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Quality Characteristics of Tteokgalbi Prepared with Enzyme-Treated
Defatted Soybean Meal Powder
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Abstract

This study evaluated the quality characteristics of Tteokgalbi containing enzyme-treated defatted soybean meal powder
(et-DSM), prepared by sequential treatment with Viscozyme and Flavourzyme. et-DSM was added at concentrations
of 0%, 3%, 6%, and 9%. Water-holding capacity, pH, salinity, and antioxidant activity significantly increased with
higher et-DSM levels, while sweetness and lightness decreased. A reduction in diameter during heating indicated improved
cooking stability. Total polyphenol and flavonoid contents, as well as ABTS radical scavenging activity, also significantly
increased. The 3-6% et-DSM groups exhibited improved quality and acceptable sensory properties, suggesting that
et-DSM could be a functional plant-based ingredient for Tteokgalbi.
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2018; Messina, 1999). 12t} DSMS SA4|Fol 214 4
S B9 =2 ol Tl & A 223 w2 A
2H2d, B Ae, T 5+41-9] &l (beany flavor) 52
Al A F FA o) At 5 QU SA|F N Bpd, 24
%, *—L‘E 2 7|5 L AvAt 84T A A s A F4
AzxolB2, DSM] &8 Sl & $I8liA= 7F8 4432 7l
Ae & %% AA el 71so] Hasioh(FA1H, 1998; <+
9] 2016)
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A, §338], 2025)94 = Viscozyme}
Flavourzyme2] 2] s541& Gelsto] Alxgh 84 [ g
G2 Fu Buket-DSM) 9] EHEXS vwst 27}, &
22 Aol Al eltoll vlel &, 2t ok, Felob
H) =k gheg, ghaksl gdunk ofu ) a-glucosidase A3
Aol foldo g F7kek e, 53] Viscozyme A 2]
% Flavourzyme 283} <=2} 2| gl2ollA 7H <=3k
A2 Yeh . o] AlH £ o] 5 el A 7he i
7 AP v §4 AT 7)1 wZo)] dtE o] 7
"é 2o &=o] sk & S Ak G ey
2 A e] A Fe Bk et-DSM) o] AA| AF Alx
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e, A, R A oA 3 d e ARl ofs) ¢
B Wl v A3t ek = Qo B Al FEellA
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7)(TJHP-1003, & 4%‘%@@4 EH? k)& o] 83t
o] 40°C oA 2A1RF &<t A3t o] A&
=71(MK-2A, S=olldA7|=, AL, )5 A3t
109°C =04 Fg A2l ArBkth Haol gd=d
A 8= A4 oF 1027 ¥ 7] 5, W2 2-h7]
(HKCP-025, gt=olU=|7|&, A&, s=)E o]&3td
170C, 25 Hz, == &7 16 mm Z7 A 273}t

oj9} e UM RS S Az SA TS AF
AN&aZ2 ARESEITE 24 Viscozymed} Flavourzyme
(Novozymes A/S, Bagsvaerd, Denmark)E A}-8-3} At}
gaksl &4 B8 93k AJeko 2 Folin-Ciocalteu’s

