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Effect of Solar Salt on Kimchi Fermentation during Long-term Storage

Ji Yoon Chang, In Cheol Kim', and Hae Choon Chang*

Department of Food and Nutrition - Kimchi Research Center, Chosun University
!Department of Food Engineering, Mokpo National University

Abstract Kimchi was prepared with three types of salt (4-year-aged solar salt, FS; 1-year-aged solar salt, OS; and
purified salt, PS), using Leuconostoc citreum GJ7 as the starter culture. The prepared kimchi was fermented (up to 0.5-
0.6% of acidity) and stored for 5 months at -1°C. During the storage period, the acidity of FS kimchi increased gradually,
whereas that of PS kimchi increased sharply. The yellowness (b) color value of PS kimchi (63.4) was higher than that of
other kimchis with solar salts (55.6-60.3). Hardness of FS kimchi (1,912.6 gf) was greater than that of the other kimchis
(1,554.4-1,650.2 gf) during the storage period. Moreover, sensory evaluation showed higher scores for FS kimchi than for
other kimchis. These results suggest that FS is more suitable salt than PS for long-term storage of kimchi.
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< AHHEY, Kim 559 5FFEWA ALY, S92 JAYd,
AHERY, 714G, 9] Aoz &2 X9 25°CeA
1047F A% % EAM3}, Chang 5(6)2 65/ WA AAY,
Al A Ul A, Slat Jd9, S5 AL, St
A, TFAF ALy LFoz T AR 4°ColA] 28U7H
A% 5 B4wskel 200000A 77 A F 54d3K7), Kim
F Kim()2] 3FFE4E, it ALY, d5ag)e] Age2
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HiEEQ & XM=

AXAZ Al wiFEdol] ARE HLES 1d 54 AL (one-
year-aged solar salt; 200934t SA}, Muan, Korea)s} 4 <4 A
U (fore-year-aged solar salt; 2006 d4F, SAF, Muan, Korea)® 2
Gl AAA v AR 7 Al FRGolAT A ALES
AN A AMEEE S & A FuEte] ARSI
NZ7Z+= AA Y (purified salt; HAL, Ulsan, Korea)2 ARE-31S T
HAAAZLH-2 Chang 5(2)°] Falg W o] Ao
), ALF BAES ARSI 2 16.6%(w/w)St 10%(w/w)
FER oA Hd ¥ 2= BolA A Al 124]
ZF o) gt & ARSI A5 uigHleS ddu)F
83.0%, HA 3.36%, AFTHF 2.32%, AR 0.90%, HEE 5.08%,
= 1.10%, 87 040%, 71EHT, &3, vl 5) 3.84%= 3] 4
A& Azt AxE AR FHF De 2.2-24%wWN)7F =
T8 Ao AME Zbe] &S AMEste] 2kt AXA
Zo)A FFAHES Chang 5(11-13)2] Wyel we} vt ) el
A TS ZSIAA 24X7F WS E Leuconostoc citreum GITS A}
B3k #A WY AR (9,950xg, 15 min, 4°C) § B
TR 23] AFste] A #AE AAPEe EFAeH, F
AHELES A 1 g ¢ 107 CFUZF %2 Frlsidnt. Alzxd
AAEL 1 kg¥ pouch pack (polyethylene, 20x28 cm)ol] Ho}
7°CAA BEAIA XS AETF 05-0.6%0] ©]2H o]E -1°C
(Dimchae DD-1827DFB, Winiamando, Asan, Korea)ol|Al 57<¥
T HAsHA AIER ARSI AlxE HA= ol 4ad
SAGHAD, 1d SAEAR, AAGAA R A A &
23 AX= 747 30 kg¥ Ao, o5 33 wHE 35}
At

