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Abstract

In this study, we examined effects of adding fruit and vegetable meat tenderizers pretreated with cellulolytic enzymes
when formulating tteokgalbi using pork and beef. Meat tenderizers were created by adding no cellulolytic enzyme
to control(TC), 3% Celluclast to T1(EG1), 3% Viscoflow to T2(EG2), 3% Pectinex to T3(EG3), and a combination
of 2% Celluclast, 1% Pectinex, and 0.5% Viscoflow to T4(EG4). For immersion, TC, T1, T2, T3, and T4 were used
as meat tenderizers in TC, EG1, EG2, EG3, and EG4, respectively. Results of analyzing quality characteristics of
the tteokgalbi revealed that EGI~EG4 had significantly higher moisture, crude ash content, crude protein content, crude
fat content, water holding capacity, sugar content, polyphenol contents, and DPPH radical scavenging activity than
the control. EG1, EG3, and EG4 had significantly smaller cooking loss, diameter, and thickness than the control.
Furthermore, EG1, EG3, and EG4 had significantly lower hardness, springiness, and gumminess than the control. In
terms of sensory evaluation, color, taste, flavor, appearance, texture, and overall acceptance were significantly higher
in EG1~EG4 than the control, with EG4 having the highest acceptability. Based on these findings, it can be concluded
that EG4 is the most suitable option for processing meat products as it provides a higher tenderizing effect and a
better palatability, making it ideal for creating aged-friendly foods.
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E 1) o=H X ==, ] HZH[Q HHE el s %
Control EG1 EG2 EG3 EG4 F-value
i 56.10£0.01° 61.67+0.02° 60.55+0.02° 61.64+0.02° 63.26+0.01° 110656.667""
§ Z3) % 2.08+0.01° 2.22+0.01¢ 2.10£0.01° 2.15£0.01°¢ 2.31+0.01° 590.500™"
o |z | 18.64+0.001° | 21.56+0.001 | 19.34+0.001° | 20.14£0.001° | 22.32+0.001° | 24892337.74™"
Yj ZA 4.41+0.01° 4.61+0.01° 5.03+0.01¢ 4.89+0.01° 7.57+0.01° 49845.433™"
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'p<.001
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Jbeazrey | EHEEH | 30.40+0.01° | 19.06+0.05° | 39.55+0.02° | 19.49+0.01° | 16.22+0.01° | 435667.096
(%) ogmz] | 4338£0.020 | 22.48+0.02° | 45.70£0.02° | 24.00£0.57° | 22.01+0.02° |  6459.443""

*“*Means within row with different superscripts are significantly different by Duncan’s test(p<.05).
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B2, Fregel Bashs A% Uehislcky sl
o}, evl002) W, 719, shelofEe) Tl mey £

Protease”} A5 AstA| 24 chall 2 Ba) o) 7174 vl Al sk

AzlAo|T, EAZE 0 7 2lF Ary} Yol o] ZH
e d 88 £A8e] Re FA0l 9TE R

B st 71 A Aol Seh A o] Ws) =, o
A3} E2A; Abol o] Aghe mistE 2ls) g & "k
T E4o] @] wAdvto 2 W k= & —’F—
flom, A5 Ak o8 AEsd ASsURe]
o] F&, Wi o] &9 o] 3} A Ert el T‘_—ZH*@‘]--‘E
FH-o] B3 A Eri(Lopez-Bote et al., 1989).

l‘

3.5y U S 28
SRS A S A < 35 0. )

1]
=
]

U\l

-
5o Hdn] AA7AAEL Control2t+ EGI, EG3,
EG47} frojdoz igkout, EG2& o4 o = =0t
(p<0.001). FAZ2g 3 22 Aol EG22] 4

>4$
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AoJdS HalEA xalel oot A4 Ay =Zulol ojxls E2 SA vl 7
A9 A go] 1 Bokd Qoo Al vld 4, pH
7HA & Viscoflow & 4oH o] Fie}l w7} 94 3o
2 21905, 32, A1 S48 ke S]] pHS <3 4>o} 2t pHi 5 =] 4%
Wb oA 2 A7 AS O thTe oA el 2ho] 7} ¢19] < Control 4.735t} EG1~47} 4.04~4.372 oA o=
ou}, FAREg e HET el WE Al felg  Fa w0000, FIEFE Controle] 5.9, EG1-471
o2 Yolth T Buakelt), e 13K Buke Wk 5.89~5.920]91 2., Control®} EG1, EG3, EG4= A
(25t 91,2016), v Aol g ke wapg g = O Al @le, BG2E 3892 b sttt
& SAEHLF 9, 20084 = 7 pago] Zojz  (P<0001). $-5 HLUE 25 mvlo} v AL
A1, T FAEE folHel Aol 2 Mol ghghrpm p BT T vl el A5 Control 421204 EG1~4
el T A 25 ol Aol 2, ey 7FA01~4152 FrejH e 2 ST (p<0.001). 7hd &2
B 3} zpo] %7} z20} E*é, ogoﬂ Lﬂ-E]— 2Fol 7}t Control 6.02Et} EG1~47} 5.78~5.96 2 &) % o 2 ug)

th(p<0.001). ©] & %3} 719 ¥ pH= ¢ lr:o].z]qﬂ— AL
ghelst 5= Al et A8k 2(2016)9) 25 Bd-g 7t

