAE ] AtskEA Bl a

. 3A9E 3 AR Holdse] 24 AL 98 A2HE AR
Hol9f B SRE AGYA R - AF AN QR ABEA 2

(1) f2be 2&
b 2E A -
O A=
WAl AR el R 4F(REA, ohzyel, ov), BFue)e AR nFitol
A 201696 53 AL TAste] 40T WE B F AT sEske] Aol A}
getolth wEol o] g% FaEe AW wdnlolo 4 FATLAN ¥

5

o

7
2

o
ot

Leuconostoc mesenteroides subsp. mesenteroides SRL6(¢|3} Leu. mesenteroides SRL6)

& AHgHe

=

starter® AFE ¥ A2 MRS(Difco, Detroit, MI, USA) vjX|o A 23] o]
A A wjeFste], 4329 W] F(HEAL, ofZ Yol v, EFWE]) A FA9 05%7F
EE g S s o, 30TolA 24413 vl eF & 2Fsle] AR & A

Sole Astel wad) me 54 vastar
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TEEH 2 B4

Akt g ool pHE pH meter(Mettler Toledo)® =43t ow, FAEE Alg &
ol 10 mLE pH 8374 =9st=d Had 01 N NaOH €99 A =H(mL)o=2 495
%ow lactic acid(%, w/w)EFo= FHibste] el R A2dA "R
(PAL-1 Pocket Refractometer, ATAGO, WA, USA)Z o] &3lo] =A3}%]aL,

M= BB ARA(CM-5, Minolta, Osaka, Japan)E AFg&3lo] Hunter's value L
(lightness, W =), a (redness, 2 %) 2 b (vellowness, M%) S 33 =A@
24 =4 Brookfield F A& o835t s St

Ak g 7] A SALS Y 1 mLel Ei A4
How s|Askala, g4 9 100 uLE MRS Bl Ao] =dak 5 30°Cel A 48417 vl
et FAdH FAE4E A3 colony forming unit(CFU) 2.2 YHERY ST},

@ st E A5 54 3 24 st

&AL ofzYol, e 9 EFu|E] Aol Leu mesenteroides SRL6= ©]-& 3 {4t

g A Fo] pH, A%, dE 9 fAakdt WEE ® 2-89 YERITE EEAL, ol =
=
=

AN

an

X0,
32
)
i3
1:,011
o
I
Sh
2
e
fr
°
_fL
0
_\1
)
(s
!
é
AL
L
-
Ho
>
4
s

o

CFU/mLZ Z7}st9th. dud o

Al B E s g B frdke] VlQlehs Ao A 9low, ol L. plantarum
&

KLAB21E o]

oF A=A weta ERz otz yol ot B EFuly] Aol Leu mesenteroides
SRL6 93k fFAhd a7t dojd Ao=w Aesiint

w3 BRI ol Yol o] W EFug Ayl Leu mesenteroides SRL6S o] &3t
T °of A% ¥ AMEFE FA4% A(E 2-90) HEA, ofZYol, ot 9 &5
7 BEF fAREE ko] Wty ldlew, s dede Lk, A= agk B
ARl bgkoll Al Aol & Kol ekttt oldg A¥t= i 101418 o] fAbdart dojut

ATt

Ot

AT} SRz FAbek G o Ame] GBS F & gl AEE ofd o 47
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% 2-89 . W@ F9 Leu mesenteroides SRL6 Br& o] 3 wtgEA

Lactic acid

Sugar ]
Total ) bacteria
Samples Treatment pH L concentration
acidity (%) ] (log
(°Brix)
CFU/mL)
Black CTL 3.26£0.02 1.73+£0.03 11.20+0.00 ND
raspberry  fermented 3.02+0.01"  2.16£0.02° 10.42+0.52 7.98+0.02"
Black CTL 3.51£0.03 0.77+0.02 17.30£0.00 ND
chokeberry  fermented ~ 3.43+0.01°  0.90+0.02" 16.93+0.06 6.83+0.11"
CTL 3.37+0.01 0.36+0.01 11.47+0.06 ND
Mulberry .
fermented 3.20£0.01"  0.58+0.13" 11.27+0.06 6.84+0,02"
CTL 4.40+0.01 0.40%0.01 13.63£0.06 ND
Blueberry ;
fermented — 4.24+0.01" 0.48+0.01 11.73+0.12 6.57£0.05"
* p<0.05

¥ 2-90. W8]+ Leu mesenteroides SRL6 2r&of ost dx 2 AT W3}

Apparent Color
Samples Treatment . .
viscosity L a b
Black CTL 1.52+0.02 19.79+0.01 52.19+0.01 34.14=0.02
raspberry fermented 1.48+0.01 18.64+0.01 51.07+0.02 33.02+0.02
CTL 1.65+0.03 33.39+0.02 62.40+0.03 42.95+0.06
Black
chokeberry fermented 1.60+0.01 32.31.+0.06 61.38+0.03 40.16+0.02
CTL 1.67+0.01 18.06+0.01 44.670.02 92.48+0.04
Mulberry
fermented 1.69+0.01 18.57+0.02 44.98+0.04 22.57+0.02
CTL 1.43+0.02 50.74+0.01 47.06+0.05 29.060.03
Blueberry
fermented 1.47+0.01 50.84+0.01 47.11+0.02 29.10£0.02
* p<0.05
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D% Eedk, 3 Edumos 3 3 FEAG B3

F ZYd s gHS 479 A5 1 mLle /5 7.5 mLe Folin-Ciocalteau’s phenol
regent 0.5 mL, 35% NaCO3 1 mLE A= 713 v dholA 1A &9t ¥H-8-A] 7
% UV/VIS spectrophotometer(UV-2450, Shimadzu Co., Kyoto, Japan)E A}&3Fe] 760
nmol A FFEE =4 YU ol tannic acid(Sigma-Aldrich Co., St. Louis, Mo, USA)
E ET=4dE Aot dEAds st ol 2R & EHYdls S okith

F ZgH o= stake ZhZbo] Alg 05 mlol dEE 15 mlL, 10% HAArLdFuH

of Ao 40%37F WSAl7]aL UV/VIS  spectrophotometer(UV-2450, Shimadzu Co
Kyoto,  Japan)&  AF&3dte] 415 nmeld  FF=E 4 vk old
quercetin(Sigma-Aldrich Co., St. Louis, Mo, USA)S Z&=&E2d =2 A&t AZEarHdS =
dstal o] 2HEH F EdtH o= S 5kSl

% olEAobd FEe 7h7te] A 10 mLol 0.1% HCIS ek 80% vee &
o 40 mLz 2447F  E<F  shaking incubatorold @ F&3  F  UV/VIS
spectrophotometer(UV-2450, Shimadzu Co., Kyoto, Japan)Z A}-&3te] 528 nmolAl &
T2 =3 At oy FFEALS cyaniding AFEEe] HEgFAHAS FAEa o] EHE

F ARk gL T

G T Eods, T TP o= B F FEACL 3 W3t

BR2 ofgyo}l, o] B EFulg Aol Leu mesenteroides SRLES o] &3+ Al
23 d 5o s g4 WstE SAS ] flste]l @tst S A AR He
Ao 4 F HYdlE, T SRl 9 F bEAobd S F 2-910 YER
ATk A vl Aol bt os) & EelHs el Srbske B EFelATh

% ofZYolrt fAbREe o3t F EEdeE T S 4.31+0.02 TAE mg/mLol A
6.11+0.07 TAE mg/mL= 7} 1 tpLo =z B2z B3y A2 S7HEAY. o+=
L. plantarum GBL17S ©]&3 fAibdra B2 259 F Zgd s afo] S7kstth+=
Ao e AgS yeho] HiExle] AJdfe] SRL6S HEste] LAl 45 F £

Hm Aol S7tEo 4t S SU1E Aow Adeit.

p

4
Aste o] R4 WREC olfshd B4 L st B4 AN FALE o F F
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Fol M= 40 W7 5 FoHd Aol E HolA &t

F el FHE ZAT AoelNE F Fds @ AR BEa 9

obzUcl FAMEE F feldom dgol Fsem, 2rls B folHel Ao
2 molX itk BEAe 4% tEAohd el WwE A 142:001 mg CYE/golA]

fu
Ho
1o
)
o
t
i

g $ 205001 mg CYE/g2 Fol F7FekiaL, otz yete] AF¢w W
1 0.49+0.02 mg CYE/gellA g % 0.74+0.01 mg CYE/go. 2 fFYHdo=z F SEA

obd ol F7hselvh

Asgow BEa 2 ojzucl SRL6 #Fd o# fAME F & Feds 2 F 2

EAlohde] Fo] Frbskel FAE BH Fhl FFL F Ao BUHYI, or)E

o

Leu mesenteroides SRL6°| 93t 2t g 7t 7|5 E9 Z7ke] 93FS v X A

W g e 475

¥ 2-91. Leu mesenteroides SRL6 W&ol o3k e Fo 3atsl &2 Wil

Total
Total polyphenol Total flavonoid )
Samples Treatment (TAE L) (QUE L) anthocyanin
mg/m mg/m
. . (CYE mg/mL)

Black CTL 353+0.02 0.6120.04 1.42+0.01
raspberry  fermented 4.64+0.05° 0.7920.15 2.05£0.01"
Black CTL 4.31%0.02 0.39+0.05 0.49+0.02
chokeberry  formented 6.11£0.07" 0.5620.03 0.740.01"
CTL 3.02+0.11 0.32+0.01 0.34+0.02
Mulberry
fermented 3.070.19 0.29+0.04 0.35£0.01
CTL 1.80+0.03 0.16+0.01 0.02+0.01
Blueberry
fermented 1.95+0.07" 0.190.02 0.0620.03
* p<0.05
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Akt gl o WelF 4F9 s A WstE SAstr] Slste]l Ay e
DPPH(2,2-diphenyl-1-picryl-hydrazyD & AF&3%t &Ats&dAdS SAHS Y. &5 sE2dl=
ZAe 7ol A5 01 mL o &S 02 mLE 7Fétx 0.2 mM DPPHE9 03 mLE 7}
3l 3 vortex mixer® 1w WFEQ a1, A 2o A 30&-7F ¥F3-A]7] 3L microplate reader(Synergy
HT, Biotec, Washington DC, USA)E A}-&3}4] 517 nmollA] §HEE SASAY. g E2T=
Algm tialel oS Hrtete] SAH AT

A
Radical scavenging activity (%) = (1— E) % 100

A: Absorbance of sample

B: Absorbance of blank

ABTS assayv =22 XA

e

zrkzrel AlE 0.05 mLel] ABTS radical &< 0.195
mLE #H7ete] 7 E7F wr$-A71 5 microplate reader(Synergy HT, Biotec, Washington
DC, USA)E A}&3te] 734 nmeolA S35 SA43A A, 2T+ A5 gl o ess

A7ketel Z9sten.

) A
Radical scavenging activity (%6) = (1— E) < 100

A: Absorbance of sample

B: Absorbance of blank

@ DPPH % ABTS radical 2724
AA U AbstA A A E = free radicalg A2 w=3tE FIIA 7| AAAEL
o o7l S AstA7l= A& HEsto] AESA S AefstERE o5 free radical= 9] <t
AstE T3 AA AEE RS et dow, AApye] A8 old AELA free
radicalell AAE Fofste] Alx Ao AbstE A v dHA Uk o]y gk &Aks)
g4e S48t W 5 syl DPPH radical 248442 d4kst B4 9&) dA}
Ao g2 A FAE FAste] S wek Fe Aol dEE o
=

FE s =de @A fs Bl ol&Ha 9lem, ABTS
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el IG5 w2 a8 A 7z 13352046, 16.29+050 ul/mLolAl fF2bds & 747}
8.24+0.27, 10.43£0.25 u

v BEA FFde f4 g F DPPH 2 ABTS radical &2A &40 Z7iadttes A
Aztel dA stk ofZUete] DPPH 9 ABTS radical 2A&49] ICy @t HE#k}
AR 2 fakt e W ZbzE 8154035 , 13.73+£0.27 ul/mLoll A fAF
5.25%0.20 , 894+0.52 ulL/mL=Z F7tstlon, EFWEe AL &2 Ao
g, of2yol g SR 4k wrE % DPPH % ABTS radical 2449 7k
T EYds 2 3 dEA I S S v Aer FEHESh HEwY F
2 saksl &4 A E9l polyphenol ¥ vitamin C 58 tii-& w3 A (glycoside) & Ef=
A sk 9o, ol gk WAl FEjo SRS HEdd o Fol AAE AF Hoh
=2 st 48 Bt Raug B oo 5229} ofZ Yol EF = thE W] ol
vl SRL6] o3 #FAbdarh &dstA dojy kst &4 Fold 52 TS T

o w At

==

.

2 t]e] DPPH % ABTS radical 2A&4 9] 1Csx #S A3 A3
23.36+£1.39, 30.72+0.79 pL/mLol A ¥& F 28.62+0.80, 48.52+0.50 ul/mL= radical &~A &
ol &= A5 NS o] &3k o

gol frelHon gashs 4ge ngey

Y

=

EE2} otz Yol ot B EFMEE Leu mesenteroides SRL6S o] &3k &

PPH % ABTS radical &7 &4 W3atel] mx= S A3 23 F Z29

= BT FEAod 3rEFo]l FUe HEA, ofZYol B EF M E]E radical A

F7tste e Bow, oo Afe dAo oA oE FHasiAn. oled A=
g

AL AEAATE =ov O &4 EEds o @it

2]
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4 =do] #gdttE Hi(Na KS & 19979 Z2o] fFihda & F 3

wol= 9 F hEAlobd FF wskeh wdstel Fhahsint,

¥ 2-92. Leu. mesenteroides SRL6 W&o o3 vlg]Fo i3t A w3}
DPPH radical ABTS radical
Samples Treatment scavenging activity scavenging activity
(ICsp pL/mL)
Black CTL 13.35£0.46 16.29+0.50
raspberry fermented 8.24+0.27" 10.43+0.25°
Black CTL 8.15£0.35 13.73£0.27
chokeberry o ented 5.25+0.20" 8.94+052"
CTL 23.36+1.39 30.72+0.79
Mulberry
fermented 28.62+0.80" 48.52+0.50"
CTL 58.35+1.15 44.48+0.57
Blueberry
fermented 39.62+0.85 38.67+0.73"
* p<0.05
Q@ 99y
@ Ay
st99e Zzbe] A s 10 ub/mL 552 A3 244249 A8 1 mLell 0.2 M phosphate

buffer (pH 6.6, 25 mL)2} 1% KyFe(CN)s 25 mLE #7}stal water bath (50°C, 20 min)ol A
S Al 7tk Wk3-ehol 10% trichloroacetic acid 25 mLE H7Fste]l 94182](3,000 xg, 5 min) 3t
3 Asdl 25 mLoll 74 25 mLe 0.1% FeCl; 05 mLE H7F8te] 700 nm(Synergy HT,
Biotec, Washington DC, USA)ol| A =74 &} 31t}

82 free radicaldl HAAE  Fost= THOZ 700 nmollAl  ferric

ferricyanide(Fe®') &3%t&E0] 42 Fo]3lo] free radicalS ¢HE3AA ferrous(Fe? )2 A
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mLES 9l 308, 1417k 241 7H5<¢F 40T shaking incubatorol] Al x 23t MZ& FHalo] 2
o AFESIA Y. a4 A E = viscozymed] A-F Z+ZFe] Al® 150 gol SFF 150 mLS
X L5 05% oz A sle] 1A, 2413, 4413 50Tl A &4 3 &
80CAA 13t Atst AL, cellulase®] 795 ZH2be]l Al5 150 gol S/ 150 mLS &

7 ko2 Aglste] 1A17F, 2A1%F, 4A17F 50Tl A a3 s &

0CAA 17 Atstd e, lignin®] 4% cellulase®t 22 WHo=z A3

-3
—
X
us)
0e]

stetal 54 FAbstr] flstel @, A
T Ao DEA(PAL-1  Pocket

, = AE &9 10 mL
S pH 837MA4 =wsh=t 23 0.1 N NaOH &9 AvjaH(mL)o=z Fejstglon, pH
+ pH meter(Mettler Toledo)Z ZA3sFAth. Fok M= BEFAA(CM-5 Minolta,
Osaka, Japan)E& A}83}o] Hunter's value L (lightness, %), a (redness, 42 %) % b
(vellowness, FA %) ztoz Yl on, H %= Brookfield A EAE AFE3e] ZHE7

IM Citric acid 2 1IN HCIZ A glgt dauta} a0 A zbd R o] 3}t% 54
JE_ZL

A8l $Aske] pH, Ak, B=, A2 92 AEE AT dis

EE Aol Alzke] Srbgtel] whel wtelA= AFdE Bila, & AEe ek
et B3k FEe) A9 Agkel] Aglo] & AolE HolA Eokow, HEe= A
kol Zrbetell Wt wobyE Sl AEE AT Aol WiEE YEh= Lk
AMEE Yl E aft, FH4E=E dehle bt 25 wsks #lshA] xekslth

a

3}
Viscozyme, cellulase ¥ ligninS 2|3k @& vt} kw32 A|ZHE(1, 2, 44]7F) o] 3}8t
A 5A4E g9str] flste] pH, Ate, Tk, A 9 AR
pH®| 7% AbS At AZoA= Algte] F7hghel] whel ol &=
A Ao E 2ol & Hol A Xkt
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HEWE D-05

¥ 2-93. dauka gulFo] Akl o3k o]slEly 54

time Total Sugar Color values
Samples Treatment (h) pH ity (%) concentration ~ Viscosity (cP)

acidl
y\o (anX) L a b

0.5 7.04+0.01 0.25+0.01° 8.40+0.17 64.18+13.31°  29.45+0.35  9.09+0.06  47.11+0.30°

sweet 1M b b b
, o , 1 6.99+0.01 0.28+0.01 8.40+0.35 72954991  30.01+0.19  8.79+0.10  44.48+1.97

pumpkin Citric acid

2 6.90+0.06 0.51+0.01% 8.20+0.10 79.614859%  30.04+0.19  896+0.16  47.30+0.30%

0.5 7.18+0.01 0.26+0.01" 7.30+0.01 238.22+1452°  41.92+0.23 -4.00+0.06  4.81+0.16"

