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Abstract

The purpose of this study was to determine the microbial contamination and the content of biogenic amines (BA)
in over-ripened kimchi prepared with different kinds of salted and fermented seafoods during fermentation. The
number of bacterial cells in the overall kimchi samples reached a maximum after 3-6 months of fermentation and
then gradually decreased thereafter. Yeasts were detected from the overall kimchi samples after 3 months of fermentation,
however the amounts of yeast cells were significantly lower than lactic acid bacteria (LAB) cells throughout the
fermentation periods. As the fermentation progresses, pH levels and salinity of all kimchi samples gradually decreased,
whereas titratable acidity values and amino-type nitrogen and volatile base nitrogen contents sharply increased. There
were significant differences (p<0.05) in the microbiological and physicochemical properties observed in freshly-made
kimchi and over-ripened kimchi prepared by using different kinds of salted and fermented seafoods. Immediately
after preparation, BA-producing LAB were isolated from kimchi samples with salted and fermented seafoods, and
the strain numbers of the bacteria in over-ripened kimchi were significantly higher than in freshly-made kimchi.
In contrast, the reduction of histamine and putrescine contents in some over-ripened fermented kimchi samples prepared
with ‘Kanari-aekjeot’ and ‘Myeolchi-aekjeot’ was observed during the late stage of fermentation, which may be
the effect of microorganisms with antibacterial activity against BA-producing bacteria or BA-degrading bacteria.
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o] FHP Ff=Io] o] FUHA AL Fouk, 24

o] s} A% 7I7to] Bl v3Eo] ofgt wdo] 47 WAy
sk Aol A P17 A8 71, 1 He,
23 9 4% 59 Tt 71E 7148 A8l S,

WHES BlRe Ea Aae Belsisy B
G451 =lck(Zia-ur-Rehman 5, 2003). SFX]qt O]
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638 A= AFAGRENA AR7E A52 (2020)

3 A% QPHAS ol T, W obulieAl, A
ol

= [eNe)

A2o] g o, 227k 5] st B B4 A
27} dlm 4R 24 5] Qo olg
7H7F =2 e A% 71olti(Ahamset Mitchell,
2002; Liu %, 2011; Van Boekel 5, 2010).

S2uEt g EZQ] G4 ARl A= YR gheH
aA8u ofUgl, Leuconostoc <, Lactobacillus <, Weissella
4 S5} 22 Rl SJo] WA} o] ol Al ol AR
2 Generally Recognized As Safe(GRAS) 522 SAE
Qo] AFERL, A 7473o] 723t ZEH[o|QE
TTEA Pt FAS] Fes) FET L A B 5 O
T 7lsH B4 SRS A0 BIHT UckKim 5,
2018). BA1) SF AL ¥ PRI et
YIS Uetdl= dHo = diegleole Eok, ¥
2 FFES ¥E B4 § 24 249 volend okl
(biogenic amines, BA)S AJAd5l= 202 B 1% 3! Qltk(Jin
= 2019).

BA:= A4 771 @714 E4AEA St 84, Al 24,
A% A3t 2}, wel wh W =i 2t 5 oA oAt
5ol dagt AEg EdolH, A% A WollA ofl 4t
sla o] ofsf) Eofiert. SN A5 B3l B8 oV IF
AR Al B A, AARR, 78, WAAZ, AAL oy
R
2015; Swider 5, 2020). EHER, kg ooty 5]A
B, FEFAL 7HHHd, AHEY 9 AfErd 59
et BAL BN} 549] 2480] oo THo] 2ot
o] Hoj7 J&] ofu|iAkfree amino acid, FAA)S] EEr IS}
52 gls|=y AEY ofn]ied} ¥HE-Z 55l A thten
Brink S, 1990).

Park 5{(2019)0]| 2J5HH, HiS= ZHAE HIEsIo] B2 X
FollA A=) BAZE HEEIL, IF9] HA] A=A
518 WA S2(100 mpkpyS 25K SRRz Ek
o] AEH ATt BT, ol Aoyt HAEE of
Yz, 718t 4525 7]|0sHAY, Waof Hofshs nlE
of s BE 4 UL SHYTHBarbieri 5, 2019). HA|
Az H7tels F8 FAE 7V A, B4 AR 9
ASAZZRE EYETI(3.3242.5 mg/ke), 7HHHH(EZ
2£-253.0 mgkg), 31AEM(2.3-1038.9 mgkg) = ZEHAI
(2.8-41.8 mg/kg) 59 BAZ} HEEQL, IF AAA =
EU 93} 7| 400 mg/kgS 235t 2102 Q1% Itk Shin
5, 2019). 27 Az A] ARG el Aol BAL,
Aolut Ha 7|7 53t v8ESTE 253 o2k BA 9
ZFo| Z716H EthKalac 5, 1999; Mah 5, 2002).

2

E2A = o/l ol HREH B2 HAAE Sl EE A
717t Aot % AR B 5ol 714 EEE, H
Efglolu; ¥gHd 43 AAlste] S53L g Fofsh,
g 7|2 448 Aranrt SAge) oet oy ggo
2 QIRE ot &3} AR @4 5OE QIRE HEo] W]
T 3Hk(Kang 5, 2019). 3HH, 7|7 HEE AX AXok=
A5, ARl A2 Toll R fARFoIY aHet T2
5ol Wta nPEE9] ofu|iil Hekih 54 S0 s
BAS| 5/ 40| FA== 2 0E dHA Sltk(Barbieri 5,
2019; Caruso 5, 2002). &0 & ofm|i-Al glefo] LH3}
AR AEQ] AAolu AL Hrtste] I AXE &
Abdtolu au g A7 FaAIA AZ 52X BAR QI
gt F= Q3Ao] B2 Zloz FAETh AR A U
|2 FE AHEE AU 9A, A4F9] BA F 4
FTHOET AYPE| QS Ho|, AL FTFEZ HUboto] &
& AR A7|1ZE HRAIZ] 5249 BA &% 574 4 BA

I A= vPEL] o Pkl It AT A=

wepd £ Aol hte] 4, B AR 2L A
22 Ahele] B2 A9 AR I AYlel WE B
279 VBT o, Belglers 54 ot U BA TS
2stat gk

ERTET

Az Az

WS AolA] Ut W thEolA Mo A 7 v)
F 1 ke T 10%(wh) R Bokol T Aol 15402
WA B2E SEBR 38 AL the o 347 T
WAste] E718 AASIH 127FH(3.5%), 1Hs(2.5%),
AB7(0.5%), FTH3.0%), FEE(B.0%) D AZQ2.5%)S &
315t th2 E4)7|(SMKANB-4000, PN, Ansan, Korea)= &
A ZotA The dde Y HiIFE5%)0] 11T =9 AA]
£ Gtk A4 A S ARolA At 7ive], B4
D A AE A7 ARgsIelom, dixle AL Al MY
9] AN(FE 25%)= ol AZSI. I AA]= BdH
of goi 2ol s A= WA[ste] SgAIX] the 2T
B 9 2504 o 1278E7r Aetdas Addsilth

o
@t A5 AAE A 127047 A/A[A ThE 24
A= W A, fARES, SRS Lee 5(2018)9] W
w27 BA A4 SAKZO] Akl Umdl Park (2015)2] H
Hol| wet nBETA EA4S RARIIH &, A& 50 g
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QIAHFE-8-98(phosphate buffer saline, PBS, pH 7.0) 450 mL
£ 718t oS oF 3E7F AEUFA(3 M, Maplewood, MN,
USA)Z Tt Stk AR 891 A1 B4 the 1 mL
£ AFJoto] Standard Plate Count Agar(PCA, BD Difco
Co., Sparks, MD, USA)2} MRS agar(BD Difco Co.)o] Z}z+
Esto] 37T, 24-48A17F B RERPHBE TSRO A
4 B AR Ssiltt T, FAslE gole] Al
9] 418 JAI5F7] H5) penicillinstreptomycin(Gibeo, Grand
Island, NY, USA) 0.25%(v/v)E& 7}t & YM agar(BD
Difco Co.) /JollA 30T, 48417k 51t Hifsto] an,E &
gttt BA A4 fARES Zaman 5(2011)2] HRiof| w}
2} A4 o] =AKl-histidine monohydrochloride mono-
hydrate, I-lysine monohydrochloride, 1-ornithine monohy-
drochloride, 1-tyrosine hydrochloride, Sigma-Aldrich Co., St.
Louis, MO, USA)& & 5L 2%((wv)7t HESE H71sto
A| 25 @712 EA|5} A8 A (tryptone 0.5%, yeast extract
0.5%, sodium chloride 0.5%, glucose 0.1%, tween 80 0.05%,
MgSO; - 7TH,0 0.02%, CaCO; 0.01%, MnSO; - 4H,O 0.005%,
FeSO4 + 7TH,O 0.004%, bromocresol purple 0.006%, agar
2%, wiv)oll A& &H 1 mLE HET the, 37CoA 484
7 vier & b B me geke Hejsigln A A
22 MRS agar(BD Difco Co.)ol| 1% CaCOsE 7Fsto] A
5 R0 Esto] 37C, 48417F vjopstol et
of e Agehe SAFoR DSt s B
PR FAES MRS broth27E A2 HigAS API 50
CHL system(bioériux, Inc., Marcy I’Etoile, France)2Z &
Aste] Zgsieich

