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Abstract

This study investigated the suitability of high-moisture textured vegetable protein (HM-TVP) as a plant-based alternative meat
product by evaluating its textural properties. Model patties and sausages were prepared independently by mixing pork loin (PL),
dry TVP, and the two HM-TVPs (HN and HS) with plant-based binders. The resultant model patties and sausages were frozen, stored,
and cooked according to commercial production, distribution, and consumption methods. The highest texturization index was
observed for the HN. Both HN and HS patties exhibited cooking losses similar to those of PL patties but had a harder texture,
regardless of the cooking and storage methods. Both HN and HS sausages exhibited cooking losses similar to those of PL sausages.
Compared to the PL sausage, the hardness was higher in the HN sausage but lower in the HS one. The HN and HS sausages
had similar and lower cutting values, respectively. Overall, HM-TVP can be used as an ingredient in alternative sausage-type,
plant-based meat products.

Keywords: Plant-based alternative meat product, Patty, Sausage, Texturization index, Textural property

N2 £ opIdl A FEY 9 A AL 2 082 B o] &
A AL A=k QrhKwon & Kim, 2019; Lee & Jo, 2019). ©]0]
FHo Ty FHUQl v Eat 27 R 17 1“ A A ool f32 SHoE HAAE Aol AI&GsiA ARska Jlar

o2 Z93t AgRdo|1 AFTL ATsk= A4 shtolct U AT Az} FiE]ar itk Hoek et al., 2011; Lee & Jo, 2019;
(Kwon & Kim, 2019; Lee & Jo, 2019). Ql=of| o]t :;% A A Malek et al., 2019). 53] HAAE 5 AE4 thAlS(plant-based
A AAZR] QIHS7ER QI8f 7IsARSo] A&SiA =L QL meat) APo] =jelolA F25] AdAskal AtHCho et al., 2022).
o} ol Fegh 2A7EA WiE, AR 1] 5 3 24, BE B4 A Atk 79 &5 AT G 24 APl B

o] &2 #A 1 7S, ASAEA FE S AEF 24 o] ofof| whE Azt o] FE3l0] AHRES] 7|95 A

lﬂl

J

.

Received: May 23, 2025 / Revised: May 29, 2025 / Accepted: Jun 05, 2025

Corresponding author: Hyun-Seok Kim, Deparment of Food Science and Biotechnology, Institute of Life Science and Resources, Kyung Hee University,
Yongin 17104, Korea

E-mail: khstone@khu.ac.kr

T, . .
These authors contributed equally to this work.
Copyright © 2025 Korean Society for Food Engineering.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

174 https://www.foodengprog.org



ES Moon et al.

Food Eng. Prog. 2025;29(3):174-182

s

)

4 = T e
7 %S RARE % S ABTHILS 0|83l 87 TR
A HANER A4S 5 tAlER Aate] AEAF 57 (extrusion
process), ZATHA|E-Z4(shear cell process), Z7]HANT(electro-
spinning process)¥} 3D LEEJo] o]-&%|31 It Mattice & Marang-
oni, 2020; Lee et al., 2022; Kollmann et al., 2023; Qiu et al., 2023).
o] F AUA tiEite] 71t YEABT7E0l de ol&E Il o
3L, YEHE 2 JEEY MR ASEEYIAERE )
9 WHAlof| mie} (AR 9 IR TR 7
T 5 Ut YA AEABIEE AR A2 v AR E
7 AZ ZAAEH ] (textured vegetable protein, TVP)S AJALS}H
o, o= ARG A Aart Aol W 1R e85
(high-moisture extrusion, HME) =& $-E3EH>55%)S X701
AUt AR 2 AlS(layered) 125 FHL 5 o] AA 179
SRR A7 FAIR, At Qo] A A8 7SR 14 244
Ethil(high-moisture textured vegetable protein, HM-TVP)S A4k
THDekkers et al., 2018; Lee et al., 2023). T1E{A HL S5 24
gy} AE 25 & o AUsHA 2 & 9l HMEO] #
2 A7t =L et J1ol® HME] 9J3F HM-TVPE /&
sk AR FEat W 58 A0 E Qlol tiAlS: AtdellA] 4]
TVPo| Hsf o-8/do] AJta o= m]ZIet A=o|th(You et al., 2020;
Park, 2021). RHH U QJoflA] AliE]l= tRt AEA tiAlS A&
S UFE 2es7E(E ], dHA e, 244, YA )9
FHE vz 9 & 27 § $5 Y = ASEH, 28R
52 e AVt Sl AFske Aot Kwon & Kim, 2019;
You et al., 2020). o]4H $572] FAF 220 of5k Azio] X|4s}
= 2870 FHE TREA, ARkt A4 TVPE
A= ool AA| SF-E o-&T we} AJolgt A Yol
ABRRE0] A8 9 ZHHgo] uie- A4 o]th(Hoek et al., 2011;
Kim, 2018; An, 2019; You et al., 2020; Park, 2021).

