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The Quality Properties of Rapidly Fermented Mukeun (Long-Term Fermented) Kimchi with
Different Salinity and Fermented Temperature
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*Dept. of Food & Nutrition, Baewha Women's University, Seoul 110-735, Korea

Abstract

We conducted a study on mukeun (long-term fermented) kimchi ripened over one year in an attempt to develop an
alternative salt and improve the quality of low-salt kimchi. However, few studies have focused on mukeun kimchi that has
been fermented for a short time in different salinity conditions. Therefore, the aim of this study was to investigate the
physicochemical characteristics that occur during the fermentation of mukeun kimchi samples produced with different
conditions of salinity and fermentation temperature. Kimchi samples were produced at 3 different salinity levels: 1.6%, 2.4%,
and 3.2%. Previous studies revealed that the optimum fermentation time at pH 4.1 was 128 hours at 18°C and 417 hours
at 12°C; furthermore, the samples were stored for 12 weeks under the condition of - 1T after fermentation. Total cell
increased on week 0 of storage and decreased according to the storage period. Total cell was the highest at 3.2% salinity
and had a high value at 18 C temperature during the storage period. Based on the physiochemical results, mukeun kimchi
at a salinity of 3.2% can be fermented for a short time, and low-salt kimchi at a salinity of 1.6% and fermented at 18C,
is similar to mukeun kimchi at 2.4% salinity.
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BHIE T Qlovk tiA u)u|sk AAolct vy, BEL 7AX
AEZRoZ oF o] Wo| Soj7px] ¢k 1 oA £A4H
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aste] Al HQl HjFE ARSI, BE dES paste 4
B2 EFSHAT A 1.540.1%2 Al E2 =
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£ 957] ff8f El siFEE 1.540.1%2 FEEE 1.8%,
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Table 1. Ingredient ratios used for the preparation of the
mukeun kimchi stored at different storages of temperature
and salinity for 12 weeks

Ingredient Composition(g)
Korean cabbage 100.0
Radish 13.7
Green onion 2.0
Onion 1.7
Garlic 1.7
Pear 1.0
Ginger 0.6
Small green onion 0.6
Glutinous rice paste 7.7
Powdered red pepper 5.1
Fermented anchovy sauce 43
Starch syrup 1.0
Seaweed broth 34

[e]
2 o] 1.6%, .4%, 2% ngr& d43te] A=, TE
2 52 AA 4 gagEl gt d57] pH4.19] &=
Dot AITEE 71202 18T oflA= 128A)7L, 127Cofl A= 417
AZE B HEAZ F -1ToqA 1257 A8t

43 ARE 43 elo] BE TPHES A2 o

2 22} 200 g2 A F3}o] hand blender(Viva Collection HR1617,
Philips, China)2 u}afj3t F 278 9] A Z(DHG-444B, DAE HAN
Medical, Korea)= ZAzWl ol 40 mLE F&f & =A(TM-30D,
Takemura Electric Works Ltd, Japan)Z =743} thMiller GL
1959).

2230 ¢ Rl 3
4= 270 mL} A Gt 22 WHOE 50 mLe| HHE
AU pH meter(Orion star A211, Thermo Scientific, Singapore)

2 A2 SAsI o, A= pHet 22 o R 47
W oJol 50 mLE 0.IN-NaOH €9 ° =2 pH 8.30] & uwj7}X]
2gsto] 28 0.1 NNaOHE] F2 73 F 402 Ayt
o] lactic acid %= YEFHATHAOAC 1995).