g, pH ¥ ME 23

AIE(100 g)F AAl AlEe & AR 255510 A2 AR
2MS pH =A7|(Fisher Scientific Inc., Waltham, MA,
USA) & MohrH(Doughty, 1924) 0. & pHE} w2 217t =
ottt Ate= Al® 10 gofl 599 SR/TE 7Rt &
1%(wh) FsTEERle 34 e F7KE o 0.1 N
NaOH -8H-& AR8o3itt. 27 AR Ao thdst
o] GAK%, wiw) FEFo R RSkl YeRfQich

AHE (%) = (0.1 N NaOH 4H]ZF (mL) x 0.1 N NaOH
q7t x 0.9) / A=F ()

A
o

L

Ofo|:Ef&4 3 FUEH7|RL &

o} 1= A A (amino-type nitrogen, AN) T2 Formol
H(Shon 5, 2001) 28 43It &, A& 2 gofl S/TE
J¥stol #% B3 100 mLo] WEIL o 3087 2o}

o

(Q125, Qsonica, Newtown, CT, USA) A5ttt A& &
o 20 mLof =T G4 20 mLE EA7F thE 0.1 NaOH
2 pH 8302 Yo, ohe AL Hsioi.

AN =F (mg%) =
[£A]319] 0.1 N NaOH AH|ZF (mL) — ZA39] 0.1 N
NaOH £H]ZF (mL)] x 1.4 x 0.1 N NaOH %7} x 3]4]
Hig= / Al=EF (g) x 100

S 7] A A (volatile  basic nitrogen, VBN) $HF2
Conway H|ZF2FHH(Conway, 1950)0 2 =4519ct =, A]
@ 5 g0 2552 7ol {2 53 100 mLoj| W1, of
1057 %81KQ125, Qsonica) #Z3}33ct oJ1A](No.2,
Whatman, Maidstone, Kent, UK)Z o]¥}3t oL 59, ZFAL
o7 F3H] th Conway unit 2J4lo]|= 23} THAREE 1
mLe} A& G4 1 mL, WA= 001 N 4 1 mLE Y
3F93th 25T o)A 60E-7F vjoFst TR 0.01 N NaOH=Z &3
3 0 o] Ysto] AT

VBN (mg%) =
[ZA]39] 0.01 N NaOH AH]% (mL) — EA]¥9] 0.01
N NaOH AH|ZF (mL)] x 0.14 x 0.01 N NaOH €7}
x DA/ AIZTF () x 100

BA &1 =%

BA 32 Han 5{(2007)9] ®RE L5 HEPsto] S7gst
At =, AIE(GS g)°f 0.1 N HCI(20 mL)S 7}sto] w25}
3 TR AEI(7,000 xg, 2083101 AEAS: BB
AEe vk 249 53] 25 50 mLo] 23] A2 Bolo
2 ARESI. o1} AlH0.45 um membrane filter, Millipore,
Bedford, MA, USA)SE A|& &0 BA &3 5 89
(cadaverine, histamine, putrescine, tyramine, 500 mg/L)Z}t
0.4 M perchloric acid(9 mL, Merck, Kenilworth, NJ, USA)
& W 0L, WY BT T BURG.000 g, 10851

. A5 NS ot oJ7No.1, Whatman, Maidstone)d}al, 71
o1 mL)°| 2 N sodium hydroxide(200 pL)2} sodium
bicarbonate 335} -2-98(300 uL)S 7511, opA|Eo] E5fAl71
dansyl chloride(Sigma-Aldrich Co., 10 mg/mL, 2 mL)E Z7}
5to] 40T oA 9F 45871 WESAJFTE 25%(v/v) ammonium
hydroxide(100 pL)E 7}l Z&5H= dansyl chlorideZ |7
ST AF2olA] oF 3087 HAISHICE Acetonitrile 713t}
2E 5 mLo] W& thg AR (2,500 xg, 55t A
AFSHO. (.22 pm membrane filter(Millipore)2 of3}5}q
dansyl =43} AJZth Nova-Pak Ciz Z3(150x3.9 mm, 4
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um, Waters, Milford, MA, USA)& 4235t HPLC(Shimadzu)
2 A2 ] BA RS 29510 o549 A gUlonL
0.1 M ammonium acetate?} B -89 0 2= acetonitriles A}
Bo9lT, FETHE 505008 AZeo] 198 o
A:B=10:909] H[&= 7[5t A& 10 uLE Fdste] &
29 | ml/min2 FA5}F oM, UV detectorsS ©[-&5}c]
254 nmoflA| ZUEY 53tk

SAH#2|

A% gk 33 HlEslo] oo Azlghe. ﬁéﬂ}i*—i—@_i
2 YJERSIIL SPSS Statistics(Ver. 21.0, IBM
N, USAS Seslel ARSIt 299 B0EAone

-

way analysis of variance) & Duncan’s multiple range testS

530 p<0.05 £ oM FAH foby AL AAllsict

my

3w g

=25k E
=3t EN

s23)0| 0|4
" a9d, e
0] x\e} 2 12749 7 BAAZ] BL
A E4S ZARE AT Table 13} 2}, 4010123 e
3 712]9] YAt Ao} AZS A7kt A RT) &
oJshA WA Uebg). BE ARolH T A5urt 374
WA QAN BT A AEEoR, A9

B2 AA 9 A OX%Z_:]_‘E Yz gL

L

Table 1. The levels of microbial contamination in over-ripened kimchi prepared with different kinds of salted and fermented seafoods

during fermentation

Type of biogenic amine-forming strain

Fermentation Cell count (CFU/g)
Sample type period
(month) Viable LAB Yeast Cadaverine Histamine Putrescine Tyramine
0 7.642.0x10°72  6.943.1x10% ND?Y ND ND ND ND
3 9.543.3x10%  9.242.9x10%  8.8+1.5x10% 1 1 ND ND
Kimchi
prepared with 6 1.1£1.4x10™  1.0£0.1x10™  2.5+0.1x10® 1 1 ND ND
sun-dried salt ‘ )
9 9.042.5x10%  8.8+1.9x10%  1.4+0.4x10™ 1 1 ND ND
12 7.342.8x10%  7.0£2.3x10%  5.8+3.6x10® 1 1 ND ND
0 4.0+0.8x10% 3.840.1x10%® ND 1 1 ND 1
3 2.5402x10™  2.2+04x10™  5.4+1.0x10%® 1 3 ND 2
Kimchi
prepared with 6 5.5+1.3x10™ 5.1£0.6x10™ 1.240.0x10%* 1 3 ND 2
‘Kanari-aekjeot’
9 9.142.4x10%  9.042.0x10%°  9.2+42.0x10°* 1 3 ND 2
12 4.0+0.6x10% 3.940.7x10®  4.142.5x10% 1 1 ND 1
0 5.5+1.9x10% 5.242.2x10% ND 1 2 2 ND
3 8.0£0.4x107 7.940.1x107 1.543.0x10% 1 3 3 1
Kimchi
prepared with 6 29417107 2.440.6x10™  2.4+1.0x10% 1 3 3 1
‘Myeolchi-aekjeot’
9 5.043.0x10™ 4.9+0.9x10™ 6.0£3.2x10% 1 3 3 ND
12 6.6+1.0x10% 6.5+0.8x10% 8.1+0.9x10>* 1 2 2 ND
0 7.4+0.9%x10% 7.0+1.1x10% ND ND ND 1 1
3 1.242.2x10% 1.0+23x10%  4.1+1.1x10% 2 1 1 1
Kimchi
prepared with 6 4.8+1.4%10™ 4.7+0.9x10™ 8.242.6x10™ 2 1 1 1
‘Saeu-jeot’
9 7.0+0.5%x10™ 6.2+0.2x10™ 1.3+0.3x10™ 2 1 1 1
12 6.8+1.8x10% 6.8£1.1x10®  7.2+1.0x10* 2 1 1 1

l)All values are the meantSD of three replicates.