d

230 HEEN

AAAZ A8 ALY 25 @d
AGel EAE T8 L oo B3] HAstel, 22
SHFT 0.1%wh)7E FEE =20 T2 045 um syringe filter
(Sartorius Stedium Biotech, Goettingen, Germany)Z o33+ & &
AN ER ARSIATE $71E 242 A Sek=et Al
Z Al (inductively coupled plasma mass spectrometer, Agilent
7500 cx Series, Agilent Technologies, Santa Clara, CA, USA)E
o] &3t A A, ol B ol2aZnE 13 (861 Advance
Compact IC, Metrohm, Herisau, AR, Switzerland)E ©]-&3}4t}.
agdl FiE wlAE o]l Ca, K, Mg, Na9] #42 dx} &
24 A (Hitachi Z-2300, Hitachi, Tokyo, Japan)2 ©]-&3l31t}h. 4
Fo FEE 105°C FYARPo R BAE o (14), dshiE
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A 9] pH, AHE, MEs X AN g ALt S AT
ZAz]ed}e8e hand blender (HHM-800, Hanil, Seoul, Korea)Z v}
A AAE 34 BFAZRE AHESte] Agste] A A8
sk AR A= AOACH((15)0] <& AR 10 mLE
0.1 N NaOH &do2 pH 830 =23 w7lx] ZH3 0.1 N
NaOH®] AH|Fo 2 Ao)slH o lactic acid (%, ww)SZ
3hakste] FAISFSI AL, pH meter (Fisher Science Education, Har-
nover Park, IL, USAYE AME-3led pHe d2x 433tk A
Z}HA|(CM-3500d, Konica Minolta, Tokyo, Japan)E ©]-&3le] =4
Sk 71X]9] A== Hunter’s scale L (3171), a (FAE), b %)
wez BAST

0jdE #5 =4

Fw4+= PCA (plate count agar: Merck, Dann Stadt, Ger-
many)¥l| A], &2 4= YPD (yeast peptone dextrose: BD/Difco,
Sparks, MD, USA) ZA|H}%], ZAE#5+= MRS (de Man, Rogosa
and Sharpe: BD/Difco) ZAHNA| 2} CaCO7t 2% $HF¥El MRS AL
AR E ARSI TH11,12). 24t 5 Leuconostoc 48] AH-&
phenylethyl alcohol sucrose ZZAMIA|(PES agar: sucrose 2%, trip-
ticase peptone 0.5%, yeast extract 0.05%, MgSO, * 7TH,0 0.05%,
KH,PO, 0.1%, (NH,),SO, 0.2%, phenyl ethyl alcohol 0.25%,
agar 1.5%, pH 6.8)2 AM-3}13L(16), Lactobacillus 2] AEL&
modified LBS AH]X](yeast extract 0.5%, glucose 2%, tripticase
peptone 1%, ammonium citrate 0.2%, sodium acetate 1.5%,
MgSO, - 7H,0 0.0575%, MnSO, 0.012%, FeSO, 0.0034%, sorbi-
tan monoolate 0.1%, KH,PO, 0.6%, acetic acid 0.25%, agar
1.5%, pH 5.5)2 ARESIATH17). 818 X SH-S 0.1% peptone
water® A&HA 02 S|A 5], Zhzke] HajRof plate T 50-80
Nel Heto] FAEE =S AL F 30°Ce 37°ColA 23
Zv vt AREE F L citreun GI79] 21H-& Chang}
Chang®] W (11,12)0] wet A3t Tk MRS ZAEIA], 2%
CaCO,;-MRS ZAM|A], PES ZAuiAlo] FAH ko] 548 o
ety TR oR S07f o] ks Ad"ete] mEs &
7o ® HAst s Bt o F L cireum G178}
2e T+ FUE 2 JE9s rEeE HdEE & API 50 CHL
kit (Biomérieux, Marcy-I'Etoile, France)2 ©]-&3lo] L. citreum
GI73} 72+ T trleS Hole 458 2382 AU
L. citreum GJ79] HFTDHL AHFF 16S rRNAS] 9714 <E
(1,400-1,500 bp)S & & GeneBankoll 529 L. citreum GI7
(GeneBank accession No. EF121354)2} 2 7] A¥o] 53 o
F2 39

