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Abstract

To investigate the effect of a solar salt on Kimchi fermentation, Chinese cabbages were brined with four-years
aged solar salt (FS), one-year aged solar salt (OS), and purified salt (PS). The Kimchi was fermented at 7°C for
33 days. The changes in pH and acidity of the Kimch brined with PS was slower than those of Kimchis brined
with FS and OS. In the Kimchis with FS and OS, lactic acid bacteria (LAB) counts increased from 7.10~7.22
log CFU/mL at 0 day to 9.26~9.42 log CFU/mL at 12 days, after which counts slightly decreased to 8.04~8.75
log CFU/mL by 33 days of fermentation. The LAB counts of the kimchi with PS slowly increased from 7.24
log CFU/mL at 0 day to 8.99 log CFU/mL at 27 days, after then which counts sharply decreased to 7.92 log
CFU/mL by 33 days of fermentation. Yellowness (b) color values of the kimchi with PS (59.10) was higher than
the Kimchi with FS (53.68) and the Kimchi with OS (53.77). Hardness of the Kimchi with FS was more firm
than the other Kimchis after 33 days storage. Sensory evaluation of the Kimchi with FS showed higher score

than that of the other Kimchis.
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o] fof glo} & H7ve X, A5, AL 59 salt; HA}, Ulsan, Korea)Z} UG o2 1d 43819 14
GEv g Asa JJr%ﬂ MM Fr1Ee] FFYe7= Z A AT 1d 54 A Y H(one-year aged solar salt; SAL,
TH10-12). 3 MFE HUdGo] HolA I 2FAHE Muan, Korea)T} 44 $43810] -2 A78 4d 4 4L
T Mgolut Caz} wi] 2ela) A3l optolaldt 9he F(four-years aged solar salt; CA}, Shinan, Korea)2 AH&-8}
HelFA drh13,14). weba] A ol Fe] a7 2 St AAAz AMEE FF 225 Chang 5(19-21)°l
Sabtol] et el dgke 7by] vhan Az E3u) osf Byl wpel Zo] ZATS Lb. plantarum KFRI
F5ol weba] 1 gl gk = lvkis,16). 4649) Az EEow viee] oA A ES ZEAA )
Al oA 21]2}_54_1‘ e AAE ALy} AA Y, ¥ Leuc. citreum GIT& 49“ st vl 458
FUakd Sol o] &x 3 gl D% AFER e 71x¢ 16.6% (wiv)e] LA &A7 10% (wiv) FAE &Hol
%é%@o}l it A7 22 231(10,12,17)8 HF 9o, 74z} 5~6A7F Aol 1, EEE Bl 33 AlH 3 5 44
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of B Aol wigh 9 Fatpel] i AgFgol FAY A, AR FEEQT g 122 g 133 g 1.33 2 05 g 4.06
CIADBED Ax2Eo FA Aoz Hasdth 1 g 61g 59 FARE Js_iia sho] Azt on, Al
Hu HAE viaat g g ows A B4R, 27 B 38 B3 AR E A=

100 g & 21 g2} AR <

é“ BEes 9 7 5o dazdd uel Alzd AR dEis Aol AMeE Aol &8 ARt
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o] 2008'd 3¢ ‘°,§L W Nl Qs AEo g s o] Egsilon, THEAETHE AA 1 g &4 10 CFUZL H=
AEFAANA LA ARgo] AW FE8H 0 T(18). 23 & ke Alxd HAES 1 kg® pouch pack
Uil M= ABAoR oul AYEL AZ LT Z (polyethylene resin)ol] go} 7CelA 33Ut A73tHA 3¢
HLH = AHgst] ghon ofd Adde] ABLFAF WA o7 AR Lgd whE X0 BESY S 2ABIA
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Japan)E ©|£-3l9] £% 3t & Hunter’s scale L (lightness),
a (redness), b (yellowness) #to.2 F A3t}