DMeans with different superscript letters in a column are significantly different (p<0.05).

9ND, not detected.
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(1.2+2.2x10° CFU/g)& A7Fet AlgoA {2514 718 &
2 AH57E EE9oH, theo 2 FX] AF(8.0+0.4x107
CFU/g), 7h2] BA(2.5+0.2x107 CFU/g) D AU H(9.5+3.3
x10° CFU/g) 7} <=0|Qith. ALF7} 7hvte] AR A7Ist
B2 Y Adrs o/ FaAR AlRoA 7 54 =
FEQAL, 11 o] FHE= FAES oY, EA] HA T A
22 371k AlEoA= 7iERtel 7P B BdTt HE
H & A48 AESQIH

ANEE fAREE Aot A9 B 208 &7
e, AL 7hde] AR o= It B2A|9] fANF
< o7l ditol] Xt w7t HEE W, EX] AR A
A2 Tt AA= MY HaAZ] FS o] Akt
SAEE 1 o]F fhkte A4S ARSI R 12
MY & 8AMFSE 3.9-7.0x10° CFU/gC &2 Alg7to] §-9
gt Zpol= gl AR ERIFTE A, ' A9 HE
Az HolA= BRI HEEA 4ok, 371Y o] %R E
BR7F AEETE LD st 3709 HRAIX A
oAl ThE AR HIE] ool WS ERS8.8+1.5%107
CFU/g)7} S0, 7ide] HARE H71eE AR A=
5.4+1.0x10° CFU/g, x| AAS H7}5t 71X A= 1.543.0
x10* CFU/go| %L, Ae-22S A7Iet A|of|Al= olEHL}
w20l {u(4.1+1.1x10* CFU/g)7} AZE ). 7he]
B, B2 AR I feALE Hrtote] Ax23 F-2A= 6
7N olFRE AHSFTF AAEIY, HYFS VIRt Al=
oAz 971 o] % FHE ARSI HAE U= FRIsHIH.

AAY 524 o= thFE fAikto] B2 & A5t
o, GAkto] oSiAE BAZF BAEE Aog dHA Qo
g o]0 tigt BA 52 AT AIFes
& A%9] ZX|ofA= BA ABAdwto] HEEA 2k, 374
L7 HEAZ A ERE = ZREI-—0H)T 5|AB(1
w5 B fihto] HEE S o2 12709H F2A0]
A& Al FAE I dAoIU RS st T A%
o] A ZHE BA AT HLFC=Z A %3t AX|H} ot
4 @o] HEE U 7] AARES IR A= ' Ae
i E, s|AERI W EEhylo] Z¥zt 144 HEESS
u, 37idE X FE= BA B4 4557 710 7]
(1), SIABRIGHF) D g E Fdoks
F71 INEE A=A E FAIE . SHARE 1270EH 52
AoAf= sl AE B2l A RARFY] AR7T APdE] o]
TT57F AR QIS BA] AR Hrste] 2 @ AR
A= ZHH—(1S), s|IABRIws) 9 FEHAIQCHES)
Y Aol Z42F AEE oY, 371E o] Folli= 54
I FEA o] F7H0R HEHUH. SRR 97
H 2R o4= gl Bidato] AMEERIY, 1271 UE

AR F2Aoll= S|4t FEHA Bt =7t 2
2HA. AAES 71ste] '@ A5 A 7t
o} S|2El et ASEA AT, 31 R
AR AR M= 7itt|-o] 2+, SIABIO] 1t AE
EQU3L, o5 127l gE F2AoIME 1=t ¥HE, &
o A%of FEHAIY} Bl AP 4 194 gRlE]
om o5 A Alte] APEFE ALshA -FAIEAC

Choi 5{(2018)°] W= 2| A 27| nP= w5
SHA SAlsit7E AR 717te] A ZoldaE e
Q3] dase 4% UEHigi=dl ol Eart A3
et A 7140 Gl AR Hugt vl Ql=t|, &
AN ofe} vl FFo = 7t HAaHUT HE
215 7AA]9] A= 6.11-6.52 log CFU/gO2 BA| HA
<= 7] &2 tiETollA 7P =2 d7t AEEHUA
ok, gavt APEE BE Aol i 4 S
7¥=]o] 28Q4tofl= 7.90-8.12 log CFU/gC & Htf| H<5o]
O|2 thZ, 1L o|FFEl= w7} AA5] aElo] 56 Tiof
7.41-7.82 log CFU/gO & 3RIE|Qict. At g A% %
7] SAMERE 6.10-6.33 log CFU/gO 2 Ao} ALSHA|
2] HF M7 o2 diRTolA 71 B 7t A
25k 14YTtofl= 8.59-8.76 log CFU/gC& ZTjo] o]
£ U, I olFole ittt AAS] Aol s6d W
7.40-8.10 log CFU/gC 2 HEE| O, oF SHFE Ao
o= frefgt Alel7t figle v BA] H3lo] A Ui v
Aol A FFe A Y= Aer 'S R
(Choi 5, 2018). & AollNZ 1270¥E 524 W A=,
AR 2 g7 ALY, HAoIY A4 FREE F
OJgt Apo]7} gl2lem, Choi 5(2018)2] Ao vI3f 2o o
F7h Y & 717 59 FAE A2 A 2271 23] o
= Aow FHHE.

Lee 5{(2018)2 Lactobacillus zymae GU240 AEFEE 3
Foto] g9 A2 W s TE 205 39 g7 B
< pEo R HEHYO, fiktre BE 165 o]F R
Bl AA3] FAEUTL, ARpe T8 165774 ti27o] v
3 tha B2 w7t AEEHAHAL Bkt Ha e
2 AFM QoL =2 PA W AR EE 1457(5.30x10°
CFU/g) ol #2|= 1L, &a 7|7to] Ay ausy
+ XA S7Fke FAIE UERTL SIGit ol9 fAlst
A & Aol E Ea 7|3to] UPE4= pH A4 wt
et fAbteE A W, Aol F4l6k: B9t
AdE f71Adel s are] S4o] £1d Zler F4H
™, Choi 5(2018)¥} Lee 5(2018)9] 2¥}e} & AolA d
=5 vET Alol= A Alxo] ARSE Ha, #igHlE,
Az 27 9 Fa 270 7|96k 2os HHEnh
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a AF WollA BAE BAsks obv|icAl Heit 84
gAo] 73t AlFe gz % 249] BuAlH, micrococci
4> U Enterobacteriaceae 50 &ok= 5= SRIE I Q)
ou, o]52 s|AEH, ElEhl, FEAL 7itHHR, EE
9, Hadeid, AdEr, AFEnd 9 olaui 5 oieF
S BAS A eth(Sarkadi, 2017). 53] & A& AR
A7} == AT S| AEH, ZiohR, FEHA 59 BA
A389] 8 Ao = ERIH 1 }ltKSpano 5, 2010). of
0]iAR] Hetiieks SEolu AlE Al ks WAE
ofu|leAl kit 540 o8| AAAHA SHiE7| = st
QIEZRE SdH mA=o] ARt A 540 o5 &
e 38 AE W BA 9FFS ARE Y] S5, Ea &
ofst= =S FAA 714 olés H 34 840 FF=
U)X ol 2AEH, 25, A, A, $EEHE 5 5
I} Zo] TRt 1A=ol| o5 24 E . FAA= A1F Uioll
AAH o2 ZAstAY, A& AAe] TiE WA dd
o] BAe} ulgEo] EH[3 B4of o5 T o] Fpae i
Sf=]o] AArETh THlE Zlgofol oJs 22 T dER
| ofu|icito] f2|E]|1l, o5 EEkil B4 vhES 93t 7]
2= o]g=o] At BAZ} A THGardini 5, 2016; Linares
= 2012).

