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Influence of soymilk and skim milk on growth and antibacterial

activity of lactic acid bacteria
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The purpose of this study was to investigate the effect of lactic
acid bacteria (LAB) on the growth and biogenic amines (BA)
formation of Enterobacter aerogenes CIHO5 in skim milk and
soymilk. Lactobacillus acidophilus GK20, Lactobacillus paracasei
GK74, and Lactobacillus plantarum GK81 isolated from mustard
kimchi did not produce BA in the decarboxylation broth. L.
paracasei GK74 exhibited the highest cell viability and anti-
microbial compounds producing ability in fermented skim
milk and soymilk samples, while the lowest producer was L.
plantarum GK81. The production yield of lactic acid, hydrogen
peroxide, and bacteriocin was dependent on the species of
Lactobacillus and the type of culture medium. As LAB the
number of viable cells of E. aerogenes CIHOS5 were higher
in skim milk than in soymilk. When mixed culture with L.
acidophilus GK20 and L. paracasei GK74 and treated with
bacteriocin solution (300 AU/ml) obtained from these strains in
milk media, the cell growth and cadaverine and histamine
contents of E. aerogenes CIHOS were significantly (P < 0.05)
lower than the respective values in control sample.

Keywords: biogenic amine, lactic acid bacteria, skim milk,
soymilk
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BA AY/dell ezt A=A ofnjicito] w0 ZltkBenkerroum,
2016). 4152 BA 2Fg-2 A AHAlofl A sAY Al =
g S0l F=RE A njdE 9 wa AEE QL Akt
o T, 7148 ot|ic4le] o]8-5, pH, 2 Y TR B 5
ol Wy 24 Sof o) =& AAE thLinares et al., 2011).
Debaryomyces hansenii, Yarrowia lipolytica, Pichia jadinii,
Geotrichum candidum 51} 72 58t o}y 2} Hafhnia
alvei, Escherichia coli, Klebsiella pneumoniae, Serratia sp. 2
Enterobacteriaceae 5= A& Ul ol| A -G-8 o1& A=
Ao 7 B %3 QItK(Pircher et al., 2007). TE3F 2 H[O] Q€]
FFEA o7l 7sh A aet 9 e anE S
S 9ok frolat o2 gl At Enterococcus
sp., Lactobacillus sp., Leuconostoc sp. 'Y Streptococcus sp. -
I opu| At Eebit B A 0] AR-gof ofsf -3l ZHABAE A
Abel=Q8 A4t o 2 U4 Itk Gardini et al., 2006; Quinto
etal.,2014).

W AJF 0] FA2) fARRo] Frol wlet oful i A Bt
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T4 g 9 B4 B A o AlsHeT) kol
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F ARG} 7S Foll e BEARE dE o] 8511 9]
i Ozogul and Hamed, 2018). 3 22 A= §AME

A2 W] o] 80 79 BA AAe] Z4)0] eIl ot
o O] AP ANHO R BE 4 ek AT B
= v} 9l o = Z(Joosten and Nutiez, 1996; Capozzi et al.,
2012) -3 ob) A7F8}E 915 412 ol 71A17} et
ThetEch

whepA] 2 Aol A= BA fho] W& 2| = A of| 0] 83
U A A1) $15te] Bk o ol A Skt
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A 25 U uf
Z®E(Lim et al.,2011; Lim and Lee, 2016))| 4] ZH] x| 25

B 22 8-AH Lactobacillus acidophilus GK20, Lactobacillus
brevis GKSS5, Lactobacillus paracasei GK74, Lactobacillus
plantarum GK81)2: A1) 22 ALG191T, A4 Vg0 2

E] 22]%] BA XA+t Enterobacter aerogenes CTHO5 =3¢ &+

S-S AR AN A2 ARSI Akt Lactobacilli
MRS agar (BD Difco), BA d++2 Brain Heart Infusion
(BHI) agar (BD Difco) AP# [ 2] Abojl A Al 8 2H37°C, 24 A]
Zhysio] Anlstech

