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Formation of Biogenic Amines by Lactobacillus plantarum
Isolated from Makgeolli
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Abstract We examined biogenic amine (BA) production as well as the diversity of bacterial flora in 11 types of
commercial makgeolli stored at 4 and 20°C. Moreover, we studied the BA-producing activity of three L. plantarum strains
isolated from makgeolli. At 20°C, the BA content was highly increased and the denatured DNA bands were more variable
in non-sterilized makgeolli compared to sterilized makgeolli. The major BAs produced in commercial makgeolli were
histamine and putrescine. Histamine, tyramine, putrescine, and cadaverine were produced in excess by inoculation of the
three L. plantarum isolates to makgeolli stored at 20°C for 21 days. These results suggest that some L. plantarum strains
in makgeolli can produce different types of BAs, depending on the extent of degradation of makgeolli.
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Ay mAERE DAE] FEAAM dspergillus oryzae, A.
niger, A. kawachii, A. Saccharomyces ~ cerevisiae,
Rhizopus tritici 5 A8 ‘FEFF0)e} EREC] EHUL(T-15),
WA oA A Leuconostoc mesenteroides, Pediococcus acidilactici,
P pentosaceus, P damnosus, Lactobacillus plantarum, L. murinus,

shirousamii,

L. coprophilus, L. collinoides, L. brevis, L. casei, Lactococcus
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lactis subsp. lactis, Enterococcus faecium 52 TFFSH fAikdol
E2] 520 0H8,10,13,14,16-19). Jin 5(18)% Kim S(19)& 1552
Al wbdE]eA 16S tRNA 7%} sequencingS 53l 7<)
Lactobacillus (L. paracasei, L. arizonensis, L. plantarum, L. har-
binensis, L. parabuchneri, L. brevis, L. hilgardii) f-+S $73 3}k
Atk Min 5(0)3% Kim 521 48 E 4°Cet 20°CE #7%
S BRe; fikte] WS g918 A, 4CAlM e rd=E
o] = FAHL P acidilactici7} FE& ©1F= W, 20°CellA
= RS A U 2710 ST 308 Aol gAEta L
plantarum®] FEL o|FATL AT} ol AR g
sdg)e] mAESS BE o tgs Hslsi, A% 27
of mEtME etk S ovdit
ol¢} o] vpd o= B2 o fraktol EAishH, 53]

2] F2| Lactobacillus7} EASIERE <ol ARt ZHZ 1 217371
NEomA T} /) et fak, 55, A=, o
SollA biogenic amine (BA)°] A3 E=1(22), BAE= <}0IE
3 daFet 72 wRAFelA &3] 2HHY, F2 A=
o5k ofr|i=te] gebinkg AR AJJETH23-27). BAE A
Welld B A=sha 248 7Y, 9 Al A7l a2

F% Stk BAE TEEE 43 € 49 347

o of &
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o] AAXGEH T A A - 7Aooz FIs A A
ARRA, 28, TE, F5 52 72 5 Jon(252829), A
5 BATE N-nitrosoamines} 72 7383t WlEdz AgE &= 9l

 AAAE Zk 9Ih23,28-32). wHdElol BAEE fAE

(21,33-35) 5 Leuconostoc mesenteroides, Lactobacillus hilgardii,
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Lactobacillus brevis, Lactobacillus plantarum 52 a5 92l
A BAE AT 4 o] BaE vl Jri23). AFlAe o}
W e BAE AAse MY S22 3 SUKIEE BA
SheRe 2] Fdou detst Al AR X ER o] 8HE= A
o] A= L AUTHS,36).