Um} Park(2015) Alg 74| A3 W) BA A3+t
Q- LR 22205 colony/plate)o]2}al H15tg].0m, o]
Az T4 5 LR 7|17 5% 5o A AdeiolA & 7t
S8 #Eo] EE7| fEolal EA6keitt W, Mah &
(2004)> A|AZHTE FA] AR o] T=Fe] S|AE]
(1,154.7 mg/kg)o] SHFE|UIL, F AXEHE HEH s~
B H7bE HA] HAOA 7RISk AR HASHIt:
Jin (20192 725719} 32t AR 2R 9 gl
ok A7 ikt S AR /o] APEE B2t Bl
9] QRS ZVIA7|= H#FE= Lactobacillus brevisZ =4I
QIR SIE. 2 <7 AT oloh A AUPE 7}
e X Hh Aol ALE T A 59 ZX|o4 BA A
4 FAkto] FoeHA A AEEET, ol g4 R 4
ol EAsk= TRt e F BA 5= 7R 4k
9] &9l 9t Ao g FAHH 3L, Tt AFHT Ry
7h A== g Foll BA B4 fAto] $7HE = Ao=E
Ho} o]50] ¥rg 970 T Yehhe f4H1 A
o= HRIth 53|, dF 524 U BA A fAFS 271
HH 12789 B¢ 557 S fAEE ACR Kot
FAREe] S4lof wet pHYF Wolgl 2ol &5t BA A
A S U= fAEE ACE wednh shARE 7t
U AR} FH] HRE FH7RE 52X = dRE 7)1t
ZofRlof wt EAfsk= wldEe] AR f714telu Bl

1
L

1%

rr

Al

Q413 22 Y ste] AR BA Aol A

F279 g, pH ¥ ME

F2A19] A%, pH ¥ Atwof ofgh Aol S € dR
717t9] YRS ARt Aik= Table 29t Ath. AYPo=
2 A3 7IX]9] Arl 237+0.02%2 BR] KA O Tt 7
Ao olet Hlgt o2 2= Q). kAN 7] o
A AL E I A2 AA] e olgkite tha
A =]t} 47H9] Al k= EE 717te] A
et AAs] TAEE ZA0E eyt E A5 X9
pHE 5.79+0.04-5.99£0.028 HYFO 2 AZ3H 7R]of|A]
7P =3 §H, 81 AR o R A3t 7R pH7F 71
A ZAE Q). dR& 7)7to] XgHo] wet BE AR
pH= S245H Z4AEQlY, 1271 HaE 5249 pHe
ASAZE G A=A 7P 1A UEsiTE 47 AR
AP pHZF WESE Al 27 SHEJY, g9 J3 s
AeAZE G AR 7P =4 et BE AlEs
a7 APE4E JARH 02 F7te]o] feAZEES H7Ist
of 127} LHEAR] F2A = HALFoly 7hte] RS A
7¥et AXEt FolotA A YERTh

Hur 5(2015)> 8 77 671€3} 870l 5249 <

L 7471 2.4240.10%} 2.45+0.09% 2 A=, E o2
A Az 5229 IF 71710] 1¢, 2 9 3949 A
9] Al 7F7} 1.94+0.08%, 2.04+0.01% L 2.13+0.02%2
Urg 7171o] mhet FEt wobsttal B 1skitk. Moon &
(2019) 12TCOlA 6-2571E YBAIZ] Al 5-27] 3052
FLE 2ARE 23 1.96-4.20%2 SHE D=, 2 A9
ZAolA= WY, 7] HA 9 B HRS A7 A8
= 0|9} HRTE 20l ou, ALE VIR B2AIE
ojEr} A=} Wtk ol 7] HA(23.6%) BA| A
A(24.3%)°] s AHAZ(20.1%) AAY] R F= =
Q1 Ao wEch X9 drrt gt AFHT dg 7|7k
o] AIESE A= o= ARS @ HEQl A=
HEy otk A9l ufiso] YEAEES}F FdS HIoH]
sl ddgte =N 717} ZolAH ARl o5 viSEHE

FE §20] 7IESEHA Aot Bt A AR o
L7}h QoA A "tk(Choi 5, 2018). A]F-2 ZA| Y] A/l
AGHQ1 JF2 Fe=t, F71el vt Fuff ngEe] S4
o] oA|=lo] oFYE ZAt HaTl AP - YR EoFH
2 53] 7|7t Aot 5249 A= F5719 gdrkl

= =2 Zog AHA ArthMhee?} Kwon, 1984). Ko 5
(2015)2 712 I&of ool AN A S o &
&0 = FAlsto] ool fARS At R drrt W3
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2 kg AHert ) Uehdthn B usilsr, 2 o
Fo| Ak oleh fAH Yt L ASALS KR
AAY F2A0A At Fiktar7t A4 SHEA:
Hur 5(2015)2 6719} 870 HaAl 5249 th
Z¥Z} 3.8240.129} 3.69+0.040]3137, A= 1.83+0.05% 2
2.94+0.05%2 UERFoH, ok Ax JAolA FYet E2
A AlgofA e TR 7]7to] dojgol wie} pH7F f-ofskAl 2
A8 B AR B7bEIgl), 2 ATOIAE ol fAr
AL HeErgle oot Aske W ] Lofies
2% vl B 59 2ol o) A fo1e) o5
0= v AA 9] A£71Q pH 4.33 AHE 0. 6%3111}1; e
pHO} =2 A S UrEPH"* o, Az pHe} 42| Zfo]
uijsl Y=o =5 9 ArlEk dhg 2 A9 A}olof 7]els}k
Zog HI5IT}. Choi 5(2018)2 HX] MA9] & A4

rlr rlr

o T2 712]9] pHE &73t Ay}, g F o 5.88-
5.97 Axo|A|qk, Ha 7|7to] Zojo| wet 712]9] pHe=
olx|A| Eo] &A% 289 Hlofl 4.30-4.37, 56¥ A% 3 pH
= 4.09-4.19 oJ3}& UEREoH, o) HX] AR tjAl 22%

WrE 7lotol T2 a7l pHot R9fet ol g Ao
2 Uehgteh olohe g 2 17 Aol AAgoR B

= AX 9] pH7} thA A YEREH, ol dAolu A
ol EAske fAREe] F714F %ol #7] diw

T gt Aol Choi 5(2018) H 215 A9 At
L 0.35-0.41%C)| |4k, ®E 7|7k0] ZojA4E Alpl J&
SHA Z71=0] 149 &AL A] 0.60-0.67%, 2849t 0.83—
0.97%, 564 Fol= 1.01-1.11%0] o|2F =], o]uj tﬂx] of
AZ A7 92 tl279] At 7P B2 HH, &

4 ol 7MY w2 B IAS 7S o At 7}%} %—5

Table 2. Physico-chemical properties of over-ripened kimchi prepared with different kinds of salted and fermented seafoods during

fermentation
Sample type Feme?rﬁéﬁ‘}‘l)peﬁo‘l Salinity (%) pH Titratable acidity (%)

0 2.37+0.02"2 5.99+0.02¢ 0.24+0.02°
3 2.20+0.03° 4.41+0.05 0.98+0.04°

Kimchi prepared 6 2.2740.02' 4.09£0,04% 1.840.01°

with sun-dried salt
9 2.07+0.01¢ 3.92+0.02¢ 2.02+0.01¢
12 2.05+0.03% 3.83+0.06° 2.160.05%"
0 2.2940.05" 5.8240.018 0.2940.02*
3 2.02+0.02% 4.12+0.06° 1.70£0.01¢

Kimchi prepared od od d

with ‘Kanari-ackjcot’ 6 2.01+0.03 3.96+0.02 1.89+0.02

9 1.994+0.01¢ 3.68+0.03° 2.23+0.02°
12 1.97+0.02¢ 3.59+0.01* 2.31+0.03%
0 2.36+0.06¢ 5.79+0.048 0.33+0.02%
3 2.29+0.02" 4.00+0.02¢ 1.95+0.01%

Kimchi prepared of c c

with “Myeolchi-ackjeot 6 2.25+0.04 3.91+0.06 2.09+0.01

9 2.24+0.07% 3.61+0.03® 2.46+0.04"
12 2.07+0.05¢ 3.75+0.08° 2.53+0.01
0 2.03+0.03% 5.85+0.05¢ 0.38+0.04%
3 1.90+0.04° 3.85+0.02° 2.09+0.02¢

Kimchi prepared 6 1.890.06° 3.7240.03° 2.28+0.05™

with ‘Saeu-jeot
9 1.80+0.01° 3.56+0.07* 2.44+0.05"
12 1.84+0.03° 3.46+0.05° 2.60+0.05'

DAl values are the meantSD of three replicates.

