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Effect of Salted-Fermented Fish Products and Their Alternatives on
the Volatile Compound Profiles of Kimchi
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ABSTRACT

Food safety and environmental sustainability attract the consumer’s interest. Kimchi was fermented with natural
ingredients that are expected to replace the salted-fermented fish products (jeotkal), and their effects on volatile
aroma properties during fermentation were investigated. The addition of jeotkal and its substitutes to kimchi affected
the fermentation speed; however, with the progression of fermentation, sulfur-containing compounds and aldehydes
decreased, and fermented products, such as alcohols and acids, increased. The acetic acid level was the lowest in
kimchi fermented with jeotkal on the 28" day. As the ratio of acetic acid increased, the acidity increased and pH
decreased. Additionally, jeotkal added to kimchi and its substitutes (meat, seafood, and vegetable extracts) that
replace jeotkal provide a time difference in fermentation, but as a result, the sensory differences were not affected.
Therefore, immediately after preparing kimchi (before fermentation and aging), flavored substances derived from
various components may have exerted a sensual effect, but the composition of volatile components in kimchi
changed following fermentation. It was considered that the sensory effect of the auxiliary components was decreased
upon fermentation. These results could support a replacement of the salted-fermented fish products (jeotkal) in kim-

chi without a sensory difference.
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ME
AAE s dFEzshe odl A5S 7 AE4 da
AFLR, agd Al wWiFE AV, vhe, A 59
FARS Egeto] wm Aoz ABNAM frefE
gt w3 Ak, @7rA 5 ER AakEdl o8] gt &
gk, Alsh, gkt Al QE Bt Fo] 23k ol EHMin &

Kwon, 1984; Kim et al., 1994; Park, 1995; Chang et al.,
2011; Hwang, 2012). AX= A-F2 3 vlepw] 9 F7]do]
ZHste] St oA E, Gy o] a3t 2l

= AT A3t BRaEen, dAE ] A 53
HEE A= U] APE L ATK(Yi et al., 1998; Kim
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& Kim 2002, Kim et al.,, 2004; Kim et al. 2013; Park et
al,, 2018). A= =53 Fvjet Az, Hsta FH
=7 o] zslulo] &8 FXsh= A e, 2006
W oulare] A7 FAR] “Health?oll A Al St 74732 &
T shE A7 AR EHEA AR e 553 S
FEFH R 3 AFOR FA|HQ Ao FopA AL 9l
Th(Jeon, 2009; Shin et al., 2012).

AA Bage Ay 4 a59F 22 JE rAlE
o 93t 58 2tE (homo-fermentation)2} ©]& 2HE (hetero-
fermentation)”} SxH4 08 o] Fojx]= E3Fg Aol
Bokte A TE FgolA v ] e AR of e} F '
Ak 24 5 ohdFgt f71ARE itk Ao 553
o W= 9ol ®okStoll & Seebeck, 1951; Thunell,
1995). ol &g ZHAbH#A Leuconostoc mesenteroides,
Leuconostoc carnosum3} 388 B2 Lactobacillus
plantarum, Lactobacillus brevis7t 22} X ¥a %7]9}
71 2E)ar 7] 2Rl #efske F2 mAEoltHLim
et al.,, 1989; Lee et al., 1992; Cheigh & Park, 1994; Kim
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et al,, 2000). A4 F&E A LFNaCl) FE} TR
SR ke §33 2 gARTES) die A gy
& AFste] gy, A, e =AY e Fo

&4 dao| *c}%‘rﬁ& 3¢S THMin & Kw
Lim et al, 1989). B2t G712 FkA F7|Ak o]t
sheka, WA v BtE ) e A FH) Z2u 9

ol

Hale 2wol Mg A7 AF Fxo ugt gekd 5 2
TF(Mantis et al., 1978). 28y A zZF<t &8 534 72
< FAEES] ¥ o] AX| Fro] A A I
S " zItkPark et al, 1994; Park, 1995). &3], L AE =
A7tEl = AZ-E UF Bol ¥ou vley 53 22 &9
gk HAe] fdRle] 7% s 9 x| o] Fm] A FA

93 Ad8S sl Aog A ArkKo et al., 2004).
H AA ol A4S %‘—»t— ol —t— XMOI 7‘47‘491 s
O

5 E]-(Lee et al., 2021).
Azke 712 wE JJrzqoﬂ/q =93k ggkg sl 4L
U o] ¥ow X7t k] o3 AA Yo A o
ol Aol ArtEe sk o] Fastn, 24% HE
7} Ae Aoz 4R UtkJang et al, 2011). A7
-zl 2] = %‘ﬂif& ‘1% Aot oEl7} BIBle G250l
g A T A=Y S 9T
W X5l o] 2 OJ?‘SH EP Feb anl Aits Aok vl 7]
ich
2] ¢

|

J

7] wiEoltk(Jung et al, 2018). A= Bre AAsI=
ol AH7EA7F YA Ao ARG o Fhof whEt Zx
| 7F 29-57] 2ol A ARgol] e g W3t

3t a4 ol A7 F Qs
ZML it Bl hdxe glo] AFske AFS
HEE AEHE FAET AX Y P EA Zn’fj
Zqoi FFS o AA Az Al AL FAER &
AFE-E A RE, ) At R GA 71 ol e Ested *3**51‘”
Azke] v QAR AxFHL AX 9 A e 9
garrt 2 4 ArkKwon & Kim, 2019). &3, #x]¢]

