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ABSTRACT To investigate the effects of lactic acid bacteria (LAB), Lactobacillus sakei, Lactobacillus curvatus,
and Lactobacillus brevis, commonly found in kimchi, on N-nitrosodimethylamine (NDMA) and its precursors such
as nitrite, dimethylamine (DMA), nitrate, and biogenic amines, Baechu (Chinese cabbage) kimchi prepared with and
without LAB and NaNO; was periodically monitored for 20 days to analyze concentrations of NDMA and its precursors.
Control was amine and nitrite-rich kimchi. NDMA and its precursors were analyzed to determine differences in concen-
trations between LAB-fortified kimchi and the control. The amounts of NDMA, nitrite, DMA, and nitrate remaining
in LAB-fortified kimchi were significantly reduced compared with those of control kimchi. In addition, biogenic amines
were significantly lower in kimchi prepared with L. sakei, L. curvatus, and L. brevis. These results suggest that addition
of LAB to the kimchi preparation would be a promising solution for production of NDMA-reduced kimchi.
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HakdEo] YEZANI S UF<l M-nitrosodiethylamine
3te] gk FEA¥] & 7T vk
Hazb AIL6), ARl A EelE Aikarel o3 YERAR
AFEZQ] of A4S A7 BRuso] JvHT). Lac-
tobacillus rhamnosus, Lactobacillus casei ZL8]3l Lac-
tobacillus breviss= NDMAE 214 33 3}o] 7 AaAZIthE
AT R} 9o (8), Lactobacillus saker= 4°ColA 7
A 54 B $AFOR A wael FaF 4RL S

Ao g dHA Al Lactobacillus curvatuss 4°Coll A 2
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L. sakefKCTC13416), L. curvatus(KCTC3767) L&
I L. brevistKCTC13094) #7& AP FEATY A
E2QAE (Daejeon, Korea)oll A 9ol Lactobacilli
MRS broth(#288130, Difco, Sparks, MD, USA)el| 1.5%
agarg H7}sh] 121°C°ﬂ/\1 154 FoF "Wisle] A %3
agar platedl] HE3F & 37°Coll A 244 7F HH R e N il
Ak, QA Al HE F A3l Had TE 95

T=E =
w7k ) F s TH).

2 2.5~3.0 kg)e H] 712

A= =7 oF 10%7}
<A (Sajo Haepyo Seoul, Korea)
2 kgs E3slo] FAHoR A2 A 16

Table 1. Composition of kimchi seasoning mixture
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oA 43}
S EREER EH

PAEE B Ao AFE3 Emart 1137 H(Gwangju,
Korea), SAFe] %] (Shinan, Korea), SAF] A}-$-A(Shin-
an, Korea), 2FAF 7€ 3}k A ¥ (Seoul, Korea)S 35
Al i etECA A FYsHA T, vk, ek A 4t
o® 7+e oA Tttt

AYNF 400 g UERAY ATEL F ol f7h o
F FHE A9 BAREG 247 20 ¢ FAT, e A

TEH FY92 2 sodium nitrite(NaNOp)E B sle] Al z3k
HAAE hFT(contro) & &2 3k L, A, XA 28
sodium nitriteE A3t Axzd AAE 4 2L INO)
o2 . gy e 71X o Joll A L. sakei,
L. curvatus, L. brevisE 2}7} 10° CFU/g HEst] E2
71?](LS LC LB)E % A) 4 ] /\]_Q_ }Oﬂr,} xﬂzzﬂ- 7] i]
2}7F 400 g low density polyethylene(LDPE) LE(Z
25 cmx4de] 30 cm) o &2 b Egek F x| Tl Yol
13.5°C2 AA = A4 A XY (RP20H3010HY, Sam-
sung, Seoul, Korea)ol A 2¥ %A 3(0¥€ar AA) &
WA -1°CE 255 Z3lsle] 104} 2044 4
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A& 97] A wEsAL ZA Ag g v

AHS 5 ¢gle AE -20°Co YERT . A
2= ‘Q'ﬂ(HMF—BZLSO, Hanil Electric, Seoul, Korea)®
ol #Asgt & AFS fek AlRRE ARESEAT
DMA 22X

Dyer2} Mounsey(10)2] copper—dithiocarbamate W9

S §83 Gou (19 Wyo=z 7‘xloﬂ k6% DMA &
FS =t F AxH AXE 54(13.5°CA A 2
23 & A=A 0, 10, 2000 A H 0}04 9 X (Hanil Electric)

