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Abstract

The objective of this study was to develop a meat tenderizer using common fruits and vegetables —specifically red
beet, radish, pear, and apple— that are frequently used in Korean cuisine. Additionally, the study sought to enhance
protease activity, yield, and sensory properties by pre-treating the tenderizers with fiber-degradation enzymes (Celluclast,
Viscoflow, and Pectinex). The results indicated that red beet exhibited the highest protease activity, followed by radish,
pear, and apple. These ingredients were then combined in a ratio of 2:1:1:0.5. The tenderizers were divided into four
experimental groups, each treated with different combinations of fiber-degradation enzymes. The findings demonstrated
that the experimental groups had significantly greater protease activity, yield, sugar and salt content, polyphenol content,
and DPPH radical scavenging activity compared to the control group. In sensory evaluations, the experimental groups
received significantly higher scores for color, taste, flavor, appearance, texture, and overall preference. Among the
enzyme combinations tested, the blend of 2% Celluclas, 1% Pectinex, and 0.5% Viscoflow showed the best results.
Based on these findings, it can be concluded that a meat tenderizer made from red beet, radish, pear, and apple,
when pre-treated with fiber-degradation enzymes, is well-suited for the Korean diet. Specifically, the combination of
Celluclast, Pectinex, and Viscoflow proves to be particularly effective.
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oEsth(EkeH, JTE, 2004). T3, o]H F/o] A5
A A% 2el9l 2 o] 2 o] AR ool P A
o2 Selube) zels) o] 13, A7 o Zn|si) Bol
Fhok s aejol] Tl ALg ekl ol T Ral, 7] 5%
A3k 5ol e EAP} UALHHS 7, 2022). Seteh w4t
o] A82gol v AFoIA FYA, o] §IH1987)E
2)307) ¥4 7hie) Edsol vhs, 19, 47 Teln
Fste] 0.2 Firka Baslch. wak, 64 91(2018)
= Ab} 3§27} 43719} S 37 AR AR Hol
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HAEHAHHTE 2], 2010; A-21],2002; o]#&35, 2007,
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7Hg oA e Al Bt gFo] &7 g o) o) gElA e
Aol Slek(m & <, 2010).
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Aol A% T, 2| mf oW A5 Fo] A HAL
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a3} 9l o, rapinel ATt Fgol, 7| 8E Sl gk
at 2H-8-o] ATH(HE A, 2019; T FE 2, 2010) ol 3
frel T8 AT o= t, g, vk Fof 2H8-o st
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2013; A& A, 2024). A7 Malus domestica Mill)
FH(Rosaceae) 2] Sl A1 &) Az Gufj 2(
9],2021), 715} BRe 22 7|5 A 2lolx
HENY] C 2 ny|, A2]&Ad &2l polyphenol 3}
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AME B gis oldd o g AEATH TAARS
|52 F&o| ZolAAY, o]5eHA
Ao /WA= HE7FE Akl
FrEdl adol e AR v A
BaAe A(H3S 9, 1999),
H e} opdgtolAl, oku} opdetolA), M-S ofA, W
FhdolA] B ] A7 H7E F71(HRA €], 2013) &
o] HauE it et A28l E4E o] 83t 54
of shils) 52 21 Aol Pk A7 7o) 1L v
3], Tl §‘r°ﬂ A= 7ol
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A=A E (A, ), TR, B, )
?1511) ARH &, f&%)%—/\ SFAAL, 7H 5o A
J=n Eot = & Wl 7] aL, w9 A= At A
A AR AT A3 AJokR Thul Bla) F
ZJ ol 110 mM Trichloroacetic acid(Sigma T6399,
Sigma Chemical Co, St, Louis, MO, USA), Sodium carb
onate(Sigma S7795), Folin-Ciocalteu’s phenol reagent
(Sigma F-9252), Gallic acid(G0448, 24224 (F),
A%, =)=, B8 ZH 4] Sodium chloride, 99.5%
(%R E AHtset. Aol A A4
H3] &4+ Celluclast 1.5L(¢]3} Celluclast, Novozyme
A/S, Bagsvaerd, Denmark), Viscoflow MG(©]3} Viscof
low, Novozyme A/S), Pectinex Ultra SP-L(©]3} Pectine
X, Novozyme A/S) 3%2] §45 T3l ARE-3F L
%%wzaﬂ%@%<glx4@4.
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ZH 221 71(BL311E, ZLFA B e|oKH), AL, 3=
gk F A 2y FAL FE3Ach FE3
Sonicator(UIL-DHS 15040, F-d%S3KF), A71%, )
£ o]&3t] 304 231 FZ3kaL, ¥4 71(MF-80, &
AT, B71%=, T2 1,000xgolA] 1083 ¢
Altg]ete] A2 g ds su) As S 2R AR R