;‘d_}*)«_,dmlo%{g

TS Ao Askdo] Az Be ol Fof Aste
783k wretE A el Yol E 2 AN (nitrosamine)S A
Aol e $H = ArkKang et al, 2016). L35 OM
2 A4 =2 dEe) v s ¥ A WA R e}
of AA9 HF3E ofHA sk Al T shtolH, w2
2MAF 7|3 xe] 8Rlo] H7|% STh(Park et al, 2018).
FH 7153t 53 22 S EA7E diFgel wE A&
7hs gk e #Alo] Frhetal low, ofdf whah A2
AR T 22 AL AR S AR Az H4
o] Z71slaL o] AZS thAE] 2l L5l dig A+
7} D a3t

AR e 7] AR A fA= AHA 7w
To Slo] Fad 84 F sholAIRE wF d8e} nA
£ s A&l gk olslirt FFste] AX|9 7} wEF

AR7F ) weel viAE Gl #e ATt & o] Fo
A A ekoptt, H2 AlTEE A7 HollA vt== AAE
AEa e 7Hgoe] Zukelal glo], Al 2 urg A

of W& 7t 54 WstE olsfiste AL FET T2
stoh. sk 87 REo] Tk B4 AR (well-being)oll
gk AHjRbe] @7t SrkebHA AA X Aol thE
#A4lo] A&SA F71E Aol & ATl = AKX K-
ANER v AREEHARE X)) gnjo] Fagh FaFS 7]
2= A o] & A 91 A AESC] AR S4
= WA 7] B4 vA = FFS ZARIeEN AD
A 25 o83 AR AL 34 N L AA] e
st 93 71 2ARE nhEskaAt ATt
X2 2
T

Ao AFEE FE 2020850 Hapds z‘;Hb‘roﬂ
Z gl SRR A YA A
JeATh G5 Azl AR &

Qholl A Ak AdA& A}&omu}_

Al
Azl AGY 2EAR, 2, ks, A, Bk, 0L <
o)

OHLI;:'

O
o o o X

“of
&

FA A LA A A g AS 0}04 /\}%0}%‘\3}. Az
& XA (anchovy fish sauce 100%, Salt content 23%,
CJ Cheilledang, Incheon, Korea)2 &Z2|2 A F Aol A
T, A3l FHEE S0 A SAS
SAFA] A LA A FYate] AREsEAT A4 Eﬂzﬂ
HEE Axs7] S AR A s FHAE 5
R TA] A LA FYsEA o, TR, Wi ],
A, E2], e, RIS A FAl A DA A =t
o= Fiesith

1kgat FAHE 500gS & 4LE
10A]7F F3F 2l v A8 Wxa 2y ARE-3k3
2 TAlu} 20 g, WHEY O] 25, AANS- 20
1 kgl B3 =o] 27] 226t TE=E
s J o #Q o 28 HE= 49 AREH
o ALFEES U 10g, F9b 13, F 13g, A¥TL 8
gs & 1kgoﬂ U %01 ﬂﬂ Al &3t %%i w30 10
=7

i

HIFZR] M=

# ATeM e 2N ES FALSL olE

HE slo] w3
ZME ﬂuo}ME}(Kye et al., 1986; Han, 1989; Yoon,
2004). FA 3-4 kgl viFS] E7F] F9E AAT &

I 1052°C0) FERA AAGL 7ol 20% ?%
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2 Az oS, o]AHE HlFe] HAFE 1:2(wh) HE
2 A dedA 1642 dolw, Aol gmd
H 2= 33] A|Hele] 3A)7F EoF 21 g4tk vis
@70}’ okyl, 7t 2y v 5o EAEE AA Y = &]
o] AHgstglon, FAEL FATHE 20 g0l E 480 mL&
Qo] 2ol AZalA whEo] ARSIt Table 19] Hi &)
2 AARFDE Az, A9 viFE oA we A
Tl oda) 2.1 (wiw)e Bl &2 E9 ,_P o} Polyethylene
(PE) bagoll o} 8% B2t 4 L°ﬂ U7 4CelA 45
=0 AASIHA 25 7HAS 2 A2 E A H AT

pH 2 HEME 53

pH= blender (HR-2860, Philips, Amsterdam, Netherlands)
2 7 vk= gEe] AR pH meter (DP-215M, Hitachi,
Tokyo, Japan)2] electrode® 3 Ho] 33 whE =% 3}o]
BAHE T AX AE 14E7E A Alzz W
A2 F blender® RS F, W= FEje] AEE 479
AZE A Oy A BNE Azt AeE SAEATH A
F9 10mLE 0.1N NaOH €22 pH7} 8.30] & w7}
A AR v, A ()2 Sste] A3 AAeE Alrtekait

A % £x0.009"
() = <100 (1)

A: 22¥]¥ 0.1 N NaOH (mL)

f: 0.1 N NaOH¢] <7}

S: Ao AFR-EH Al 5N °k(mL)

'0.009 =0.IN NaOH €< 1 mLell 33t F714F AF=

%gﬁ'?_]_ oT

Table 1. Ratio of seasoning ingredients for kimchi preparation

SN M2 24
AME 1g& = 290l F2 vo] L (20 mL, 22.5 mm
x 75.5 mm)ol] o] 80°Col|lA 258 Bt (g3t 2, 3