2 et Z7] 9] W3} °‘°Mﬂtﬂ SR iz a7 gadg
5 =9 w7z st o y
MY 2HAEe] | BEE WRE A Ak T I PER H d prn e
A8], 2021). et & AFola] ol f Rl ak A = Urihj - = fJHIrXMOML ]7; 7} 7]}351
= =2 =3 HEA] G le)
AEA 22 G28| = Control Btk 278 7483 T ED} o f = YERtk L o}} T 2016] : Z <,
= . =Z o= A O
Aol BaSHA0R, 55 BRI Hapr} AAx ) 2022 AT 81, 2021 HE S, 2007). O H52 71
) 7] S5 _0‘7]'01] :L;%XJ EJ/}J]_ o] o o 7}_15)_‘?_ E?_h:} 033]”\:‘ ?_].' ‘ﬂ!é ] tﬂ/\JQo] ,/,:7%%}0] 01:5]]210]] D;]—E]—
32} e 9714 olu)=7]2] imidazoliumo] 82
(E 3) oisA| &HX| =], 25 HZH|9 & I FH L2 o %
Control EG1 EG2 EG3 EG4 F-value
A | B9z | 11.27£0.02¢ 6.82+0.11° 13.800.13¢ 9.22+0.18° 5.56+0.19° 1615.500™"
—170
HEE | ogwmzn | 17.65:0.008° | 824+0.006° | 18.66£0.01° | 12.94:0.005° | 9.41£0.01° | 983262.889""
=y | EFEZE | 10.590.15¢ | 7.52:0.30° | 13.380.16° | 8.41x0.11° | 3.45+0.14° 1191.960"
HEE | ogwzin) | 1543+021¢ | 13294026° | 17.2120.07° | 14.72+0.21° 7.01+0.14% 1270.154™

*Means within row with different superscripts are significantly different by Duncan’s test(p<.05).

<001
(E 4) A=A &X| =], 5 HZd|9 pH
Control EG1 EG2 EG3 EG4 F-value
A 4.73+0.011¢ 436+0.012° | 4.04+0.013* | 4.16+£0.013° | 4.37+0.002° 1689.067"
=0
a;f;] 7hd % 5.92+0.01 5.9240.006" | 5.89+0.01° | 5.91+0.01° | 5.92+0.01° 8.939”
=
t-value -190.392" -534.997°" -315.558™ -347.690"" -532.933"
S 4.21+0.005¢ 4.15+0.009° | 4.01£0.008* | 4.12+0.006° | 4.14+0.006° 442.047
[eJe)
a;:]] 7+ 6.02+0.006° 5.960.01° | 5.78+0.006" | 5.84+0.04" | 5.92+0.006° 80.535""
=
t-value -313.395™ -299.889"" -219.803" -71.345™ -323.192"

**Means within row with different superscripts are significantly different by Duncan’s test(p<.05).

sk

p<.05, "p<.01,

p<.001
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o] pH7} dsditta Hu=EdEd (g4, A,
2016), ¥ AN = 22 71 o3 et A2 1
SR

lo

5 Hk

Gz o] Fi= < 5>9 Pk v =& w4
& Control 1.41 Brix%XEtt EGl1~47} 1.51~1.75
Brix%= frej&d o2 =9kow, 1 % EG27} 1.75 Brix%
2 7P =3k (p<0.001). 7FE5-2 Control 1.30 Brix%
Bt} EG1~47} 1.41~1.70 Brix%= fo]zog =gkl
(p<0.001), L 5 EG2¢} EG47} Th2 #HU} 2o g s
Btk 95 "zH|= A5 Control 1.01 Brix%Ech
EG1~47} 1.27~1.41 Brix%= & o2 =9ta, 1 %
EG29} EG47} 71 E=4th(p<0.001). 7182 Control
1.21 Brix%X.tt EG1~47} 1.60~1.90 Brix%= 2] 2 o
2 =gton 1 % EG27 7 EUTHp<0.001). =53
5 9] o] 3= A, 7S ollA] 25 Control .ot
EG1~47} f-olA o2 #3kal, 53] EG27 th& AT H
o =2 AR B} ol 7t A7 2 A A
&9] Aol JFS F 22 5 EG29| H7He AsA <]
Viscoflow o] vl 71 E9kel Ao] Jgko g v
o zIct. Ao dubol 3k A 5= ¢I7+(Dye & Koziatek,
1981)ollA &= ©ute] F& F7bol b2 Fd7} =919 7|5
T st gk Ak Aoy 7P dsEhE ARl F
= =Rl AN o A Ebsdt =gk, 257 9](2013)

T .