AHE-SERIT

2) AT zaLo| chlEeas 24

g=n|E, 32wl Ab} Z4zke] 2 E Aol 200 uLE A E

Holl Y31 pHE 72 %43} 0.65% casein &Y 500 uL=
7keke] & E5a1 SEZE37°C v g1 oA w1 #1110
mM Trichiriaceticacid 500 pLE ¥ o] W3-8 SA|A| 7|1

H 7] el A} oF 3027 XA ZT 2 o] gk = 4
- 2]71(MF-80, &L 23HH(F)) & ©-8-3ke] 10,000xgel]
A 333 dalEelshe] A2 245l 200 pLE 0.5M Na,CO;
500 puL2} 0.5M Folin-Ciocalteu’s phenol reagent 100 pL
£ H7lste] £33 37°C u| 7] ol 4] 3087 A A7)
oA %*‘5"31“6}04 Ao A5 HE 660 nme] 3ol A
= d3F9t}. Tyrosine -8 7|02 BEF3T

1 (y=2.2335x+0.2075, 1’=0.9975)< ZHAJatlom, o
2R el A S-S AlLteE i

3) Afasll el
24
g=nE, 2 ouf) AlE 0.5%0.5%0.5 cm @] 27| &2 2}2
WS g4 AN o] 7MY =2 TH"H—‘?— Z
1), d=nE, 7 ), ARHE 2:1:1:0.5 v &= &9
ol 55 AUkt dnjAdS S5l EHZ:L o
A5 H7VSHA] 9kaL, Al EAE AT 14l
elluclast 3%, A& 20| Viscoflow 3%, A& 3ol
Pectinex 3%, A& 49| Celluclast 2%, Pectinex 1%,
Viscoflow 0.5%% ¥ 3 50°C, 300xg2] Shaking incub
ator(SI-100R, 3o A =al(F), A2, gH)olA] 14]
Z¢ wukslich. wwt & B 7|(BL311E, 2E-A| B2 2o}
()2 AH&-3te] 2327t ZolE & ASA| 2 ARE-313
o] AL T FAIF 284 FEF E ZahNo AR E

a8 S B o R A el e

2 AR d5A Alx 3 R R

-

r

oft et
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24< 2439,

4) el s dAe dsAle] 78

A5 FEe Ax g5 A5AY FAE A= Al

(E 1) MRtz §M
Gk = Azew(e) [ HH pH | A=
Celluclast 1.5 L celloviohydrolase, 1,4- & -D-glucosidase, 50~60 4.5~6.0 | 700 EGUY/g
1,4-D-glucanase
-beta-gl 1,3)- or (1,4)- beta-D-gl
Viscoflow MG | ndo-beta-glucanase, (1.3)- or (1,4)- beta-D-glucans, | 5 35455 | 500 BGUY/g
Cellulase, alpha-amylase, Xylanase
Pectinex Ultra SP-L polygalacturonase, pectinases, 50 45 | 3300 PGUYg
hemicellulases, beta-glucanases.

YEGU=Endo-Glucanase Units, ?’BGU=Beta-Glucanase Units, ?PGU=Poly-Galacturonase Units
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F AR AR YT F A7 = FAE T e e

2 YR )

TE%) =(Hxgsd A
+371E &

SR TA/ ASA AE FA
A x 100

5) ez Ade AsAe pH, B 2 g

54 2] pH+= pH meter(A221, Orion Co., MA, US

A)E, FE+=FEA(PAL-1, ATAGO, Tokyo, Japan) =,
s A=A 22, do]XAYAL(F), A2,

)5 Ag-sho] 33] e SAgsko] Btk 7okt

6) aralis Axel dsAlel Aw

A7) o] M= 984S Cell-dish(35 mm D, 10 mm
L)oll 715 do}, A e 214 (CM-2600d Chroma Meter,
Konica Minolta Holdings Inc. Tokyo, Japan)E- A3} ¢
%= (L: Lightness), 211 =(a: redness) 2 & =(b: yello
whness) #t-5 33] ¥h S48 b, 11 kS 7ok i
o|l|, AH&-3+ T F3(Standard Plate)-2 W H(L=99.36,

=-0.07, b-0.04)& A28} ).