1M
cabbage , 1 7.09+0.06 0.26+0.01° 773+0.06  253.80+1541% 4352+052 -3.74+0.11 6.60+0.06°
Citric acid

2 7.02+0.06 0.34+0.02° 747+0.06  274.75+12.42% 43.88+3.24 -366+0.35 6.51+2.28°

0.5 6.88+0.02 0.09+0.01" 3.87+0.06 73.89+1541°  30.40+0.08  9.48+0.15  44.05+0.57
sweet

_ 1IN HCI 1 6.81+0.01 0.09+0.10° 4.07+0.06 86.48+12.04*  30.73+0.35  9.44+0.04  44.52+0.65

pumpkin

2 6.47+0.04 0.20+0.10? 4.10+0.10 86.97+11.32*  31.85+046 9.77+0.01  45.98+0.13

05 7.19+0.06 0.13£0.01° 3.97+0.06  130.36+19.25" 40.37+1.56 -3.15+0.04 7.47+0.60°
cabbage 1IN HCI 1 6.76+0.06 0.14+0.04° 3.27+0.06  175.38+13.58* 40.72+0.30 -3.34+0.04 4.94+0.71°

2 6.94+0.06 0.25+0.01% 3.37+0.06  178.88+12.57* 39.04+1.33 -3.64+0.04 4.73+0.88"




ZENE \ D-05
3 2-94. eI gujFo] A el 9% olstetd 54 W)
) Total Sugar' Viscosity Color values
Samples  Treatment time (h) pH acidity (%) concentration (P .
(°Brix) a b

sweet 1 4.16+0.01 0.33+0.03 7.97+0.10° 177.56 35.82+0.33 851+0.03  52.59+0.13
pumpkin Viscozyme 2 4.11+0.01 0.42£0.01 11.43+0.06% 223.15 33.25+0.81  8.10+050  49.92+1.74
4 4.13+0.01 0.40+0.02 11.53+£0.12% 194.75 33.52£0.19 8.34+0.13 50.45+0.14
1 3.91+£0.01 0.20£0.03 3.53+0.06 209.96 54.01+0.20 -0.84+0.07 17.86+0.06
cabbage  Viscozyme 2 3.93+£0.01 0.24%0.01 4.00=0.01 213.96 53.69+1.25 -0.52+0.23 18.81+0.88
4 3.91+£0.01 0.10+0.02 3.57+0.12 210.95 53.06£0.95 -0.76+0.13 18.33+0.57
sweet 1 4.36+0.01 0.29+0.02 6.80+0.26" 794.32 33.06+0.35 897+0.06 51.76+0.33
sumpkin Cellulase 2 4.30+0.01 0.29+0.01 9.10+£0.12% 1069.58 33.34+0.30  8.95+0.09 51.73+0.25
4 4.39+0.01 0.27£0.02 8.20+0.06% 114528  33.05+0.22  8.99+0.04 52.04+0.28
1 4.26+0.01 0.10£0.04 3.97+£0.06 64.98 52.80+0.04 -1.85+0.32 15.58+0.52
cabbage Cellulase 2 4.24+0.01 0.07+0.01 4.50=0.01 59.48 52.42+0.04 -1.68+0.18 15.67+0.02
4 4.22+0.01 0.12£0.01 4.00£0.01 66.99 51.14+0.11 -1.80+x0.12 14.76+0.14
sweet 1 4.34+0.01 0.29+0.02 4.83+0.06 351.53 28.31+0.33  8.76+0.08  46.39+0.16
) Lignin 2 4.41+0.01 0.32£0.01 5.10£0.01 443.92 28.92+0.12  9.03+0.02  47.61+0.16
pumpkin 4 435+001  028:001  430£001 52486  27.49¢126 8.48+0.17 45.53+2.04
1 4.24+0.01 0.14£0.03 2.83+£0.06 1312.69 56.48+0.37 -1.59+0.37 16.58+0.81
cabbage Lignin 2 4.26=0.10 0.10£0.01 2.77x0.17 215056  57.16%1.27 -0.71+0.83 18.74%1.59
4 4.22+0.01 0.10£0.01 2.33+£0.12 216167  57.78x1.01 -0.61+0.62 18.45+1.82
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Ueb At =3 g = A (PAL-1, Atago, Japan)E ©]&3ste] SAsAT MEe 2%
Z A A(CM-5, Konica Minolta, Japan)E& ©¢|&3l9 43ttt mad A2 A7 (L=989,

a=-0.12, b=-0.27)°] A t}.

At 2 W Fop o] meke ol 1y 2-18¥ okl X 2-963 Zo] HEE
0.1~0.3% W= YEba, pHE 43~469H Y2 YEelyton A== 0.06~0.09% 9 = e
= H, At=2 =43 A3 n)$5=3 232 yeinh 2 Ao A9
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Stowag 1 hr after gerrminated 5 hr after germinated
e Himne ; 5 d
Chrd Pasteurnze 607, 20 mmin | 90T, 15 min | 60T, 30 min | 909, 15 mmin
) %
48 ._._,__1__-,:' r
Fig. Condition of chia seed swith different pasteurization

¥ 2-96. BEA A= S50 Atz wE o3 EA
1 hr after 5 hr after
Stgrage No germinated germinated
time pasteu— - - - -
(hr) rized 60 Cj 90 Cj 60 Cj 90 C_’
30 min 15 min 30 min 15 min
0 0.1 0.3 0.1 0.2 0.2
sugar o) 0.2 0.4 0.2 0.3 0.3
brix
48 0.2 04 0.2 0.3 0.3
0 4.30 4.66 4.66 4.67 4.68
pH 24 431 4.68 4.67 4.67 4.69
48 4.36 4.69 4.68 4.69 4.69
0 0.07 0.08 0.08 0.09 0.06
Acid= o) 0.07 0.09 0.09 0.09 0.07
1ty
48 0.08 0.09 0.09 0.1 0.08
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o] ZA39rt. X+ Brookfield viscometerE o] &3l HEZ AUt A

Spindle HA2, Speed 30 rpml. & =43} t}

BEA-AHE gl A% A= B
B el ¥24E Aglow wobd A=

S 221 BEA-AoMAE g AE Fu B

E 2979 2HoE Axd BEA AobAE FEe PE, AL, pHE ofd ¥

oF Zokrh @EE 235 ~ 295 °Bx WHE UEWow, @ %47}%*0] S Af FE7F M

TogeAE msd e dEdd dRe
274 ~ 3019 WA ASl SEoIA L e e

E2-98 BEA AopHE FHe| o]5eA 54

Sugar brix (°Bx) Acidity (%) pH
A 23.47+0.12° 0.11+0.02° 3.01+0.01*
B 28.17+0.06" 0.05+0.00° 2.74+0.11°
C 27.77+0.12° 0.08+0.03" 2.76+0.02°
D 29.50+0.10% 0.12+0.05 2.75+0.01°

EEA-A oM E S50 MR 9o Agy) o] EFFAAE AHE3ste] FAHEA
HAXE & Brookfield E=AE AFE3te] At ofgll & 2-999F Zo] 559 MEe
2} dheko] o &S ol B Rz} dlefo] =& A9 C28 9 WEel Lito] Y AMEE
e a #3te o 22 A8 o F At 259 A= 2% 22 cPolst 3+S vErL
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o o] =

=3

2-99. BEA} Ao = w9 A

=]
RUN

L a b Viscosity(cP)
A 44.24+0.02¢ 44.78+0.01° 17.160.01° 22.95+1.41%
B 63.22+0.03? 38.40+0.01°¢ 7.48+0.00° 16.00+0.43°
C 52.62+0.05" 54.98+0.03% 20.76+0.01% 9.75+0.87¢
D 57.69+0.02° 41.33+0.01° 9.90+0.01¢ 8.29+0.19¢
@ BEA-AME g2 B5H 54
2858 RSE 7S BERA-AoHANE F859 #54 5L 7IE% ZAE AASHA
a2 Ay obd xeF ZSkrh
558 RSTE 7I&E AT G dA7F Fa FAHdo] $F8te] A= S8 A
7EAl AA SR g3 S5 gelA B4tko]l Z Hm N v sheekR] s kA IS §
T Aoz AuEr T3k 59k AHA olEFo] glom uks REgA 3T VaEE
AT = Aoz AZsEsd).
¥ 2-100. Yx=4AF G4 AR H7te] mE HERA-XoNE SR #EHI}
Taste Texture
Appear- Flavor Overall
ance Mouth- Swa- Quality
Sweet Sour
feel llow
Non- 5.30+ 5.60+ 5.80+ 5.80+ 6.20+ 6.30+ 5.50+
RS 1.16 1.17 1.55 1.40 1.14 1.16 0.97
n;go 750+ 620+ 700+ 700 700  720&  7.30%
1.27" 1.03 1.05" 0.94" 1.25 0.92 1.06"
1%
0<0.05
(3) A=A 2 HAAg 59 HH‘EM] 0E AE 2 754 §¢
(7hH) AN=9 dytAgdE 2 F24o]4
O Ay v
Aol dutAdE e AOACROS)H o2 EA5 Y. &3t #e 105T 28-S o] &3
AA7FEH S ol 85t SAeH A, EM AL v Ay XA HAL JHEE &=
Agd &AdRor 2t AR 5500 AVRE o83 AW IFWor 24y
t} F2 o] THH(TDF)S AOAC WH el Wl a-amylase, protease, amyloglucosidase <=
A2 A ste] SA s
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AEol AdvdE A ofef X 2-101¢ YERETE Ao =9 FRIFS 7.83%
3o F 3.95% = UERETE dulE o] ke 20.10%, A He] 2 17.07% At vl
Ao i, 3, didE A e 2b7 691%, 5.14%, 15.71%, 10.35% = UER:
th Aop =7t vhAAERT Td gl A ok ekar 22 ARl O =dn FA oA
o o ol# FoF o] HolM=e} upAR =] Ao|Ag e = A xpolibA] &gk},

R & AR

F 2-101. AopX = ¥l mpadA =] AgE

Moisture
(%)

Chia seed  7.88+0.12"° 3.95£0.08 20.10+0.17°  17.07+0.42"  55.09+2.81

Ash (%)  Protein (%)  Lipid (%) TDF (%)

Basil seed 6.91£0.10 5.14+0.10 15.71+0.13 10.35+0.47  57.06£2.20

© p<0.05

(Wb BEA-AAE TSR FHolHF TP
E 2079 2HOR AZE BEA AP SR FAoF FIL Y4

Avke E 2-1008F 29k e AZARE WA 2 Ash Bo F2
%

Lo
=
B
o,
n
P>
ot
oX,
2
M
o
et
N
N
%
o
o
(e
1o
=}
of
>
o
k)
Jo
i
of
-
ol\
N
N
ol
ol
2
i

TDF (%)

1.01+0.05°
0.97+£1.02°

1.35+0.34"

o o w =

1.52+0.87*
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(b)) €58 UxdA G434 A& F24%
O A5 2 %y
o) A FE9 A5 A
AZ 655 9] specific pathogen free (SPF) BALB/c v}~ 7

—~

AL whol e, F5)
S THstel 2=7h 22:2Cem FEIF 50£5CoIWA 124 A0 HFe] 2-E= Ht
F el Eet 23 I AFRE AR Hel otv TRt EskAzith ddAbss Aol
= A9 FHE 7IEAR(AIN-76)05 Folatslal, cage T 57tg] o] vh¢-28 AT
EE v G2 A 755 AFste] 85:3kdml A TR Al

£ 100ul® A7 Fold
At nano RS AdEthalA SE&o= 7dd ymdate] washyd di(olst RS)e=
AR el Adier JtudTHEE Axste] FyFoldts gl & EAby

19 AF, g5 2L Holz 248U, A%

il

offt
ne
>
L
2
=
S
n.0
/N
12
o
ke
ol
rol
>
)
o
)
(-
<
=)
Q
=)
@)
=
n

rr
03
=
t
L
-
_1
s
ol
g
i1
o)
N
o
off
[-'0
o N
—_

< TUzHEN AR = 2 SdsEHE
wel= (AW E&ubol L4 EF AT A 2T H /M
ddeEd &Y w94 vlEdd gAsk]  Aldslth(E=dd  s7PHE

BBRI-IACUC-17001)

T 2-103. el f B4 Hobe % AT AP 74

1 & n=10
e hein Bt o =t 21 10
2] 5 7o H 2] & B 125 300mg/kg 10
H| 2] & o] T +RS H] 2] +RS BB 2% +nano RS 417mg/kg 10
W 2] 5o T +1/2RS 2] +1/2RS | BE#5+1/2 nano RS 209mg/kg 10
H 2] 57 o] i +Gum He+Gum | H&EAF+Gum 417mg/kg 10

AF=e F 13 tFo =2 AT AZHAM 104Dl txg AF7 S ALgste] =A &)
Ao, Hole} S T FUASA F 13 Aoz A AIZHAM 10A)dd =433
t}. 2]o] &4 (Food Efficiency Ratio, FER)2 A% Z7l#S 2 7|3F Fote] 2ol =

o e} A&,
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E 2104 AF, &5 23 Aol iAol hE Aol gl W

gm
dlo

iz | HYgFT | W=E+RS | WH+1/2RS | ¥l 2]+Gum

WA AF(g) 20.9+0.7 | 25.5+0.7 | 24.8+0.9 25.8+0.8 25.9%0.7

TEAT(2) 28.0+1.3 | 269+1.8 | 27.4+£0.7 27.0£0.4 27.1%1.4

A F(g/day) 0.3£0.1 0.2+0.2 0.3+0.1 0.2+0.1 0.2£0.1

=T (g/day) | 2.31+0.3 | 2.05+0.2 | 2.04+0.2 2.16£0.3 2.13£0.2

Aol dF(g/day) | 2.42+0.3 | 2.41+04 | 2.39+0.2 2.38+0.3 2.42+0.3

Aol g &V 0.11+0.04 | 0.07+£0.08 | 0.13+0.06 0.07+0.07 0.06+0.06

Wy 5 0 BE2E 300mg/kg; WE]+RS @ HEAF+nano Resistant Starch 417mg/kg; W

2]+1/2RS, H#A5+nano Resistant Starch 209mg/kg; ®Wl#+Gum : S FAF+gum
417mg/kg
Dol g g @ Talg/Aol 3w

@ ¥Iust

€ Fabo ddS AqHS vy dIFS AT Axe 19 2-229

I A AR 47
IJTH13, 14). weEbA, 2 AT E degdA A

HegFol & S vAE e Akt el oF 27 tAHo=

T BAA Zol= YERUA @9t o= gumd pectind} £ AAEH AHolM{E Mt

of d9 Ast avs dEF A vla) AZFALA wgF Wl Aold o] el AAs
Y -

i,
o,
B
4
o
oX,
1>
o,
o,
Jo
e
dlo
1>
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@ dF W TAHAAZ(TEHH FZIAZHE(TC) IF

o FAA R Yooy a3 FolAQl Aol ol FFH2HE vEe EE 159
A BRI FASER oW, B G U= AF RSl A THE FAIA R Uk on
o] Al Apo] HF YetbA fdth F8A Aol A dEFo] E2 oat brano|l} W
e AE e AU zHE Sl A wEety dF Wl 2 2EHE dEE 2E T AN
H AR HE B-glucan® hypochlesterolemic &7} S (15, 16)% 11, 3FF pectin 4
g¥ gum 35 g& X3 2ol HF 10 g& AMEA %2 hypochlesterolemia A} Al 155
sot s F995 u total cholesterol¥} LDL-cholesterols 3+ Ay F3 LR ¥t
(17). 22{1} Nishina 5(18)2 &84 Aol4fFE 2ol F 5% H7dvd 5 U =HE
kol S MAA FAY 25l ZU2HE vEE

S FRlstnh 84 Aol dfe AW ZFH2HE a4 9= Aol dRe A8 2F
of W& AFAE o3 FAHATH19). o= Ao T FAZHES FFA

ol olg mrtmohs gAY A

rot
[ o
)
N
N
poss
dlo

G oA Zabe] o v]de] e Aew ®uHa gt

ol

il I . 3 —
0.42 4 1

TG (mgldL)
2 B 8
TC (mg/dL)

2 9 9 o
B 8 B 3

]
B

il

CTL Berry B+RS B+1/2RSB+Gum CTL Berry B+RS B+1/2RSB+Gum
a9 2-24. WiE S 9@E S8 e AR 59 Fel7k € W TG
gk TCell wA= 9%

o
8

FAE lEEFe 29 2-25%F Ao Wl Eae B4 (0.15+0.02) % AR

o YA dasdARE g9 wWlgSF+nano RS(0.19+0.04), # 2|5 +1/2nano

RS(0.21£0.03)¢} & F+gum (0.2+0.0D) el A= 242 FF4k & Zo] FostA S7Hd =

gkl 3ttt A AR L helical structureE 7FA L Qo] @523 Agslr] 4L webA] aj
&=

ko] vl E S 7hEEtA o m ARHoRE dF FUHES HoE o|FAA
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TR S5

N L S R + ¥
G LR B S A N B
T EF | F | E|F

o B-E 215 +nano Resistant Starch 417mg/kg; H

D BE 2% 300me/ke; Hl 2] +RS

i

2] +1/2RS,
417mg/kg

Njm

Resistant Starch 209mg/kg; ®2]+Gum & A5 +gum

B A5 +nano

“Statistically significant from the CTL (P<0.05)
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@ Aol WE ANAYA =59 54

MEE Y=gzt dastd Aol Hrtd HEA-HRE S5 HET AF9
AL AAEEE T HAA 2AME AAS A ofy kel ZrTh 25T, 35T, 45TelA A%
g A¥ FE= 093 23.33Bx°lA 5FA7HA] W stE YERWA] @9kal, AFEE 0.14%00
A 25CA A= 0197FA ZF748kdaL, 35T olAE 0.22%, 45Tl = 0.20% 74 Z 718l =