= 13 AsE a7 s ghol tgk DolA] A4 ¢
£ AFol et 8757 7P =9kaL, avE o B x| o
& AE, 24 e AF OB FL QTEES BIThL

el QoA A4 7hsst 2% s 488 Aos
FotEn, B AoM] Frrt =34E EG4+= o] FA
o] #3}= njz Ao g ALz Hch

=l

gkort, EG4w froH o= =9th(p<0.001). FA %=
EG10] 714 $¥9kat, EG47} 714 =9kth(p<0.001). EG1~3
< Control 2t} o] 72 Az 0] o1, EG4+ Control
7} o2 AR e Wkt a8 Wt
Controlo] 7} $t31, EG47} 78 =32 H(p<0.001), &
= TolA ASHET =JTH(p<0.001). 22 == Control
o] 7} =11, EGlo] 71 vk o w(p<0.001), S HT}
Control, EG1~3-& ¥k}, EG4E Sol A th(p<0.001).
AT = Controle] 7 2al, EG47} 73 =9koH
(p<0.001), Ay HT} 7}E5o] =9kvh B3, S5 52
Hxel HAw7} Control Bth EG1~3L §-2]2 0 2wl
o}, EG4+= #2302 =9kth(p<0.001). %= EG1
o] 714 via1, EG47} 71 =90 tH(p<0.001). 71952 =
7} Controle] 7}g ¥a1, EG47} 71 &3k 2 H(p<0.001),
EGl~4+ S BT} 71g$0] oz o}, Control A5
B} 7hgSo] Yigltl(p<0.001). F %= Controlo] 7}
Z =3, EGlo] 7 Y¥gkom(p<0.001), ASHETh
Control, EG1~3& ¥k}, EG4+E Yol A tHp<0.001).
A= Controlo] 7F4 ©a1, EG47Y 7F8 =9kow
(»<0.001), BSHT} 7}GS50] EJH(p<0.001). H=H]
Eo] Mo w-ghao] webdEl (betaxanthin) @} #2242
H]e}Alo}d (betacyanin) & 2 -2+ vl e}d| ¢(betalain)

k2| : Brix%

Control EG1 EG2 EG3 EG4 F-value
A 1.41+0.01° 1.51£0.001° 1.7540.01° 1.53+0.003° | 1.70£0.002¢ | 2969.708™"
;jﬂl P4 R=K=3 1.30+0.01° 1.41+0.01° 1.70+0.01¢ 1.59+0.01° 1.69+0.01¢ 955433
t-value 12.044™ 16.773" 42.000™" -10.552" 1.086
A& 1.01+£0.01° 1.27+0.003" | 1.41+0.001¢ 1.29+0.01° 1.40£0.003¢ | 1424.141"
;;jﬂl 7HES 1.21+0.01° 1.60+0.02° 1.90+0.01° 1.714£0.01° 1.79+0.01¢ 1661.500"
t-value -23.056" -43.557"" -131.2917™ -62.000™" -58.723"™

**Means within row with different superscripts are significantly different by Duncan’s test(p<.05).

sk

p<.05, "p<.01, "'p<.001
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T':OH AL

x2|o| mum} xf4

HoPt Hzdlol| ojxls F2 &4 Hln 9

9], 2018). uHedu1(2022)¢] 7o <]
HA7VFol sLg FefollA, B el E ok %
| EokvhaL B arstelrt. ofof 2
Adte], =53 5 G| PKoA EGl~32 A7}
ol B H|E}AJo}d (betacyanin)©] &4

of of3)) ZFAE 7] whit o = AYZFEct. =gk, EG1~37 ot

AT-ollA] Controle] A =7} =& HAH|=7.67, 5 4
2= 53002 71y Fo =9k o] f- & Kol
th EGl~4+71d & AN 57} =8 w7zi] = 4.45~5.26,

1

A Aze)

