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Abstract

The objective of this study was to evaluate biogenic amine (BA) formation and degradation abilities of Bacillus
strain and lactic acid bacteria (LAB) isolated from meju and doenjang and to determine the microbiological and
physicochemical qualities of Cheongguljang prepared by mixed culture of these strains. Accumulation of cadaverine
(421.7 + 11.0 mg/L) and histamine (628.7 + 24.1 mg/L) was assessed in the culture media of Bacillus subtilis
MJ226 that displayed lysine and histidine decarboxylase activities. No ability to form cadaverine, histamine, putrescine,
tryptamine, and tyramine by Lactobacillus acidophilus D11, L. acidophilus D38, Lactobacillus sakei D44, Lactobacillus
plantarum D70, which exhibited high BA degradation ability. The amino nitrogen and free amino acid contents
were significantly (p<0.05) increased in Cheonggukjang prepared by the mixed culture of LAB (L. sakei D44,
L. plantarum D70, or L. pentosus D74) and B. subtilis MJ226, whereas the ammonia nitrogen and BA (cadaverine
and histamine) contents were significantly (p<0.05) decreased. Consequently, it was confirmed that BA formation
in Cheonggukjang prepared by starter culture of B. subtilis was effectively inhibited by the certain strains of LAB
having BA-degrading ability.
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o

& b7tz etotA o] DA oa B ol 8 ~E
9, FEHA 9 7o o] A B e BAS gheke B9
A F4 Aol o] FHTHS). H7tEEA oA 54
= YA sl= AT 2= Bacillus, Citrobacter, Clostridium,
Kilebsiella, Escherichia, Proteus, Pseudomonas, Salmonella,
Shigella, Photobacterium, Lactobacillus, Pediococcus 2
Streptococcus sp. 5°] L&A JATHB). 53] D2 HEH
2|9 Clostridium, Pseudomonas, Staphylococci, Bacillus
sp. B AN SO RFE A IR R gtol] 24 o]
I AL, o] 52 e, 3|2E, 7tk 9 FE
21 59 BA Bd%50] 2 Ao=E Y THe).

A HE IE @A Pli(miso)ZFEH EEH
Enterococcus faecium, Lactobacillus bulgaricus= &S
AAJ8¥A 3L, Lactobacillus sp.S} Lactobacillus sanfrancisco
© s|2Hd brtaidgto & Adete Aom e
O (7), Lactobacillus curvatus, Lactobacillus carnis,
Lactobacillus divergens 2 Lactobacillus hilgardii ‘s = BA
Ao 2 R ATHS). T EE 2F WA BAE
g I B @Al =A FAIE AL ofn| et 0] 850
ek frabetel el FE B HeT EFolu Tl
w2t BAS| T7F 3 Al 2 Akl sleH, A% 24,
A& W ¥ vl g, 2g 21 9 273 7|7k uel BA2
Fe 2A LERIvh2,9).

HFA| Garcia-Ruiz 5(10)2 Lactobacillus casei, L. hilgardi,
Pediococcus parvulus, Oenococcus oeni, Lactobacillus
plantarum 2 Pediococcus pentosaceus - 2| & THgk
T |28, Hepdl 8 FEHAS Falld e
24E e Tt Btk Capozzi S(11)= L
Plantarum 27057} FEHA 3 Elefil & Falole o2
gelx]o] 9l WEE ~EHE o] &8 7% BA A4t3}e]
FAHAY Aolgta nEsth BA Ealles 71 ikt
& o}ql 4+3} &4 (amine oxidase)oll )8 BAZS AHEhAA
sl =, Fitstra B dRYoLE HAA FER 2
F Ul BA &S BEtH12). At} fAHES BA AAT
o] F2& AN F e EE S LSRR fél
To R Qg 9@ 3 Aoshr] A FHoR AF Az
S okl A A Ee] b A E A 713 At
A e HEA A G857 % grk(13). v 2 e
2 Aete bt 212 U 8|2 Rl S AAlske
o &A1 (14), BA] AZZTE Eed s~
Aol daliA = Hele] oAl A frakte] dt &3t
YERETH1S).

SEARE, U F R AEe] T8 ~EEQ o
o} fAHFe Zaulol oEl FruA WA g, Bk,
e 2 G 5 e e 2S wele s,
WE 3y 3 Qo] FRE FAE BuAe Regos
54 249 BAZ A4l Het 55 04 A%o]

=

T2 ZAA-FEE A A26H A5E (2019)

sha wpd g ~p 3 BA B8 fktae] &
Aote] A Estd 9 Ee)ste 5413 BA A
N3 S 2AbSHS]