AH73

43S Jebth pHE 083k 285004 A% 573714 kst oy & Wals YehgA
gt A=E 0dAk 12.90(cP)ol A A 57 A7kA] AopA =e] mho] A FoJAHAl FHolA|
EAFE BIou AY eV 255 FoAE SEE wEA YbeEt AT A=
2o AEE SA A% Late S7HskA, ag, bate FAdte 43S B
F 2-106. BEA-HIANZ &7 25T Ao wE oj3tstz =4 W3}
S(ffv’;‘ﬁf S“%f‘éxlirix Acidity (%) pH Viscosity (cP)

0 23.33+0.02 0.14+0.01 2.85£0.02 12.90£0.79

1 22.27+0.03 0.13+0.01 2.72+0.01 12.81+0.13

2 22.53+0.02 0.15+£0.01 2.88+0.01 12.42£0.18

3 22.60+0.02 0.18+0.02 2.87+0.02 12.21£0.12

4 22.67+0.01 0.18£0.02 2.89+£0.01 11.76+0.23

5 22.68%0.01 0.19+0.03 2.90+0.02 11.04+0.18
¥ 2-107. BEA-H o= &7 35T Aol W o]3}str 54 W3}

S(;E;;;%e Su%féxk;rix Acidity (%) pH Viscosity (cP)

0 23.33+0.03 0.14+0.01 2.85%0.02 12.90£0.79

1 22.43+0.03 0.15+£0.01 2.86+0.02 12.61£0.13

2 22.57+0.01 0.16+0.02 2.83+0.02 11.96+0.90

3 22.53+0.02 0.12+0.03 2.851£0.01 11.47£0.27

4 22.61£0.04 0.23+0.02 3.01+0.01 11.01+£0.25

5 22.64+0.03 0.22+0.01 3.02£0.02 10.87£0.27
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E 27108 BEA-HoMAE S5ol 45T Aol whE ol sheta

=4 W)

Storage

Sugar brix

(week) °Bx) Acidity (%) pH Viscosity (cP)
0 23.33+0.06 0.14+0.01 2.85+0.02 12.90+0.79"
1 22.53+0.04 0.14+0.02 2.91+0.02 12.70+0.21°
2 22.58+0.04 0.16+0.02 2.90+0.01 11.60+0.18"
3 22.59+0.06 0.18+0.02 2.92+0.01 11.01+0.13"
4 22.62+0.04 0.190.02 2.92+0.01 10.9420.14°
5 22.67+0.03 0.20+0.03 2.93+0.02 10.31+0.23¢

H 2-109. BEA-Ao}HE S8 25T Ao BE A W3l

(ween) L i b
0 52.66+0.01" 53.83+0.01 20.36+0.01?
1 56.26+1.77% 52.58+1.21 18.44+0.23"
2 57.01+0.02% 52.43+0.07 17.92+0.04°
3 58.60+0.03™ 52.13+0.06 17.02+0.05
4 59.93+0.08° 51.64+0.23 16.52+0.12"
5 60.66+0.05 51.19+1.21 16.05+0.02"

# 2-110. HEA-A o E Fae] 35C Aol wE M= W}

s : : :
0 52.66%0.01¢ 53.83+0.01° 20.36=0.01
1 58.58+3.15° 53.50+1.78" 19.90+0.24%
2 60.13+1.78" 52.94+0.46 18.94+0.04%
3 62.85+1.46" 51.45+1.78 18.28+0.07
4 63.84+0.23 50.13+0.10° 17.97£0.03"
5 68.44+1.21° 49.91+0.04 16.60+0.04¢
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FE2-111 HEA-A PN E F59] 45T Aol me M g

g : : :
0 52.66+0.01° 53.83+0.01° 20.36+0.01°
1 62.71+1.21° 50.39+0.56" 19.42+0.06™
2 62.85+0.56" 50.01%0.06" 18.42+0.04°
3 63.84%0.46" 49.930.05" 17.71+0.06°
4 69.62+1.30°% 47.94%0.12¢ 16.98+0.08°
5 73.11£0.46° 47.91+0.04° 16.25+0.02¢

(W) AZ71zke] @& AkdA 59 FedA

@ ;qx]— 17-] Igl N-dq H]—\:H

LA EQD = d A} ‘ﬁii‘r“ dl"ic ] %ﬂﬂ ASEAA =55 4 TolA 153

-

@ AZ7IZbel wE A okdAt S5 W5 HA
AG7)1Er A HAALE AAG A E 2-1129F o] &3 Azl AWrA<d FHo
Ui Fdo] "ojx= AS Fsdh

T 2-112. BEA-XoRE &89 AFd wE A5AA 2}

Texture

Storage  Appear— Overall

( 10 Flavor Taste it
wee ance Mouthfeel  Swallow qualtty

0 6.50+1.17  6.20£0.74  580+0.88  6.20£1.03  6.80+1.16  6.50+0.97"

1 6.20£1.10  580+1.40  5.80+1.05  590+1.16  6.30£0.97  5.60£0.92

© p<0.05
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(5) N FAFF H
7h 43 B9

(W) FHeld# &

F2-118. NEAE Al FAF] F Aoldf i WL

TDF (%)

WA F 1.52+0.87°
Commercial A 117+1.15"
Commercial B 1.26+1.52"
Commercial C 1.03+0.79"

() ks 24

FHE MdE AokEEe AokeE AdAEFY F EFYisE, T EdERxoE IHFES
S A= ofdlet 2o HE MEE XoFEe F EYds T 1.48%0.04
mg/mLE Al#AE Hoh @A 20 oY =2 IS BYTd, ARAE CY HAS+=
A7t Pz vER C7F 2gEo] Qo] =& 5o F e 2 F IR Lo=
SIS Hols Aoz dAddEy. F IR ko= e ASE NEE KogEE
0.62£0.16 mg/mLe] S Hol A FAE AS BET oFgt =& &S Hlom, vEq
C7h wgE ABAE C urte ve #3S it

¥ 2-114. NEAFLG Al A Fe] kst vl
Total phenol contents Total flavonoid
(mg/mL) contents (mg/mL)
Ak A= 1.48+0.04 0.62+0.16"
Commercial A 1.24+0.02P 0.55+0.13"
Commercial B 0.61+0.03° ND°
Commercial C 3.70+0.23" 1.67+0.71%
- FHF NEE AokEEe Aotes AlFEAEFS 100 uL/mL F%dA DPPH =tdZ
2AEEES FH Ay a9 2-269 2o HIS idE Xoks=<9 DPPH #uZ
A2AEALE 334940.33%] A4S Ho] AFAE A(22.12+0.37%)9 B(21.79+0.44%) Xt}
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kv
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3. A2 FHA : HolAdF BI}ETEE FAF AE R A AR A

7h AR FF Az L BE AFARY AL L B
(1) RS3(=3td#)% R4V R ZAFA L) A A& AL 54 F
OhH As 2

® A=

T A FENFY TRAFAAY B FRAA, AR FuE e e
FEQ BAL, ANF, B4D 15, HADL W2 24l Agserh obamA
e

2 amylose/amylopectin  kit, <4 HAE  FHL  starch damage KkitE Megazyme
International Ireland limited (Wicklow, Ireland)oll A T+ 3le] A3}t

4EE0 FEs FHse] e FAYoer B B B =718 AT FES

EAE 7hste] mh g o 100, 270 mesh Ao AH = F A
7]

P o

. (Hanil Science Industrial Co., Supra 22K, Seoul, Korea
o] &3t 3,000 rpmel Al 10&7F AR ste] A wet ¥l 0.2% NaOH §9& ¢
7] 918 0.29% NaOH=E WHEd oz o] Ag ool wghalo]

2 A3 1N HCL 8912 A48t pH 7002 344 FR5E 33 AL
st Bee AEe ALdd Edsigon Axd 7

00 mesh Ao EHAA A5 2 AL}

Lo

Az AR FEFFS 106T A 7M1 Az, 238 2 550TAA A4 33

@ ofazHY g3

Na FAHAE] ofdzae d#e amylose/amylopectin kit (Megazyme International
Ireland limited (Wicklow, Ireland)& ©]-&3dte] A AA T A& 0.02 mgel 1 mL DMSOE
J 31 boiling water bathoﬂ/ﬂ AA3] HAG. A2o]A 95% &2 6 mLS ¥l 307 5

AT ZTE 2000 goll A 1023F 94 ste] A4S HeElal 1 mL DMSOE ¥i HAE o]
Hold w7k boiling water batholl A =3t} Con A solvent® 25 mL=Z &3 &9
solution 1]t 3} t}. solution 1 1 mLS e-tubed] %7]3 05 mL Con A solutions % il

1A ZE W=kl 20,000 g, 20Col A 1087 a8t A5 1 mLel sodium acetate
buffer 3 mLS i boiling water batholld 5%7F WA AAH Con AS WAA AU

amyloglucosidase/a-amylase enzyme mixture 0.1 mLS ¥ 3 40C water batholA 30+&%F
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incubation A7l ¥ 2,000 golAl 10&3F A& AT 45 1 mL3 GOPOD reagent 4
mLS 40C water batholA 207t ¥+&AlA 510 nmolA F3F=E AT Total
starchi= solution 1 05 mLel] sodium acetate buffer 4 mLS ¥ 3 amyloglucosidase/a
—amylase enzyme mixture 0.1 mLS Y2 % 40CeolA 107t incubation 3}$ith. o] & F
1 mLel GOPOD 4 mL& ¥3il 2043t incubation 3+ ¥ 510 nmollA &3 =& 435t v

| o--2 T
b ge A o8 At

ConASF %
Total starch 53 %=

ofd =AY (%) = 100 —

X 66.8

AstsHL Medcalf¢ Gillese] H#H(1965)S o] €39 th 50 mLe] A&
5

Supra 22K, Seoul, Korea)Z 5,000 rpmell A 30% o A& v AR 1877
ARZ AY F5Ae AAs A" FAE F4351 A Alsete] FHEHzEH 22
edS Axtedh

A= (%) = AARAZ] FA(g) — A 5=2 F A (g)

H O

REOES 1P 100
® B&EHYG §I=
FAAE] HFHI 3=+ Schoch(1964)9] HWHS ALE3Fe] 80TA =A3E T} 50
mL {4l @l Al 20 mLE ¥ vl2dlg vH($3.2x13 mm)

= b W72 A o]FH A 725k
WAAZ $, vkad g bvkE Al ASH L 941 21(10,000
rpm, 30 min)stATH YAEE & A 5} 7 & T

5C dry ovenell Al Hdx3 & FAE SA4sAL, IdE ARZS 2 FAE Ao 39 A
A2 S ol gt WEHI & 3|

S E (%) ==

o B HHE AT A (g)
B&EE (glg) = A& F A (g) x (100 — %83 =)

X100
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ANE FBARY] EAAE 23S starch damage kit (Megazyme International Ireland,
Ireland)E ©]-&3t] st AR 100 mgs HAlEewel wol 40T g3 A
27587 o €3k 3L, fungal a-amylase solution(50 U/mL)<< 40Col A 571083 o &35}t
Algof fungal a-amylase solution(50 U/mL) 1.0 mL& A& 100 mgs ©2 &7]o 2o
40Ce A 10E7F WA AT 02% FAF &4 8 mLS ¥o] &S AAAF L, 3000 rpm S
2 5wgt dA g eAnh dAEE s ds A glucose standard, blank®] 0.1 mLS 3l
amyloglucosidase solution(0.1 mL/ 2 U) 0.1 mLE& 7}st9] 40C &4ZdA 1057F vk-$-
A]7131, GOPOD reagent 4 mL= 2} &7]o] Yo 40CelA 203 ¥H-8-A1A 510 nmol A &

P2 ZAAt FYF FYES ol 3ol thao Hol o8 EHARY FFS A

150 8.1
AL A B (07) = = X =
J A2 (%) gluocose EF % N %9 A (mg)

X-d 4=

a
ol
olr

al

rlo

X-4d IJd= 24 ol X-A 3 -AEX7|(x-ray diffractometer, D/Max-1200,
Rigaku Co., Tokyo, Japan)& AR&3sto] 38 A& A5 AAYY] AAHAEE SAH3A T
7171 272 target, Cu-Ka: filter, Ni: full scale range, 3000 cps: scanning speed, 8°/min:
voltage, 40 kV: current, 20 mAE 3] A7} =(20)= 40-5°7}#] 3] & AlA A9}

M Mo

@ AEHE 2379 o 53 54 =23

HEo] 33EANE AEHEAE=ZHY7|(RVA TecMaster, Newport Scientific Pty, Ltd,
Warriwood, Australia)E ©]-&3te] SA4sAn. A8 3 g(FEFEF 12% 7I5)o T+ 25
mL& 7Fste] SASATE 50Tl A 137, 478 FF B5CT7HA AEA17]a 5CE 258 #4
g, 378 S 50CTTHA] WAAZIHA ARE FA4stATh 27] 58k (initial pasting
temperature), #1175 = (peak viscosity, P), # A% %Z(trough viscosity, T), # &% %(final
viscosity, F)¢} breakdown(P-T), setback(F-T) viscosityS 7l4Fal At}

W Az} FAF @ZFAd 9% =38 54 A
HAE AdHEAMLS Az FAF EA DSC823e (Mettler TOLEDO, Nord Urdorf, Surrey,
a

Switzland) S ©]-&3te] =AHE AT IndiumS AME3Y] 2= B AN ALLSATE A B

3.0 mgS #H3dlo] aluminum panol ¥ SHFF 60 mgS 7Fste] HESEATE Ao A
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overnight 3 % 7}149 &% ¥l 307130TC, 7FE9 %+ 10C/minZ A3 7L
W thermogram & ZH-H S3NAl25(T,), 83 AL5(T,), E3Fn=5(T,), Zstde
-A(A}D% O]'M

O FAAAANZL o] &8 Fu AEe Fu) w3

HA AFY Ax THYHE #ESH7] FAPHAE R 7 (Scanning  Electron Microscope,
SEM, JEOL JAM-540, Japan)S ©]&3}th stubo] YHHO|ZE EQ & ANg& FiuF
EXsla, g/Maos =gty AEAdES 2 ST AR dAnjAd S o] &8t ThE
Z9F 15 kV, Phototimes 85 sec® 3,000u] 9] ®j& =2 T3St
@ HPSECe| &g 32 A& EAZF

<!

AN

2 dEeo] Exx+ High performance size exclusion chromatography (HPSEC)=
o] g3&to] AT AE 50 mgS 5 mLe 90% dimethyl sulfoxide(DMSO)el] &3tale] 1
AlZF &9t boiling water batholl A wHb 71 &1 Ao A 24A)7F 5<F stirring 3FS T
AEs JAAA717] A8l A 24N (1%, w/v) 1 mLoll 99% ol 6 mL¥ &3stath

o>
™

25TCoA 4500 g= 15%3F ¢ g3 g oA EF ¥ dE pellet-> boiling
water 1 mLell &3fA1A L 30837t vortexdtAth =AE Als €92 50 pm membrane
filterE AF&3slo] oJ3sk & HPSEC systemo] Y38t th Column, Shodex OHpak SB-806
HQ<} OHpak SB-804 HQ; column temperature, 50C; flow rate, 0.6 mL/min; detectors, RI
detector; eluent deionized water(18.2 MQcm); injection volume, 100 pL ©] 1 t}.

@ HPAEC] 93 & AR EX A& ¥ =A

8 AR =3 Al&EzZo]l  EEE High performance anion  exchange
chromatography (HPAEC)E A}-&3lo] SA3A . el vialdl A& 100 mge 1 mL S/
2 Y &3 t}e dimethyl sulfoxide(DMSO) 9 mLel] EAAZATH 3¢ A 8E HEZE
& 7] 2ol X“}Eﬂo]xloﬂfﬂ 3bx7F 7Fdskadth 50 mL At Hel Frolhs 30 mLe
Y1 vortexing HHA AEEN 5 mLE 7FITE o] AS 25CeolA 3,000 g2 20E7F ¥4
g 3 o] Asdas Xﬂﬂ%}"’ AES Ax3AT. 50 mge #HES 10 mM sodium
acetate ¢+E58&d (pH 35) 10 mLo| Y wytslH A T3 7td =2 A 7. 42 A
29 isoamylase(0.5 U/mL)< 7}5L oS 37°C incubatorol Al 24A17F WFSA AL BE FF
o 1 103+ 7} isoamylases EZASAI AT o] A& 045 pm filter= o ZetH . opd
2dE o] BEXALLEREEE pulsed amperometric detector(HPAEC-PAD)7} #2FE Dionex
ICS-50009] HPAEC(high performance anion exchange chromatography, Dionex,
Sunnyvale, CA, USA)=® X3t o33t A8+  guard column(BO x 3 mm)o| S+
250 x 3 mm Dionex CarboPac PA-200 column®l| T3ttt A eluent A (150 mM

sodium hydroxide)®} eluent B(500 mM sodium acetate= %%‘J 150 mM sodium
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hydroxide)A}o] 9] gradient® 0.5 mlL/min® £%=&2 £33}t eluent BE vl &S 08 0%,
105 20%, 205 40%, 30+ 50%, 605l 70% = W3}% Ao}

® A& AAT

&9 AbA el & Biliaderis 59 WHA98D) wEl 200 mL AHZEElaAd Als 1 g
22N HCl 40 mL& 7}3slal 35C water bathol A 100 rpmC. 2 ke H A 7p=i8] A At}
A AL 1, 2, 4, 6,8 10, 15, 20¥ Fd 23 E AW v ol ;ﬂ‘j/]o]' ik A
A lE Whatman o A& AR&sto] FololFetal SHFE WHEste] Ak Aozl
o2 250 mL= A 83FA

=
A

¢

2

o

®
o
)
x
M
%
o
Ay
)

B T ARl oste] AAHE FEEFS  Dubois 59 HE-FAHH(1956) 0=
=, o3 1 mLE Algd e FHslo] 5% phenol £ 1 mLet gk 34 5 mL
P Egsk oS 2087 EAA]A 490 nmel A SFE=E S48t Fig. 1.9 2

o FEFE FIAT AR S Robin 52 W (1974)9 el o
Zbhritsl] G R st ARl digk WEeE Albetow, o] Z5E
kineticst™ Biliaderis ¢ WHol wel ZH 7] 13} 9h-g& =47 (k)

N

- o ¥

01, - -

Eiﬁj
o

X

EO(

o oo
2
o

& HN
o oo r}o1
_O‘L

1o i
o
ot
ot

N
M
:‘n)L_’/

Lintnerization(7}

t=7FrF 23 A% (day)
X=2F 7R & (%)
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| iy

1 y = 0.0984x + 0.0073
E R* =(0.996
2 08 -
L=
re)
[}
06 -
g
E
o 'Dq' =
B
<
02 -
D T 1 ] 1 1 1
0 2 4 6 8 10 12

Glucose [mg)

Fig. 1. Standard curve for total sugar contents using glucose as standard.