0.009 xmL of 0.IN—NaOH x
F X dilution factor

Sample(g)

Lacticacid(%) = X 100
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6. AKX =8

Bl A% += Texture Analyzer(TA-XT plus texture analyzer Stable
Micro Systems Ltd, UK)E A}&3}o] 7 T (hardness)2} F7
(thickness) & S73I L, A|R9 ZORRE U4FH WA
9l9] 9% 3 cm A|HL 3 emx 3 em 27|12 Zab AFLslAch
HA4] AL probe:= stainless steel rod(diameter 50 mm), target
mode+ distance 10 mm, pre-test speed 2.0 mm/sec, test speed
1.0 mm/secE RAS}GTH BE A8 £ 53] HkE 243}
227 7V w8 G R e e AR 3 B
]

A2 ARE £Q3 AQo] BF IFEHEE A= e
Z ZE 200 g2 A F3}e] hand blenderZ whafist F 27 9]
AZZ AYd AL syringe filter2 3+ H ©f Aol A&
£ 22590k AR | mLE Aol BE 083% 24
4 9 mLof| HEsto] AR 343 5, n|g Az 2
PCA(Plate Count Agar, Difco, USA) X & o] &3}o] 3]l
0.1 mLE surface culture methodZ {3t th2 35TCof A 48
AZE viFEt & FAE colony 5 AR, FUE B

02 ASAYE 3 WEste] YEAE HESHc

8. SAAz

A3 A39] EAx 2= SPSS for Window 19.0(SPSS Inc.,
Chicago, USA)E: Ol 5}0] g3t BEHAE ASHTL, AT
240 2 Duncan's multiple range testS 43 5}51.2.1(p<0.05),
= a2z mE Y&l Xpo|E Yot 7| 5 A4
BAFE A (three-way Analysis of variance, ANOVA)S AlA|3}
ik

2ot o o

o, o]F HA7|7E Feh2 ARl whet o2 ¥iskE YR
(p<0.05). A= A% d=e AA A= & 1A oYy 2 742
o g sigsts AAIYEIL] Bk H 347 oy
=2 AR AERET 2 U UERTh AR
L122} M12, M18, HI2o A= $-2]F ¢l Ajo]& HF o) LIS,
HI8 A RoflA= #F92Ql Ao]& HolA] gh3hthp<0.05).
g 2T 52 4AY A= Wsh= L ARlA 27]
ol 1.71~1.83% HHE Uehd 7, T8 & A% 652 0
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Fig. 1. Changes in salinity of mukeun kimchi stored at
different temperature and salinity for 12 weeks. L12: Fermented
mukeun kimchi by 1.6% salinity at 12°C, L18: Fermented
mukeun kimchi by 1.6% salinity at 18°C. M12: Fermented
mukeun kimchi by 2.4% salinity at 12°C, M18: Fermented
mukeun kimchi by 2.4% salinity at 18 °C. H12: Fermented
mukeun kimchi by 3.2% salinity at 12°C, H18: Fermented
mukeun kimchi by 3.2% salinity at 18°C. *: Significantly

sk

different at p<0.05, *": Significantly different at p<0.01, *™":
Significantly different at p<0.001

2.07~2.09%71A] Z715tg 7t o] 12 Z3) o 1.82~1.94%2
ZABHATE M AR 27)3F 2.64~2.68%0| A LE & A%
0F2tof| 2.96~3.00%7FA] F7FetTt7E A7 12523} 2.55~
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2 w5 yelo] AR dAto] 3A FFE vAE AL
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6FATHA| 2 Ao)B Holx| ggkort, AA 12730 LI2
NE7} LIS AR £ dES BATL, AR M} HoA
L UELES} BEHE AR 7h E7) W o]
3 ATt WELEY 2 H47] E97]ES BE AR
A pH 412 AR, 12004 BRT AR 54
ol o & oyt Aoz 22, waLERT 1A
=7k 44 & dE W] o 2 9% 71AE AR AR
gt}

A7)0 GrE WELE FTFLS 1A 0, A=t F7E
52 pHO| Zhd HE7} WOl L, W 27 Hr) BE W)
o] dgko] Z713th= B 17l QitkLee IS 2011). A< &
o wjze] gaxgy 98 Haldate] oishu, ujx
o] 27 Yo AEate] 717 o] A= G5 ZrhKim
SD 1997).