7

A o) B S S 18] St B A5} ol
HljR|o]] A o] A L-arginine monohydrochloride, L-histidine
monohydrochloride monohydrate, L-lysine monohydrochloride,
L-ornithine monohydrochloride, L-phenylalanine, L-tryptophan
9 | -tyrosine hydrochloride, Sigma-Aldrich, 1 g/L)¥} 1 mg/L
pyridoxal 5-phosphate 5 7}t th& o 8§ $-37°Co]| 4] 48
Al 7E =9t 53] HufjFst o ciBover-Cid and Holzapfel, 1999).
Microtiter plate 2] wellof] 2 5 2F(50 ul) 2} o} L=AH2%, wiv)
o] M7t 7= &AI8 AAX|(100 p)E 22t 253 &
35°C, 48 A17F 59t &7 A 21l Z7(Anoxomat system, MART
Co.) stoflA] v ekgt ths BA -2 Eerola 5(1993)2} Mah
5(2003) 2] {2 A7 HAFsE] S4BT v S A
=2(7,000 x g, 1042, 4°C)3t = (1 mD)-L o3} A<t
(0.22 um membrane filter, Millipore Co.)3t TF2-BA &3 &
-8-ol(cadaverine, histamine, putrescine, tyramine, tryptamine,
500 ppm)1} 0.4 M perchloric acid (Merck, 9 m)E 71513
o A% &9 = AHE21(3,000 x g, 102)3 A 2|3 5
o2 o 7}(Whatman paper No. 1)+ TF- S12}i(1 ml)o] 2 N
sodium hydroxide (200 pl)2} sodium bicarbonate 33} -8-oH
(300 pl)-&- 7}5lar acetone ]| €3] A]71 dansyl chloride (Sigma-
Aldrich, 10 mg/ml) 2 ml-<& 7}8}g1th 40°Co] A] oF 4557} ut
SA7] thg #E3}= dansyl chloride= 25% ammonium
hydroxide (100 ) S 7F3ko] |7 8111 AFL-of A] oF 3037k
)3}t 3 acetonitrileS 718F0] 2| E 5 ml2 W11, YAIRF]
(2,500 x g, 5yl A D2 A5 o]7K0.22 pm membrane
filter)3}o] dansyl -8- =)} A Z T} High pressure liquid chro-
matography (HPLC, Shimadzu) 2] Nova-Pak Cs column (150
x 3.9 mm, Waters)2 ARE-3}% 2.1 UV 254 nmoj| A HE3K
th AY 2% 40°Coj| 4] o]5Ak(solvent A: 0.1 M ammonium
acetate, solvent B: acetonitrile) 2] 542 1 ml/min & 2 Z A3}
RAL, AR 10 ol g3 =45k

Bt 57 ME 3 e =2
Skim milk powder (BD Difco)E 10% (w/v) 2] 5= of] 9H

FRol SN ke D BiEstol B 4E A
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ik THE, (500 g)ofl 108 ] S-F/5 7hsko] Aol A
12A1ZE 52t =38 & =5 1A 60°C] H4x(5 L)E 7Fat
o] oF 37t Eafstgich. HE = QFFsto] &2 oAl = iR
21(5,000 x g, 5)3}0] AHEG A AT F A5 65°C0]
A 3057t 71 Abtato] 75 A2t cHDevi er al., 2014).
9 AFF-S MRS brotho]] AZ5}43137°C, 24 A7+ ST v oF5}od

2 a2 e AAE2](7,000 x g, 102, 4°C) 3l A Al
EZE 3]4=3} o} phosphate buffer saline (PBS, pH 7.0) .2 2
3] Q|- 8tk 27] #5425 1.0 x 10° CFU/mIE 233 Al
N 1% (vv) 5 Aot F-froll 42 A E7 $-37°Coll A
24 X171 &2t vl stk