2 Zo} A 7% 25 goll F(4~8°C) 7.5% trichloro-
acetic acid(TCA, Sigma-Aldrich Co., St. Louis, MO, USA)

Ingredient (g) NeV Control LS” L’ LB"
Salted Chinese cabbage 400 400 400 400 400
Red pepper powder 14 14 14 14 14
Garlic 5.6 5.6 5.6 5.6 5.6
Ginger 24 24 24 24 24
Green onion 8 8 8 8 8
Sugar 4 4 4 4 4
Salted and fermented anchovy - 20 20 20 20
Salted and fermented shrimp - 20 20 20 20
Sodium nitrite - 0.04 0.04 0.04 0.04
L. sakei (CFU/g) - - 10° - -
L. curvatus (CFU/g) - - - 10° -
L. brevis (CFU/g) - - - - 10°
Water 8 - - - -

NC: negative control (kimchi without addition of salted and fermented anchovy, salted and fermented shrimp,

lactlc acid bacteria).

sodium nitrite, and

ILS: L. sakei-fortified kimchi. LC: L. curvatus-fortified kimchi. “LB: L. brevis-fortified kimchi.



frAkatel €1 NDMA 74 239

4MS 50 mL §3 t}g vortex mixer(VM-10, Daihan
Scientific Co., Wonju, Korea)® 3%+ Z2d3] 2 &3 &
Shakers(SHO-1D, Daihan Scientific Co., Seoul, Korea)
2 3027 W-s(shaking)aklth. A4122](3,000xg, 15
min, 4°C) 3te] 92 AF 9 1 M NaOHE ©]§-3Fe] pH
7002 93, BE ARE 33 SHSE 60 mLE FE

@ ¥ DMA 242 918 Amz Agatorh A3d 4L

= 789 2 mLe chloroformoll 91 5% CS;
5 mLE 42 & 40% NaOH¢} NH,OH €9 0.2 mL, cop-
per—-ammonia reagent 1 mL 28] 3 30% acetic acid 1
mLE t3sle] 4Tt 25°Col A 1083F W8 & chloro—
form %& #3}aL 0.2 g anhydrous sodium sulfate(Junsei
Chemical Co., Ltd., Tokyo, Korea)Z g t}S 440 nm

oA FYEE Z4ah

Seo 5(12)9] nitrite assay= HE3sle] 713 U opAAS
& SAskth = #AskE 1A 20 goll SHF 25 mLE
231 vortex mixer(Daihan Scientific Co.)E ©]-&3}o] 10

7F Ags] AEgk & ofate] FAE ARE ARSI
A5 NO; 555 100 uL w418 Als9t 532 100 uL
Griess reagent[A:B=1:1, A: 0.1% N-1-naphthyl ethylene-
diamine dihydrochloride(Sigma-Aldrich Co.) in H:0, B:
1% sulfanilamide(Sigma-Aldrich Co.) in 5% H3PO4]%&
Z 23kl WS Adet e R o] 1023 x|

2 540 nmol A FFEE =459}

i

RIAIH HAM
20 T

A3 DA E AAA (nitrate) TF S8 98 A
3P, AR 25 gol FFHF 22.5 mLE €9l vortex mixer

(Daihan Scientific Co.)Z 33t AH3] U&3 & Shak-
ers(SHO-1D, Daihan Scientific Co.)2 30%%F &3}
t} I8 603 95~100°ColA F®3k 23 & 15%
K4(Fe(CN)g) 0.5 mL9} 2 M ZnSO,s 1 mLE #7Fek v
sttt oJIdE Al &4 0.4 mL, EFHHSO0, :
H3PO4=1:1) 3 mL 283 0.12% 2,6-dimethylphenol-
acetic acid 0.4 mLE £33 ¥ 324 nmolA FFEE S

3l Th(13,14).

