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Hwabin Jung, Chae Rin Yu, Hyeon Woo Park and "Won Byong Yoon"

Master’s Student, Dept. of Food Science and Biotechnology, Kangwon National University, Chuncheon 24341, Korea
“Full Professor, Dept. of Food Science and Biotechnology, Kangwon National University, Chuncheon 24341, Korea

Abstract

Effects of acid soaking (AS) and thermal sterilization (TS) on the shape and quality characteristics of Tteokbokki rice
cake (TRC) were investigated. The F-value of a sequential process (SP) of the combination of AS and TS was quantitatively
determined with a reference microorganism of Bacillus cereus. F-values were evaluated according to the minimum and the
maximum D-value of B. cereus and the reduction exponent (m=12). The heat penetration curves at cold point (CP) of TRC
(400 g) were used to estimate the TS time at 121, 100, and 95C. F-values of the SP were revised according to the adjusted
m values after AS at different pH. The non-uniformity parameters (NUP) of TRC had no significant changes during AS
but it dramatically increased after applying TS at a low pH by AS. The result of solubilized starch contents (SSC)
demonstrated that the shape changes during SP are related to SSC. The texture characteristics and the whiteness were
significantly influenced by a low pH condition (3.5) (p<0.05). Sensory analysis showed that a lower pH and a longer thermal
processing time influenced negatively on the acceptability. This study showed that pH 4.0 and 95C was an optimum
condition for the SP.
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FH3E T H571T A et A7k masglon,
$571% 10974 AAEs Aakzh wwE ek
(Kang 5 2013; Cheon 5 2017). o] W& §E7]3to]
FE A AT Tl 7FEAE 230 F ks UEdl
glon), Be Haeste 71g 240l 4R 9E/1% @
%ol 4838 LER ATHCheon 5 2017).
ZtEAEE B At e AF B2 &0l o84
3 slov, /1 B eR ol sl AUOR B 4
£ 7134 E] AHARFFHES Fohol BAHT 9
EP. °l°ﬂ e} TRt 459 7Hadts g et A3}
of gt A7F B %3 QJt(Shin 5 2003; Juliano 5 2012;
Lee & Yoon 2014). A& 9] AHFZAL ¢tAAw} A ng
AF W] BHS Bes] SActe] 1 YoM At
(lethality) & UEt= 7FAAIAMAIZKF-value)& Hohe S8
Zof DT = IAIF Aok gtk W ARt 7t
Aarge] ewof A7te] 2L M gotel ARETS ek
U1 gl ok Park 5 2015; Choi 5 2017; Choi 5 2018), 7|
ﬁgi ATAY} NG AE PPN AFLEe} A
H]'El'oi A= Fvaluea AA st AF+EIE e
or e =20, gEu o] Aex Agwd gFt J3t
1447]- glo] A7} 423 & AtHCheon 5 2017). F-value
o)A 02 ZH4%%(m)s} Dvalue?] Fo.2 Ho=, 4
2457 e Fvaluels Aax| 4ol G Fof 1)
TR T 109 e e FAHARRE) E
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’é}ﬂi?ﬂle 3%, B. cereus7} A S 5d 02 7tEATHE
Ao A x Fo2 BR1E T ItiAzanza & Centeno 2007; Kim
% 2011; Wang 5 2016). Y¥H&Ql WEAAHZAEEAH)= £
et 4B FAARE 21T 7202 FyalueS AR
stel Abate] AEE BASHH, o|F Foto] AEZED LT
FAAE7NY 2= £ 1211 CE AAsHaL, 7EA 7S 283
o A =5 ZZ3KSingh & Heldman 2001). o]} Zo] 11
20 AH 2 A EE 7HEE A9, AEY ot 24 4
(e, A, &, 3, 227hH3 FAol| H3kE FA " rhklturriaga
5 2006; Palav & Seetharaman 2006). oFdfFut oFule} Z+o
785 229 27t a2 7He] Aol A st e, £33 2
2 YR =59 o] F o= Qg Bigo] FH HUQleE B
F3 Y12 H(Oey 5 2008), Ais Zf—*é E'P_E k= 7 A
9] AL w2 2EoA YR $Eo] MEY &3HE F=st
I, FFAHCE YR HiEo] Q—ri %ﬁﬂﬁ’ﬂ F/dol 4
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THLI 5 2016). 0|9} 22 F2 2] H3le} P4t ¥ish= 12
7FHE 339 HA3R 20E AAske 7FEEe 7}
A AAsket W Fa3 aQlo|th