M2 L R 2 o 22 Mds
H gt Al = (1 g)E HF3E - PBS (pH 7.0) = A7 3] 4 %F
U3 MRS agar ol A EEHH TR o= fAkt &
S4sk3ich
pH= A 2(10 g)oll S/ SUlE 71ekal 2BvAG M) &
A8 o2 A2 (7,000 < g, 10314 H& A5 HES
A2 S & 3}of pH meter (Fisher Scientific) 2 =75} th
A& 5 goll ] 575 7HHL 1% (wiv) Hl=ZE el
A A|2FS A 718 t}2- 0.1 N NaOH 80 © 2 A A s|o] 1 4
H)2F-S 243 Th-S AR AFE(%) = 0.1 N NaOH AH] 2 x
0.1 N'NaOH 7} x 0.9y A= =]ofl thdste] 217 Ab=E A
~tstaich
FrAFe] $ Shah 9} Ravula (2002) 9] {H] of wheh A 5(1
2)°]| 15.5 M nitric acid (100 pl)2}0.01 M sulfuric acid 2 ml) &
7hek - AAEI(14,000 x g, 3034 T ES HHAZ
th AS L 3]4=3}0] 0.22 um membrane filter 2 o7} A+
g & HPLC 9] ion exchange column (Aminex HPX-87H, 300
x 7.8 mm, Bio-Rad) &%= 65°C, 0] 54K0.01 M H,S0,) 54
2 0.6 ml/min }of| A B4}k
TAFS A 9] $HF-2 Gilliland (1969) 2] ¥ of) whe} A] &
(10 2)S] pHE4.52 2431 3 0.1 M acetate buffer 2 ml)E 7}
S}l Hat5 3 7Fsto] 20 miof B A] oF 248 59k w25} 5t
Stk Whatman No.2 2 o] 1}A] 7] of (5 ml) ]| 1% o-dianisidine
(100 pl)2}horseradish peroxidase (0.01 mg, Fisher Scientific)
£ 781 Aol A oF 1057F ¥HE A7) 34 N HCI (200 ) 2
7helo] HES-& FRAIZT. 400 nmoll A FHEES ZAsT
EETH 0 2 E T Feugml) S S sk,
uhe)| 2] 2.4 3FEF-L Settanni 54(2005)2] ¥l of| whal A&
(10 g)°fl 40% acetonitrite-0.1% (v/v) trifluoroacetic acid (90
mi) & 7F5}o] 3 3 TR 412115000 g, 108)3}0] &

=32l Al Alssd Al3E

o2 AHEE 52 AXAIHTE 50% (v/v) alcohol (4 ml)of &
SA|A ZHlE| 2] @Al -8-o8-8- )| 5} microtiter plate method
(Hole et al., 1991) & 3}t BA-S 243513t BA A
BHI broth Wjol| 4] 37°C, 24 A| 7+ 52t vl OF & 21413:-2](7,000
x g, 201, 4°C)5}o] WE A 322 PBS (pH 7.0) 2 23] 4|25}
o} A ekl Y #4=1.0 x 10° CFU/mIE gH311 o] 21
© 2 5] A43%)dthe 2] 2.4 2988 microtiter plate well (Falcon)

off 71ek 5 37°Cof| A 24 A3 i} F5}o] 600 nmoj A FFE=E
STt el e 24l -84 tf4l PBS (pH 7.0)5
7Fsto] &L B 50%0] sig st 2o 8] Aula=2) 45 Hf
B 2] 2. Al EA(arbitrary unit, AU) 2.2 AAFSII T
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: SARAT BA A -2 MRS broth2} BHI brothof]
FFaL37°C, 24 A7k F Rt vl eFsto] A2 ujFH o R
A1E2)(7,000 x g, 105, 4°C)3}o] M| 3ZE B o}4] PBS
(pH 7.0)2 23] Al H3lgc}. ZHzhe] 27] #4525 1.0 x 10°
CFU/MmI=Z 247t A|22 AEH 1% (viv)E A2 77
Z}2 A&7t 5 37°Col| A 24 A7 F2F E7t v st aiTh
" A5 A : F-4E-2> MRS brothof] 3453510 37°Cof| A
24X Rt 5 AAEE(7,000 x g, 204, 4°C) 5o A5 A=
3|3t 5 A5 A ABE] $18) o] Alw#(0.45 pm membrane
filter) 5L BA|-F-2F F-ofl 2+ 5.0% (v/v) 5= 2 763l
l:} Oﬂ] 7]¢]| BHI brothof| 4] overnight 5|25t BA AYAJ 2] vl oF
= U2 (7,000 x g, 1035t A2 E A AT & A5
1.0 x 10° CFU/ml.2.2 ZA 3} TS A| 7o HE5}a1 37°C9
A 24 X7t 5 v Fst ek
uhe) 2] @ Al ol A2 : A H(Lim et al., 2011)9] o] wh
FrAkt O] B s W AR TSR0 S
A517] 213l 1 N NaOHE 0]8-5}o] pH 7.0 0.2 ZA 3} o}
ZheFetobA|(1 mg/ml, Sigma-Aldrich) S A 2|3t} 60% (w/v)
O] M F o2 HA T FASto] DA A 2 utE g Al
Sol-g A5 B 2] 241 -89 300 AU/mIS EA]-2F
ol Z42F 2715t th5 BHI brothof| A] vl QFgH BA A3/ <2
Hj o2 A 4E2](7,000 * g, 204, 4°C)sFo Aj2E FEFY
(1.0 x 10° CFU/ml)& 2 %£3}31 37Co|| A 24 A| 7+ S0 vl oF5}
Ak
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A Uf BA A B4 % ARt B

