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Abstract

The objective of the present study was to investigate differences in quality of kimchi products produced in Korea,
Japan, and China. Kimchi products from kimchi-producing countries with high consumer consumption such as Japan
and China along with local products from Korea, where exporting has not yet started, were collected. Product
pH, acidity, salinity, package pressure, gas production were assessed, and microbiological analyses and sensory
evaluations were performed on kimchi products that were stored at either 4°C for 63 d or 15°C for 20 d. The
pH and acidity results showed that as Japanese and Chinese kimchi had higher pH and lower acidity than that
of Korean kimchi, which was determined to be indicative of insufficient microbial fermentation following kimchi
production. Japanese kimchi had different microbial properties than those of Korean kimchi, which is due to differences
in their manufacturing processes. Overall preferences derived from sensory evaluations were: Korean kimchi>Chinese
kimchi>Japanese kimchi. The results of this study demonstrate the sensory superiority of Korean kimchi and may
be useful when predicting consumers' acceptance level of Korean kimchi exported to other countries.
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Fig. 1. pH values and titratable acidity changes of kimchi stored
at 15C.

Values represent the meantSD (n=3).
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Fig. 2. pH values and titratable acidity changes of kimchi stored
at 4°C.

Values represent the meantSD (n=3).
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Fig. 3. Salinity changes of kimchi stored at 15C and 4TC.

Values represent the meantSD (n=3).
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Table 1. Microbial population in the kimchi stored at 15C
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& 2~581] EH—rﬂoﬂ golge] &xt=r, & ko] 7H3
E2 A Bdd dig7]el & it A9E B, S

HAE= 852 log CFUgE YEIRAL, 3= HA=
7.89~8.57 log CFU/g®] 215 UEhl o = A9k dh=
A2 7re] 2] ztol= A A THp>005). T HA] 55
o] P E 542 HISG R E Uit 57 AT 2
HE 27~5717MA = A9 Akt S Lactobacillus spp.
o] FA7F =%k, L& F7|~E7]9= Leuconostoc spp.&
of FA7F o A vebsth @29 A A
Leuconostoc spp.2] *|7} 8.85 log CFU/g= T2 A 2]+
Ho}h =& 235 etk 4219 e ste = et
H= BE CO, 9 ghitel o3k Zlolm, 73] ‘%,L}i % CO,
A eFe ol P AL E TR Leuconostoc mesenteroidestt

o Tefai Wk, AR H5H7} A, AR A

(unit: log CFU/g)

Period (day) Japan China Korea 1 Korea 2 Korea 3 Korea 4 Korea 5

0 3512001729 76240019 74520.13™ 8.31:0,00" 6.99£0.12% 8.02£0.01% 7.5740.13

2 6.51£0,03% 7950017 9.3420,03" 8.9020.02% 8.3620,02% 8.580,01™ 8.76:0.01%

Total aerobic bacteria 5 5.70£0,00™ 82120075 7.89+0,03% 8.62+0.00*° 8.130.04% 8.33:0,03*% 8.4120.74"B
10 5.5820.05% 741001% 7.8620.12% 8.410.04* 8.25+0,04™ 8.32:0.01% 7.6920.025

20 6.29+0.03" 8.15£0.06® 7.3320.18" 8.07:0.07™ 7.73£0.00™ 8.4610.12% 7.90£0.03%

0 3.19£0.06™ 7.5520,08" 7.7420,04™ 8.5410,01° 7.5620.00% 8.1720.02% 8.35:0.01%

2 5.11£0,01% 7.960.02% 8.200.04 8.80£0.12 8.2820.01%® 841001 7.850.01%

Lactic acid bacteria 5 5.7410.06% 8.52:0,00 8.1520,02" 8.57+0,03* 8.1420,03™ 8.36.008% 8.23:0.06™
10 5.32£0,09% 7.9820.09% 7.7820.00% 7.15+0.06™ 8.3520.24 8.2420,024¢ 8.05+0.02%

20 6.27+0.01™ 8.5320.00* 8,560,024 8.2120.11™ 8.140.03% 8.43£0,00% 8284003

0 336+0.03% 7.07:0.03% 6.6520.07™ 7.93:0,04 6.30£0.00% 6.60+0,02% 7.79+0.11%

2 5.640.01™ 74420,01% 7.6620.01% 8231007 7152021 7.39£0.12% 7392012

Lactobacillus spp. 5 5.54£0.09% 8.07£0.15% 8.56+0.10% 8.5620.10* 8.06£0.01* 6.15:0.11% 8.00£0,05%
10 439+0,55% 820£0.04* 7.8420.08% 8.18+0.04* 8.19+0,02 8.3320,04* 8.10£0.02*%