YMeans with the different superscript letters in a column are significantly different (p<0.05).
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A Yepdtt. o]A2 Hx| HAo] X HFEE A= A
o=F Bl & A Ak o9k fARHA YRt
Kim¥} Kim(1994)2 #g 7|7ko] Zojzo me} 71%]9] pH
£ 7ASH RhE, 341 3Rk UL EE 3U)01E St
Aot gsE|Qlon, vha Adlo] AA A, B A
4 29] 7R A2 ATt A SHEITAL Stof 2
- AT 0|2} FALSHALY.
DAL daEe et S vEst 245 ddof e
AE2 HBES bt a4 o EaiEAY T4
ol Hali=d HA|o] =53 vl Fofohke &
AGEEE, pH, Al 9§74 71A]9] 4
ZAAst7] gt 5838t F4 A H;o|tKYou
, 2017). "UE == 9t S Qe Ak frate =
A 9] pHE Yol vl At =04 FH, o]
e, 4 v 9 g 250 JiME P w,
A3} of]iAte] 2% ZRgo] ofg fE s Qe A
A A Ui Mhee 5, 1981). A9 pH HI}= SA
Lol 0w Z7]ojl= pH 5.4 HE7HA] AAIS] aETh
7} g7t X3 gol| wpet S710l= pH 4.2-4.4] 0|21, &
7]1°]= pH 4.0 o]st2 HolZthKu 5, 1988). Ak} 74|
9] pH Hi3l= g Eri= Wy 259} Alio] U8 2
7F 1A)9] FHE FHedt B = IthLee 5, 1994).
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717te] JFE RARE Adp= Fig. 13 Zth
ARl AL H7bsto] B A 59 A Y
93.4+2.30-109.5£0.49 mg%= HYFL 7|5t A=
Srego] ReloHA WAl yepsto, Aot A4S
2t A AEZole AR HIt 502 et HYF
o2 Ax3t A= 67§Eo] At F-2A](147.9+2.7 mgh)E.
o} 12709 WEAF] B27)(168.5+1.6 mg%)2] AN §efo|
o obA] R 7|7to] XPESE AN F=F2 55 5
7h=E A}, 7] iR o R et 7R H 7X(133.23+1.60
mg%)°l| H|3 1270Y © E-2X](157.32+0.85 mg%)°f| AL
AN o] tha F7HEQieh BA] AAolu; AAL=E &
= B24]9] AN g2 dhg 7|7to] Agd] FAHoz
S7t=]o] 12708 EEAIZ] F2A0A ZHt 189.42+0.25
mg%2}t 199.25+0.60 mg%= XtjZko] AZE Yt HE A
= U AN 2 o 295 E 3709 ool G451 &
7FE|QAL, 11 o] $RE = F7FFo] AAT] =oks=d], ol
AX9] Y= W gd o] ZREop a4 A =
9] Z-gof| o5 ElE &N AN Fo] T7HE A= F
“JEct.

SHH, VBN RS S35 23k, 9 A9 73] YojlA
12.5+1.47-17.41+0.36 mg%& ALFL 715t AlgolA 7}
7 G vl v, 8] A0 E ot ARoA 7 E
2 o] HEE Utk BE A8 VBN =k 377 =
FASHA S7HEU oY, 11 o] RE F7Fo| tha oty
ok 1271d dEE 5249 VBN T2 HA AA
(34.55+1.47 mg%)y& A7FeE Al=olA 7HY =9k, 7
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Fig. 1. Amino-type nitrogen (A) and volatile basic nitrogen (B) contents in over-ripened kimchi prepared with different kinds of salted

and fermented seafoods during fermentation.

O, Kimchi added with sun-dried salt; @, kimchi added with ‘Kanari-aekjeot’; A, kimchi added with ‘Myeolchi-aekjeot’; B, kimchi added with

‘Saeu-jeot’.

All values are the meantSD of three replicates. Means with the different letters above a bar are significantly different (p<0.05).
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NR(29.94+0.77 me%), AJSAZH(28.41+1.63 me%) L AL
&A(24.60+0.87 mg%) <=0.F LrERT)

AN 2 /e op|r|2 EAcl= 315k FEj] A
Ao, gt opn|i7|E 7= EE9] St ddsto] 4]
& 549 N H=EA AME 4= Stk o] AN TR 1A
Eolu A7t Eoff G40 ool AR f ThiliE-S AEA} Het
o|E& Rsafiste] BdH thge] ofn| Ayt TA QltkJang
5> 2004). Hur 5(2015) BX] KA H7}oto] Tt A&
9] AN SHES 89.24-113.39 mg%, 14Q Fof= 103.51
—125.58 mg%, 289 Zof= 124.43-146.96 mg%, 56 5o
= 138.15-151.17 mg%= =oPd—=t, BX A& | & A4
o] W3S AN T F7HE ol Harsiolt). £
A+ A3t olet FAlSHA A 7]7to] ko] et AN
A S7HE o, A HIRR A Y=ol g o
ni4ke] o 9 R nEe] Tl Eof 840] S0
w2} AN 3] Zpol7t Q= Ao g FHHE) Al HY
FHT} Ao} A W Tkl njgEo] EA5to] wet o]
=9 o)Al G E Qs AN Jtgo] F5HA =4
Uehts Aoz oy

SHH, VBN 2 ofufj79] A= E Wlslk= A5k
A2 A HARRL TA| S Bt op e}, Bofiel 7R A
2ol ¥hg Ao digt AHE ARZETE VBN glgo| 243
Q1 4 A M= ofYARE, AR o R Mg o] Qlo] A
B AEOoZA AREEH(Jang 5, 2004).

Choi 5(2018)°] W=H d A5 71%]9] VBN F=F
15.51-18.74 mg% FLZ A= oY, Trarl APes-=
g A 377 Aot 289 AR Fofl= 22.71-
26.76 mg%, 4297l = 24.96-29.04 mg%, 564 TTA|IZ]
22 el VBN RS 27.26-31.21 mg%e] o]2F =,
VBN $=2 84| HAS 7I5HA] 92 AlRollA] 7 W
W, & A Tefo] =2 X HAE WU AlBOA 7t
A=A Jehydt) o]2|gt VBN $Hgo] Z71= tetramethy-
lammonium oxalate(TMAO)2] o2 HE AB/JH trime-
thylamine(TMA)2} 22 2Fd7)4d E49] &4, Alte] 4
of & i B2 RE FdE Yoy iRyt of
Yep, A%717F 57t JIAE L] Astete TA v 1Es)
ch gHH, VBN H[RUek: e o] SlojA] A
2HE AdE VBN S vt 57t J7kE A A
7o) it Aa/dol vl okl B4 2 At
A olet FAFH AAolu; AAZRE FejE oo
AASIRE ol wet AAHol Hs VBN o] &3t
1, IR 7|7to] AojdLE n|ESTt 1Rl wet ol
o] At tAIER QIste] VBNY SHg: 78S & 4
AU

-

s23)9| BA &

ALY, A3 W AL Wrstel Azt AXet 717t
WEAA GHE B2A] ] BA WS Fig. 29 2tk AUY
o2 B2 {50 PAL BE 1279 S Y FEAA
9l Ejebulo] AZEA elgrh. shAle shchileint 5l2eh
o hYE AN2EE AEEo] WAt APBSE Y
o] Z7kjo] 127495 BLAONA] 217} 105.16£5.07 melke
7} 326.82:0.75 mgkgO2 2R} 7hke] A W7t
slo] W 13| x|0] Fichuele] Pepe Wavt E
52 HAH 0w ZAEAE, SIARI0] Stk 674 of
FREE 058 FAHL Hetulo] gL oY ol R
B 94 $20= A=,