A E(1 g5 AFZH 5 PBS (pH 7.0) 2 4171 3|43 T} BA
A A& Eosin Methylene Blue (EMB) agar (BD Difco) A}oj|
A FEZEAGaofH o 2 A HE =A<k
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= Y BA &2 Eerola 5(1993)2] S <5 HE 3}
A5k =, A &Z(2 ml)o]] 0.4 M perchloric acid (10 ml)
tof w2} ok 2 423,000 x g, 10-2) SFATE
o #%](Whatman No. )2 o] 7}5}0] A2 o o
BA &3} 3589 (cadaverine, histamine, 500 ppm)¥} 0.4 M
perchlorlc acid (Merck)S 7}sfo] £ 25 ml2 9391t A
" F&E9°] 2 N sodium hydroxide (200 ul), 33} sodium
bicarbonate (300 pl) 2! 10 mg/ml dansyl chloride (Sigma-Aldrich,
2 ml)E 7}3F 3-40°Cof| A 458-7FHES-A] 7] 32 100 pl ammonia
= A7)3k o8 3057 2] 51 Th Acetonitrite S 7}3] 2| &
5 mlof Z3o] AREI2,500 g, STl AL FFAS
0.22 pl syringe filter 2 ]2} |3t & HPLC 2] Nova-Pak Cs
column (150 x 3.9 mm, Waters) © & BA 9] 3tk =431
o} Y 2% 40°Cof|A] 0] =AM 0.1 M ammonium acetate
(A)%}acetonitrile (B)2 0]-83}% 2.1, <42 1 ml/min, A| &
10 il 9] 5254 nmoll A S Zoko] Bk

Oll
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ol

7}

ol

=4

ox fle &

o[ﬂ
'r‘ rlo

SAHE

A2 el Qi) AE Aakgh2 SPS
Chicago, IL, USA) 2] Student’s t-test S 53|
Zo| A 2o} AlF L] Qo) e AR

AE PR3N AGPo] A ZHL P EEA
S = 0,
S

N
El
]

EIIEEA|3E UHHX| HoiM2| BA Wds
b2 ok ) Aol A AT 2] BA 4TS
5743 Avh= Table 13} Aoh A o2 HE 29 E
aerogenes CIH05= 71T (572.3 + 16.2 mg/L) T} 8] X E}U
(2,564.2£20.5 mg/L)& A A3= Ao 2 FolE| Qi Zh =