BlAx £H

ZAX]9] 7% (hardness)= texture analyzer (TA.XT Plus, Stable
Microsystems, Godalming, UK)E ARE-3lo] Z2]9] ol 495
= JdEAE)e R S Y. S8 F= viFsd e =2 HE 9
cm 99 FA7F 4-5 mmel AXE 7= 3 em, AIE 3 cm F
Al Adste] AMEstAT 82712 AE 36 mm aluminium
probe= AlE FA9] 65%71A] HFelHA W= Aol o= R
AakAtt o] Wl probeE SMS-P36R circle probeS ARE-3IA L,
pre-test speed 5.0 mm/s, test speed 1.0 mm/s, post-test speed 10
mmy/s, trigger force 5gf ZALE =AUt BE A|Rol tigh
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Ax 9] T4 EAH 73 Hrie FHE g 10%
o] 3xjdlel AA AAsTh A= AR & 7°CollA LEAIA
A8 A7t 0.5-0.6% =88k ©]& HX|W¥745(Dimcha DD-
1827DFB, Winiamando, Asan, Korea) AJEE(-1°C)ollA] R&3}
WA, A% 213 e e Al B5HANE Al
Hr7lE-S okt carbonated mouthfeel, €25F: bitterness, Al
gk sourness), WA TS W; moldy), Z&7HR}TE: texture), <1
Al 7E A2 (coloryZt &7174 E(gloss), 12|32 AWHHQl 7%
Z(overall acceptability)@ o] 58 H=HAmlg- ddh, 3 2
F, 5 o EthE AR

SHXNE

SPSS 17.0 statistics ZZ 13 (SPSS Inc., Chicago, IL, USA)S
olgste] Wit BEAANE TFslol ARENS sgor], 7}
ol thal One-way ANOVAE ©]83}3]th Duncan‘s multiple
range tests 2-83te] AMEHSE SloH, JMEAFE FES

p<0.05% 3}T}.
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o] ZaGL oA BER FHA0] Hadte] o8 B

23S 7h3tH22). Seo 5(21)F Shin (22)2] 2
B Aol A AYE 25% 19 A ALE

g HLHol NaCl e =3 TR W

® il
o
» ot
w2
5

i o

L
g

L
N

J
ke
¥
o

LY

(A S .}

o

HgtE o] 92 UnbE o2 NaCl>MgCl,>MgSO,>CaS0O,>
K,80,>CaCO>MgBr =22 A= o, ol = Cl
U222 SO/t B8 FHoE AEHERE AF % Cl1S A9
g FEH Sol& AHEL S0,E YHAL UtH22). B AFolA
ol FZuEI Hol 93t Age] Yol A, Aol &
°]20 2= Nao| BE ABA 7HE =4 AEHUC Nag A
98 HA Gl o]0z Kol 725 mgkg, Cas 75 mgkg,
Mg 21 mgkeelth 4d <4 AUEH 1d $4 HIF2> 4
A g2l Nag A|Qgh doleo2 Mg 5315 mgke, 10,494
mg/kgolA 2, K& 1,536 mgkg, 3,017 mgkg, Cad 972 mglkg,
1,713 mgkgol 22t HEE o] AAFHET & Na o|9]¢] F7]
o]2% IR Y-S & & UATh FLFeAM EAlSRs Mg,
K, Ca2 A7 & 24t 7 7 AAEEH22), & A+
of AMgE AUAE 1d A ALHel viE)] 43 A AL Hel
A 2oshepe] AES o & Ut &9 ol Ao
Cl g=ke Aol 585,710 mgkg, 49 &4 HIILS 530,084
mgkg, 14 &4 AP 481,514 mgkeo) AEHILH, 44