phenol reagent(F-9252), potassium persulfate(216224),
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2,2’ -azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
diammonium salt(A1888)E Sigma Chemical Co.(St.
Louis, MO, USA)ollA F-43}e] A8-31 10, o]e]e]
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Tk RS Alzsk At &, T 5 ﬂiﬂl 0.15% 4
FE3 &4, Viscozymeo] €318 &5 1:2(w/v) H&
2 &3 5 50T, 200 rpm Z712] shaking incubator
(SI-100R, g+eF Ato]AXH(F), A&, F=r)ollA] 308&3T
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g4 X2 ESXiFe 22E 0[Sst ||| EREM 3
Z(WB-22, DAIHAN Scientific Co., Ltd., 915, sk=)ol] o XIS AS-10 gol] 0.6 M NaCl 15 mLE 37138+
A 1027t 71Eete] 48 BEZASS ). o) U8t 5 A2oA] 15F WAI3EAL 400 rpmol|A] 2587 AR
% tH] 0.15% @23} 54221 Flavourzymeo] 83€  2](MF-80, ¢l 0‘45“*?3(—?) 1A, gh)ste] A2 5
ES 12(wh) B SR B8 T 5st 2740 G4 A o] XuE =H5 et Ao ohe B0 o)) a3}
2| & vHEelgth B4 AA 2 AR E AIEE 80T = Stk
AL WED Aol 2, ZEH, B
]2 WEIL(ULT-387CR, &)A el 5721, 3ol Be] = (15459 23)) x 10
A 24413 B4 WJES ¥, 5 471%7](OPR-FDB-5502,
ELUE, HXE, )5 o]83lo] 60213t T FEA=R Pzkn| o] 274 g T g 18 £1(2016)9] A
3Fct. o]F 24 2 A &30 mesh, FARNE(F), TF, TEHS HIFsto] HAIBIHoH, A=t F2S 9]
S Bal YA HAssle] HEFHow G4 Axjy &5kl A=
23X d Bik(et-DSM)S A %313 _
AT R Y AESHIE, 27 H28(%) = (FAA D7 (mm)- 7L
2) 52 Axe) SAGEE R R} mze 7 (mm)}/7h 3 2174 (mm) x 100
FIZ Ad5e 29 7 H A== _
) B AR GAYF & 7h o] A A 72 8(%) = {7HEA FA(mm)-7 LS
w2 = ohA 7 =5 400 gol] <E >3} o] W] ok F7)(mm)} /7S FA (mm) x 100
W3t =& 2 ) et-DSMS 24210, 3, 6 L 9% 5F S
2 H7lslo] 85 e %, 4T WAdaLeA 34175t 4) HZue] pH, 3= B o=
HAAZ, o] % FdH =5 =S 80 g Al pH, 3%, 9%+ H4H] 5 goll 75 45 mLE S35t
AlQ o [e) ElS
ﬁ%;v Spo 0%25 “Laem j; SR "’lj MF 22893000 pmollA] 1027 914122l (MF-80, 3+l )
e 2 Fols A8 S gE=A _
ok =BHS ﬁf?o}ﬂ] °° oj- ?E}' G Zl- HA(F)) A1 F 5 um Qualitative filter paper(NO.2,
B o T E7l7 C 2 AARB 0 Hojlx 7
e \__—J—-OE ZHZF100C = E?“ﬂ' 2 oﬂ 1 4087 174;71' ADVANTEC Co., Ltd., TOkyO, Japan)§ O:]jl]—‘@- ’b}%‘?ﬂ
5] & 2 A A A BRH o E A%
&, el Elj A 7 ]°’ Sh 2E=2200C =4 o:l < pHE pH meter(A221, Orion Co., Beverly, MA, USA)
oxr 3T 23 = Bl =7)l=
;‘LOHHO;LLO] )\:HLE ]IH”}:] 1023F 571 17} 23t 2, 9= F=Al(Pocket Refractometer PAL-1, Atago,
= w7y = AL Q. B71H _
St :}EO] %L? s ?:Oﬂ}ﬂ 102738 Tokyo, Japan)Z, 9=+ A=A T2, @ollo] A
by sl AlS 5
Al Eeh 8 nae G ASS ARSI e, g amE g sl Ssa.
3) Ban|e] By, A4 9 A AAE 5) wWzh)e] A%
Ao Byse A3 42013)0) A M aw w2 Cell-dish(35%10 mm) ol Ho}, w5}
(E 1) 82 dx{z| exiciFet 22 M7} HzZH| o ulis|
A E(g) o) =7 3% 6% 9%
=% 400 400 400 400
27+ 25 25 25 25
At 18 18 18 18
o}zl =} 14 14 14 14
SR Ee 10 10 10 10
A7 E 10 10 10 10
FF 0.5 0.5 0.5 0.5
AT 10 10 10 10
N5 2.5 2.5 2.5 2.5
= 10 10 10 10
A A 10 10 10 10
et-DSM 0 12 24 36
et-DSM: 52 AHe] et
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A(CM-2600d Chroma Meter, Konica Minolta Holdings
Inc., Tokyo, Japan)E AF8-5}o] H=(L: lightness), 2%
%=(a: redness) 2 A= (b: yellowness) S 43},
EFA(Standard  Plate)e WM IH1L=99.36, a=-0.08,
b=-0.06)% A5} 9Ir.