TEh 2 Tl 85 W7ol S HMTVPE] 424 o
W% Aol ol87154E BNIA 2 AR Fui e
9 2411 Ag5jo] HMTVPE o} g3to] Azsha 47 S42
37 ST} 43t 24 TVPE ARE Sfof AEe A5
SEIECTEY

9=0] 14
=

X

1o

j)

<t

< Ho

R
ERETNEL
At O A AEAAY7 =T E Ak Y-S HM-TVP

2%(HN 2 HS)2 @A AT (Paju, Gyeonggi, Korea) 2H-E 5
H JER Faol 45C9] YaarolA Adetn] ARgsIGicE 24

https://doi.org/10.13050/foodengprog.2025.29.3.174

ek 5 @Ao]H 2 Seongnam, Korea)olH, 5537k
"H(faba bean protein concentrate}> AGT Food and Ingredients
(Regina, Saskatchewan, Canada)2] Z-& &of o]x|alloo](Seongnam,
Korea)of| A, INHEFS GESAER(Gunpo, Korea)ollA -
sfstoict URSEHAT] B4, PLIS A5 48 HolA Tofslol
~45C 9] Y ao] AAs] Astet ol2] & Aol AH8T &
o) @ Aok ACS o] AL AMBIIST.

AlEd B IHE] 3 R AAX] HXE

A 2d ofjE] B 2d AAR]of 2837t AE4g HIRIT= Bae
et al. (2024)°] Wlo] et ARSIt =T QAR
ESS 412 30209] HI82 v 2o Y1 Ao} AEE o}§
sjo F#lo] BT T 60 mesh AS 53] W BIA|A A2 o}
Qe Azslch Az B U, DS
Tpeyo] wol 2ot Baalo] 1A et Ao AAG T 55
57| 2 gepoto] SRR A AETE (GRS 70%)E Al Esirt
(Bae et al,, 2024). Y55 Y=2L23} HM-TVPE 15COJA] oF 18417+
591 353t & W#7](0.5 hp, HANKOOKMC Co., Gwangju, Ko-
reayg o|&sto] ol F ARGSIUTHEAT 22 68%2} 69%).
THIE REetRAAEt, ol 1R oAl 9 ol SR
71 SHE T B0l 91 ¥r 579 20%0] sfgek= A=/ Bt
OIHE 7}sto] H[E|(beater)7} AZFE HEE7](SP-800, SPAR Korea
Co., Seoul, Korea)g ©|-8-5}0] A<x(setting 1)0f|A4] 1057+ H=55}%
o AEA g dge ARE Y150 g2 hamburger press
(07-0301, Weston Brands LLC., Cleveland, OH, USA)°f o] 34
71 e FE(AF 115 mm, FA| 15 mm)= FF310] A|Z23HAc
A4 e e % Qs Am] ol -4stol S2stel v
22 424 vd e, Yoide 87AEFADGEI0, X
Electrics (Shenzhen) Co., Ltd., Xuchang, China)of|A] 1587t SAH (A
25 105~110T)skL /=20 = Hfggsto] Aujullo] Y11 —45T
oM FEst] B 2] A2 29 dEE Az AEA
md 2ARE 22 HES KitchenAid AA1A] 5707](KSMSSA,
KitchenAid Korea, Seoul, Korea)S 0]-8-50] =315 MEZA #Ao|
(A 22 mm)o]] F7I510] F= EolA 1027HEA 22) | 72
THIE 29) 401, FE 2R Bl AR F di= A
2lsto] Az 2400, A= A|wEof] Wof 45T oA 525
SiEste] ZeHol wE A3 24l ARSIt

DI

ASY 2 IE|Q] =&

o
Yed vz 9 Hke A 2d fEls J2(220)00A 16
7t B2t skt F WMILetol(fan-frying)st Tt Bl2E] A4

175



ES Moon et al.