WA dgow ¥y WaARl BeAlo] Fhie, FEd
A 9 EjziRle] gk wrE o7jY ol S RElE Z7kEA) o
grov}, slAEfIe] gk W 7I7to] Zojo] whet gl
37 S0 £5 slanhe] gk B 124Y © &
270 800 mekg OVio] AZTET, ol BH|9} gL
2o A A ) there] slAE Y ol RE g
k40| 28-S Wol B oo] s|AEtelo] FEE Ao
2 Augt A9AES dol FaAxl BeAE 67 ol
3o Fhchilgle] erol FEIAL, Sl2Ek EHetu
e TESH S7HEC.

wE 127188 BA0] BA ¥ B sithiae A9

22 ARt AR(436:8.4 mehkgeld 7F A UeRgei,
W3] RS 73 AR SIAERIS1545.5 myke)T)

E#41(310+3.0 mgkg) Fo] ol o]23 o, Eztl
2 7hte] AR 9 AALS HIKSE AlgolA oF 400
mg/kgO 2 7P W2 GFo] ZEQIt}. o|AH 4R A=
£ AQJgt tiRE2 W 7]7to] Aojo uet BA glEgo]
S7HEIQAL, HE 12709 524 W) BAY] SRt S
Algof| wt Aolsieirt

Swider 5{(2020)2 Y AAFoll= FEHAI(42%), B2t
T1(20%), 7FeH[R(18%) % S| AEFRI(8%)°] HA] BA Fol
Al 88%F AR T W2 o] HEEAThAL 53t BA
9] ¥ AEL, pH, IH 2&8 Ax FHolv 3, 9=
9] £4, opu|iAl EERAl G4 A vYES 4 559
FAAS] o855 T thst 8310l J3FS WH=rk(Linares 5,
2012). Lee 5(2019)2 AJsls= 13%90] 1} 712 Yolijs E
HEF(0-15.95 mg/kg), HE-HIEOIEOII(0-5.97 mg/kg),
FLEFX(0-254.47 mg/kg), 7FFH=(0-123.29 mg/kg), 32
EF1(8.67-386.03 mg/kg), EJZHT1(0-181.10 mgkg), AHZ
0]e1(2.32-18.74 mg/kg) U AH21(0-33.84 mg/kg) 50|
A&ty sttt T3k 2R ollde EE
(0-26.74 mg/kg), HEt-HHoHI(0-15.75 mg/kg), FE

o
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Fig. 2. Cadaverine (A), histamine (B), putrescine (C), and tyramine (D) contents in over-ripened kimchi prepared with different kinds

of salted and fermented seafoods during fermentation.

O, kimchi added with sun-dried salt; @, kimchi added with ‘Kanari-ackjeot’; A, kimchi added with ‘Myeolchi-aekjeot’; B, kimchi added with

‘Saeu-jeot’.

All values are the mean+SD of three replicates. Means with the different letters above a bar are significantly different (p<0.05).

| 41(1.89-720.82 mg/kg), 7FHH|=(2.12-52.43 mg/kg), ©
AER(3.30-232.10 mg/kg), EJEFII(1.28-142.06 mg/kg), A
w2 0]9(12.26-32.62 mgkg) D AHE1(0-61.94 mgkg) 5
o] A&=| =], o152 BA 2 S 71X](Cho 5, 2006;
Kang, 2013) Wollx9] A&} HIS:gE o2l st
Jin 5(2019)2 &= 30 oyl Z57|¢t &2 AXE
AmjH o2 HE 9] & BA TRRS 2ARE AT, BE AR
oflA El2FilZ 100 mykg olsh, EFEY, Hlel-#Hdo o}
ql, AW 20d, AHERS oF 30 mgkgl 2 AEFIOH
2 P10l st A FRIskqt. SHA|TE 27
SHE S|AEIO] 127.78+26.78 mgkgOC R AZE|QO
T T2 AlmolA= FEHAI 7io|Ro] ZF2F 982.32+19.4
mg/kg, 124.60+108.78 mgkgP = & BA o] X 58
SHAIAIR] 1,000 mg/kg o)} HEEUCHE =4 f8 7is

—_

do] 2 A0 = ERI{tH(ten Brink 5, 1990). 3HH, &
7+ AXAE F|AEMI(131.2047.90 mgkg), EEHAL
(853.7+36.90 mg/kg), ZFE|&(112.1043.60 mg/kg) Z5Fo]
58 AR dolA= 2ol 4 DA} 457 W]
BA 32 7 72]9] gH(Tsai 5, 2005)7} H|RE 0]
2} 5FQlal, A AR olF A W S|AETI R
Shgoll YaF= PIXITAL Sk9iTk o]2k= 2] Mah 5(2004)
< 372 AR} A7 25 B2 ] FEHA, 7o
9, SIAEY, gl AFEud, AHEYlo] FEE[oLY,
AR BAQ] o2 a7} XS opftfal Hust vt
Aot & Aol Fik= o529 ARl FARH ' 5
Al 370 AR daE X oAM= BA gol| SlojA &
A= glo, ¥R 7|7to] dojdaE dF9| BA7H /9

S S7HE A

0
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YA Azo] A PAORE 4k W AEQ o]
o RS G, 71 ol AgEE B dAe i

27100 2-4%, 7k ARl 2-5%, o A 8-15%, %
AR 5-9% F= Hristo] AFsh= Aoz d#A Stk
(Jin 5, 2019; Lee S, 2019). Shin S{(2019)0] oJa}d, AJ5
£ 7hte] A o= RE FEHA(30.8-43.8 mg/kg), 7HH|
21(52.5-168.3 mg/kg), 3|2EF(183.4-1,038.9 mg/kg) L E]
2H7(155.7-252.4 mg/kg)e] AEEAT, BA| Ao ZHE =
ZEHA1(41.8-173.3 mgkg), 7ICHH|21(100.0-253.0 me/kg),
5] 2EH1(196.0-393.2 mg/kg) D E]2HI(211.4-446.0 mg/kg)
o] A&=oH, Aol = FEHA(2.8-5.4 mgkg), 7}
CHA(EHE-1.5 mgkg), SIAET(2.3-12.7 mg/kg) X
2H7(1.4-7.4 mg/kg)o] HEH Akl Busct. 7hte] o
A @ F2] BA Y BA g ofH3] 22 oA L 1A
Az Ao A%F H7HERR sido] A Tl weots)
o} & oA ARSE 7R HARNAE FEHA(5.4+1.2
mg/kg), ZFCHE(192.4410.1 mgkg), BIAEFTI(316.745.8
mg/kg) X EJZRI(12.4+1.7 mghkg)o] HEEULL, BA] A3
oA TEHX(331.9420.4 mgke), ZHFHE(221.6+16.9
mg/kg), 3|2EF71(201.3+0.9 mg/kg) I EJ2H1(8.940.2 mg/kg)
o] A&E|oH, ALl 7|2y} S| B AE
R AQtd WhH, FEHA(152.3+13.7 mg/ke)dt g2l
(342.1422.4 mg/kg)°| 22} HEFItH(data not shown). ©]
£ Shin 5(2019)°] Bt HA7} A 29| BA Fghe= o
4 ZJol7}t Qloit), 9, AR U 2y 4o Zo]o] w=
Roz FgHch

Cho 5(2006)°] oJ5}H B4 HA Yofi= E2 o 5|4
Eby, Elghy, FEHA 9 sioho] SE9 T, ot 71X
o} 7 AXZEH ol I BA7} HEH = A2 HHC
2R GeEs 0% Busli(Lee 5, 2019), Tsai 5
(2005) AR ZHE AEH I |2l AFlo] M7}
ZRE fEiEE Ao dysiyltt s|AE SRR B
WS A7IokA] 2 S 7X](77.13£0.39 mg/kg)Hr} A
Bg H7I3E A R(592.78+3.43 mgkg)olH B A et
Ao= gRlFtHKang, 2013). o] FASH] & A+ 2
Fo A ALFo g AZ3 BL2A|oA= 1274Y0] Foj=
Zhch|, sl2ek, FEHA 9 Ejlghl FFe] 500 mg%
olstgirt. stAgE HAoIY RZE H7fsto] Azt Ao
e giAEg o= 671Y olWi7tRl= QFHS Eo|glon), &
24 A7t E)S o= 518 | & oA 2
oF opgouz olg Y2 RE [E BA Agul 9
3 Tox] Yo|A kel BAVF A&EE= Aog A
Hid, A7 AjgojlA] BHart JAsdol o) BA $efo] o o]
A S71EIA] = A2 BA Eifsolu gt B A5l