20 439:0.12" 8.5620.04* 8.2240.06™ 7.8120.05% 8.11£0.05 8.20£0.005 8.02+0.09™

0 3.48+0.02% 7.20£0.05% 7,080,017 8.32£0.03* 7.3120.08™ 7.9240.04% 8.19+0.05™

2 6.04+0.01% 7.83+0.02 8.0820.01¢ 8.8520.04* 8.1120.10¢ 8.1310.07% 8.5620.03%

Leuconostoc spp. 5 5.15£021% 8.1120.014 7.84+0.09> 7.84£0,09% 7.6740.06° 5.98+0,03% 7.76£0.07°%
10 5.2740.02> 7.77+0.10* 7.2840.00% 745:0.21™ 7.00£0.00" 7.30:043% 7.50£0.28™

20 6.28+0.00™ 8.1820.10* 745:021™ 7.80£0.14% 775£021% 8.02£0,03** 7.90£0.085

DALl values are meantSD (n=3).

PAG\Means sharing different letters in the same row are significantly different by Duncan’s multiple range test (p<0.05).

J)a-

‘Means sharing different letters in the same column are significantly different by Duncan’s multiple range test (p<0.05).
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Table 2. Microbial population in kimchi stored at 4°C

= AR 1~5% 7.88-8.54 log CFUJg= 15Cel #7344 7
2| Aaktat vl S2gk A2 UERITE 4Tl 47433 A e

ZAte] AN EE HH BE A Foi] a2V
7190 Leuconostoc mesenteroides 5°| 7|, 7]
Lactobacillus 7A1Z°] A|wjZel AEAS & 4= Ut} =

U R=E=u=E

2 ;{N

whel 7] AR &e) FANE Q4] oA vehdtka
QPR QT), o] AT A 4T 15T AR

AA A T2 FFS HoF) 15T AFE &= 2
2] 5% d7] F Aikte] 3]+ 8.14~8.57 log CFU/gS
2 YA, 4C2 AgH 3 73] 559 dig7] &
Lokte] 4]+ 7.88~8. 37 log CFU/gE 15Tl #1349 7
A At ALY & A & UTh 15CE A%gE
AX| e} w7 A 2 4T XWFJ =, T A nAE

kd B4 Afole A OLOL‘:]r 15CAM = Sk 7A] 5%0]
=2 32 Lactobacillus spp.& YERAI S, 4Tl A=

(unit: log CFUJg)

Period (day) Japan China Korea 1 Korea 2 Korea 3 Korea 4 Korea 5
0 3510019 7624001 7452013 8.3120.09* 6.990.12% 8.02£0.01% 7.5740.13%
7 5.54£0,04% 7.70£0.07% 8.150,03% 7.52+0.04™ 8.22+0.05" 8.19:0,05*% 8.1420.01
Total acrobic 21 6.31+0.03" 7.5240.06™ 6.48+0.02% 7.080.03% 7.68+0.05™ 6.18+0.04 6.94+0,05™
bacteria 35 6.00£0.07% 6.480.01% 6.33£0,01% 7,940,014 7.7520.01% 6.590,00™ 6.700.02%
49 567001 6.20£0,02% 6.4820.04™ 7.4920.00% 7.60£0.09" 6.160.02" 6.9820.01¢
63 4.88+0.00°™ 47820,05™ 5.130.02 6.920.674 5.96+0.00% 6.0410.00% 5.20£0.04
0 3.19£0.06% 7.5540.08" 7.74:0,04™ 8,540,014 7.5620.00% 8.17:0.02% 8.3520.01%
7 3.290.05% 7.8740.07™ 8.37+0.00 7.88£0,01™ 7981001 8.17£0.00* 8.16+0.05™
Lactic acid 21 6.32+0.09" 7.37+0.13% 691001 6.89+0.00“ 7.5640.03" 6.18+0.04 6.440.07™
bacteria 35 6.0240.04% 6.67£0.05" 6.15+0.04% 7.80£0.00* 7.65:0.01% 6.08:0.04™ 6.61£0,04™
49 5.6320.03% 6.50£0.07> 6.69+0.11% 742001 6.8420.10% 6.06+0.01™ 6.30£0.03%
63 4.78+0,05" 4.1920,06™ 4.9320,04™ 5.68:0.01% 5.9410,01% 598001 513002
0 3.36£0.03% 7.07£0.03% 6.65£0.07™ 7.9320.04* 6.30£0.00% 6.60£0,024 7.79+0.11™
7 320£0.04% 6.9920.12% 8.1240.03* 7.87+0.02 7.9840.01™ 8.17+0.00™ 8.16+0.05%*
Latobaclls spp. 21 5.6510.03:’ 8.35i0.01: 6.34:0,02™ 6.2820.14™ 7.400.06™ 5.39r0.12‘”f‘ 7.18+0.04
35 562001 6.65+0.03 6.090.07™ 7744001 7.7620.014 6.05+0.04 6.50+0.05%
49 5.660,02% 6.38+0.03™ 6.8820.01% 7.29+0.02% 6.71+0.11% 591+001™ 6.250,01%
63 4.48+0,02% 4.10£0.02° 5.20£0.04™ 5.77+0.04% 5.92+0.014 5.70£0.01% 5.02+0,03%
0 3.48+0,02% 7.20£0,05% 7080017 8.3240.03* 7.310.08™ 7.9240.04% 8.190.05%
7 3374007 7.840.01% 8.3420,04 7.8420,04 8.19+0,09 8.26001% 8.1740.03%
21 6.30:0.01™ 8.42+0.824 6.87+0.00 6.790.00% 7.4520,03% 6.30£0.17™ 7.1340,025%

