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Abstract

This study sought to investigate the effects of heat-moisture treatment (HMT) and ethanol treatment (EOH) for improving
the quality and storage stability of Tteokbokki Tteok. The quality characteristics were evaluated by moisture, pH, color,
texture profile analysis, and observing the microbial properties after the heat-moisture treatment or ethanol treatment. As the
storage period increased, the moisture content of Tteokbokki Tteok tended to decrease except for the HMT group (p<0.05)
while the pH did not show significant variation except for the EOH group (p<0.05). While measuring the color, the L-value
tended to increase in all groups during the storage period. The a-value and the b-value showed the highest values in the
HMT group and the control (CON) group, respectively. In the texture profile analysis, all groups showed a significant
tendency to increase levels of hardness and chewiness as the storage period increased (p<0.05). The HMT group showed
an increase in hardness and adhesiveness, which are characteristics of the HMT treatment. The results of examining the
microbial properties of Tteokbokki Tteok showed that the total microbial count in the HMT group was 4.52 on the 8" day
of storage, which was lower than the level in the CON group and the EOH group on the 4" day of storage. Yeast and mold
were not measured during the storage period. Thus the results of this study showed that when manufacturing Tteokbokki
Tteok, the heat-moisture treatment of rice powder increased the storage stability by delaying microbial growth and also had

positive effects on quality.
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<Table 1> Measurement conditions for texture analyzer

parameter Value
Deformation 50%
Plunger diameter 75 mm §
Load cell 5.0 kg
pre-testspeed 2.0 mm/s
Test speed 1.0 mm/s
Post-test speed 5.0 mm/s
Trigger force 50g
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(vellowness, A =)0 2 UERHRUTH AFE-3E 3 WA
(Standard platey 1=94.65, a=—0.43, b=4.12 ©]N 2™ 53]
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Q1 SPSS (Version 25.0, SPSS Institute Inc., Chicago, IL,
USA)E o]&3le] HEatFHlaZ YER L One-way
ANOVAE A A3 Duncan’s multiple range test2 A]& 7F
o] FAE p<0.05 F<=ellA AR AT

m. Az g4 u2f

1. H50| Ho| £~F&tzk

A 9 A7G7) bl g Hio] wWe| SRk
<Table 2>0] YEPATE A7FFe] 8342 32.12%A 3L
HMTZ2] A7 SRS 30.31%A 0 Hito] Ho| 4=
T S 26.45-30.152 SA = tix EOHT-S A
A717ko] Z7Fge| wet gl felA o fadhe A
£ B HMTE Fo3% zlol& HolA] et izt
o] Az AZF FEFEL 30.152 7P =L 7S JERI
3 HMTiEo] 28242 7P W2 3 YeRfidT 2 A4
oA HMT+e] B fidhado] glzatht e 212
2|t A7FEe] FEdEe] taate] A7 e B
o} wol Al $o] 9§ RS E IS F Ao AR
Ho} vlsEg H7F o] We| Zd E4 WH3H(Kim et al.
2012) AT v 7S TRV O] RS

-] rlo

<Table 2> Moisture contents of Tteokbokki Tteok with different treatment and storage period

Days CON HMT F-value
0 30.15+0.38"4% 29.06+0.34°* 28.24+0.78°* 9.557*3
2 29.72+1.02%48 28.14+0.19"8 27.95+0.19 7.569*
4 29.11£0.17%8 26.99:£0.47°BC 27.86+1.18% 6.176*
6 28.10+0.13¢ 27.35+0.22%8¢ 27.39+1.18% 1.081
8 27.07+027° 26.45+1.36" 27.49+0.71% 1.005

F-value 17.833%#* 6.846%* 0.462
DMeanS.D.

IDifferent letters within the same row (a-c) and column (A-D) differ significantly (p<0.05).

Dxp<(.05 **p<0.01 ***p<0.001.