Food Eng. Prog. 2025;29(3):174-182

g wiels 29 wEg 10 g0 diFRE A7]11E(SGP-H52WS,
Shinil Industrial Co., Ltd., Seoul, Korea)o]] =211 setting 30]4] S
w3 olelg 17 287} 1l ) 13 7Aoo SlofelR T
on % 1057} 71sto] 225HTHLee et al,, 2005). BB 2]
A Td fygs fgg 10 g9 hEeES A7) 1Z(SGP-
H52WS, Shinil Industrial Co., Ltd., Seoul, Korea)ol| =21 setting
304 SIHT} oIS 247t 287 Zhdste] sl

AEY 2E 2AXQ =g

HE zE AE xg AR Q] AL AASH T wEl A4
A5 g9 575 7|10l T2 setting 3904 587 2]
o Z&]5)ick LHEQ HE 27 AEA 2E AR AR(220)
oA 16417 52t B3 5] Ui T Bof 387 kT, U
A= AL AAT & wdll AR & 5 g9 hF8E A7|ad
of T2 setting 3014 5EF 2 2SI

XXlg} X|$(texturization index, TI)

Hase Y7 AL 75C ool HEs H= 2oilA 30&
ZF A ALst 2AXY dxeto|(fan-frying, 8 min)sto] X5}
ok HVTVPS i3 220014 SF5aia, 7140e] 2] gl
ARSI YR, 299 YES 9 si5e 158 gAee 3
SHA FEH(1 emx1 cmx1 em)Z 4330 0.03% (w/v) methylene
blue B0 g G5} 25CE 25Tt Methylene blue 8-
Qe BaAEEe] 494 o] e e Bl BHoE 4
Yot FH]H XA F = Warner-Bratzler blade”| 2 &4
Z27](20.5 TS, Zwick Roell AG, Ulm, Baden-Wiirttemberg, Ger-
many)S 0]-&3}] Zo] HFeK(lengthwise) F+= 712 HFeH crosswise)
O F cross-head speed 3 mm/sS] £Lof|A 45| Aoksl wjo] X|of
S 2513 thoo] Ao wet 225} (42 AgelsT

Lengthwise cutting strength (N)

Texturization Index (TI) = - -
Crosswise cutting strength (N)

=
Y 2

A2 @l sfele} e 2A140] 97 B4 TPA (iexture profile
analysis)2} cutting-shear testS- ©|85}0] BAI519ich 4154 2 jjg]
= AAE FEi(50 mmx50 mmx15 mm)E, AEA Bl MR =

A= FEHRIE 22 mm, £0] 20 mMm)E FFGT, BE BHA R
9] &5= 25CE FAoI3L: TPA B4 P/100 T2 H(Z17 100
mm)7} A2 BA3E471(20.5 TS, Zwick Roell AG, Ulm, Baden-
Wiirttemberg, Germany)S ©]-85}9] cross-head speed 3 mm/soflA]

176

FE 40%E 23] HHEs]o] Azlslo] B force-time plot O 25 E TPA
parameterS TZ&0TE Cutting-shear testi= Warner-Bratzler blade”}
2= EAIZ71E 0]8519] cross-head speed 3 mm/sof|A] EAA=
£ 5] HISISLE, oJufe] 2] 22 cuting swength (N2 S13ick

xo|aA

N84 ud dejot 2l 2449 22 A% PAZ 245
of thee] A uet 2eleuS ARt

|.

Cooking loss (%) =

Sample weight after cooking — sample weight before cooking
X

100
Sample weight before cooking
O|+=&
T 2 A 2d e J - s 3ol 1 PYsh= 2
e UG EEECENEEENRER R R EE

-45ColA] 2417t FAskaL 20T
ARt & AF(220)01 A 18417 B9
HH $E-S Ho)n BhEE AAskL £
Ao] we} o] AASHTt

52 87 457 5 95
skEstech. S Az
A 2451l thee] A

ld:
>f°
i

Syneresis (%) =
Sample weight after thawing — sample weight after semi-cooking

. ; - %100
Sample weight after semi-cooking

SHXE]

