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Effect of Addition of Ethanol on the Quality of Kimchi Paste

Miran Kang* - Hyemin Jung* - Hye-Young Seo'

Industrial Technology Research Group, Research and Development Division, World Institute of Kimchi, Gwangju, 61755, Korea

Abstract

This study was conducted to evaluate the effects of ethanol on the prolongation of the shelf-life of kimchi paste. Kimchi paste was
prepared by adding 0.5~3.0% ethanol, and then stored at 4°C for 35 days. The retardation of kimchi paste fermentation was evaluated by
measuring chemical, microbial, and sensory characteristics. Titratable acidity and pH showed a slight difference, depending on the
ethanol concentration. The titratable acidity showed the low content in kimchi paste with 3.0% ethanol during fermentation, whereas the
pH showed a reverse tendency, indicating that fermentation was inhibited under a high ethanol concentration. The changes in the
sugar-reduced contents were similar to that of the pH. The growth of microorganisms such as total aerobic bacteria, lactic acid bacteria,
yeasts and molds in kimchi paste during fermentation were inhibited by ethanol, and the addition of 3.0% ethanol was most effective to
inhibit the microbial growth. The number of coliform bacteria was decreased during fermentation of kimchi paste and not detected in
any sample at 35 days, except for kimchi paste with 3.0% ethanol. In sensory evaluation, the addition of 0.5~1.5% ethanol in kimchi
paste was showed no significant difference on sensory properties compared to the kimchi paste without ethanol (p<0.05). As a result, it
is considered that the addition of 1.5% ethanol is the most appropriate to maintain the quality of kimchi paste, without the changing the

flavor.

Key words: kimchi paste, ethanol, pH, acidity, bacteria

o] AEIE thEshs AF] AA
“I‘E /"“246]' e J—‘X‘ﬂ"‘l‘, -‘ﬂ', U]’%, /‘g7o ‘]‘?“
ABE 7kt ZEA Yyt AFAFoln
(Cheigh HS 1995, Park KY 1995, Yang YJ & Han JS
2005). A7zt GFAA R TS AAANRTES
o 22 53 A014d)0lH, FADT ] Wl 1 7
7o S, W73, A A IE S so= <
3l 2 7Pl AAE Alxste] AFHske visEA A
A3%NA 7HeEE AR 2n7F 2 FUbska o
(Yang YJ & Han JS 2005, Ku KH 5 2005, Bae SY
2015, Food Journal 2015). 7}l AH A& E= 4
© A0 AR He wE T 59 97 &
£ pARe F07k 44 gee BE WFE

* These authors contributed equally to this work.

'Corresponding author: Hye-Young Seo, Research and Development
Division, World Institute of Kimchi, Gwangju, 61755, Korea

Tel: +82-62-610-1731

Fax: +82-62-610-1850

E-mail: hyseo@wikim.re.kr

© 2015 Korean Society of Food and Cookery Science

2% kA g B A io}?ﬂ?ﬂ H‘Ziq(Klm
HC & Kim MR 2013). WetA] HZoll= ol g g H s}
of we} 7HgellA 7)ol grEo] fjAAH oI IHHBHA
71;<]§ DI—:L :,“_ oh:i Zg]_omﬁ_,_g]_ OhL:l oz :FLMQ 71
%] DIY(Do it yourself) MEZ} &30 FAuj=
ol o]e} o] An[AEo] T dYAHo] & WA
AZSIA *?iﬂ”g Ol%i /\17@ Hokslr] el Al
Ta7t solyar glon
7 Balog Anzrrt 8738
¥ FEIE Hfﬂ %?L: n|m gk Aol thKu KH
2013). 23 X DIY AEZ X S T A
Fdol Bkt s Fuf nAEe S o 7
FJr Y7t **OEW b7y s, ] F
2 55 st wEt FHo] Wty

_‘d
il
ojf
o
N
0
v
2 F
_?L

(
A

ol N ol Rl

o

>
fd 8 o

=

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creative-commons.org/licenses
/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



726 vzt QN A

of AFA 7HA7L "WolREE A e fFE7Ig 4
o] HQ3ltKim WJ 5 1988, Cheigh HS & Park KY
1994, Lee LS 5 1994).

