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Effects of Rice Flour Milling Types and Addition Methods on Rheologi-
cal and Sensory Properties of Surimi Products

Suengmok Cho, Minseok Yoon and Seon-Bong Kim'*

Division of Metabolism and Functionality, Korea Food Research Institute, Sungnam 463-746, Korea
!Department of Food Science and Technology, Pukyong National University, Busan 608-737, Korea

Surimi products are among the most prominent seafoods in Korea. Together with fish meat, wheat flour is a major
ingredient in the preparation of surimi products. Rice flour, however, can be an effective ingredient in enhancing the
rheological characteristics of surimi products. In this study, we evaluated the potential of rice flour as an agent to
replace wheat flour in surimi products. The effects of rice flour milling types and addition methods on the rheological
and sensory properties of surimi products were investigated. Among different addition methods, the surimi product
containing non-treated rice flour showed better gel strength and sensory properties than products containing paste
(1:1.3 rice flour/water, w/v) and steamed paste (steamed at 100°C for 30 min). According to the gel strength results
for surimi products with added roll-mill (40 mesh) and jet-mill (180 mesh) rice flours, the roll-mill rice flour shows
good potential as a replacement for wheat flour. When considering gel strength and sensory properties, an effective
amount of rice flour to add was 10-15% (w/w). In conclusion, the rheological and sensory properties of surimi prod-
ucts containing rice flour were comparable with those of a premium commercial surimi product. Therefore, rice flour
might be an effective alternative to wheat flour for premium surimi products.

Key words: Rice flour, Surimi product, Addition method, Gel strength, Sensory evaluation
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Qlto] Auto] A0 2 AMRSH= AlA| 3t & & shv e, &
8] 2 UEkE B RS opXolo A = v e A &
= 7P F 23 Aol th(Lee, 2012). &L A& A
T3} QIAH EAZO] WSk A Ad|gfo] 43| 4t
(Lee et al., 2012a)0] ute} A2 wro] ef7} opd 715419
T8 YrzA avfsfo & Hardo] oAl gl A7golth
(Shin, 2010). Amylose oeF-2 = of| A] AJAtE] = Tl 5 o]
12-19%= A5 49] 19-23%E o Wil A4 22 amylo-
pectin $eFo] ot F4 Fofjof| Pkl 3t H e 5 Fol &
% 9101 7341 F £ 2A 2 717} o) 2eka g4 ol
(Hur etal., 2011). 714 &2 0]-83F =+4(Seo et al., 2012),
2A18]|(Lee et al., 1997), -2H(Shin et al., 1989), 2= E(Hong
and Ko, 1991), 5(Kim et al., 2007), ¥(Kim et al., 2005b;
Kim et al., 2012) 2 5-7](Lee et al., 2012b)2] A Zof gt c}
&gt AL7F o] Fol A et SEAINE AAlE-S HIES 4t 7y
AlE0l B T ATVFRE A8 A7) dThe BHSHA o] Fof
A A H3H Ao th(Hur et al, 2011).

uheba], 2 Aol A= A Al SR 1EE AAIE NS
el A7) AR E 2 A7PHS Delste] 7 A
ol AAES FlH oSS Alzstiit. AR 77t ol =9
=24 9 #e2 5400 vA = FF= BrIste], D7HE oA
S =N A7HEO] A 7S HESIHIT

Mz H A
WES

B ol Fof AMg-3H A7l (rice flour) 2 34712 (glutinous
rice flouryis AARCAH, T=helA Flstglon], o2 A4
o] uhet A2 5o] 91421717+ e 22 oll-mill, Bt
)% 40 mesh) 2} A E 2 jet-mill, B+ ¢) %= 180 mesh) 7}+-5
ARESEITE AAIES] 7] =Sl W HEH A8 Premier
Pacific Seafoods (Seattle, WA, USA)A}2] FA (high grade) &
e ARESHTE AlzAbel wp=H, EjARe] RS 91.5%
(wiwyolH, FY 5= A9, &0]E, EoMER, B 24t