7) AR as AxE dSAle] saksk

A5A| o] giksl A2 F Fefdl= 3=F 9 DPPH 2}
Uzt 7502 okt ksl A3l AHeE FEde
354 1 g9l 99.5% oleh-& 9 mLE £83F F, 1,000xgol
A 1027 AAlEE] A7) T2 &J37-2] NO.2 (Advantec To
yo Kaisha Ltd., Tokyo, Japan) 2 &J3}A] 71 A-S AF8-8}S)
th & ZejdlE e ASA 59 0.2 mLo SR 2
mLE #3}4] 2N Folin-Ciocalteu phenol reagent 0.4 mL
= Y 387 Ao vkS-A1Z]1 & 10% Na,CO3 0.8 mLE
gol IXZE F1F o 72 3ol A gk A& w33 =A|(Spe
ctra MR, Dynex Technologies Inc., Virginia, USA)Z o]

£33} 750 nmollA FFE=E S48 Gallic acidS
o]-gate] F ZejulE e BFEHE S =3kt DP
PH &7 2758 A5A 59 4 mLoj 0.4 mM DPP
H ol 89 1 mLE o] nnksh 5 30211 o 7 32|
)8k tf2- 534 =7 (Spectra MR, Dynex Technologi
es Inc)E AFE51e] 517 nmol|l A 4 =S5 =451 &
AE H7FHA gL dz2wd ASAE Frieh AES
v sto] thEa -2 A2k o 2 DPPH 2tz &5

98-8 (%) 2 et

DPPH 2Ht)Z 27%5(%) = {1-(ASA A7bte] 3=/
2ol $85%)}) x 100
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Tl 10 g == /i1 =3 A3+ 571 E Al
SFAL /A A FE VIR AlFstlen, 242 Alsnt
ch wpEst B2 1S A Fof| AABESE 3T HH
|2 A vk &), o), HAZ, ANbAERl 7| e o
2 ZF 6 Y= 3L, FrHPHE 94 H e S o83t
Aom, 7t o] EAdo] Al A= Fo] ArE =7 Al
sk STt

o5 A= SPSS Statistics(Ver. 27.0, IBM SPSS Co.,
Armonk, New York, USA)E o] &3l H3] W] 4

= HlEel MEERE FABIeH A&5d Hrd A5
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i = 05 4594 Duncan's multiple
range testE o|-&

<0.
$A4 fro4¢ A

.
rﬂ

(o]
fant
ol\

~ o
we M\

10,
g
r-1m l:M

32
K
>,
o
n}L F

i

O

i rlo

p
o]

Ll

]_

O

m, 23

¥
.

al

Ad

1. oirfRel SHiEs 24 2y

ik

HEHE, 7, vl Alto] thil2al & 4 &g <33 2>9}
2t} =R E7}260.27 units/g O & 71 31, 5 194.45
units/g, ¥l 146.99 units/g, A7} 18.94 units/g =] ATt
(p<0.001). Y =B Eo] chl sl g A SHEE= o] 1.3
ull, vl o] 1.8ul] o v, AR} W} 13,78 =9k} -2, o]
(20032 A= ES G e 24 A]9] o] Fopyom
obd it o] 27 2g g BpE ddw o] Frlow &34
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Heedleas M2 oY, A s E2EA 5
ol o2 Ehtt). 3142H2016)E HSHE ke 2. MegsEaool o3ty A

By
>
eI

71k AR AFtollA] =R E o] AAA] <]
(&3, &894, W3S A=A &k it
ZA4(2020)S =n| E o] =5 3E| o] 43
2AIZITAL B3t o] 2lg AFEL HEHEL
ash FAS Yehgs 29z Bzt §3]9)
o] How gl A B2 wo} Tl A T8-S =
oA, 2024), HAL7 Y 23175 HE of
7| 2o ekl A Ba) 7 40 of| AE| A7t AstE
ZItk= Bt QIohEHEF 9], 1998). 749 £1(1989),
7-e1)(2002), ©]#3(2007), 352, ZTFE(2004)S 3
ok vl o] Sl AR 5 47 rkar Barskdok AR,
¢+35]174(2012)2 -2uvhele 7, i, AdFo] tisEA el A
shAleta &Fdek e €1(2018)= A2ar7|9h A a7]
ol Ab A g A Afae} A FA N ZrE e
U= o= ehl A Re) 5 4 A w9 BA7F ok )
th. AP AT} vRIAR B Ao =N E,
Hlj, Abhol|l A Zhzh el Rl & 2 ghAdo] QlgiTh 3, ¢
SH|EVL 7P 2o E4S B ol vl B E4
¢] 3 2| o}A|(Protease)= v & N3k & o}n| =4t
o7 =11, FEttolA(Peptidase)s= F7HHEC] =
Zhpital o) 2Hg-3fe] ofr] st o = B Al A a17] 2 s}
2hg-& do7ivkar A oA, 137, 2012).
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ZFol 24N 12 Celluclast 3%, 84N 2= Viscoflow
3%, 8.0 32 Pectinex 3%, 24N 4= Celluclast 2%,
Pectinex 1%, Viscoflow 0.5%= A 7}3F A f-iaf G4
o] pH, 3%, 9%, M= <F 3>7} 2} pHE 5.00~5.80
o7, G4l o] A4 2~4HT} FojH o7 EYTHp<
0.001). @ == 1.73~3.64 Brix%= &4 30] 7} ¥k
a1, @49 27} 7 Bkt (p<0.001). G 0.16~2.61%2
N 1o] 71 SEkaL, mael 27} 71 =9k th(p<0.001).
W= 58.29~59.94, A== (.55~ 0.61, 31
= 0.85~2.809] H9|& YER oW, == 34
27} 53] ol F2 A4S YERT