CON : NO treatment EOH: 10sec immersion in 75% alcohol HMT: Hydrothermal treatment (100°C, 40 min)
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<Table 3> pH contents of Tteokbokki Tteok with different treatment and storage period

Days CON EOH HMT F-value
0 7.15£0,01A? 7.18+0.01%AB 7.19+0.01% 39.000%**3)
2 7.16+0.01° 7.19+0.04* 7.19£0.01* 4.000%
4 7.16+0.01°* 7.16+0.03%8 7.19+0.01* 3.755
6 7.16£0.04* 7.16+0.02°4® 7.18£0.01%* 0.795
8 7.17+0.01% 6.99+0.01%¢ 7.18+0.01%4 458.162%+**

F-value 1211 64.434%%* 1.833
DMean+S.D.

IDifferent letters within the same row (a-c) and column (A-C) differ significantly (p<0.05).

3%p<0.05 **%p<0.001.

CON : NO treatment EOH: 10sec immersion in 75% alcohol HMT: Hydrothermal treatment (100°C, 40 min)
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<Table 4> Color of Tteokbokki Tteok with different treatment and storage period

Days CON EOH HMT F-value
0 83.59+0.80%P3) 81.69+0.73°¢ 83.44+1.25% 19.420%#%0)
2 84.96+0.75% 83.330.69" 84.5240.89°C 18.522%%*
L 4 86.45+0.65" 83.48+0.59°® 85.62+1.05* 70.951 %%
6 87.02£0.43 84.53+0.72%* 86.56+1.30% 32.601%**
8 86.81+0.83*8 84.93+1.02° 87.01£0.94A 23.554%#%
F-value 70.010%%** 42.503%** 30.935%**
0 -1.37+0.04<* -1.46+0.03°%¢ -1.2940.05% 67.745%**
2 -1.41£0.06*A8 -1.51£0.05 -1.30£0.06* 62.199%**
2 4 -1.41£0.04°5 -1.49+£0.05°P -1.24+0.06" 118.304++*
6 -1.4440.05°® -1.46+0.04°® -1.18+0.08** 115.994%%*x
8 -1.43+0.06® -1.39+0.05"* -1.17+0.07* 74.409%**
F-value 5.019%* 17.221%%% 17.171%%%
0 5.4240.25 5.66£0.45%" 5.92+0.35% 21.737%%%*
2 6.02+0.33%8 5.60+0.59°AB 5.67+0.46* 4.455%
b 4 5.84+0.38" 5.44+0.48™° 5.29+0.28" 70.496**
6 6.19+0.37* 5.300.37°5¢ 5.32+0.61°° 82.653%**
8 6.07+0.31%8 5.14+0.29°C 5.24+0.46° 77.641%%*
F-value 14.790%** 3.601* 8.680%**

DL: degree of lightness ([white] +100 < 0 [black])
Da: degree of redness ([red] +100 < -80 [green])

Ib: degree of yellowness ([yellow] +70 < -80 [blue])
“Mean+S.D.

Different letters within the same row (a-c) and column (A-D) differ significantly (p<0.05).

9%p<0.05 **p<0.01 ***p<0.001.

CON: NO treatment EOH: 10sec immersion in 75% alcohol HMT: Hydrothermal treatment (100°C, 40 min)
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<Table 5> Texture analysis of Tteokbokki Tteok with different treatment and storage period