NErS 2 ARE 2t AZeFo 7 ALgE o] gkl 4
Fol "eiE nEY g 2 I 5 o] 2
] o] 8 ot eSS AF AR MWt A &
3t &Aool -gto] RuEgla, 3] wo|Ag] Aol
A olerge Fgo] A A g3y} Sty By
F A THSeiler DAL & Russell NJ 1991, Salminen A %
1996, Daifas DP 5 2000). Al o] 213F2] 73 Aj&=|
AE 20% oAFSE AHA, AFTE | log A= HAA
7= E397F RAEA 2 H(Cho SK & Park JH 2012), A
AR e H7b= pHY e} A= IUME
A AA 7, LER 1% R3] o] oA|Ho] HiEo]
AeLo Ago] Hie WE 2 FoMx oekge] 7}
7F e ASol dAE F e 7HeAES HoF
ATHLee SW 5 1985). o]9} £ et vAE A5
AA = dEEo] Ao &g gflo] o] A==t
< FTYste] Mz FEo guAs §3 HIPAA v
AES AEAZI= dElE €83 ZO=(Csonka LN
1989) A&t A FHETZ o] §3lr] S = 834,
=4, 283 olehE 7] WALl glo] 2Fe] Waje}
gto] HA|&= FaFs arelsiA Adesteiol gtkKang KJ
5 2004).
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] ZFEvl7](Gwangju, Korea)ollA A4kek AFS
st Aol ARSI oH, oEEe 95% WE F
(Ethanol Supplies World Co., Ltd., Jeonju, Korea)< A}

op

2. OEtE A7} X 2E M=
A okdo] ANEES 0%, 0.5%, 1.0%, 1.5%, 2.0%,
2.5%, D 3.0%E H7Fstg.oH, 500 g &7100 400 g¥ z+

A E 2] ek 3l A] A 31 A 62 (2015)

7y ZAste] 4eCellA 35943 Rashas Aol A8t
ATk

el 7] dxe AR 1 gg& FE3] 2o} 100
ul 3]43}e] filter paper(no. 1, Advantec Co., Tokyo,
Japan)Z 33 3 oJ7}l 10 mLE FH3aL, 2% potassium
chromate(Daejung Chmicals & metals Co., Ltd, Siheung,
Korea) 1 mLE 29 0.02 N AgNO;(Daejung Chmicals &
metals Co., Ltd, Siheung, Korea) £o2 Hzkajo] =
W7hA] AgstAt dxs v Al wet Allle ok
(AOAC 1995).

(A-B)x0.00117xfxD
S x100

A =%, wiw)=

7] A A: B AFol| AHE 0.02 N AgNO; 894¢]
mL<F, B: Ao 2H1E 0.02 N AgNO; £92] mL
T, £0.02 N AgNO; 842 971 D: s|4ul, S: Als
ANH FHg)olth.

pH= ZA Fdell pH electrode(Orion 3-Star, Thermo,
Waltham, MA, USA)E 215 2] pH meter(Orion 3-Star)
E ARgSt S5 on, AR EE A d Fl g
S AYsA H3t Yoo F gk AH 20
mLE 0.01 N NaOH -8<(Samchun pure Chemical Co.,
LTD, Gyeonggi-do, Korea) 2. & pH”} 8.3°] 2 uwj7}#] &
3t 0.01 N NaOH &9 &n5s S35 2t=e
t}2-2] 2]oll we} lactic acid(%)F 2 45 THAOAC
1995).

(A-B)x0.0009xfxD
AR (Y%, wiw)= S x100

7)ol A: B Aol &nlE 0.01 N NaOH &2 mL
7, B: HFEAIF O] AHIE 0.01 N NaOH §49] mL, £
0.01 N NaOH &2 47} D: 3¥ul<, S: Al FH
(g)°lth.



