Check for
updates

1 ISSN(Print) : 1738-7248, ISSN(Online) : 2287-7428
1 Korean J. Food Preserv.

126(1), 8-16 (2019)

| https://doi.org/10.11002/kjfp.2019.26.1.8

L5 ORAME T YL T U

The Korean Society of Food Preservation

Fe¥

Microbial inactivation modeling and salting characteristics of shredded
kimchi cabbages (Brassica pekinensis L.) treated with radio frequency
heating

Eun Ji Choi,

Hae Woong Park, Jung Gyu Lee, Ho Hyun Chun*

Advanced Process Technology and Fermentation Research Group, World Institute of Kimchi, Gwangju 61755, Korea

BlC|2n 71 H2[s ME BiEel DI SEN Bu ¥ Hol £A
HeA) - v g - o) 5T - AW
MAZ R AT A MFYUF oL
Abstract

This study investigated the effect of radio frequency (RF) heating at 27.12 MHz on the inactivation of pre-existing
microorganisms and salting characteristics of shredded kimchi cabbages. Samples of shredded kimchi cabbages were
subjected to 27.12 MHz RF heating at different power levels (1,000 and 1,500 W) or to hot water (HW) at 60
and 70°C. RF heating at 1,500 W for 3 min reduced the populations of aerobic bacteria, yeast and molds, coliforms,
and lactic acid bacteria in the shredded kimchi cabbage samples by 2.56, 1.26, 4.36, and 4.31 log CFU/g, respectively;
moreover, survival plots fitted using the Weibull model for 1,500 W RF heating yielded D, values of 1.92, 2.66,
1.81, and 0.75 min, respectively. The salinity of shredded kimchi cabbages treated with RF and HW heating increased
more rapidly than that of the control during salting. With respect to the moisture content and hardness in the
shredded kimchi cabbages, no significant differences were observed among the treatments, after salting for 4 h.
In addition, the surface temperature distributions of the RF-heated samples were relatively uniform compared to
those of the HW-heated samples. These results clearly indicated that the RF heating technology has the potential
to decontaminate kimchi cabbages of pre-existing microorganisms, before the salting process.
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Fig. 1. Effect of radio frequency at 1,000 (a) and 1,500 W (b), and hot water heating at 60 (c) and 70C (d) on the survival of pre-existing

microorganisms on shredded kimchi cabbages.

Each point represents the mean for triplicates and etror bars show standard deviations.
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Table 1. Evaluation of two models estimating the reductions in pre-existing microorganisms on shredded kimchi cabbages after radio
frequency heating at 1,000 and 1,500 W, and after hot water heating at 60 and 70C