M= I d

AHE T F A e

AR (16-18)ol M Wl F2NE] Re|E Bacillus subtilis
MJ-2263} HA oA B8 FAbt(Enterococcus faecalis
D08, Lactobacillus acidophilus D11, E. faecium D12,
Pediococcus  acidilactici D19, P. pentosaceus D21,
Leuconostoc mesenteroides D23, Lactobacillus fermentum
D37, L  acidophilus D38, Lactobacillus sakei D44,
Pediococcus halophilus D49, E. faecalis D51, L
mesenteroides subsp. mesenteroides D59, L fermentum D60,
E. faecalis D66, L. plantarum D70, Lactobacillus pentosus
D74, Lactobacillus rhamnosus D78, Leuconostoc sp. D82,
Enterococus casseliflavus D86)S T/ 0.2 BA A4 2 £
& AT AE T 5= Lactobacilli MRS agar (BD
Difco Co., Sparks, MD, USA) AFAHIA] Zdell 4] At vl 3
7T, 24117hste] AHg-SH o

BA 445 &H

A9 w3 24 AAE s fld g7tEEAIg)
A A o] A o] =4H1-arginine monohydrochloride,
I-histidine monohydrochloride monohydrate, 1-lysine
monohydrochloride, l-ornithine monohydrochloride,
l-phenylalanine, l-tryptophan % 1-tyrosine hydrochloride,
Sigma-Aldrich, St. Louis, MO, USA, 1 g/L)¥} pyridoxal
5-phosphate (1 mg/L)E A7} tha o HF £ 37CollA
48A17F B2t 53] A wll ¥l ST Microtiter plate] welll]
B FA(50 pL)F} obr] At 2%, wiv)el 7k E7kEE
A8} HAEIA (100 W) A2 B8 § 35C, AR FRE
g712 <9l Z71(Anoxomat system, MART Co., BV,
Netherlands)ol| A 8] &3 Th5 BA &% Eerola 5(19)%}
Mah 5Q0)] S Ay Aol SPsec el g
LA1E-2](7,000xg, 104, 4T0)3 F 451 mL)yS A7
A 71(0.22 pym membrane filter, Millipore Co.)3F T} BA
&3} #3389 (cadaverine, histamine, putrescine, tyramine,
tryptamine, 500 mg/L)Z} 0.4 M perchloric acid (Merck,
Kenilworth, NJ, USA, 9 mL)E Z7Fetsich 219 &3 &
AR (3,000, 10)eHM B¢t FEAE o
(Whatman paper No. 1, Piscataway, NJ, USA)&}+ T} o (1
mL)°l| 2 N sodium hydroxide (200 L)%} sodium bicarbonate
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23} 89300 L) 7}kl acetoned] 234171 dansyl
chloride (Sigma-Aldrich, 10 mg/mL) 2 mLE 3 7}atith.
40CollA <F 4583 A7l ths ZHESHE  dansyl
chloridex= 25% ammonium hydroxide (100 uL)E 7}3h
AL 2ol BAekATh ok 303 ¥ $ acetonitrile-
7Vete] A% 5 mLE 933 YA E2)(2,500xg, 5E)3A]
AL 5N 93 2H0.22 ym membrane filter)3+] dansyl
=48l AFH ). High pressure liquid chromatography
(HPLC, Shimadzu, Kyoto, Japan)2] Nova-Pak C;g column
(150x3.9 mm, Waters), Milford, MA, USA)< AH-&-31%5 0.
UV 254 nmell A A&tk A9 2% 40CAlA o] 57
(solvent A: 0.1 M ammonium acetate, solvent B: acetonitrile)
o] 552 1 mUmin= 2335, AR 10 L2 FY
skt

3

Hpo] @AY ofRl #3852 Lee 5219 WS I W
gt STt =, 4TS MRS broth (BD Difco
Co., Sparks, MD, USA)°ll E3lo] ulj k37T, 24A17H <
LA E-2](7,000%g, 10%, 4TC)3| 4 Al EE Ro} phosphate
buffer saline (PBS, pH 7.0)2.2 23] M|&slAt}. 27| <
1.0x10° CFUmLE 9 AlE g mL)S BA
(cadaverine dihydrochloride, histamine dihydrochloride,
putrescine  dihydrochloride, tryptamine hydrochloride,
tyramine hydrochloride, 0.1%, w/v)< 3713t A uj=]
[glucose 0.1% (w/v), yeast extract 0.2% (w/v), NaCl 0.5%
(w/v), K:HPO, 0.05% (w/v); pH 7.0, 10 mL]oll HZ3+ &
35C, 5947t v sdet. ¥l 0.1 mL)= BA 2%, wv)7}
A7be BafR o] =8 g Fste] 30°C, 5L vt
=3 kS Aeslo] Trypticase Soy Agar (TSA, BD Difco
Co., Sparks, MD, USA) ‘g4 & &2 b= BA (50
ppm)7} % 7} Trypticase Soy Broth (TSB, BD Difco Co.,
Sparks, MD, USA)°ll % &3l 35°CellA] 24A17F B4t ujj ok
stsich v ¥l (1 mL)o] BA &3 #£5-89(500 mg/L) 2
0.4 M perchloric acid (O mL)Z 7}sta X& &£3Hek 3 94
£-2](3,000xg, 102)3}1th. A54-2 of I(Whatman paper
No. 1)3tar A Aet W] we} dansyl chloride® =
A3} g Fo]l HPLCE 7HE3h= BA s S48tk
Bl 5(%) < A[(A-BYAx100, A: 7] BA &3 B: &3}
+ BA el diddsted Altatsitt.