Al BHA vBE AGATRE 7HAH27] 9t 87}
A YA e 2 LAY FHEF7L Hol AREHAL Qi
ARG FHEFO A9 pHY 739 5= 9 IAA
Zroll w2t 1 log CFU/golW, 11 o] de] At ayE 7HAE
Itk o]} Zro| A E PEH A A A=Y &
O oS AT FAlo B Wi pHE Astz 5 5
nAES S AAste af= 7S 4 ok ol
PO AR A 9} 7HEAto] i@“"q oz dA49 3%, 7t
Ht o] A8 25U AZRE Wao] Gof o3t A& #2
IS Faslehd, Q4 % l' = A €k SHA|E o]
o} T2 B2 AW EE 7|E R ol FustA AA
Fojof gtk AR o3t n|YE S FAAFE S,
olof wet 7HEAFFHE ALtee A7 Bash, B2
AFA0E B AT HAE AR FESHA &
o Ada s ey 9ltkKang 5 2013; Cheon S 2017).
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2 dAFolA gFo] | Ao o]-&3 A== 2017A4
W] &(Hoengseong Nonghyup, Hoengseong, Korea)d} 4~3(CJ
Cheiljedang, Seoul, Korea)& A]Fo| A LA3te] 4ToA B
she, FAWHITL gle AHdA AEE AREsHth
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Algel 423 F Laste] 44 vlEE AxFAk o] F
olRa GAlse) vl 8512 ol 43 el 1%} |
=5 T3t HkEg 3 o5 FAst AaFoA dE A
B shth olFA AT Go] §o HF SE AL
47.11£1.11% G 21, AOAC(AOAC 1995) B ol we}t 105C
oA 24 h AZ F BAZ 25} o] AxSHATE Hol
H2 1 h 3 ST o WollA 2o ®r|sto] 25C
7b He=g o & A3 ol&st3inh

o) A APL 9Iste] HL o= WY 9 400 g2 7}
Z 17 em, A& 20 cm®] ZAFZ|(Ny(15 pm)/PE(20 pm)/LLDPE
(50 um))(Ny: Nylon, PE: Poly Ethylene, LLDPE: Linear Low
Density Polyethylene)o]] @1 37| A5t on, TA & o
o e Bolet PPFES 1 13x13:35 em'e] Yk =
< Adel ol8d g2 =35 WAE] fJste] AAHA &
X7t G2E F 1 h o o] ZHstech

3. HE0| H AR

Higo] WOl A4t 400 g 4 "ol § 370400 g3)&
13] 40 2 3o 33] AAstERoH, 95T 9 242
of| Al AFF-E 433k, 100°C}F 121°C 2] 7% 8 =2 E(SR-240,
TOMY SEIKO Co., Ltd, Japan) 7]7]& o|838}o] AHS =3
SHEiTt.

BaAR(m)= 2719 nBEY st 7HEa+ 39 v
AE &9 v Z2A P 52 Hl8) 2as Ao A=
£ yetdie Ao, & doA= 7tg4adtel J8E=
B (Mperna) S T A& 083k FIFATHEG. (1)).

M ihermal = IOgW (1)

A=

Are) 2 7H7gkcHPlug 1) 1987). 7FA XA 7H Fovalue, F)&
mi} decimal reduction time(D-value, D)9 Fo 2 A 9]t}
(Eq. (2)).

F=mD 2)

2 AFolA= GrEsAIElA et Folle 7HE wol £
2= Q& B cereusE 30 nAE A FFOE AH
SHATh B. cereus®| D-value= w529 @ Aol o} oheF
3 NS AT Qloeng B ARoAE Ad2E 95CE
7|&22 F4 D-value(D,;,=0.64 min)e} | D-value(D,=

gio] weo| sl A 739

2

7.04 min)E &3 (Hariram & Labbe 2016) £3}o] A5}
4 F-value(F,;,) Hd F-value(F,,)E o231} o] AAsH
S THEgs. (3)~(4)).

F

min

=12D,.. 3

Fw=12D, “)

Qe o2 YESEmE 4 AFINE Al A4k
B ALRE ABS AZT A9 AFHE WD 79 71E
AFLE 21T, FE/T AP 9% 42U 9o A
F(Cheon 5 2017)°l) AHEE AFLLE 100C B Th7IgFelA
2o uj5HRT e 2 95CE AMgSte] B ATl
L A A9 AR} Hie] gel B Rk GFL
24k

4 AFLEANN BER e it Fud BEA7]7)
QT AFF A7 Fovalue (Y8 ANSH: Thaat 22 54

< °&st] AAEUHE. (5)).
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T() =T,

t
F= f 10 ° ot
0 ®

AoA = EAF AIZE T)e ARE ol Y] =, Ty
gHEs 2roln, & AoA= 95TE o853tk A4t
o] o]8-% z-value(z)x= Van & Zwietering(2006)2] oA &
A B. cereusd] z-valueES o]-&35}ich

et Z2 Eq. (5)E o837 feliMe A+ 59 ¥3
of| A9 AJte]| wE 2=WILE S o{of g YRS
5171 fJ8liAl 2 Aol A= Park & Yoon(2018)9] XS o]
L3 2 |A 7 HT} A LAl A (TrackSence Pro, Ellab,
Inc., Centennial, CO)E ©]-&3t 574 ©|-&3st] Ydla 4%
stgon, AAE YoM Ad Fo 2=H3E S35
o Eq. 5)°] o]-&35te] g A2 =oA Y AdAIE =&
Eei=g