4 AAEZ = 2dels IAY vlA

2 (solid-phase
micro extraction, SPME) W o2 X3 3s}%t}. Carboxen/
divinylbenzene/polydimethylsiloxane (1 cm, 30/50 um, CAR
/DVB/PDMS, Supleco, Bellefonte, PA, USA)2] SPME fiber
Z Abgsted, 3 RS 3,000 pm O & wEFsHA] 80°C
oA 2087F 241 F T SPME fiberol] F2H 371 A&
2 capillary column (Agilent J&W Scientific, Santa Clara,
CA, USA; VF-624 MS, 60 m x 0.25 mm x 1.4 um)°] 2=
¥l gas chromatography mass spectrometry (TSQ™ 8000
GC-MS, Thermo Scientific TRACE™ 1310, Waltham, MA,
USA)E EA]5t3ith. Carrier gas® AFS AFEF o,
270°C2] injectoroll Al SPME fiberoll &2 7] &S
1032 &2 SFAI AT 28 25 40°CE 3% 5 74
g o 5°C/minS 2 270°C7HA] 245 A7) 3L 270°Co A
1032 &< AT A7 A9 AZ7]= m/iz 509014
5507141 2] scan modeZ 253} Th.

s

Y7k B 48] BAS AA S A RFS
Ao 4E Lo st ol 2092 o)
Sl %
H

3
o rlo

o_?:rl

2 At AR eles Bk flste] st
o 7z} 80 ¥ ol AAEoH, AFel thit
s drgl FE28 A A2 mAE AR
#7100 AEE 97HE o djke WAE T
I e HE M Awste, § e AEE Yy
& B2 A § GrleteE st 9 Hrkgk 73
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—

A
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Ingredient (%, w/w) Control Salted fermented fish Meat extract Seafood extract Vegetable extract
Red pepper powder 14.80 14.80 14.80 14.80 14.80
Shredded radish 5.58 5.58 5.58 5.58 5.58
Radish juice 16.73 16.73 16.73 16.73 16.73
Chopped garlic 9.41 9.41 9.41 9.41 9.41
Chopped ginger 1.82 1.82 1.82 1.82 1.82
Anchovy fish sauce 9.65

Salted shrimp 3.92

Meat extract 13.57

Seafood extract 13.57

Vegetable extract 13.57
Water 13.57

Onion juice 0.50 0.50 0.50 0.50 0.50
Pear juice 8.42 8.42 8.42 8.42 8.42
Green onion 9.05 9.05 9.05 9.05 9.05
Leaf mustard 8.62 8.62 8.62 8.62 8.62
Chinese plum extract 1.67 1.67 1.67 1.67 1.67
Glutinous rice paste 9.83 9.83 9.83 9.83 9.83




A oA BAE7E A1)

gro] Hol Hrkske A Gl FFL FA VS AWE
A AGEL, shtel NS B e A 5% oy
[e] 1=}

FAE FIL O AlEE HUIEIES sttt H24
(red color), =] (freshness smell), FdAll (salty smell), THd
Al (sweet smell), A (acidic smell), ¥l H (fishy smell), o=
Sull(moldy smell), ©]3 (off-smell), 31l 5=Sk(freshness taste),
- ok(salty taste), TFSF(sweet taste), 4l Sk(sour taste), <5t
(bitter taste), 7F32 BH(umami), Al 39k(carbonated taste),
]} &Ok(spicy taste), ©|7](off-taste), ©F2}H(crispiness texutre),
Z % (toughness texture)> o} 7Fslth 74, o st} 1
Hog s¥om, HAuta 2l 7] 3 T (overall acceptance)™
uf - ET 74, vl Bh 1702 SEF sk

SHXE]

Hxzret 2 AgERY 92 d4d A= SPSS
Statistics (Statistical Package for Social Sciences, version
23.0, IBM Corp., Chicago, IL, USA) software package
programe AR&-3ste] AAIETH AR A= 33 v =
At Fd@gd TR e oH, B
(analysis of variance, one-way ANOVA test)3} A| 5 7Fe
el A Aol FFE Fst7] 918t Duncan’s multiple
range tests &3t p<0.059] FEolA FolAF HABES A
3y stA Tt FA 54 (Principal component analysis, PCA)
2 W 7o) A#dA 48 XLSTAT-Premium software
version 19.4 (Addinsoft, New York, NY, USA)E A}-&3}
o] TP ATt

lo x4

o g
pH & &HE2] X0

&= (control, A2 = A4 thAl] A5 FHIF AIR)
¢} Az e A4 dA ARQUIFEE, sEFEE,
ANAaFZE)E H7bst] AxH F 557 AA9 &4
717¢ell pHS}F AF= WSH= Table 20 YeRIL A2 o
Y 5.84-5970199A pH7} A 14U F 4.74-4.88= o}
Hom, Az 28Y Fole 4234372 Yol AlFo

F2ol vA

fr
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wE} ok Zole Ao, AR A 77kl Al
g} pHE A48 A s S7kske fARE Adko] Yl
ok EeF 27] 149 s]te] pH gAvE §71 149 et
(14< o] 57 289 Ate])e] pH Awth whe SR
AT} Park et al. (2003)e] A-F+ZAZ ol W=, 4°C
oA A AR HIe AXE 54 Z2715EH WE pH
A7F vebgon "R AAE A7k AX A= 9
oAl 1797HA] pH 5 o]’dS FA AL o] el w=A 7+
23te] 219 pH 4.2-44 55 Btk & A3 Aze}
FANES & 5 AT

Az Fddz 4 71 & A4 "7 pH7t 7HE =
dedl, ol AL U Ak FAY Tl 98 Re=w
A Z-E th(Park et al., 2000). =3 ) ZF(control)= 7H
W2 pH ZHAE Yepled, ol AR @4 dx

oAU AZLF e FEE U EA5E ofv At
ol pH ¢HF2Fg-o] wFal7] ML R FSETHPark et
al, 1995; Park & Lim, 2003). AF%=2] 3% A g0 wh
2} zpol 7t USRI T, SAdo] Kol upel Frtste] <4
1494 0.60-0.672] At=5 UElBor &4 28Udd=
0.80-0.97% H|:F =& A2 HT Ax gddE o
ZH(control)oF A H7HE] At BAW a7 FEE,
e, AEFEES A7 Ase gAE =2