NDMA EM

AR Fo YEZAS 24317] 8 A5 F52
Hotchkiss 5(15)¥ Chung $(1)¢] Wi
FHoR &390 & A3 A AR
TE4 =2 NDPA(I pg/mL) 1 mL ¥ SH/F5 150 mLE 7}
of Z B3kt 3 =57 SAFAAE o] &3l FHE] 120

mL7b 2 W74 FE8dv SRES A2l &7

dichloromethane(60 mLx33])d ©]a A7l % sodium
sulfate® &5 A Zlth. ©] & Kuderna-Danish F=|ol] &1
% 60°C =& oA 4~5 mL7} @ w7}1A] 553 o}
7hmE ARESE] BhA] HF B 97F 1 mL7t HES
¥ 0.22 um filter= o] 748 th £48 AR 2 ARSI

Thermal energy analyzer(GC-TEA; Model 543,
Thermo Electron Corporation, Waltham, MA, USA)Z &
Aalglon, olm) GC-TEA®S] %7 Kang 5(2)0] AH-&-3t
213 2t A9 NDMA 542 #41% NDMA XF5
Z(Chem Service Inc., West Chester, PA, USA) 2 A&
9] GC-TEA chromatogram®| 4] NDMA peak?] MF& A
2k} A|8.9] NDMA peak”} %% 2 NDMAS®} co-injec—
tion A= W FY peak A lA peak Folet WA F7}
st Golmo g FA3GIT

Biogenic amine £
Biogenic amine 3<% %] putrescine, spermidine, tyra=-
mine, tryptamine “12] 3l cadaverine(Sigma—-Aldrich Co.)
2 0.1 N @4kl ¢ 1 mg/mL7} A &tk yEEE=ed
olo] 1,7-diaminoheptane Z+¥ES A3 €o} 0.1 N &
Abe] =o] 100 mg/mL FE=2 &8)89th 71X biogen-
ic amine®] H&E& % AA = Yang 5(16)9] ¥HE
oFzk WAl 7k 74 5 goll 0.1 N HCl 15 mLE 7}k
T+A3E Yaf vortex 3E3}aL 30%7) shaking 3F & YA
] (4,000% g, 4°C, 15 min) 33Tt 45 S F3taL 23]
HkEEle] JE S wokth 0.1 N HCI 25 mL2 44319
FEEH o2 AR FE8 Y 1.75 mLE FH 3] W]
F ¥ 824 (1,7-diaminoheptane, 100 mg/L) 0.25 mL<}
E3}eA I E (46 g/100 mL) 0.5 mL, 1% dansyl chlo-
ride o}A1E & 0.8 mLE 718t E3}algitt. £F-8q2
45°Co A 1A17F S =AE AR & 10% proline €9 0.5
mLE 7}8ted 99 danyl chlorideE #|A3}aL, ethyl
ether 5 mLE 7}ste] EHgt F FsdS fste] A 55
SHITE & Aol AFESE HEEe BEfdE ARt 5Y
A A e)std el Acetonitrile 0.35 mLE AH-&3F F
0.45 um syringe filter= o] 3}3}o] A|g gl o g A3}
ok 717184 21-& Table 29 2oh(17).

ol
38

ZF A2 33 o] W (ZF ¥ n=3) A&t Aol o
3to] o (mean)+E 5 A 2} (standard deviation, SD)E &
S, AT 3 F7o] Zo]E one-way ANOVAR

S g2l13k & Duncan’s multiple range testE o]-&

Akl om X0.05 oA fFold e AR5
AS3IAT BE B #4S SPSS(Statistical Package
for the Social Science) version 12.0 =213 (SPSS
Inc., Chicago, IL, USA)S o]&3lo] 243}t
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Table 2. Operating conditions of HPLC for biogenic amines
analysis

Items Conditions
Instrument HPLC — Waters 2695
Column CapcellPak Cig Column,

250 mX4.6 mm (ID)
Detector UV, 254 nm
Flow rate 1.0 mL/mim
Column temp. 40°C
Mobile phase A: water, B: acetonitrile
Gradient condition A:B=45:55, 0~7 min
A:B=35:65, 7~11 min
A:B=28:72, 11~15 min
A:B=25:75, 15~20 min

A:B=10:90, 20~28 min
A:B=0:100, 28 ~32 min
A:B=45:55, 30 min over
1 mL/min

10 pL

Flow rate
Injection volume
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L. sakei, L. curvatus, L. brevis7} —=1°C ZAX]\§7a1q]|
A AE TS RAE A7) flEl ol ks wix
HAEE F -1°ColA 193} 7Y 5ok wieFate] MRS ag
platedl] “Hoka A= Fig. 13 2o} webA] -1°C

