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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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AN Y= Star AR AR oprbet At Thukd
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S A83A] e Y Adol gt AEekd v o
FHEERhE BxFgo A Ve AR T FFo] 7]
=2 Aok
AA 4-FAF E Az mel AR o]gtehA
4, #54 B4 9 nAE ASo] g2ttt A+ 23t
ATH(16). wEtA, DEolu F=oll = A S FE5}]
Aalide 12 L-EA4s 2 Az gE g-5od A
=9 A2 F4 54 el A7 Favt oloH, FE=
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Atk B AA M FEEH L JE EAAE EF 200
g olate] A¥% sﬂﬂ%%% , FRE 4 ddd 1A 6%
= 4 EHo] 7t °k§_ 7 AE D FS AR
AMesle] F4 B8 Sk S 1A A RE oA
e Qe FHAX o F& Ao B85,
ol WEI T FEHFANA BT 5L T
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E4CAR L2l 87, 1SC(RE 2 724 b
A4 emydlA 209 Bt AgaAT

PH ¥ MM

pHE blender2 7F ¥H=/JE] o] A&l pH electrode s
27 o] 2434k 4B AHEE blender 7F W3
o AR 1 g% BE3] Do} 54(100 mLystel o3
(HYUNDAI Micro No.10, HYUNDAI Micro., Ltd., Seoul,
Korea)3t 3 o]}l 20 mLol| 0.01 N NaOH &9 © & pH7}
83¢] 2 wj7}A] Atk MER S/l thak viRA
S AAste] oy A wet Asteksith

(A-B)>0.0009xfxD
S

A (%)= %100

A E Al 2H]E 001 N NaOH £99] mLs

B : v}grA|F ol AH]H 0.01 N NaOH €942 mL
0.0009 : 0.01 N NaOH 1 mLe] &3} lactic acid(g)
f :0.01 N NaOH &2 7}

D : 3l

S A EAFH Hg)

=

Blender® %t Wb=-dele] AR oF 1 g& 3 €3] 2o}
233] 34 (<F 1004))5ke] o] ZHHYUNDAI Micro No. 10,
HYUNDAI Micro., Ltd.)3F & o3}l 10 mLE # 38}, 2%
potassium chromate 1 mLE 3] 0.02 N AgNO; &4 o=
Aoty e SRl tgh Al AAlsko

& Aol met A

(A-B)x0.00117%fxD
S

A% (%)= x100

A E AP 2BE 0.02 N AgNO; &2 mLF
B : HIEA Pl 2H]E 0.02 N AgNO; &89 mLs
f :0.02 N AgNO; &2] o7}

D : Xl

S AIEAH ()

o|4E

Tl A8 10 g& 3 F EHE 0.85% saline
fqoz 108 ZA3le] stomacher(bag mixer R400,
Interscience, Saint Nom, France)E 23} & w4 3] A8}
of A3e A dukAlESe] 749 plate count
agar(PCA Difco, Franklin Lakes NJ USA) H|#] & Al-&-3o]
dAE R 3|3 A|RE HF3E F pouring culture method
2 30CollA] 48A17t vl s }04 Attt Aakte] A%,



Comparative quality analysis of kimchi products manufactured in Korea, Japan, and China 969

MRS(Lacto-bacilli MRS Agar, Difco, New Jersey, USA) Hll
] of] Z|A]2F bromocresol purple 0.0025% wjv= 3 7138l
A Z3F BCP MR & AHgste] TAE R S48 A58 HE
3}a1 pouring culture method = 30°Col|A] 48417k Hlj k&t
o} ol =S HE colony(Fr714F AATHE AlGEHS]
o} T3k, AR BAAHEQl Lactobacillus spp.2} Leuconostoc
spp-= S FHsl Yaf EHufx Q1 MRS (Lacto-bacilli MRS
Agar, Difco)°l| A A]2F Bromophenol blue 0.002% wjve 3
7hsto] A 2 ARg-aksith Al Zg BPB iAol SAME &
3|43k A| RS FF3}al pouring culture method 2 30°Cll A
48A1ZF v F3t Tt Colonye] FENE E.al Lactobacillus
spp.2} Leuconostoc spp.& TH3t A3t A4S o
9] 318 4~ colony forming unitlog CFU/g)2 A3