Q= u|AYES] Fgkol Ao g FAFT) Tabanelli 5(2014)
I} Lim(2018)2 |24 A7 5 I& A% W BA B4+
gt fAkt dhE | A19] gt EA3S Hgk v Stk
A% % BA 2 ZAIQl FAAS ol 58, g8t B
= Ailehs mBEY &4, Al S417 54 Aol &
e HE 27 5 Y W=tk opieARS T A2 TR
2 Jojr7le i AEE= nEe] geriis] of]ir]
o] ¥k, gotr|i Bk, g% 5°] UthAnlie} Bayram,
2008). 7|49} EFel A4 S It A% 7344, pH,
IR 27 53 TEE QXS HA8=2] FAA o859 4
TS L, B0 B2 nYEY S, B4 &
1t TA7} Sl o] A2 4= of&Zo|1 4]
=] S5 2 A% 24 53 I=E 71ed 2
S Wh=th 7]3T 549 EA 59 E4500 AH
qo8 JF= = |8t 4B A8 0= BAY X
o] & AXEHAnli® Bayram, 2008).
2B A3 158, et 9 A8y 59 7
28-S okl glom, wegtk oFol FEHAIY 7iohH™
2 Z diamine oxidase®} histamine-N-methyltransferaseS
Ao =2H] SIAEIS] EAE AT 4 glou= ofd
ATE B3l ZF719t F24 AA| A RERE S|AEN], FE
g4l 2 7|1 o] Stefo] 91 420 o]2E R o]Fo] T
St BA gFF9] A[&2Q1 HUE P AZASE {5 U 1
o] HFEA] B asital g B QIek(Jin 5, 2019). X
W BA AZI3HE 9o BA dtgfo] W2 Ex] AR ARES)
Ad, B2 AR M7t SolAY, BA IR AT
% Sl RRURE o}g3HE Aol UehK v YchLes 5,
2019). Jin S(2019)T} Lee 5(2019) Z=7], %7} 714, o}
D 9 7 A9 A, SRR, pH, 9, Y A,
SRBYE S v9Es U BSRHY S493 BA U
T ATAL Tha e i, WA 9IRS EE Bael
2450l OJ#) FeE W=kl S1%ch. Cho E(006)/2 A
SAZED 7.0 mgkg)Eth BX] BA(ZHH 263.6 mg/kg)
HellA Zhe|Rdo] §oJskA B2 ol ASEUHAL 513l
11, Mah 5(2003)2 E2] HAC=RE 7iohH|HE BTt
Bacillus &-& 223t v} 9t} §hHH, eRlo=2HE HEejd
Pichia membranaefaciens H227+= E]2H1l, Schizosaccharo-
myces pombe KSI'= FE, Eleh, ofgobal, Hizre o
golql, Zygosaccharomyces rouxiix= E|2}} ogopal-S
Bgots ACE SRIEo] I AlE Axo] E85= 51
of oS = TRt BAZ} BAE= o= Witk B qlth
(Baumlisberger 5, 2015). Wb 2 JLoA Ealg {4
T ol aH T BA 0] ¥ VA 5 = A
£ HeEo] ool & A1 S2AEHE BA Y &
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w5 TS e fakget G
72 A olojg Zolck

Seluet fhEAe) B AR ANE 92 v B F
A4S ool WpH oz AgTlE o Bl skl Afglolt
Az ofulieAto] FHsle] GRFA R S45pI Sk,
93] oful L It A7A Yeo] wouE B4 Ut
7Rso] k. £ AT ZujolA B v, AAo] Hlef 43

o} AL Tt PA BLAoIA BA Fgo] oI5
stos), £3) Ui vy SYH ol Skl
R4 P50l Y HAEOE I8 W 7Rle] ATkas
= BA 4% A5 2718 4 glons BeAd o
3 24499 BA W RUHH P 9z A4, wE 24
15 5% 59 AU el S A Bl 4
o] ofulicit Wit BAv 9E A% U BA 4O 72
Aelo|mz QP BeA AZE A vAE 0wt
e 28 AHgshL SHA Bl AlZstel BA 4
329] B Slolof T, ALk} BA 9] b 440

w2 E7gol et

O

S BA o] Tt g Bo] Qe Skt TR A
Sheig B9To BACl e B4 ES e S

BE AE A2 5T Aoz weE,

2 o

2 dAqtoie ALY SF0l W 5249 ¥R 77t F
u|AE9] o ¥% 9 Hio] @AYo}l (biogenic amines, BA)
RS S5t} sioitk B A Alm Wl Al g

H 3-67i el FHfoll 0|23l 11 o] SR E = AAf5] A
2ET BE A Al Yol ke da 371 ng

wJ7] ARSI, ERAE W 7K P ARl o]
o SolsbA Weleh. BE X ARk Wt el vet
pHo} GEE Ao FAE ¥, Ak, ofulwe) 24
9 P 9] A ke FAsH S7husieh Aot

3] 50l uie 2 152 A HeAol vlest
2 5l Bejeeta] B4l S8t Xol(p<0.05)7h ATk
BA A4 SAES. ol A2 B Aol YA
BelEQT BA B4 RSl 92 A% AH T Be

Ao GolakA A etk shAlg 7hte] st W
AHOE ARG HLAoIA B Aehulnt FEAN FF A
7}k 7104 BRI, ol BA Haoltt BA 44
ol gk a TS Lk R g S gtk

e =

o] &1L 20198Md % EHcfstn Wifshaelre] X Qo]

oJ5to] ATEIUHIHAHE 2019A036).
Conflict of interests

The authors declare no potential conflict of interest.

ORCID

Eun-Seo Lim https://orcid.org/0000-0001-9645-7408

References

Adams M, Mitchell R. Fermentation and pathogen control:
A risk assessment approach. Int J Food Microbiol, 79,
75-83 (2002)

Anli RE, Bayram M. Biogenic amines in wines. Food Rev
Int, 25, 86-102 (2008)

Barbieri F, Montanari C, Gardini F, Tabanelli G. Biogenic
amine production by lactic acid bacteria: A review.
Foods, 8, 17 (2019)

Baumlisberger M, Moellecken U, Konig H, Claus H. The
potential of the yeast Debaryomyces hansenii H525 to
degrade biogenic amines in food. Microorganisms, 3,
839-850 (2015)

Caruso M, Fiore C, Contursi M, Salzano G, Paparella A,
Romano P. Formation of biogenic amines as criteria for
the selection of wine yeasts. World J Microbiol
Biotechnol, 18, 159-163 (2002)

Cho TY, Han GH, Bahn KN, Son YW, Jang MR, Lee CH,
Kim SH, Kim DB, Kim SB. Evaluation of biogenic
amines in Korean commercial fermented foods. Korean
J Food Sci Technol, 38, 730-737 (2006)

Choi YJ, Lee HW, Yang JH, Hong SW, Park SH, Lee MA.
Changes in quality properties of kimchi based on the
nitrogen content of fermented anchovy sauce, Myeolchi
Aekjeot, during fermentation. Food Sci Biotechnol, 27,
1145-1155 (2018)

Conway EJ. Microdiffusion Analysis and Volumetric Error.
3rd ed, Crosby Lockwood and Son Ltd, London, UK p
321-336 (1950)

Doughty HW. Mhor’s method for the determination of silver
and halogens in other than neutral solutions. J AM
Chem Soc, 46, 2707-2709 (1924)

Gardini F, Ozogul Y, Suzzi G, Tabanelli G, Ozogul F.