=3 M=

ZHO2E R subtilis MI226THS (T 271 52 BA 24
fabtry E3ste] A=S Azt vl AT £
AFt-& Brain Heart Infusion (BHI) broth (BD Difco Co.,
Sparks, MD, USA)$} MRS broth (BD Difco Co., Sparks,
MD, USA)ol| 77t JEata wiF37TC, 24417 & A&

Hlj ool & 9] A 2-2](7,000xg, 105, 4C) 3t ZHzke] A
¥Z PBS (pH 7002 A Hstn & e FFE 1.0x10°
CFUmLE 273ttt ¢, A8 5100 g)oll 57
£ 108 7Fek £ 24717t Bt AA ST E71E A A
T S2K1217TC, 30)8tar A W2H4045T)3 tha St
AErH 1% (vw)d 22 HFokal 80%2] F= stollA] L&
(B7C, 2AZYH) AlA A xS MR T8 F A Ee 542
Az F il gl A183a19

A S|

A E(10 g)°oll TF(90 mL)Z 715+ stomacher (3 M,
St. Paul, MN, USA)Z <F 337 23}t PBS (pH 7.0)2
AR Mg Al 81 mL) W vkl w3 ikt ee 22t
Luria-Bertani (LB, BD Difco Co., Sparks, MD, USA)$} MRS
agar (BD Difco Co., Sparks, MD, USA) &% vl #] “gol| A
FEE IR S tha JgE Alsto]
CFU/gC. 2 FA83 T

4>
Ak

pH &3

A E(10 g)oﬂ =34 5ulE Jteta 2EnHAE 723}
& The DAEI7,00<g, 102314 Fe AEAE AR
dlo g 3}lo] pH meter (Fisher Scientific, Waltham, MA,
USA)Z S35

Sake] R4S J1ET 1%wy) 5D

ST Jpege B4 84 5T

it SHT(100 mL)ol A 525 o= 7t 5z
(37°C)cll A 4A17F Bt FBK150 rpm)3t oF2 4] Ee
(4,000xg, 15)3t] A& e s Ehdo a2 A183519]
t}. A 5(0.05 mL)ol| %] 2% azocasein (0.2 M Tris-HCI,
pH 7.5)% 7tete] E3et & F-25210T) tollA 20%3¢
£ 1171 T} 10% trichloroacetic acid (0.05 mL)Z % 7}3]
g5 <roll A oF 1083 WA 5t BEE-S FAIAF T
A13221(6,000%g, 202)3t] A2 35 H(0.15 mL)°] 2N
Folin phenol reagent (0.3 mL)<} Na,CO; (045 mL)E % 7}3F
30T & 2 Yol 23 wgA]7 @l AR E
660 nmo| A SFEE SH3ATE A4 1 wite 129 1
1M2] tyrosines AAdeHE EAYC R H oA THR2).

iy

A A )

ofnlief A B2 57
Formol A4 H3)02 Z457] A8l ARG ol Bt
ZRHFG0 mDE F1ael oF 3087 WA A7 8
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o

< AAE21(10,000xg, 15%)%F Tha 0.45 um syringe filter
2 o373k o] (10 mL)dl| 0.1% =z KA S A
7}et ¥ 0.1 N NaOH ET8990 2 njgalo] & w7}
AAstdch. a3 o 229 §9(35-40%) 20 mLE
713t ¥ pH 83¢] & wj7}x] A28% 0.1 N NaOH E-8
o] o opniy) AL TS AAEIS

et L{ojef & B &Y
SR ole] da oA (24)
F26 9ol TFTE 7teta %
FE etk A9 ¢
3520 mL)E FHotd Als
NaOH £-9(0.7 mL) 713t & 2tslnladl 403 g2t
H54 S Y1 SR/RFE HF 150 mL2 9 & 739
t} 0.05 N 4akg-9 25 mLE 9& 7)o 74 2k 70
mL A= 28 F SFFE 100 mL 3 &3t WEd e
5 )

l

BEIHEad EF AANY 34 B s F
243 A (pH 4.8)°] VEFE w714 A QF 005 N NaOH
o] & Fot] dRUYotH dAio sEE ALl