Kim Q1) 220C)olx 717k nakst 2pde]o)x] A
| 9420 e 7d F e 659 BAVE U HEHJUT
AMEE Bt =5 BA AAFe F7tet vldElste] fARF
53] L plantarum %9 F7P7F FREE g vb Stk
A L plantarum 4F o= AFE BAE EaA7]e 4%
= RHFG7) wAEel BAS] @43 BA ¥4 45 4 o8 &
A Ae FFo sk A7t o]Foixor & Jart i
< wpdaol sk A Ede] XA gde] W f

2

o ol e

BAEF v F gFd 71edol £5 AL e,
urd o] Aol flalaclel U= BAE L3 o

AE 21E dofe AL
Ao obdAS FREle] A AEFEA YAS Foln

F 9e Aoz Hr} o}
A3 A= AL Qink B
2 4°C TE 20°ColA A%
ste] BA AAS ATEI o] T 3 Fo| oM $HF<
RS Zobd & dast 2hde]d o] #E HUlsie] BA A

0%
o,
Iy
do
>,
i
=

Fol| ARG Al B EE JAMFAA] HERLE, & - 5

A9 AR oA Y% F 1% ©ITK(Table 1).
Ak A= 4°C B 20°Ce]] ZHE 1097 2ae & BA 3
nAE FAo A3}t Histamine (H7250), tryptamine
(193747), tyramine (H8502), phenylethylamine (P6513), putrescine

(P7505), cadaverine (D22606), spermidine (S2626), spermine
(S3256) 5 8%<] biogenic aminex} pyridoxal phosphate (P3657),
methanol  (34860),  4-chloro-3,5-dinitrobenzotrifluoride ~ (CNBF,
197017), H,BO; (B0252), NaB,0, (B9876), sodium acetate

(S8750), phenol (P4557), chloroform (C2432), urea (U6504), for-
mamide (47670):= Sigma-Aldrich (St. Louis, MO, USA) #|&&
AHE-31ATE. Acetonitrile Fisher Scientific Inc. (Seoul, Korea)©ll
A FYSF L™, acetic acid (HAc, 99.7%)= Showa (Tokyo,

Table 1. List of the commercial makgeollis used in this study

Japan), Tris buffer (0826), sodium dodecyl sulfate (0227), EDTA
(0105 AMRESCO (Solon, OH, USA) A&S 74z} ARE-3IA
o}, ESH Proteinase K€} RNase A iNtRon Biotechnology
(Seongnam, Korea), PCR buffer®} Taq DNA polymerase=
BEAMS Biotech (Seongnam, Korea), PCR Thermal Cycler Dice
+ TaKaRa Bio Inc. (TP 600, Shiga, Japan)lAl Z}zF 1315
o™, TBE buffer= (F)to] 241”3 (Seongnam, Korea)llX -3k
k.

arzdz|e|l BA &H

w42 9] BAE Tang 5(38)2 "'HS $-83t9 HPLCE =4
ST 2] AR 1 mLg 94EE]7|(Micro 17TR, Hanil Science
Industrial Co., Inchun, Korea)ollAl 13,000 rpm (28,756xg)°l ]
4°C, 587 LR sl 2 4S5 02 umS cellulose acetate
filter (25CS020AS, ADVANTEC, Tokyo, Japan)Z o]3}&ste] =4
AI7EA] 220°C olatoll X Basiaitt. dalide] & A#E
200 pL& CNBF methanol solution (18.5mM) 100 pLe} H,BO,-
Na,B,0, (pH 9.5) buffer 300 pLet 4137, 1 mL7HA] SRTE A&
T 65°ColA 30%7F WESAIF TR 2M HCL 10 ple FH7kske] \k
S FTEA7|3L HPLCE BA A& g<lsiaict. ARg-g 71714
ZAHL 7tz 19100 HPLC System (Younglin Int. Co., Anyang,
Korea)Z} Zorbax Eclipse XDB-C18 Z#H@4.6 x250mm, 5um,
Agilent Technologies Co., Wilmington, DE, USA)°]%1t}. HPLCS]
ZAL o]5e] flow rateE 1 mL/min, &% T8l eluent AS
271 70%AA 100%7F HA 2223 she] F 2287 Al
. o] 522 acetonitrile (eluent A)3} sodium acetate buffer
(0.1 M, pH 62, eluent B)E |83t o &2 A& A
47] 913 CNBF f=W-8 £8 ¥, AR Y A9 o3 34
S Agaigith. AY £5E 35°C, UV detector -2 254 nmell
A ZAs9t. 871X BA ¥ FEF(histamine, tryptamine,
tyramine, phenylethylamine, putrescine, cadaverine, spermidine,
spermine; 299%)S FYgt FH O R FAste] TS peak A7F
I BHE vfRo R BFFAE AN T, AE BAS 24 A
AZ" BA peak 2|20 FIFS 9T 7IFoR o] &3IthFig.
). BA #42 Al ¥ ¥hgate] o 3g W EFURE e
Ribel=3

atdd| ®4+#9 PCR-denaturing gradient gel electro-
phoresis (DGGE) &4

Al 24 o] BAE Ak PIAES B48] S8l 7
A8 A& 2-3mLE 13,000 rpm (28,756xg), 4°ColA 587 U4