ojME 75 24
HA W mAES B4 el AHed miA =R Fas

+ PCA (Plate Count Agar, Merck, Dann stadt, Germany)
W], 249 MRS (de Man, Rogosa and Sharpe: Difco,
Sparks, USA) 324182 2} CaCOs7} 2% 3HA-¥ MRS LA\
A, EFE YPD (Yeast Peptone Dextrose: Difco) TLA|H]#],
23 30| PDA (Potato Dextrose Agar: Difco) BjA] S
gt AAE wielel BRAZE AR AAGAE
0.1% peptone water=. 10¥%) 3]X{5} 11, ztz}e] s HufA]of
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" Hete] EAL AFsln, vYES AuE o HAs)
o P2 #AASYITE ©] F Leuc. citreum GI79}F 22
coccus ‘6111—:]]_‘ 71-‘-— 21%.9_ 1;(].7(—1 og }\%E_I-}zﬂ. API
50CHL kit (Blomeneux, France) 2 ©1-83} Leuc. citreum
GI73 2L & UAls S Bole 58 22}7‘4_& A4 8
St Leuc. citreum GI78] HETH L +39] 168
rRNA2| E7] ¥4 (1,409 bp)©] Leuc. citreum GJ73’»]- 43t
TF2 SHATh

Az 58

50~80702} A gto] FPH =S

2~397 Wepsksch 39€ A 3 ¢

o ge

E2sled 30T 37°Coﬂ/\1
29 2 5070 ©
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X9 X Texture Analyzer (TA-XT Plus, Stable

Microsystems, Godalming, UK)E Al-4-311th. ¥ F-3heto.

Table 1. Anion and mineral contents of purified salt and solar salt

2ZHE 9 cm 199 ZA7F4~5 mmQ] AAE 3x3 cmE

Element Four-years aged solar salt One-year aged solar salt Purified salt
Content (mg/kg) Ratio (%) Content (mg/kg) Ratio (%) Content (mgfkg) Ratio (%)

a 575,171.00+1,794.63 56.96 469,336.0011,652.51 56.23 566,720.00+6,561.95 5932

Anion Br 421.50+7.78 004 472.041151 0.06 145.00£0.00 002

SO, 13,814.50£218.50 137 21,961.60+203.72 263 0.00£0.00 0.00

Na 413,190.00+16,772.57 4091 330,235.00+12,042.03 39.56 388,050.00+10,394.47 40.62

Mg 3,895.55£141.35 039 8,247.70+401.50 0.99 17.60£0.15 0.00

K 1,511.45491.57 0.15 2,554.24160.94 031 386.50£13.15 0.04

Ca 1,724.65£240.48 0.17 1,659.60+45.04 0.19 2647:1147 0.00

Li 0.35£0.03 0.00 097027 0.00 0.02:0.01 0.00

Al 0.56:0.02 0.00 18.557.62 0.00 0.32:0.16 0.00

Cr 0.01:0.00 0.00 1.770.69 0.00 0.00£0.00 0.00

Mn 3.6740.11 0.00 2.99:045 0.00 0.18+0.01 0.00

Fe 0.010.00 0.00 54.8342.79 001 0.00£0.00 0.00

Cation Ni 0.000.00 0.00 1.16:0.28 0.00 0.0020.00 0.00

Cu 0.87:0.13 0.00 232:147 0.00 7.19:0.17 0.00

In 0.00+0.00 0.00 50.23+14.32 001 5.4620.46 0.00

As 0.060.04 0.00 0.25£0.14 0.00 0.4120.01 0.00

Se 0.000.00 0.00 0.00+0.00 0.00 0.36:0.07 0.00

St 56.87+10.98 001 70.87+0.13 0.01 0.380.00 0.00

Ag 0.010.00 0.00 0.08+0.00 0.00 0.01z0.00 0.00

Cd 0.0120.00 0.00 0.030.00 0.00 001001 0.00

Hg 0.00£0.00 0.00 0.04+0.01 0.00 0.000.00 0.00

Pb 0.07+0.03 0.00 0.5810.16 0.00 0.0420.00 0.00

Total 1,009,791.07£19,278.22 834,670.23£14,575.58 100.00 955,596.01£3,834.42 10000
NaCl (%) 85.790.25 82.29+0.32 98.620.17
Moisture (%) 10.760.36 12.51£0.07 0.0120.00

Values are meanstSD from duplicate determinations.
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- f=]
o] pH W3}t v 8t H on, A 225 pH 5.94, pH 5959
A BEZIZE0] A whet A A8 Aasle] 1E 12Y
o] pH 4.82, pH 4.88, "4 & 33 o+= pH 3.98, pH 3.955
et FAE AR19 Al223F pHE 593904 &aE
18l pH 52628 A X3) Zasitirt ol & F43) i
slo] T F 2199 pH 4.73, B & 33Y 0= pH 3.892 4
=4 AL AA 9 19 4 ALE 2R vlE] o Ak
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Fermentation time (days)
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o
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Fig. 1. pH and acidity changes of kimchi during fermentation at
10°C.