6) maule] Gust B4

kst Ad-s flal ofehss 2)(2014) 9 9719, A
(2017)9] W& HEF3sto] ] 5 gol] 70% WErE 45
S =318k & shaking incubator(SI-100R, 3FeFALo]Qd
2R (F))E AHE3E 20T ol A 12413 uRE &3 5
3,000rpmol| A 1023 4122 (MF-80, g+ #shat
A(F))staL, 5 pum Qualitative filter paper(NO.2,
ADVANTEC Co., Ltd)Z A7) 5 & Al ZHo =
ARESESITE & Eeluls S A=Y 0.2 mLo 2N
Folin-Ciocalteu phenol reagent 0.4 mL2} 5742 mLE
E3laL 3437t 2ol A WES-A1Z1 ¥ IN Na,CO; 0.8 mL
£ Yo 177 FoF g vk-g3t AL B34 =7 (Spectra
MR, Dynex Technologies Inc., Chantilly, VA, USA)E- ©]
83t 750 nmollA o] R =E SHson, ZFEd
Z Gallic acidE AF8-3} o] A=319t) = Zel R o) = &
Fo AlgH 400 pmell 90% diethylen glycol 4 mL,
IN-NaOH 40 ymE 25 % &3k 5 37°C <l olg ol
A 1AIZE BRI 7] T B33 7 (Spectra MR, Dynex
Technologies Inc.)Z ©o|-83}e] 420 nmolr o] FE=E
=Rl on, #7252 E Ruting AF&-she] 2h&39]t}.
ABTS &}tz 27%< 7 mM ABTS(2,2’ azinobis 3
ethylbenzothiazoline-6-sulfonic acid) €27} 2.45 mM
Potassium persulfate 88< 1:12 £33 3 16A17F ¢
&l ABTS cation(ABTS+) radical-2 3433+ 3 734 nm
A 0.7£0.020] FF=7} HES SHTE 348
96 well plateol] A5 20 uL, Etc)Zto] FAJE ABTS &
N 200 pL-& 73 815 Zpehsl A ol 4] 30327 BES
A7 3, 233335 A|(Spectra MR, Dynex Technologies
Inc.)E ©|-&3}o] 734 nmelA o] FEEE SA AT
ABTS &}tz 2752 thg 3245 o]&3te] =3t
At

ABTS 2tz 2A5(%) =
{1-(AN&E A7) S =/3A189 F35)) < 100
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3. &4IE4

2 A3 o] B4 Ayl= SPSS Statistics(Ver. 30.0, IBM
SPSS Co., Armonk, NewYork, USA)E o|-8-3}o] gk
(Mean)s} E2HHS.D)Z ehigich. 2t AEgre] 2
o] #2412 A i =] FAHone way ANOVA)S AHE3FS
o1, A}F 7% © 2 Duncan test= 53 o} $1 44 (Du
ncan’s multiple range test)E ©]-8-3}] A 53T 7214 2}

°](p<0.05)= A=3+At.

™, et-DSM F7}eFo] S718rE fojxog
3% HA7NE 34.93%, 6% A7 41.67%, 9% A7bE
53.33%= YJEFITHp<0.001). B4 2&0] 714, ¢+
2 Ack Fo] B X el g v Ao Yl e d
A8 R EAE YEE AR, S7FEE]
& FH8 A= 523 EAtHFAFE <, 2016).
B ATolA Bpgo] Sk 21 B4 Aol o3 A4
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(£ 2) 324 Hx2| SXciFe 22 Mo H2|o| By XA 3 FH Z4LS @42l %
& oz 3% 6% 9% F-value
RE et 29.67+4.04*" 34.93+0.12° 41.67+0.58° 53.33+1.53¢ 65.8417"2
AH s 9.40+0.12° 9.12+0.61° 8.77+0.61° 7.72+0.61% 5.80°
A s 7.90+0.37* 7.90£0.37* 14.87+0.44° 15.1340.44° 306.289"

Do dJor] AR T YHAE 2He HAihe A Y] 242 (one-way ANOVA) = Duncan®] thEH 274 (Duncan's
multiple range test)ol] 2]3] -2]2} <l z}o]7} 9128 UERH(p<0.05)