75 it =

da s el = Qlaf 7ol

-5 HZ4H)= 3.03~4.73 0.2 o] H=H|ES] wg ]
g &4 Wk}

27, BG4+ =57 -5 ] o] YKo A7t 7 Ao 3ol Ao IAH EGA7} 7t e ol &3} e
EdT, ol EREL AR UE BhAEdet U vE AT ES "RPIAR AN e} volx] Ao R
2 7| o2 Wglr|obd ZrAof ofdfo] Hoj Yehd Ao AZrE) A89] Mo] T3t o] fE BE 4SS I3
2 AT 35 olo g A7t Zas) Hlok A= A& 7HAAL Qlom, 7 A& FHjet 271, T 5% &
dEnEd F2 Sof e vl Ars g, 2, A ARRELY AE 7R H & S 7] ulio|tt
B, FREAE, Y Foll oMY sHAINE 71 | H SR S FE IS NS ERIF FA F R
7V7F ol A )l PEFE vl xIck(aLotet 9], 2022; S=2Hle wpe} depxict. 2= A He v eF
17194 ¢, 2018)aL git}. o]o} 2 MAEL A 7] =Wl ko] @ol Fo F24& Yepdt(ZAs 9,
7} A A Z2(Myoglobin)e} 7} el o]k 8F-2(Maillard  2020). 2 AFAAE AKor] =8 | Hh= &
reaction) 2 2 W3HA| &= o] ¥iskE Vel A Xety] "] o] AN} oA ] ol S Ak o] Aol o] g
uj ol A= S Aol S FHdEIA €1, 2021). & JFoR Bt F=o] B 122 HE A
(£ 6) ¢=sd FX ==, 2] HZH(| M
Control EG1 EG2 EG3 EG4 F-value
A5 | 47.16£0.003¢ | 41.73+0.005° | 45.32+0.01° | 46.17£0.004° | 47.20£0.004° | 448576.312"""
We | 7S | 52.10+0.04° | 56.90+0.02¢ | 56.35+0.05° | 54.82+0.09° | 57.07+0.14° 2186.070"""
t-value | -248.118"™" | -1108.073™" | -350.186™" | -173.426"™" | -124.743™"
AL | 3.81£0.003¢ | 2.61£0.003* | 2.86£0.004° | 2.88+0.005° | 6.72+0.004° | 670120.337""
;;] AN | 7}dS | 7.67£0.01° | 4.45£0.009° | 5.85£0.01¢ | 5.17£0.02° | 5.26£0.05° 6794.226"
t-value | -1286.000"" | -375.197"" | -465.122"" | -250.530"" 50.577""
AS | 6.17£0.007¢ | 3.06£0.002° | 6.00£0.005° | 6.03+0.02° 6.31+0.01° 42361246
g | 7S | 7.13+0.02° 9.67+0.02° | 11.63£0.02° | 12.16£0.05 | 14.46£0.27° 1538.287™"
t-value | -80.714™" -503.256™" | -384.491"7" | -250.597"" -50.769™"
S | 46.40£0.01¢ | 43.22+0.005* | 43.68+0.007° | 43.81+0.005° | 46.78+0.008° | 160576.433™""
e | 7hdS | 45.68+0.02° | 48.82+0.02¢ | 47.96+0.008° | 47.66+0.005° | 49.72+0.02° 20185.061™"
t-value 37.168" 522,957 | -527.803™" | -3203.6717" | -169.228™"
. R 3.73+£0.28° | 2.67+0.008" | 2.89+0.01® | 3.13+0.008" | 7.16+0.005¢ 565.715™"
;;] AT | 7} | 530£0.02° | 3.03+£0.004° | 4.73+0.007% | 3.73£0.02° | 3.51£0.03" 11214.3777
t-value -9.049" -53.500™" -31.807" -46.462"" 209.116™
AS | 4.29+0.006° | 3.23+0.005* | 3.33+£0.01° | 4.17£0.004° | 5.14+0.005° 45445566
SAE | 7S | 4.63£0.004° | 4.75£0.02° | 4.84+0.06° 5.95+0.03¢ | 6.90+0.03° 2759.612"""
t-value | -275.963" -122.622" -51.079™ -92.014™ -122.283"

**Means within row with different superscripts are significantly different by Duncan’s test(p<.05).

*p<.05, “'p<.01, "p<.001
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= 39F o2 Ha Adg ok Ak} Ajtst AU At
sl AZ e 2o ZReH o R ) o= AL A
T rj e SRRl SAu| @ 2 2RI o] 45k H En]
2ZF=2Hlo] gt 24 wA dot. s )= S
ARl LAm| 2 Z2HI0] 413y WEN QS 2 W] FH = 3]
25 JEPATHE 4, 1999). 71 SA1ES] 7] &
He 312-0]7] el 22Rlo] d¥AdS dov|H, =
2kslE|o] 271 HellA] 371 A2 w3l 70~80 T ol A] 324,
2 38 55 eRdTh o] B 22812 dRidS do
Z7) wioll Wl En]| 2287 ohE Ml WENZE
2lo] A ETt 2 AFtolla] 7hES2] o] Xsfzl o]
= vErZEN, HEZFeR T3 a4 Fa
H AGA Mo] JF& F AT Holn, 719 F =5
27t -5 wanE HAwe) AT} 2ol tf XIgh
A BE ol 7 B AKA| Mef ofgt JFo T
Holk A G H7F =5 WA HE(L I, 54,
2018)¢} ofZ Yo} - A7t =5 HE|(ZHEE £, 2015)