2 Tx2| ASHe iR es 2y

ol A A 2] A5AlE Al xzsh] 9l s
a2 SHUE R E, v, ARGE 2:1:1:0.5 1)
S EF3. o7l FF] Aol B v RE
= o 2 shaL, Ada 12 Celluclast 3%, A2V
iscoflow 3%, 1< 32 Pectinex 3%, 23 4% Celluc
last 2% %! Pectinex 1%, Viscoflow 0.5%= A 7}A] &4~
£ sl Arkskaint. 123 g 5 el el a4 S

(£ 2) o7l ulFsigs &M Ck9| : units/g
Y=HE T Ell Al F-value
260.27+2.05° 194.45+4.10° 146.9949.14° 18.94+3.55¢ 1064.41™"
*d Means within row with different superscripts are significantly different by Duncan’s test(p<0.05).
p<0.001
(E 3) MrEsigLHol o|zlety] EM
"9 JAH2 JAA3 "AN4 F-value
pH 5.80+0.07" 5.00£0.03° 5.07+0.08* 5.10+0.06° 103.389"™
3= (Brix%) 1.9240.01° 3.64+0.01¢ 1.73+0.01° 2.43+0.01° 33143.167"
A% (%) 0.16£0.001° 2.61+0.01¢ 0.22+0.01° 0.61+0.01° 250282.297"
(L) 59.9420.01¢ 58.29+0.01° 58.71£0.01° 59.7440.01° 32813.143""
AT | AT (a) 0.57+0.01° 0.61+0.01° 0.63+0.01¢ 0.55+0.01° 57.296™"
A= (b) 0.85+0.01° 2.80+0.01¢ 0.89+0.01° 1.3740.01° 33320.741""
829 1: Celluclast 3%, &2 2: Viscoflow 3%, &4 3: Pectinex 3%, &4 4: Celluclast 2% + Pectinex 1%

+ Viscoflow 0.5%

*®Means within row with different superscripts are significantly different by Duncan’s test(p<0.05).

p<0.001
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S A= <F 4o} Aok Tl a4 Fdo] t 2T
164.20 units/goll B]al 23T 2, 3, 45 196.16~284.44 un
its/g2 fFold o2 =9ko), A¥T 12 85.28 units/g S
2593 0 2 YUgIth(p<0.001). Celluclasts= thil e &

28X =71 oJgko] QI AINE, Viscoflows} Pectinex=

A AFE FIE & Aok =3, AP 47
o BT E Ho tzTH} 1.74) ol o, Viscofl

ow$} Pectinex Tr==] 2] Hr} 1 4¥) A& ZolA, £33t
Ax 2ol of3) ‘;}‘ﬂ.]—"'?‘??‘ﬂﬁ/\ o] t& 71k A=
Helvk, AP Aoy FhA e ot A& a3
ofl 3l Bars} =, ‘i]."?l%‘, 48 (2009) A A A
ZE|9E &5 o] Viscozyme &
inex”} Pectinex 2.t} ¢F 2v)] 7178 Z71E B ¥kl 5+
t}. o]H3} 9](2014)= vl o] Il Pectinex, Celluclast,
Viscozyme 2 Ultraflo x| 2|A] 47] E4 25 71844 11
T S STl A idlen, EEuE §+ 9 DPPH
radical 227]5olli= Pectinex, Viscozyme2 37} 18]
o1} Celluclaste} Ultraflo *] glito] &2} gl o]

£ 9hie) A9 gy o] FHROR ofF Aol

+ Viscozyme + Pect

2]y AR tist el sEHo| 997 wlEo = ¥ 1slg
u} wEhA] 7)ol B Fa Il Aol o) E XiHe £8
22 o] F25HH ofol meh §2 5 B FFu

ol S FE Ao Bl BAAY A%z
o J

e A S ek G Er|

>.,

= FEA7IM Ao o Tl A S Eafjehe B A
ZAtolti(McWilliams, 2016). wheha] chil B
7 AEY dwe) ] Xl =8-S

2o
]l

b

f“‘lN r.{u:

N

Him'io_rz

A MxE| H|He 2

AfEslas A e ASAlY FE2 < 5>ef R &
£9] 89.16%¢] thzol| H]3f 0] 91.80~99.52%=
oA o= Eokon, Wy A4 Jal of vja £ &4
Al AET 471 7HE ol dx E‘rlo%ﬂﬁi 7}
3 THp<0.001). 7] Hol 2 &4 %‘% =, Ak
& o Wt & Aol AN A Mcﬁl ofgt &