A

o

Table 19] 2w EAAF ] WE=w, 259 NaCl g2 =44 ALdE2 SO, ol 16,005 mgke, 14 =4 HLdAL
Aol 99.25%, 4 74 ALHo] 8744%, 1d 54 AL 26,612 mgkge T8kl lou, AAHM = AEHA Witk
< 8220%% BAIH] 7P =A SAHNCH, FREEFS 19 ol HigtEe] A o] HAHME CiE AR FE &
<3 Addol 1268%, 4d =4 JLEL 891%, FAAS o] AEo] soFtE 7122 By2)et 7 AFYS & 9
0.05%2% 19 <74 Adde] el 7P =% AAGe ATk &F9] Fol2 F Cle YA 2ok Feele 3oz
£ Ro] A EAlEA etk AuHoE AL 99% o HHO|FIL, SO 2%E RSkt Seo21)9h Shin(22)E 4
gol NaCIZ o]Fol4 $lom(18,19), ALHS] NaCl &g oF o] AR7I7ke] AojdeE C §F2 S7IskL SO, HS
80-90%Z B I EHAEH (20,21), o1HH AL Pl &A1= NaCl gl A0R HASIon, B Ao ARE JdE 2=
dere AAEE Aololl AR Fol gk Aolo) R WY Ci= 4d S4 APl 19 4 AYART FFel § A U
Fel A7l wet Db Ag7)7ke] SUHE HdYA B, SO 49 <4 Lol 1d 4 ALddrn w2 A
o] FEUTFE HoMAAL NaCl 2 S7leke Z21e® H1(20,22) oz yehgth
Table 1. Anion and cation composition of purified and solar salts

- Four-year-aged solar salt One-year-aged solar salt Purified salt
ement
Content (mg/kg) Ratio (%) Content (mg/kg) Ratio (%) Content (mg/kg) Ratio (%)
Anion Cl 530,084.09+4,526.34 60.21 481,513.88+21,125.92 58.33 585,709.60+26,855.41 59.78
SO, 16,005.55+183.41 1.82 26,612.06+8,056.21 3.22 0.00+0.00 0.00
Na 326,420.59+2,038.95 37.08 302,158.67+49,389.49 36.6 393,267.96+7,379.31 40.14
Mg 5,314.45+179.33 0.61 10,493.87+3,900.82 1.27 20.58+4.21 0.00
K 1,536.33+£24.28 0.17 3,016.87+809.40 0.37 724.58+478.11 0.07
Cation Ca 971.73+11.99 0.11 1,713.20+98.23 0.21 75.22+8.94 0.01
As 0.04+0.01 0.00 0.10£0.16 0.00 0.21£0.09 0.00
Cd 0.00+0.00 0.00 0.03+0.03 0.00 0.01=0.00 0.00
Hg 0.02+0.00 0.00 0.08+0.07 0.00 0.00+0.00 0.00
Pb 0.10+0.01 0.00 0.27+0.30 0.00 0.02+0.01 0.00
Total 880,382.9+6,964.32 100.00 825,509.03+83,380.63 100.00 979,798.18+34,726.08 100.00
NaCl (%) 87.44+0.03 82.20+1.16 99.25+0.91
Moisture (%) 8.91+0.10 12.68+2.01 0.05+0.03

Values are mean+SD from triplicate determinations.
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AAeEA A7k W2 pH 2 AbEe] HIlE 243519
AXAZE F 7°CoAlA ERAE o, A 0.5-0.6% =Ea}
=1 A9% 7|7 AAGHAE 219, 259 FIGHAE 12-
154 A =24](data not shown), FAFAX7} 259 JLHZZ
Hr} guke HEATARIE 0.5-0.6%) =2si=d o o 24
A} o9} e AF Aae HAdHo] HAYG| Hls] NaCl 2
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oM tgggoel ¢ F7HE AE B3 vb Jrh2,523). wE
HARE 0.5-0.6%) HXE -1°CoAA 5709 B¢+ AalEA pHe}
Abco] HalE 2ARINS w(Fig 1), 49 $A9HARY] pHE A
AR S pH 4.829014 A% 570Dl pH 4.022 7A&doH, 1d
SAGAAE AGASE pH 4.800014 A% 57l pH 3.955
ERfih whH A AR = AFE T pH 4.779014 A4 /Y
o] pH 3.87% 2%9 HLFAA Blsf) 7 @& pH @S
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AFGHAXY e A 1L 1.10%2 A% 71Lel= 1.14%
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A7kl w2 AXN FFF, AT 2 L citreum GI7
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UehRlch ALY A AAW b AR APEE

o i ofX

50

45 |

pH

4.0

35

1.2

0.8

0.6

Acidity (% as lactic acid)

04

0 1 2 3 4 5
Storage period (month)