A2 2 e % 2 A0 B4 AR 10~153)
HhE Saeloint. 2A4E EAAES YHIEARLA (one-way

ANOVAYS 06T BaRERAR Ueliolth o Ak
E47) BQE Aole] SAH S243e 95% ABEOA Tukey's

HSD multiple range testS 0]-83lo] H71519ich = BAA Akl
FLA.2 SPSS (version 23.0, Statistics Package for Social Sciences,
IBM-SPSS Inc., Chicago, IL, USA)E 0|83} $345}9ich

=k

Z1 9 13

]

MEN OIS ME ¥R9 XX x|
228} A 424 BR8] 9ol S5 THRe} 249
A% 729} AL 724 EHS BT YA Blshe 4
=5 92 olgul ik, 225t {47} 1 ololn] 714 4

l‘ll‘

https://www.foodengprog.org



ES Moon et al.

Food Eng. Prog. 2025;29(3):174-182

=4 diA S Qlol AR 9 AR 29 ASSPE Hivshy
ZF PAEo] Qukal WS KChoi et al, 2024a, b; Choi et al.,
2025, b, ). HA1L7] 54 ¥H(RPL), 4> SH(BPL), WIEZto]
SAI(FPL) ® HM-TVP (HN % HS)9] 23} A4 Fig. 1] L&
itk =ix)117] 549 A5} X]4== BPL (2.1)>RPL (1.5)=FPL
(1.5)9] =AM E S7FsH1 04 {9 AR AJol& KolA| ool 2]
ol w2 Zpo|7} itk B HM-TVPOY| §lo] HN2 5.4, HS&=
3.6= YEo] 28 A9 HR]17] SH(1.5~2.)Eet Fo40
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Texturization index
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Fig. 1. Texturization index of raw (RPL), boiled (BPL), and fan—fried (FPL)
pork loins and high moisture meat analogues (HN & HS).
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Freezing

Thawing

Fig. 2. Appearance of model patties prepared using pork loin (PL), dry textured vegetable protein (DT), and high moisture meat analogues (HN & HS).
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Preparation
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Semi-cooking
17
Freezing
WV

Thawing

Fig. 3. Appearance of model sausages prepared using pork loin (PL), dry textured vegetable protein (DT), and high moisture meat analogues (HN & HS).
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Table 1. Syneresis and cooking loss of model patties frozen without
cooking and after semi—cooking

Syneresis (%) Cooking loss (%)

Source” Frozen without Frozen after ~Frozen without Frozen after
cooking semi—cooking cooking semi—cooking
PL - 0.3+0.1° 7.1+0.8° 33+1.2°
DT - 0.6+0.2° 5.4+0.6" 1.9+0.9°
HN - 0.5+0.1° 6.9£0.9° 2.8+0.4°
HS - 0.5+0.2® 7.3+0.8° 2.7+0.8*

Mean values of 10-15 replicate measurements: values sharing the same lowercase
letters within columns are not significantly different at 0.05.

YModel patties prepared using pork loin (PL), dry textured vegetable protein (DT),
and high moisture meat analogues (HN & HS).

HHA mjelofjA] £Eo] =g Qlgh 7=k ulZo|th(Lee et al.,
2005). W]z 2 wE|S] B9 FEEHL 5.4~7.3%2] Heol
QLA DT (54%) 29 W7t 7K AT, PL (7.1%), HN
(6.9%) 9 HS (7.3%) H& TS5 24l Aol& Hox] ekt
o} DT 29 sfg7} 718 A2 22 DT g 2% Qs =
H{go] 97| flEo® Azt g F& 2] B 1E 9
3 vz 19 mjg]o] Rejeat 22 Bk HElov A
H]”Q—E 2 Eolqlth o= HE £ B g ] Wago]
Altol vz 9 e o] AR HY7] fEoE BZHEH.