ZE W 7A=Y, &

A2 9-9-22] Ao w2 7] A| A EA-2 Headspace
Gas Analyser(GS3 Micro, illinois systech instruments,
ULTRA TEC KOREA, Seoul, Korea)Z ©] &3} T3
Headspace GasS 578351312 o] v th7]¢] 7|4 24
02 209%, CO; 03%, N, 78.8% 7122 =430 th 371
Alg 2 A A3 sl on, 1]e] AlgedlA 28 S7g st
& 63 W SAsksivh. T4 W 92 Headspace pressure
gauge(UTK-P5000, ULTRA TEC KOREA)Z o] &3lo] =
gatem o] w 7192 10112 7I1F 2.2 stk 714

243 vV = F 3709 *lfzi W A skel o
77ke] A golM 29 ZA ] % 63] W SRkt

BEUA

A%, QB F2UAE 5D A Pol 243
F 409} 15Co] AR BeAAE ABIAAT. A
AAQTFA oA wHEE Azt 91 2= A g we
159e] AL age Hgaiel L ajel Folaes g
o 7 A2 A4 Aol 4e ATES d%lon B3
aeAE Agse A Alrel U B B4o] The AR
o) AL FA P AT BAREL 1A A, A5k
Tk, whl, ofvl, ol A, AAA NEE & 7
BHE Al 98 B A g W

o =

(scale 1, "}-%- 44 th~scale 9, m-%-
EthE 7kt ‘/]’tﬂ 2] FEE2 ABA 9 7Kscale 1, Vi
F Fdlttscale 9, vl sithE AAlskith

N

é Avh= 33 SAste] O Highes UeEhfidlen,
24 752 IBM SPSS Statistics(19, IBM Co., Armonk,
NY, USA)S A}-8-3te] Duncane] tHH 9 77 (Duncan’s

multiple range test)& F3+°] p<0.05 FTL=Z FA5HATH
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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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APEo] -9 15TedlA gk | o ‘rr*}‘d 48 B
o} 15X A7t A Hek 4C oA A7gt x| ] pHe}
AP B sl Zo] 2 vt e ]E E?fﬂ A2 A7
%7} pH 2 Ao kS —Zrt g gl
AXE B F oA thekal gAFo] Bosl=t], F
2 g =27+ Leuconostoc, Weisella 5l 23] o]d& g
7b RgEa, w4 A7 AV Wabgdol et
Lactobacillus & ©|3t T Ea7} z1ehx]o] 24 A
31:01 S7kke Ao delA At9). AR =4 = 44
H f710 T2 HA 5879 2de sts FA HH ol
w2t X 9] pH= %ié}j A= b "k ol s,
AR Aoy Ao IR HrE JE ¢ e
T8 A R7F AY(19). L8, SHHEA A= AA} g
AX B} pHe =AY tﬂ*ﬁ*:} T
AL Kol n|AEe] ok {714
Ao HoZith

Fow aEE Wl e
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Fig. 2. pH values and titratable acidity changes of kimchi stored
at 4°C.

Values represent the meantSD (n=3).

Uz XM T Az wg

15CollA Age b=, di, =72 Tar|t &
A= Wsh= Fig 30 eIt 423, d& X9
4 sE7F 29302 = A E g fA| o vl m2
S Bk B3 S AXE IRE P B d v
£ BHgon ﬂf}% AR 5% Ht F T=E 2005 VR
Atk o= (179 B A E A& ] 580
gt 4 = %5‘.-47:‘4 1.88~2.982 2 AT Ao} o]
Shor AR EHT 22 4 s% 23S BATh AA A 9
TEE AFY AEom fo nAE S JAE B
oflel, @A) ikto] dejd o g ety 243}
= 9&Z 3th20). 7S] HA BT Al mE A=
Aske= mnlslith. A2 Ax WSt vlmA A o]
= WE 274 wWFE24 W2 Lgo] gk gt
AFE v 717] wiito|H, BE SAdo] M wak
AX 25T} wjF 27 AloldlA] 2F B HY o] o]F
7] W Eolgta FETH21,22). 4CollA Lar|7t F
AX 9] dx WslE 15T A AR A= Wt}
frAbeE 7 Btk
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Fig. 3. Salinity changes of kimchi stored at 15C and 4T.