27"p<0.05, p<0.001

HARRA G Fed Aol 2 AR T HE Y 278 g tl=T 9.40%¢°] 13 et-DSM %7}%1]
A g 71818 Ao 2 AckEth w3k et-DSM A2 34 A 9.12~7.72% WY E PolA= AFS Hyon, 3]
M B EGAS SlE A 0T EAele Han Al 9% HIbellA 7 v s vER o] 7}%3 T T 9
Z A Zi%%l 7t FAo| Y F A T2 W3S F 5 A A7) I EHTHp<0.05). o] et-DSM A7t 2 S2
sho] e F9 =ES STMNAES 7S ok AR AW 3 Aol frEo] skl vy 2o A3
3] 94(2006): 7 Sl Ho] 80T o] aLollA WA o] o] FE b o] Al e AR A Het. He
HEA F27F =S AL, SR AR e Aed A, A8A(2016)2 EvAlEtES ke wn]oA A
Fo7F SRR wEEo| Bygo] Skt Bastel A HAgo] thERTe FoF AbolE HolA| gtk B
th. tj&o] et-DSMell 3hrd 2ol Al SR & astlon, H& 21(2008)9] w7 A o]4df A7t =4
W Abo] FRFoM RS F-frAstaL A 72 dgel d w5 AFI A 91(2016)9] FA i H7F HE
ZNAgto =M B el S nXl Z(HAE ©f, v ATelME H7bE St whet 27 gl HAast
2017)0. 2 Atz dr}. o] 2jgk A= A Aot falg = B3-S UERlo] £ Aot AR 23S Bt
S 1Yok F4AF 9](2005)= SR FR Hr)eko] A g 2T 3% H7kEo] 242 7.90% = 7t
ZI7VarE o] Bgdo] fo)d o2 Zrleldut Bl A Wkl 6% 2 9% A RS ZH2} 14.87%, 15.13% =
shalom, ofgol 9(2001)= solHAS 7t %l FoH R F& S UERITHp<0.001). o]= 274 W3k
A 2T e ByEs dRledth Ee s FFo] JAlEE tal 7 A oA Wi e e o
(2013)2 oAl T 7191 o 88 EF ASAZE %o MA UEL A Auf Dol ofs) 2] WaF 72 Wt
HEES IR, 23] 9](2004)= protease A2 AHow F7 UrEP& Az dekdnh. {FA13], 2787
SolMA H7F Al FA R Baego] STt aL B 2021)= ST E 7HE Ao A ] 8EE
AT HellE(2021) GA] e EE H7EE STkl Al 27 WS Rk, Fegh 53 Al e At
wel =& Han o] Badgo] FFEHTAL st B A7 VSRS A F vkl Bty FRHoR
AE szl det. v, &7 94(2008)~ n)7F 2ol et-DSM H7h= wH] o] Bpd & A7 2 75
AFE 1~5% T2 2 371 BAld =5 AFolx 2% & FaAA 71 P83 Jell fAloll 584 =
Aol Bagdo] 7P wqtoH, Ol*bl A7b el mAE Z o R dekE

A 938 sk Ae Haskl) ol& 7158

7l %Elﬁr—a—‘};—ﬂ 5230l whet E"’FQ 7 &t 2. EZH| 9 pH =1l Eo'l'E, AT

7} old 7 Aes AAREE Bage S4 e g

5797 AT wdo] o v(FAH, 1998), B ol 7t et-DSM 37} || o] pH, B B f== <3>3 2
28 B 2AF 75T A ol xS FEoR o]t pHE T 0] 6.84= 7P W3, et-DSM 7k
F3le] 2 Ay} e = Qlh(A1EHE, 2008). Wb & 6.87~6.90 H9R FoHo g =& ghe YERUL
B AT A7 et-DSMo| ©zu] o] RS folFor  (p<0.001). o] g A= et-DSM 24 <] pHyy ok 6.92
FINA S7HEF 78 D FHNAE 7158 AR S, A dHre il Ey 7)1 Aol et
&g F IS BT &-(buffering capacity)oll 7]oJale] A& pH g5l 4
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S v AR AEch pHE §7beFe] 2ulsletd 5, A% 3 Aol et-DSM fr2f) & - 2 o] 4] 2544
54 W7k 7P 1R AR AR RN, B, 227, Wil SR E AU X8 Hol Ao g ] FEHA K
Aw, vt olyet mAESH b, AN e g AF Froma] g FAgke] wob S Ao g S HE.
2ol JF2 vAE A FE AR delA JrkelA S, et-DSM 37t Hau] oM vehd B fhae 71
<F,2024; &3 ,2008). 3<55](2012)= Fo pH7F 5 Maillard ¥H-8-ofl W2 f-2]3 An|o} 2 B2 57t
VS 2R G E e FElwrL Skl R o k2 B ARe] Beld 28 St BgHo s 285
A o] e o] E?E—% o] Z7hh= AL Heltt B AFZ A ),
&t webA 2 Aol Feld pH A5 et-DSM A= 279 3% H7kEo] 242 1.07%, 0.93% 2 St
A7) wdn e E—?%‘ %—7}9} AT Ao Y= Aow & g HO WM, 6% R 9% WS A7 1.57%,
AbzEc), 1.43%2 Fo] 5 02 =& 3h& YER AH(p<0.001). ]
D= ) 270] 1.37 Brix%2 7Hg =9k, et-DSM = et-DSM 718 Z71ol W) 95 W) #7134, frelopn]
H7kEE 1.00~1.07 Brix% W92 frejdog vre ghs WAt Bl 7[eE 82 A e] gfol S8kl Anl Aol
YERNAtH(p<0.001). o] 3t B 7k T 714] acle] ¥ MR A= Aetdn. 53] 2 dxe] A ollA
285 Avtz aE) A, 71 3o o) o A E AREAL Ero| =9} frejopr] ke A Q) At
w2 &2 o}n| e Aa}h wh-25he] Maillard w22 Qo 7w ¥ ofyet HAgt 9 ] S31 395 Fa) A< ¢l
A, SrEjgo] Webieo| T o 2w A w ko] gro B S Qv A £E ol e ArkREelM et 5
2 2315 9]7] W0 & SehEt), Martins etal(2000)=  7FEF B7h= et-DSMo] ©hdt A4 whild A8
7+ A o 4] 3D} o] ibe] Maillard ¥FS-0] 714 O, WEF ARE SA41% 7 Al Sv] Hek 5l 7154
2 Agste] ot 7hael 2 wkso] grEttn ny Aol FE 7R Ve A7 E 5 e ARG
aFQAct. & ATellA = et-DSM H7hFo] S8 r5 nkg
714 ] z2A4o] wslate] o] B2 Fo] 2HEAS A 3, HZH|o| Mz
o] it} A, et-DSM F7}ol| whz} Tl v 4] gl 2 o]
F T2 WL HASRAN S Bfelo] Frkstgim, o) CHDSM VL HAWIE A <k o . (L