I four-years aged solar salt-kimehi, @: one-year aged solar salt-kimchi, A purified
salt-kimchi.

Values are mean=SD from triplicate determinations.

""Different superscripts indicate significant differences at p<0.05 on the same day
by Duncan’s multiple range test.

AeEgdM e 4d 4 LD AA 9 1d 4 Y
o AR 4w Hgle vedigon, AzxAE Aw
026%, 025%1A & 12¢) A= 0.52%, 0.50%S L&
339l 097%, 1.08% % Z71E19t) AAE 10X A%
= AZAF 026%004 A3 F7Fet] TE 2199 A=
056%% Yo, ol FZ3] F7Fete] 2R 33Y0
AR 120%2 439 54 ALE AR 1d 4 LY

A vlg] o S7EATE pH R Ae &3 23 49
&4 AL 1AX 1d 4 AYE AR FADLHA B
ot vl e JsHe Ao Yeth Kim 5272
259 FF7d v AAE Axsta 25CA 5494120
A3} A9 gre] 71 & H5719) ]l 0.6~0.8%°)
sashe S ALY, LY e S AL
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wEvh o ge] APs e Ao eyt ol Addel
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o] o} Wrg Fgo| ZVHE AR Al &g ¥£3
9 v)Ed A ekl wal BE 50 S e Lo
Bolt}h o]¢} 28 7L Kim F(12)F Kim 5719 4+
dxe Bug v ek
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255 gejotod Az STHAE 7ClA 334
ZF et aAFAA AR 235, AT 2 Leuc. citreum
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F WM T BE HRARAAN AAEE7 S H
of me} 7RISt 9% 713t o) S 2T Ahdhe AEE
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7.61 log CFU/MLE eIt 4d 4 L9 A9
1d £4 Jd4d AXE EF 12¢9)] 9.62 log CFU/mL,
9.49 log CFUmMLE ] #5o] =galgion, o|F 4
slo] WhE 3349 4d 54 HYE A= 9.1 log CRUmML
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2 sl =2Elgon, o F&3] haisid ¢
339 8.47 log CFUMLE YetATh 49 4 MY
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AAD 7R §AHFSE 27] 724 log CRUmLAA L&
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Table 2. Changes of microbial populations in four-years aged solar salt kimchi during fermentation at 10

Microbial population Fermentation tims (days)
(log CFU/mL) 0 3 6 9 12 15 18 2 1 7 30 3

Total viable cefls 761:0.12 8.19+0.02 887:0.04 9.10:0.06 9.62+0.05 9.39:004 9.33t0.09 9.3[£007 9281006 9.170.02 9.14+0.03 9.1120.01
Lactic acid bacteria ~ 7.10¢0.11 7.79:0.08 8294007 8.87:003 9421006 933004 921+0.08 9.12:0.06 900006 893003 887+0.10 875:0.13

Yeasts - - - - R . . . R R . R

G750 8460 8510 8730 9120 8900 8790 8630 8450 830 8150 8020
Dm“?%? C B2 1540 130 - - . - . - - . ;
R 1230 i 360 1270 880 1100 210 1370 1550 1670 1850 1980

Values are means+SD from triplicate determinations.
"Dominance of GI7, coccus-type LAB and rod-type LAB were among determined by microscope observation int > 90% of detected colonies from plates; C: coceus-type lactic
acid bacteria, R: rod-type lactic acid bacteria.