® FAA=

FAH}E= FAe ZFHAE YEFI AL, SPSS 120K (SPSS Inc., USA) EA R4
=]

AHERA S AASEA AL, p<0.05 ==° A Duncan’s multiple

ftlo
©
ofo
O]
o

}) 43
© F& AEe =4
@ A% ALY ANYE A

A AR QRS Table 13 2T FEFFE dAR157) 971%2 Y E %1
207} 628% % 7HE Rol frelAal Aol AT HAWLFEL 010-014%% FEWw
o149l Aol gtk e Fe AABHIL 051%2 AE wR, 2AW FES
SH1E7F 0.06%= 7FHg wekoh 2 A3 = Kim SK 5(1992)0] Rargk 214z 3= 7o
T 11.70% = ZFol7b Ao @id 0.94% 3] 0.14%, =AW 0.09% ©] Atk
Ao farstarh ke A de‘i—o welete Bl A wud ¥oE A Sol oy
B AARNYSS & 5 AT B AT ASH Arst AAAT ® Ame] opzre] Aol
© Asel AMAS, SIS, W WY S Aolm Az
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Table 1. General composition analysis of waxy rice starches

Crude

Crude
protein
(%)

Ash
(%)

Moisture

lipid
(%)
0.08+0.012

(%)

Sample

0.17£0.03°¢

0.11+0.03
0.14x0.04
0.11£0.01
0.10£0.00

6.79+0.40°

Dongjinchal

0.09£0.00°

0.51+0.02%

7.15£0.19"

Sinsunchal

0.06+0.00°

0.334£0.03°

9.77%£0.09*

Hangangchal 1

0.08£0.007

0.20£0.02°¢

6.28+0.35¢

Hwasunchal

Data represents mean=SD.

Mean values in the same column with different letters are significantly different by

Duncan’s multiple rage test at p<0.05.

=
54

CRELE

Table 2%}

o
T

o
3P

Ton

A

98.29%, 3}

<

A1

} 98.67%,

A2

98.20%,

7}?]__
Fol7h it

2

Ho

X

p—

0
N
o)

N

i
Kl

—Z

9791% = #3

=

22!

o

—~
fils)

ol

N

|

~
fite)

o)

ol
W
Jo
ol

HAY W=

=

ol

Gd

—

2004).

p=2
[}

Aoz deA Uth(Lee

Fol 141.62%=

el

Zpol 7k gh9l e, Choi

o

ol

22%59

2003).
& #(133.22%), 3 #(117.78%), 3+

3H(Choi %
(1992)0] H.

al

|
ﬂ‘%
ol

il

A

(114.32%) <=©]
108.8% 1}

A7+ Song

S

=

1

=

p==
[}

-
R

p==
[¢}

Kim

3!

X
=

o 3}

iz

d

R

d

Al

(1998)=

p=2
[}

pelut.

S

Zkwl 7} 103.5% 2 2L

X

d

Al

(2003)~=

o)
o

me

=y
ey

i)

m@O

[m]

ZHE o7

s 1998)0ll Al o}

A3 A+ (Song

Joj b},

[e]

Ll

0

29.17731.59% H ¢

KeR

D =]
=

I Ay &

o)
5

g o4 WA

s 1992). whehA

153 oH(Kim

J|

| 2ol dejel wheh #9wHcha

=)
°] 80T 9 =

J] ol =

A %

&

A2kt B ek

=]
RN

R
o

S
il
e
B
Ul

)
H

jruze]

I
my
o
we

K

-
R

ol A

s
157} 1.42%= 713

3l

1998). &

p=2
[}

&t tH(Song

7 gk

|

3.79%,

S
o

=3
~

A #2.55%, SHAFE

d

Al

i, FE

o}
Pt

=
=

A}

Zho] 562%= 7}

e

A

3}

- 173 -



] L
Mo F EAHE o] &5 22T 5Hol =0 HiuHtH(Han & 2012) &
AR 334-40206 WA R UERkom AARA020%)0] 71 By BARE 5] wa
A4 Be AFE W Choil 5 (00D AR A 277} GolAm EARe) e
of ol Wit olUel BAFFALE Fheh: G4S Ry wastdlth
Table 2. Physicochemical characteristics of waxy rice starches
. Lo Swelling power
Amylopectin Water binding . .
. at Solubility at 80T Damaged starch
Sample content capacity R
80T (%) content (%)
(%) (%)
(g/g)
Dongjinchal 98.204+0.40 133.22+2.86° 29.17+£1.07 3.79£0.28°¢ 3.34+0.03¢
Sinsunchal 98.67+0.07 141.62+2.28° 30.23£1.43 2.55+0.11° 4.02+0.01?
Hangangchal 1 98.294+0.14 114.32+1.80° 31.59+£1.63 1.42+0.09¢ 3.72+0.17°
Hwasunchal 97.91+£0.10 117.78+0.55°¢ 30.15£0.24 5.62+0.51% 3.51+0.03"

Data represents mean+SD.
Mean values in the same column with different letters are significantly different by

Duncan’s multiple rage test at p<0.05.

© X-4d 3Jd=

FHE AEAAe 24P E et AAst =S vasty] e XA JHARE o] §3k3lal Fig. 2
of YelWlth XA 3 H% peak FElol wt A B, C, V type 522 7 doh(Hizukuri,
1971). g¥td o2 SHFHAE e FHAES 15 17, 18, 23°9] 37l A peaks U
EFl= A typed XA 3ALFTS ZHa, B types 17°914 73k peakEs YER I 56, 20,
22, 24°o| A %= peakE ZtE ASRE AARLAFo] o]d dlFdErt C type A typed} B types
Z3tyE o] YEelYyE Aoz FEISI(L 5, 2010). 4559 #4 dE 25 15, 17, 18, 23°°]
A peakE HPSHERE HFA A type= & F AAH
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5 10 15 20 25 30 35 40

Fig. 2. X-ray diffraction patterns of waxy rice starches:
(A) Dongjinchal, (B) Shinsunchal, (C) Hangangchal 1,
(D) Hwasunchal.

®
>
4
i)

E 5374 9% 53 54

NEHAE =247 g8 A AR T/MALE, H1HE(peak), A A =(trough),
%7 % (final), breakdown ~12]il setback A% Zt< Table 39| A A sttt T 3/HA &=
o

RVA pasting curveoll /] %7} Z7}3sto] wal #8078 10 RVUY H=E7F Z7187] A2+
st HolAe] 2x= Azl 7275C=E 71 =da s o] 71.08C=E 7H vttt &
SR EE ofdEAR e ALY FABAV AdE HoR BAEI} =SFE 53}
A=k $HA YebdtiE 2 tk(Park S 2007). E3 JAF A7]17F gAEH T 8A
S Haeta, 4 277 AAE SspiAeE7E Srbethal B AtHChoi T
2001). HyHd=E 1 A4z s 16, spHdFd zhzb 322.83, 360.54, 337.50, 309.92
Aol 7H =i shd o] 7Hg v s YEUT S35 T A delv A
dHo] 3 AFS YeERNE breakdown FHE(P-T)olAME= AXZo] 74 =& (16221
RVU), A& 718 w2 3010246 RVU)S YEFW Y. Breakdown =% 7Fs9 <HA

gelst= AFE AFEH = FFo wel Aols Below YrR=A7|7F ol whet

7tk AaE Holil(Lee 2012), obH R~ FaFd SO A#AAAE 7HAHChoi F
2012)31 B3 AT} Setback HE+E WZb Fo HE7F Fsete =2 Aoz 779

A T otERE2e 3t BEAE UBlE AoR SV S5 ofdre 2 A

S7heta B 4 o(Kim 5 2008), = 3ol ARggh AlEQl el Ae oiiE

ofd=ag oz FAE o] o] FHL=E setback HE(F-T)#kol 1252730.83 RVU HH =
1
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Table 3. Pasting characteristics of waxy rice starches

Initial pasting Viscosity (RVU)
sample temperature Pealk (P) - " D Final ) Breakdown Setback
© - o ™ P-T) (F-T)

Dongjinchal ~ 71.884+0.04"> 322.83+3.89° 196.50+£1.89° 212.88+0.41" 126.33+2.00" 16.38+1.47"
Sinsunchal 72.751£0.00  360.54£0.18% 198.33+£5.66° 229.17+4.48* 162.21£5.83" 30.83%£1.18°
Hangangchal 1 71.88+0.11" 337.50+0.35" 219.42+0.24* 231.96£1.83* 118.08+0.12" 12.54+1.59°

Hwasunchal ~ 71.08%£0.04°  309.92+1.18Y 207.46£1.12" 225.67+1.65" 102.46£0.06° 18.21+0.53"

Data represents mean=SD.
Mean values in the same column with different letters are significantly different by

Duncan’s multiple rage test at p<0.05.

® AF FA dFA @ 44 54
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rlo

o M Ao
=

2

I
(Song & 1998). 4l
o] gt T sIRA = (T,)
9C= ¢ ¥ s 24
Aol 70.09CE 7+
76.39°C, AlAZ 7731°C, |

A Zol7k gk Ak FAF dF Al 9§ YEd S A
g o JUAE Fe= 317 wEol <

< AdUATZE eaFHBERE ARl F A
(A« dAids #4384 73 1
S FTol e FTHY 22 7z 1
S 2012). sstdlgy(AH)= 8.84-9.90
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Table 4. Thermal properties of waxy rice starches

sample T, (C) T, (C) T. (C) AT (T=T,) AH (J/g)
Dongjinchal ~ 63.13+0.22° 68.67+0.23° 76.39+£0.28  13.27£0.50° 9.64£1.17
Sinsunchal 64.50+0.10°  70.09+0.12° 77.31+0.60 12.81+£0.70° 9.79+2.06

Hangangchal 1 62.49+0.25¢ 68.50+0.00" 75.24+£0.19  12.75+£0.45" 9.90+0.07
Hwasunchal ~ 58.99+0.03¢  65.8340.00° 75.44+1.00 16.45+0.98° 8.84+0.44

Data represents mean+SD.
Mean values in the same column with different letters are significantly different by
Duncan’s multiple rage test at p<0.05.

O FAAAET A S ol T F2 AE9 FH

FAAAA T A (SEM)& ol g8te] 32 A dxke] dejek 2715 3,000 vi&= #2324
Y= Fig. 39k Zodvh dubdow & HE wfiAlE Qe ofR2EtAE el HdHE
How EAety, Leld dEdAs Az dAke] A 279 me] Ml = Ao
A AT, EgS HddEdol EHEHUA gAES 7RIt 4dA dHH(Choi s
2003). AR 45T 7 4E JHE BHom Ao xHe wjnny e 7 Wel &
ofFt FEHE How Ao FEl GA A dIolele FAEEEC] tE AAH
Aeas & F AU
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Fig. 3. Scanning electron microphotographs of waxy rice starches:
(A) Dongijinchal, (B) Sinsunchal, (C) Hangangchal 1,
(D) Hwasunchal.

HPSECel| &% & Heof 24F

A% A4, ARZ s

I A 3} #¢]  High-performance  size  exclusion

2
chromatography (HPSEC)& &3 Ao a7 &3 ¥4 23+ Fig. 49 Zr}h ofd =z~
T use AAde] AR - = A EAFe oF 105-106 Da ¥ = e
aL o 2dE L g-14 A3 a-16 A%e] 7/IAFEHZE F+X2E FASL FAHEHS 106-108
Da W92 E¥sx Jotur BuEAvh(Simsek 5 2013). EE FFo & ARolA s}
o] peakE B P EAFS AH o] 546 x 107, FFF 15 460 x 107, 342 460 x 107,
=21 444 x 10" o9t ofdE A9} oA g HAE o] BapaEke] Z7}¢} long-branched chain
Zo] 9ol A ol EHAES branching AE9 FTAE HHE(peak viscosity)et
breakdown =5 F7FA1713L setback® final =S HAAZIE 23 235 Bt
3% wp7b gl th(Koroteeva 5 2007).
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Fig. 4. Amylopectin molecular weight distribution of waxy rice starches
determined by HPSEC-RI system. The standard used for the calibration curve
are P1600, P800, P400, P100, P50 and P20.

(A) Dongjinchal, (B) Sinsunchal, (C) Hangangchal 1,

(D) Hwasunchal.

® HPAECl 9% & A& £4 Ale £X

High performance anion exchange chromatography(HPAEC)S o]-&3F 38 A& o] £X
AbE B X E Table 59 Fig. 5ol A|A&ATh Ao 7|2 ZAL ofd 2Bl oaf o] Fof
Adar opdEAE o] 7B X cluster modelE 71 Aol wjdEo] g AAA FEI

A E Fid FAYP0R Hol dom AlEHol9 AViy EAAFEE FF we & A
oz dHA At (Woo 5 1985). LEAE o|F&= ddF @99 =5 FT&=(degree of
polymerization)2tal &=t DPl wel opd 2 €l Q] branch chaing A chain(DP 6-12),
Bl chain(DP 13-24), B2 chain(DP 25-36), B3+ chain (DP >37)°2 +#/F% F At}
(Sasaki 5 2009). 2 &ol| AlEH EF =5 DP 12014 7FF =& wWd %S Jepbdlich 24
B3 28 A type 2 C typed DP 11712014 Ha X E Holal B typed HAES DP 13
oAM 7H 2 BEE Ut Bu¥AvH(Song & 2008).

£ E£%9 DP(degree of
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polymerization) 13-24°14 7} & 4] A& EX H &S AA|5A 1 olgst d3=

g 1 9 A dEJAAE YeESH(Chaisiricharoenkul 5 2011). A& w3+ 334

-1
T A

A s Hwa wAgsted ofdEAEe) A Hole] E¥ e mitEkd JFE
T Awe ofERANY Fge AFE Rl meas, R AE Aot #ErE k3%
w7 AQdE s Fo ARaAzE Advar deA vk (Singh & 2012). DP 6-12 g2 sH 3
] , e SA7=
o

30.00% = 7} =9ka, Al Fo] 2892% =2 7HE ko o] A= A&
A3t setback d %
o] A o

@ OES AMF) Y BPROHR waEEsl JUHOR WE

P

LIS

Table 5. Branch chain length distributions of waxy rice starch amylopectin

% distribution
peak D 2)
sample DP DPn DPw
DP 6-9 DP 6-12 DP 13-24 DP 25-36 DP =37

Dongjinchal 12 9.884+0.03 29.67+0.27 50.00£0.12 11.73+0.05 8.60+0.10 15.13+0.04 18.84%0.07

Sinsunchal 12 9.43£0.16 28.924+0.45 49.89+0.06 11.88+£0.15 9.284+0.34 15.30%+0.11 19.15£0.18

Hangangchal 1 12 9.79%0.20 29.28+0.18 49.20£0.03 12.19£0.04 9.30+0.21 15.27+£0.04 19.19%£0.07

Hwasunchal 12 9.88+0.27 30.00%£0.28 49.88+0.13 11.65£0.11 8.46%+0.52 15.07£0.07 18.78+0.19

Data represents mean+SD.

Mean values in the same column with different letters are significantly different by
Duncan’s multiple rage test at p<0.05.

1)Number-average degrees of polymerization

2)Weight-average degree of polymerization
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Fig. 5. Branch chain—-length distributions of amylopectins by HPAEC-PAD:
(A) Dongjinchal, (B) Sinsunchal, (C) Hangangchal 1,
(D) Hwasunchal.
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Table 6. Time courses of hydrolysis of waxy rice starches in 2.2N HCIl at 35T

Hydrolysis percentage (%)

sample
1 day 2 day 4 day 6 day 8 day 10 day 15 day 20 day

33.82+0.10°

Dongjinchal 5.95£0.05" 9.77+0.11" 28.31£0.33”31.86+0.40° b 35.06+0.17"35.77+0.03 35.67+0.03°

Sinsunchal  5.82£0.05" 9.09+0.18° 26.91+0.04°29.25£0.05°31.92+0.32°35.4940.23" 36.05+0.23 37.31+0.07°
27.6740.50°

Hangangchal 1 5.50£0.11¢ 8.84+0.35¢ . 30.12+0.72°33.66£0.67°33.98+0.68" 34.73+£1.09 36.36£0.47"
36.84+0.01°
Hwasunchal 7.62£0.16% 11.74£0.01%30.45+0.22%32.19+0.26"34.82+0.04*35.944+0.06* 35.82+0.17 b

Data represents mean=SD.
Mean values in the same column with different letters are significantly different by

Duncan’s multiple rage test at p<0.05.