=g Btk ol F2E ol EAHE f71400 9

SOl 3L At rt Fotehed], 7Y EEtAl sdE AR
pHE 4.0-45°]1M AEE 06-08%% LA AtHMin &
Kwon, 1984; Swain et al., 2014). ZHEE 5379 71X
ZFolA AL A7MEE A4 2820l pH 437, A% 0.82
7Y LAEY S fATE AoE AztE, At R
ANAaFE2E HA7Pd Aoz 7lggn gz1et 7]
5 H7H} AEREE HHE WA= A5
Z]01AIRE 28U 0] W AErF A e ke s
AX7r E Ao 2 odEthMin & Kwon, 1984; Swain et
al., 2014).

e rlr

Table 2. Changes in pH and acidity of kimchi during fermentation for 28 days at 4°C

Fermentation period

Salted fermented

Control Meat extract Seafood extract ~ Vegetable extract
(days)

0 95.93+0.02° 5.97+0.01¢ 5.84+0.02° 5.88+0.01° 5.89+0.01°

pH 14 4.85+0.01°¢ 4.88+0.01¢ 4.80+0.02° 4.74+0.02° 4.78+0.01°

28 4.27+0.01° 4.37+0.01¢ 4.31+0.01°¢ 4.23+0.01° 4.32+0.01¢

0 0.34+0.01° 0.33+0.01* 0.414+0.01¢ 0.38+0.01° 0.37+0.01°

Acidity (%) 14 0.61+0.01° 0.60+0.01* 0.63+0.01° 0.67+0.01° 0.65+0.01°
28 0.93+0.01¢ 0.80+0.02* 0.89+0.02° 0.97+0.02° 0.84+0.01°

DAIl values are the mean + SD of the three replicate.

IMean sharing different letter (a-€) in the same column are significantly different (p<0.05).
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e & 22| X0

& (control, A2 = A4 thAl] A5 FHIF AIR)
o A e A4 oA ARQFEE, dEFEE,
ANEFEE)E A7Fst AxE F 557 AAAAN 4

7 5 HAEHEE 7] AELS Table 39 YeRAT) oF
1004 71 €] peak’} 2] = %3 (data not shown), GC/MS
A A3 sgrle] 3 Edol BAEAL ¥ 58%9]
3 AR F FFEHE 175 ool % aldehydeR 5%,
ketoneT 2%, thiocyanates 4%, ZA3}5-E(nitrile ) 35,
terpene ™ 8%, alcohol® 8%, acid 4%, esterf 4%, W3k
3 E 2% furan 150 EJAFHAT F3IE,
aldehydesF, ester™ <} 2,3-dihydrofurane ¥r& 7} 138 o
wel 2 H)go] ef7 HAdkE AES UERTE AcidRE
wavt Xl wet 7Y ol F7FF M, ketoned,
alcohol#, terpenest, thiocyanate¥, nitrileT, *aF=313HE
2 gt J el wet 2 vjgo] thi FUtskeE A

b,

R Faf Sy N

B Qpole galiiEe) AWy 4% 3 1 Be 3
7ol Hl = A2HAE, A0 P AR T2 F,
%, 377V, vhs, 9ok, A% 5 Qaold e s

i

of

d=o] 7MY B TS AAshe Ao R YEh A aT
E3 fARE 435 YER AT (Cha et al., 1998; Hong et
al,, 2016; Kang et al., 2003; Yu et al, 1993). =8 ¥3}3}
E-ol= dimethyl disulfide, methyl cis-1-propenyl disulfide,
dimethyl trisulfide 5°] FZ&TUL, allyl methyl disulfide,
allyl proply disulfide, diallyl disulphide, diallyl trisulfide
59 allyl sgt=o] 7 Bol &= HEEHA allyZl
o] sulfide= "FEolut A7 F8 3 HEo=m A2
gdFoRn e FE Ids= o2 deld AtH(Cha
et al,, 1998). YREx o2 gslgt=o] & Fre wart 7l
S EHEA A A deH,
T= A4 tiA AEe] H7F 72 dagle]l BE AR
A gsletEe] v o] wa7F P HA FHaiste] dd)

e
re
-
2
>
k1
S
i

¢

THCha et al, 1998; Hong et al., 2016). Aldehyde& %
citral isomer (citrus)e HX|o| AMEE= A7 Fo 3
A EAR AT e 3 oA Alse] #HvF f5e
glo] 27wt A Fo|vk HEEATHWu & Yang, 1994).
Ketone& % 6-methly-5-heptene-2-one= A7 LT+ A7
A 5] H7EF 7ok dagle] 25 g ASolrt A
25 %2 ™, 3-hydroxybutan-2-one (buttery, creamy)= tHZ
T34 e 3 A A5 FH7E AR89 A A