E3L AARSE o E A 2221 95TCof| A9 FvalueE o2
I} Zro] Aikste] 100TLE 121TCT o) oA 5 UgE F-value
£ Uehli= A A =E3519

(©)

M

4. A0|E EX| U pH EH
o] B A 39.6%, A 5.0%, L-FAGEE 7.0%,

]
SFALIEZE 5.0%, SHEY 4.5%, FAF 38.9%= o]
2o AlZH7IE-E Au] E(Power dip A-E, JP trading Inc.,

Scoul, Korea) 10% 4-&91o] A|7bdz AX|a}0, pHE £4
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Shith(Kang 5 2013). AR S84 HE AW F
£ ] 2E doldetz AAT F W 10 g8 7
4= 40 g3} 2 7](Polytron PT 2100, Kinematica AG, Luzern,
Switzerland) 2 243} o] pHwu]E|(Starter 3000, Ohaus Corp.,
Florham Park, NJ, USA)Z pHE =33}t

5. &ty g

At g A Aztel| whet Wstels pHE ot 2ol 4=
20| 2F=E AAEste] Peleg modelE ©]-§3to] 51
THEgs. (7)-(8))

H=10"" )

t
H=H+——
R @®

~

919] Ao A Hi a0l E(mol/mm’), Hie 27] 4
0] 2% & (mol/mm’), 1= Al7s)olTh Ki¥ Ky Peleg A5
e, Peleg rate constant (h% ') A4 K12 B4 &5 8,
Peleg capacity constant(% '), A4 K= T SbolEx
5 YveERdth 99 Egs. (7)~(8) Matlab R2016a(Mathworks,
Natick, MA, USA) &ZE9Jo}5 o]&35}o Ho]H o =d
sh3lem, Peleg A5 ©]-83to] a0 2F =7} AFRIA] A
2ol wet BE S olE u, tha A4S S8kl BF 4ol
2EE(H)E TSt

(€)

6. AEXIO AFSBITHOUM MR
ol ol A2 X 5 go| F +t gack olg
ol AHUA F wlABe] 1 B A A7 A me) g
2
[

o Wghs Fo2 X F 7
ATHEq. (10)).

N
N,

acid

Moeid = IOg

(10)

AA & WAShE mgke] wE AR |9 At 5 e57g ol Al
o) s 7371 AL muar Eq. (13} 2o 319 0H,
E&EA M 7FBAAAIZEE Fias Eq. (12)2F 2] 73}
AT

mﬂnal = Mypermal — Macid (1 1)
Ffmal = mfmalD (12)
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7. WR0| o HAH 24

Yol Wo| 47 £ U Ao uet WMk o
AAre A7) bl olnla] BAE SAelSc 47
B 049 wio] Be Yrow sol Nl Yol 7
1517 Fe TS non-uniformity AALSIALE. WA, 3
|98 54 298 WA AHA F AL A et
(DSLR-500D, Canon Inc., Tokyo, Japan)2 20 cm®] A2 9] ¢
AN ST o] F Matlab 2ZEQ|o]E ]85t Canny
edge operatorZ edge detectionS 435t o, HO| FAS
WA WA S0 2 MBSkl o]n]x) o] E3Hsegmentation)
o syskn A7E B DAY A4 ARPoR
F3tol 1 % 15718 B9)2 Aeato] kg3t 2ol vlEY
=5 ALt

[e)

wa 1o

]

b

o

o

(13)

919 Aol A ne Az A4 Ak 24 AR WA, A:
42) BEE ofm|ate,

d

AR
95, 100, 121 ColA AZPHE=Z A& staL, Aol
2 B33 = #(SpectraMax i3, Molecular Devices, Sunnyvale,
CA, USA)E ARE-3te] 1hg 480 nmof|A] §&8S T+ of
FoEE 9o R FFEE St AT 22 W

< ol gste] ol ARA] A7t W FFEE AR 10%
FEHS 2o sto] SASIFLeH, o]F 95ToA &
A2l Al ©9] pH7} 3.5~6.0¢ o] A7t @2 & EE=E
SAote] At = W pH7} At AJZbol| whet B4 W3
I DR B0 e AE HIEHA nAE= FFE &
skt

9. 9| Bacillus cereus T4+ &H

Higo] Wo] 7] pH 9@ GA | A+t At W B. cereus
o] A5 SAsIAtE ot YollA o] g A= 10 goll
0.1% Hat PE4 90 g& #A7|E 083t 2 mingt Bt
Foo, A3t A= Y | mLE 9 mLY 0.1% B 9
=70 dAF ez A5t FABSte] w|BE HE| o]
Sotsch DS FEL A5k B corens] A8 HIAIQ) 50%
egg yolk enrichment®} Antimicrobic Vial P(Difco, Becton Dick-
inson and Company, Sparks, MD, USA)2} 317 A 23t mannitol
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egg yolk polymyxin agar(MYP; Difco, BD)E ©]-&-5tt}. 1|4
&= AF2 pour plate HH-E o-&stE e, 1 mLe F]A%
A& dEdS ¥ HEY HAlo] &3 £ 45T Y74
HiR] §oiE W oFgt ' S5 Alig} Hj2 & &3tst
Atk ©]% 10 min F2F iR E WZHAIZL = 30 ToflA| 244]7F