RMSE" R
Microorganism Model 1000 W radio 1,500 W radio ~ 60C 70T 1,000 W radio 1,500 W radio 60C hot ~ 70°C
frequency frequency ~ hot water ot water frequency frequency water hot water
) ) First-order 032 0.34 029 1.18 0.86 091 0.81 0.81
Aerobic bacteria .
Weibull 0.00 0.01 0.10 0.36 1.00 1.00 097 091
First-order 0.16 0.17 0.18 1.49 0.90 092 0.60 0.82
Yeast and molds )
Weibull 0.12 0.03 0.03 0.51 093 1.00 0.99 0.83
First-order 0.84 0.84 0.74 0.64 0.83 0.83 0.88 0.90
Coliforms )
Weibull 0.03 0.06 0.72 0.63 1.00 1.00 0.88 0.90
o ‘ First-order 0.54 029 030 062 0.79 097 095 090
Lactic acid bacteria )
Weibull 0.06 0.29 0.05 0.61 1.00 097 1.00 0.90
YRoot mean square error.
11 323} o ATy §AbTF E3A3 2de HjA g
Table 2. Weibull model parameters for the inactivation of > one I, et e EE gt e ]< °
Pre-existing microorganisms on the shredded kimchi cabbages Weibull 2.2 ©] first-order kinetic 2ol B|&l =& 294
after radio frequency and hot water heating ©° 2 YJeplith 603} 70C €5 71 wE 3714 A+,
Heating treatment Microorganism a” B Drvalue’ BE Y FFo|, hFdTH At AEJAE first-
Aerobic bacteria 1.70 256 235 order kinetic Etjnloﬂ H]?_J‘H Weibull E%Joﬂ }\1 ‘%Lt(i: RMSE
1000 W radio  Yeastand molds 164 153 283 F =AY 22 RE B H)AY E‘%M o Agstsin
frequency Coliforms 137 206 18 Hu 5(27)< 27.12 MHz 2}t 2.3} 7} Aglof] & u37}
= 25 3 4 MEZIA o i
Lactic acid bacteria 179 349 228 Toj Hew Sf{ffzﬂifla t)plllmmw;_ 33; Loj Weibull
Tt =2 A3 L. k1 1%k H A .
Aercbic bacteria  1.29 2.08 192 el twe j ol’]'E]rj;B\g’J— al o]‘ M‘:}: 27.12
MHz 2] 3k} G5-& B 712 PEE o] §3 el
1.500 W tadio Yeast and molds 1.73 1.96 2.66 L .
" _ A2 QAR Penicillium crustosum, Penicillium
equency Coliforms 13 292 181 : S - .
Lacic acid bucteia 033 102 0 discolor$}  Penicillium expansum®] AFP32349] 7$=
1] tel . R X . .. -
e aac e Weibull 22 ] first-order kinetic & H]3] =& R*GLS
O hot vt s 188 7Ol Weibull 2xe] ash B Sfe}ulEl 5714 A, K2
Colfoms 248 L6302 Fgol, HATFTH Fakre] AE T4 FehS A9k
Lactic acid bacteria  6.65 1.73 10.76 Weibull 229] ¢ gk ~A|D slgn]g a4 o5 o4 S
Aerobic bacteria 858 225 1242 72 9o o SehuE ghe] gt exel Ao
10°C hot water Yeast and molds ~ 2.10 0.86 551 AHAETH29). 1,500 W ] 2.3} 71 wE 5714 AT,
Cofoms 217 109 466 AR 9 Bgo|, Py es 4k & ek Are qad
Lactic acid bacteria 229 L12 4.83 Weibull 299] a 3t 242+ 1.29, 1.73, 1.363} 0.33E°o2

UCharacteristic time using radio frequency and hot water heating (min).

Shape parameter.

IRadio frequency and hot water heating time (s) required for 90% reduction of the
counts of pre-existing microorganisms.

v

first-order kinetic ©] RMSE #t<1 0.17-0.84<} H] 5]
-5 27 Vel 31,0002 1,500 Wkt 9.9}
7t Ak A wjFo] wgE PEFdd AL
Weibull =9 correlation coefficients(R*)+ 0.93-1.002. 2
first-order kinetic 22| 0.79-0.973} H]w3}e] o] A}A Q1
1ol 7Pk s JeEpi ek whebA 1,0002F 1,500 Wt

S0k 74 AP E o] &3 At wjFol 2714 Ald, &R

UERsth v 60C G 71ol mE a8 9 F3o]9
A EH S A 83 Weibull 229 o 3+ 18.6320.2 7}
2 3E BATE o @] Hske nAE AE 349 Ve
715 WASAZ|IA T FEjols JgS v|x]A] FETH2T).

A 1,0002 1,500 W hH] 2.3} 7Fd ol whE 5]/ Al
T, 58 9 Fgo|, T fART Sl 283k
Weibull 299] B 7+S 1.02-349% 1Kt} =7] wj &l ofzf
2 =3 JeS Bty w3k 1,500 W 2Ht] 2.3} 7H o
WE 5714 A, B 9 FFolet g frikte
Dr 35 ZH7} 1.92, 2.66, 1.813} 0.75%- 2. 2 Yelyit) uhe}
A 1,500 W ght] 2.3k 2] 3% oJ| 2 uF7}e EAlshe
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7t X258 "k v HY T ¥z, TEEE R 2
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718 ARg e A Y T A, FEGF E A=
WslE 5% % A7 Table 30 UrE}Uﬂ o}

wel 9o YT L AFELLe R WF 21 o)
NaCl &

A 7 frEo] SAl EA sk Adu) 5o
4 T oY dre FHnAdE ASs JAgT
(30,31). T=&F A A== 2BApL FulE A% st
= T8 A folth. o e I 7HE A=
;f:-i?:]; % 7(41*4— HH‘!‘/] otﬂ[ %ﬂ ] 4%40](p<005) Oﬂzﬂ:._
v H thTable 3). A 1417 1,0002} 1,500 W 2Ht] <

A2l et Ak vjSe] A= 747} 3029 381%% Eﬁzalm
d AglelA] e HAdt w59 2.40%F 2] % 91 (p<0.05)