2. pH U At Hi3|
27& gEste Azxg 52 AR A% F pH W3t
Fig. 2¢} 2t} pHe BE AlROA Ha & A% 052}l &
A3] A § ol A=t Ia2ro wet Aoldt HItE
Hyow, BE AR FHA 2fo]lE HHTHp<0.001).

o g 52 AR 9 pH HIl= TaE & A% 073
o] A& LO] pH: pH 3.89~3.94, M A& pH 3.96~4.03, H
AE+= pH 4.07-4.122 F=7t 245 pH7F =4 e
o A% 652k} 12FA}oll = AlE LIt MO| pH 3.85~3.97 A}
°]¢] gk Ut greof whE pHO| Zpol7t YehtA] ¢hgkar,
H A]29] pH7} pH 4.04~4.192 7} =] LERGTHp<0.001).
APAte] WE2H 1%9] droie Ea $=7F w21 pH
7b 7P8 WA wropxitkal B ashgl o w(Lee IS 2011), &5%
Tt S7FESE pHY| A £=7F Wolx| AL, hE 27| Rt
WE 7)ol FgEo] Frkethe Huet AdAnIE YA
El=g

HEEo w2 pHe| Hil= IE & A% 0 A=
& Zol7t glley, AA7|7te] Foldol wE Ha=7t
£S5 pHY Fho] = Ui thp<0.001). o]=3t A=
Haero UE Hg7] Eg7|ES BE ARA pH412
AAsto] 12T A Badt A=A sAlo] o & dojd A
o8 FZEn, olo Wt pHY Fho] A Uehd Ao g A
2Hh E3 pHE S5 Hstel FARE Wt S 2
om, n YL FA o s f7)4te] BAEE ] ol whet
pH7} 74310 Yook SW(2013)¢] A2 3tel FU7 A3E
Vet it pH GA] a2t dre o3 Wiyt g
sto] drmo] o] F AR AR

A%717ke] WE AE(Fig 3= EE F A% 073k &
oF o g FTIFRIL, o|F A 7|7tol| wet k= A wstst

o

NS - ulg e GAR - olelet - 2% ERE LD R
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Fig. 2. Changes in pH of mukeun kimchi stored at different
temperature and salinity for 12 weeks. L12: Fermented mukeun
kimchi by 1.6% salinity at 12°C, L18: Fermented mukeun
kimchi by 1.6% salinity at 18 C. M12: Fermented mukeun
kimchi by 2.4% salinity at 12°C, M18: Fermented mukeun
kimchi by 2.4% salinity at 18°C. H12: Fermented mukeun
kimchi by 3.2% salinity at 12°C, H18: Fermented mukeun
kimchi by 3.2% salinity at 18°C. " Significantly different
at p<0.05, ™": Significantly different at p<0.01, " Signifi-
cantly different at p<0.001

€ A%e Efon, B ARA F43Q AolE AT

A=of w2 Awo] Wale WE T AR 073} L AR
L 1.782.17%2] AEE Yelda, M A= 1.39~1.95%, H
A BE 1.28~1.53%9] A=HAE e 48 & dert ¥
S5 FYHOE 2 A E YEL, o] AX 12 3
7] QE7t FEFE 52 AEE YR THp<0.001). £3]
AR 125319] Abwls H A2 A 1.20~121% H$]9] AHe s
Ve 7H) W2 3he Hg o, o]ggt Aiks dErt e
5 HAYAE 9 gho] A VERtE Lee 1S(2011)9] A2
ot FARE 23S 2Hch