ZHE B L brevis GK55+= 3| ~EM(852.4 £ 11.6 mg/L)
I} El2hq1(662.3 £ 22.7 mg/L)2 RAI S} 11, L. mesenteroides
GK 104 7}ha] 21(356.8 = 9.6 me/L) 2 WA= Aoz 3t
Q1= At ¥k, L. acidophilus GK20, L. paracasei GK74 2 L.
plantarum GK81-2BA & A4 31A] ol & A1LE 93t o
FE st
Alvarez2}-Moreno-Arribas (2014)+= L. plantarum, Lactobacillus
sakei, Lactobacillus pentosus, Pediococcus acidilactici 5-2]
QAFO) in vitrool M 3|2eF ) el eke A 4Bk elek T B
JL5FSAT Barbieri 5(2019) 2] -4kt 58 BA A /Jofl th gt
AFLA o] w2, L. brevis= 3] ~EH, B2k, wEl-Hd
ofdoul, 7hehH| |, FEH A4S AL, L. paracasei= 3]
2, B, Zhoh| 9, FEHAS AT A A QL
t}. 3L L. plantarum-2 3) 2~Ebq), €]2hyl, SELE | A1S AL
6‘]—1 L. mesenteroides+= 3| 2~EM, E]2}1l, Hel-H oo}
91, 7|, FEA A T2 BAkehe Ao HuEa gle
W, L. acidophilus © 2 5] = ofu] 1 A EERAL § 4 AA] 50|
215 7) glob 1 A7 Ake} BEA 02 sl
Priyadarshani 2} Rakshit (2014)9]] I3} Lactobacillus casei
TISTR 389= 7323l chal 2] 7= Ba) U ofm| AL EErAl &
4> /ol of sl FAl - ol A 48 A1 71 & 5 5] 2Bt B
21 o] A Fo] ZH2F6.86 +0.035 mg/L2}6.08 + 0.042 mg/L
2 YEFGTE Russo 5(2012)0f w}2H e}l o 2 X g Bajx
L. brevis IOEB 9809%= E]2}ul¥} FEH| A4S AYASHY o,
H9-2HE] B2 = L. mesenteroides IPLA 10402 0.5% At
A ofrjieito] S BT F= R A S} A HlA] Aol 4] 807 mg/L
o] gepvlat 6.90 mg/L O] EFENIS Adsh= A o= Hal
%] AtHDe Llano et al., 1998). o|&ist A= 559 FAHE
YR 2t o] whet /g sh= BA O] Feh A sl e
gk 2po] 7k Qlth= 2 A A aeh= YAk gt 559
FriktEol A BA A/d5oll ZFol7t Qs A of| At Het

Table 1. Biogenic amines (BA)-forming ability of the tested strains in decarboxylase medium supplemented with amino acid

_— BA content (mg/L)
Cadaverine Histamine Putrescine Tyramine
Enterobacter aerogenes CIHOS 572.3+16.2 2,564.2 +20.5 ND ND
Lactobacillus acidophilus GK20 ND ND ND ND
Lactobacillus brevis GK55 ND 8524 =+11.6 ND 662.3 +22.7
Lactobacillus paracasei GK74 ND ND ND ND
Lactobacillus plantarum GK81 ND ND ND ND
Leuconostoc mesenteroides GK104 356.8+9.6 ND ND ND

Data are means = standard deviation (SD) from triplicate determinations.
ND, not detected.
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-5k, W2 pH sl Al e A3}/ o] Zfalf A
S]gtcH(Papadimitriou ef al., 2016). W] &S] ofn]
AY3}= ALO] RFH(acid stress)ol] T F A ZERE 0 2
FES SOl AlEZ WE Y ofnieAke ekt
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) 4 bFo 2 o] 514 EltKGardini ef al., 2016). Ak
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E& oA Ha g AulA| s ol tiek B2k
L Row »ug uf 9JthRusso ef al., 2012).
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EX|Re &7 LHolMe| RAR B4 & o EF Mds

Ao T ol A A =9 SA A= d et =
M=o =31 A= Table 29} ZTh. L. acidophilus GK20
3} L. paracasei GK74= &-2]4 Yo 4] 10° CFU/g o)A A3
Hjgloh, FgolAi olurk b ke 47} A E gk
S+, L. plantarum GK81 2] wt42=GK20 U GK74 E.rh= &
o R4t 2HEOM, o5 BAH 9L 5 ol 4 7]
3} gt 2pol= Holz] eFofrh &R|3-2] pH= L. paracasei
GK74 (4.20+0.09)l| &J3f 7} @A Uebg il T oo 2=
L. acidophilus GK20 (4.75 + 0.12), L. plantarum GK81 (4.91
£0.07) 0] %1 3L, GK74£}GK81 9l J3t pH= TR th= 24
Soll A thas A Lpepsteh €71 9-) 4 AV L paracasei
GK74 (1.37 £ 0.02%) 7} L. acidophilus GK20 (0.95 £ 0.05%)
9 [, plantarum GK81 (0.89 £ 0.01%) ]| B| 3} -5-2]5HA] =3
4 Rk TR Uoll 4 vl -8 ghol 24 ek