2
Aol AAE AgeHe T RS fakrol 44T 5

dets A% ¢ & At

=

L. sakei, L. curvatus, L. brevisZ AX|d HE &
=4 F A &= WskE dolE A7 Fig. 2A9)
AZA A BAA) 2 NaNOE &314] 2oL

HEeA 22 HAA S4NFT(NC) B fAakr
Z(LS, LC, LB) & A4t e ikt
A2 -3 E24) 7 NaNO & 3+t

KoY o

L. brevis (1 day) L. sakei (1 day)

L. curvatus (1 day)

L. brevis (7 days) L. curvatus (7 days) L. sakei (7 days)

Fig. 1. Lactic acid bacteria (LAB) species in MRS agar plate
after LAB culture in MRS broth at -1°C for 1 day and 7 days.
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©OrT A% 5 o] FAth(Fig. 24). ikt #Eol
w2 zolE AT
ol Sl A o] FH-3FaL NaNO2(100 mg/kg)E
A7k gZ2(C) 09AF A X9 o} A T2 42.8 mg/
kgO] A, A 109219} 209 2= # A 3] @iﬁ]ﬁi\:}(Fig.
2B). frakt el 93l olE ofALY e dAE] i
SFA L 0L Al = L. sakei A& AAWLS)RY} L. curvatus
9} L. brevis & AX(LCY LB)OIA o &34 o7 o}d
AHe B A 595 Bo FRAAE, 10939 209 2}
A= L. saker & AALS)ANA F 2kt A& AX(1C
o} LBE v &3 ol ALY fAkgk 9] oA &
e &35 Ho] FAHFig. 2B). 1043k} 20U 2F -4F
AE AA 5 ol @AY d%S OxaH valste] &A%
Zasgitt. 109 aket 2094k Ak g€ AA Wl obd Ak
A FFol s AFeA S ROV St
T(NC)#o] zpo]7F 7] g2 A& HE3HA ol ol
So] AAd EAstRE ApAA o2 st oA
Ast7lol Aet Akt 7k H A7) wiEol 2t
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Fig. 2. The effect of L. sakei, L. curvatus, and L. brevis on nitrate
and nitrite concentrations in kimchi during 0-, 10-, and 20-day
storage. Values are expressed as mean+SD (n=3). Means with
different letters on the same day are significantly different from
each other (P<0.05), as determined by Duncan’s multiple range
test. NC: negative control (kimchi without addition of salted
and fermented anchovy, salted and fermented shrimp, sodium
nitrite, and lactic acid bacteria), C: control (kimchi containing
salted and fermented anchovy and shrimp with NaNO,), LS:
L. sakei-fortified kimchi, LC: L. curvatus-fortified kimchi, LB:
L. brevis-fortified kimchi.
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LH o};d/\].oi al—BkO 71—)\/\123\01::]
7} NaNOng— 15°C v #]of] 3L 7F v FsaiS w 90% ]
ol @k sheFo] Akl —1°Col A 7Y vl st
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L. sakei, L. curvatus, L. breviss X9 HZE T 71X
=4 DMA &35S B35 A3} o|& L. sake®} L. cur—
vatus % X+ DMA 3ol @3] grast ot L.
brevist= @& o] FAY v thFig. 3). S tZ=T
(NO)yol tz(CO)Rth DMA $Hego] W& 21e gz

2 AZE HAeA &S AA L 2w ARS Hore
Ax oo 2 Ao DMA7} ol FfrEo] 7] wiolt
A7ttt Kim 5(3)2 fribt 1F A4 & DMA §%o]
AR L. sake®} L. curvatus % 71X % DMA &
d o]

RS, ol B AT Ansh fAe. oS
ol )@ YEzAe] A4 ATRA ohAAL
o) o

7}
& 2

a7t Lobrevis }E AA & FF R T G944
al

frak
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Q
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Fig. 3. The effect of L. sakei, L. curvatus, and L. brevis on DMA
concentrations in kimchi during 0-, 10-, and 20-day storage.
Values are expressed as meantSD (n=3). Means with different
letters on the same day are significantly different from each
other (P<0.05), as determined by Duncan’s multiple range test.
Abbreviations: See Fig. 2.
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= glo] olulFe] e sl dJS B4 sk ATEC]
g of 3 Aol
SAMHE MZE ZX| = biogenic amines®| &2 LA

L. sakei, L. curvatus, L. brevisE Xl HAE & 71X
%4 < biogenic amines &HS A% A3 o] A
HE AAE TS JE3HA FowA odlFo] FU<l

theFe] A a3} ofdAkd S -3k iz 4 X (control) 1.
o} A4 22 biogenic amine &#o] 743 tH(Table
3). Tryptamine& 04 x}bol| tZwt3} vl L. curvatus
£ AFS AAQO)MA Ao 109 AkeE 20 2pell