Sample Alcohol content (%) Ingredients of makgeolli note
A 5 rice 50%, wheat 40%, starch 10% raw
B 6 rice 100% raw
C 6 rice 33.9%, wheat 62.9%, fructo-oligosaccharide 3.2% raw
D 6 rice 90%, starch sugar 10% raw
E 6 rice 100% raw
F 7 wheat 100% raw
G 7 rice 10%, wheat 77.22%, oligosaccharide 10% raw
H 9 wheat 76%, starch 24% raw
1 6 rice 90%, oligosaccharide 10% sterilized
J 7 rice 100% sterilized
K 6 rice 90%, isomalto-oligosaccharide 10% raw
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e sto] A2 pellets ©]&8AaL, B4 A7 20°C o] sl
A B3Itk DNA 322 phenol B (39-41)S o831t

FZ3 DNAE= gH|g|otol] Eo]&<] primer, p338f (5-ACGGG
GGGACTCCTACGGGAGGCAGCAG-3")9} p518r (5-ATTACCGC
GGCTGCTGG-3")2 ©]-€-3l%] polymerase chain reaction (PCR)Z
AR o]F WA i A A719EDGGE) 4SSl
oligo-GC clamp (5-CGCCCGCCGCGCGGCGGGCGGGGCGGG
GGC-3)E &% GC-p338f= AME-3I . PCR2 10x PCR buffer,
025 mM2] Z}z}e] dNTPs, 5IU Taq DNA polymerase, 0.3 uM<]
Z}z2}e] primerell 1.5 pLe] DNAE o] 30 pLe] wH-EdES vt
Eo] F3L PCR Thermal CyclerZ o] &3l F3seh SEx
AL o4ColM 587 HE WIS AT F el 0%
BoF WA, 58°ColA 30% B9 primer £0)7], 72°ColM 30% T
t DNA 175 353] whesh 5 w2 72°CellA 1027 HF
DNA 944 A3EATE PCR AHEL 1.5% agarose gel& 0.5X
TBE buffer (T2004, Biosesang, Seongnam, Korea)oll ¥ %719
&(Mupid2 plus, OPTIMA, Tokyo, JAPAN)Z 3}4] Dual UV
transilluminator (UVT-260D, OPTIMA, Tokyo, JAPAN)$} GS-700
Imaging Densitometer, Digital Gel Documentation (BioRad Lab
Inc., CA, USA)S.Z bacteria specific bandS <213+ ¥ DGGE
245 sk

DGGE+ Dcode™ Universal Mutation Detection System (Bio-
Rad Lab Inc., Hercules, CA, USA)S ©]&3Iith #7952
urea?} formamide (47670) HAA 7} 30-60% TE=AT YE 8%
(w/v, acrylamide-bisacrylamide 37.5:1, BIO-RAD) polyacrylamide
gelZ ¥HEo] 14417 &<t Ix TAE buffer b4 60°C, 80V
(Power Pac™ HC, BIO-RAD, Hercules, CA, USA)E 443 A
H 2EE FASHEA JPdt. 17195 F DGGE gel
GelStar Stain™ (Lonza, Rockland, ME, USA)2 o]&3f 15%7+
HAs F Dual UV transilluminator2} Digital Gel Documentation
(GelDoc 1000, Bio-Rad Lab Inc., Hercules, CA, USA)S.E band
& sttt Hsk E2 A Qe bandE AE FH, FFTY
Hol FHo| Y Aol BT 7 (F)EHME (Daejeon, Korea)
o|X DNAE F&E3ste] F7IXMEE 4353t ©|F NCBI
BLAST searchE ©]-83l gttt