A-ellA 2] Holl=

25 mzulo)

7}

o

o] 7|
9}
9.

fy g

2 HeItha gick. weha] wzkn) o] e
a4 Foll o8 2 FFe Lo &
o=

2} 7 Apol& Hol= Ao R

dob S o

£ oy
o,
i ol

o] 227k &4 A <& >3 Zrk gk
F7(2022)00 oJ3H, LB R s}AF] H= 7152 50,000
%7}~500,000 N/m? o|8}2 <15+ 2| (X014 2)’, 20,000 =
4~50,000 N/m’ o] 3+5 2€HA|(3l & 4 3)°, 20,000 N/m”
o3t -5 AR FF) = FFAL Uk ool
& =& ¢ ¢§ wZu] Control, EG2E 19+, EG1,
EG3, EG4= 29HA|dl| 43199ch. Control(E% 75,008
N/m?%, % 65,158 N/m»)Et} EGl, EG3, EG4(=%
34,800~45,150 N/m?, 5 22,941~26,050 N/m?)= -
Ao t] wkok(p<0.001), EG2(E% 74,008 N/m?,
2% 65,483 N/m?)= Control#} 24 2o 7} ¢1itt. ©]
T EG27} & 7Rt <s 2>91 A 9 T A E<
3> E2PE<H 5> Fo| Ao JFSFHOZH
o} sl AF ol ek, ezt A &3}
7] Slall 21Fe] BAE =AY, Al gol3t
U FeEt HES Y, 8-S 248k Az

y

ke

o
=

>
¥
X,
N
o o

ol

T
A= o
2]

o,
o,

1=
[e] e

=5 A

0

(¢}

AL T =a
Control EG1 EG2 EG3 EG4 F-value

B2 | Dute | aise | wssor | sisses | sassp | 2512387
BAHml) | 0.07+0.02° 0.03+0.01° 0.15+0.04" 0.24+0.09° 0.25+0.06° 10.197°
Eif;] 34 0.58+0.02° 0.38+0.01° 0.70+0.10° 0.36+0.08" 0.29:£0.10° 16.712""
o e+ A (mm) 1.79+0.11¢ 0.85+0.10° 1.80+0.17¢ 1.3440.14° 0.71+0.25° 29.398™
A4MN) 17.29+0.55° | 5.42+0.04° | 20.87£3.09° | 6.64+1.58" 4.02+1.51° 60.223"
AEA(m)) | 31.04+2.93° | 4.61+0.54° 37.99+8.77° 9.07+3.21° 3.1242.29° 38.714™"
B | Lt | iisap | simse | swar | ssas | 9S8
BH4ml) | 0.03£0.001 0.04-0.02 0.63+0.05 0.04-0.03 0.02+0.001 1.209
;;jﬂ <34 0.61£0.01° | 035£0.03 | 061£0.02° | 036£0.06° | 033£0.01° 60.329""
e+ A4 (mm) 1.65+0.03¢ 0.47+0.02° 1.6440.02° 0.88+0.16" 0.58+0.05* 164.166™"
AXMN) 15.99+0.13° | 3.36+0.30° 16.07+0.66° | 3.77+0.79° 2.98+0.04 618.426™

A (m)) | 26.44+0.67° 1.58+0.08* | 26.36+1.37° 3.41£1.39° 1.72+0.16 616.722""

**Means within row with different superscripts are significantly different by Duncan’s test(p<.05).

"p<.001
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FEebA A, 2024). 2275
1= 8.2x0]m, 654 o]
S T 20219 71
H, 2024). Ho}7} Betat wolo] B
HIRE }, a8 o] v go] o, xFedx|o}
Bk =l F2= AT A A AE
EaFslohar shrk(H 84 9], 2010). A =
2 I3l &8k F57t o HAY A 2to] Tk =
M= Lol«l TR T aeske] 7]
%741% e TR 25 o]  astch
201 94 2021). whehA] 2jofe} 2 247]
T} e 8| iTx] tﬂﬂu]
iw Y FHE
9], 2013), LFA Em(@; o
Bukukon] 9] 2020)S Yo w7k

o w2} B=rt F7Fsk ek e of

o o
(A )
i

1o o

W
..b
N
=)
S

ol

-

=

ThEe

oo
2
b

=)
i)
0!
kr
ok
.