UEFO] H7HE .
HMZ(REo=)2l mM=
A7 Y 7RI 7R RIS Table 13 22 wijed

Table 1. The ingredient formula for preparation of surimi products
containing rice flour

Ingredients  Rice flour 10% Rice flour 15% Rice flour 20%

Surimi 7% 2% 67%
Rice flour 10% 15% 20%
Salt 1.5% 1.5% 1.5%

Water 11.5% 11.5% 11.5%

Ho

RS

B

v of] whe} A 2= e WE W A8 slls-A1X1 F silent cut-
ter (OMF-500, Ohmichi Co., Ltd, Japan)Z opafjslal 4
vighu]of] wet of 2] o thpo] ZaE MUK v des
o] £ 402 §A3HA SEZF nhafsteict. o] A7}
2 W IR S il T sEgE 883t ) vl
o AR W AR 37h 0. 7hE el A,
g ofndl A7) glo] Y 1= B A, 1%
2 B3} 1013 (whv) &2 BHato] A7kkAL A, o1
o] WIZS 10070 H 3087 534 A A7Hshsich Eakel o

= 27 3 em, 0] 20 cm] Sl Y31 4B T, oF 150C
of oo M 382 13 713k ohA) 38223 H7latol 4
zalgick. A2 F7OIEE TN WY RashEA A
ofl AFE3HT

A Zz(gel strength) X

&9 A = FA=47]9] Texture Analyzer (Model
TAXT2, Stable Micro Systems, Godalming, England)E- |-
stof SAskITh AAlES 4R 271(RH x #°l, 3 em X2
em) LR T, AR T A 9IAol A 1027} 7keg o
2 27y BAskgT) A 7o) BA271-2 probe: 0.25 inch
spherical stainless, test speed: 1.0 mm/s $1tt. 2 7=+ probe
ofl 7%l st(g), AAFol 34 o probe7t 3 U3 20|
(cm)®] F0.2 Lehgleh. BE A 20) 2 BEghe 108]
Zg3te] Yaghs BAEe] G40 ek,

EM(texture profile) &4

73 % (hardness), 24 (adhesiveness), B4 (springiness),
%A (cohesiveness), %14 (chewiness)?] =4 Texture
Analyzer® AHSR] ZASISTE B4 298 oBS o
3 27)(A7 x %=0], 3 emx 2 cm)E At 3, 217 50 mm
9] probeE AME-3}9] test speed: 5.0 mmy/s, pretest speed: 5.0
mm/s, posttest speed: 5.0 mm/s, Had L 50%2] 27 A o] F
ojHrh A== A WA oFF 2 ol A Ut 2 peakE =
s, R 2 A RiA A ofefofl 71 S0 WA o s, T
32 I WA T 220 0ol A peak7hA] o] AIZHB) A H1A
1R O] 070l A peak7}A] ©] AITHA)Q] HIE(B/A)E A5}
AL, A A WA 349 WA (C)ell gt F+ wA 419
HA(D)2] H&(D/O)=, MRS A4 &eEAde] so= U
el 2 th(Bourne, 1968; Breene, 1975).

el

587t

Azgt AAIFL 5B AE7H A7 AwdS 7HA
1207 panel tIAHO.Z shglom, AT BASA S
A7 T ANSHIT P4 B7E-S 9)THoutward),
All(color), g (flavor), Y(taste), 3 Al (chewiness), 7 &= (hard-
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ness), ¢4 7] & = (overall acceptance) -2, ‘mlj-$- £} 7
AollA] ‘o e} 14,02 51z Likert 4.8 AHg-s1o] 3
FFetich.