=)
o,

(o)

oo
1=

)

el otol=q Bl £3

Rozan 5(25)¢] WHel me} HPLC (Shimadzu, Kyoto,
Japan) 2 FABHATE S, oFr] =4t EFE (20 i) A=
£ AF(37C, 20 mmHg) 3tol|A] 20%3F AZAIZ T o]
e & Ego"olTl e 2:2:1 (vv) H|&9] A& 7}
o & Z3elA] TA] 207t X1F AZAIF T vEks; Eglo|
ol &, #l'do]4E] @A]ohd|o] E(methanol, trimethylamine,
water, phenylisocyanate, PITC)= 7:1:1:1 (v/v)2] Bl &2 X7}
& FEAS A2 (20 uL)E H7IEA F 2027 -2l A
WA Z T 19 v A& W =g PITCE A7 6]
98l 2083 AF sl A2AZ FEAS E ARs
°] %5/} buffer A(100 mL)ll &8l A Z t}. Purospher STAR
RP-18¢ Z ¥ (Merck, Darmstadt, Germany)°l] ©] %4 A (0.1
M ammonium acetate, pH 6.5)2} ©]'573 B (0.1 M ammonium
acetate : acetonitrile : methanol = 44:46:10, v/v, pH 6.5)<]
4 1 mLmin2 A1 F 20 uLE F1310] 254 nmel|A] £4
a1

Hio|2M|< ofgl & £H
Han 5(26)9] WS 45 Wgste] At e A=
G el 0.1 N HCl 20 mL)< 713+ & #2348 vk 94

kAt 271 2 2 HPLC (Shimadzu, Kyoto, Japan) S
o]-g-sto] upo]oAlY opvl TS S SHArh

T2 ZAA-FEE A A26H A5E (2019)

A gEd R 247y 354 Agste] A2 ARG Hdt
+ETUAE YERIE A9 A2ale SPss 27
(Ver. 12.0, Chicago, IL, USA)2] Student’s t-testS 53l
p<0.05 9] FFolA o APF9 Fd= A st

o]
2R

Zn ¥ oE
Ay TFo BA dds
G7t2 8415t AAuiA] el HE dFE9 BA 44
= AR A= Table 13 2o w54 #2]¥€ B
subtilis MI2262- 7Hchi 21(421+11.0 mg/L) 2 3] ~E}Y]
(628.7+24.1 mg/L)= A3t A= IRl QT). g,
Ao iy Feld fihte] BA A5 AN 23,
FVH A& E faecalis D51 (642.3£11.4 mg/L), E. faecalis
D66 (255.6+9.9 mg/L) ¥ Leuconostoc sp. D82 (391.6+15.4
mg/L)ZFE A=A} S|~B& E faecalis DO8
(1,045.8£33.5 mg/L)3} E. faecalis D66 (504.7+20.9 mg/L) S
22H AEHU L, FEHL S E faecalis D66 (912.4+6.7
mg/L)Rto] Adste Az SlHIn EHER AT
< E faecium D12 (1,523.7+40.1 mg/L)$} E. faecalis D51
(623.4+15.5 mg/L)°Ial, ElRE E faecalis DO
(237.9%13.2 mg/L)2Z} E, faecium D12 (661.4+25.0 mg/L)7}
Adshs Aoz IRIHATE o] Aot A w5 Fof
A NE-5-2] Enterococcus sp.$t Leuconostoc sp.©] BAZ
A Ao R IRIEYD frakte] el wet A4ds)
£ BA9| F5ol ztol7t Rl A FE Folsithe A
& AATh

BAE B2 I8¢ 2 54 o) Aite = o
oeni, L. hilgardii, Lactobacillus fructivorans, P. parvulus,
Lactobacillus brevis ‘& Tt AT EE25E ofn|=4te]
7h2847] AA sHo] SAHJT. & L curvatus, E.
faecalis, E. faecium, L. fermentum, Lactococcus lactis,

=
[¢]

Streptococcus thermophilus 3 Lactobacillus paracasei ‘s =
GEi 845 AAtkete] AF el BA A9 TR
Wel@27) ¥ AT Aot FEAeR dA5A
Barbieri 5(28)°l M=% 2y} Fchde E
faecium 2 E. faecalis7} AB2¥ela El&W& E faecium, E.
faecalis, Enterococcus durans, Enterococcus hirae, E.
casseliflavus 2 Enterococcus mundtii 5-°©] AAVst= Z1o2
golE o, FEUL-E E faecium E. faecalis, E. durans,
E hirae, E. casseliffavus 2 E. mundtii 50| 38t 2105
HaE nf glo] ¥ A Aaet 47 LAk ¢,
&%= Leuconostoc