Days CON EOH HMT F-value
0 630.42+132.05°¢2 702.00+93.86°° 726.26+101.67°¢ 3.157
2 1205.88+146.76* 1035.14+92.17" 1064.60+£129.72°8 8.083++3)
Hardness 4 1331.494226.75"8 1228.75+186.47°8 1095.69+137.13"8 5.989%*
6 1422.62+258.03* 1384.72+226.88* 1216.97+143.96" 3.663*
8 1462.47+274.86™* 1433.82+311.12* 1312.64+193.38*A 1.547
F-value 37.050%%* 26.636%** 4]1.818%**
0 470.57+88.33%C 508.15+60.10%P 520.26+69.18C 2.874
2 892.98+114.68 776.45+81.89°C 790.82+96.50°" 6.370%*
Chewiness 4 967.90+£161.91%8 900.62:£125.60°° 815.03£90.31AB 5.259%
6 1049.95+189.26™ 1013.07+167.62°A8 913.22+103.38%8 2.851
8 1085.77+£209.54 1049.43+233.85% 970.59+140.10* 1.495
F-value 37.701%%* 26.025%+* 49.915%**
0 -17.50£10.07° -15.10+£3.33%* -12.11+0.80* 3.133
2 -13.96+2.31% -14.20+2.73% -14.37+8.29* 2.036
) 4 -14.08+2.26™ -14.53+2.04* -13.63+7.23** 0.261
Adhesiveness 6 -15.63+3.78° -14.06+1.25%4 -12.52+1.72% 5.432%%
8 -1426+4.27* -13.97+1.21% -12.58+2.34% 1.578
F-value 1.169 0.495 0.583
0 0.87+0.028 0.87+0.03 0.86+0.02°" 0.523
2 0.88+£0.02°A8 0.87+0.02* 0.88+0.01%4 0.439
Springiness 4 0.87+0.01%8 0.87+0.02°4 0.89:0.02%4 5.074*
6 0.88+0.02%A8 0.87+0.02%* 0.89+0.01% 4.037*
8 0.88+0.02%4 0.87+0.02* 0.88+0.01%4 1.185
F-value 2438 0.179 8.500%**
0 0.84:0.02% 0.84=0.01%8 0.830.01°" 4.248%*
2 0.84+0.01** 0.86+0.01* 0.85+0.01°4 6.083%*
Cohesivencss 4 0.84:0.01%* 0.84+0.02*° 0.84:0.01%* 0.747
6 0.84+0.01%* 0.84+0.01°® 0.85+0.01 2.756
8 0.84+0.01%4 0.84+0.01*° 0.84:0.01%* 0.672
F-value 1.142 5.849%#* 6.178%%*
DMeanS.D.

IDifferent letters within the same row (a-c) and column (A-C) differ significantly (p<0.05).

Dxp<(.05 **p<0.01 ***p<0.001.

CON : NO treatment EOH: 10sec immersion in 75% alcohol HMT: Hydrothermal treatment (100°C, 40 min)

o} &%, Salmonella$} E. coli, Staphylococcus aureus®] =
BAI= <Table 6>0f] VEpSITE. T+t S84 % A% =
716 thz23 HMTZS 2.18 log CFU/g, EOHZS 2.93
log CFU/ge. 2 YEo Y tiEaS A% 644 7.67 log
CFU/g, EOHZ-2 A7 8dAj ol 6.07 log CFU/gZ Z7}5}
Atk HMTS A% 8|94 % 4.52 log CFU/gE e}
ol tixw-3 EOH9| A7 494 FHTH WA 545
ek FFolet AR FH A EOHTS Az T H
2.26 log CFU/ge 2 Jebdy thzae A7 2d4¢] 2.13
log CFU/gS 2 A5 Yeb oW HMT# A74717F 52t
3ol arvt SAHER] LU}, Salmonella$t E. coli,

Staphylococcus aureus= ZE w3 A7g717 oA LAER|
2%t EOHS] 44 tixet Bo; oA 22 3
Uepl=t ole 71EAR; T8 #e A7 (Lee et
al. 20009145 57 #2]gh Ho] FAjelsrol vjs] tha =
< AREE e 2 Aok Blse S JERIITL
HMT-2 A7 8AX7HA] T+t 4.52 log CFU/gE 7H
W2 e UEPAL golot AR SAEA] askth B
o] B 714 A A-(Jung et al. 2018)9} HEo] FHol 1)
AE A 2 A7 S 918k S5 *E](Cheon et al.
2017)0 M= Hige] B 24 £ 100°CE 7FE Al P14
E S dAg At o] 2 Aol v A