M ol T £

AA|E2] M= AFA (CL-100, Minolta, Osaka, Japan)S
ARl Z45R o m, AAE The] 1 (lightess, L), A
AT (redness, a), S = (yellowness, b)ars SA5FIT 2AY
Ti= off Aof| what AlAbE] ¢l ch(Park, 1994). & AR £4
ge 53] whaslel Hagk + BAgoR vehigld. ol
Mol 1, a, bik2 22+ 97.59, -0.02, 1.830] %]t

4 1 (White index) = 100 — /(100 — L) +46° +5°

SAz

nE SAA = FAZ2 130 SPSS 12.0 (SPSS Inc., Chi-
cago, Illinois, USA)S ARE-3lo] o|Fojxom, Fox A4
= ANOVA testE ©]-8-5fo] 4t #4137 3 P<0.05 <=0l 4]
Duncan®] th5-913 74 0. 2 AAI5H{Tt.
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Fig. 1. The effects of milling types and adding methods of rice
flour on gel strength of surimi products. a-f: significant differences
at P<0.05 by Duncan's multiple range test. N.D., not detected. Ab-
breviations: PSP, premium commercial surimi products; RR, rice
roll-mill flour; RJ, rice jet-mill flour; GR, glutinous rice roll-mill
flour; GJ, glutinous rice jet-mill flour. Particle sizes of roll-mill and
jet-mill flours are 40 and 180 mesh, respectively.

Zn 9 D3

4 Z=(gel strength)

o8 gl lo] A HAS § JAF B
4 S W 715 0] W 5 et ool 5 2
A folojct. o)) £4.& Lehh 714 A2 X% 7
73 (gel strength)7} ©]-8-% 12 QJth(Kim et al., 2008). & <17+

| A= A7 S50 9D 3, AlEFE(EE: 40 mesh 2 A
180 mesh) 5 A7PAC1R, 1, Do Helsh
of Flof 58 A5l 4 48 vl stel et of 1 H7HE
71 9 ZPR7FRO 9FE2 10% (W/w) & 2= o5 Az &
ol5}7 AL E QT o 2o] A Ar e olF Wi EXS 1#s}
of Zk2t Ao} (AR A GIA 102 7be)et & 24
ok Rt o B Al 2] A8 3HEF70% o)Ak 11 ¥ 7
O} & A|Z(PSP, premium commercial surimi products)= A&
SFATE A2 (Fig. 1A) 9 72(Fig. 1B) & A of|A] tj 2t
o] PSPO] 7 7} gro] 242y 487.3+5.6 Y 325.8+14.6 g-cm
2 7P A et 2ol A A i E St Aik(Fig.
1A), 27} (rice flour)E A7 o] H(RR % R))&| A =7}t
8717 (glutinous rice flour)E 7t o] 5(GR 2 GI)o ]
o iAoz A ettt Amylopectin®] gHaFo] wi-¢- =

m 2

(A)

1000

At room temperature

Gel sterngth (g-cm)

B

~

1000
After microwave for 10 s

700

Gel sterngth (g-cm)

PSP 10 15 20 10 15 20

RR GR
Fig. 2. Changes in gel strength of surimi products as an increase
of rice flour content. a-e: significant differences at P<0.05 by Dun-
can's multiple range test. Abbreviations: PSP, premium commer-
cial surimi products; RR, rice roll-mill flour; GR, glutinous rice
roll-mill flour.
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Table 2. Textural properties of RR and GR surimi products
Samples Hardness (g) Adhesiveness (gs) Springiness Cohesiveness Chewiness
At room temperature
PSP 4275£112¢ -1.32+£1.962 0.94+0.022 0.66+0.01° 2777+92¢
RR 745312612 -22.43+9.88° 0.94+0.022 0.74+0.012 51543432
GR 6844+107° -41.80+3.57¢ 0.95+0.032 0.75+0.05% 4584+215°
After microwave for 10 seconds
PSP 1786+96° -2.08+1.24° 0.87+0.022 0.76+0.02° 1203+82°
RR 3739472 0.44+3.092 0.90+0.012 0.81+0.022 2768+1072
GR 3443+49° -21.96+3.56° 0.88+0.042 0.76+0.01° 2243+109°

a, b, c: significant differences at P<0.05 by Duncan's multiple range test. Abbreviations: PSP, premium commercial surimi products; RR, rice

roll-mill flour; GR, glutinous rice roll-mill flour.
& 2RO A9--SAA R0 2 AL F skt (Park,
2005), 71 7} o &-o] amylopectin®] gFaFo] At <.
B2 7R A7) ofFoll vlsf § Aol &2 AL FAsHA
S oz Al Hh