Qurx o Mo A7
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Fig. 6. Degree of hydrolysis of waxy rice starches in 2.2N HCI at 35TC.
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A7l 3 Baf7]12 o]gste] Easte] 100 mesh AS A A RS3 A5 & o] &3th

@ RS49 A=

7t Aol o3k RS4¥ AgAR] Az 119 Hlo|A & HAX 50 g(AZH7]|+)}
F 50 mLS 1:1 (w/v)e H&2 ¥ NaS045.00 g, 10%, starch basis, A&7
stirring 3} 4] 7“47}3}01 AR TS S7HA717] fE 50T Eell A 1241 ofd
AlZ o o] Aol 7 SAYEFS AR 7o ®E 10% H7bste] AojE o 7R
FhA ol STMP(5994 g, A7) STPP0.006 g, A7) E 99:19] v &2 F 6 g
7bekdth o] &l 1.0 N NaOHE 9 225 mLE #7FsbdA] wkgdeo] pHE pH 115%
L= 45C«] FZo A 3AZF Fot stirringd A 7l A WESS AJA T} WEgo] E
M HCl &5 AH&3ste] pH 7002 T3t/ § A wkgo] HA &2 7twdg
a-&
k=4

D

d

offft »x 2 rH M
:irloﬁHHN'—‘%L

S AA7] HAdtel SRTFE AAE7IE o838+ (5000 rpm, 10 min) 4¥ o]%
dzoA Az AxE A s BH71E ol&ste] 43 % 100 mesh AE

AlA AREsESA T

AgdiE qFFe F Holdf g SAHAYH(AOAC, 20000 o]&3sto] FA4sth. A=
1.0 g9 AZ°] pH 6.0 <lAdE=894 50 mLE 600 mLe H]7 o] Y i heat stable a
—amylase 0.1 mLE #7FsF & vlaugul(® 7 x 50 mm)E °]-&3] 100C
71 1000 mLe] H]FAe] ¥ 2087 A wHkAlZ] 8ol
0.275 N NaOH 11 mLE Y3 pH 75+02% 2+t pHE =4
£33+ protease(Cat No. P-3910, Sigma) 0.1 mLE 2L 60C¢ &
B 35 & WREAIH T WA A S oA ARolA WAZ 0325 N HCI 11 mL
E H7Iste] pHE 407462 Aot pHE =43 & Ao amyloglucosidase(Cat No.
A-9913, Sigma) 0.1 mLE %°] 60Ce &&FxA 100 rpm & 351 §HgA Zth vh&
T golo] 80% e TR HEE 2802 mLe 95% ol eES H7lsto] AbLo A 14
TR o] % 0.7 g9 acid washed celiteE % 1L 105°¢] dry ovenoll A 3AIZF Ax & &
e =7t E ol &3ato] 7St stdth fral =7k el Aol A ”47”\] Z1 Bl Ao
MNE A7) AL 78%, 95% ol & ofMlES o] &ste] HA W
oA A AT gk el E7FHE 105T 9] dry ovenoll A AxA[Z1
7ty el FAIE 45t o Ao FALe] AE ot AR TS AAS
Ae o3 2o
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> H1 o oo ot r:‘~
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@ AFAEY EZ2¥TH A

RS39} RS4 A aAdio] &A% 58-S Medcalfet Gilesel #(1965)] alix =43
th 50 mLe] ¥ Hde] AF A5 05 g TFF 20 mLS 93 A2oA 1AIZE &<
l % A4 E2] 7] (Hanil Science Industrial Co., Supra 22K, Seoul, Korea)Z 8,000 rpm

?J_' o
oA 308 Bk AR FEANS AAGT FAH FAS FPste] 4 Azste] F

() 23
@ RS3¢ RS49 & AZAE &%

Ao A=), FARAE)E of&ste] RS3& A=xsS Wl AdANAM 237 o
oAt &= T AJHE IS Table 73 23Utk RS39 49 ZSggolA 1.09%, =3
AL A 253%, Az A 048%= ARl T AN 7HE =4 YEW T ©]E RS3
A 100 g 7o 2 89S Wl &2 100%C]l AR RS $HeFo] 2% AF= v 5E4&
Bolw AAEe A7|7F 7] Wil FR8&o® AR ode AR AlRdn

Table 7. Resistant starch contents of RS3

Total resistant
starch contents

(%)
Maize starch-RS3 1.09+0.13°
Hopyeong-RS3 2.53+0.22°
Shinseonchal-RS3 0.48+0.07¢

Data represents mean=SD
a¢ Means in the same column with different letters are significantly different value

(p<0.05) by Duncan’s multiple range test

Ao WAR, P AR AW, FA, BB olgete] AwAF AP RUE A
2% AT Table 87 2ty ZS45ARA 5987% 2 AFAR FEol A% A U
Elytal, 8 AEE 39.03%%E =2 IS B HAA RS o] 83 RS4+= 2.92-5.19% A
R JYHoR e AYALS BY
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Table 8. Resistant starch contents of RS4

Total resistant starch
contents (%)

Maize starch-RS4 59.87+9.08*
Wheat starch-RS4 39.03+2.75°
Shinseonchal-RS4 2.9240.64°

Donginchal-RS4 5.19+0.26°

Hangangchal-RS4 3.85+0.84°

Data represents mean+SD

¢ Means in the same column with different letters are significantly different value
(p<0.05) by Duncan’s multiple range test

@ RS3¢ RS49 EZ®5H

RS39} RS4¢] E43%59S 543 A3+ Table 99 109 YERHRITE RS3+= AiES &9
A= 24AA A A7 AolEs WHEete] T3 B kb S A dAdd =3
opdm ol &3] AFA o] Ar|ER FAARES ofdmARloR o] A o] w37}t
oA = e] RS39 AT Fgo] vbS Zow AL hFEo] s3tE FHE B

7] W] BE 4
Fol wepAE @
2ol o A Uehs

=4
AX = BAFEHES 365.76-427.24%F YERRATE FHe] FH
A

B ol 839e W BG5S AN B

o2
for
o,
o
o\
o
r
%
)

Table 9. Water binding capacity of autoclaved resistant starch3 (RS3) prepared from

waxy maize and nonwaxy rice starches

Water binding
capacity (%)
Maize starch-RS3 365.76+31.38
Hopyeong-RS3 427.24+4.41°
Data represents mean=SD

¢ Means in the same column with different letters are significantly different value
(p<0.05) by Duncan’s multiple range test

fl

RS49] &322 Table 109 29kaL, Alxg Azl webr {423 zolE& UeEhgl
o #ZEae Ao ® Axd RS4olA 4% 59 9219%= 7H ok, xR Az
g RS4IM 191.77% %2 71 =2 =24 ¢eHs BIAth
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Table 10. Water binding capacity of resistant starch 4 (RS4)

Water binding
capacity (%)

Maize starch-RS4 92.19+14.54°

Wheat starch-RS4 148.9949.17°
Sinseonchal-RS4 175.26£6.79®
Donginchal-RS4 191.77+8.59°

Hangangchal-RS4 169.36+13.07%

Data represents mean=SD
¢ Means in the same column with different letters are significantly different value

(p<0.05) by Duncan’s multiple range test
(4) 2 7t A8y &4

hH As 2 %y

O B ARy &

Al e A & st &7 (Kim & 2013)= st t). Zol &l A
5715 AAG Aol 0.2 % NaOH €948 4 ? IAIZE FAAAFA L o] & = A (Daesung
Artron Co., 3t} =4 Seoul, Korea)oll ¥o] mFa3dk 3 100 mesh, 270 mesh A& Ad = =
ARG, E3A7 dgde AAE e 7] (Hanil Science Industrial Co., Supra 22K,Seoul,
Korea)E ©]&3}4] 3,000 rpm(1,630xg)ollAl 10% 3+ AAlFelste] AL waElal 0.2%

NaOH &5 o] rb&Este]l Aojfidet. ol% Hd=2 1 N HCl &4 AH&3te] pH 7.0
o2 F3AIA 5000 rpm(2,730xg)ol A 101"55 T AAEY e o5 AAGY] fal F

>

137

hr]
= W
il
N
Flo %

o

T2 33 wkRsto] Ao Fnh £E7h gad AR ALAxVE o] &dte] TR

U% Az AL B4715 o] &dte] 43 F 100 mesh AE FHAIA ARE o] &35

.

@ A& 4 M2

Ao A vhedals AdE A2 1 g(AF7IE)el 22 N HCL 10 mL& ¥ § 3

5C9 geFz7A 100 rpmo& wykst 1, 3, 5, 7, 10, 15, 199 7+ w-gA At ¥-&

Az ZbpEEel=E 1 N NaOHE o]&3fe] pHE 72 Sts § AAZ7E o83k 8,000

rpmoll A 163 b A 2e] ARlo, R4S ol8she] 23] whEste] Aojuigitt. A Ee]

T A2 100 mL MlAESAAE o] 8ste] gttt e AELUA ] A2
T+ FAE Axtskdc
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A ZhEEafel oot AE T GEFs ol &ste] Ao A Tt Es SAsAT. T
FFe SAWH-L Dubois (1956)4 HE-FdHel o8] SAHA A& &4 1 mLE
Al e @il 5% phenol €< 1 mL¥ gk &4k 5 mLS Z38HA RESAIA voltexE ©] &
sto] & &gk § Ao A 20 I EAAATE BAAIZ] NS 490 nmoll A FEEE =

° = o

Astglen, Fig. 8% £ FEJAUE ol &dte] F
Robin 5(1974)°] el whe} of 7}
3 WEg® AdsArh

‘10

) 23

o

Bl

A

© AR A 5

wo] 2t 7hEa &S Table. 11 % Fig. 8% o] Yepigleh. o] 4F 7hiel= 1
°‘x}0ﬂ~ 19.94%, 393telli= 4590%, 5AFFell= 59.62%, T elE 67.11%, 10¥ 2ol
78.05% %2 UElon, 79AAAE F24% #aE wHoltr} o|FRE Hrl gwteld B
=AS A T 5 9}93&} dutd oz Aol A ZbeEEds 7 AR JAgEra Bay
TR EE 1949, AAHE o e dojus 2uAR
d¥ =8 (Kim 5 2013)
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Fig. 8. Degree of hydrolysis of Sinseonchal waxy rice
starches in 2.2N, 1IN HCI at 35T
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Table. 11. The hydrolysis percentage and residue weight

of Sinseonchal waxy rice starches in 2.2 N HCI at 35T for

10 days
Hydrolysi
Days yaroysis Residue weight (g)
percentage (%)

1 19.94%£1.49 0.83%+0.03

3 45.90£2.29 0.56%+0.04

5 59.62+2.47 0.40%£0.02

7 67.11£2.12 0.32+0.01

10 78.05x2.70 0.29+0.01
@ ARG A AR &=

AlZbe] e AE9] 7RSS (X)S log 100/(100-X) gto= ¥AeH A3+ Fig. 99 &

e, A5Hon Frhahe e dedon 798 JHow s ta Wzt Aoy
AL sola 4= It} o] Robin (1974)¢] ATZA oA 22 N HCIS o] &3te] Az 3
ARl A 7RSS log 100/(100-X) a#to =z %78k AdfoA 748 7|Hdo=w 3
QM) ZAFA T ZI} e Asst SARE At

(B) JAFA 2ol JAA7| AAE Ze T8 AFHEANT
h As 2 BH
@ A 7t dES o83 RS4 A=

ofdzH R o ¥ o] x= ZA7F A3E blocklet7b o]
A olFolA] 7] Wil AF bRl E ShA S 7] blocklet® 3 E o] 200 nm ©]
ste] P& AdsA BUTHKim 2013). AF Zheas AES o] 83 RS49] AW
Mun SH & Shin MS(2006)2] WS W34 1%6}01213% Fig. 109} #Zvh. WA A=
= 100g AAZ AE 22 N HCI 120mlS #7Fst & 35T 2] water batholl 4 120 rpm S &
RSl WES AT o] & NS ES AR YIS 0] 03}01 8,000 rpmell A 15+ I+ YAE
gl Stk GAEY 3 HwkSEo AHF 7]+ 10% Sodium SulfateE H7F3F & A7)
11.98%¢] Sodium trimetaphosphate®} 0.02%2] Sodium tripolyphosphateE % 7}38te] 490+
ATt °]% 1 N NaOHE ©]&3}e pHE 115% ‘%L—Zr?iﬂr o]%& WHSES 45T ¢ water bath
ol A 3AI7HE ]t WES-AI 7] W%} Joh WS w2l F 1 N HCIE o]43te] pHE 7.02%
&%fﬁ 8,000 rpmell A 154 1+ AL SRHTE 33 whEste] HoFAnt IAAdE
> FANAXIE o] &3t ZﬂJ_/\]f’] 270 mesh A& FHAIA AEE o] &35t aL, LA

Y
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= o 5ujo] FHF, 80% olEreS 77t Hrtsle] BEAAIZ ¥ 2&9 A )7]E o
200 W, 40 kHz 7oA 158 3+ = o
mesh A& SHAA AZZ o] &3t

@ X4 Jd=

XA 3 AEE o] &3 FAe 3D 1EIT XA 3EEX7](3D High Resolution X-Ray
Diffractometer, EMPYREAN, PANalytical Co., Netherlands)E& A}-&3Fo] A&, AH7F4=E3)
A, A7t dids o83 RS4 A8 AAIEHN 248 =g SAGAT 7171202
target, Cu-Ka: filter, Ni, voltage, 40 kV: current, 30 mA=Z 3|47} %=(20)=40-5°7}#] 3]
Al A A

o

@ A|AFALL ZF7] o o EFHEA

ANgeol 944 E5EA-L AA FAF E#ZF71(DSC-Q1000, Universal V.3.6C TA Instruments,
Olivia Gibson, UK)E °]&3ty FAsAt 2% BEAL Indiums °]&3t3aL, AlE 3.0
mgol TF5 6.0 mgE 713 WG o] overnight AlA A|BE o] &3ttt 719 ex W
= 307130C, 7IE9& =+ 10C/mine 2 439t thermogram o 2% S 37| A== (T0),
339 A 5(Tp), 2T E5(Te), 2L (AH)E F3HAth

Al
]

4c+

@ FAAAETF S ol &7 2hHE RS49 FH) #F

AbF bl AdES o] &%k RS49 FHl= FAAAA R 7Y (Scanning Electron Microscope,
SEM, JEOL, JSM-7500F, Tokyo, Japan)< ©o]-&3fo] #&3stoltt stuboll o5 Ho|ZE &
g Zola A AIRE A B3, HAE A A olF HolZ 9o okt 7)o =
Maos Taste] AxAS ZHA 3 F T’\Vdﬂ An| 4 & o] &3t 7HE At 15 kV,
Phototimes 85 sec®] Z 7oAl 500, 20008 2] wj& = TA&AT)

® A TSRS AEES o]83lo AE I RS4 HUF 899 o #F

] vialel A5 50mgy THTE H7Eeke] 1%(w/v), 05%(w/v) +&AS Axs &
e L) "“’\h} 21 AxE %}6}3’11‘/} 2] vial> 7hd2H(Kento, Canon, Tokyo, Japan)
S IAAZ F 20 cm AFolA ZFAg = 4FAH 5EAS vl
® AF 7R ARG o83 AZE 3 RS4 H7F =8I FIRE FAL

2] vialdl A& 50mg¥ FHFE F7Este] 1%(w/v), 05%(w/v) FE&AS A 23 F
.]

cuvette] & 3 600 nmol A FHEE =A 9}
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Hydrolyzed 100 g of Sinseonchal starch with 150 mL of
2.2 N HCI at 35C, 120 rpm for 7 days

l

Centrifuged at 8,000 rpm, 15 min

l

Addition of sodium sulfate
(based on dry weight 10%)

l

Mixed with
Sodium trimetaphosphate (STMP, 11.98%),
+ Sodium tripolyphosphate (STPP, 0.02%)

!
Adjusted pH for 11.5 with 1IN NaOH |
3
Stirred at 45C water bath for 3h |
!
Adjusted for pH 7.0 with 1 N HCI
!

Centrifuged at 8,000 rpm, 15 min
Washed with distilled water 3 times.

! l !