Values represent the meantSD (n=3).
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4x|e njdE &d dut

AR Wg Z7)d& o] d 2 F ¥ (heterofermentative) <1
Leuconostoc mesenterozdeSJJr Lactobacillus brevis7} %] ¥
2l8te] 24k e-E, CO, —O] A€ o] 5 HR AR
ofal A7} AW slE 1 R AL JUSHE Ho] 37
Aol Aol A, tﬂ-;{i oo ZPLEa
(homofermentative)Q) Lactobacillus plantarune] o] &3
=], o] Al7] ¥ Leuconostoc mesenteroides <7} 7443}
31 Lactobacillus plantarum®] <=7} 22 &4 o] W&
AR 7} SRS AJTha 7HFeTH23-26). 15CE A FH
Ao A=A T4 54 B4 A= Table loﬂ e}
Wtk AR 4 0Ll A AR x)9] FH5E 3.51
log CFUjge. 2, 3+=r71%]2=8.31 log CFU/g, ?5]"}17]7?]
4=8.02 log CFU/g 53} Hlwslglig o AA s @& 43
S HoAAFQlth A% <t 4 A A SHE Total
aerobic bacteria, Lactic acid bacteria, Lactobacillus spp.,
Leuconostoc spp.8] X7} &5 @& Zo7 Ho] dE
A= v AE oJgk HEI} 0] ZPE]R] Fe A=
gttt A AR A Askets AR = kel o

Table 1. Microbial population in the kimchi stored at 15C

HEEE g X g A2H)E, HdE Y T
A7vet] AzxEe AAZ g A AU T=
%ol MAES SAE b2/ Yt BRlck dE
Aol A5 w7 glel A At B Fzel ool
7kt 48 HAE A e v ﬂ‘ﬂ:{loﬂ A A
7 2~592k ti7lo] Holgo] Futr, £ Aihtol 7t
S FXE Btk d719] F ikt 295 HY, S
A= 852 log CFU/gE YEMIAL, = HAA=
7.89~8.57 log CFU/g®] A& YEho] = A<} &=
AR 7ke] 3R] Apol= AL AAATHP>0.05). g HA] 5F
o] mAE 54L& Hlsgk A2 UERTE 57 ARl BT
g 27|~ = AR9] Akt F Lactobacillus spp.
o] FX7} 41, BE F7|~27]9ll= Leuconostoc spp.%
of FA7F 9 =4 dUstwth d=3A29 5 A
Leuconostoc spp.2] +*|7} 8. 85 log CFU/g& T2 A2+
B} =& A3 Vel 71X 9] A3 S F= Ak
nE BE CO, 9 eito] o3 Aoln, 71X ¥HE & CO,
YL o] PRI G319 Leuconostoc mesenteroidestt
o] #AsHA Hch =7 x]29] TEH7F A, AA A

(unit: log CFUfg)

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

0 351:001"  762+001" 745+0.13™ 8.31+0.09" 6.99+0.12% 8.02+0.01™ 757+0.13%

2 6.51+0.03% 7.9540.01% 9.34+0,03* 8.90+0.02% 8.36+0.02" 8.58+0.01™ 8.76+0.01

Total aerobic bacteria 5 5.70+0.00™ 821+0.07% 7.89+0.03% 8.62+0.00™ 8.13:0.045¢  8331003** 841074
10 5.58+0.05% 741+001% 7.86+0.12% 8.410.04* 825+0.04" 8.320.01% 7.69+0.02™

20 6.29+0.03" 8.15+0.06™ 7.33+0,18% 8.07+0.07* 7.73+0.00™ 8.46+0.12" 7.90+0.03%

0 3.1940.06™ 7.5540.08% 7.7420,04™ 8.54+0.01" 7.5620.00% 8.17+0.02 8.3540.01*

2 5.11:0.01% 7.96+0.02™ 8.200.04™ 8.80+0.12* 8.28+0.01“" 8.41+001™ 7.85+0.01"

Lactic acid bacteria 5 5.74+0,06™ 8.52+0.00™ 8.15+0.00™ 8.57+0.03" 8.14+0.03™ 8.36+.008™ 8.23+0.06"
10 5.32+0,09% 7.98+0.09™ 7.78+0.00 7.15+0.06™ 8.35+0.24™ 8.24+0,02" 8.05+0.02™

20 6.27+0.01™ 8.53+0.00™ 8.56+0.02* 821+0.11™ 8.14+0.03" 8.43+0.00% 8.28+0.03°

0 336+0.03" 7.07+0.03“ 6.65+0.07™ 7.93+0.04™ 6.30+0.00% 6.60+0.02™ 779+0.11%

2 5.64+001% 7444001 7.66+0.01™ 823+0.07" 7.15+021™ 7.39+0.12% 7.39+0.12

Lactobacillus spp. 5 5.54£0,09% 8070.15% 8.560.10° 8.56:0.10™ 8.06:0.01% 6.15:0.11% 8.09+0,05™
10 439+0.55% 820+0,04" 7.84+0.08% 8.18+0.04" 8.19+0.02 8.3340.04™ 8.10+0.02"*