6. gteigt

S Wah= Miller GL(1959)¢] DNSH-E ARg3}o]
23Tk A o | g A8 Do} oF 50~1008)
3243t filter paper(no. 1, Advanteaddc Co.)E o33t
oJed 1 mLe| DNS(dinitrosalycylic acid) Al¢F 3 mL&

Qo] vortex mixer(M37610-33, Themo Scientific, Waltman,
MA, USA) 2 E3l9t 1 o3 e 89 583
BAZ 5 Ao Bdsta, SFT 16 mLE 3|43t
UV-VIS spectrophotometer(SPECTROstar Nano, BMG
Labtech, Ortenburg, Germany)E AH8-3}] 550 nmollA &
FEE =H3I¥h o] W standard= glucoseE ©]-8-3}1]
EEAE OJ9 § 3 FES AEsianh

AukAFe] A AlE 10 goll 0.85% NaCl(Junsei,
Tokyo, Japan) 90 mLES 7}3ta] 1837} stomachingdle] ©
ABE B3 v I¥kAlTE A58 film(Aerobic Count
plate, 3M Microbiology Products, St. Paul, MN, USA)E
ARgEte] AR 343 AIRE HFT F 30°CelA
48412 wjFete] Attt & Bckte] 79, MRS
agar(Difco, Detroit, MI, USA)®| BCP(bromocresol purple)
A A eFg 25 ppm O & ol A2 viAE AHESte] T
HE 345 A5 HE3 $ pouring culture method =
30°Col A 48A1F HioFSlAL yellow A WHE-S ERA
colony(F+714F A4HHE AlG38HHtH(Collins CH & Lyne
PM 1985). 8% 9 Fgolo] 5 TAERE 345 AR
S a5 9 F3o| A48 film(Yeast and Mold Count
plate, 3M Microbiology Products, St. Paul, MN, USA)°l
HE 5 30°CellA 48413t wfjfste] Aot tha
THE. coli) D AT (Coliform)S GHAEE 3|43 A7
1 mLE i+ 2 diZd ATE film(E. coli/coliform
count plate, 3M Microbiology Products, St. Paul, MN,
USA)oll HE]E 5 30°CollA 48413t vl Fate] A3k
o AAE FH& HH T FH VIZ2E IS A=
Hegrs sAuigdd wet ALkste] TS AlTst
WAL, E. coliv= A4E 37 = F Folo 71Z2E A
stal = FJgrE AFsiith

oehe W77 1A el Edo vXe gy 727

Al, EEEA, olF, ©ut, Aok, wlegk 2lnk 7 o
olulo] thste] 9 HA=H(H1H 9%, HAAHE 1) w}
g} FGrletdnh AAZQ] MExEs A SFde B5A
54 A5 7o A A5 5U% ASE THg
o2 AAEH o, HAAR Y-S B Age] A=
30 AASY VEEV E5E =2 HFE 9
A AEHEFHLAE 94, AR 130l wet AT

72y o mE Ay Aye FHIHOE 33| o) vt
5 ANt AFARE HeEFHAR YA
APT e FoAe A7) flske] SPSS version
18.0(Statistical Package for Social Sciences, SPSS Inc.,
Chicago, IL, USA)= ©]-8&3l ANOVA testE A5t
freldol e AT, p<0.05 =4 Duncan’s multiple
range testE AAISIATH

a
= o] Hrkd de] 7] AEE 2.74-2.84
%M, 7] & FFe oF 74.08~75.76%°] O H(Fig. 1)
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Fig. 1. Initial salinity and moisture content of kimchi paste add
various concentration of ethanol.

EtOH: ethanol

Data are mean+SD (n=3).
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AAT
Uehd vkel 2ty ZJR1e] SA43g A doju= pHe

=
ZF Pt Agbdol sl dHEo] Aikolu fr|ate R
Wslstm, o]& Qlste] pH7} ZAstal 4F=r) F7kehe
Zo]7] wWj&Eo]tkShin ST 5 1990, Han ES % 1998, Ku
KH & 1998). 12| 39| pH W3tE Avjry wE %
7] pHE& 5.26~5.33010H, A4 1497 olgh& 0.5~3.0%
Ael7+e] pHE 5.10~5.40010 3, oe-& 7379 pH
= 4.88% F43] A 1.5% ©139] olge 7}
= U8 Z7|o| 53] pHASE Ad 5HE BHIoH,
219 5H oeg T e 0.5%, 1.0%, 2
1.5% 23k o] pHE 4.42, 445, 458, 2 4852 &

o 2

55

pH

Acidity (% as lactic acid)
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Fig. 2, Changes in the chemical properties of kimchi paste with
various concentration of ethanol.
EtOH: ethanol
Data are mean+SD (n=3),

et 2275187 4] 318 7 65 (2015)