sto] A7 FEES FUist] AlxE AR ARA 14U 2
28 A AEHEAS AR ALAF AR F
thiocyanate <} nitrile = W5, B2F2] 59 4Ax33}
21=9] glucosinolated| A FreElldte Aoz &#iA Yot
(Seo, 2008). & Ao 4= allyl isothiocyanate, 3-butenyl
isothiocyanate, heyptyl isothiocyanate, 2-phenylethyl isothio-
cyanate$} 4-butenenitrile, 5-hexenenitrile, 3-phenylpropionitrile
o] AEHAUh Terpenefrv T2 thde FAEANAM £
== W S22, AR oA terpeneF2] 3 AAE
ol AEHe AL 2y 4 Foll AEE Zo] ozt A
7 3 2ol A7be FARCAA frE| Aolgkal ®Balst
% Th(Hawer, 2001). ¥ Ao A= camphene, limonene,
sabinene, eucalyptol, zingiberene, bisabolene, farnsesene,

curcumene”’} A& AT}

O

rr

2o S M5 2ES M2

AlcoholF Z ethanol2 A7 Ex= Az diA A5 A
7F -2t ZdEgle] B AEE A=, wart Xe A
7kt A&E EA Nerol (floral, citrus)e EE A&
oA L 14Yel = tha FTbet o, 28Ul Ao F
7FebA] k. Acidf 4% T 7HE =& HlE&S AA|Ehe=
acetic acid= AlF3H HAIE We A2 dHA don,
Axe] Ha oA A== FEA A o] Th(Nsogning
et al., 2016). Choi (2004)= L. plantarum®) €& A= 2
b kg A acetic acidZF A=, A e] At
IS A= AP 802 BTk AR HA4

A A== F714F F acetic acid®] TEFS pHE

Zhaol| whet Stk A AT At frAkeHAl <7 o
FPHFE geetic acid H|Eo] BE A|BoA Z71819C
L

, 7L 73] pHO| 7HAaet fAbste] & AT AFet=
FrAFSFS tH(Park et al., 2003; Ryu et al., 1984). Acetic
acid= AX|¢] FilH EAS Zethe Bk e, W
g 28R Az H7FolA acetic acid7l 7HPE w2 Y]
2 A&FNeH ALFEE, tZT(control), SAHE
&, 2FEE SAAHKKim et al., 2006). o]<} 7+
A= A=) pHO| Wstete YAt AHE Hol=
o= AL HJ7H7F 7P LEEt BE fAlskaL,
TR NaFEE H/HTY ZoE oddEn. 3 A
7 A7l T &4 28U acetic acid ©] 2]l butanoic
acid (cheesy, sour)$} pentanoic acid (cheesy, acidic)7} 7
ZH A=, ol A HVERE g nAES o
o] W& 3ty AEY Aow FZFETHStoll & Seebeck,
1951; Thunell, 1995). Esterit A2l Zihatg ol 2
E2HYH fastes ARoE ity oz g vt X8 =H
esterit 2HE2 Stk A0 dEA e, # A

Ao 2 YEITHCha et al., 1998).
A== tlEA Q] esterd] ethyl acetate=

W rlo



Table 3. Change in the volatile composition of kimchi during fermentation for 28 days at 4°C
0 day 14 day 28 day
Area % Area % Area %
Compound Name Odor description
Salted Meat Seafood Vegetabl Salted Meat Seafood Vegetabl Salted Meat Seafood Vegetabl
Control fermente Control fermente Control fermente
extract extract e extract extract extract e extract extract extract e extract
d fish d fish d fish

S-containing compounds (17)

methanethiol 'ND  ND 0139 0068 0069 ND ND ND ND ND ND ND ND ND Np Yeeetble oilyalliaceous, cggy,
creamy, savory

propylene sulfide 0.109 0.091 0.409 0.157 0.182 ND 0.198 0245 0.222 ND ND ND ND ND ND fresh-cut garlic

allyl methy! sulfide 0.188 0.150 0347 0.5 0238 0217 0283 0315 0240 0261 0370 0389 0469 0381 0.404 alliaceous, garlic, onion

dimethyl disulfide 2339 0732 2143 1514 2027 0978 1263 1387 1195 1.588 1970 1984 2626 2.683 2475 Zfllig‘rfous’ vegetable, cabbage,

diallyl sulfide 0286 0352 0428 0251 0411 0539 0593 0611 0539 058 0480 0476 0559 0382 0474 Pungent sulfurous, onion, garlic,
horseradish, metallic

methyl propyl disulfide 0319 0204 0361 0328 0511 0522 0615 0392 0690 0875 0700 0533 0971 0993 0796 Sulfurous, alliaccous, radish,
mustard, tomato, potato, garlic, sour

methyl propenyl disulfide 0291  0.149 0223  0.179 0136 ND 0244 0199 0269 0297 0270 0247 0412 0405 0352

allyl methy! disulfide 16808 12.105 13.738 13.018 18275 9.743 10446 13355 11494 11950 11400 12.173 14.525 13.142 12.103 alliaceous, garlic, onion, green

Z}Z’L%ZZ‘S'I'WOPC“Y] 1748 0786 0478 0755 0929 103 123 ND ND ND 1530 1265 2024 2303 1715 garlic

dipropy! disulfide 0310 048 0208 0275 0160 0472 0446 0359 0731 1216 0640 0602 1011 1042 0gse Sulurous alliaceous, fresh, onion,
green, scallion, metallic, tropical
sulfurous, alliaceous, cooked,

dimethyl trisulfide 4220 1452 1424 2055 1992 2814 3112 2665 2999 3256 3230 2924 4.649 3885 3.792 savory, meaty, eggy, vegetable,
fresh, onion, green

allyl proply disulfide 2071  1.170  2.035 1909 2.099 2561 3.000 1380 2745 2.873 ND ND ND ND ND alliaceous, garlic, onion, green

diallyl disulphide isomer ~ 42.166 44.739 47203 35.638 48291 42441 41769 47.364 38981 39.108 34510 36.377 44298 31.582 33.574 Zgii“ce%‘;st;‘:‘c‘;“ metallic, fresh

diallyl disulphide isomer ~ 5.924  6.238 4.298 4.587 4.834 5341 5333 5930 4965 5.180 4950 5.156 6.658 5.333 4.784 alliaceous, onion, metallic, green

dipropy! trisulfide ND ND ND ND ND ND ND ND ND 0283 0090 0211 0284 0251 0214 Slfurous,alliaceous, pungent,
green, onion, tropical, vegetable