7ol el FEE 911999 A% &9, A9 <
(2003)= G2} el o] %F 2](2006)= 7HE] Z7] 92
—"‘r%‘” 2111 2](2007)= s ZE, 74dst £1(2015)

T I FEEA ZaA g o3l
HE] ME]-. Prathyusha®} Suneetha(2011)+ Pectinase S
ARG A FoA Fg FE FEo] P EHIL oRE
Fo] F7IeHE 59 2 ol 7105, o] ZHAl el A
99 3ol EAERE R G A2 AR 2ol
o2 lshe] 2 AL S Ao HuHgtd,

ol £ A7t v A 2 i 2wt it B A 2l sk AT
FE&ol T7Fe A 2L A= YER AT T3 o] F

zgo|zrlE Ao 2

N,

o

(E 4) dREdligadol ol3sy EN ckQ| : units/g
o =7 ATl AFF2 2ET3 AE 4 F-value
164.20+1.21° 85.28+0.33° 196.16+2.36° 202.20+1.78¢ 284.44+().89° 6952.06™

2 AR A 2 ASA,
3: Pectinex 3% & ASA,

2187 1: Celluclast 3% 2] A3,
AE T 4: Celluclast 2% + Pectinex 1% + Viscoflow 0.5% 2] AS-A)

AT 2: Viscoflow 3% A z] d&x, g+

**Means within row with different superscripts are significantly different by Duncan’s test(p<0.05).

p<0.001
(E 5) deBdlegs dxz| dsHe 8 =2l %
o=+ A& A& T2 21873 A3 T4 F-value
89.1620.002° 91.80+0.003" 97.69+0.004¢ 96.42+0.003° 99.52+0.003¢ 5164481.730™"

= - ZaA ohA] o2 54,
3: Pectinex 3% A& A5A,

AFT 1: Celluclast 3% =2 HAEA,
2E T 4: Celluclast 2% + Pectinex 1% + Viscoflow 0.5% =2 <184

AFT 2: Viscoflow 3% 8] %A, AT

**Means within row with different superscripts are significantly different by Duncan’s test(p<0.05).

ke

"p<0.001
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Holl =
draEdas

Hx2| o

’

o 9](2015)e] 1F FENo| A= Cellulase, Pectinase,
Amylase 27} @5A] 2] Rl W84 2] A] =80 ¥ S7}
shglom, uhodul(2022)0l] oJ3hH HEo] &4 23]
B2 2o & FRFET 84 A s AT &
o] AL, ©E A4 A2 FEHEY B4R A A
o] o = veht, £ A7} vl AdE JER

5 duEdlza M2 AS|HQ pH, EE, HE

30
gl

AR EA AAE] ASA9] pH, BE, 9E& <
6>7} 2t} pH )2 5.880] Bl AT 4.3
2 2T EY fojHo g Ugta, AFT FolA
T 27V 4.352 7V Sk, ST 10 5.742 7 =3
(p<0.001). ¥ Aol ARE-3F G420 24 pHE4.5~6.02
A5A] pHell Z2A] G&Fe] §lS A= BRItk A5A12 p
HE &40, & 3) pHEG B x]o]H, o= Al
9] malic acid, fumaric acid, oxalic acid, citric acid, malei
¢ acid, succinic acid('=93%; 9], 2005; &34 2|, 1996),
vl ©] succinic acid, malic acid, tartaric acid, citric acid(%
F21,2013; o)A £], 1972), F¢] succinic acid, fumaric
acid 5(3 12, 2011) f-7]2tel &3k J&Fo 7 B}, F
9, 01F5(2016)2 =] H7FE 24 =52 pH7}
SolAE AL Eiol] T4 §71 Jaolel wnalg]
or, o)7% 21(2013)] 918l H7} 4 =5, 19 22
015)¢] ohzvio} 21 97} £ ofe] <ol 74
17} ol pHY} Yl el A} e Azpolct.

U‘ rlr
N2

~5.7
48

Fll‘

B3, thewHeh A3do] pH7F B2 AL Az Q)
s AlEH o] Rafso] 584 F714 5] FU2 A
Aoz Bolv], Fe] F2(FAZ 9], 2014), V| EF2(}

E3] 24 oﬂ/q 3t o] Zr)at, 24 pH7F 5 <3}l o
3 o BEACLE oI s S5
ZHAY Qo Az,
CAS = z:j 7¥8k 2 30] 5.65~6.74 Brix%=, t
53 Brix%ET}h folF oz =9ty T 3 A3 2
rix%= 74 =3 H(p<0.001). E42H R Y =
FLE7h U Al Gl A o] (AL, 1 3)
de= lE, 2, ), Alke] g gheo] o] Aoz el
, ZHH]o} (W42, 2008), o] F
Az 9] 2014) A E 2], 2015), L FE=H
2 9],2015), ofz o} HFH(AET 91, 2017), Fh2
A F,2022)2] AFoA] Ea A AR} o Gt =
T} 2& A= YeRY It Monteiro (2009)2]
o Ttol] oJFhH L2 Viscoflow &4 Xg] & U
ol e EaL, HEA 21(2019)¢dx= = Hfolal
Celluclast 1.5 LE =] 2|3} & wj) A &gke] 7]——’?—‘%6}] 2 013