Leuconostoc  sp.©]l carnosus,

Leuconostoc gasicomitatum 3 Leuconostoc gelidume 2] 3%
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o] Foje} 2 #do] glom °]Hl:°]"j1 Ake] ghekik
HkS-of] Fodsl7| = a1, L mesenteroides= 3| ~E}Hl, F
Egzloly gl S A= dhrha g A= (28),
B Ao M= Leuconostoc sp. D827} 7Hehi -5 AAI 81

parwvulus, O. oeni, L. plantarum, P. pentosaceust 3| Z~E}¥,
gepdl, FEHAIS] e Ho] Hojd o2 It
(10). Capozzi 5-(11)°l &3V, L plantarum NDT 2635
SolA 308%% FE#A, 269%= ElEHY, 192%= 3|~

. B 8 192%E bl d e B ¢ A ke
Table 1. Biogenic amine-producing ability of the tested strains in decarboxylase medium supplemented with amino acid
. BA-producing ability (mg/L)
Strain
Cadaverine Histamine Putrescine Tryptamine Tyramine
Bacillus subtilis MI226 421.7£11.0 628.7424.1 ND ND ND
Enterococcus faecalis D08 ND 1,045.8433.5 ND ND 2379+13.2
Lactobacillus acidophilus D11 ND ND ND ND ND
Enterococcus faecium D12 ND ND ND 1,523.7+40.1 661.4125.0
Pediiococcus acidifactici D19 ND ND ND ND ND
Pediococcus pentosaceus D21 ND ND ND ND ND
Leuconostoc mesenteroides D23 ND ND ND ND ND
Lactobacillus fermentum D37 ND ND ND ND ND
Lactobacillus acidophilus D38 ND ND ND ND ND
Lactobacillus sakei D44 ND ND ND ND ND
Pediococcus halophilus D49 ND ND ND ND ND
Enterococcus faecalis D51 642.3£11.4 ND ND 623.4%15.5 ND
Leuconstoc mesenteroides subsp. mesenteroides D59 ND ND ND ND ND
Lactobacillus fermentum D60 ND ND ND ND ND
Enterococcus faecalis D66 255.6£9.9 504.7+20.9 912.446.7 ND ND
Lactobacillus plantarum D70 ND ND ND ND ND
Lactobacillus pentosus D74 ND ND ND ND ND
Lactobacillus rhamnosus D78 ND ND ND ND ND
Leuconostoc sp. D82 391.6£15.4 ND ND ND ND
Enterococcus casseliflarus D86 ND ND ND ND ND
Data are means*standard deviation (SD) from triplicate determinations.
ND, not detected.
M8 7T BA Bills THee dFdl  Eete ZeR Hussith
A3 FFE0 BA Eal5S 233 A= Table 29} Kongkiattikajorn(29) = L. urvatus KM2633 2 Leuconostoc
2t} W Fo A Bel¥ B subtlis MI2262 BA £3]%< mali KM27259| 4= BA #3f5o] SI=A] egkon,

YehHA] ekston, dF ikt 525 BA #éllsol &
ol At FhhHl Y R85 L sakei D44 (26.1£5.5%)<}
L. plantarum D70 (33.5t4.2%) S 258 I 11, 3]~
B} L acidophilus D11 (12.9+1.6%), L. acidophilus D38
(19.1422%) 2 L pentosus D74 (42.3+4.5%) Z5-E] YEb
o, L acidophilus D11 (6.9+1.8%)2 ElE}%]l &3)5°]
sl Aoz sklsglon), Fedila EQepe] Bl
= Bl A3 i3 gk mEbA] ikt el mek
233 5 9l BAY FR7F HE2n PelselE 4
kel 7 AT

AN B2l Lacrobacillus casei, L. hilgardii, P.

Lactobacillus farciminis KM7642%= El&}91(4.5%) 3l 5°]
=t At L plantarum KM5474+= ERER
(2.1%), H2ANEolR(3.5%), FEHA(11.9%), 7Icta
4.7%), 31 Z=EtR1(6.9%) 2 El2tR(172%) & TH¥E BA
5ol YEeNsk o™, Lactobacillus kandleri KM2416, L
sakei KM1450 2 Lactobacillus reuteri KM8124%= &% BA
BalHo] AT L plantarum, L sakei, L. pentosus, P.
acidilactici, Rhodococcus sp Arthrobacter sp. Micrococcus

4l

sp. Brevibacterium linens 2 Geotrichum candidum &2 ©
Rk 28 AAsle] Elepln o sen g Redtin