B9k jFste] B coreus #4F 2T

10. Ho| =X &3

chabh pHE ekl B3o] B& 95Tl 7ha st
7] A3} F9] AL texture analyzer(TA-CT3, Brookfield
Engineering Laboratories Inc., Middleboro, MA, USA)E ©o|&
3}o] texture profile analysis(TPA)Z 7 T (hardness), F2+A
(adhesiveness), -3 Ad(cohesiveness), 23 Al(chewiness), BHA
(springiness), 714 (gumminess) & ZHatTh. 2H 24 L
olsto] wito] W 27 15 mm, o] 10 mm7} HEE Fek
slg o, =42 TAI11/1000 probe(cylindrical probe, ©25.4
mm)E ©]-83}5 60% deformation, pre-test speed 2 mm/s, test
speed 0.5 mmys, trigger load 7 g&] AL 2 63] HHE =435}
et

1. Mz =3

At A3 $9] "ol |ol Y(L), k() FAE(b)
£ AMZ}A|(CR-310, Konica Minolta, Tokyo, Japan)Z 4319
o AR 2% A RE RS olgele] BRsgon,

)X = (whiteness) & Theat Zho] AAStgth
Whiteness =L —3b 14)

12. 2=sHJ|

PAA) F chere pHE el HRo] Hg 05TolA
o & 7 5ES edap] Slstel ZUoshn AEes
2¥3|(IRB)Y AloE 513t & BEFIIE AAFAHS
Q1H &: KWNUIRB-2017-05-002-001). 7}£ TZH?Z}'E’_ A Z A
statol] Afst <1 SH 10218 WeAvhel T2t Helo] o
Bho] AR 28] oA} A WEE ST T, 2 BT
8 w20] 1 10 go] 5}o] Taste), Fflavor), Hcolor), 27
ZH(texture), AA A 7] &= (overall acceptability)S 78(173: of
©@s] oFsl 73 dids] AR A== HUksteR skglch

m)v
r4.1 r*

s 2]

Ao Ao BE AlF L 24 33] oA} HHE 245

S ‘1] dlo]g ] A EA-& SPSS(SPSS Statistics 21, IBM,

Armonk, NY, USA)9] EAFELA(ANOVA)E 0] 851 p<0.05
FollA F948S A

Yol Yo std 4 741

1. HR0| Ho| & 2= U AL =5
gigo] Ho| thefgt 2L A9 At Al ZFEAAAIZHE)
2 AARIH tHTable 1). F-value= Egs. (3), (4) ¥ Hariram &
Labbe(2016)9] At Aol ofstof A)FoA 9] thkat HWE
A< 7HK = B. cereus 9] 95C A S Dy Dy T3HR
o, o5 Foto] AL Frvalue] A (Fu) 2 HH(Ew)
- 217+ 7.68 min 4 84.48 mino| }{rh. Higo] B FYUsH
Al ZAste] 100C 2} 121 CoAlA Y Findt Frws Eq. (6) ©]
&3to] Aakgt A, 100 T A Fe 2.966 min, Fu =
32.624 mino|™, 121 Cofl A €] F, 0.055 min, Fuwe 0.600
min®-& FRISHATE ol 95To|A e 54 At 5t @
Aot FYg GA 2 A=E 100T 2 121To =04 4=
gYstara} o uf ZF 2Eof|A Aetol] gk Alto] Hadthe,
259 F7tel AP A o= v stA] 7] o] & A+
o B o2 ALRE sto] FEgt At Al =&0] 7
= 9|3ttt

2. &R
wgol W 400 g& EAFFl] AH2 A Ho] LEE 7]
25T A AA3] F718HA ok Teu At Al G2 979
Qo] RN E Y2 Mol Hoi, olo] wet Y o=
7t A3 S7ske A1 Q] WA (cold point)o] EAHSHA Hrt
(Lee & Yoon 2014). gt F-valueE AAl= 7|&2 9
YHo| gojof str, YHZ AlEdoldS Foto] AFT F
olE A¥S Ft ASSHAUTHFig 1). AlEdold A3 o
o B Yol RE Wl 2] Feob 2
wof 41 2e] LR 7P ] A5 st
(Fig. 1(a)~(0)) 7vE Azl whek 7FE FRERQL 20 min 7 1}
To= HH 9 SHY dAGE RIS o FAHFA
Jhedo] 71 AAs) WAEES SHASTHFie. 1), 71 F
WHRQl 40 min A3 Fol Fubeel R ATS ek
o (Fig. 1(b)) YA Y27 SH Y-S Felsh] S8tk
7t 28 JAHA 2= HYS éﬁ\_*lﬁ E;IEAS o 7]
S 0o o] 1ok L AU 1)
AlEFold ¥ 4 22 Hl5ke] AA| 400 g X