AR W RS HPPES gelsie) Azt ojBe
A9, 71% I & H7LsE A(flour)o] 7P =& A FEE U
Blfglon, thgo g 7R B3 1:1.3 (whv)] HEE Bk
afo] H7Het A(paste) 2 LEriTh S8, 2 WIFRR)Z
O R H7KE o] 2o] A 7w ko] 463.7+16.6 g-ecmE 7}
B &9rom, th27el PSP} B2 0.2 G ARIA hebelch
(P<0.05). HHA, 33} (steamed paste) FE| = A7F5 AL
£ FUagelA AL Yk Bl A Al 2Ho] Bk
shlc). of o] A2 5 ol T o] AL FAalv] Sla

A= gBo| I42 0] @ A¢1d|(Powrie and Tung, 1976), &

[A cross section]

[Whole]

Surimi products added with rice roll-mill flour (RR)
Fig. 3. Appearance of the surimi product containing rice flour and the premium commercial surimi product.

Shel A7HR7E i F55te] ofs Tl o) A A4S A e
7] 7o 2 AhEth(Wu et al., 1985; Kong et al., 1999).

7L ARG 7 of ol A Aol mA = G AR
H, 7Fe] st dAt 27171 2 &40 mesh) 7HEF AIEY
(180 mesh) 7H7of| v]sf 2 A s UYehi $itk(Fig. 1A).
Park et al. (2006) ¥ Lee et al. (2004)= 271+ QA9 27|17}
Aers ARy SdErr A pREASs o SRt B
ASHATh whEbA] PAA7|7F AR A EY 7ERE7E H7H ol %
(RT L GI)& of & tha 2l o] 2 g A of] P a3t =2o] F-25HA]
Sl 2 7 A7E oIS (RR 3 GR)of vl sl e A =5 W
A Aoz AtRE

7heRE 3 o5 o] A A= E ST A, AAF o2 420
A7} of| v)3l W& A B thFig. 1B). o= 7[20. & 9l
g 2] AR offF A | o] WiFlo] Uojutil(Gopper

Premium commercial surimi products (PSP)
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ctal, 1997), o} 50| H9) 7] whe} 24o] HEef9l7 ] B
ofeh. A2 ulol nH X 2 FHE71EE H7H3E ol B(GR 2
GNY| A FEL BE 2404 VRS H7HE ol H(GR U
Gyol w3l A Lhehon, 5k A 7] gagol 27
Epdeh S8 0 2 tlz2el PSPel ulaLe) 2 v, B 4712
(RR)S 71k o] 52 PSPo} $AHe} 4:5:0] A= Kol )
74 ) REA 7Rs A2 BRIE 4 gl

A 7w B4 A, ARG 21 7FERR U GR)7H
Aol A T A 2 712 (four) B/ o] 14 95 2
e Bgch aeb A, 8 9 AR 7FR Y 2 H7be ke
7] $130 Bl w2 A o] Wsts obrglrhFig. 3). Al
7 32 IFolRO) %9 VA OR 0% ol el AS-S W7
sk 917] uh el -edze] A7bS giokstel 4 9l HuLR
aere 2o 20%:2 AR A4 2 A7FRRR)
2 15% H7kk ofSo] PSP 3l 21 AA/FR(GR) A7t 0%
(1020%) 5} §o1 4 0.2 2 A ZES e IrHP<0.05).
29 WIARRR)C A W7 20%014 A FET} A%
A% AO.2 LR} 15% o) 4e] W7h H7ke A 4 Zel
A 2 a7t gl Aoz Argch. 5, B2 PSPet
Afg A =S b)) a4 1% H7beks Aol 4
3t A0 2 b,