7} Lol A Eo] FE ol et Lol 3
wo] Z7hek Ao Lo}%vﬂ 2 gl Fa
(e

thﬂr

et E ]Oﬂ %EE s AA ‘/}E}‘d' A%
dto UL( 022)¢] Aol A Celluclaste} Viscozyme &
Al lete] 2 Ao}

-.—?fHE_ °1SC1e A
37}

= A

SEEEEE L
B, :RM o

001‘
mlo 2

2a8H(% mu] 2012) Oi—‘rtg}‘—

Ful, 2022), A& FA ol (7 As) 9], 2023) M B A 2] s usith o] &) BT 7] -] vk o oA L}
5 pH7} StobA] 2 A7 Ao} A8t v 3], =4 2 AvE Az
31(2000):= 5+4f pHE S A o] 3}ol] J3F& vAH
(£ 6) HRaIslEa X2 d|H pH, 2k, gk
T =7 291 A2 A3 24 F-value
pH 5.88+0.01¢ 5.74+0.01° 4.35+0.01° 4.36+0.01° 4.55+0.01° 37063.234™
5 (Brix%) 4.53+0.02° 5.65£0.01° 6.74+0.02° 5.97+0.06° 6.17£0.21¢ 212.114™
5= (%) 0.22+0.01° 0.29+0.02° 1.40+0.01¢ 0.35+0.01° 0.36+0.01° 6098.737""

et © ZaA] e shA e ASAl, AT 10 Celluclast 3% 2] A5A,
2AF T 4 Celluclast 2% + Pectinex 1% + Viscoflow 0.5% 2] ¢354

3: Pectinex 3% 2] ¢S54,

A&7 2: Viscoflow 3% A& A5A|, AL

**Means within row with different superscripts are significantly different by Duncan’s test(p<0.05).

ke

"p<0.001
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=
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A= AT AAE, 2022). THEEEE-S Pectinase
A A 2] Al el A== vrol ] 0 v AmylaseA] B4
A A el AN E =

(R 7) dresiegs Mz ASH el 4r

7. MeEdEs ®

o,
do
Me
)
M ol
b
)
2
oo
rO
Ho
2
1o

&2 H=H 2|

ShALS}

st 1Y Ak <i
Fe ) 27(72.35 mg GAE/mL)

1= . R
Boh A8#(123.17~ 217.79 mg GAE/mL)o] &% o

2 %9k 1(p<0.001)

PAL R

s 2 =

47} 27T} 3k =

7eke] 713 =Stk o153k 21(2014) 4 o] s

Pectinex, Celluclast, Viscozyme, Ultraflo =] 2]A] Z&]=|
=0] 12.0~21.9% S7ksklotaL shltt. vl 7, A€
(2009)& Atz Aol Viscozyme, Pectinex & Viscozyme
+ Pectinex #]2|A] Z8]HE ghaFo] SUlslglon E3
Viscozyme + Pectinex #|2]A] Pectinex 2.t} 2F 28] 713}
A3 Baskdek. 315t 2](2013)
2], o]748Y 2](2021)-2 BF FZ5-<]| Cellulase2} Pectinase
2], Zheng et al.(2009)2 v|EAR o] Viscozyme L &

C} 1

T O -

ol] Protopectinase

2 A e & FElE dhgo] STk B st oict. B3,

Y571 2(2018)+%= Celluclast, Pectinex, Viscozyme 1%
x| ofgh AZFde] ZeluE o] A g R

o 184l S7FhekaL shlth. 2415 21(2009)2] -l A]

= Y9l Ceremix, Celluclast, Promozyme &2~ 2l

T = AET1 AET2 AET3 A4 F-value

Hx 36.93+0.01¢ 35.59+0.01° 35.4440.01° 36.59+0.01° 37.57+0.01° 310227.101°
A e 2.38+0.01¢ 1.98+0.01° 1.53+0.01° 2.11£0.01° 2.86+0.02° 7788.107"
Al -2.24+0.01° -1.98+0.01¢ -1.99+0.01° -1.99+0.01° -2.43+0.01° 2582.286""

2T 223y 3kA & d8A, A¥T 1: Celluclast 3% 28] ASA|, AT 2: Viscoflow 3% A8 LA, NFF
3: Pectinex 3% 2] %A, AT 4:: Celluclast 2% + Pectinex 1% + Viscoflow 0.5% 2] 2154
**Means within row with different superscripts are significantly different by Duncan’s test(p<0.05).