Leuschner 5(30)< E 133t} o]d 71 &2} vlws)
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& o frkte] ol w24l 7Fsg BA 7t thEa
el &ol e Afo|7t d&e & F AUATh

olfl 4t} g4E M Eeg 25 28 L case,
L plantarum, L sakeP| A= 2159 31(27), 90l o 2 2
w219 L plantarum TFI-CA 26, P. pentosaceus TFI-CA 30,
IFI-CA 83 2 IFI-CA 86, P. parwulus IFI-CA 31, O. oeni
IFI-CA 32, L. hilgardii TFI-CA 41, L casei IFI-CA 52 %
L. plantarum TFI-CA 549X %= 7383t 3| ~gpql, Elgd
2 FEHA Eallsol FRAEATHI0). L casei®] 8] 2~EF]
7} Elgle] EalleE ofRl Aksl T Aol 71918k e
o] & Cabrales 2| 2] o] &g 7d-5- BA &4 o] a7
ZAHEAT I 81(27), & AFIAE BA E3fo] &<l
d it B8 2B R o] 88 A 2% W BA Ast
of EFAY Aom FHHT

T2 ZAA-FEE A A26H A5E (2019)

9= wjek Al AHEFE 5.8+1.4x10° CFU/gOlEd L
acidophilus D38, L. plantarum D70 2 L. pentosus D749}2]
3 wlkel i 2T} Hlsg S vA w2
T57F &9 W, L acidophilus D11 2 L sakei D449}2]
3 Wi gl SaiA] frolE AR W dv AEE
o &3 e A=FelA FAke] o whde et
7 v 528 H =< 10%10° CFUjg B &= S4H AT o4
I e A= EE 3y ol S5k 2R 948
¢ FEae] gt dEHded 4 e fir
el whek tha 2tel7) AL ke 2qte] FAfel] wlA|
FFE Akl EFel wet otk Ju 31l
2W B subtilis CKB @522 H=3S A|Z23 4%
7] 4 10° CFUJgo] 12417 3 10° CFU/ge-2 54319
, Brevibacterium breve ATCC 15700, L. mesenteroides

i
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Table 2. Biogenic amine-degrading ability of the tested strains in trypticase soy broth supplemented with biogenic amines

Biogenic amines-degrading ability (%)

Strain

Cadaverine

Histamine Putrescine Tryptamine Tyramine

Bacillus subtilis MI226
Enterococcus faecalis D08
Lactobacillus acidophilus D11
Enterococcus faecium D12
Pediococcus acidilactici D19
Pediococcus pentosaceus D21
Leuconostoc mesenteroides D23
Lactobacillus fermentum D37
Lactobacillus acidophilus D38
Lactobacillus sakei D44
Pediococcus halophilus D49
Enterococcus faecalis D51

E§8588538888%8

[ =]
(=)
—_
I+
wn

Leuconstoc mesenteroides subsp. mesenteroides D59
Lactobacillus fermentum D60
Enterococcus faecalis D66
Lactobacillus plantarum D70

5883858

(98]
[}
wn
I+
N

Lactobacillus pentosus D74
Lactobacillus rhanmosus D78
Leuconstoc sp. D82

5883

Enterococcus casseliflarus D86

n

(6}

ND ND
ND ND
12916 6.

Ne)

+
—
o0

&88858

—_
Nel
—_

|+
o
o

S

E§E8x 888888 G
5858885885888 888883838 53

5858885858885 88888838 53
E8885&8885885&88588888 58

Data are means+SD from triplicate determinations.
ND, not detected.

videlATn FaTel EE A2z Mzst =T

o) -
AT

3wl s B8l A=t A= o v et
=43t A3}= Table 37 2T} vpa e A7

ATCC 9135 ¢ L plantarum ATCC 8014 52| A3}
5 wjeket A fole v a7 271 10° CRUjgell A
12A17F & 10° CFU/gel R aL, fratkt =& 10° CFU/gell A
12A12F & 10" CFU/g2. 2 UEhY vpd e 2qtol vl fat
9] 4 £t =2 22 UEth o= i Aol
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Table 3. Viable cell counts of fermentation starters in
Cheonggukjang prepared by the mixed cultures of Bacillus subtilis
MJ226 and biogenic amine-degrading lactic acid bacteria

Viable cell counts (CFUfg)

Biogenic amines-degrading lactic

acid bacteria Buillus subslis M6 Lctic acid

bacteria

Control 5.8+1.4x10° ND

Lactobacillus acidophilus D11 7.7£54x10% 4.6+02x10°
Lactobacillus acidophilus D38 6.30.8x10° 6.6£2.0x10°
Lactobacillus sakei D44 2.6+0.6%10% 3.8+0,1x10°
Lactobacillus plantarum D70 49:1.1x10° 52+1.3x10°
Lactobacillus pentosus D74 8.2£2.5x10° 2.7+30x10°

Data are means+SD from friplicate determinations.
“Significantly differ (p<0.05) from the control group by Student’s t-test.
ND, not detected.