3-vinyl-[4H]-1,3-dithin 0256 ND ND ND ND ND ND ND ND ND ND ND ND ND ND spicy, garlic

diallyl trisulfide 1873 0990 0.624 0581 0504 0958 0932 089 0616 0.9 0760 0877 1.055 0.808 0.702 fgﬂ;ﬁo 3‘:"“’ green, metallic,

aldehydes (5)

Acetaldehyde 0.098  0.080 ND ND ND ND ND ND ND ND ND ND ND ND ND pungent, ethereal, aldehydic, fruity

2-Heptenal, (Z)- ND ND ND ND ND ND ND ND ND ND 0100 ND 0147 0093 ND

(QE4E)hepta-24-dienal  ND 0086 ND ND  ND 0216 0229 0208 ND 0284 ND ND ND ND  Np [ ereen oily, aldehydic,
vegetable, cinnamon

Z-Citral 0.157  0.151 0.129 0.176  0.095 ND ND ND ND ND ND ND ND ND ND  sweet, citrus, lemon, lemon, peel

E-Citral 0.130 0.134 0082 022 0075 ND ND ND ND ND ND ND ND ND ND citrus, lemon

€eT



Table 3. Continued

14X

0 day 14 day 28 day
Area % Area % Area %
Compound Name Odor description
Salted Meat Seafood Vegetabl Salted Meat Seafood Vegetabl Salted Meat Seafood Vegetabl
Control fermente Control fermente Control fermente
extract extract e extract extract extract e extract extract extract e extract
d fish d fish d fish
ketones (2)
3-hydroxybutan2-one ND ND ND ND ND 0370 ND 0072 ND ND 0100 ND 081 ND  ND ?:thyet buttery, creamy, dairy, milky,
6-methly-5-heptenc-2-onc 0.052 0.1 0093 009 0097 ND ND ND ND ND ND ND ND ND  Np Cirusfruity.apple musty, ketonic,
creamy, cheesy, banana
thiocyanates (4)
allyl isothiocyanate 0.143 2273 0719 2395 0678 0411 0882 0687 0403 0407 0430 0916 2013 1916 0.757 pungent, mustard, sulfurous
3-butenyl isothiocyanate  0.089  0.585  0.134 0592 0.191 0.07 0268 0317 0271 0229 0300 0332 0324 0244 0369 aromatic pungent
heyptyl isothiocyanate ND ND ND ND ND ND ND ND ND ND 0130 0118 0197 0103 0.106
2-phenylethyl 1055 3163 1500 3655 1137 2171 2040 2222 1712 2108 2460 2442 3515 2583 2.57p Sreen horseradish, gooseberry,
isothiocyanate watercress, floral, musty, raddish
N-containing compounds (3) o
4-butenenitrile ND ND ND ND ND ND ND ND ND ND ND 0097 0164 ND  0.093 by
5-hexenenitrile 0.168 0260 0302 0266 0272 ND ND 0561 ND ND 1120 0784 1067 0719 1.073 o2l
3-phenylpropionitrile 0520 1.034 0774 0479 0793 1310 0852 1229 0698 1577 1920 1343 2097 1262 1.799 A
terpenes (8) r\%
camphoreous, cooling, pine,
camphene 0.075 0.076  0.179  0.135 0.119 ND ND ND ND ND 0.130 0.138 0.164 0.107 0.121 woody, terpenic, citrus, green,
minty, spicy, herbal, fir, needle
dl-limonene 0060 ND 0242 0111 0108 ND ND ND ND ND 0180 0170 0230 0148 0141 Clrus, herbal,terpenic,
camphoreous
sabinene 0254 0261 0520 0414 0407 0340 0333 0309 0295 0313 0550 0630 0729 0466 0509 00Uy, spicy, citrus, terpenic,
green, oily, camphoreous, pine
cucalyptol 0.175 0229 0288 0227 0239 ND 0261 0291 0246 ND 0210 0.180 0248 0.162 0.192 f;’:;]cy]it;s herbal, camphoreous,
zingiberene 1239 1127 2306 2162 1927 2012 1169 1150 2013 1390 2740 2731 2803 1995 2379 spicy, fresh, sharp
woody, citrus, fruity, tropica,l
bisabolene 0.503 0.402 0.654 0530 0513 0914 0774 0.682 0928 0.777 0920 0.876 1.309 0.963 0.882 terpenic, green, banana, balsamic,
spicy
farnesene 0274 0221 0424 0384 0328 0497 0328 0333 0453 0348 0560 0539 068 0469 0.509 Egggly fl:fj: vegetable, floral,
curcumene 0591 0638 0994 0793 0721 1118 1.147 0895 1.068 088 1380 1313 1728 1225 1227 herbal
alcohols (8)
ethanol 0688 1032 6435 0628 2021 1060 1562 1758 1534 2056 1860 1993 2286 1398 2068 Srongalcoholic, cthereal, medical,