La 2w g A= o] Wil IE $ A7 0573 o T
BLE7 B &4E ATt B e, 257 5245 4
AL 7 W2 Lee $(1991)3F Kim & Chang(2000)2]
ATt FUT AFS EHHp<0.001). A7z 5 HE2
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Fig. 3. Changes in acidity of mukeun kimchi stored at
different temperature and salinity for 12 weeks. L12: Fermented
mukeun kimchi by 1.6% salinity at 12°C, L18:
mukeun kimchi by 1.6% salinity at 18°C. M12:
mukeun kimchi by 2.4% salinity at 12°C, M18:
mukeun kimchi by 2.4% salinity at 18°C. H12:
mukeun kimchi by 3.2% salinity at 12°C, H18:
mukeun kimchi by 3 2% salinity at 18C.
different at p<0.05, *: Significantly different at p<0.01,
Significantly different at p<0.001
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Lee F(1991)ﬂr Lee —o<2001>4 A7) mp=m 72l 7
AT 04-0.74%0]| T, T A] AL 1.0%, Haf A)9] AF
E 152.0%2T AASE Uk o] EATS WE % 0
Z3ke] MI29} HI2OHE AVE7} 15%m T Yol 344 o

Aol = Aoz Bt 4= ik EFE Aol A 18T
A HEFF3.6% B AX7F 5YA 0.85+0.05%2] ALE o]
e AT g, B Ao wha & AR 05:3}ol| A HI8<)
A7} 1.5340.10%0] EE3 AL v TIPS u), B 439
2 AA Alm7t Blud 2 ArE UEd 4 A=t
E2 AL E 4 H(Chun JY 2006). ©]2|3 Aot w39
5 Az A Widn], 27 S5 5 ot 4 9sf A=
9] zpo]7} WS Ao R AtmETH

24 Be 772

FAEA 339

3. HIARX Hi5}

Arot E2EE FEste] AR 52 A9 AR
7ol @2 A= Fig 49 2o} ATe WA F 0o 7
4% F o|F 2ol w2t WSk AR e, L9
A FreH el AolE HERITHp<0.05).

FLo] I F=Y Aole TE F A 6527H] H A
BoA BE7E 7P w2 vehgen, o E i Age
FeHEoR AzHo] £58 Hiad WETF FobA 7
=7} A Yehd Chung 5(2005)2] A79F fARH AaE
Bk

FH 2
Fre By 12 C°ﬂ
= Pwﬂo?ﬁ
SHAAI

5 o1 A1 59

hardness (kg f)
S o
=1 =3

w
=
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1.00 +
Tnitial vahe™ 0 6
Storage period(weeks)
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Fig. 4. Changes in hardness of mukeun kimchi stored at
different temperature and salinity for 12 weeks. L12:
Fermented mukeun kimchi by 1.6% salinity at 12°C, L18:
Fermented mukeun kimchi by 1.6% salinity at 18 C. M12:
Fermented mukeun kimchi by 2.4% salinity at 12°C, MI18:
Fermented mukeun kimchi by 2.4% salinity at 18°C. H12:
Fermented mukeun kimchi by 3.2% salinity at 12°C, HI18:
Fermented mukeun kimchi by 3.2% salinity at 18°C.
Significantly different at p<0.05, o Significantly different
at p<0.01, ™" Significantly different at p<0.001



340 294 - 549

 R2TCA FaF L A& A9, a7t F 259 25
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off sl 27] &E 7|3to] Fot ATt F /o] @ Lofut
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o, 28y da ke o] Jrof ual Axo] o)r) 2y
sl Hrks ®io] weh 1 Aup} A Yehhs e
Al2 HtHKang 5 2004).

AR ¥E F 224 a428- 9 F protopectin®] 4843
Hgoz ZajEo] 240 EAAY, nl=el 2 A4

§714k9] teFo] 954 W3kt Yoo 5 2001; Chung 5
2005) E3] Axl 79 ZARARA E3] A0S Ay
siFe aot Hizel o B &9, 54 29l E%, A
A7) ol weh wigo] Fejet 271 =i, G| 9 A=l
M 2ol whet AR o7k otz et &

T.00
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Fig. 5. Changes in thickness of mukeun kimchi stored
at different temperature and salinity for 12 weeks. L12:
Fermented mukeun kimchi by 1.6% salinity at 12°C, L18:
Fermented mukeun kimchi by 1.6% salinity at 18°C. M12:
Fermented mukeun kimchi by 2.4% salinity at 12°C, M18:
Fermented mukeun kimchi by 2.4% salinity at 18°C. H12:
Fermented mukeun kimchi by 3.2% salinity at 12°C, HIS:
Fermented mukeun kimchi by 3.2% salinity at 18°C.
Significantly different at p<0.05,
at p<0.01,