Sare] P 4 Ao} AR Ao R Fhuc Y
2|5 A B &AL L. acidophilus GK20 (90.2 + 0.9 mM)©]
L} L. plantarum GK81 (76.9 £ 4.1 mM) 2.t} L. paracasei GK
74 (116.9 £ 5.0 mM)ol| oJ3ff =7 UYetyteh Bpatstaa=
EFR|-g-ol| A Bl oSt L. acidophilus GK20 (6.8 + 0.1 mM)oj| 2]
sff 7H w2 ol AEHUL T HollA AEE d= L

Table 2. Cell viability and antimicrobial substances production of BA non-forming lactic acid bacteria (LAB) in skimmed milk and soy milk

Characteristics Skim milk Soymilk
Lactobacillus acidophilus GK20 3.3+0.5%10° 9.6+ 1.5x10°
Viable cell counts (CFU/g) Lactobacillus paracasei GK74 4.5+0.3%10° 7.9 +3.0x10°
Lactobacillus plantarum GK81 8.5+ 0.9x10° 6.8+2.1x10°
Lactobacillus acidophilus GK20 4.75+0.12 4.66£0.11
pH Lactobacillus paracasei GK74 4.20+0.09 4.32+0.10
Lactobacillus plantarum GK81 4.91+0.07 5.02+0.06
Lactobacillus acidophilus GK20 0.95+0.05 0.97 £0.02
Titratable acidity (%) Lactobacillus paracasei GK74 1.37+0.02 1.14£0.03
Lactobacillus plantarum GK81 0.89+0.01 0.77 £ 0.06
Lactobacillus acidophilus GK20 90.2+0.9 88.6+3.8
Lactic acid (mM) Lactobacillus paracasei GK74 116.9+£5.0 1052+ 1.7
Lactobacillus plantarum GK81 76.9+4.1 60.2+25
Lactobacillus acidophilus GK20 6.8+0.1 59+04
Hydrogen peroxide (mM) Lactobacillus paracasei GK74 42+0.1 3.6+0.2
Lactobacillus plantarum GK81 1.9+04 1.5+£0.5
Lactobacillus acidophilus GK20 640 160
Bacteriocin activity (AU/g) Lactobacillus paracasei GK74 1,280 640
Lactobacillus plantarum GK81 ND ND

Data are means + SD from triplicate determinations.
ND, not detected.
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paracasei GK74 (3.6 0.2 mM)Y- L. plantarum GK81 (1.5+0.5
mM)o] 8] &} =4tk EX]-] Woll A L. paracasei GK74 (1280
AU/g) Q] ¥ 2] @Al &2 L. acidophilus GK20 (640 AU/g)
HTh 2] A GER oL, o] o] T ehal ) o
4 2l5t S A EEIsich W SR 1 6 ol L
plantarum GK812] ate)| 2] @ Al g8 v}eptR] ekt
SakEe] 54 9 g 0] AATES R0l Belsist
593} o) Tl ulAbE ] Ak W ook A4

=]
- [e] s
VR 25 5 R QLo o) JFL W Ao R %
3]
=
=

o JZi

A Stk Akt Tl kRl aaE 5l
oAl Peto| = opu| Al 55 T2 o] 85t = HAl
U 56 Z4l0]u} BAHE AR 915 ekt gobelole)
11 B 115 v} Ql=1|(Priyadarshani and Rakshit, 2014), - 141
Az} ARTe) ZA7H T B A 8 R 2R o]
ThiEl Qo Aol o -8 ZLo.% TrkEIth Hati 5018)
of| 9|3}, Streptococcus thermophiles MD2&} Lactobacillus
helveticus V3 o] &g .o o} 2 350 vlaf f-Jol7 2
t S UEYdle %ﬂibl wEol et T W
T+ WollA trehd &4 o= #-2f7t Zfol 7t )llaL o] &
& TR "R ol A B A YrEbthaL skl =T
T AT oo} FARRE A o2 2QlE e
X (Lim et al.,2011)9] k2 H, MRS broth A}of| 4] 24 A 7+
dho]l GK203} GK 74 9] v 2] @Al 442 7+ 640 AU/mlx}
2,560 AU/mI©.8 ZAEQ O}, E01} Ex| g A o1
o 42 ko] gho] 2 Elo] BAlf HrkE whA) ] oy
o] uhelz) 2.4 Aol frelat Aoz Shelstac). of4e)