atdz| fikrel =2

frabt 5 w]oll ARS-3F vHdE]E Table 191 K AlFo] At
o] 20°ColX 7¥¢7F A H, 0.1 mLE F3 Difco™ Lactoba-
cilli MRS agar (288210, BD Difco, Sparks, MD, USA) %3}
Ao =23s & Incubator (VS-1203P3V, Vision Scientific, Dae-
jon, Korea)oll A 28°C, 24A17F vl F3tSiTh. 1714 A= colony
£ &4 &85t ZH2 Difco™ Lactobacilli MRS broth (288130,
BD Difco, Sparks, MD, USA)°IA S A A T).

Ao A E2le colonyE §F37] 918kl API S0CH
(BioMerieux, Lyon, France)Z ©<3}E U AMA] T (carbohydrates
metabolic testyS &3t o] E3t #F=HE FE3 DNA
£ FYC= 165 IRNA 72 PCR HE&-0.2 SFAIZ{TE PCR

Table 2. Lactic acid bacteria used in this study

HkSo|l= 27F (5-AGAGITTGATCCTGGCTCAG-3)¢} 1492R (5'-
GGCTACCTTGTTACGACT-3")S primer® AFE-3IATE A71M<E

50CH test?t 16s rRNA €714 E #4& S &€ +F7t
Table 22} 7°] Lactobacillus plantarum 4592 SASFAIL ©]
Fo] AFo| ARSI

Lactobacillus plantarume| BA MMs

L. plantarum 4F2] BA A/d5< 18] Q&) =HdzE ¥
o3t o371 B8 L plantarums 5 St T viYste] BA
E =439 44k L. plantarum colony= MRS broth B =] 9]
A 0Dy ;=05 BE7F A0S o Ha3 24 3mLell 30 ul
A HEste] 2" %71 (VS-8480SF, Vision Scientific, Daejon,
Korea)ol| X 28°CE FAI3IHA wjddt & Tang 5(38)°] W<
$&3te] HPLCE BAE AEsdth & =48 E 13,000 rppm
(28,756xg), 4°CollA 587F A4EE] st e 4FHE 02 um
filler= gt & oA 7%= A} 5US CNBF =344
HPLC &A1& ARS-sISit. o] o E+3t 2deEl= Table 19] D
AFOZA, 4°CoA 3Y BAs Aldgh 2ol 20°Col A 21
d BAG oHjE WA E 77 121°C04 1587 7tk E
@3tk P 2e] wigle] PLP, = PLP9} ofv|ieAts ¢
o] Hrlete] o|E H7iFel w2l BA ATo] dER=AE
RASIATE PLP= L. plantarum®] o}A| =it GEREg-o ko
sl 2EAOERE HI7FSIAAL, ofv|iAke Htol ]3] BA9
AFAR opv=Ate] HAAEAS AL 23] BAS HAFARE AL
£5E opn]:=4t 67FR](tyrosine, histidine, phenylalanine, ornithine,
lysine, tryptophany& ZH7} 2 /L% F7Fsf =3t

& g

=

oty o
Al atz2|e| BA e
2 Aol AREE Al Tl = F 1150l olF Akt
HaEle 25019 YA 952 AubdE|sint. 2Haee] &=

TFFE 5-9%H oM, 57182 Awedels iE-1d, A
A= 1030972 tsiath. Hdele] dAlsEE AHE
100% S+ 2 100%2] A|F o]9o= & AR HE ARG
5o H&S dEg AF T udsiien, Alxd B 7Y Al
7HAY A= FdellA] 26U (AFAFYHA sk th(Table
D). FYe AFL A A7EA| 4C9) 200 1087 2Ast &
BA ¥ "AE FA 0 AME-SIATH