=X(texture profile)

A Zpzof QlojA 4 A7FHRR) % FA7HH(GR)E 74
2] 7hE FHIE 10% H7IeE ofF50] thxtel PSP} frAt
gt #4 545 HeEt Itk ol 59 2/ (texturey2 AHA5] &
ot 7] {5} 7= (hardness), 8 2H4d (adhesiveness), EFA
(springiness), --%]4d(cohesiveness), % l/d(chewiness)<
A5} olch(Table 2). o} 5-&- €5 9 A4 o] wreh chakgt |
B2 A 2=, 71 =4 E3F a9 ohFeieh 24 d=
Az fRloE= AR oS A4, A=Y Alx 24, Wt
29| Az, EH=E 5] AthKim and Cho, 1992). A&
olA= = B7HRRR) 7t ojFo] E7H(GR) 7t o]
Eof H]3)| =2 7 = (hardness), 2 (adhesiveness), 334
(cohesiveness), A 314d(chewiness)2 UEM It F o] & =
T PSPETE A =, S5/, WA o] =i 2 o] WA vrelt
o} 7F23E & 73t o] o] A Ao SHT ol R &
AR A, A, S 9 A o] WobslaL, [z e]
o ou 7 2R A 2H o559 4 FF AR
Al Urebd T GRHA 02 o] 5.0] S0l A A Aot A= A
o] =2 HEBAE 7HAl=tl(Kwon et al., 1985), &
of| A= o] 2igh ZaFo] ZlE girt.

o r
2 ot Az o

-+

Table 3. Sensory evaluation of surimi products prepared by different milling types and adding methods of rice flour

Samples Outward Color Flavor Taste Chewiness Hardness Overall acceptance
At room temperature
PSP 4.83+1.89° 4.67+2.117  5.00£1.337  3.50+1.17®®  2.83+1.17% 3.50+0.67¢ 3.33+£1.332
Rice flour
Paste RR  5.17+0.56* 5.17+0.56* 5.00£0.67% 4.33+1.22*  4.50+0.83? 3.67+1.11< 4.50+1.002
RJ 4.50+1.00°  4.00+£1.00°  4.00£1.00@  3.83+0.56*  4.17+0.832 3.67+0.44 4.67+0.67°
Flour RR  3.67+0.67*> 4.17+0.28* 4.50+1.00° 3.83+0.56*  4.00+1.33% 5.8310.28% 4.17+1.17¢2
RJ 3.83£0.56* 4.33+0.56° 4.67+0.67*  4.33x0.67% 4.17+1.112 5.00£0.67" 4.67+0.44°
Glutinous rice flour
Paste GR  3.83x0.612  4.83+0.89° 4.50+0.832 3.50+1.00° 3.83+£1.50% 2.33£0.78° 3.67+£1.33°
GJ 4.83+0.89° 4.50+1.50°  4.83+0.837  3.67+0.44% 3.33+1.00° 2.50+1.00¢ 3.67+1.00°
Flour GR  450+0.832 3.67+0.78* 4.67+0.892 5.00£0.672 5.17+0.562 4.83+0.28° 4.33+0.78%°
GJ 4.17+0.56°  3.83+0.56%  4.67+0.67%  4.50+0.67%  4.83+0.56°®  4.00+0.33* 4.17+0.56%
After microwave for 10 seconds
PSP 4.83+1.892 4.67+2.112  3.5042.332 1.50+0.50° 2.00+0.33° 2.67+0.89¢ 1.83+0.56°
Rice flour
Paste RR  5.33+0.44® 5.33+0.672 4.50+0.89°  4.83+0.612 4.50+1.172 3.83+0.61¢ 4.67+0.78°
RJ 4.83+0.56° 4.33+0.78%  4.17+0.897  3.83+0.89% 3.83+£0.892 4.00+£1.33« 3.67+1.002
Flour RR  3.83+0.56* 4.17+0.28* 3.83%0.56° 4.17+0.89*®  3.33%1.112® 6.50+0.502 3.67+0.892
RJ 4.00£0.33°  4.50+0.67*  3.67+1.33% 3.17£1.22° 3.83+£0.897 5.00£1.00" 3.83+0.897
Glutinous rice flour
Paste GR  4.17+0.61° 4.50+0.83° 5.00+£1.00°  4.33x1.11%  4.83+1.17®  4.00+1.00% 4.17+1.22%
GJ 5.00£0.67@  5.17+0.83°  5.50+0.50° 4.50+0.672 3.33+£1.33° 3.17+0.28> 4.17+0.89%°
Flour GR  4.1720.832 4.50+1.00®°  4.50+0.672 5.00+0.672 5.33+0.672 5.17+0.282 5.3340.672
GJ 3.83£0.28%  4.00+0.33°  4.67+0.67* 4.67+1.11*®  4.67+1.00®  4.17+0.56% 5.00£1.00%