o ro
o

FI
£K
Oy

(RO

o

oz

(

o

b
olr ]Q Mo

o 12 on M1 oo

— offf o o

rr
H

o

ro

o &

rﬂzm%;gmm&&_mm\m—m

> op ri
N
F
g
1>
U{H = F
ok

=

M ko

Lo} xur ;<47]- =S (A ¢, 2015), E9] Aetel
S Arbel Wi (AskA, 78, 2016), A G2 A
7} £ WA HENZLDF, 524, 2018)lA = A7tk
o] Z7}stel ulet 4 =7} ATk S1ic). o] S}
SAFEA S EE ) A vAE 9ol v=u
2 2o ubA A7} ;gg gloF & Aoz Helth, B

ATAA Aol Fal & H7bol ofs) ASAl A= (2
NI, 3, o), At AAlo] Fo i o] Z2eloll,
v of ol =H|2bA| 5, TR E A G4 ST Eo]
2o 2 Welth mEdt ASA| ol 2ol fr Eal o] A7t
+ Viscoflow &4 9] ©@= 2]2] BU}= Celluclast T =

2 Controldl H]3] EG2, EG3, EG4+= =33, EG1&
SkTH(p<0.001). &-343, &, A4, 28y
EG27} 7V =9k 11, o] = A 9J8F EG1, EG3, EG4
Control it} §o]H o= Lrgkom(p<0.001), 1 =
EG47} 717 sttt -5 "] of| 4 B-2Hd L Controld}
EG1~47tel| f-2] 2 2}ol7} gliet. 2o &3 43, &84,
34d-& Controloll v EG1, EG3, EG4%= fro] 4oz ot

stom, EG2¢E #2191 ol7} g1Aek(p<0.001). 1A
o g 744e EG2, Control <508 =9k, W& EGI,
EG3, EG4= Control Ht} §-9]2 0 & vro AsES 1 ojr}
(p<0.001). Zr]& 2](2010)+= springiness2} gumminess 2]
e 7)o 32 YERY = parameterghal 3FST) 2
AFollM EG2E Al )3}, ZH EG1, EG3, EG4+ Control
Hop Axvtole}, g, A4 T frefH o g vlol,
7] Astel] AAAQLE Gl

l

ox, 19 ro £ b
i)

fr o do ox oxt ™
o 4

ok % DPPH 2tz 4752
<% 8>3 2t} - ZejuE o % DPPH etz 475

o] Control®t} EG1~47} §-9)A o 2 =9lu1 E3] EG4
7} 7 =9 (p<0.001). =Y E Q] betalainA] 8-
phenolic group, cyclic amine groupS 2 A& o] §Jo]
A FAsAR e AF7F AP JQeRIx ¢,
2018; o]Z 3, ATE, 2012). oA ¥HAZ(2003)E &

2] I= 3o o8] W] HA] AgA e vhlis] gEE F ks A4S Z2H= quercetin, kaempferol,
B 84 STt wan] o) Ax sl &37) o]l 1% quercetin 3-O-a-L-rhamnopyranoside, kaempferol 3-O-
(E 8) ¥=dl EX ==, 2= YZH[e & E2in= &2 ¥ DPPH 2ic|d A7is
Control EG1 EG2 EG3 EG4 F-value
ZesE . d b . .
71.89+0.03 104.72+2.52% | 84.50+0.28 98.37+£0.14° | 145.00£3.67 11997.640
=5 (mg GAE/mL)
=ZH] | DPPH Z
= 7] _E;r;/])é 36.43+0.02° | 60.28+0.12¢ | 45.51+0.24° | 53.43+£0.36° | 69.43+£0.001° 2463.851
j bz hrou W4
ZesE a d b . . e
100.85+0.02% | 171.70+0.02° | 122.70+0.02° | 133.59+0.02° | 189.85+0.02° | 62423.312
RN (mg GAE/mL)
@ zu) >
= DIE);‘_EE;])E} 41.2440.03* | 69.42+0.005% | 56.23+£0.02° | 61.26+0.02° | 77.19+1.06° 2463.851
b hroul W4

**Means within row with different superscripts are significantly different by Duncan’s test(p<.05).

*p<.001 ly different by Duncan’s test(p<0.05).