EI:-II ]IHE|0| xlj E)g

SfEsto] Wietoldt vz W B2 x| 19 wjE|9] TPA &
39t At H=F Table 20 UERiGITh B2 24 sfE]] Hx
@} gumminess= HN>HS>PL>DT A& =04 11, springiness?}t
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Table 2. Texture profile analysis (TPA) parameters and cutting strength of model patties frozen without cooking and after semi—cooking

TPA parameters

Status Source” — : : : Cutting strength (N)
Hardness (kN/m?) Springiness Gumminess (N) Chewiness (N) Cohesiveness

PL 83.6+5.7 0.4%0.1° 36.1+5.1% 13.4%3.4% 0.2+0.0° 39.0+6.7°
vifﬁggt DT 73.7+3.7° 0.3+0.0° 28.4+2.8° 8.7+1.9% 0.2+0.0° 60.2+4.5°
cooking HN 165.1+8.0° 0.3+0.1° 55.0+9.0° 17.2+4.8° 0.1+0.0° 79.9+5(°
HS 121.2+9.7° 0.2+0.0%® 36.2+4.8™ 8.7+1.4% 0.1+0.0° 35.3+55°
PL 56.5+3.1" 0.4+0.0° 30.9+3.6° 10.9+15° 0.2+0.0° 12.9+1.4°
F;?tzeer” DT 65.3+3.6" 0.3+0.0° 30.3+3.4° 9.2+1.1% 0.2+0.0° 21.5+3.1
semi-cooking  HIN 121.9%7.7° 0.3+0.0° 41,7438 11.2£2.0° 0.1+0.0° 17.9%1.5°
HS 99.1+3.5° 0.3+0.1° 38.6+4.0% 10.2+4.0° 0.1%0.1° 15.8+3.2%

Mean values of 10-15 replicate measurements; values sharing the same lowercase letters within columns are not significantly different at £X0.05.
"Model patties prepared using pork loin (PL), dry textured vegetable protein (DT), and high moisture meat analogues (HN & HS).

cohesiveness= ZZF 0.2~0.49} 0.1~0.29] =2 24 Tjjg] Alo]
o /-9j&0]x] ko, chewinesss= HN>PL>HS=DT9] A2 =
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HN 2 HS”} PL 2 DTRET} =3k} Choi et al. (2024a, b)x} Choi
et al. (2025a, b= HM-TVPS] 223} A5 Arel HuksHA =
< Y] TS, gumminess@h= HAIE O] A 7RIt
Huskylch webd HN 2 HSO| HE HElS] 2 Hre ofE
&Rl HM-TVPY] 2 225t B4, & & IEdt 474 729
ol9] A5 Fx7t WA= Tl Fo oA FAEAL 7] uf
o5 Azt ol2fet A2 nd uwjeo] At Ao ofs &
o]ﬂ 2=tk AeA) LRE P:.—,—O]'X]U]' ZHS) oA :rL_,_i o]
3 AS F27F EABHA g DTE AlQfol, vz 2 F&
2] =9 sfElo] glo] HNoJ HSEE} AT A=E ‘/}EM?JJ—,
o5 HM-TVPO] ZA|3} At fARE 3RS Koty dxpog
UR80] 273} AEE 424 g8 AEC) 0] JE vl
L oz gz

2E ~AX|S O]g R x2Ed
%-L%:_‘Q_ 2y Z{.q nd _/]\_/\];(]‘,] 0H50ﬂ u;}e 0]}\0 o ﬁ;(q—ag_
% gisick
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mEQl A gk Jeh) W 30191 3, &AL DT-HS>PL>
HN| A2 571515, DT HNO| 2129l Aolg LEhf3l
o} ol e HE AARE AERA AYE AAT $ 22

Sio7] tizol 28 5 Bd MAAERE 484 AR fE 2
T2 IR A 2 Hd AAR|Y] Fgo] AAatt AR
AT Lee et al.,, 2005). T3 DT7F 7FF =& RS HQl
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Table 3. Cooking loss of frozen model sausages cooked by boiling and
fan-frying after thawing

Source” Boiling Fan—frying
PL - 6.0+0.7%
DT - 7.0£0.2°
HN - 54+03°
HS - 6.5+0.2%

Mean values of 10-15 replicate measurements; values sharing the same lowercase
letters within columns are not significantly different at ©X0.05.