Al BH2lE 4°C9) 20°CollA] 10Y B9 ASE F A E
BA & 243 A= Table 33 2tk Aubdels 4°Ce o]
3 20°CollA] 243t 749 AA7|7be] F7Hgel wet BA Yol F
Z3s] Frksk v, A el Aexd w2 BA #Hsvt
Aol FAck. Al 2l 7P Bel & ¥ BAT histamine
3} putrescine®] 3. spermine} spermidine =A% AEE UL
Putrescine> A% 2 A4 oF
putrescine®] =HAzZ]e] FH BAYS &

g

9 o J

| BAIRe]l HE = o
AT gjle] F2

2

b

Strain Sequencing Primer Length
L. plantarum T3-10 16s rRNA gene, Partial sequence 27F-1492R 1447 bp
L. plantarum bh6 16s rRNA gene, Partial sequence 27F-1492R 1468 bp
L. plantarum M01210 16s rRNA gene, Partial sequence 27F-1492R 1471 bp
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500.00 EEEEE nylethylamine©] 7t} AUl thAlzg ol #o}slE monoamine
E LE_ g % oxidase, diamine oxidase®} W33t o]&¢| F47 wIE ofs}
400.00 2 g §. H "]%] T AUAL, I AAET RhgEte] wgEAR] UER Lo
o | H 2 S B4 Avk28-324546). 21F U histamine 43 A 840
= 2 & £ mg—% oFst éE 40-80 mge 5 AE, 100 mg o+ F4le
20000 g L 2 SESHE 4o 4 9=dl, WHE tyramineS 100 mg ©142 A
s X £ § Fslol FE5HE Lo F dnka ByHe] drk4). G 9
z z s 2]+ tyramine (135.73£9.81 mg/L)Z} putrescine (188.90+7. 76 mg/
0.00 ol L= thE Al 2deE]e)] vlE] weol AEEHAT. 22y =

0.00 5.00 10.00 15.00 20.00 7} B e z‘: Are. ot} Putrescine, cadaverme,
Time (min) spermidine 5 4% BAE= 2t &A%l UL, tyramine?

Fig. 1. HPLC chromatogram of the CNBF derivatives of 200 pM i el 6“}33} BAE zhethe Eavt 9ith48,49).
biogenic amines standard solution. A 2HAdE] F A4S 90% ol &3t B, D, E, K At

3
£ 4°CoM AR A 102 FHol= = BA2] o] 16.86-33.42
mgLZ F7HEA] 23 fAE= S Hol3l, histamine©| Lt
3t BATE histamine, tyramine, putrescine®]2F HIE H} 3]0 tyramine 5] BAZ}F A EA] 3ttt o]AL AZ THE 9H4E

(42,43), & A9} fAFskoAh 7F o2 9452 A3 e vls] A2 Al BA AAe]
Al B E] F G AIEFL 4°CA AFS 9ol = histamine BaRHoZ JAE 7FeAEE AN F= Bt AAE Kim
o] 47148+4898 mg/LE, & Lo AAE Autdy £ & I Han(5)2 #< 23 47FF vz &S delsty 948 s &

A3}A histamineo] T2 HEEJTh HistamineS 24553} 7} 4°Cet 20°Ceol AAsl BA YA HS Aul B Ay Avtow
T4 A9 Al=E Aol GHEZIE fEE A0 (23), AZE QA 2 wigugo] 2 e EFE HEe] 52
tyramine¥} phenylethylamine® H#+EAAES BHIEIA 1Y 2o Hlal] 4°C Rk ofz} 20°ColX = BA o] =LA 7t
e doZ 4 StH44). Putrescine, cadaverine, spermine, sper- 23t= 4345 B v o
midine& ©|5 AAQ] 54L& ¢l histamine} tyramine, phe- U8 B AxFPo] FFFE U= Al W] A9, AA

Table 3. Analysis of biogenic amine contents in commercial makgeollis stored at 4 or 20°C, 10 days (mg/L)