"p<0.001
(£ 8) MREdias 2| dsH o kst
77 B gl A2 AFT3 A4 F-value
Ze)dEs . a b ) .
72.35£5.54° | 191.77£0.55¢ | 123.1745.54° | 142.7744.00° | 217.79+4.42 506.547
(mg GAE/mL)
7} sk
P If ;f(}j)a 58.43+0.33% | 67.0240.28¢ | 61.2440.01° | 6534+£0.12° | 76.53+0.01° | 7684.682
a2/ e (7o

xzT B4 1A ge ALA|, AT 1: Celluclast 3% =8| SA], A 2: Viscoflow 3% *]8] d5A, AT
3: Pectinex 3% 2] %A, AT 4:: Celluclast 2% + Pectinex 1% + Viscoflow 0.5% 2] %A
**Means within row with different superscripts are significantly different by Duncan’s test(p<0.05).

s

“p<0.001
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MelEs A2l 2, Mo sHel EUSY o
o] aaxg] FA R & ZedlE s Halon o o]of AA5A|9 st &4 R E, I ul, Alte
ol& B AT AAgE A AFS UEHTh o= B A4A ikl E4ol| 71QlEkE Aoz HolH, o] EAAE &
g2 st MEHo] 7hrRalEal 23 T 2 A 3] AR aie] AR Qs SU1e o s Hel
glol] oJgte] FejHlE 2ol Tolxl AR Hltk. M o v o] Hyuof| eh=alE a8 55 a4 455 (Pectinex,
P AT NN E EAA 25 B3l A2 Falste] =8l Celluclast, Viscozyme, Ultraflo) =] 2l(o] %33} €], 2014),

= 5 Al o] 8738 FE tigh A7 vk B
Y tHChoudhari & Ananthanarayan, 2007; Cinar, 2005;
Santamaria et al., 2000; Stoll et al., 2003). 53], AE=Z
oo Y Faf o] WaALgo] FERAE Ko A
XY 3o Baflof f-848% FEol v E-A<l e
2 &# % 31(Cinar, 2005; De Faveri et al., 2008; Wilkins
etal.,2007), o]= Fglo] AEZ 0 29} 3| AEZ O~ 9]
H3E walsh7] w2l A2 2 cellulase W hemicellulase
of th& MEH AFie] E3E s Huld 28 5491
Pectinase ARg-0] B42 31 71 © & W 1=t Ben-Shalom,
1986; Carpiat, 1993). o]o]] & SAFolN e AE2 0 >~ 4l

A Aol Cellulase®} Pectinase A 2](uta1 7, 723,
2009)~] ol ghrks) o] F7Feks e m, 219 o Viscozyme
BaA e Al kst Ado] frolH o= Edrh(Eb s ¢,
2019). 53k T2 5ol Amylase ] S2%2] Al 71 5=
L 7S BYa(AAE 9], 2015), Cellulase$} Pectinase
W2 2)st ¥E 5% DPPH gtz ~7%0] &
S Holom(o]Ad 9, 2021), f-214 2](2013)2] &
A Pectinex &4 2|2 3213} o] =718
o} o= BAA R Qe AEAMEE o] EA)e=
of whl A gl 5o i Agtsle] EAletd B84
Z2|5= sltEo] Ay Rl A 28l oAl f2l =

A e ang SeHoR At AT UL L o 2gy wool EYH) v o R Beke, B AT
EFEFT SN SAH AL AT L F AT s e ez mxAelol) o8 SelvlE I 201
DPPH 2}tj2t 2752 AT o] 2T HT 222 o pppy gju)g 7% 84 =7} aav) Uehd Aoz
2w A%E R, 2T AT VET6.53%= 71 g
E9h=T, ol a2 R Qla) st At SUe A
e i, | WEE AR NS ASIEEY  ougaa mxzl wisHe BEHA
2bs) 2k-g-o] wil-g- B, Hl=n|E 9kt oA FE35
HERd, wlERAJold-2 DPPH radical scavenging activity N eBaE R Ax]a] AsAe] Al A <F 0>
o o] Rutin] -} Catechiniich o 2 S1AS& RIS o) g}, fezafoll] A1, o, v, 913, B33, 1k
(Cai etal., 2003)3 ek, L ¥}o] DPPH 2102t 27%0] o] 755 m gz vl AdTo] Sodow ¢ =
A =R E(O]EE, AT, 2012; X5, 2021), F(HYA g} (p<0.001). A 7| 557} t)z70] 5.70.0.2 714 Lk
2011; 143 €], 2010; 343 €], 2021; 3740} €], 2021), o, AEF 47} 74002 7P =gka, AT Fo =
i (Qh2<5, 2012), ARHGEARE, 2018)0ll h5o]l HALERL 281727 5.800. 8 Wigit), o] obA Ml =4 (3, &
(E 9) MREsEL: X2 A9 BsHAL
T =z ATl A2 233 A3 T4 F-value
A 5.10+0.88" 6.20+£0.92% 5.80+0.63" 6.60+0.52° 7.40+0.52¢ 14.581™"
S 5.60+£0.52° 8.10+£0.57¢ 4.40+0.70° 7.50+0.53° 8.40+0.52¢ 92.003"
| 5.10+0.57° 7.60+0.52° 7.00:£0.82° 7.40+0.52 7.90+0.57° 33.479™
2 5.60+0.52° 7.50+0.53° 5.90+0.74° 7.300.48° 7.80+0.63° 28.945™"
=94 5.50+0.53° 7.80:£0.42° 7.10£0.32° 7.70£0.48° 8.10+0.57° 48.510™"
Al 7aw 5.40+0.51* 6.90+0.87° 6.10+£0.99° 7.300.82° 8.30:0.82° 18.355™