50| mEo| wo| 2w}

Table 1. Minimum and maximum D-values and F-values
of Tteokbokki rice cake

Temperature (C) Dyin Diax Fonin Foax
121 0.005 0.050 0.055 0.600
100 0.247 2.719 2.966 32.624
95 0.640 7.040 7.680 84.480
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Fig. 1. Contour plots obtained from the computer simu-
lation to estimate the cold point of packaged rice cake (400
g). Thermal processing time at 20 min (a), at 40 min (b),
and the extended temperature scale between 120 and 121C
to estimate the cold point accurately (c).

Z g&o| go] RAXLEAAE YAANA 228 S5
ThFig. 2(a)~(b)). A7t WE 2= ¥ist 4 23}, g9 7]
slekA A AlA 912 BollA 7Y =9 2% Abgo] A
stpen, | UM 77k D& F |04 7 wE 2
T Aol HARE ERlskitHFig. 2(a)).

olof wat =4 wio] g9 7|518H F4loA Y 225
95C, 100C, 121 CoflA] 7kaAat= B3t S 3tol(Fig. 3(a)
RITE 7|1ELo 2 ZF GAFEFAY FpvalueE Fig. 3(b)ell Y
EFU AT AR 37800 A&5t7] A7t 7 At LEoA Y
Fvaluex= ZF A 2594 Q] D-valueS 1133 R H F-
value2 ZHiFE|ojof 5170 Hol 7} 2 2 A, Hof| F-value
£ 4 At 229 D-value2 HAsto] A4FsHItHTable 1).
BAE Fvalue= 44X 52 D-valuel] o2 o|Z2FoF
AR FolB2, A 5F 2o =23517|71A] 9] come-
up-time(CUT)& L|3HA| 94 AZto|th. 27| wjZof o]
5 CUTE 133t 71E4tat Al 7Hthermal processing time) .2
LE&stofof shn, wEhA Z} At =049

Z [e]
BAEIAE

(a) (b)

£
L]

Temperature (T)

e
e

0 20 40 60 80 100
Time (min)

Fig. 2. The heat penetration curves measured at 121C at
different locations in the packaged rice cake (a), and the
locations of thermo-couple in the packaged rice cake (400

g (b).

[e)

Ul

HERES

of
o

35

(a) (b)

Temperature (C)

0 20 40 60 80 100 o
Time (min)

Fig. 3. The heat penetration curves (a) and Fy-values (b)
at the cold point at different thermal sterilization temper-
atures (95, 100, 121°C). Thermal sterilization at 95°C was
conducted in the water bath showing no come-up-time
found in the retort process (100, 121C).

Foto] AAl Ao &= ojof & ZF 4, A F-valueo]
ot 7FEAHAIZRS ERIHTHTable 2). o] & F3t4
0 g0 2 ZE Hio] ¥ YHoA 9 7} 2= 7tgA+F
A 7He 95C oA 24 63.4 min, HT| 174.9 min, 100 T A
2] A 38.5 min, )| 73.8 min, 121 Col|A] &4 26.6 min, 2t}
36.6 minQl& FRISHATE

s &

3. AR 200 ME o A s}

ZE ol Ho 95T, 100T, 121 TCoflA 9] H+t &&=
o T2 Fy 3 o Aget A3E Fig 4o UL o
Z314) ohe wo) WAkt vwsge ), 121Ce
23 B 266 min®] - A A7k BT,
Ho| FYEof gl RejolA Fare] BT e EFY
3 A LTk 100Cell 4 Azt ge) 49 12109}

vl 28RS ol J4e] e o, dizgo] vlste
LT S HEHH T 95TollA 24 Fvalue= 4t
T Bfole @l izt 7P ARSI, 71 Azl &

3
Fhate] utet BFAET STV ol e oF 70-80%
£ o231 Qs MEo| AR Lo net wsjely] HE
o2 A2 %, Biliaderis 5(1986) 2 Xie 5(2009)¢] o]
A B ATo fARE L5 WSl SE7t F71E4E oby
2929} 24e] B3] 74922l melting transitiono] WAV
th B3 vt Qe o] 2le meling 0.2 Qo] FAko] W}
RErt Lwo] Hests Aos Fyut.