sweet




Table 3. Continued

0 day 14 day 28 day
Area % Area % Area %
mpoun m r ription
Compound Name Salted Meat Seafood Vegetabl Salted Meat Seafood Vegetabl Salted Meat Seafood Vegetabl Odor descriptio
Control fermente Control fermente Control fermente
d fish extract extract e extract d fish extract extract e extract d fish extract extract e extract
2-heptanol ND ND ND ND ND ND ND ND ND ND 0120 0086 0138 0254 0,107 csh,lemongrass, herbal, sweet,
floral, fruity, green, citrus
1-hexanol ND ND ND ND ND 0916 0950 053 0961 1185 0110 ND ND ND  Np Puneentethereal fusel, oily, fruity,
alcoholic, sweet, green
cis-3-hexen-1-ol ND ND ND ND ND ND ND ND ND ND ND ND 0.126  0.085 ND green, grassy, melon, rind, pungent
2,3-Butanediol ND ND ND ND ND 0330 0384 0637 0428 0594 0810 0411 0779 0474 0.561 fruity, creamy, buttery
2-Octyn-1-ol ND ND ND ND ND  0.674 0.535 0482 0.575 0712 0200 0.122 0205 0.103 0.187
(1S,Alphas)-alpha-
[(5S,6S)-5-(Benzyloxy)-6-
methyl-6-[(Z)-1-propenyl]-
1-cyclohexenyl]-1- 0.049 ND 0.084 ND ND ND ND ND ND ND 0.120  0.098 ND 0.093  0.092 lilac floral terpenic
hydroxy-2,2,4-trimethyl-3-
vinyl-3-cyclohexene-1-
methanol
nerol 0050 0084 012 0191 0118 0419 0334 0345 0356 0465 0430 0330 0497 0342 0335 Losh citrus, floral, green, sweet,
lemon, lime, waxy, spicy
acids (4)
acetic acid ND ND 1265 0.852 0.118 3.150 3411 3.054 4834 4703 6280 4899 8.082 6474 5394 sharp, pungent, sour, vinegar
3-sulfanyl-2-
(sufanylmethyl)propanoic ND ND ND ND ND 0248 0393 0211 0446 0462 0350 0272 0590 0.561 0.458
acid
butanoic acid ND ND ND ND ND ND ND ND ND ND ND 0172 ND ND ND ;ﬁg acetic, dairy, cheesy, buttery,
pentanoic acid ND ND ND ND ND ND ND ND ND ND ND 0441 ND Np  np oidic, sharp, cheesy, sour, rancid,
milky, tobacco, fruity
esters (4)
ethyl acetate ND ND ND ND ND ND ND ND ND ND 0300 0283 0319 0249 0333 Cthereal fruity, sweet, grape,
rummy, green, weedy
geraniol formate ND ND 008 ND ND ND ND ND ND ND ND ND ND ND Np oral green, fruity, apple, peach,
tropical, fresh, rose, neroli, tea
isopentyl formate ND ND ND ND ND ND ND ND ND ND ND 0.086 ND ND ND  sharp, green, estery apple waxy
Dimethyl citraconate 3963 14440 4206 15226 5722 4299 4383 5157 6.166 2527 3200 4.078 4543 2943 4.164
aromatic compounds (2)
benzaldehyde 0066 0210 0095 0079 ND ND ND ND ND ND ND ND ND ND Np Amond fruity, powdery, nutty,
cherry, maraschino
alpha-muurolene ND ND ND ND ND 0271 0249 0254 0263 ND 0290 0286 0419 0266 0.269 woody
miscellaneous compounds (1)
2,3-Dihydrofuran 0.164 0.137  0.081 ND ND ND ND ND ND ND ND ND ND ND ND

'ND: not detected.
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Fig. 1. Principle component analysis (PCA) bi-plot of volatile compounds for 5 different kimchi at 4°C for 28 day fermentation.

Table 4. Changes in sensory properties of kimchi during fermentation (7-point hedonic scale)

. Samples
Attributes F eqnentatlon Salied §. "
period (days) Control alte ﬁe;rﬁnente Meat extract ~ Seafood extract Vegetable extract

0 "93.91+1.58° 4.64+0.67" 6.27+£1.19° 7.73+1.01° 7.18+1.33°

Appearance color (redness) 14 6.91+1.81° 5.27+1.35 5.28+1.08* 6.27+1.10" 6.91+0.94°
28 6.91+1.14° 6.361.80° 5.91+£1.87* 5.45+£1.97% 4.64+1.36"
0 4.09+2.30° 3.73+2.05% 5.91+£1.58° 5.91x1.58° 4.27+1.85%

freshness 14 2.91£1.30 2.27+1.35 3.18+2.40 3.36+1.63 2.73£1.49

Smell 28 5.36+1.96 3.64+2.01 5.18+1.99 5.36+2.34 4.82+1.94
e 0 3.00+0.89* 6.27+1.90° 427+2.15% 4.73£2.15™ 4.91£1.92™