sk

p<.001
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a-L-rhamno -pyranosideE #2] 33tk B33
o} wlol g-3=o] A= chlorogenic acid, epicatechin,
catechin, rutin 5] HFA S 2l S th=F 7t
A5 9le] kel AHei% 2 B 2ol 37} ol A
o= delA TkHAE 2], 2012; o] 3} 2], 2014). HAR
2](2021)= AlEFell= quercetin glycosides, epi-catechin 2
procyanidin 52 #|&/dEo] th FHrE o] Qlo] Zhgh
kst S-S oL, TEAIEL F2S dAAgaL &4
o, whba] wdn] oA gHakst 2R-g-o] vpehd o] fr= ¢
A Al zzol] AHEE P =R E, -, ul], Abte] JRFo g Azt
ot o] AE 2(2013)F AHAREEE H7heh Hdu] oA
A AL 27} ZHAsk e ol Ak B dledt B &
ehuieo| o e Ratsh B 30] E3alY] tigolelis
Sk mEbA 2 Aol el gl A el Ao 7
e A7 ol o] A 0. ekl 4
7 9](2008)+= A4~ A 2l A4kellA o] HEHY] E9] &%
S7MAA, B A g] ZAatelo] T3 A| ek Sk HISH
#2174 =& DPPH 2|z 275-S Veplta g}, =
3k, Agaln] 2)(2014)& &4 A 2g FubEo| dlEy ol
EehE o] ko] 7P EdthaL skl om, o] = A4 A
2 b= AEY o] FEo] SuistE 7] ulel2ka
sttt Hel7d, AE9(2009)2 AR Rl 50°C oA
Viscozyme + Pectinex 2] E3t2]2]7} ©E2] 8|1} d&

_qo

d

(£ 9) oi=Hl &X =]z 9] Y29 7|2% HA

rlo
o o2
o
o
g
i
)
=N
%0,
n[o o
rUO
&5
rlo

,2008), 2 Ao = tHé Hr}
el AT Z¢9= ket DPPH o)z
7% 0l ¥ EUW o2 Holx ] dhsx] g Bt 554
2ol o]3l] Fe|9l= s} DPPH 2z &7 50l U 5
7Vste] EG47} 718 w9k Ao g Heltt,

9. 7|2 ZA

B o] 7|5 AL A <F 9> Bt =5 9E
H|¢] A 715 &&= Control 3.10, EG1~47} 5.40~7.50, Bt
9] 713 %+ Control 4.20, EG1~47} 5.20~7.00, &Fn]
713 %=+ Control 4.50, EG1~47} 5.70~7.20, 9] &2} 7]
%= Control 4.30, EG1~47} 4.62~6.70, 22 7k2] 71 5%
+ Control 4.30, EG1~47} 5.60~7.202. 2 f-o]F o2 &=
sk, EG47} 713 =4tH(p<0.001). A2 7| S oM =
Control 4.80HT} EG1~47} 4.80~7.400.82 fo]&o =
¥=9kaL, EG47} 7H é’%%l%ﬁ](p<0 001), o] oAl 8=

o] Y& Fof vehd Atz Holt $-8 wdn] A9 7]
S5+ Control 2.20, EG1~47} 5.04~7.50, 5t9] 7|5 =
Control 2.60, EG1~47} 4.30~7.00, &=|9] 7|3 %=
Control 3.30, EG1~47} 4.80~7.200. 2 f2]& o2 =3k

1 i Lo

¥0 [‘

Control EGI1 EG2 EG3 EG4 F-value

A 3.10£1.05* | 6.30+1.50° | 5.40+1.76° | 6.50+1.22° | 7.50+0.68° 82.301""

S 420+1.91* | 6.80+0.61° | 5.20+1.55° | 6.6040.49° | 7.00+0.64° 51.974™

=g ] 4.5042.31° | 7.00+0.45° | 5.70£1.92° | 6.94x024° | 7.20+£0.40° | 35.024""
] o 430£1.69° | 6.60£0.49" | 4.62+1.76° | 6.10£030° | 6.70+0.46° | 36.880""
z27+ 430£1.75* | 7.00£0.45° | 5.60+1.82° | 6.80£0.40° | 7.20+0.61° 52.445™"

Awrdel 7|35 | 4.80+2.11° | 7.10£0.30° | 4.80+2.20° | 6.42+1.43" | 7.40+0.49° 33.007"
A 220+1.09° | 5.80+£1.96° | 5.0442.10° | 6.00+1.81° | 7.50+0.68° 72.508™"
ie 2.60+1.64° | 5.90+1.83° | 4.30+£1.81° | 6.20+£1.48° | 7.00+0.64¢ 64.391°"
o5 R 330£2.26" | 6.10:1.89° | 4.80+234° | 6.50£1.52% | 7.20+0.40° | 35944
] ol 3.40£1.98 | 590+1.78° | 4.70£2.22° | 5.70£1.28° | 6.70+0.46° 29.125™"
Z27+ 3.20£1.74° | 6.20+1.91° | 3.88+2.08° | 6.30+1.50° | 7.20+0.61¢ 54257
AvAQl 71E% | 3.00£2.02° | 6.20+£1.91° | 4.10+2.28" | 5.84+2.07° | 7.40+0.49 43.835™