Table 2. Thermal processing times estimated at different
thermal sterilization temperatures using the heat penetration
curves obtained at the cold point

Temperature (C) bnin b
121 26.6 36.6
100 38.5 73.8
95 63.4 174.9
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Control

100¢C

1217%

Fig. 4. Shape of Tteokbokki rice cake of control, steri-
lized at F,; and F,, of 95, 100, 121°C (a) and the pro-
cessed images of rice cakes (b).

go| GA sk Eq. (13)°] o3te] nZAES S4He
on, ol wo| 4| FHGArE & Wakgl uet A= 1+
bk B43e] Aol ARKE grolth(Table 3), HIZUE &
3 A, zge] A9 AR 0] vl FYEE 2755 Yehy

om, 121Cel A Fig. 49] GAelN & 4= Qo] Al 2
o] v|HFY=T} Bt Frped ] 11.652F 11.930.2 & =2
£ BT 5 Yo, ol 121TeA 7he A7ke] BAR
o] Wo] BAfo] AA WBTFE ofujgic. AF L& 100C0
Mt Hz, 20 Fvalueo]d 691 2 9.649] 3& Lhehy gl
om, Ag Azko] Z7eel wet F7keke g e
o} 23hH 95T oA = F4A, O F-valueo A 2.811} 5.622
controlah 714 4K 4315 Uehllol, 74 Alzke] HE o
Ho| Ho| g4 WS} il Ao FPHoR ey 5
2%tk

ol E3to] W] Ho| AF A ol BAS AL

Table 3. Non-uniformity parameter (NUP) values of
Tteokbokki rice cake after sterilization at various sterili-
zation temperatures (95, 100, and 1217C)

o NUP
Temperature( C) e e
Control 2.75+0.96°
95 2.8140.82° 5.62+0.83°
100 6.9141.13° 9.64+1.63°
121 11.65+1.03¢ 11.9340.46°

=4 Means in the column with different superscripts are significantly
different at p<0.05.

o] wo| 7hg Ak 743

%_@ AHAEE RSt T 1.2(121C) A2 Tsjof &
EAA O o] g3H= 100T 2] Aoz 9A

St B. cereus w2 EFAOR At A] At AJ7HE]
7ol u:}a} FAo et yehd 4 sS4 5 AsiTh

4. &b X0 HE "ol pH Mt DHE

Hio] Ho] dxjg At ojdol 27] «# 9 %&%
3t A ZH AR 10% $=8Hol| B HR)s1¢c)
dh= pHell =2at7] 943t 4hm| = FA] AJ7hE ERlehr] 9
of A A7t 2 9o pH W3S ERlstglen, o] ¢4
Ol T2 AAISHo] Peleg BAl 2 HEFHS IS Fig. 59
UERR QI B 25CoflA JA|ste] S43ERS o] Azl
et ol E=7F SRS EjlEtglen, o] & BUE
3 A3} Peleg A4 K2 4.228, Kr= 0.0019902 315t th
(R>>0.99). 0|2 E3}o] Abu| & x| A|9] B Lol
£ 528.07 mol/mm’Z o] & pHE AAHFE-S o pH 3289
o 4= QQUth B AFoA BEZ = Abn]E AHE 39
pH 5.5, 5.0, 45, 4.0, 3.5¢] =23}7] 95 A+ A=A A7+ 7t
Z} 11, 41, 135, 519, 3,327 s¥L &% 4= gtk

"
=]

ol
S

5. AHEIXIOf| oIE 2 K| Bist

AR AAYE S B cereus w9 7] 4 WIS &
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W3] &9l Ay}, AR A B cereus®] w= 4.64+0.08
log CFUge.2, 402 Aol ufe} F47} 7Haghg 2hels)
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Fig. 5. Changes in the hydrogen ion concentration (H) in
the rice cakes during acid soaking with 10% of acid. Dotted
line indicates the estimated values of H from Peleg model.
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Table 4. Cell count of Bacillus cereus in Tteokbokki rice
cake before and after sterilization

Before sterilization

pH (log CFU/g) Macid Mfinal
Control (6.0) 4.64+0.08" - 12.00 (Mhermar)

5.5 4304043 0.34 11.66

5.0 3.80+0.14% 0.84 11.16

45 3.24+0.09° 1.40 10.60

4.0 ND 4.64 7.36

35 ND 4.64 7.36

¢ Means in the column with different superscripts are significantly
different at p<0.05.

£ 324 log CFU/g, pH 3.5 o|3loll A= AZo] EA] o} Ak d
A7} wHo] ©o] a2l B. cereus?] Ao Az} 9l
2 & 4 Jth o|F Fdlo] 27 F 9 AAE Eq (10)01]
0|83t mers AR L™, Eq. (1S A4S mpa©)
AR A 12014 A 7.367HA] AAaTE ERISHAT
0|5 E3}o] Table 59} ZHo] Eq. (12)2 AHm|& A & A
T 2% BE 2L Fvalue(Fpa) 2 AlAto] 7534t
(Table 5). 7L A3}, Abu| 2 A § HOf pH7} Z4gho] whet
HE Ad LEoA Fvalue?} 74381, E3] pH 4.0 0|3}