Sediment Sediment
was diffused was  diffused
with distilled with EtOH, Sediment was
w ater, sonicated freeze-dried at -8
sonicated with with 15 min 0T
15 min (200 (200 W, 40
W, 40 kHz) kHz)

Fig. 10. Flow diagram for preparing Cross-linked Resistant
Starch using Acid Hydrolyzed Waxy Rice Starch
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() 23

D XA 3

qx

Diffraction angle(20)

Fig. 11. X-ray diffractograms of cross-linked starch using
acid hydrolyzed starch

SD: Cross-linked starch using acid hydrolysis and
sonicated with distilled water

SE : Cross-linked starch wusing acid hydrolysis and
sonicated with EtOH

FD: Cross-linked starch using acid Thydrolysis and
freeze—dried at -80 C

Al gl ARG o] 83 RS4 AE9 XA 3| HEE Fig. 119 AANQT. dubdor F7
Aol A AR A4 20004 15, 17, 18, 23°0 4 73k 932 Yelln] Agdoew B F
gt XAE o] &3te] SHGYH AEE S8 A% 34 FHS BF AFOE YERY A
A zbel7h gllov, 318 AEoA tha zpol7t YElv= AS A 4 T A%
A e ME] A5 15, 17, 18, 23"011*1 S|A7 =7 & AEe vlE) oA As g9
T oARen, 10° F2 y=a B 25° §2o] yAak oE AE vlE ofaxl s g9
T oA} EG 20°0]F ] HAoME ATt o AS FAT F A=, olF FE
TANZS MET] A AR UFe A B ' Aoz A7EATH
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@ ARFALFI A JF AHEA

Table. 12 Thermal properties of cross-linked starch using acid hydrolysis starch

Sample To (C) Tp (TC) Tec (TC) AT (Tc-To) AH (J/g)
103.33£0.16
SD 59.84+0.07¢ 76.68+£0.03 . 43.49£0.23% 3.42+0.142
SE 60.76£1.08% 75.44+1.77 98.79+£2.39" 38.04+1.31° 3.07+0.00°
FD 57.724+0.14° 74.28+0.08 90.74£0.21¢ 33.02£0.07¢ 2.34£0.00¢

Data represents mean+SD
¢ Means in the same column with different letters are significantly different value
(p<0.05) by Duncan’s multiple range test
SD: Cross-linked starch using acid hydrolysis and sonicated with distilled water
SE : Cross-linked starch using acid hydrolysis and sonicated with EtOH
FD: Cross-linked starch using acid hydrolysis and freeze-dried at - 80 C

A zpFARE 7 Ol o7 A5 Table. 1290 A 8T 2o F31olA AlZ 1t

Frol gk zol7b ek, IR EE 29 A AZedA B =4 dEsi e
sAAEAYR HEANAM P YA vEhsH. 23 a2 #Fold Aelr) gilen,
23t TEAZEAME SHTE ol&ste e AR ¥ MY = ey 4=
S AEAA TP 9 et 282 W E vEhdls AT# e 23dEYE Y=
AHZE 25 S5 ol&ste] 2a3xdd 45olA =7 desked, 755 ol&3]
2y AYshe 4% sAART AEd vads o Il BE Aol Zad Jow
A=A ol & Fal el wel o] Wy el v ®sE dojd Aow Az
At

Q@ FAAAEU S ol &7 2FxF RS49 FH) #F

Fig. 12. Scanning electron microphotographs of cross-linked starch using
acid hydrolyzed starch at x 500, x 3,000
SD: Cross-linked starch using acid hydrolysis and sonicated with distilled water
SE : Cross-linked starch using acid hydrolysis and sonicated with EtOH
FD: Cross-linked starch using acid hydrolysis and freeze—-dried at -80 C

FAAAAU L o 8% WA RS4e) FUE Fig. 1390 ANtk SDS SEe] 45
@S FY 2R Esh dehgon], e avle] danths 2 YA dieg 445

1=}

A& A F Atk FDO] A9 SD9F SEe Hlud w wWp #dd =27]e] izt
& AR, Fiet ARE mRR7EA 2 SDef SER G vl A gt sfal
3L )

Q) ,
AAREES wol A FHAT S Atk
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AR AEE olgste] Az @ RSA W7 FEe o w3
Ueiglth 19 ARe A7k S8l 05% A

3, me YRR e AL FAF 5
A

(6) LotA2 X FF S o|&3 RS39 Az

b A=z 2 TH

B

@ RS39] A=

Aol melulsh Ajaobu] A 9z AW s AR Helste] ARZ o] g3}
%tk RS3¢] AIZE Mun & Shin(2006)9] WHS Waste] o gatelrh. eld AR 2&
119 MR WEge dol e e FEAoE i FxeA 53E A F 1210
A 147 autoclave® ol g3te] Ftdsigith. 1d EaE WEe Aedd A8 F 4T
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A 1687 BER] w3hA7)E B L 33) MRS whEel AR
AR F RA71E o8] F2she] 100 mesh AE FAAA A 3

=
ket
o
(e}

ol
32
T

@ RS39 22%%4 34

A3 o ¥ Medcalf F&} Giles KA W (1965)° olalA S48ttt 50 meo] HAE

G
gyt A AR 05 g S7FT 20 mE Wi Ao 1A &b unt

d

¥ sk & A7
(Hanil Science Industrial Co., Supra 22K, Seoul, Korea)® 8000 rpmeoll A 30% FoF HAIH
gste] AedE AASIL JHdE FAE FA4st AS A=Y FHHE ol &8t AL

shech

AR gaFe F Ho)dF g SAHUWH(AOAC, 200008 o83t ZAHS AL A H
1.0 g9 Alg°] pH 609 AdAdE=89 50 mLE 600 mLe H]7o] il heat stable a
—amylase 0.1 mLE 7}t & vl gul(® 7x50 mm)E ©]&3 100T 9 #F+ Zo] ¥l
1000 mLe] ¥ A Wi 203 WHEAIH T WREAIZ] N8 Ao A WAzl & 0275 N
NaOH 11 mLE %il pH 7.5:02% S5t pHE 243 §Ho ArtdFTE&Ael St
protease(Cat No. P-3910, Sigma) 0.1 mLE Y3 60TC9 &2 FZFol4 100 rpmo 2 35
St AT WHEAIZL A oAl oAl WZbAZl - 0325 N HCI 11 mLE 7}t
3ol pHE 4.07462. %2 ZA3IAT pHE 43 &9 amyloglucosidase(Cat No. A-9913,
Sigma) 0.1 mLE %o 60C2 &4ZFdA 100 rpme. & 3587F WkS-AlZ T ¥Hg & &9
o] 80% ol&e FTE7F HEE 2802 mL 95% oleeS Hrlsto]l oM 1A Tk
o] % 0.7 g9 acid washed celiteE ¥ 105°9] dry ovenol A 3A17F AZx ¥ I3 8=
7P E ol &8t ol Atk el Zrhdel Aol WAAIZ v Ao Sl & o
A7) 2 T8%, 95% ol gt} ofAES o] &ete] H[A UFE Ao U =
Atk od7d FE=7lUE 1056T Y dry ovenolld AZAIZ] 3 o] Eo] Qi

AE A A3 1Y FAY A5 st AFHE TS Al
I 2

1=

oSL r m1

3w
£
e

oo 4

g
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Narrabeen, Australia)E ©]-&3Fe] AACC WH(2000) 0.2 =439t RVAS 4Fus &7
of AR 3 g(FudF 12% 7I5)% /T 2omE 9o EAAA A 0}9?\"/} 0"1&7H& 5
0C, 1747%7+e 9BTE A5, 477283+ HBTE F4], 727117+ 50C7HA W7
1171327 50T = FAetHA A=E FA4sAt ol=28H stk 3aAt Jad%

O

(P), YZH=(T)¢} Breakdown H%(P-T), Total setback H%=(F-T)E AAtsle] vl usl
=3

() 23
@© RS39 22%5Y A

Table. 14. Water binding capacity of rice

starch and retrograded rice resistant starches

Sample Water binding capacity(%)
GNS 202.44%£5.16°
SGNS 194.16£1.36°
GRS 440.13+1.93°
SGRS 578.27+£5.66%

Data represents mean+SD
a¢ Means in the same column with different letters
are significantly different value (p<0.05) by
Duncan’s multiple range test
GNS: Goamy, SGNS: Saegoamy,

GRS: Goamy retrograded rice resistant starch

SGRS | Saegoamy retrograded rice resistatnt starch

RS3¢] BT Ans Table 149] AANFAG. 24T 528 Aol o]ga A
F9) AN 7HF A dehgon], sohul s Aaote] AR F3 43 A vhebea
AE Z RAT Aol 9otk AuAoR wi AGARY A BATSY FhHE A
ox RuHEH, ol ¥ Aol AW Aver ANtk QAo wd AR
o A% 2AFEe] FHE Ao nuHded, ol B AFA QAT Ars A
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Table. 15. Total resistant starch contents of

resistant starch type 3 and type 4

Total resistant

Sample starch contents(%)
AS 0.18+0.09¢
SD 3.02£0.81°¢
SE 2.34+0.25°
D 2.53+0.14°
GRS 5.36+0.49"
SGRS 6.85+0.86"

Data represents mean=SD
ad Means in the same column with different letters
are significantly different value (p<0.05) by

Duncan’s multiple range test

RS3 3 RS4 AZ9 AFAE g Table. 1501 Hebi Atk A3k
oM 7 =A vEhskew, aoturh O geow yEhwth Ak e A
A gFol yeheked, ol FA4E ol dyEo 24 % %j—fol Hob A3
Bl Row AAHd. RS49 49 Ay wE Ao
, 715 Aol Hasile W v ARAE YErRAT o
717F 22 RS47F wEld w8 §

3}

\=]
i u
1=
LN

JELL

CRERE ol M = 2 B o R s

RS9 AFAE §2L 9
WS o gkt o] AW Hojetn AZ¥ el
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QXA IJd=

o 5 10 15 20 25 30 35 40 45
Diffraction angle(28)

Fig. 14. X-ray diffractograms of rice starch and retrograded
rice resistant starches
A Goamy, B: Saegoamy, C: Goamy retrograded rice resistant

starch, D: Saegoamy retrograded rice resistatnt starch

K

aopHl 2 e FF AAE P o]E o433 RS39 XA FHEE Fig. 14.9 veR
ofm| &} A aroln] AR 20004 15, 17, 18, 23°0A 73 v AE YJERY A?Sg
A5 R =3 AgARe] 49 17, 20, 23°0A A3 vaE JEldE A
T AATH o]= Mun & Shin(2006)°] A4 7oA RS39] 49~ 17, 20, 23°00|4] =
Ehdl A3 22 Ao 20004 vEhveE 93 53k 13 UERE Ve
A2t = T

o
O

A
ﬂ%—i
3o

-

-

aE

W=

of

Liamloj_
-%Lm‘;"

K

@ AEHE A7 T 23 54 A
1

AEHAE SA7I o7t 33 54 54 A¥= table 169 29kt RS39] 4% 23t 5
dol SAE A ot datacll AAISHA kvt aLopw|el Ajaropn] HiEe]l TEk Al 2=

>

87.90, 81.24= Z}7} YE}WLaL, dlofwn

_

o A peak, trough, final viscosity’7} =5 %A el

Table 16. Pasting characteristics of rice flours using by Rapid Visco—Analyzer

Initial . .
) Viscosity(RVU)
pasting

temperatur .

P ) Peak Trough Final Breakdown Setback
e(C)

Goamy 87.90+0.14 164.04£2.06 131.25%£5.30 275.50£10.72 32.79+3.24 6.40%0.09
Saegoamy 81.24+0.62 150.21+£2.42 115.08+0.35 232.83£6.13 35.13+2.06 6.10£0.05
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(7) F&He £2o] 7k5d RS Az R A3} A2d &
h Ag 2 B

O & E4te] 7Hs 3 RS49] A=

&gl FAtel 7hHe gk RS49] xﬂiﬂgmg Ut 2o WA A" 71 100g Ak
o N HCI 120ml& # 7}t 3 35C<2] water batholA 120 rpm& & WY HE-g-A]
At olF WEES AT IE O] sle] 8,000 rpmoll Al 1548 7+ YA E2 3 EP AA
L=l HES-Eo =& 7]+ 10% Sodium SulfateE #H7Fet &, 1A =7]5 11.98%9 Sodium
trimetaphosphate®} 0.02%¢] Sodium tripolyphosphateE #7}&te] 4 o]Fdct. o] 1 N
NaOHE o] &3lo] pHE 115= 5’%—7,“2113} o] Hr3ES 45T 2] water batholl A4 3A]7F&s<t
A7 wRkelglh 9he-& whRl & 1 N HCIE ol §3te] pHE 7022 &S 8,000
rpmel A 1548 7F AT SRTE 33 wHEste] Ao FAth A4l mpA e T
ol HAEA F& FAAS R FEg ) -80Te aH5YFiE o]&ste] F5YEE Al
2715 o]l &8ty THAFS F 270 mesh AE THAIA Al

< oF 5ul Y FH, 80% ol g
kHz z7oA 62 %t
270 mesh Xﬂe EHAIA A EE o] &3AT

2= r—“
mN
)

© RS3 2 RS4E A71d 899 gjanz

FEA G AR S0mg¥d SFTE H7tst 1%(w/v) FE&AS Axg & AdHs
lackS ©o]&3to] AAHAA F& A9 éﬂ’élﬂ]r 51 AxE B A g #e v
(Kento, Canon, Tokyo, Japan)S 1A AZ] % 20 cm AgolA #Fgd T 934 EAL

RS e

@ RS3 2 RS4E H7Me F899 ERx 24}

19, 390 W2 J)he Fa g meedth REd S8 cuvettd] §¥ES wola
2 S0 2ml Astel B F, 600 nmol A FAHEES ZA s

- 199 -




() 23

O XA IJHd=
A,
Jf ,w/ﬁ\l\ f \\
f \WI /
\ \ !||| / \
'\ { WA
u; k"/ " \I'\),. J | fh\:'\\
| 1\ I
‘{'!‘ '\“.V,‘ |‘I \ \\ il‘f H \\\\ \«w\\« .- m..ww‘w_\
/| H| |L “"—‘\\ nrf / \ b \w""“w\""'s
] I \J \l =l \\ N e T AS
s /—‘/\ / \F\J‘IJ \\ \\ . W\“W-‘\
et NP N > sD
fi SRS ’ A caake
//‘/\w/ e SE
e
FD
0 5 10 15 20 25 30 35 40 45
Diffraction angle(28)
Fig. 15.

X-ray diffractograms of cross-linked starch using acid
hydrolyzed starch

AS : Acid hydrolyzed starch
SD: Cross-linked starch using acid hydrolysis
and sonicated with distilled water
SE : Cross-linked starch using acid hydrolysis
and sonicated with EtOH
FD: Cross-linked starch using acid hydrolysis
and freeze-dried at -80 T

ARl AR W Sgalo] EAAIZI R 494 XA 3d=

+ Fig. 159 Yot 2E
o] 20014 15, 17, 18, 23°°1 4 Z & =25 el AY

= A
o2 el Ak e A8 3 RS4

o BAgPAE 2 Aolsk Yok, 10° 1A W2 o} i FAAE FFS
Bela, BANET AF A 1NN Wt fAAE FFe welFAL =¥ 29
S ALF AE] A9 200004 27} ha AL A wao) BAAE ¢ e
Aol ot AFE UHUY. =@ 300 olFe wAe] AelE FAAZ F AT
o A% AP @ ARl v NAFEst i A AL FAG + Qe o F
sS4 RS4 A @ ABAA AAGAE v W} ved A2 FAF £ Ak
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3 Day
86.83+0.05¢
83.60+0.00¢
98.14+0.04"
99.03£0.03*
34.16%£0.96°
26.06+0.01"
15.70£0.018

1 Day
94.76+0.11¢
94.8240.01¢
96.3240.05
95.14+0.17"
29.9240.06
22.9840.01¢
10.54+0.01'

3 hr
95.65+0.07"
96.65+0.20°
46.48+0.01¢
47.40£0.08¢
29.33+0.01°
21.80+0.02f
6.89+0.002
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1 hr
95.49+0.13%
95.51+£0.13%
3.6240.02°
31.74+0.01°
28.19£0.01°¢
24.40+0.05¢
4.32+0.01°¢

O hr
28.5444.31°
22.88+1.63"
0.22£0.00°
1.9140.08%
6.75+0.24°
3.2040.08%

e

5.56+0.05%

Sample
GRS
SRS
SNS
SAS

SD
SE
FD

Table. 17. Transmittance of suspension with 1% concentration of various resistant

starch

a2 Means in the same column with different letters are significantly different value

(p<0.05) by Duncan’s multiple range test

Data represents mean+SD



GRS: Goamy retrograded rice resistant starch

SRS: Saegoamy retrograded rice resistant starch

SNS: Shinseonchal native starch

SAS: Shinseonchal acid hydrolyzed starch

SD: Cross-linked starch using acid hydrolzed and sonicated with distilled water

SE: Cross-linked starch using acid hydrolysis and sonicated with EtOH

FD: Cross-linked starch using acid hydrolysis and freeze—dried at - 80C
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o A7 ASEEE AR AT R 72 B B

(1) 55 AASE A% olL=2X2 FFo] UE B AR SR
o]3}3t7 EA4

7hH Ax 2 39

D A=

ol JhgFo]l thE A HE
Aot 2Ql T3} aobd e el

I FENEA Hal gdykske] W F 5 (NICS, Rural Development Administration, Iksan,
Korea)oll 4] -l 3} % T}

AgE 4R

>
N
N
i

|

H

@ 2 A& &4

2 AR Sy AR skl

@ & AEY 4 A

2 AE(75 g, dry basis)2 225 mLe 22 N HCl &3 &33sle] 35C2 shaking water
bathol A4l 100 rpm &% =2 7, 10, 15493 AES 7FEsA AT 7teEeld A2 A8
2] 7](Supra 22K, Hanil Science Industrial Co., Seoul, Korea)E ©]-83}] 8000 rpmol 4] 15
B AR s, AES 1 N NaOH £9& o] &3l pH 72 T3t & S/HTE
o]-&3to] 8000 rpmoll Al 10E7F WhEste] of 2] A& AolF=An. SFTE &5t AWl
HEL FZ27%x7](11ShinBioBase, Dongducheonsi, Gyeonggi, Korea)E& ©]-&3to] AZFA|Z]
5 270 mesh Aol W& A3 A&k

A AeREee AV A FelE AEle g4Eole wz wol 1000 mLe &#Febs
S0 §eatel = P (Lee SK 5 199702 F e AU

@ dA =27 &3
A 7bEEE AEQA Z7]E Malvern Zetasizer Nano ZS(Malvern Instruments Ltd.,
Worcestershire, UK)ol| ¢]s}o] =4 & it}
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® X-ray A% FA
2b bR AR x-ray 3%+ 3D high resolution X-Ray diffractometer(Empyrean,
PANalytical Co., Almeo, Netherlands)ZS ©]-&3le] =4 %t}

®© €4 54 &4
A Tt EEE dE el d% EAS differential scanning calorimeter(DSC-Q1000, Universal

V.3.6C TA Instruments, Olivia Gibson, UK)dl ¢]&] =7 % 3t}

HE AL 39 o] wtEstY SN, S AAgS Fud ATAAE A S
o}, EAA Y= SPSS 120 (SPSS Inc., Chicago, IL, USA)E o]&3lo] Agsde
ANOVA (Analysis of variance)oll 23t #AFHEAS 2 A8} 3, Duncan’s multiple range
tests® p<0.05 FFoll A frelds HZsAh

) 23

opdm 2 fhefo] g AN H 3 Lo A UteRded & AdeHe 4% 2
= Table 153 2okvh. dabd o= A A= F WA= APH 4 A2 270 74 9]
el 7heidls FA4E 999 a7k A 8U o F o mAEA Fal 7t dojdnt
A dHA v 2 A= 24 99 oft =AY Eake A Y AEdAE A
71 Asto] 7, 103} 159 Abole] A ZhsE Astith A A2 HE ®Wol channel

+ pore”} Q1o o]Zlo] HEYA W9 hﬂumﬂ}?ﬂ AAd=o] Qo] o] & Fate] Fio
Q«l AF7F 7Fsstal, ol Faole Hie FAEYE Fdom FE S99 AR a
-1,6 A% o142 % Eafgohar ok (Shujun W 5 2007) PdZs APl o}
nl Aol Al RS 2874%0 A 3850%E ZFEEE| 7])7to] AojAFE SRS
o] FojHor Frtete AES YR T (p<0.05). Luk i EFFol TH PR b TR
3 &S 38.96749.53% A AL ?}’& %%OL §‘r’d7§8 40.24748.83% Stk L3 7|7k A b

2o g0l e Hito 7}—?%;117} Z doid s & ITh
AdtseE e 3 old=EA S szl aofn] A
AEo] 11979% = ot 2w gako] F4= %4*4 Oi }LO}E} s
%! Aol 159 Alo]d
144557304.45% = A HAEo] H|ste] FoHom Frlste AFEFS B, 9 A=
160.327337.29% 2 %ol oz Z7lste AEFS BATH(p<0.05). E3] 714
5 Astsde] A A& vlste] 250) ol A YERyTh Wk sd A
do= EZAFTH 93.01%= A HiEe Hste] HgAhsd oy, 7HgEs] 10¢, 15
133.97%¢9}F 172.38% = A el Hlste] F7keto] o2 Apol& B A H(p<0.05).
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oA AL ofE A FFEFQl dlopm i A7l E & o] 28.74% A 385% %
sl APHA Fkr] e w AZE v A A&

7§ A3, AR dAEe 29
e

Table 15. Acid hydrolysis rate and water binding capacity of acid hydrolyzed rice

starches with different amylose contents

Acid hydrolysis rate Water binding capacity
(Yo) (%)

Goami - 105.88+0.11%
7-Goami 28.74%0.36" 177.80£0.03"
10-Goami 31.74£0.14" 144.55+0.72°"
15— Goami 38.50£0.22"" 304.45+0.92%
Hopyeong - 111.30+4.70°®

7-Hopyeong 38.96+0.07** 160.32+5.91"®
10-Hopyeong 44.57+4.99* 196.23+3.63
15-Hopyeong 49.53+1.80* 337.29+26.15%
Hwaseonchal - 119.79+1.68"
7-Hwaseonchal 40.24+1.38*" 93.01£3.18
10-Hwaseonchal 42.25+0.99** 133.97£0.83"
15-Hwaseonchal 48.88+3.79*" 172.38+10.24°

Data represents mean+SD

“dyalues in the same column of different acid hydrolysis periods have statistically
different (p<0.05) by Duncan’s multiple rage test.