20 439+0.127 8.56+0.04" 8.22+0.06™ 7.8120.05" 8.11+0.05% 82040005 8.02+0.09™

0 3.48+0.00% 7.20£0.05% 7.080.01% 8.32+0,03" 731+0.08™ 7.9240.04 8.19+0.05%

2 6,040,017 7.830,02% 8.08+0.01“ 8.85+0.04" 8.11+0.10% 8.13+0.07% 8.5620.03™

Leuconostoc spp. 5 5158021 8.110.01* 7.84£0,09™ 7.84£0,09% 7.67£0.06° 5.9840.03% 7.76£007°%
10 527+0.02™ 7.77+0.10° 7.28+0.00% 745+021™ 7.00+0.00" 7.30+0.43% 7.50+0.28™

20 6.28+0.00" 8.18+0.10™ 745:021™ 7.80+0.14% 775:021% 802+003"™  7.90+008%"

All values are meantSD (n=3).

*SMeans 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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71227 7V =4 el AL, ole 2 Leuconostoc spp.
o F2171d A9 Fhl ek gAml o] GEFe 7] W o
HAZITH27). Table 22 4 T2 A9 A 9] v =4
4 54 24 A¥9E HoFa itk A% 71kt 5k
& AX | Fore AgE7] 351 log CFUfg, 571 631
log CFUJg, 7] 4.88 log CFU/g® 3=, T34 H} W
FAE YERITE S A9} @ AA] 53] Fta

A% 27 699~831 log CFUJg, 571 6.48~7.68 log CFUJg,
7] 478-692 log CFUg= A7 271, $71°l& &=/5=
AA] 5%] FAot IS A8 HERIAA T p>0.05),
A 2719 =, =] %ﬁ?% oAl Aol 7k AR
Th(p<0.05). 4TE A F= AX9} &= A 1~59
Harle A% 793l vebgta, d AR A% 7219
Abelell YERST tisr7]e] & RAkt Az, dEiiA] 9
4% 632 log CFUJg2 714 B+& A5 HAF90a1, 5=,

Table 2. Microbial population in kimchi stored at 4C

FAAF585] A A23Ad A7 (2016)

= 7.88~8.54 log CFU/g= 15Tl A &4 Z
‘ﬂ%‘& TA5 UEhT 4T #1733 73]
ANES B BE A2 Fox B8 27, 5
£ Leuconostoc mesenteroides 5°| 7], L7|d&
lactobaczl[us Aol AuiA AEUS & F Ut &0
upel A2 gkt &0 FANIE JA] 2A] Yebdtia
AR =TT, o] AFoNA FA] 4T 15TE A4
AA A T FdS HAFAT 15T A48 d= 2

2] 5%2] 47] F Zrhte] 3= 8.14~8.57 log CFU/g S
2 UEHAT, 4T AE b= 1A 559 ti+7] &
L Ato] 2]+ 7.88~8.37 log CFU/gE 15T A4 7
2 Fakt FA7F Y w2 A G UTh 15TE #7449
AR} w7 IA| = 4ol AFE S, T AR =

T
g2 54 ztol= ZA ow}%hﬂr 15ColM = g 7R 580]
=2 ko] Lactobacillus spp.& WERH I U, 4Tl &

(unit: log CFUfg)