L

= L. sakei, L. curvatus B2 L. brevisE JE3 1AAE

e

Table 3. The effect of L. sakei, L. curvatus, and L. brevis on biogenic amine concentrations in kimchi during 0-, 10-, and 20-day

storage
. . Biogenic amines (mg/kg)
Kimch b D
HHChL groups ays Tryptamine Putrescine Cadaverine Tyramine Spermidine
NC 0 r? t® tr® tr "
Control 0 3.940.2° 4.9+0.5" 10.542.2° 40.2+3.2° tr
LS 0 3.240.4° tr® 10.042.5° tr tr
LC 0 1.840.2° tr® tr® 21.545.2° tr
LB 0 8.242.2° tr® tr® 47.7+4.3" tr
NC 10 tr° tr° tr¢ t® "
Control 10 4.9+0.5° 12.742.5 61.1+5.3% 43.1+0.5" tr
LS 10 tr° tr° tr t® tr
LC 10 2.5+0.1° tr° 31.6+3.1° tr® tr
LB 10 2.240.2° 15.943.2° 11.5%1.5° 42.1£6.1° tr
NC 20 tr’ tr tr® ' ™
Control 20 12.1+3.2° 12.322.1° 18.5+1.2° tr tr
LS 20 47+£0.3° tr tr® tr tr
LC 20 tr° 9.343.5° 19.942.1° tr tr
LB 20 tr° 16.742.1° tr® tr tr

INC: negative control (without addition of salted and fermented anchovy, salted and fermented shrimp, sodium nitrite, and lactic
ac1d bacterla) LS: L. sakei-fortified kimchi, LC: L. curvatus-fortified kimchi, LB: L. brevis-fortified kimchi.

tI' traces. )l’lS not 31gn1ﬁcant

Values are expressed as mean+SD (n=3). Means with different letters on the same day are significantly different from each other

(P<0.05), as determined by Duncan’s multiple range test.
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Hg. 4. The effect of L. sakei, L. curvatus, and L. brevis on NDMA
concentrations in kimchi during 0-, 10-, and 20-day storage.
Values are expressed as meantSD (n=3). Means with different
letters on the same day are significantly different from each
other (P<0.05), as determined by Duncan’s multiple range test.
Abbreviations: See Fig. 2.

(LS, LC, LB)°llA tZ+(contro) Xt} &AA3HA #Aa3s}FS]
t}. Putrescine< 10¥ %19} 2093} LBE #9385t 2kt
ol 93] dAsA A3t Cadaverine 3}
vlwsle] 0YAl LS9 20€ 2 LCoAl A #H 37} 9131 o}
2 kg "E gXoAME #2489 Tyramine L.
brevisg &% HAA(LB)oNA tz2=a3 vlalste] g+ 3
27F GEPIA| LU A R L. sakei = L. curvatuss RE
3 (1St LC)Oﬂ/H Ziﬂ' 047} 10¢d dzx=arY 1
FFol AA3 HAaekdth. Spermidine A ] i3}
A 71 S EHFol

Cho 5(19)¢] ®.11ol] ¢JsbH w3732 3 biogenic amines
Z ol putresine®} tyramine o] EUtial sl
A Azl A}l o, B Ao A= tryptamine}
cadaverine %% E£UTE Cho 5192 U3k #Ax 9
3t tyramine®] 49.4 mg/kgolzt 3+ a1, Kala¢ 5(20)2
20 mg/kg °l3tgtal s ed & oﬂ?"ﬂ"ib 0=t}
109 2F thzat AxelA 22 40.29)F 43.1 mg/kg 7 E 5 o
Cho 5(19)9] A7 Aot FARSIAT. Aol % bio-
genic amines< A X9 BAEE AFE3F= A gl 93 A
o2 d#HA Jom(19), ¥ AFME Abgg Ex A
A¢-Aef 23] biogenic amines®] f2E Aoz AZtE],
wpeha] A zo] 5 A g2 NColl A= biogenic amines
o] EAe AZx it}

Z‘__
ks

o

= o
T

=
H=

M HZ X & NDMAQ| & ZtA

A el NaNOoE dof Aol &3k obvlfot
Rhg-sto] YERA Aol 2 & 5 e BdA HAE
AzskaL ols ARl FatE JEd F AF VI3t
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