A3 ZastAnh 28y NS 2.0%, 2.5%, 2 3.0%
A2]3k obdoll A pHE 531, 5.40, ¥ 536202 W&E7]7k
o] ZA=stol| whe} pHE $FsHA ZAsIaT A% 359
A ol 0~2.5% AT pHE 4.26~4.36°0% UERFS
U 3.0% A8 pHE 5.158 o|ghS o] HS+E 713
el WEE AA AlA pH7F =4 YET A o
Al AZ7I1Zke] 7Kgkl Wt s/do] 2= o] pHe} H]
523 S R 27] AR E 0.72~0.87%F UERES.
), A% 1492} s TRV (R AT 1.27%
2 Z713F vbA oEE 0.5~3.0% UET A= 0.75~
1.19%% yebgtth AA 3593 ek 0~2.5% &+
AEE 1.42~1.59%=E F7Fst e olehE 3.0% AT
o] AA 359 AFEE 0.88%E 27| A 0.73%01 A
0.15% S7t= At=9] F7F o] AA Yehsith o] Az
= odgE A7t A9 I3 ERX A AddA pH
Aol A= F7HE AQAHTHE Bl fAE ARE
UeEliATHLee SW 5 1985, Kim DH & Han YS 2003).
ot A7} A Fde] 4 T T FFe| W=
TR o|eE FHIMIF 7401%E =2 YT IqF
eSS, ek M7 63.07~65.41%2] 3Hdd
FS JeRATE oleke T/ A9 7Yt 7F
S TFS UER o|FRE & 9o TAE HIYO
0.5% 2 1.0% oetE H7H9 A5 14L271A
steFo] 713k & hadts AEdS YeERRIT 3
2= ko) #Ho] o,
o Lar|gto] ZAAEHA AT
9] o] fadts AFS YA, ol A ¥
W OREA vYESC od Fol wald A= Aze
ot 0.5% 2 1.0% olehE H7t=E sl Tark Add 7
ol 3T FF AR AAHANLH, 1.5% o
s H7HE oehE H7IE s Havt AAEHI L
H, 3l ] sl AAES SISk

2. OIES &7t U Yol MBS S
oee Al meE 24 el A F YwAlEs

= Fig. 33 2ot ARbAl= 09 A}kl 5.44~5.70 log
CFUmLE YehlH &8 79 52k & Wy} qislon
oehE 2.5% H 3.0%E HrIet A IE 149 A 2z
4.85 % 5.01 log CFUML #5E5 Ho|H 9| F24& <
Aste 2o YRt dde] Ao zlegol wet
Aubildtre HAE STkete] T E 3594 oleE 0.0~
1.5% Z7FA] 6.93~7.30 log CFUmMLE Z7} 3324 o
B8 2.0~3.0% H7FrolA 6.54~6.65 log CFU/mLE UE}
Wk o 548 F AiTE 09AF 5.48~5.70 log CFU/
mLE ERIFACH, A7zt met St AFE
YeER AT A% 3593 kS 0.0~1.0% H7Ho] 24



20 —e— Control --0--0.5% EtOH
—i—1.0% EtOH -=4--1.5% EtOH
—&— 2.0% EtOH -=-0--2.5% EtOH

—+—3.0% EtOH

-
e

L
=}

Total bacterla {log CFU/mL)

[
=}

8.0

6.0

4.0

Yeast & molds { log CFU/mL)

2.0

Storage period (days)

T.o

o
=

o
=

b
=

Laclic acid bacteria { log CFU/mL)

e
=

]
=]

Caoliform bacteria { log CFU/mL)
= B

=
=]

0 7 14 21 28 35

Storage period (days)

Fig. 3. Changes in the microbial properties of kimchi paste with various concentration of ethanol,

EtOH: ethanol
Data are mean+SD (n=3).