Period (day) Japan China Korea 1 Korea 2 Korea 3 Korea 4 Korea 5
0 351:001"7 7620017 7.45£0.13™ 831:0,09™ 6.99+0.12% 8.02:0,01% 757013
7 5.5420.04" 7.70£0.07% 8.15:0,03% 7.52£0,04™ 822:0,05™ 8.1910,05™ 8.14:0.01™
Total acrobic 21 63120.03" 7.52:006* 648002 7.08:0.03" 7.68:005™ 6.18+0.04* 6.9420.05™
bacteria 35 6.00£0.07% 6.48+0.01™ 633001 7.94£0.01% 7.75£0.01% 6.5920.00™ 6.70£0.02%
49 5.67£0.01% 6.20£0.02% 6.48+0.04™ 7.4940.00% 7.60£0.09™ 6.16£0.02% 6.98+0.01¢
63 4.88+0.00™ 4.78+0,05™ 5.13+0.00" 6.92+0.67" 5.96+0.00* 6.04+0.00™ 5.20+0,04%
0 3.19+0.06" 7.55+0.08% 7744004 8.54+0.01* 7.56+0.00% 8.17+0.02 8.35+0,01™
7 3.29+0,05* 7.87+0.07™ 8.37+0.00™ 7.88+0.01™ 7.98+0.01% 8.17+0.00™ 8.16+0.05%
Lactic acid 21 6.32:0.09% 737:0.13* 691:001% 6.89+0.00 7.56+0.03* 6.18+0.04™ 6.4420.07™
bacteria 35 6.02£0.04° 6.67£0.05% 6.150.04® 7.80£0.00 7.65£0.01% 6.08£0.04% 6.61£0.04™
49 5.63:0,03% 6.50:007™ 6.690.11“ 742£001" 6.84:0.10* 6.060.01" 6.30:0.03%
63 4.78+0.05™ 4.19+006" 4.93+0,04” 5.68+0.01" 5.94£0.01% 5.98+0.01 5.130.02”
0 3.36+0.03" 7.07+0.03 6.65£0.07™ 7.93£0.04™ 6.300.00% 6.60£0.02* 779+0.11%
7 3.2040.04* 6.99+0.12% 8.1240.03* 7.87+0.02™ 7.98+0.01™ 8.170.00™ 8.16+0.05°™
21 5.650.03% 8354001 6.34+0.02™ 6.28+0.14™ 7.400.06® 5.39+0,12° 7.18+0.04
Lactobacillus spp. . - De b " - o
35 5624001 6.65+0.03 6.09+0.07 7.74001 7.76:0.01 6.0540.04 6.50+0.05
49 5.660.02% 6.380.03™ 6.880.01% 7.29£0.02 6.71£0.11% 5910.01™ 6.25£0.01%
63 4.480.02% 4.10£0.02% 5.20£0.04™ 5.77£0.04% 592001 5.70£0.01" 5.02£0.03%
0 3.4820.02% 7.20£0.05* 7.08£0.01™ 8.32£0.03" 7.31£0.08™ 7.9240.04% 8.1920,05*
7 33740.07% 7.842001™ 8.3410.04™ 7.8420,04™ 8.19+0.09 826:0.01C 8.1740.03%
Lesconosoe pp. 21 6.30£0.01™ 842:0.82% 6.87£0.00% 6.7920.00% 745£0,03% 6.30£0.17% 7.1320,025°
35 6.02£0.0% 6.63:0.02% 6.10£0.02% 7.60£0,03* 6.15:0.21™ 5.7420,06™ 6.39+0.12%
49 5624001 5.30£0.43™ 5.54+0.09% 7.13+0.07" 5.95+0.00% 523+0.04™ 6.11+0.10%
63 3244034 3.8420.09™ 4154021 4.65+0.07" 5.08+0.00 4.65+0.07™ 4,600.00*

All values are mean=SD (n=3).

*OMeans 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 3. Sensory evaluations of the kimchi stored at 15T
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wol we f

categories  Period (day) Japan China Korea 1 Korea 2 Korea 3 Korea 4 Korea 5
0 480£193"  630:1.16™ 370£0.82° 3.90+1.10°% 400£141%¢ 350£0.71¢ 6.40£1.65™
(recdﬂgs) 5 5.10£099™ 5604171 5.0041.05™ 5.10£1.60"* 3.10£099 3.9040.74** 5.00£1.76™
20 5.70:1.64™ 480169 520£1.32" 5.00£141%% 2.90£1.20™ 350£1.78 620193
0 3.90+1.85™ 0620£1.48"*  450£1.96™ 430£1.89™ 4.80+1.87%™ 6.30£1.16" 6.50£1.90™
Sourness 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™
2 3.90£1.79™ 6.70£1.49™ 7.70£125" 740£151% 7.50£1.08" 820+1.14™ 7.60+1.84™
0 6.20£1.87" 5.00£1.76™ 5.30£1.77" 5.60£1.71% 450£1.65™ 5.00£1,05™ 3.90£1.10™
Sweetness 5 6.60£1.51™ 5.00+1.76™ 4.50+1.08™ 4.80+1.03™ 4.60+1.17* 4.80+1.55™ 470+1.25™
20 7.40£0.84™ 560£135% 4.60+1.51™ 4.80+1.40% 5204140 4.60+1.43™ 470221
0 4,00+1.70% 5.90+1.85" 4.30£1.95°% 4,60+1.07°* 530142 5.601.17°%° 4,60+1.43%
Hot taste 5 370£0.82% 5.20+1.40™ 5.0041.25™ 4.90£1.20"* 5.60£1.17™ 4.60£1.07* 5.00£1.49™
20 3.8041.23% 5.90£1.52* 520£1.23% 4.90£145™ 5.80£1.75™ 6.40£1.17" 540£1.58™
0 6.60£1.17 430:2.26" 5.00£2.26"™ 430142 450+2.12% 470+157° 520£2.04%
Odour 5 750£1.18™ 6.40£2.17°* 6.40£1.84*™ 520£1.48™ 5.90£2.02™ 630£1.42"™ 6.00£2.05*
20 7.50+1.58" 6.40£1.90™ 5.60£2.76™ 430£1.95% 6.40£2.50" 5702245 6.70£2.54*
0 4.802.10% 5.20£1.14™* 5.40£1.58°" 5.60£1.35"% 5.90+1.60" 5.701.16* 6.70£0.82™
Crunch 5 4.10+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*® 51041734 480+1.23"™ 5.20+1.55™ 4.801.48™
0 3.00+141% 3.90+2.02%% 430+1.83"% 4,60+1.07* 4.80+1.87" 470+1.42" 390173
agg;‘l‘w 5 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 1.80092% 3.10+0.99%* 3.10+0.99™ 5.00+1.76" 3.00+1.63% 3.70+1.89™ 240+1.715%