<Table 6> Microbiological properties of Tteokbokki Tteok with
different treatment and storage period  (unit: log CFU/g)

Days CON EOH HMT

0 2.18 2.93 2.18

2 321 347 3.78

Total plaie 4 592 483 4.19
count

6 7.67 5.56 438

8 7.66 6.07 452

0 ND" 226 ND

Yeast 2 ND 323 ND

& 4 2.13 343 ND

Mold 6 4.68 545 ND

8 541 6.06 ND

0 ND ND ND

2 ND ND ND

Salmonella spp. 4 ND ND ND

6 ND ND ND

8 ND ND ND

0 ND ND ND

2 ND ND ND

E. coli 4 ND ND ND

6 ND ND ND

8 ND ND ND

0 ND ND ND

2 ND ND ND

S. aureus 4 ND ND ND

6 ND ND ND

8 ND ND ND

UN.D.=Not Detected.
CON : NO treatment EOH: 10sec immersion in 75% alcohol HMT:
Hydrothermal treatment (100°C, 40 min)

< YERNSITE. Choen et al.(2017)8 100°C ©]/dollA] Akt
e AS- vAE A TEo] duAdsle] JUHEE AL
s 237t IS Bsigith B Aol = HMT]
T #59 Tl &R S e 7S Uil A
2 A7FRe] FR-GA 7 PR A dAsHA A
AlZl Ao E AtgET

V. 89oF 3l A&

o

18
1

—

B AFdMe A FHAAEE
& & FEWstE 8, pH, A%, 71414
547 mAlE 542 Bl A ESiTE Hito] Ho
S =B 3ako

T = 3ot

BN

A7

=
1 ©

N o 8
N 1o

2

|
& HMTro| 7P WA SAEJARE A7 82
A} 74A] 241 Afo] glo] fAlIshes A Ee YERIITH
HHH, o272 EOHT-2 A7 |7ke] S7Fghe) me} o]

o AHE YERN A tHp<0.05). HEo] He] pHE

2

Z51t +5-Ax2/5 HEo| Ho
HMTo] 718 7] S4HUSL s} HMT o= A
717k wE pHEl fHe Q1 Aol= UehiA] gkor
EOH:2 A% 2948 pH7E fhadhes d3E HS
(p<0.05). 5ol He] A= 443 Hes Uehll= Lk
& A7713ke] SV met BE ol S7kshs
Byom AMEs UellE aghde HMTo| 4 =s ot
Bl bk Tzl 7P w2 ghe vehiiich 243

=4 Ageld Ams HAHE Az AF HMTZo] 714
o 0% Uehon BE & 44717 LolxwA
Rl Aasel weh Ame} el Bk 4%

v’ =

< UeRATE F2A35) g2 Ag
7 filen SRS EOHTol 71
o} wire] ol nAE 54 A3, F #5= HMT0] A
2 8=}l 4.52 log CFU/gE thZxw# EOHTS] A4 49
A 7 Bk WA SAEAL AR FEelx: ATt F
QF SA =R edol ATFRe] - T 7F Hito] He| miAY
o] A Aol a3t Jde Ao Yelth B A3E
= T3l Hiro] Heol Az Al A7EE] FE-EXE7t |
AL AL AAXA AFES 583l "ol He] 4

A= AL FFE FAUT

XA A

HalA@oigta 92 dE8k=t, 24, 0000-0003-4569-
7924)

AR (FF e 23E 8k, AL AAIZ, 0000-
0003-3190-5497)

I (FF UL A FE S, SHAAE AAIZY, 0000-
0003-1649-4060)

a2 (ETra Qo dEest, SAAL A, 0000-
0002-3659-2680)

(A A, A A, 0000-0003-1797-
6045)
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