Leuconostoc spp.

35 6.02+0.0% 6.630.02% 6.10£0,02% 7.60£0.03% 6.15£021™ 5.740,06™ 6.39:0.12%
49 5604001 5302043 5.540,09% 7,130,074 5.95+0.00% 5.230,04> 6.1120.10%
63 3.24034% 3.8420,09" 4158021 4.65:0.07% 5.080.00" 4.65:0.07 4.60£0.00%

DALl values are meantSD (n=3).
940Means sharing different letters in the same row are significantly different by Duncan’s multiple range test (p<0.03).
¥Means sharing different letters in the same column are significantly different by Duncan’s multiple range test (p<0.05).
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categories  Period (day) Japan China Korea 1 Korea 2 Korea 3 Korea 4 Korea 5
0 4.80+1.93"82% 6.30£1.16™ 3.7020.82% 3.90+1.105 40021415 350:0.71% 6.40£1.65*
(rg(f;gs) 5 5.10£0.99* 56011714 5.00£1.05* 5.10£1.60" 3.10:0.99% 3.900.74%% 5.00£1.76%
20 570£1.64"% 4.80£1.695 52041324 500£1.41%% 290£1.20™ 3.50+1,78™ 6.20£1.93%*
0 3.90+1.85™ 0620148 450+1.96" 430+1.89™ 4.80+1.87% 6.30£1.16*% 6.50£1.90*
Soumess 5 4.00+1.70% 6.70+1.64 6.20+1.48" 6.90+1.20% 6.40+1.43% 7.00+1.49% 6.70£1 49
20 3.90+1.79™ 6.70+1.49% 7.70£1.25% 740£1.51% 7.50+1.08" 8.20+1.144 7.60+1.84
0 6.20+1.87 5.00£1.76"% 530£1.774B 56017148 450+1.65% 5.00£1.054B 3.90£1.10%
Sweetness 5 6.60£1.51% 5.00£1.76™ 4.50:1.08% 4.801.03% 4.60£1.17% 4.80£1.55% 4701.25%
20 7402084 5.60+1.35™ 4.60+1.51% 4.80+1.40% 5.20+1.40% 4.60+1.43% 4702213
0 4.00£1.70% 590+1.85" 430£1.95% 4.60£1.07%% 530142 560411745 4.60£1.43%
Hot taste 5 3.70£0.82% 520140 5.00£1.25% 490120 5.601.17% 4.60£1,0748 5.00£1.49
20 3.80+1.23% 5.90:1.52"% 5.20£1.23™ 490£1.45% 5.801.75"% 6.40£1.17% 5.40£1.58"%
0 6.60£1.17% 430£2.26% 5.00£2.26"% 430£1.42% 450£2.12% 4.70£1.57% 5.20£2.04™
Odour 5 7.50£1.18* 6.40+2,1745 6.40£1.84"% 5.20£1.48% 5.90+2.02% 6.30+1.4248 6.00£2.054B
20 7.50+1.58* 6.40£1.90" 5.60£2.76"% 430£1.95% 6.40£2.50"% 570424545 6.70£2.54
0 4.80+2.10 5.20+1.14% 5.40£1.58% 5.601.35"5 5.90:1.60"% 570116 6.700.82
Crunch 5 410£1.91% 5.70£1.64" 52040925 5.30£0.82"% 5.30£1.34"% 5.90:0.88" 5.90+0.99
20 3.80+1.62% 4.10£1.60% 420+1.23% 5104173 480£123*% 5.20£1.55* 4.80£1.48"%
0 300£1.41™ 3.90£2.02"% 430+1.83"™ 4.60£1.07* 4.80+1.87" 4.70+1.42% 3.90:1.73"%
ac‘ggg{:ie 2.20£0.79% 4.00£1.94" 3.90£1.66™ 4.60£0.84* 4.50£1,78* 3.90£1.20* 3.90£1.66™
20 1.80£0.92% 3.10£0.995 3.10£0.99™ 5.00£1.76™ 3.00£1.63™ 3.70+1.89™ 240£1.71%%