"Model patties prepared using pork loin (PL), dry textured vegetable protein (DT),
and high moisture meat analogues (HN & HS).
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Table 4. Texture profile analysis (TPA) parameters and cutting strength of model sausages cooked by boiling for 10 min and by fan—frying for 3 min
after partial boiling for 7 min

i TPA parameters
Cooking Source” — pa - - Cutting strength (N)
method Hardness (kN/m? Springiness Gumminess (N) Chewiness (N) Cohesiveness
PL 79.1+4.7° 0.4%0.1° 6.6+0.6° 2.9+0.3" 0.2+0.0° 11.0£1.1°
i DT 54.2+2.6° 0.4%0.1° 3.2+0.2° 1.2+0.4% 0.2+0.0° 6.9+0.9°
ollin
9 HN 113.2+5.7° 0.4+0.1° 6.4+1.2° 2.4%0.4> 0.1+0.0° 12.9+1.6°
HS 66.6+3.4° 0.4%0.1° 3.8+0.4° 1.4+0.2% 0.1+0.0° 7.9+0.5°
PL 88.7+6.2° 0.5+0.1% 7.2+0.8° 3.9+0.8° 0.2+0.0° 23.2+3.6°
Fangrving DT 63.1+6.2° 0.8+0.3° 3.5+0.5° 2.8+1.2% 0.1+0.0° 25.9+2.3°
arter
partial boiling ~ HN 123.9+10.1° 0.8+0.4° 77423 5.6+2.4° 0.2+0.1° 23.4+1.8°
HS 65.5+6.5° 0.5+0.1% 3.4+04° 1.9+0.2% 0.1+0.0° 14.3+3.1°

Mean values of 10-15 replicate measurements; values sharing the same lowercase letters within columns are not significantly different at £X0.05.
"Model patties prepared using pork loin (PL), dry textured vegetable protein (DT), and high moisture meat analogues (HN & HS).

Table 5. Texture profile analysis (TPA) parameters and cutting strength of frozen model sausages cooked by boiling and fan—frying after thawing

kin TPA parameters )
(r:no;chog sacyzE! Hardness (kN/m? Springiness Gumminess (N) Chewiness (N) Cohesiveness Cutting strength (N)
PL 75.0+4.3° 0.4%0.0° 7.1+0.7° 3.0+0.6° 0.2+0.0° 11.6+1.5°
Boiing DT 42.0+5.3° 0.3+0.0 2.6+0.5° 0.7+0.2° 0.2+0.1° 6.0+0.5°
HN 70.5+6.0° 0.2%0.0° 43+0.5° 1.1+0.2° 0.2+0.0° 8.8+0.5°
HS 58.8+3.1¢ 0.2+£0.0° 3.9+0.2° 1.0+0.1° 0.2+0.0° 7.0+0.5°
PL 101.9+9.2° 1.0+0.2° 76+1.0° 73412 0.2+0.0° 27.7+3.6%
Fan-fying DT 88.4+3.1% 1.7+0.7° 43+05° 72429 0.1+0.0® 35.2+4.1°
HN 129.0+12.0° 15+03° 5.8+0.8° 85+1.9 0.1+0.0® 25.3+3.8°
HS 80.7+11.7 1.3+0.7° 3.7+0.5° 5.0+3.1% 0.1+0.0% 334+2.7

Mean values of 10-15 replicate measurements; values sharing the same lowercase letters within columns are not significantly different at ©{0.05.
"Model patties prepared using pork loin (PL), dry textured vegetable protein (DT), and high moisture meat analogues (HN & HS).

A5 zePPHE7] 3 Ao FEe] § wxeto))of wpet & £
2lsto] TPA B3 AHE S RASIQITK Table 4). 42 24 4
AA19] A9, Ameh HHAE HN-PLHS-DT 242 271519
t}. Gumminess 2 chewiness:== PL>HN>HS>DT &A1& 27161910
U, PLY} HN 9 HS®} DT= 22 79141 AlolE HolA] it
Springinesst= AF-20f A3#glo] 0.4E, cohesiveness+= 0.1~0.29]
HZ 89 o]x] It} ohH N—7] HAog BB 27 & fjx
gZlolsto] Aet mel AAR|9] AL, AL HN>PL>HS>DT <=4
=2, gumminesss= HN>PL>HS=DT —,v_—/ﬂi, chewiness~= HN>PL>
DT>HS ¢A42, A4 EE DT>HN=PL>HS ¢A2 27151901,
springiness= 0.5~0.89] Y&, cohesiveness= 0.1~0.29] HY=Z
sfoh 9 elet AR YRR0] et felol) eiskeh. Ak
o2 4o} 38 27| & WEAYI d5slo] WIelolz o
225w £A1A7} AlobH 9zt ART RE TPA 54
2 A AR} 8 42olgich ol Welolz 9ls) 484
Aol 93} Ho] Zxkg oI5t Aol Ao g PZFEIth(Lee et
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