a-d: significant differences at P<0.05 by Duncan's multiple range test. Abbreviations: PSP, premium commercial surimi products; RR, rice

roll-mill flour; RJ, rice jet-mill flour; GR, glutinous rice roll-mill flour; GJ, glutinous rice jet-mill flour. Particle sizes of roll-mill and jet-mill

flours are 40 and 180 mesh, respectively.
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Table 4. Sensory evaluation of surimi products as an increase of rice flour content

Samples Outward Color Flavor Taste Chewiness Hardness Overall acceptance
PSP 3.67+£1.11° 4.33+0.89° 5.00+0.672 4.00+0.67¢° 4.3340.897  4.00+0.67%° 4.33+0.89°
RR (rice flour)
10% 4.33+0.442° 4.00£1.33° 4.67+1.112 4.00+1.332 4.67+0.442 6.00+0.672 5.33+1.1120
15% 6.67+0.442 5.67+0.442 4.67+1.112 5.67+0.442 6.00£0.672  5.67+0.89 6.3310.442
20% 6.00+0.67% 3.67+0.442 4.33£0.89° 3.67+0.442 5.00+0.672 5.67+1.112 6.00+0.67%
GR (glutinous rice flour)
10% 3.67+0.89° 3.67+0.89° 4.00+0.67° 3.67+0.892 43320445  4.67+0.44% 4.33+0.89%°
15% 4.33+1.112 4.00+0.67° 4.33+1.112 4.00+0.672 4.33+1.112 4.67+0.892° 5.00+0.672
20% 4.00+£0.67% 5.00+0.672 4.00+0.67¢° 5.00£0.672 4.67+0.44%  5.00+0.67%° 5.00+0.67%

a, b: significant differences at P<0.05 by Duncan's multiple range test. Abbreviations: PSP, premium commercial surimi products; RR, rice

roll-mill flour; GR, glutinous rice roll-mill flour.

rt

=
o

o0&

7t

ket 2704 AlxE A7 7t o559 WSS
2] outward), A(color), F(flavor), Sh(taste), & A (chewi-
ness), 73 =(hardness) ¥ &34 7] 3 = (overall acceptance)2]
ol a4l Likert 2 =5 AR-SH 74 BAH o= #4510
Table 3] ERHSUTE A2 9 7kl A A7FRE 71t ol &
o FA7FFEE H7IRE ol Fol vl ekt Mo glo] thar 52
s Holou i AlmolA 222 Atol= §igieh A1z
Aoz |t gAY o 7 o] Bt Age Yol 4w ol
o] &S AH|RS0] AF3trh= Hl(Park et al., 2004)2} &2
SA1S v PSPo} HlALS B MR 7} o] 55 B 4 B
olato] Qlo1A 214121 Aol7} gigich. weka et Wiel
S 1A PSP7 u|Rjol A olelA QLA wale) 2t
A Wt oln R ARG g2 Ao Ausc gl A9
Q] gl A} npl7ER| 2 PSPEF A7HR 3 7F o5 7HY] -9
29l Aot gl A 0.2 Lieheh. 9] A9 Wb g 17t
gh o] 550] PSPO|| vl 2 H4E HAlaL T 5ol 5 4
7FHGR)E 7FH(flour) 1t = 7IRE oA 5] Hp7t M =
sow, Fheael]e] 21 AARRRE WERe pastc)
2 A7 o FE 2 H4E Aot B APAAE BE &
72 (GR)E 71 (flour) T2 A 78 o] 2ol 714 =0
TE HSlom, F o A9+ EY A7FERR)E 7HE IR
(Rour) A7Hek o} Fo] 71 £ 45 ATt B8 7|5