salty 14 4.64+1.80 4.36+2.16 4.18+1.47 4.00£1.67 4.36+1.75

28 5.91+1.14 5.09+1.76 4.91£1.76 4.64+1.91 5.45+1.57
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Table 4. Continued
. Samples
Attributes Fermentation Salted fermented
period (days) Control atte ﬁesrhmen ¢ Meat extract Seafood extract Vegetable extract
0 4.73£2.05° 2.18+0.06* 3.82+1.89° 42742.41° 3.09+1.38%
sweetness 14 3.55+2.02 2.00£1.26 3.18+1.54 2.64+1.75 3.00£1.90
28 3.55+2.16 3.18+1.40 4.18+1.99 4.36%1.75 3.64+1.50
0 1.73+0.47° 3.09+1.58° 2.27+0.90%® 2.73+1.10% 3.00+1.26°
acidic 14 5.82+42.44 7.00£1.90 5.8242.36 6.55+1.37 6.27+1.56
28 6.90+1.38 4.18+2.75 2.55£1.86 5.09+6.07 2.55+1.63
0 2.73+1.35° 4.9142.12° 3.09+1.382 3.73+1.56® 3.91+2.12%
Smell fishy 14 1.82+0.87 3.91+1.97 2.27+1.68 2.00+2.19 3.00+1.67
28 2.36£1.75 4.18+2.75 2.55+1.86 5.09+6.07 2.55+1.63
0 2.00+1.00° 4.64+1.96° 3.27+1.62% 3.91+1.97° 3.2742.05%
moldy 14 2.09+1.14° 5.27+1.27° 4.27+2.33° 4.82+2.32° 4.73+1.90°
28 3.91+2.51 5.27+2.41 4.00+2.10 4.9142.26 4.00+2.45
0 2.00+1.18° 4.64+1.96" 2.8241.99° 29142212 2.73+1.90°
off-smell 14 1.64+1.29 4.00+2.05 3.18+2.56 3.36+2.25 3.73+£2.28
28 2.45+2.34 4.18+2.32 2.55+1.63 3.82+2.60 3.09+3.36
0 6.8242.32° 4.09+1.76* 6.00+2.41° 7.27+1.01° 4.09+1.45°
freshness 14 4.5542.16 3.00+1.84 4.734+2.87 3.64+2.20 3.55+1.69
28 3.55+1.75 4.00+2.45 4.91£1.70 4.73+2.45 4.55£1.75
0 3.18+1.60% 6.27+1.42° 2.91+1.45° 2.18+1.08* 4.27+1.56°
salty 14 4.09+1.30 5.64+1.12 3.91+1.51 4.36+1.91 4.82+1.72
28 5.36+1.50 5.91+1.30 5.45+1.13 5.64+1.96 5.64+1.50
0 4.82+2.14° 2.91+0.94* 4.91+2.51° 6.09+1.87° 4.82+1.72%
sweet 14 3.18+1.83 2.82+1.33 3.73+2.10 2.73+1.68 3.55+1.69
28 4.18+1.60 3.73£1.79 4.00+1.18 4.27+1.95 3.91+2.07
0 1.73+0.65* 2.27+1.35% 2.00+0.89* 2.00+0.89* 3.18+1.72°
sour 14 5.27+2.24 6.55+2.02 4.914+2.39 6.91+1.70 6.73+1.56
28 6.00+1.73 6.36+1.63 5.45+1.86 6.09+1.97 5.91+1.70
0 2.00+1.10 3.09+1.04 3.73+2.28 2.91+1.97 2.64+1.50
Taste bitter 14 2.55+1.75 3.5542.02 3.91+2.59 2.91+1.58 3.55+2.58
28 3.27+1.95 3.8242.27 4.55+2.77 3.91£2.70 4.09+2.43
0 3.09+1.87* 4.00+2.00% 2.91+1.1.4% 2.27+1.56% 4.73+1.74¢
umami 14 4.36+1.69 4.91+1.70 3.82+1.99 3.73+1.90 4.00+£2.10
28 5.91+1.51 5.64+1.91 5.82+1.72 5.91+1.51 5.73+1.27
0 3.8241.33¢ 2.64+0.92% 3.00+£1.48" 1.82+0.98° 3.91+1.22°
carbonated 14 5.91+1.81 491+1.81 4.82+1.47 3.73£1.95 4.73£2.00
28 6.45+1.81 5.36+1.96 6.18+2.36 5.73+1.49 5.55+1.63
0 3.91+1.64% 4.73+£1.35% 3.73£1.74%® 3.09+1.64% 5.27+1.56°
spicy 14 4.55+2.07 4.18+1.94 3.82+42.04 5.09+2.12 4.36+1.80
28 5.00+1.84 4.55+1.81 4.18+1.83 436+2.16 4.55£1.92
0 2.64+1.69 4.00+1.84 4.09+2.84 3.8242.44 2.82+1.83
off-taste 14 1.73+1.01 2.91+1.38 3.5542.25 2.91+1.58 3.45+2.21
28 2.09+1.45 3.82+2.82 2.55+2.25 4.64+3.23 3.45+2.98
0 6.27+1.35° 5.82+1.40° 5.64+2.06° 6.00+1.26° 4.00+0.89*
crispiness 14 6.73+1.27 6.09+1.92 6.55+1.97 5.55+1.97 5.2742.20
Texture 28 6.45+1.37 5.64+1.69 6.82+1.33 6.18+1.89 6.00+1.48
0 4.64+1.50 3.82+1.47 2.55+1.64 3.8242.61 3.09+3.37
toughness 14 4.18+1.40 4.64+1.86 4.27+1.35 3.55+1.04 4.27+1.85
28 4.27+1.35 5.09+1.22 4.27+1.49 4.45+1.75 491+1.22
overall 0 3.91+1.58" 491+1.51% 3.55+1.97° 1.73+0.79° 5.8242.36°
Preference ke 14 5.2942.69 5.00+1.90 5.09+2.26 4.644+2.34 3.64+1.75
p 4 28 6.09+1.58 5.27+2.10 5.73+1.79 5.27+2.69 5.36+1.91

DAll values are the mean =+ SD of the three replicate.

?Mean sharing different letter (a-c) in the same column are significantly different (p<0.05).
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