3t H}N o

e P e
updel el i Bo] fakEe] S48 ek Ao
2 2 AFAE el sl

FEe) F40 71 VR JFS AR e AoR
A7) pH % A% AEE 24T Ashe

Table 4. pH and titratable acidity of Cheonggukjang prepared by

the mixed cultures of B subtilis MJ226 and biogenic
amine-degrading lactic acid bacteria

Biogenic amines-degrading lactic H
acid bacteria P

Titratable acidity (%)

Control 6.92+0.20 0214002
Lactobacillus acidophilus D11 5.13+0.01" 1.050.02"
Lactobacillus acidophilus D38 5.78+0.16" 0.55:0.01"

Lactobacillus sakei D44 5.22+0.08" 0.86+0.02"
Lactobacillus plantarum D70 5624003 0.580.05"
Lactobacillus pentosus D74 5.40£0.07" 0.79:0.06"

Data are means+SD from triplicate determinations.
“Significantly differ (p<0.05) from the control group by Student’s t-test.

2o diz79 pHeF A% 4tEe 22 6.92+0.20
02120.02% 2 =3 % W frbtae] £3 vt 4
thztet folk 2ol 7} AUk L acidophilus D38%}2)
3 wjek Al pHE 5.78+0.162.% 7M4 =gtou, L
acidophilus D113} Z3F v Fh & wol= AP T FellA
2 w2 pH (5.13+0.01)E YeEAY % A== L
acidophilus D38 (0.55+0.01%) % L plantarum D70
(0.58+0.05%)7}2] =3+ wjeF A] ¥]5=3t o)A, L
acidophilus D11 (1.05£0.02%)° 2la|A 7174 =2 @7@
AEE e A3 ol 2R 3 Bt fakte
2 mep AR AAkE Ao = iz
Hgl| frofabAl @& pHat? =& A% At E Ve 3o
2 A E nGBl)E B subtilis CKB ©=02 H=24-S
1156& A% %7] pHE 65914 24417t 743} 3 pH 7.3,
96117t Foll = 772 Z7HE A= o]& upd e Aol F
Aok Bt gEYol o] A7 E4o] AU Wi
olgtz 3t W, B brewe ATCC 15700, L.
mesenteroides ATCC 9135 2 L plantarum ATCC 8014 -2
AT E3lele] Al Z2e 2ol A= 7] pH 50552
- 96413 & pH 7.0-75% vpdel At = w3t -9
gk zto|7} gIATh o= vpelagto] faktel F4E 9
A|ste] Aol YA HTE A7|A EZ o] A EFo] Bk
wj ol gkl shl o, B ATt A= upd e aqto] fikt
o] F2ol| & FEE MIXA] R B R olHrt B pHYt
39 Zlow FHdn
IR 2 2 A5ge] il heie a4 &
g, o] B hRyole] A S
Table 5¢ 2o} tixTo] ded vheis) 34 24
3.39+0.02 U/mge] 1o}, fAkate] &3} ujj kol oJafAl
B o] folatA S7HE A=l L acidophilus D382
o] &3 ujeF Al 3.86+0.01 Umgl & 7} sgkd ubd
L. pentosus D749}] &3} vk oA 7Y =2 &4
(4.89+0.05 U/mg)S YERA L Ju@Bl)= B subtilis CKB
= wjoF A] A= W Z 2ok 42 177.5 Ujgel 9l
O fAHT(B breve ATCC 15700, L mesenteroides ATCC

—[o H'ﬁ
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Table 5. Protease specific activity and amino type nitrogen and ammonium nitrogen contents of Cheonggukjang prepared by the mixed
cultures of B. subtilis MJ226 and biogenic amine-degrading lactic acid bacteria

Biogenic amines-degrading lactic acid bacteria

Protease specific activity (U/mg)

Amino type nitrogen content (mg%) Ammonium nitrogen content (mg%)

Control 3.39+0.02

Lactobacillus acidophilus D11 4.67:001"
Lactobacillus acidophilus D38 3.86:0.01"
Lactobacillus sakei D44 412003
Lactobacillus plantarum D70 4442002
Lactobacillus pentosus D74 4.89:0,05°

258.27+1.03 286.910.09
406.71£2.15" 274.74+0.04
348.90£0.97" 296.81+0.05
389.2242.88" 206.35+0.06"
400.2743.05" 202.500.10"
458.6142.57 155.7240.06

Data are means+SD from friplicate determinations.
“Significantly differ (p<0.05) from the control group by Student’s t-test.
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o7} gtk

ohm| e A g % A} ] 2H258.27+1.03 mg%)

Hop fribtate] Egt uj el ofel d Ad@FellM Felsh)
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(458.61+2.57 mg%)9M 3 uekel o3l 7 B2 ol