™. Significantly different
™. Significantly different at p<0.001

ol - AR - olaRt - 20l

£ 7] oJFH}(Chung S 2005; Chun JY 2006).
573_% gty Ax2g 52 R 7|7t U2 =
Ao M3k & Aol E HolX| §hgkon, M12¢} HI2 A&
ATk §-oFQ1 Zpolg YEATHp<0.05)(Fig. 5).

ol W2 FAE FYAQI ZpolE HolA] gerar, o)
gt Aib= v A 719} 5ol whet w22 2717F 4
8hA] grot 574 H9jel wet @ &7 A FA 9] 520 B4
o] YetA] g2 A= ALRETHChung 5 2005).

da2eo g T/ Zol= 12ToA Lagt A gkt
18TColA AT A|ROA FA 9 gho] o & AR Uetyt
ok E3E 12ToA AT AR HL- L AR M, H AR
o} 24 A% F 7k S Eon, olfdt A=
L AgoA a5 gahgo] B F BadAdol dojut *l
T AA Y] 7 FFo] Wot FA9 Fhol ho}xl AoR 5
e} et FAs 22 2EoA Bad 52 %‘ZMW o
ARRE ZHE UEFH T, 12CHD 18TA & e HAth

AR FA W3k pHO| Wskel A2 PA]5hH, A=
Y3 FAES Z3 9O Chung 5 2005), £ AFP A=
D717 &A% AR 0)7] el FAQ §EF 2] 2 A

o2 goEy, YE2E g Zo|7t E Aoz AlrHT:
4. ST W3t
FT5E BE AR TE T A 05330 fo7o

f

Z7)5}ko] 7.18~8.89 logCFU/ML Ato] 9] =2 ZHS Jely
I, 0]F 123X7hR] 7FA5he] 4.52~5.86 logCFU/ML H 9=
2+ 23 THp<0.001).

drof W2 Fd5e H ARNA 7HY w2 32 UErl
o} o|23t itz HaV|T F Ago] T4 nAES] B
< A3fstaL, Rakte] LS FZAIZItHE Kim SD(1997)
o] Aol fARSHA IaE F A% 02} o]n] H&7]of =
gste] Fd49 ghol =4 vehd A2 Az

Taero] g Fd49 Aol YA FFo= 12T
A IES A7 22 3 AT, o] A7 Fet
18T oA a3 A|ZoA =& ZHS HPTHp<0.001). Yoo
5(2001)9] A-FAT, A2ofA] HYE Z-go] WajEo] Ft
$7F Ropzltkal st o, B AfollAs war|zt F 12T
oA gAo] ELsHA LU w2 FFFE YEHd ZAo=E
2250, o] AA7|7F Bt 12T oA Has A5 uly
E840] 9 ol LojutA] ghot R 945 vEhd Ao
2 BAFEKFig. 6).
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Fig. 6. Changes in total cell of mukeun kimchi stored
at different temperature and salinity for 12 weeks. L12:
Fermented mukeun kimchi by 1.6% salinity at 12°C, L18:
Fermented mukeun kimchi by 1.6% salinity at 18°C. M12:
Fermented mukeun kimchi by 2.4% salinity at 12°C, M18:
Fermented mukeun kimchi by 2.4% salinity at 18°C. H12:
Fermented mukeun kimchi by 3.2% salinity at 12°C, HIS:
Fermented mukeun kimchi by 3.2% salinity at 18C.
Significantly different at p<0.05, *: Significantly different
at p<0.01, ™": Significantly different at p<0.001

a17] el A=t a2 =S E‘rEﬂl st Az AXE T
717t &85k B2 AX Y 553 Fu)¢ 2A4E FAIS)H
= 52 AR s 7]5&% Algskazt sttt
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