**Means within row with different superscripts are significantly different by Duncan’s test(p<.05).

sk

p<.001
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a1, EG47} 7F8 E=93th(p<0.001). o) =& =)o} v}
Z7}A 2 Controlol] 714 Zoj = vl E2o] A WA 7} Yo}
o] Aol vls)] A, o gk 7] Z =7} Holzl Zo

I FEL gtol gtof] gk 7] S w7}
Folzl Aoz Helth 9#e] 7]E%=+ Control 3.40,
EGI~ 47} 4.70~6.702.2 f-2]8 02 #}4tH(p<0.001).
o] Control 2t} EG1~47} 717, 2174 2 57 2455
o] o} ool tf st 7|2 =rt 2 Ao Helrk 227
o] 713 %%+ Control 3.201t} EG1~47} 3.88~7.200.2
o)A o7 =9ka1, £3] EG47} 73 = JTHp<0.001).
o]3= Control 2t} EG1~47} H432 11, thr/d o] o}
yehd 23tz Beltt AA|4 7] S % o4 % Control 3.00
Bt} EG1~47} 4.10~7.400. 2 o)A o8 =9k, I &
EG47} 713 =4cH(p<0.001). EG1~4 oA EG27} =
S "X o, 5 H| A= 22Fto] 53]
AF7h oA AA A Vs e e APTE
vEbstt wheba] A glo] ARSE Aol Rl EA T
Viscoflowd] H5Agle thE2 4T 7|3 % %
2 FEFES T SAIF] 71500 JFFE VA
E2 ek, Ak, 2, obv| =2k, f-714 slEto]
o, A2} SEtol =, IMP, frelohn] =it 5o Ed=
Fn]of|(Cambero et al., 1992), A|#& Fn], 227} o}
Aol kS mzivty B aEoe] Qluk(Sturdivant et al.,
1991). 213371 9](2016)= A =p2eke] w2 A4 # e 2]
ANE2 D777} 7P e e B o] 1A U
o|7} Eofztoll upet Aol EAZE A SR A A
S 57t "o Tl HH7F FolE 4 dvkaL shelt. o
Al B AFollA] YeRd 2o 2
SA A =5 9 5 G Aerh o
T Fol Y| Lo = thE 7 7183
of] AEA| AR =21 A8 Vet 2% 28
25 = Ao Yzt

Moo K

ol AAAZ] & g2 fhEo] FAEANS B4
th Ag Ao Aol df B EAE TCol= w7 Tl
= C 3%, T2901=V 3%, T3 P 3%, T4 C 2%, P
1%, V 0.5%% 37Fete] Alzat k. =534 -5 A %
Aoll, A Ax3F 84S Control TC, EG1-S T,
EG2E T2, EG32 T3, EG4: T4E A3 & W=
Az}t 2ol R Bl Eah AA 2] ASA HA =5
I 5 Ao FHEY T R, 238, 2o, =
A H} ghek 2 1 222]S Control .t} EG1~47} 5214
i, 53] EG4A7F 7P =8k w2 geskE o
Control 2t} EG1~47} f-2]2 0 2 vt} 717
73 D 57 A& Control 2t} EG1, EG3, EG4+
11, EG2&= =34t} pHE= Control .t} EG1~47} -2
SkaL, A ET} 7 SolA o 2 pHE Bt &
Control 2t} EG1~47} f-o] 4 9t} M S A3}, 3
T, AT A= AS-2 Control 2tF EG1~30] #-¢]
2 Gk, 7S v 2 e A e molH ) &
A= A2 EGA7E 71 =3k o, 7S 7hAske]
Control .t} ol x{th 227F 54 A3}, A=, 394, &
4, A4, 3L EG2E Al9]5kal, Control® -t} EG,
EG3, EG4+= 9|7 wiekar, o= Iy R3}21E 2¢HA o
<3t} Ee2]9l= 3= DPPH 2o}z 427152 Control
Ho} EG1~47} #9014 =3ta1, 53] EG47} 7H4 =3kt
7155 AAFeA] A Bk, &), o), 223t HANbAQl 7S
T+ Control2t} EG1~47} §-917 =%k, £3] EG47}

oft M

o

Ir

i) NIV
OF w8 32 X o 32

k1

ic)

7V 2 71558 Btk whEbA] o)l Rl A A
2] Fd Ax AGA AzA GE(EGI~3)EY B
(EG14) 0.2 AHg-3h= Zlo] Ao 2102, wu]o] 7
T A3tel st 2hgo] P HA oM 7S EE Fol, oL
FHSAF S Aoyt i =91 A8 Vs SAIE 7

off 2 gaf Hlct.
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