All values are meantSD (n=15).
*SMeans 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

T2 ZAA-FEE A A23H A|7E (2016)

categories  Period (day) Japan China Korea 1 Korea 2 Korea 3 Korea 4 Korea 5
0 4,801,937 6.30£1.16™ 3.7020.82 3.90£1.10%° 4001415 3.50£0.71% 6.40£1.65™
(rgd‘ﬁg;s) 21 4.40+0.84% 450097 420£1,03% 5.70£0.95™ 4.10£1.28° 3.60£1.07% 6.00£0.82"
49 470+1.42" 5.80£1.48" 420£1.55% 420£1,03% 400£1.15% 3.80£1.40% 295£1.79%
0 3.90+1.85™ 6.20+1.48™ 450£196%" 430£189™ 4.80+1.87%™ 6.30£1.16** 6.50£1.90™
Sourness 21 4.70£1.70% 5.70£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% 720£1.23% 6.40£151% 7.10£1.45% 3.94£2.46™
0 6.20+1.87" 5.00£1.76™ 530177 5.60£1.71%% 450165 500105 3.90£1.10%
Sweetness 21 6.30+1.42™ 540207 400£1.56 430£1.70% 4502151 470£1.06™ 450178
49 6.70+2.06™ 520£1.62* 3.90£1.85% 420£1.40% 450£127™ 4,60£126™ 327+1.88%
0 400£1.70% 5.90£1.85™ 430£195 460107 530:142" 560117 4,60+1.43°*
Hot taste 21 410099 5.90£1.37 480140 500:1.33%%  510£1.29% 560126 4,60+1.26°
49 420+1.48% 5.80+1.69™ 5.10£145™ 5.50£1.27" 5.60£1.07" 6.00£1.56™ 3.3242,08"™
0 6.60£1.17* 4.3042.26™ 5.00£2.26" 4.30£1.42% 4.5042.12" 470£1.57% 5202,04%
Odour 21 6.60+2.37" 5.70+1.89"™ 6.20+2.25"™ 520£1.62*%° 4.50+1.96™ 470£2.16™ 5.50£2.01"%
49 7.50£2.01% 6.40£2.22" 7.00+1.89™ 6.10£1.91"* 5.90£2.13*% 5.00£2.11% 431£2.44™
0 4.80+2.10® 5.20+1.14% 540+1.58% 5.60+1.35% 5.90+1.60"™ 5.70+1.16™ 6.70:0.82"
Crunch 21 4.101.60% 460151 530£1.16™ 5.90:0.99™ 5.60£1.51% 520£140™ 520123
49 430+134% 3.10£1.79 5.00£1.33* 540212 530£1.06™ 6.00:0.94™ 307177
0 300£1.41% 3.90+2.02* 430:1.83"* 4,60£1.07 480187 470£142 390£1.73"™
agggﬁlce 21 3.10£1.66™ 3.60£1.07™ 370£1.83"™ 450£127 450£135™ 4.80£2.15" 3.90+197"™
49 2.50+1.51% 3.00£1.25%* 3.10+1.2%* 3.90+0.99"% 4304149 4,60+1.90" 2.33+1.19%

YAll values are meantSD (n=15).
4OMeans 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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