T4 7.02~7.34 log CFU/mLO|oH, oghe 1.5-2.5%
A7V 6.28~6.77 log CFU/mLoI oW, o&€hS 3.0%
A7 e Zakd<E 587 log CFUMLE EQ1EQ)T)
Jeong JW 5(2003)2 ZA|el 0.6~0.9% oS HI7MA F
HA7bel vt ZAitTE F 1 log cycle =9 A
BRE Yepitty Bagoh #ok ofyel AHAE 9
SGES WM FHTE AAAA {1 AR B
< Foha Rt thLee JY 5 2009). ek T3 7
A P deE 3.0% A7 A FES BlaskA
359 x}oll 242} 7.34, 5.87 log CFU/MLE 2 log 2Fo]ZS o}
o] 71X ofdel dehs Hrbe Rt F4 94 &
7} Qe Ao g Feldn) 3 g 9 FHo|re]
2 ZMe g 27] 4.06~4.37 log CFUmMLE && 7¢x}
o] 3.84~4.16 log CFU/MLE ZA3stch 2a 219%
ol gh-E 0.0~1.0% H7FollA] 5.74~5.85 log CFUmMLE &
7hslgoH, ok 1.5 2 2.0% H7Fre 47 491 2
4.55 log CFUMLZ Z7}sk ) vhd oleke 2.5 2 3.0%
HA7ME 3.88 2 3.65 log CFUMLE A% 14Y219} 1)
=& FEOE fASl AR 9 F3o] A4 A &
H2AL & & AUk Brown SW 5(1981)L ol gk2-0]
AHA BRO] S-S A|SHH, Dantigny P 5(2005)°1 23}

H o|et&2 2 Fo & oSt Aspergillus candidus,
Aspergillus flavus, Aspergillus niger 5 +8°|2] ASE
AAFIHAL ST B AFolME oeEe A dd
oA &R} wgole] S AU WEdTT2
ZF234e g %7] 230~2.74 log CFUMLEZ et
oy A 793k 2.87~3.02 log CFU/mMLE vA3HA =
7Fsket & E 219 A} 2.00~2.74 log CFUMLE
stgom A 35U 3.0% oS H7bollA 2.54 log
CFUMLE HZH1 g8 AT dlAs 25 HEHA
2dth Reinheimer JA 5(1990)°] o3t tha-do3
Streptococcus, Leuconostoc®} Lactobacillus 3 B FA|
el Aol AEH, o] FTBAL w2 pHe}
Frabte] oAb A= Bkl o7t Aolgt stk &
ANME g BEA iS4 & pH A s}t
A= 71 8 oolz 1% iR 4 JAIE F<lsk
om, 3.0% NS HA7MAdle ik SAAE Qs
of Tt F2lo] ERIFATE Jordan SL 5(1999)<
Ne&} 2k B3k H7boll o8 i AV 7hest
O stk mAEeE B4 med Ax ddel
FA ol AT B WrIEL 2.5% olahE Bk
Hoh
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i

SaAt

olghE H7F FdS 4°CollA At Hart X8
o Jers FHIM 39 pHIF 4.0~4.30] =23
dxtol| HSAANE AR o, WA (FE 2
A, E3E WA, olF), skast, el ufesl, 4Bt
Ak, oln))e] FEe} AAZHQ] rExe) thalA HF
ALE AABIE I 1 AAE Table 19 YERIAT.
HooekE HUle mE g F2 F=o Tk
kol frodo g SRIEA] st o e HAl,

N g

1o b1 oo d

¢

& of

oA % olgrg W7tol whE wehuk A, wen, 73
o, olel) o A wE fol2el Aol gk A

FHol A%, oge FHIITE 3.07, oEE 0.5%, 1.0%,
1.5%, 2.0%, 2.5% % 3.0% H7FF= 4.40, 4.67, 4.87,
490, 493 % 50722 HF/rEAY odgE T}
oflghE HI7I dFEFH Y Are oAl Aot QL
Ao}, ogkE HIFolA odEE H7F F=e WE
oAl Afol= AT FF o] Alute] ArE AeE T
A7 5.6001% 00, AlEkE 0.5%, 1.0%, 1.5%, 2.0%,
2.5% % 3.0% H7HE 513, 520, 5.07, 457, 443 2
4.630.2 YeTE odeE T 2.0% ©1 olEE
< A7s Agell vste] fejFo g Aluks sl
ATt ol 2143t o &g 7L, oAlehE 0.5%, 1.0%,
1.5% A 2]3F Fde] pHE 4.42, 4.45, 4.58, 3! 4852
AE WA o eh2S 2.0%, 2.5%, L 3.0% A3 Aol
A pHE 531, 540, & 53602 =HHJT} &L 3
7} de 2ty #5AA ) pH &4 3 vl 2y
pH7} e oers T3/ Aluks FsthA =Z74om,