Fig. 1. Changes in pH and acidity of kimchi during S months of
storage. Values are meantSD from ftriplicate determinations.
Y"Means with the different letters in the same period (month) are
significantly different (p<0.05) by Duncan's multiple range test.
Kimchi with four-year-aged solar salt, 4; one-year-aged solar salt,
W purified salt, @

9.4-9.5 log CFU/mLeIX AZ717ke] Aol 3 s, A
& s7ole 49 $A9AXE 72 log CFUML, 14 $A9H
1= 64 log CFUmMLE YERHTE vhH AAAAX = #7424
0 log CFU/mLIA A7 3714wtel] 73 log CFUMLE &

N

of

—- o

Ao HlE] @2 fAbd AETE e ALE A
W it § AR RS2 AT 90.3-93.0%C1A4
aste] A% e, 44 SADHAE 71.3%, 14 =4
AHA= 593%5 VERISITE o] W A8Fd 9 HAEHE &
2HF(28.7-40.7%)S Lactobacillus 43+ Leuconostoc 402 1}70]
EASI9S W Lactobacillus 3+ Leuconostoc %2 A&&S 7t
7} 22.8-344%S} 5.9-6.3%S VFERASATE W AA QAN S+t
A& AZAST 764%AN4 A7 57§Lell 49.8%5 LERSL
31, o] W AMEE 9] HEEE SARF(502%) & Lactobacillus
23} Leuconostoc 552 ZHEEL Z17F 46.9%2}F 3.3%E YERAS]
o} o)de] A2 HE 4d sAG9HA] Tk 2 AME
o AREo) 7P 2o, ALFAR 2T GAFARA R F
A FadRgel O =52 € & AU 3 e T
ete] AVNAAA] AUH o E 552 A (homo-fermentative
lactic acid bacteria)?! Lactobacillus 2] Af-&°] ALdI7X|
A BN S G T AATE ol B2 nAETEe] W o
H& pHeF At ¥t AAAIHFig. D dAshe AoEA A
AW FELE At Lactobacillus 25)2] Y] &o] EolR= A&

zZ

o oY o Y ot

o oY
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(hetero-fermentative lactic acid bacteria)®] Aot 1 AF-&°]
7P =& Al 7118 & ¢ AUt o9 22 mAE 4F
o] HslE A7|7PERE ol HMEHE‘:”] A7 Uit A
x| Af-e] 71 2 G vRE Lactobacillus sp.2] AEEC]
AR (32.5%)>1 99X (16.8%)y>43 573 BRI (12.7%)
TOZ GAFAX NN 7HF =& NEE HEFHUT o9} A2
A AT Ao wet JigsiEe] 27 s/l AAl
HAR(46.9%)0AM 43 SAHAHA(22.8%) Tt 28] =L Lacto-
bacillus sp. 4% 7ZE°] o]FoHE & 4 AL F, 2 A
dse] o sl AR AofRg VST SEUERA
iy 74%‘27% AAeR ik AdTe] e FHE X
ikt dE] AEE Hlgo] X xA7IZe] 7]
Q%—’F% AR T ARIA Edo] ztolrt WHojRg 1T

Al TAEY A, fakte AEEoR o

= %ﬂol&& 482 8] uH—Erzi AAZIY &, AHdH

AR AAEONAM frakt Al Bk A9 7o) YHHER,
AALEA AP HFE FArFad 22 olFLEfhrel
a7 W] HoR A | AR AzhEozin. o
A% e WG AR AAE AAGAE AR H St
T 3% kst = et B A é?%(2524)9}5 F
ARgE Aotk EF A dolet sfrEhe the ol Ro] 3

7 wol EAjake A Htke 239 $4717k wet 71 AlA
o} A o] Fr)o]|L9] dEpo] o o) FX %1 3o &=
3te] NaCl o]aloﬂ E}E 7101%01 Ay