Table 3. Changes of microbial populations in one-year aged solar salt kimchi during fermentation at 10T
Microbial population Fermentation tims (days)
(log CFUjmL) 0 3 6 9 ) 15 18 21 24 i 30 B
Total viable cells ~ 7.591025 828+0.12 872:020 9.00:021 949+076 943005 942+008 9.19:0.10 9101005 8851022 87340.18 85210.19
Lactic acid bacteria 722016 817033 8.69+0.21 888025 9260.10 9.24+007 9.11:006 9.02:0.08 886+0.10 8342017 8.11:0.15 804020

Yeasts . . i ) . } . . 134032 1514040 113105 -
G T30 8540 8660 8770 %30 8970 8.0 8160 8050 7930 7600 7580
D"m“(’;‘f;?? C 1520 1160 540 320 i ; i . : . 350 260

R 1170 3.00 8.00 9.10 9.0 10.30 12.90 1840 19.50 20.70 20.50 21.60

Values are means+SD from triplicate determinations,
"Dominance of GI7, coccus-type LAB and rod-type LAB were among determined by microscope observation in > 90% of detected colonies from plates; C: coccus-type lactic
acid bacteria, R: rod-type lactic acid bacteria.

Table 4. Changes of microbial populations in purified salt kimchi during fermentation at 10
Microbial population Fermentation tims (days)
(log CFUJmL) 0 3 6 9 12 15 18 21 24 77 30 3
Total viable cells ~ 7.3740.15 74840.15 7832010 7922005 8012023 8.12:021 844017 873015 908015 9.34:0.07 921:0.11 8472026
Lactic acid bacteria ~ 7.24%0.12 6731032 6.322012 6.69:0.18 6.83+0.18 724+021 754+0.13 8330.14 849017 899:0.11 8.69011 7.92:0.14
Yeasts - - - - - - - - 1914034 2243026 23909 1941065
G 7330 80.40 8120 83.20 7990 76.80 76.40 74.00 73.30 70.50 67.00 61.30
C 240 19.60 5.60 - - - - - - - - -
R 430 - 1320 16.80 20.10 2320 23.60 2600 26.70 2950 33.00 3870

Dcrminan?e
(%)

Values are meanstSD from triplicate determinations,
"Dorminance of GJ7, coccus-type LAB and rod-ype LAB were among determined by microscope observation in > 90% of detected colonies from plates; C: coccus-type lactic
acid bacteria, R: rod<ype lactic acid bacteria,

H
-~

U 1299 03%F HuA o 2deh & Fhhsle] R A AEEA] esko 19 4 MY e a1
33U 75.8% 5 HAEIF e, T FAT O EE rod SE] 30Y Alolel 1.13~1.51 log CFUMmLS] &%7} A&
: coccus7} 21.6% : 2.6% = WYERSTE FAG AW FE gom AAG ZAxs HE 24U HE 334714 1.91~2.39
A2 271 733%04 L& 99l 8320% 2 H A log CFUMLS] E27F AZHAT o) 4 44 244
g3l § Zadte] whE 3399 61.3%E A8k o, Ax e A5 e e 24 B Fol Ue Leuc. citreum GI7
Y FAHOE rodtype?] fritto] 38.7% % AABIA o] 27 AR-go) BE BATA 80% ©1 43S FATF =M
ok AW R 4 S4 HAE UA A wa 33 Zatol9el v Tol A5l Asid v, 11d 54 AU

=
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AR} HA A 7u‘ 2)o] 2HAES 4E 33U 758%
613%% 4d 4 HAdA A9 w3l F2 v &2 §A]3}
3ol &% 94 rod-type®| frAtT(EF LA
21.6% %} 387% % AALR FAAdtozM ad <A HY
o 71X ¥)3] pH 2 A=s} Z7bE 0] alsjrl 251
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AR AXE 4d 54 FLD A 1A 4 AL
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*gmrvo—*ﬁ l AR ZA dojun, HE 717N S

7B TR Sl R o2 @ Aok B4l
Hlsl d° < He¥ AL FTF R KRS A

YUehgti= u}—a H31(10,12,17)$F AR o= HY
do] NaCl ][9] K, Mg, Ca 52 W& /-3l AA|
dolut FFoll vl A °*HT1‘4 A&S S A=
Aol A TH12). 744 uiR1Q] MRS®] HjA]
A4S AHEY LB (Luna-Bertam), NB (nutrient broth),
PDA (potato dextrose agar) & THE UukAld 821 A ol A
E\ﬂ- MIlSO4, MgSO4, KzI‘IPO4, C6H14N207, NaC2H302 ol
Be #7148 7T 98 ¢ 5 Atk & /A2
Aol olsk e Br1ho] 223 Qljoln, 23 o}
= 7‘:]5(]_4 __,_:ﬁL/\ 1::1 O/\ %T"] z/d;q,o]g]_ pH o /\].1::
wiste] Aololx] ALY DA} v} $5 fak S
HE Hol& olfr= FAIH S NaCl o] ¢fol AYhol 74