Evaluation of microbial contamination and biogenic amines in over-ripened kimchi 649

Technological factors affecting biogenic amine content
in foods: A review. Front Microbiol, 7, 1218 (2016)

Han GH, Cho TY, Yoo MS, Kim CS, Kim JM, Kim HA,
Kim MO, Kim SC, Lee SA, Ko YS, Kim SH, Kim DB.
Biogenic amines formation and content in fermented
soybean paste (Cheonggukjang). Korean J Food Sci
Technol, 39, 541-545 (2007)

Hur SW, Ko MS, Kim MR, Lee HR, Chung SJ, Cho MS.
Physicochemical characteristics and sensory properties
of commercial Mukeunji products. J Korean Soc Food
Sci Nutr, 44, 702-708 (2015)

Jang MR, Kim IY, Hong MS, Shin JM, Han KY. Quality
evaluation of commcercial salted and fermented fish
sauces. Korean J Food Sci Technol, 36, 423-431 (2004)

Jin YH, Lee JH, Park YK, Lee JH, Mah JH. The occurrence
of biogenic amines and determination of biogenic amine-
producing lactic acid bacteria in Kkakdugi and Chonggak
kimchi. Foods, 8, 73 (2019)

Kalac P, Spicka J, Krizek M, Steidlova S, Pelikanova T.
Concentrations of seven biogenic amines in sauerkraut.
Food Chem, 67, 275-280 (1999)

Kang HW. Characteristics of kimchi added with anchovy
sauce from heat and non-heat treatments. Culin Sci Hosp
Res, 19, 49-58 (2013)

Kang SE, Kim MJ, Kim TW. Diversity and role of yeast
on kimchi fermentation. J Korean Soc Food Cult, 34,
201-207 (2019)

Kim BK, Mun EG, Kim DY, Kim Y, Park YS, Lee HJ, Cha
YS. A survey of research papers on the health benefits
of kimchi and kimchi lactic acid bacteria. J Nutr Health,
51, 1-13 (2018)

Kim OK, Kim WH. Changes in properties of kimchi
prepared with different kinds and levels of salted and
fermented seafoods during fermentation. Korean J Food
Sci Technol, 26, 324-330 (1994)

Ko MS, Hur Sw, Kim MR, Jung SJ, Lee H, Cho MS. The
quality properties of rapidly fermented Mukeunji (long-
term fermented) kimchi with different salinity and
fermented temperature. Korean J Food Nutr, 28, 335-
342 (2015)

Ku KH, Kang OK, Kim WJ. Some quality changes during
fermentation of kimchi. Korean J Food Sci Technol, 20,
476-482 (1988)

Lee HH, Kim GH. Changes in the levels of y-aminobutyric

acid and free amino acids during kimchi fermentation.
Kor J Food Cook Sci, 29, 671-677 (2013)

Lee IS, Park WS, Koo YJ, Kang KH. Changes in some
characteristics of brined Chinese cabbage of fall cultivars
during storage. Korean J Food Sci Technol, 26, 239-245
(1994)

Lee JH, Jin YH, Park YK, Yun SJ, Mah JH. Formation of
biogenic amine in Pa (green onion) kimchi and Gat
(mustard leaf) kimchi. Foods, 8, 109 (2019)

Lee KW, Shim JM, Yao Z, Kim JA, Kim JH. Properties of
kimchi fermented with GABA-producing lactic acid
bacteria as a starter. J Microbiol Biotechnol, 28, 534-541
(2018)

Lim ES. Antibacterial activity of lactic acid bacteria against
biogenic amine-producing Bacillus spp. Isolated from
traditional fermented soybean paste. Korean J Microbiol,
54, 398-409 (2018)

Linares DM, del Rio B, Ladero V, Martinez N, Fernandez
M, Martin MC, Alvarez MA. Factors influencing biogenic
amines accumulation in dairy products. Front Microbiol,
3, 180 (2012)

Liu S, Han Y, Zhou Z. Lactic acid bacteria in traditional
fermented Chinese foods. Food Res Int, 44, 643-651
(2011)

Mah JH. Ahn JB. Park JH, Sung HC, Hwang HJ. Charac-
terization of biogenic amine-producing microorganisms
isolated from Myeolchi-jeot, Korean salted and fermented
anchovy. J Microbiol Biotechnol, 13, 692-699 (2003)

Mah JH, Han HK, Oh YJ, Kim MG, Hwang HJ. Biogenic
amines in Jeotkals, Korean salted and fermented fish
products. Food Chem, 79, 239-243 (2002)

Mah JH, Kim YJ, No HK, Hwang HJ. Determination of
biogenic amines in kimchi, Korean traditional fermented
vegetable products. Food Sci Biotechnol, 13, 826-829
(2004)

Mheen TI, Kwon TW. Effect of temperature and salt
concentration on kimchi fermentation. Korean J Food
Sci Technol, 16, 443-450 (1984)

Mheen TI, Kwon TW, Lee CH. Traditional fermented food
products in Korea. Kor J Appl Microbiol Bioeng, 9,
253-261 (1981)

Moon SH, Kim CR, Lee PW, Chang HC. Study on the
establishment of standard for Mukeunji product through
characteristic analysis of commercial Mukeunji products.



650 ARSI A7 AT (2020)

Korean J Community Living Sci, 30, 33-51 (2019)

Park YK, Lee JH. Mah JH. Occurrence and reduction of
biogenic amines in kimchi and Korean fermented seafood
products. Foods, 8, 547 (2019)

Ross RP, Morgan S, Hill C. Preservation and fermentation:
Past, present and future. Int J Food Microbiol, 79, 3-16
(2002)

Sarkadi LS. Biogenic amines in fermented foods and health
implications. Fermented Foods Health Dis Prev, 27,
625-651 (2017)

Shin SW, Kim YS, Kim YH, Kim HT, Eum KS, Hong SR,
Kang HJ, Park KH, Yoon MH. Biogenic-amine contents
of Korean commercial salted fishes and cabbage kimchi.
Korean J Fish Aquat Sci, 52, 13-18 (2019)

Shon MY, Kwon SH, Sung CK, Park SK, Choi SD. Changes
in chemical components of Chungkugjang prepared with
small black bean. Korean J Life Sci, 11, 284-290 (2001)

Spano G, Russo P, Lonvaud-Funel A, Lucas P, Alexandre
H, Grandvalet C, Coton E, Coton M, Barnavon L, Bach
B. Rattray F, Bunte A, Magni C, Ladero V, Alvarez M,
Fenandez M, Lopez P, de Palencia PF, Corbi A, Trip
H, Lolkema JS. Biogenic amines in fermented foods.
Eur J Clin Nutr, 64, 95-100 (2010)

Suzzi G, Torriani S. Biogenic amines in foods. Front
Microbiol, 6, 472 (2015)

Swider O, Roszko ML, Wojcicki M, Szymczyk K. Biogenic
amines and free amino acids in traditional fermented
vegetables-dietary risk evaluation. J Agric Food Chem,
68, 856-868 (2020)

Tabanelli G, Montanari C, Bargossi E, Lanciotti R, Gatto V,

Felis G, Tarriani S, Gardini F. Control of tyramine and
histamine accumulation by lactic acid bacteria using
bacteriocin froming lactococci. Int J Food Microbiol,
190, 14-23 (2014)

Tsai YH, Kung HF, Lin QL, Hwang JH, Cheng SH, Wei
CI, Hwang DF. Occurrence of histamine and histamine-
forming bacteria in kimchi products in Taiwan. Food
Chem, 90, 635-641 (2005)

ten Brink B, Damink C, Joosten HMLJ, Huis In’t Veld JHI.
Occurrence and formation of biologically active amines
in foods. Int J Food Microbiol, 11, 73-84 (1990)

Um IS, Park KS. Biogenic amines contents of commercial
salted and fermented sand lance Ammodytes personatus
sauces. Korean Fish Aquat Sci, 48, 883-887 (2015)

van Boekel M, Fogliano V, Pellegrini N, Stanton C, Scholz
G, Lalljie S, Somoza V, Knorr D, Jasti PR, Eisenbrand
G. A review on the beneficial aspects of food
processing. Mol Nutr Food Res, 54, 1215-1247 (2010)

You SY, Yang JS, Kim SH, Hwang IM. Changes in the
physicochemical quality characteristics of cabbage kimchi
with respect to storage conditions. J Food Qual, 2017,
9562981 (2017)

Zaman MZ, Bakar FA, Jinap S, Bakar J. Novel starter
cultures to inhibit biogenic amines accumulation during
fish sauce fermentation. Int J Food Microbiol, 145,
84-91 (2011)

Zia-ur-Rehman Z, Islam M. Shah WH. Effect of microwave
and conventional cooking on insoluble dietary fibre
components of vegetables. Food Chem, 80, 237-240
(2003)