Table 5. Hunter color value and white index of RR and GR surimi
products

Hunter color value White index
L a b
PSP 66.37+0.02°¢ -1.20+0.05* 12.79+0.23* 64.00£0.1°
RR  73.90+0.35% -3.04+0.10°> 2.52+0.11® 73.61+0.362
GR  69.63+£0.12° -3.08+£0.03° 2.65+0.25° 69.35+0.1°

a, b, c: significant differences at P<0.05 by Duncan's multiple

Samples

range test. Abbreviations: PSP, premium commercial surimi prod-
ucts; RR, rice roll-mill flour; GR, glutinous rice roll-mill flour.

£ F2oA FA7IRE 71 o RRE ATHREE 7L of
55 A SHAL 7HA ol A= AT S 7R ol Fol &
S W71t ol & Bk o S| Yehslth 27125 Ukt B
£ o550 PSP H|gl & T4 7|25 Hof Wi
Al A=A B7EF] AL A 7He /3 RIS 4= QlelTh

A7 9 A7 S st g o] 50 BsA EAS
71t A3HE Table 4] LR ITH 9l 9 F3H4 7| 5=
H7HRE 7IRE ofFo] PSP W A7 RE 715 of o |
3 =l VrebstTk st RS 28 A7 RR)E 15% 3
7Rt o0l 7MY & 7| s Helon Axo A o= 2
A7HHRR)E 10% 71t of o] 71 Holylth F94] 712
=S s & o ¢ AVFRRR)E 10-15% H7Fsh= 210]
7P Aste] et Ak E

ME 3 B

% i

2 5E, 7 AR 2 A7l whE AvHE J7E ol R
o] A gl WAl o] 24 Avl= Table 59 LeR et A=
21 A= (white index)ol] QlofA] 2 Bl HE7ER 7} ol RS
T} PSP= & Zpol & H Itk 4 W A7 A7 ol 559 Lk
("4=)0] 69.63~73.90.°.2 PSP (66.37) Hrt =A] Lrept Wi
o agh (A=) D bFHEME)S 72} -3.04 ~ -3.08 L 2.52 ~
2.652 PSP (-1.20 ¥ 12.79)5c} WA vepygich 712 2 3
M7HE 27} o 55 Kot PSP bgko] =7 Urehd 22 A4k
2 A| %21 PSPoll= ZWRES-S 4o 7]= A 4 xylose 59
g7} H7E Q7] flEo 2 AR HoH(Kim and Byun, 2009).
S, A7HRE 7R o Fo] FATHEE A7IRE o] Fofl Hlsf
Lgk @ WA= 7E ) et o] I B7HR7
A7HE wot Lgro] o 127] wjiole}l #hekE th(Kim and Shin,
2007). AA A7HFE H71E ol 53 PSPE] 21gS A EH
ko g W7o atolE FAs] it T 4= QSUTH(Fig. 4). &
7HE ZA7F o150 A9 ARk o & whAle w3 Gl o]= 2
Gt oW A& e AlFolu RUR M7 e ohet A
O A& 7ol o] & Ao wohETt
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