A B C D E F G H 0 7 K
Stored at 4°C, 10 days
HIS®  NDY ND ND ND ND ND 47154490 ND ND ND ND
TPR ND ND ND ND ND  76:131 ND 18431 52490  ND ND
PHE ND ND ND ND ND 164285 ND ND 744129 ND ND
TYR 626450  ND ND ND ND 19433 1357:98 2828 64485  ND ND
PUT  128.6£36.6 2455103 141453 334446 6817 170808 188978 140519 435584 480+35 23.6£21.0
CAD 39468 ND 614105 ND 101443 11419 29429 36£32  68+118 07:06  ND
SPD 22438  ND ND ND ND ND ND ND  125:129 7464  ND
SPM ND ND ND ND ND ND ND ND ND ND ND
Total 1973 25 202 334 16.9 440 799.0 22 818 57.0 236
Stored at 20°C, 10 days
4159 9369 13298 8674 11265 14151 695.0
HIS 727 2042 43912 #3145 NP 4igi0 12888 41320 NP ND ND
U21 1555 583 453.0 33
TPR ND 1273 4392 4149 ND ND +66.8 44 ND ND ND
154.6 782 13.1 275 365
PHE ND DY wessea2 20 DL ean 272 ND ND ND o2
R 1939 3549 2057 3010 3694 1746 2309 1808 D 3.0 376.4
1148 1894 1664 639 487 458 1198 4226 150 1655
pup 10879 20041 18476 24563 11610 5828 15659 313 392 275 25197
L1239 45928 £500.1 47636 <2119 4784 42668 489 4106 4383 46212
5341 2363 1659 243 98.7 1693
CAD Np PR Bes 108 2 BT 18T aem2 ND 13123 3534134
SPD ND ND ND ND 101428  ND ND ND 6760 14:24  ND
SPM ND ND ND ND 4054377 ND ND ND ND ND ND
Total 16977 42167 39714 39271 16184 19836 40617  913.0 459 332 29679

"Sterilized makgeolli

YHIS: histamine, TRP: tryptamine, PHE: phenylethylamine, TYR: tyramine, PUT: putrescine, CAD: cadaverine, SPD: spermidine, SPM: spermine
ND: Not detected

YMeanztstandard deviation (n=3)
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A B C D E F G H 1 J K

Fig. 2. PCR-amplified (GC338f-518r in 16s rRNA) DNA was obtained from each makgeolli samples stored at 4 and 20°C. Interesting
DNA bands on DGGE gel was extracted and used for DNA sequencing.

¥ BA FEFe| xpo|7t AR FUTH3S). ool Hls] E ATollA Table 4. Profiles of bacteria identified from the sequence of DNA
B3 A9 wHAes acox] RS ez eles Basly & bands on DGGE gel extracted from commercial makgeollis
BA %o] 7P Be GOl AE 79896 mgLolSiE whA E AE DGGE Sequence”
o] Ao= 1686 mg/Loﬂ Bl o)A 017 el Y= =t Band No. Closest relative homology
Ae) Bzl 98, AxFY 2 S5 EFahEe] IR )
ko Atz mpolty, za]X E9 K wHzjs Aukda)des & 1 Oryza sativa 99
F32 20°CA 102 EoF A AL wo % histamine®] AZE 2 Aegilops speltoides 98
2 e Ao wje ulHAs Ayloln g » x."z:ug ®E3} 3 Lactobacillus sp. JCM 2770 99
o] Wb wAwe] A ke IA e 4 SAPARAEY 4 Lactobacz:llus Jfarciminis 97
AAVE, A B AE] SE)SRe wa ;QOHJ 7ol @ 5 Lactobaczllusperolel?s L534 98
o] AZAF A= o)A Tt o]o] st AzAel xHo] Fg 6 Staphyloc.occus suc.cmus‘SB72 99
sm, 53 9% 71 5 GEUel ek pasiselor & Ao p poconactlus harbimensty 95, TI-11 o
ET:ijiJgé)o] AT 1520 BAS 249 Aa 2 A% 9 Pediococcus claussenii 92
10 Staphylococus gallinarum 99
WA putrescineS 2.12- 823 mg/L, histamine 0.65-4.62 mg/L, W Lactobacillus rosside strain 08
tyramine°| 2.96-7.15 mg/l. HEHAT. 4CAN A Al = 12 Lactobacillus plantarum 98
3_194 By ®E =Aed putrescinett 6.8-188.9 mg/L = A 13 Lactobacillus plantarum 99
FH Sk w dold eI, o= di Al 14 Lactobacillus plantarum 99
7h datd AEelA e v A e ﬁ e Aokl 15 Lactobacillus plantarum 99
P Ee] g AO}EHE ARbEtE S544 deo® wg T 16 Staphylococcus aureus 95
g Azt & F ok 17 Lactobacillus satsumensis 94
18  Lactobacillus sp. JICM 2770 98
& 20 [ME Al ofdE2[o| ojdE i WSt 19 Lactobacillus fermentum IM053 98