DALl values are meantSD (n=15).
9AS\Means sharing different letters in the same row are significantly different by Duncan’s multiple range test (p<0.05).
¥*Means sharing different letters in the same column are significantly different by Duncan’s multiple range test (p<0.05).
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Table 4. Sensory evaluations of kimchi stored at 4C

S A EAA-5318] 2] A23d A7E (2016)

categories  Period (day) Japan China Korea 1 Korea 2 Korea 3 Korea 4 Korea 5
0 4.80£1.93"5%9) 6.30£1.16* 3.70£0.82 39041105 4.00£1.415% 350:0.71% 6.40+1.65*
(rec(fég;s) 21 4.40+0.84% 4.5020.975 4.20£1.03% 5.70£0.95*% 4.10£1.285 360£1.07 6.00+0.82"
49 470£1.42%% 5.80+1.48"° 420+1.55™ 420+1.03% 4.00£1.15% 3.80+140% 2.95+1.79%
0 3901.85™ 6.20£1.48%5 4.50+1.96™ 430£1.89™ 4.80+1.87% 6.30£1.16™ 6.50+1.90
Sourness 21 470£1.70% 570+1.42%% 6.70+1.06™ 6.30+1.34 6.20£1.20* 6.90£0.99* 6.90+1.37
49 430£1.83* 6.50£2.12™ 6.40£1.90% 7.20£1.23% 640+1.51™ 7.10£1.45™ 3.94%2.46%
0 6.20£1.87* 5.00£1.76™ 53021778 56041714 4502165 5.00£1.05"% 3.90£1.10%
Sweetness 21 6.30£1.42 540£2.07"% 4,00£1.56% 4.30£1.70% 45021515 470£1.065 4.50£1.785%*
49 6.70£2.06* 5.20£1.62™ 390+1.85™ 420+1.40% 450£1.27% 4602126 3.27+1.88%
0 400£1.70% 5.901.85* 430£1.95%* 4.60£1,07%* 5.30£1.42%% 5.60£1.17%% 4.60£1.435
Hot taste 21 4.10£0.99% 590+1374 4,801 405 5.00£1.334B% 5.10£1.29"% 5.601.26"% 4.60£1.26
49 420£1.48% 5.80+1.69" 5.10£1.45" 5.50£1.274B 5.60£1.07 6.00+1.56™ 33242085
0 6.60£1.174 430£2.26™ 5.00£2.26"™ 43021425 450£2.12% 470£1.57% 5.20£2.04%
Odour 21 6.60£2.37 5.70+1.894B 6.202.25"B 52016245 4501.96® 470:2.16" 5.50£2.014B
49 7502014 64022248 7.001.89* 6.10£1.914B 59012.134B% 5.002.11% 431£2.44M
0 4.80+2.10% 5.20%1.14% 5.40£1.58% 5.60£1.35"8% 5.90:1.60"% 570116 6.70£0.82%
Crunch 21 4.10+1.60% 4.60+1.51"™ 530£1.16™ 5.90£0.99* 5.601.51% 52014048 5.20+1.23"%
49 430£1.345% 3102179 50041334 5402.124% 5.301.06" 6.00£0.944 3071774
0 3.00+1.41% 390120248 430+1.834% 4.60£1.07 4.80£1.87% 4701142 3.90+1.73"%
ac(c)gl‘;f;{e 21 3.10+1.66™ 3.60£1.074% 3702 1.834B 450127 450135 4.8012.15" 3.90£1.97"B
49 2.50+1.51 3001255 3.10+].295 3.90+0.9945 430+1.49" 4.60£1.90* 2.33£1.19%

DAl values are meantSD (n=15).
940Means sharing different letters in the same row are significantly different by Duncan’s multiple range test (p<0.03).
9Means sharing different letters in the same column are significantly different by Duncan’s multiple range test (p<0.05).
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Fig. 4. The head space atmosphere compositions in the pouches
during storage at 4C in the 63 days.
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Fig, 5. The overall acceptance of kimchi stored at 4C and 15C.

Values represent the meantSD (n=3).
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