4

\:l
—E.—}. q°l ZJXH %‘EQ‘r %*71741”011 7P AR Al

°
n& e
O

44 297029 A AR NLE7R 220
rxew, A7 s7hdol 13 log CFU/mL®] &%7} 7
3, 19 497X A UIERE A% 17 1.-
7 log CFU/mL®] &7} AZ=HATE v BAGHR ] A5
VP 7l 2.1 log CFUmML7} AEENeH #4717 59 4
A F7rste] A 570l 5.1 log CFUMLS] 2271 AEES
th ole} 2 ER AEELS VY olule] WA ME A
oA ARE-AFE 2 Aol mm|EI ey, 27| Tbe] AAEE
2 FE53 20| vEhfo] 43 SAGAA N g we 1ae
AZES etk A3 are daA 4328 43 I
E53 FHE F= AR AT, AL AojAle EE w27

b B B

_(

WA= ARl FHE -757]i‘31~— olF(@YhHE WEA A
ol Atk FAdehH '8l & Ax(pectinesterase, polygalactur-
onase)s Adste] AFFGE doznky LA UTh25-27).

=, A7} AN NS} SoldE Are ARk E
&8 Hlsle] ARAYS Ueos A3 FYHe @4l 8

Aol A7l w4

T ok 2 9 SAGHAN = &
EAE0] 7P Y UeRsten, ofo vl AAHAHA = 2%l
A vlsl &R} %71] AZ AT ol9h 22 A

HA o] ANAAN ALAHATE Brp e =S Yehl=
Ao mE ANA AAEA ATt Wees A9 Aol |
gol =oAL, ool we} AHert EolAlE AAEE BrEA

Table 2. Changes in microbial populations of kimchi prepared with three types of salt

Kimchi Microbial population Storage period (month)
(log CFU/mL) 0 1 2 3 4 5

Total viable cells 9.4+0.04" 8.7+0.12 8.1£0.21 7.5+0.08 7.3+0.14 7.2+0.07

Lactic acid bacteria 9.4+0.04 8.7+0.12 8.1£0.21 7.5+0.08 7.3+0.14 7.2+0.07

Four-year-aged Yeasts 0.0+0.0 0.0+£0.0 0.0+0.0 0.0£0.0 0.0£0.0 1.3+£0.21
solar salt Dominance? (%)  GJI7 91.7 87.3 81.8 77.8 73.4 71.3
Leu 0.0 0.0 0.0 4.6 7.4 5.9
Lb 9.3 12.7 152 15.6 19.2 22.8

Total viable cells 9.5+0.76 8.5+0.54 8.0+0.26 7.4+0.08 7.1£0.15 6.9+0.14

Lactic acid bacteria 9.5+0.76 8.5+0.54 8.0+0.26 7.4+0.08 7.1£0.15 6.4+0.14

One-year-aged Yeasts 0.0+0.0 1.1+£0.24 2.3+0.31 3.44+0.12 4.3+0.19 4.7+0.24
solar salt Dominance (%)  GJ7 90.3 83.2 74.8 65.0 61.4 59.3
Leu 0.0 0.0 0.0 4.6 5.2 6.3
Lb 9.7 16.8 252 304 334 34.4

Total viable cells 9.0+0.33 8.3+0.15 7.5+£0.26 7.0£0.05 6.4+0.18 6.0£0.11

Lactic acid bacteria 9.0+£0.23 8.3+0.15 7.3+0.32 6.7+£0.12 6.0£0.22 5.4+0.19

. Yeasts 0.0£0.0 2.1£0.42 3.9+0.45 4.6+£0.17 4.9+0.25 5.1+0.19

Purified salt

Dominance (%)  GJ7 76.4 67.5 58.6 524 50.6 49.8
Leu 0.0 0.0 0.0 0.0 42 33
Lb 25.8 325 414 47.6 452 46.9

Kimchi was fermented at 7°C for 12-21 days and then stored at -1°C. Thus, the acidity of the stored kimchi was 0.5-0.6% at 0 month of storage.

YValues are mean+SD from triplicate determinations.