(=2 = T+ = 40 0, . .
= AT olm AlE= @ Tl RS 4108k 20°CelM YPercentages of sequence homology were determined by using the
30947 AFshs 99 vAlE W3lE PCR-DGGES E3) AH BLAST search programme at the NCBI website.
vk Qrhel). B AeldE 409 200091 1087 A
AT A48 11522 5E DNAZ F23}3L 16s rRNA genes

PCRZ FZA|A DGGEE gt A3} vt 49& 48 &+ 4CoNX #7gs B 2ol T8 A2 Fig. 291 Table 490A]
AATHFig. 2). =, 4°Co] vl 20°CoNA AggE wbag|oA] v RE ule} 7o) Staphylococcus succinus (band 6)2} Staphylococcus
AE2] HWAE DNA band’} TRk WebgTh 4oColA #7st gallinarum (band 10)°112H, E xﬂi% L. brevis (band 8)7} &
“Lﬂa]L Hlw A fARgE Al Feko] et REA, 20°0CA] A 5 o|F2 YUY T3 H AEL L plantarum (band 12), T
st el e 7o) ettt 558 Al Jdu-s 74 AFS L plantarum (band 12)3} L. Jermentum (band 19), K A
shar al—t— AL AT F STk 4°ColA veRE W=7} 20°C EL [ fermentum (band 19)°] FE mAEZ YElstth 20°C)
oA AHE7F oFlixl AL ad mAES] 7 FAEAAY T Al A A Eer] FEH SR Wol F2% 72 L perolens
E A EE9 =20 AtFo g =7l Z7)d HlE] A= (band 5), L. harbinensis (band 7), L. brevis (band 8), L. plan-
o] W3alsl AU = A}k T3+ Alg wbdE] vAEE0] 4°C H tarum (band 12), L. satsumensis (band 17)%ATh ©]= Kim 5
3l 20°CellM FFo] teFeiAl Wstele 2l 20°coﬂ*1 s (1901 15%2] 2 (FF)9] "d=S DGGER 243 Aot
Al 2HAEeA o] BA TF 2 Y SR - S 7 VW3S wl, L plantarum, L. harbinensis, L. fermentum 5©|
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Table 5. Biogenic amine production by lactic acid bacteria strains: determination was made after cultivation at 28°C

Condition Storage (day)
5 10 15

Serilized fresh makgeolli

L. plantarum T3-10 NDV ND ND

L. plantarum bh6 ND ND ND

L. plantarum M01210 ND ND ND
Sterilized fresh makgeolli + PLP

L. plantarum T3-10 TYR TYR TYR

L. plantarum bh6 TYR TYR TYR

L. plantarum M01210 TYR TYR TYR
Sterilized fresh makgeolli + PLP + amino acids

L. plantarum T3-10 ND HIS, TYR HIS, TYR

L. plantarum bh6 ND HIS, TYR HIS, TYR

L. plantarum M01210 ND HIS, TYR HIS, TYR
Sterilized old makgeolli + PLP

L. plantarum T3-10 TYR, PUT, CAD HIS, TYR, PUT, CAD HIS, TYR, PUT, CAD

L. plantarum bh6
L. plantarum M01210

HIS, TYR, PUT, CAD?
HIS, TYR, PUT, CAD

HIS, TYR, PUT, CAD
HIS, TYR, PUT, CAD

HIS, TYR, PUT, CAD
HIS, TYR, PUT, CAD

YND: Not detected
PHIS: histamine, TYR: tyramine, PUT: putrescine, CAD: cadaverine

& ATk 223 Chang 5(50)°] AlBEE HA19 mdES
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inha’t 5 °]F3 UE AL HIF I, Kim 551y D3l
AE MAES B3 A3 Enterococcus faecium, Leuconostoc
mesenteroides, Tetragenococcus halophilus7t %5 °©1F3 U=
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