AValues in the same column of different rice starch varieties which was same acid
hydrolysis periods have statistically different values (p<0.05) by Duncan’s multiple rage
test.

Acid hydrolyzed for 7-15 days (7-rice starch varieties, 10-rice starch varieties, and

15-rice starch varieties).

@ & AFEH AR YA G 54

of R ko] e FFo 2 AEoR T, 10¢, 16¢ ¢ A A AR de ¥
B2 542 Fig. 189 Wetideh A & d&e] fJaks otdm2 obat #A flo] B
Uadel dHZ 56 um A= A7|AH ols AEE2 BT Aol od) 7dzt Tt H
HoAAZE wig- Aobath atopw] AE S 7ARF A HE AR A= dERE 4R mHl
ol Fola AR WS 7H M fdAEo] dEENeH Jeid 7)ol AdojdyE 2}
< A7)e] dAke] F7F SFekaL, HEe] A2 AR st & So' A% Aeld ¥
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| UE AR geld A Ad EAE @4
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Fig. 18. Scanig electron icropographs of acid holyzed rice starchagnified at
5,000 x.

Acid hydrolyzed for 7-15 days (7-rice starch varieties, 10-rice starch varieties, and
15-rice starch).
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] 1] 1o i A
o | o o ! o L
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70 o 70 ™,
~ BO — B0 — B0 = &0
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E 48 Ti2.4 rem E a0 1224 e E 40 220.2 rmy E A6
10 ‘é 0 { 0 ol
_g o] 3 5 20 E 20
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a o a o
i} 100 o1 100 R 100 0.1 100
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Fig. 19. Particle size distribution pattern of acid hydrolyzed rice starches.
Acid hydrolyzed for 7-15 days (7-rice starch varieties, 10-rice starch varieties, and

15-rice starch varieties).

ol e 2 gheko] tpE 2 HAEES A ZhREE stdle WY AR AR A7IREY W A
+ Fig. 199} 2t} atopw] A A&l 4 stuvhel 325 Yehdal Ht% 2 11064 nm
2718 vebd v, Ak vbeEReE AAS W 2142-4799 nmz 4R 2717F sk AE
gelstdar, ks Az A3 dAse] MR A4 AFEE A4S B A TR
3l 159 Atell= 50-200 nme] =71 YA oF 10% B= T4
4799 nme YA A7|E A YA M Bo] #AAEHYEY), o= o
T Axe] TteEs @ AR dAEe] AR T AHeA dxH o L}E‘rﬁr—t— dAdo= i
dEt 29 A JES Hi YA 2715 7124 nmE aLotu|e} A ARy g F o)
9 E yebwar, ke Ag sgel A 1224-220.2 nme| YA ZL71E 7R Aol Tt
B HES A G s 0 Ak AAF A AR 92 2717 14839 nm
2 Yelgon 7Ryl 2 A717F £ 1224-4587 nmel Hit AVE B
Kim HY %(2012 0] Bugk AAAY FF AFNA cluster TF¢ oldgEHEIL 77}

e gl AEEAS; 22 blockletol] ¢Jd Eo el Fx2E o]
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F31 9= blocklete] At Zh-alel ofa] ElEo] 20-500 nmo] Y= YA FE R
e gelatgnk odl Zhzbel blocklete AATEE ol Fhte AR ol Ay o
ol 2 ZhREE S AEe) e 2719 ARkE SEM el ol melxl e AR
7} XA @i zhz ap A 2xdhe seolstgrt

=y A
f .‘; "“lI o -
A | ,
"\. T :-.
___.__,ff" ‘—w-*'—'-q_____h _‘_,_..-f/-‘ b a o O PR e
i et e N
s 15-Gaaent — e — pyeeng Y i e o V5-Brmasacrchal
— — 0 - -~ o P
o, : 10 & 'u- \:\_-_,_..-._. 3 ; .,bpm i VAR : 1 Himgvaisethal
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Fig. 20. X-ray diffractograms of acid hydrolyzed rice starch.
Acid hydrolyzed for 7-15 days (7-rice starch varieties, 10-rice starch varieties, and

15-rice starch varieties)

ol Z A~ gtifo] M2 g2 FFo A ARS 7Y, 10d, 159 Bt A s EE AHged A
o] X-d 3dE AH= Fig. 200 et X-4A 3lde= A 244 725 g3}
=H AMEEE HO R, quomhjr 39 §1A e wel A AEbY], BEFY, CEFY, VE}
doz FHEstT Ath(Buleon A 5 1998). & AEL oz~ gk A §lo] IE4=
(20) = 15, 17, 18, 23°°| A -‘43’-% el = AEFY 248 S By, dutdgoz 37 HdE
& AEY AR Yo R ofFojA o b shgiEfel o] AA T xrF WstEA ki 1
2 Uetyth A JhedE die] 248 dYHS AY Aol SeEFdEy 22 BY 44
Hﬂoﬂoﬂ Hlsto] Aboll o] gk 7h=isfjo] Addo] 7 & HiEe A%+ 2 x5 FASH

= H37F v (Park YK & 1991, Kim HY & 2012). o]=2 <l3&] 4F 7F&8le A= A

L

2ol opuzage] AT fAG AYTEE HIS ¢ 5 A

A AR b e i 94 5EAS dolrRy] 98 AR %(To), a3y A%
(Tp),23FT 5= (To)EsdgI(AHE S4sI9 L 1 A3 Table 184 A|AsATE 1L
ofulo] A A&} A spgEEE AR TIIPAREE 59.80764.84Col A LEREow gl
€ 59.9276355C & e £ 8 58.09763.95C & 159 Fot AF 7R dEoA &
sPIA =7 A YERY e A o] AATH(p<0.05). &3t3] A %Et Ab ZheE] Aeg 713r
o] AolAFE ol AFS Ho] ofdz A Frekyl #AGle] 15U RS Aol A
M =S S B, sslgEerE A YEuE 43S BAT(p<0.05). ofEz s g
ZFol| webA = Tk z =

A s

i & bS]
AH(p<0.05). A Aol Hgte] A 7hEa] 71gto]l 159U7HA] Ao d 45 3% |2
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alo}n|

Lol A]
63.957103.63C, 3}z

60.41772.83°C ol A]

64.847103.38C,
59.92775.68Cll 4 63.55797.56C

Atk ol= A kRS A dEAAe] 94 54 4

eRE

2
o3 53}

Bavhe d7otE dAshe due, 4 sheee Aed dre) g

g Eo] 3t x¢ 3 2% WeTE FUkske

2001, Wang S<} Copeland L 2015).

Table 18. Thermal properties of acid hydrolyzed

contents

60.39774.30°C ol A]

Wl Age 1
% Wzt Fus
Al g4 F27b

EAS B (Wang L9 Wang Y]

rice starches with different amylose

T, (T)

T, (T)

T. (C)

AT
(TC_TO)(OC)

AH (J/g)

a-d

Val

Goami
7-Goami
10-Goami
15- Goami

60.41£0.13**
59.80£0.04**
61.69+3.80%*
64.84+0.25

65.99+0.35"
73.67+0.95"
81.42+2.24%48
80.33+0.94*"

72.8340.22%
86.52+0.56"
100.96+0.66"*
103.38+0.78*

12.4240.08°¢
26.72+0.52%
39.27+3.14*
38.54+0.54*

8.79+0.13*
2.09+0.11"
2.554+0.59°"
5.45+0.02"

ues
1 n
the

S a

Hopyeong
7-Hopyeong
10-Hopyeong

15-Hopyeong

60.39+0.62""
58.09+1.24b*
60.03+0.86""
63.95+1.39%"

67.59+0.39°"
73.84+0.00°"
75.24+1.29"8
84.67+1.41*

74.3010.87%F
97.00+0.83"*
81.34%3.66F
103.63+0.21%

13.9140.258
38.92+2.07%
21.31£2.80""
39.69+1.18*

9.87+0.68
6.33+£0.93%
7.4740.00°A
9.12+0.30°*

me
col

um

Hwaseonchal

7-Hwaseoncha

1
10-Hwaseonc
hal
15-Hwaseonc
hal

59.9240.13*
61.35+2.24%*

63.10£0.02%4

63.55+0.84*

66.50£0.01"
81.09+0.36"*

85.93+2.45%

83.52+0.734

75.68+0.13"
98.46+0.57**

100.13+0.50**

97.56+4.84*

15.77+0.01"
37.11+1.67*

37.03+0.52%4

34.01+5.69%

9.26+0.11*
5.10+0.08*

7.55£0.87%

8.70£3.35*

o f
diff
ere
nt

aci

hydrolysis periods have statistically different values (p<0.05) by Duncan’s multiple

test.

AC Values in the same column of different rice starch varieties which was same

hydrolysis periods have statistically different (p<0.05) by Duncan’s multiple rage test.

Acid hydrolyzed for 7-15 days (7-rice starch varieties, 10-rice starch varieties,

15-rice starch varieties)

rage

acid

and
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(2) =g AFAEY Az 2 2 ¢33 g
h As R BH

FAAES S g7y AAYoR B3 & FeE A3 A2 FHste] &4
% 100 mesh A S EFJAA A 82 ALY

@ BHEY AAFY

B AR (75 g, dry basis)S 22 N HCl &994(225 mL)¥ 4o 35C 3-23(shaking
water bath)ol 4] 100 rpm®] &= 7- 1097 7F=#38ls . 8000 rpmell A]
welstol Telld dE AMES mdt A Hol SRR AEste] ArteEeE
Ao A, Fd=S 1N 1 g 5
FE ol8stel 8000 rpmo.Z wWHEste] Mgtk Aofl dEE HA%7](IIShinBioBase,
Dongducheonsi, Gyeonggi, Korea)& ©]-&3lo] 2AZ1 5 270 nm Ao W] Al ARE

O}M
@ BAES o] &3 7tuddd AFAEY A=

FAAARES o] & twAd AT AL Mun & Shin (2006)2] WS WEsto] Az
of 7beial e Aol A A ES ol anhydrous sodium sulfate(10%, starch basis, sb)
9} 11.98% sodium trimetaphosphate(STMP, sb), 0.02% sodium tripolyphosphate (STPP,
sb)E #7kste] Aol A& Eg4e] pH7F 11.50¢] 2 wW7bA 1 N NaOH &5 #

7bate] Aol F9 AL, 45C water batholl 4] 3A]7F &<9F Ao Dﬂ/\i WS A Y, RESAIZ &%
52 1 N HCIS AM&38te] pH 72 F33 v 3U7F Wakae] Rysius 3 dol =5
wxstdh AlxE AgARS FHFE R o] 5000 rpmell A 1587 FA e sk,

2 371K

5
FedE& 1 L vAd BE&ste] dAFH 54 kst Age] A
zAoR AxsP+=d  freeze drying(FD)2 LA wke] A=)
sonicated ethanol drying(SE) &tlom™ A5 do ek Yol 0% g2 £S5 ks
¥ sonicator(Power sonic 520, 700 W, 40 kHz, Hwashin Technology Co., Seoul, Korea)&
o] &3t 303 AT F, AT st AF2dA AXZAIHTE sonicated freeze
drying(SFD)& A=9S 308 59 sonicator® A3t oL SAAZAA AZRsT =
© MELS HAx F 270 mesh Aol Wy A& AL&3AT)

@ Yx=37] A AEH AFAEY 54
@ =Z24%¢eH

U=37] AAg AR 224358 Medealf & Gilles (1965)2] W o
AAE AR 05 g (dry basis)ol S/ 20 mL2 1A1ZF &< wwksk 3 A4
Science Industrial Co., Supra 22K, Seoul, Korea)& ©]-83}4 12,000 rpmolA 30 minzt <
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® F AYHAE TF

T AFgARE FFS AOAC (20000 el oaf FF=HAT. A+ 1 g(dry basis)=
phosphate buffer (pH 6.0, 50 mL) & H3} A 4o}, a-amylase(Cat no A-3306, 0.1 mL)<
A7kt & BE BollA 207 wESAIHT a4AEE EFELS 0275 N NaOHE ©] 8314
pH 752 H A3 % 0.1 mL protease(Cat no P-3910)5 #H7}ste] 60°C2] water bathES ©|
&3lo] 353 A etk wsAZ =22 0325 N HCIS o] 83t pH 4-46 HH= gt

1 0.1 mL amyloglucosidase(Cat no A-9913)S #H7}3+ & 60C<2] water bathoﬂ A 3583
A AT Aol A A% & 95% ethanol(v/v)E 500 mL7bA] &3 & 12A]7F &<t
Bt D-glucose 32 D-glucose(GOPOD format) assay kitE ©]&3fo] =
Le] &3} GOPOD reagent(3 mL)E 40°C9] water batholl A 20 #3F ¥H-&
AL o]&3te 510 nmolA FFEE FAFAT. F RS FH2> o

ol mﬁ

8
1> oo 4
>

=

ZF RS (%) = [ME FA (g) - FF3Z2 A (@] /Als FA (g) x100
A /D-glucose =2 F3% (100 pg) x 100

=
S
(=)
—
3

C
HJ H
Elo{l
o
b

© YA A 54 #F

A=) e A 542 FALHAAEA ] A (SEM, JEOL, JSM-7500F, Tokyo, Japan) S = ¥z
S}k AzE AAS ABE 2B Loln, WF FOE 20 kVE 100 sec 2T T,
x 5000014 #2383

¢

@ X-ray 3JHd= FA

X-ray 3¥]Zd %+ 3D high resolution X-Ray diffractometer(Empyrean, PANalytical Co.,
Almeo, Netherlands)ell 2l&] A=At 717|242 target, Cu-Ka; filter, Ni; voltage, 40
kV; current, 30 mA 1L, S AZ% (20) = 40-5°2 3| HA]A v}

© &4 %)

dHEALS  differential  scanning calorimeter(DSC-Q1000, Universal V.3.6C TA
Instruments, Olivia Gibson, UK)ol|l ¢]&] A=At} A 5(3.0 mg, db)¢ 7560 mg)=
Aol FA Fol bdsiA A"l A2elA 124 FF WP “dstEE St
30-130°C =% ®HoA 44 SA4& S48 oH, 719 £E+= 10°C/min= A 2] ek 3i .