o W} & AR 82 EXo] DAL 71540 Q). =t xTo] 59.67E 71 = o, et-DSM H7}Eko|

(Z 3) 84 x| EXoiF4 22 &I HZH|9| pH, 2, =

T 2 3% 6% 9% F-value

pH 6.84+0.01°) 6.87+0.001° 6.88+0.01° 6.90+0.002° 121.175™2
= & (Brix%) 1.37+0.06° 1.03+0.06* 1.00£0.001° 1.07+0.12° 17.079™
%= (%) 1.07+0.12° 0.93+0.06 1.57+0.06° 1.43+0.06" 45.905™"

Do o AR T2 JAAE 2= Fughe A A ZAE4 (one-way ANOVA) § Duncan®] th5 $74(Duncan's
multiple range test)ll 23} 2221 2Fo|7} A H-& VERH (p<0.05)
2™ p<0.001

(£ 4) 54 dMx2| SXiFe 22 HoL Hzd|o M

T =z 3% 6% 9% F-value
LY 59.67+0.01%% 56.96+0.01¢ 54.14+0.01° 53.64+0.03° 77955.852"")
a 1.38+0.01° 2.50+0.01° 2.94+0.01° 4.20+0.01¢ 70221.714™"
b 11.18+0.01* 12.63+0.01° 13.5340.01° 14.68+0.01¢ 196426.000™

DL: WX (lightness), a: A E(+) / 54 E(—), b: FAL(+) / FAE(—)

Do ol ME ThE YHARE 2t HTEe A Y] 24 (one-way ANOVA) & Duncane] th&H )77 (Duncan's
multiple range test)oll 2Jaf -f-2] 2 ¢l 2o 7} 18- LEFH(p<0.05)

) "p<0.001
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ZIVet42 3% W7V 56.96, 6% A7V 54.14, 9% W7}
T 53.645 §ro]H 0 & 7k 28 ITH(p<0.001). et-DSM =
A} 24 A wsauf_ AAe] L b Hgel 31

ek, )
& 739 D Z7heh 4l vhg-o = Ql8) v} 7
= %ol Bs T glov, FeI3 JAIQ012)3 A%

A (afh)e 2ol 1.382 7P w3k o W, et-DSM
A7V Z7}o) whet 3% A7 2.50, 6% H7HE 2.94, 9%
i47}? 42002 Foldo g Z718AtH(p<0.001). o=

2 A A A YAAE 2N A A A s B 7
m,—/‘“ Z~(myoglobin) H3}7} B3z o g 223 Axz
141 €lch g bl erDSMe] 2] bl vl

o ¥
[> _P'
=

Z
P>
0,
o2,
03:
=2
2,
o
[o
B
3L

= —]/\
ﬂfs}al, g A5 %
o} el Dt S-S AWo} =g
%Hﬁ“ (b= thzo] 11,182 714 wgto |, et-DSM
2 12.63, 13.53, 14.68 2 #7}eFo] Z718452 &
2 Z71FtHp<0.001). o] et-DSM -2 3z
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