Table 5. Adjusted F-values using the reduction exponents
at various pH by acid soaking

pH Froin Finax bin bnax

95T 7680 84480 634 17500

Cz’gg)‘ﬂ 100C 2964 32628 385  73.80
121 0060 0660 269  37.10

95C 7463 82097 628  172.10

55 100C 2880 31708 383  72.80
121C 0058 0641 268 3690

95C 7143 78577 620  167.90

50  100C 2757 30348 380 7160
121C 0056 0614 267 3670

95C 6785 74631 610 16320

45 100C 2618 28824 376 7028
121 0053 0583 262 3640

95C 4711 51818 547  135.00

40  100C 1818 20013 351  63.16
121 0037 0405 255 3470

95C 4711 51818 547  135.00

3.5 100C 1818 20013 351  63.16
121 0037 0405 255 3470

o [e)
R

Lo
ol
&
>
i

A 3A AaEe SAs AT EB1E gHFol He 95T, 100T,
121 Co A 8] A+t ATtel| g AT (Fig 3(b)= o1&
sho] AA| A=t FR0lA 9 7HE AIZEE ALt AR A
o|F F At AT AA S SHA] @2 7ol Hlste] pH
4.0 o|3}ol| A 95T 2] 79 2|4 54.7 min, )| 135 min, 100C
9] A& FA 351 min, )| 632 min, 121 ColA = &4 255
min, Ztf 347 min©2 FAAZ = QS-S sk A
W &7t WS E ARATE F AAATY el o 2
Fe UAH, ol= AHA AA 7 7HQAEE A o ARt

FEAA 3H aEs —ﬂ*l?h 7}°=‘ AIZ_POH e g

2 HEkE FaAA F
o} o]¢} FARSHA A
A0 e wBE

£ oBL rulo of

%4 pH )\Hpj-ME odl.-_E o] %

9] Hstel A3 AlZte] wE F2 W3t

(FFHE A, SN2 AABH] gat A7 95, F2,
S5, AR, AFA 5 TRt AENA o Roldl v} gl
thAwuah 5 2007).

=SR] HA st
s HskE Shelsi] Skl A B A

H3}t ‘:‘*—‘1— EH 401]*1 KRy tﬂ?z}ﬂ 7V
2% 95T o] A —rbﬂo}@‘E} 0l 8L 121TY
., olul EA 2 o5t 4et FAF WSt BEE
ééﬂ pH7} 7vE At Al A4 A3t vR= G
2= 95CoA pH 245 3 59 3
S 3 oP@E} At o]Hofl= pHY ¥ig}e]| W
L & %E} b Ao, AR A]-7r g4 S Al
#3171 e cHTable 6). <] pH 4.5~5.59]
bt AlZHll A A W37 TEkE gloH,

Table 6. Non-uniformity parameter (NUP) values of Tteok-
bokki rice cake at F,;, and F,,. after adjusting pH at 3.5,
4.0, 4.5, 5.0, 5.5, and 6.0 (control) before applying thermal
sterilization at 95°C and after the sterilization at 95C

NUP
pH Before sterilization Foin Frax

Control(6.0) 2.75+1.23" 2.81£1.26°  5.62+1.76%
55 2.49+0.93° 3.16£1.68°  6.90+1.32%
5.0 2.73+0.26 473063 6.10+0.32¢*
45 2.65+1.03° 4.33£1.59"™  5.4141.64°¢
4.0 2.83£1.72° 3.98+1.36™  4.59+0.36™
35 3.01+1.32% 8.43+1.42¢"  9.29+1.53

=T Means in the column with different superscripts are significantly
different at p<0.05.
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Fig. 6. Changes in the absorbance at 480 nm of the
solution at 95, 100, 121°C due to the amount of solubilized
starch content.
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Fig. 7. Changes in absorbance at 480 nm of solution at
different pH (a) and a thermal processing time at 95°C (b).
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Fig. 8. Comrelation between absorbance at 480 nm and NUP.

(2012)9] Ao M= pHE| o] whe Fmet WAl 2
4L ST 2 ATl wigulo] A H7HSHA
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Table 7. TPA parameters of Tteokbokki rice cake after applying the sequential process of the combination of acid soaking
and thermal sterilization