Z/HA9 ol A G PR TG %S
EhiE AT2 4F 34 40 028% o|4e] The fAIGkE
& Ho] l=H(32) # ATl e Ak ke] 23 vl

o 1 7|EAE FEFT AR FAHAL Ju B)E
B subtilis CKB ©= vk A] F=3 W ofu| 8] A4
Sheko 0.44%0° ]M_Ur FAHE(B breve ATCC 15700, L.
mesenteroides ATCC 9135 2 L plantarum ATCC 8014)3}
3wkt 4% 046-048% 2.2 YERY fakto] o]
B A 3= S 2 d&e nAA] Zthal st &2
Aot o zpol 7 AT
ot jolel AL S [ acidophilus D11 (274.7420.04
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vk A] T 2TH286.9110.09 mg%)$} H]Z=et =0 = U
O}, L sakei D44 (206.35+0.06 mg%), L plantarum D70
(202.50+0.10 mg%) 2 L pentosus D74 (155.72+0.06 mg%)
o oJald FreletAl AAEAT webA] fakte] T
bl B4 A wek g2 FRY A Eke] 23
HH"LE Az A7 ellA] w2 T4 o] SHHA
o] 59| A8l oJate] H=AFe] FUER F T o]
%611%9&6*1 ofn| el A ghiko] ozl HlﬁH frolat
Al 718 Aoz FHHE) Ju B1)& B subtilis CKB @5
oz ﬁbg-x} zﬂz /\] uHOk 39 7:10]] oh:\,]o}]q] 2 A z‘ﬂ&o]

713 WOE AZE| 9o}, fatdale] &3 ok A
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2 74 @FAF T 8k
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67 2t dx79 24l Z 8| ~Hd g 217} 63104
mg%2} 8.9+0.2 mg% Ao, ol 52| S L acidophilus
D387e] &3t uij kel oJefd Hl=g o R AEEHIL
u, 1 9o frakt e & HH J%& 7dF-oll= ofu| =ik
o] froletAl S7kE Sl &, 2ile] gekt B Ao
gl os e Fiohe] TS TN
245.8+26.1 mg% L2 S =™ L aczdop]zz]us D11, L
acidophilus D38 2 L. pentosus D749} &3 v ol A =
oo} H]=gt o] Fithidlo] HEE A, L sakei D44
(198.6+16.4 mg%) % L plantarum D70 (170.3+7.7 mg%)°l|
ole M frelatA AaEUTH Sl ARl e L
pentosus D74 (400.2+8.1 mg%)<te] &3t vl fel] ]34
] Z7(507.2+28.0 mg%) Tt F-2]5HA SA AZEE A
ok 1 9le] faktel Qs 1R g3t VERA] 89k
olte] Az}, i Az} 3| ~epTle] AA ] gy} 3
22U i 27EY 5% A ] S wiekel ol
= vebget ole ikt gt B4o] vhde| e
BA A& JAIgo 2N HESt= ofn)iite] o] F
7Ve Aoz BT ATy} L sakei D44, L. plantarum
D70 9 L pentosus D74 5<] ©}Rl 4tsl &4 9 4t &4
Aol wheh A=7g o i e} o) 2~ 1] ke iz
ol Hls] 9A AEE Aoz FFH) Capozzi S(11)
—#Eiﬂ/ﬂ ATt L brevis IOEB 9809 2 Elg}ql At
E. faecium OT23 BA #3ll5°] A= L plantarum DNT
09 3! NDT163} =93+ 45 gt FEHAI] F
7}7} 29.62%}F 38.17% 7HAE Atk Alth7F BA 3l &9
S7h= L plantarum®] v‘i’téﬂ 3'15: Gl 71918t o]
g} utg|e] oAl e gt 2 Ao whel BA A9

+4& JAlsh tho]a} % sfo] 2 AT 71‘4°ﬂ/‘1+
oje} FARRE MIAYFLE BA FiFo] #aEEE +4

stk In vitro 74l BA &350l °Fet L hilgardii
IFI-CA 41, L plantarum IFI-CA 26 2 P. pentosaceus TFI-CA
0 52 <%l WA BA &&Fo] tix79 A fAlgh
Az AEE o BA E3ll5°] 43t L casei IFI-CA

Table 6. Amino acid and biogenic amine contents of Cheonggukjang prepared by the mixed cultures of B. subtilis MJ226 and BA-degrading

lactic acid bacteria

Amino acid contents (mg%)

BA contents (mg%)

Biogenic amine-degrading lactic acid bacteria

Lysine Histidine Cadaverine Histamine

Control 6.30.4 8.9£02 245.8426.1 507.2428.0
Lactobacillus acidophilus D11 94206 112403" 230.7£14.0 4939134
Lactobacillus acidophilus D38 7.0£0.8 9.040.1 269.748.7 478.1£16.9
Lactobacillus sakei D44 8.9+0.7" 9.4+04 198.6+16.4" 536.1£10.5
Lactobacillus plantarum D70 10.7£03" 9902 1703£7.7 523.129.7
Lactobacillus pentosus D74 8.810.7° 143105 2734+115 4002+8.1"

Data are means+SD from triplicate determinations.
“Significantly differ (p<0.05) from the control group by Student’s t-test.
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