2ol & YeRATE T3 A9 4412 31,0002 1,500 W
o] evtel 602 70T A Aelgh dehujFo] g
4.00-4.77% 2 2= Hl&| 050127% =0 7S HY

Hehd A9 A v el g

5 719 WAl

=d F JE Ao dAdtdd

1500 W gt 2.9 3% A7 & Aok HHT‘/]
149Jr 93.84%, 603 70°C G 20% 7}@
= 27t 93.437} 93.38% & L‘rEM iy
%‘; 94.05% <} 24 (p<0.05) o] S Ho|A]
7&@1 7l uhel At v Se] RS
S UeERdth 28y A A3 F g2
89.50% % 1,0002} 1,500 W 2}t] 2.5}9} 602}
;ﬂﬂ?@r o4 (p<0.05) AFo]E VERNA] S3kTh
7}"3 A3t At w3 AEE =% 3 AN Table 3),
1,0002} 1,500 W 2Ht] @3} 2 602} 70T G4 Hejer det
3o AxE 2H7} 0.69, 0.68, 0.673 0.72 kg= LFERY
izl ¥]&l 0.12-0.17 kg2 =2 7S YeEliLh A2
71 Aele ARd Al T35 733 7]5= pectinesterase
e frrste] AL 220 AeE F7MZITH32). 3
80C ©]/de] a2l A7t 7FE P ujF=2] Az} mka]
g]r ,q]j{ jg;‘gpoi z;d &) F (]—o] %Ag o]—Z]?} 60-70C
A2 dAge ARnkgo] Hdolshe TAag A<t nA
B A2AA A 5 a3 F4 WEE A 5 o
(33). A9 4A17F Z 1,0002} 1,500 W ] 2.9 2123k Ak
v 2] AEE 0.78 kgolew 602 70T € Aelet &
oS Zb2} 0729} 077 kgl & vl 279} Hlwate] H-<]
A1 (p<0.05) #Fo]7} giSiTh. whebA o] st e EF

7kE A7t Al Al aee] Aol FAR] Gl fle

Table 3. Changes in salinity, moisture content, and hardness of shredded kimchi cabbages treated with radio frequency and hot water

heating during salting

paereiilIllgt},er Heating treatment 0 | Saling 2t1me L ] p
Control 0.1920,02" 2.4020.06™ 2.8140.01% 3261001® 3.5040,02>
1,000 W radio frequency 0.22+0,01** 302£0.11% 3.9420,02 4.4120.14% 4.7320,04*
Salinity (%) 1,500 W radio frequency 0.23+0.01* 3.810.13* 4531006 4.59:0,07* 4.77:0,05*
60C hot water 0.20+0,02% 2.80£0.15™ 3.36£0.08™ 3.9340,05™ 4.00£0.06“
70C hot water 0.22+0.014% 3.35:0,01™ 4121001 4.221011% 4.35:0,06™
Control 94052039 91.0620.52*° 90.952035" 90.2820.81** 89.50£0.52*
1,000 W radio frequency 94.140.89* 91.50+0.79* 90.23+0.66" 90.2120.714 89.77+0.73"
Moisture content (%) 1,500 W radio frequency 93.840.63* 91.910.64*° 90.92+0.67* 90.86+0.24" 90.76+1.02%°
60°C hot water 93.43£0.72 91.07+041% 90.91£0.23* 90.75+0.54" 90.20+0.16"
70°C hot water 93.38+1.09* 90.91+0.45" 90.96+0.38" 90.89+1.01"° 90.84+1,03"
Control 0.5520,05% 0,690,094 0.6620.07% 0.65£0.07% 0.760.11*
1,000 W radio frequency 0.690,06™ 0.790,08" 0.76£0.07* 0.76+0.08* 0.780.09*
Hardness (kg) 1,500 W radio frequency 0.68+0.08* 0.78+0.10* 0.75:0.05* 0.75:0.10* 0780114
60C hot water 0.67+0.04* 0.660.07* 0.69:0.06" 0.69:0.08* 0.72£0.04*
70°C hot water 0.720.09* 0.720.10* 0.75:0.05* 0.780.15* 0.77£0.08*

YEach value is meantSD.

IMean values in the same column (*¥) or row (*%) followed by different letters are significantly different according to Duncan’s multiple range test (p<0.05).
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Fig. 3. The surface thermal distributions of shredded kimchi cabbage after radio frequency (a) and hot water (b) heating.
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