oH Hardness Gumminess Chewiness Springiness Cohesiveness Adhesiveness
(2) (8 (mJ) (mm) (mJ)
Before sterilization  3,152.00+378.82°  2,261.18+363.68*  129.00:+20.08" 5.84+0.33% 0.74+0.03" 19.86+3.97°
C("g‘g)"l Fpin 2,840.50+£281.44%  2,048.004206.23*  125.83+14.19% 6.26+0.28" 0.72:£0.02>¢ 15.1443.60¢
Fax 3,018.75+404.65°  2,207.004290.09°  129.66+18.07* 5.99+0.16® 0.73+0.01% 9.11£1.97°
Before sterilization  3,164.504320.26°  2,250.42+342.74*  128.30+15.68 5.89+0.62 0.74+0.02 19.2443 57"
5.5 Fin 2,864.50£274.00°  2,075.614259.40°  124.09+43.00° 6.24+0.57° 0.72:0.02%¢ 12.36+3.76%
Fax 2,542.50+£351.24°  2,103.004243.64°  130.65+15.62° 5.8240.47% 0.7240.01*  8.43+7.90°
Before sterilization  3,160.00+350.27°  1,625.33+192.56°  129.67+20.58" 5.61+0.23% 0.75+0.02% 18.80+3.76
5.0 Fin 2,753.624206.25®  2,097.084315.92°  126.24+30.00° 6.24+0.60" 0.7240.01°¢ 11.86:4.20%¢
Fax 2,350.26+343.50  2,053.004209.52°  133.92+12.42° 5.97+0.18® 0.7340.02¢ 8.10+1.73°
Before sterilization  3,167.504337.26°  2,222.00+308.54*  128.64+21.83° 5.94:+0.88% 0.75+0.03% 17.03+3.84
45 Fin 2,703.33+520.80°  2,059.00+364.34°  123.18+14.42° 6.19+0.88° 0.75+0.02% 12.60::4.220
Foax 2,670.004298.16°  1,991.50+172.57™  134.13+7.07° 6.16+0.46" 0.7240.02°¢ 10.33+2.42%
Before sterilization  3,165.00+464.84"  2.217.004329.64"  117.32+17.68®  5.49+0.22° 0.72+0.02 15.37+2.94°%4
4.0 Fin 2,961.25£163.42%°  2,194.25+113.68"°  128.58+7.66" 5.98+0.31% 0.7440.01%¢ 11.47+4.08"%
Frax 2,850.75£256.20°  2,235.35+329.70°  122.63+10.04% 5.75+0.41% 0.710.02¢ 7.60+1.72°
Before sterilization  2,821.00425530®  2,274.40+239.34*  135.00+12.95° 6.1140.28° 0.77+0.02* 16.65+3.78™
35 Fpin 2,147.50£303.05°  1,662.20+272.98° 08.78+19.18" 6.04+0.27% 0.73+0.01% 15.70+4.67%¢
Fax 1,885.00::88.13° 1,291.80+115.63° 75.32+7.38° 5.94+0.19® 0.66+0.01° 11.2043.29°%

*¢ Means in the column with different superscripts are significantly different at p<0.05.
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Table 8. Whiteness of Tteokbokki rice cake after applying
the sequential process of the combination of acid soaking
and thermal sterilization

Whiteness Before sterilization Foin Fax
Control (6.0)  45.62+0.34° 46.16+0.63"  46.74+0.34"
5.5 54.61+0.36° 54704029  54.83+0.14°
5.0 55.64+0.28° 55.824036°  55.84+0.23°
45 56.03+0.29° 56.25+0.53*  56.19+0.42°
4.0 57.95+0.31° 57.96:023°  57.75+0.31°
35 59.22+0.22" 59.13:0.20°  60.02+0.56

*f Means in the column with different superscripts are significantly
different at p<0.05.
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Table 9. Sensory evaluation of Tteokbokki rice cake after applying the sequential process of the combination of acid

soaking and thermal sterilization

pH Taste Flavor Texture Appearance Color Overall acceptability
6.0 (Before sterilization) 5.840.79" 5.8+1.14° 5.9+0.74° 6.6+0.52° 4.5+0.97% 6.4+0.70°
60 Fin 5.740.82° 5.6+1.07° 5.8+1.14% 6.4+0.52% 444107 6.340.67%
’ Fax 5.3:40,82% 5.6+0.84° 5.6+0.70% 5.9+0.57° 4.2+123° 6.4+0.97*
ss Fin 5.5+1.08% 5.8+0.79" 5.940.74° 6.0£1.15% 4.740.95% 6.0+£1.05%
' Fax 5.840.79* 5.6+0.70° 5.240.79™¢ 5.3+0.82°% 4 8+0,92%ede 6.140.74
5o Fin 5.0£0.67% 5.6+1.07° 5.0:£1.15%¢ 4.8+0.92°% 5.5:0.85°f 5.5+1.18"
’ Fax 5.6+0.84% 5.6+0.70° 4.440.97% 4.340.95% 5.0:£0.6704 5.240.92°
45 Fpin 4.7+1.16b° 4.5+1.08" 5.3+].34%¢ 5.8+1.55%¢ 5.6+1.35%%F 5.8+0.42%
' Fax 5.240.79" 4.3+1.48" 5.0:£1.64% 5540677 5.0+].45%% 5.3+0.53%
20 Fin 4.5+].84° 4.9+1.79® 5.3+1.42% 5.6+1.71% 5.9+1.37 5.5+0.53%
' Fax 4.940.99 5.240.70° 4.7+1.64% 5.7+1.85%¢ 5,141 .45t 5.5+1.84%
35 Foin 1.10.32¢ 1.6+0.52° 3.5+1.08% 4.1+1.97° 6.2+0.92° 2.3+1.16¢
' Fora 1.5+0.71¢ 1.9+0.88° 2.9+0.88° 2.9+1.66" 5.740.95%" 1.540.53°

* Means in the column with different superscripts are significantly different at p<0.05.
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