Yz 23 3hA o %A, 23

=
3: Pectinex 3% *]8] dSA|, AT 4:

= =

T 1: Celluclast 3% 2] A5, AgT 2: Viscoflow 3% 2] ALA|, AT
Celluclast 2% + Pectinex 1% + Viscoflow 0.5% =]g] 18-

*®Means within row with different superscripts are significantly different by Duncan’s test(p<0.05).

'p<0.001
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H, o2 7B R A7) g e o

0] glo), HIE Sre] FA} hE 5ol vl
3l 2ol w Ro] fele2 Rk, vhdnl(2022)¢] <

2N |
Jo
rr

o o

S
Tk B | eE 2T
o], AT 471 7.800.2 71 =
27} 5.902 2 wiojrt. o]&
3FE Fol AT 22 4] 7]
I A7 vehd Zlo® ¥elth Bl 7|snE Uiz
9] 550t} AFFo] 7.10~8.100. & fro|d o g &3t
or] AT 47} 7P =9kt Bt S el 9%
n A thzo] 7H vhe A4E UehiSie). riATe
ARkARl 7] 55 w5k b A, Bt o] 7] s olA 1
F7hEE AT 47183008 7 7| 55Tt ok n,
zo] 54002 71 715w wigdch 1A
(2003)= ARl E 2 22| A ZFH o] G, U4

) ol ]l Gt 1, A3} go] Fo} el o %

30
by
11t
i)
St
ofy
2
R
rlr
it
i)
Ay
o h e

2 71555 YehvkaL &k itk 749 21(2020) 9
sk AR ZISFAE NS Sl Sl el a2 gt
Har7] 24, eo] 9] vl d R 545 A st
B HETET Fee AstEaL o, BH7 575 %
H7 oA Hat o] o] Mg o} RS A F o2 A
shrhar shqivh. 221 8(2022) 0] FhbEel] £9E A A
R 2o s S b | S ) I stz M R P B B s B
= gk, o] 2](2015)2] a5 FZH | Cellulase,

Pectinase, Amylase S &3] 2 g3t lS W= 71 =
& 712 e A e Ads Bl

V. 8oF gl 28

B o= If ol ARl 4221 Celluclast, Viscoflow,

Pectinex =] 2] = A| 23 A5A| o] FH 54 dolR 3t
ok @R &4 AT A U SAUR PN E,
o, ARGE 2:1:1:0.5 ¥ &2 E3e & 5] 25 4
7Vete] 2o 2 ARR3I AET 14+ Celluclast
3%, A& 20 Viscoflow 3%, 213 39| Pectinex
3%, AT 4= Celluclast 2%, Pectinex 1%, Viscoflow
0.5%% &3ste] H7at St Tl Ra 84 S
Zaol vjEl] AR 2, 3, 4= Fro A o2 Eokovt AT
12 FoHeoz wgtom A 47F 7P =itk
(p<0.001). F&-2 ol vlal Aol oo =
ko, AT 47 7 = 3th(p<0.001). pH= thzo
Hlf Addto] fro] 2 0 2 Wokth(p<0.001). B %, H%+
2w Ado] foldom =il 2 F AT 2
71 =3 THp<0.001). M= F o} 22
Hop AT 1~30] frolHom vk, @
2]

L.
o AYE 1-30] fe Mo Ehor), AT 4L Oz
)
&

3
1

7
o
B
i
Hrp e A AT 3 e Uit (p<0.001).
25l %3} DPPH 202 27552 220 29
ol frolH o2 BT, 1 F AW 471 1 B B
ARl A,k e, o, 2207, AakAel 7] 5 o
N =5 )zl ula) Aol folH o weron] A
A 47} 71 = eh(p<0.001). whehA] 414 23] Ea
AN FAF(H 0, 5, W), AL E o] &8 %A A
Z A & ghile] Hel e & 4 Qi v R Ak B E

2

e

=
7} 714 £0r] 5 5 Felslis e} DPPH ehelz

FAO: A5A, A s, H, A
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