Jm
o ox
e

_L/

® YA Atol= &A

Ax=A7|9} +EE Malvern  Zetasizer Nano  ZS(Malvern  Instruments  Ltd,,
Worcestershire, UK)dl| ¢]slo] FHE AT A5+ ?%—’Foﬂ 0.01%(w/v)Z =9 Aol A}
g3tR o A Al sonicatorz 500 Well A 223+ A 2lste] S AFE-3FA T
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©® AFHEY FE&RFo A HHA
@ Zeta A9 53

U7 AgddE YA zeta A ¢+ Malvern Zetesizer Nano ZS(Malvern Instruments
Ltd., Worcestershire, UK)oll 2]3dle] A3t =4S Y& AIAEJAES /5o 4
o] 0.01%(w/v) F&HE AZF3s9 o, 500 Woll Al 287t sonicator® ] @] &lo] =H o A&
EI
® &4 HAA

AR Yredape] A kA AS Turbiscan AGS(Formulaction, L'Union, Toulouse,
France)E o]&3leo] 43t A5 0.3 g& 30 mLe S/l 4o 1% 89S A%

APt A A 7Y Bt 6AF S 2 A

g5kt

o,

® SAA=

RE AYRE Aok 3W ol wHEstel S5k, S48 A g Wy ZEUAE
AAatATh BAZ AgE SPSS 12.0(SPSS Inc., Chicago, IL, USA)E o] &3l A3t
o, ANOVA(Analysis of variance)ell <]3] #4btAs AAIeA L, p<0.05 FFAA
Duncan’s multiple range test® 242 AAslo] 4330t

(i) 243
O At &

AR kA Y TheEde) 7)3tel] wE AvbeEdle F 1ol AlAsdT A7kl
7ol 44.62%, 1040l 49.43% % ey ZhEs] 71gbel whel A& ThEs v 1)
Fovt I Ams stk ARl o7 dE Ao rteidls FAE Tl

stal A2k 24 9oz zgst ofd = e blocklet® Eaf s o] A%
18] A& FeiE e

o
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Table 19. Hydrolysis rate of waxy rice starch and water binding capacity of AHW

Water binding capacity

1 0
Samples Hydrolysis rate (%) %) Data
t
O(NS)V - 120.79+2.35 represents
: mean=SD
-7° + + .
AHW-7 44.6240.03 117.27+2.52 DNS:  Native
AHW-8 47.04%0.00 115.6144.36 ,
AHW-9 48.7140.00 111.0644.05 waxy rice
AHW-10 49.4340.00 110.9946.19 starch

YAHW indicates acid hydrolyzed waxy rice starch treated for 7 (AHW-7), 8 (AHW-8), 9
(AHW-9), and 10 (AHW-10) days.
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® FeHHd 54
AZbgEE e A AgHE g Fed SA4S 19 1o vERth A AR obE 9
2gS el 2 A7) g 247-691 pmAth wbde] AbeRE A AR T
2okS yehlda, 797 A7FEREEE 20-420 nmel A7), 10937 AbvkRE) 22 g
AL 30-300 nm 7|2 YERRTE AT = APAE] Akl SUMERE fAacste AE
S HATh

Ui 32719 AFHELS Adx WS Geste] Alx 5 A3 AR&sidth FD= A3
TS Az & sAAX At Ax$ Zlola, SFDE AYAelA & FAIES] Ax
31913l, SEx= RS4E Alxg & AYAeld A §F 43&x gdste] Alzste] A Al
43k h FD 4#bE diFiE HJAddeoy dF AELS A= SHA EA6he BE5s &
T AT SE A JAl HA EAsE S gl 4 Ak whHe] SFD A= FD
o} SEo| wlste] 22 91z A7]E HEATh FD SFDO JAE #a 938 yedlon
S gk Atol=E HQlaL, SFDell Hlste] WolglAl= SA4S Bt

AHW-10 AHW-10-FD AHW-10-5FD AHW-10-5E

Figure 21. Scanning electron microphotographs of native waxy rice starch (NS), starch
that has been acid hydrolyzed for 7-10 days (AHW-7, AHW-8 AHW-9, and AHW-10),
and cross-linked RS4 created with different drying methods, FD (freeze-drying), SFD
(sonicated freeze-drying), and SE (sonicated ethanol dehydration) from AHW-10 particles.
Magnification is x 5,000.
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A b A ] dEY y=ar)e] AR dA= Fig 216 dEb AT A
2 A7) sel vaE YERha 91911 1 A7) BiA o R 35796 nm FEATH A7)
Fie A AES A 2717 7k Ael V)t wet dacke A4S Bl
Jag vetlen, g 94 A7 JpsRe 79 2794 nm, 822 2644 nm, 9
< 2406 nm, 1092 2201 nm= YERST oA VheEEsE 7 7o) A Tk
d JA7el e Sl o3 54w Azten
G gA A7) #xANA FD, SFD, SEZ 7Axs AR dAe FdJAar]=
300.0, 211.9, 459.7 nmelH I A ] JAA7]= FDE 342.0 nm, SFD+= 255.0 nm, SE
396.1 nm= oAl ZolE H At FDoF SFD+= 3stuel d=E5 Koy SE= A2
Paket & dAIE FA EAStE RS G F AU ol HELS FAEAAWA
(SEM)< &3 A #ze] Aaete fARgE 5S40z SEZF A7 A= & S47] mie o
= Aze & o Aol =3 ARHE AR

o

ML m9
Jﬁ_&%

[

hi

d A bR el AR waste] Relw o
£ F% QA ol s ARETE wolw w0 E % as0) fAE QA
Z7h @A vehbs 97 27) e B, ol tmatel o SEFLee] ol ¢
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Figure 22. Particle size distribution patterns of native waxy rice starch (NS), starch that
has been acid hydrolyzed for 7-10 days (AHW-7, AHW-8 AHW-9, and AHW-10), and
cross-linked RS4 created with different drying methods, FD (freeze-drying), SFD
(sonicated freeze-drying), and SE (sonicated ethanol dehydration) from AHW-10 particles.
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Figure 23. X-ray diffractograms of native waxy rice starch (NS), starch that has been
acid hydrolyzed for 7-10 days (AHW-7, AHW-8 AHW-9, and AHW-10), and
cross—linked RS4 created with different drying methods, FD (freeze-drying), SFD
(sonicated freeze—drying), and SE (sonicated ethanol dehydration) from AHW-10 particles.
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Table 20. Thermal properties of native starch, AHW, and cross-linked resistant starch
(RS4)

Sample To(°C) T,(°C) T.(°C) AT (T-T,) AH (J/jgy Data
NSV 62.68£021°  68.62£0.13%  77.95+0.03°  15.27+0.18°  9.51+0.45" represe
AHW-7?  5524+1.98°  71.10£0.59°  90.67+6.21°  35.43x8.19"  330£0.11" | { «
AHW-8 56.2743.80*  72.27+0.08°  99.10+0.85*  42.8442.95%  3.09+0.08" .
AHW-9 61376042  7438£0.00°  92.99:7.04°  31.62+745%  1442026% o0
AHW-10  59.9140.59%  77.7120.96°  99.15+1.58°  39.24+0.99°  247£0.09° °D i
FD? 62.56£0.28  80.21+0.73®  98.46x2.42  35.91+2.69 226030 ¢
SFD 62.7940.96  83.39+1.47*°  102.18+0.11  39.39+1.07  2.98+0.03 Means
SE 61.07£0.13  79.34+1.39°  98.7743.83  37.70+3.96  3.4120.81 i the

same column of acid hydrolyzed starches and drying methods with different letters have
significantly different values (p<0.05) in Duncan’s multiple range test

UNS: Native waxy rice starch

YAHW indicates acid hydrolyzed waxy rice starch treated for 7 (AHW-7), 8 (AHW-8), 9
(AHW-9), and 10 (AHW-10) days.
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Figure 25. Delta transmission (top) and delta backscattering (bottom) of cross-linked RS
nanoparticles created with different drying methods, FD (freeze-drying), SFD (sonicated
freeze—-drying), and SE (sonicated ethanol dehydration) from AHW-10 particles.
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Fig. 30. Rubus coreanus solution.
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Table 21. L, a and b values of Rubus coreanus beverage added with different gum

during storage

No stored Stored for 1 days Stored for 10 days

L a b AE L a b AE L a b AE

0.9 -1.0 93.3 86.7 92.4
Contro  3.6+0. 10.1£3 1.6t -1.1 4.5+0. 0.7% -1.3
P +0. 0.5 +£0. e o .. E3.3 ot d ., 0.3
1 5 5 . 5 .3 0.3 +0.3 . 3 0.2 +0.5 .
4.1 -1.7 82.7 79.6 76.6
14.2+ 1750 5.0+ -3.3 20.4+0 4.6 -3.8
Guar . +0. 04 0. . ] ,  *0.1 ) ] . £0.4
0.5° b b 10 0.1*  £0.1° b .4¢ 0.2*  +0.5°
la 5C a
3.6 -1.4 83.8 78.7 75.4
Locust 13.1+ 18.3£0 3.8+ -4.6 21.6£0 3.4% -5.4
) +0. 0.1 +£1. ) ¢ L ac +0.6 . be () 1d +0.1
Bean 1.1 ge ab obe .6 0.0 +0.3 b 1 0.0 +0.1 .
3.0 -1.4 84.7 74.0 -5.7 72.8
Gum 12.2+ 23.2+1 3.4t -7.4 24.4+0 3.4% d
. . +0. 0.1 +0. . . . *l1 b e t0.4 +0.7
arabic 0.2 gc b ob 2 0.0 +0.3 . i 0.1 . 4
4.5 -2.3 81.0 80.5 79.4
Xantha 16.1+ 16.5£0 4.7+ -2.9 1750 3.8+ -2.8
+0. 04 +0. b ) , 0.1 , 0.1
n 0.4° i d .1 0.1 +0.1° b 1€ 0.1*  =£0.1 b
28 ¢ 4
3.8 -1.5 83.2 74.0 69.9
13.7+ 23.3t1 4.4+ -7.1 27.3t0 3.5% -6.2
Gellan b +0. 0.2 +0. . +1.5 ) +0.7
0.5 1 b 5 .6° 0.1¢°  £0.3° . 78 0.1 +0.5¢ .
3.8 -2.5 81.3 77.9 75.5
Carrag 15.7+ 19.2+40 3.8% -5.5 21.5+0 3.2 -4.3
+0. 0.2 +0. b J . *0.3 - %0.1
eenans 0.2% 1 . od .3 0.1 +0.2 b 1€ 0.1¢ +0.5¢ .

Data represents mean+SD
“dyalues in the same column have statistically different (p<0.05) by Duncan’s multiple

rage test.

A7 =9 &1 pH A= Table 229 2ttt S 89 pHE 2.37-255 HYZ Ve
a1, A Foll pHE A9 dASA FAHA &7 A% Fo F4 HE7F A9 YA &
= AS G F QAT EAXENIGY Folbde S8 U AAE A WHIAI= &
Ae 7FAA 7] WEel 87 7H af AES WA TIE SAS 7HA L o &8 A
28 HoR= HelA &, HAS EoFe Ay dergo] MY S5 AlxE How
Aee Aoz AZEST Fhelridy ofgv|ol AL S5 AES ghS FoEr] ol
olE Ay ety TgEte] AlgEH FAXQ F9E B 4 QS HAow A

Table 22. pH values of Rubus coreanus beverage added with different gum during

storage
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Stored for Stored for 10

No stored
1 days days
Control 2.37+0.01¢ 2.424+0.01¢ 2.424+0.01¢
Guar 2.43£0.01° 2.52+0.02° 2.5440.05"

Locust Bean 2.43£0.01"  2.46+0.00¢ 2.48+0.01%
Gum arabic 2.55£0.01% 2.54+0.01° 2.57+0.01%¢
Xanthan 2.53+0.00*  2.60+0.01° 2.62£0.01°
Gellan 2.55+0.00*  2.62+0.01° 2.60+0.00%

Carrageenans 2.55%£0.012 2.49+0.01¢ 2.5240.05%

Data represents mean+SD
“dyalues in the same column have statistically different (p<0.05) by Duncan’s multiple

rage test.

@ E¢ AFE B BEA LRI 54
e 284 $29 A% 39 A 54

® £% AFE A7

AR} ek lde Eeta, A okehulobE EHste] BrRA SEE AzRUS U
grel olwael SAe Fig 363 29t AW Auge sEow do] Az Lud
HEE 02 ARE A8 dun B4 Gess] nid uHes egHos Ao
HETE BARES & 5 At A% Y1zke] 159 ojdow FlRde WME Sm kol A o
ol st AGARe] BA A A A8 5L wth e olebulopS
112 A7aee W b Ao NepMEst BaHgd o, Ao &8 §9 Fol
FR3 BAH7] AA 2@ Aol Bashy] W] FEHe Fe FRHoE FolA I
ebe glol AR Ao ARk e chehulolhel W &S 1302 ArHS
=, L1 SR b dsk fASH A oR Aoy st REAT AFARe] B
Holglt AL Wk w, AV w&e WA Ao 25% w&E AreelE 448 Ao
2wy

Gum arabic
[15F)

No stored Stored for 1 days Stored for 15 days

Fig. 36. Rubus coreanus beverage added with different ratio of gum during storage
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£ 4FE A 224 $8e) A% F9 A% Waks Table 237 Lotk AYHA o
e Wel gEel WE g 174-204 WA UEor, 4% Fob BB gnd 9E
e 100-118% Asts 4L nth agts AZHAS 9 Bra SR w4 7
sele AFE wth AZAFe] agte 5358017, 152 A4 Fo) a @ 3347 W9
2 et 538 a9 ugo] #ad agolehulela=1304 a gl #at 2
Gehhs 3@e wgvh

Table 23. L, a and b values of Rubus coreanus beverage added with different ratio of

gum during storage

No stored Stored for 1 days Stored for 15 days

L a b AE L a b AE L a b AE

Gellan: 49.0
C 74t 53t 16 79.6% 197+ 80f 02t 776 100 47t -13x o
arrageen 2 g1c 010 0.1 04  02° 01 04 0I* 02 01°

ans (1:1)
Xanthan:
Gum 204+ 55+ -14% 767+ 196+ 65+ -05f 775 11.6% 46+ -15% fg‘;
. c b a c b a a b -\
arabic 0.1 0.1 0.0 0.1 0.3 0.4 0.3  +03 03 0.3 0.1 )
1:1
Xanthan:
Gum 19.4+ 58+ -14* 776+ 195+ 6.3+ -06x 77.6 11.84 3.3t -1.7% i‘é'é
. ob a b b b b b —\.
arabic 0.2  01° +01 0.1 0.4 0.4 0.3 +04 03 0.2° 0.1 )
(1:3)

Data represents mean=SD
“dyalues in the same column have statistically different (p<0.05) by Duncan’s multiple

rage test.

£ ARE WM B4 S5O pH WHE 54T AE Table 245t 2tk AF 717
Fob SR pHE 2] tehda, A% mE Waks gk o F i 159 4% F

Table 24. pH values of Rubus coreanus beverage added with different ratio of gum

during storage

Stored for Stored for
No stored
ldays 15days
Gellan:
Carrageenans 2.51£0.03 2.54+0.07 2.54£0.00
(1:1)
Xanthan: 2.51£0.01 2.55+0.00 2.55£0.00
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Gum arabic

(1:D
Xanthan:

Gum arabic 2.52%+0.01 2.56x0.01 2.55+0.00
(1:3)
Data represents mean+SD

“dyalues in the same column have statistically different (p<0.05) by Duncan’s multiple

rage test.

7}8}71

D} i’é} To Ak ft2 Ae Wk flo] o

Table 25. Viscosity values of Rubus coreanus beverage added with different ratio of gum

during storage

No stored Stored for lday Stored for 15days
(cP) (cP) (cP)
Gellan:
Carrageenans 32.65%0.92°¢ 32.65£0.92¢ 32.65%0.92¢
(1:D
Xanthan:
Gum arabic 74.85+£0.922 74.85+0.92° 76.15+0.92°
(1:D
Xanthan:
Gum arabic 50.55+0.92° 51.85+0.92° 53.15+0.92°
(1:3)

Data represents mean+SD
“d\yalues in the same column have statistically different (p<0.05) by Duncan’s multiple

rage test.
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| F=dE | D-08

A 1A =853 A dd 4R
O Ma M3} Mu T(2016)°l ¢]&H &X
ol dfo YAAVIE TAAAAIL, FE&A Aol HdF7t Tt o, £
= b G g ol
o

, a-opbdakolA]l oA 2HA,

¥, uronic acid, &= & % LS
WHelE Aolsfe g Eagy 3859, AWy 229 55

HEak AAA =7 AR E AL skl

O Haaj SB 5(2013)2 174d%= Z&3 AdHe AREste] v dEdAE Az
Aol A 75w 259 AdE & 23 yxdEdAe] 271= 30~100 nm7F H AL a

a~ = ]/]—
-16 A% Fio] EallE o= Attt

O Tang ESK 5(Q003)& 7143 i 7|24k 283 A2 stk 28] Jus
A Azl ek J1 R BApgel sty e RS Hit Aol BadHo
M 20 AeE @ e RS AFS e B BAAY ek TR Wt

ATk B a1kt

§ A3 7% WAl 9@ FEuc 9 &
Z5tg o o ALoA FE387) wio

A 2Hd AAETH Ay dd AR
O Nancy ] %(2001)2 =3 2kt (Lactobacillus plantarum, Pediococcus acidilactici,
Leuconostoc mesenteriodes)s 9<t/YulaF &g&Ed HEste] HaAzl 243 pHe #H4

HARE 24 AT Clghe WS AT B Akl

O Mausavi 5(2011)2 A& AF F2=dd @Azl 23 L. plantarum 2 L. delbruekii
T Waxv] pHE §43] S7/MAL GaRFge] Sk shdon nAEe] Ao H1F
Arty wuskch E HARe] T2 7149 Faiel probiotic §Atitel e8] s

E_ ==
[e)

2t} L. plantarum ¥} L. delbruekiiz= A% 713+

O Panagou ©(2008) black olivedl At (Lactobacillus pentosus, Lactobacillus
plantarum)<s W &gt A3 ALl 24F L2yl ko] FUFsE AL, A Ak e F

wef Hof olgE, MeE, olAE dds|= 5 32 sdEs s

of
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| FCWHE
A3 A dAasd dE #d AR
Aids AP st v A7) 59 di] diE Y=gz 5538 (blocklet) Y= A= &
M o olF Yoz b= W HAY 3 24 HAAE THE S

ol 2ol ol 2 AEl o] wf$- 71 AbE Ael& F1 (long-length chains, DP > 130), o}¥
2 #Hgo 93k 71 A¢lS F2 (medium-length chains, DP 30 - 130), o}@ 23 glo] #o
iﬂo 12 F3 ¢ F4 (short and very short length chains, DP 13-30)2 T#% ™ (Wu et
. 2016) ol &85 walete WA ol&ste] v Alo]=e] HE 4A Al x7F 7HsF

BN

SPECI R
}_

sto] Lhi Ape]= 9]

=
=

2 olgete] 2eMAE Fal v
slsh 2o A o) g

=

al, 2013, Kim HY et al, 2014)

skaFo] F7}8lal o]+ pullulanase
TR agtal AR

o

ol

‘

3} EA 3} zeta potentialsoll GeFS F7] o

O 7t AZFAIZIAY Q14kst A7l A&e &
TFE&AFA A Aako] 2 HE olE AES wASAIIE HS 22 Ao]=o] Hito] Alx7t
ot A Ha7F dS (Wongsagonsup R, 2005, Nikfarjam N et al., 2015, Ding Y
et al., 2016)
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