deowa [

FHH O R ojhE 2.0% ol F7H g Aluke ut
A Brkelas. JAER 7EEE 'S 0.5%, 1.0%,
2 1.5% A7 5.23, 5.13 2 5.00, olge FHVE
52702 FASE 7|55 E YERA O H, 2.0%, 2.5%, Z
3.0% 7 42 4.69, 3.50, 29002 73Tt B
ot BRI A AAE st EA o) ek
A7Ve 749 olekg TRV 2.0% oAeE HUb
IS, EIZE glolA {FoA] ZolE YERNC
ARl 7|35 HEAAE F23 Apo]|E HolA|
THKim DH & Han YS 2003). ¥ A7 A3} 712 <
o= &2 1.5% °lstZ 7} k= Aol X Pde
3 g )5 SIXA e AR FRIFHIUT o]
g A ESH B4 2 B HA AFE va A
A Aol 1.5% olehE 7P A de] A4
H|E EGAI71A] RO WA, 112 ofde] MEE AAA
A Hrigow dddn

y &

1 =

N oofy (B b R ool 82 © rlo do

rir

ogte FH7F 1A Fde
HkA 3.0% ok H7F X

I
o0
32
X
2
>
n
\o] B
N
N
A
olN
A
N
o

Table 1, Changes in the sensory characteristics of kimchi paste with various concentration of ethanol

Control 0.5% EtOH 1.0% EtOH 1.5% EtOH 2.0% BtOH 2.5% EtOH 3.0% EtOH

Appearance Color 5.63+0.93%  5.53£1.11 5.5041.11 5.90+0.92 5.97+1.22 6.00+£0.98 5.97+1.35
Souce smell  5.13+1.41"°  5.00+1.05 4.85+1.44 4.73+1.39 5.20+1.27 537+1.13 5.37£1.50

Smell Alcohol smell  3.07+1.11°  4.40£1.65°  4.67£1.60°  4.87+1.17°  4.90+1.12°  4.93x1.74°  5.07+1.48"
Off flavor  3.90£1.45 ™ 4.10£1.56™  420£1.63" 433147  4.43£1.63™  4.40£1.61°  4.80+£1.40°

Sweet taste  4.83+1.02  4.60+1.13 4.63+1.03 4.93+0.94 5.03£0.96 5.00£1.11 5.10+1.27

Saltly taste  5.20£1.06"°  5.65+1.43 5.33+1.35 5.40+1.19 5.230.82 5.30+£1.47 5.60£1.13

T Hot taste  5.80£1.03"  5.77+1.04 5274117 5.60+£0.89 5.53+0.94 5.37£1.22 5.53+1.11

aste

Acidic taste  5.60£1.10°  5.13£1.66®  520£1.85"  5.07£0.98%  4.57+128"  4.43x1.17°  4.63£127°

Umami taste 4.63£1.16™  4.33£1.09 4.77£1.07 4.73+1.14 4.83+1.21 4.83+1.78 4.93+1.46

0dd taste  3.70£1.95™  3.80£1.56°  3.50£125°  4.03x1.47™  423+1.30™  430£1.78"  4.33+1.60°

Overall acceptability 5276131 523+130° 5.13+1.28°  5.0041.60°  4.69+1.04°  3.50£1.17°  2.90+0.99°

EtOH: ethanol
Data are meantSD (n=30).

¢ Different letters within a row indicate significant difference (p<0.05).

™ Data in the row are not significant different.

S AlE ] et e] 2] A 31 Al 63 (2015)



gk ke AA del A= SUHE HAlskTh
3.0% olehE Vb= AR Pde dRkAlds, kT,
ARG Fgo] S AR o E A o pH Ast
o2 T F AaTE AQHEAG. BeH 7 ol A
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