BRIl e TR 71 B 1 A6 VI e g Als
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Table 5. Changes in Hunter value of kimchi during fermentation
at 10T

kimchi
Hlmterl’s Fermentation -
value” time(days) ~ Four-years aged  One-year aged purified
solar salt solar salt salt
0 31741001 31654002  31.11:001"®
2 204140032 31792003%  29.10:003%
L i 34.92+003"  M81+001°  3365:000%
3 35665006 35744003  33.480.01%
0 29641008  30.15:0.05®  29.50+0.03%
12 315620.12%  3165:0.13%  31.92:0.08**
a
% BIIH006E  M51:0050 33124006
3 35334022 3504032 3527:0045°
0 45981026  44.65+0.13%  44.50:0.12%
. 12 48581043 48212032  49.89+031*
2 52114022%  52.15:00%  5727:017F
3 53.6810.71%  5377:016%  59.10+0.16™

Values are meanstSD from triplicate determinations.

L lightness (+white ~-black), a: redness (+red ~-green), b: yellowness (+yellow~
-blue).

"Means with the same letters are significantly differents (p<0.05) by Duncan’s multiple
range test; A-C: means Duncan’s multiple range test for different salts (row), a<c:
means Duncan’s multiple range test for fermentation days (columm).

&F9] THE 2eldle] Axd TR FE7IN
2 /‘-‘,JE-/] W 3}Z Hunter’s scaledl] 2% L, a, bgto &
A3} Table 59+ Zth Lt X9 HEE aghd
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nng Aoz et TJuv FAEE Yehl = bgk
% 3t Axt HRA|Zko] gl wet £r2) 4 (p<0.05)
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Aol E9FH 3} 313HE0]7] wj ol Aol A HA E3l=lof
Mgo| o] &= o] pheophytin® = #3}=0] ZZA3] H =,
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Zi Akl o]3led v 3=2] chlorophyll £3) 5k pheophyhn*‘
AAet] Wizl th29). AAEE APDFE 49 <

ﬂ?—ioé Axe} 19 &4 LG HA | Bl A 717‘]9]
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Table 6. Changes in texture properties of Kimchi during fermentation at 10°C

Ttems Fermentation tims Kimchi
(days) Four-years aged salt One-year aged salt Purified salt
0 2418834543 3340 2424264658 26" 2468.05:376.34°
12 2392214235 63 2376.55:458.16"™ 2190.76:179.60"
Hareslg) % 2368.12£352.90% 2022.15366.33° 1813.61£260.17°
3 2359.41+479.41% 2019.46+663.25" 1804.23126,54°

Malues are mears + SD from triplicate determinations. Means with the same letters are significantly differents (p<0.05) by Duncan’s multiple range test; A-C: means Duncan’s
multiple range test for different salts (row), a-c: means Duncan’s multiple range test for fermentation days (column).

Table 7. Sensory evaluation of kimchi

Kimchi
Ttem Four-years aged One-year aged Purified
solar salt solar salt salt
Color 390:057"  3.50£0.53° 2.30+048°
Gloss 3.80£042° 350035" 2.10£0.32°
Carbonated mouthfecl 380:0.42" 3301048 270:0.67
Moldy flavor(off flavor) ~ 3.90:0.74° 3.40£0.74° 3.10£0.74°
Texture 400:082° 3.00£0.67° 2.70+0.82°
Bittemess 370:048° 240£0.52° 3.3040.95"
Sourness 3.80£042° 3.00:0.81° 240:0.51°
Overall acceptability 3804042°  280:063° 2408050

Sensory evaluation of kimehi was carried out 10 days after storage at -1'C when
the acidity of kimchi reached to the designated pomt (0.5--0.6%).
Values are meanstSD from triplicate determinations.

"=5Means with the same letters in the same row are significantly differents (p<0.05)
by Duncan's multiple range test.
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