PDominance of GJ7 were among determined by microscope observation in >90% of detected colonies from plates. Leu: Leuconostoc sp., Lb:

Lactobacillus sp.
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Table 3. Changes in Hunter's value of kimchi prepared with three types of salt

Hunter's value" Storage period Kimehi
(month) Four-year-aged solar salt ~ One-year-aged solar salt Purified salt
0 32.2440.1332% 31.95+0.2214 31.01+0.2896
1 32.17+0.1167 31.77+0.1547 30.98+0.3415
L 2 32.33£0.1551 31.87+0.2228 32.44+0.1115
3 32.41+£0.2415 31.99+0.2424 31.45+£0.1579
4 32.51+0.1878 32.00+0.2145 30.21+0.2454
5 32.63+0.2141 31.9840.1230 31.78+0.3378
0 33.98+0.13254% 34.51+0.2547* 33.25+0.2525%
1 34.12+0.22214 36.14+0.3145%° 34.98+0.2458"
a 2 37.65+0.14148 38.47+0.1452"8 36.65+0.222748
3 38.11+0.1001 39.45+0.1158" 38.47+0.1589"
4 38.24+0.1879" 40.1420.20085<° 38.27+0.2287"
5 38.31+0.2525% 42.25+0.2698° 41.36+0.3365°
0 49.32+0.1325% 48.85+0.1369 51.12+0.1245%°
1 49.68+0.22674 49.94+0.14814 53.24+0.3652"B°
b 2 52.14+0.154748 53.25+0.3265% 56.15+0.3326"°
3 53.60+0.3659"B2 56.84+0.21365¢ 59.35+0.2178°
4 54.84+0.2145" 58.12+0.2020<° 61.24+0.1781P°
5 55.63+0.22235 60.30+0.1230° 63.36+0.1659"

UL, lightness; a, redness; b, yellowness.
YValues are mean+SD from triplicate determinations.

’Means with different letters in a column (A-D) and a row (a-c) are significantly different (»<0.05) by Duncan's multiple range test.
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Table 4. Changes in hardness of kimchi prepared with three types of salt

Item Storage period Kimchi
(month) Four-year-aged solar salt ~ One-year-aged solar salt Purified salt
0 2389.35£155.5442 2365.34+328.16* 2307.42+294.58*
1 2265.41+236.434 2142.14+£215.4348® 2010.51£322.6748
Hardness 2 2151.27+168.25"8 2022.25+169.345° 1980.69+124.385¢
(gD 3 2010.39+362.43484 1997.78+079.285° 1776.43+£074.63
4 1995.49+165.37% 1877.41£123.655° 1690.21+111.37¢P¢
5 1912.55+206.425 1650.19+104.74%° 1554.36+127.45

YValues are mean+SD from triplicate determinations.

YMeans with different letters in a column (A-D) and a row (a-c) are significantly different (»<0.05) by Duncan's multiple range test.
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Table 5. Sensory properties of kimchi prepared with three types of salt
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Storage period L Carbonated . Moldy flavor Overall
(month) Kimchi Color Gloss mouthfeel Bitterness  Sourness (off flavor) Texture acceptability
Four-year-aged solar salt ~ 4.4+0.52" 4.0+0.47* 4.0£0.47° 4.0£047° 4.2+043° 43+048"  4.3+048" 4.3+0.48"

2 One-year-aged solar salt 33+0.68" 3.7£0.48" 3.240.63° 3.1x0.74° 3.1+0.62°  3.4+0.84° 3.3+0.68" 2.9+0.74°
Purified salt 3.1£0.73° 2.0£0.67° 1.940.57° 2.4+0.70° 3.0£0.62°  2.2+0.79° 2.1+0.57° 1.8+0.42¢
Four-year-aged solar salt 3.9+0.74* 3.9+0.57" 3.8+0.42* 3.8+0.63" 3.6+0.52°  4.1£032" 4.0£0.82° 4.1+0.32°

5 One-year-aged solar salt ~ 3.2+0.637° 3.6£0.52° 3.1+0.57° 2.9+£0.74° 2.9+0.88°  3.3+0.82° 3.1+0.74" 2.8+0.63"
Purified salt 1.5£0.53° 1.5£0.53° 1.740.48 23+0.82° 2.3+0.82°  2.440.70° 1.940.74° 1.6+0.52¢

YValues are mean+SD from triplicate determinations.

Means with different letters in the same column are significantly different (p<0.05) by Duncan's multiple range test.
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