r}ﬂ: e r

HHQF ZEZi0f| ME EXIF X 57 W BA 4y F+ H3l
BA A dat it A fAE O] S5 ui o H At o] et
=4 A Al E*Zlvfl}—rv W BA /d<to] s S8 4
= Table 33} 2Tt ER]-5 Wl 4] E. aerogenes CIHO5 TH=
ufjofol] &J3t 4= 5.8+ 1.0x10° CFU/mI©] 0L, Ffrofl A]
L o]Rr} W 8.2 + 0.4x10" CFU/mI2. 2 ebytct ghx]4
of| X E. aerogenes CIH05 2] w<=+= L. acidophilus GK20 2! L.
paracasei GK742}2] &3} ufjofof| o] sf] F-2l51A ko L.
plantarum GK813}2] &3} ufjofof Q)34 8-2]8 w3t F=
A7 UERR] 9kttt 8 ol A= L. paracasei GK74 2}
o &t wjopell o8] frelet w4 a7k LrERE O, GK20
ol GK819] Q]3] A= o 2189} B] =3t =220] H2v) AZE
1Tk 352 SAkRo] AAYE §7IALS .59} 5ol A2)
3t 79 E. aerogenes CIH059]) T 3 & & 7= LJEFLA] oF
ekt SFR|RE L. acidophilus GK201} L. paracasei GK747} A3
4FRHEHE] 2] 241300 AU/mI)S 2 27t 7490l = B A -2 7
el A 2 log cycle Wi ] 9] 4= 34 B 3p7F2HIE Tk &
A+ = =5 ol A wiFE BA A+t o st Akt
Sk uFolut v 5o o] A 2lof] s = el dviet
2 A= gk o, frihato] A4t EbE| 2] 2.4l of

'394 s Ao R ZHAaAIZlth
AE utg wro 2 Re Bl L plantarum DLA20S, L.
Lactobacillus fermentum DLAS09, L. acidophilus

W

brevis DLA501,

Table 3. Effects of antimicrobial substances-producing LAB on viable cell counts of Enterobacter aerogenes CIHO5 in skimmed milk and soy milk

Viable cell counts (CFU/ml)

Incubation condition LAB
Skim milk Soymilk
Control 5.8+ 1.0x10° 8.2+ 0.4x10
Lactobacillus acidophilus GK20 1.1+0.2x10% 6.5+ 1.6x107
Mixed culture Lactobacillus paracasei GK74 8.0+3.1x10"* 4.6 +0.5%10%
Lactobacillus plantarum GK81 6.3 +2.4x10° 9.1 +2.4x107
Lactobacillus acidophilus GK20 7.0 +2.8x10° 6.9 +3.5x10
Treatment of CFCS (10%) Lactobacillus paracasei GK74 3.6 +0.2x10° 8.0 +2.1x10’
Lactobacillus plantarum GK81 9.1+0.6x10° 1.9+ 1.0x10°
Lactobacillus acidophilus GK20 9.5 +2.7x10% 7.4+ 1.8x10%
Treatment of bacteriocin (300 AU/ml) Lactobacillus paracasei GK74 2.8+ 0.9x10% 9.8+ 3.6x10™*
Lactobacillus plantarum GK81 NT NT

Data are means + SD from triplicate determinations.

*Significantly differ (P < 0.05) from the control group by Student’s t-test.
CECS, cell-free culture supernatant.

NT, not tested.
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DLA703 Y E. faecalis DLA804 50| AJAFSH HH| 2] @ A&
BA AJAJ1E2 Bacillus licheniformis DB102, Bacillus subtilis
DB203, Bacillus amyloliquefaciens DB7149] tj gt 3} &4

= e AL ate| 2] @ A19] -2 A9 Foll ket &
Z}o] 7} QLA THLim, 2018). Nugrahani 5(2016)%= L. casei”}
AAFskab| 2] @ A8 3| AeF A A1 Pseudomonas sp. 2t
Micrococcus sp.©l O gt 3ot ]S LFER It sl o=

B2 Akt gt =2o] {8l ofvl Alojo] b ofetal B
wahry.

HiQF Z=240f| 2 EXlR7 3 57 LH BA 4 Ht

BA A8/t A Ak 94
=4 AP A FA 2 7 W BA
S| AR O| bk SA4%h E-"]"C Table 49} 7*‘3}- A
=8 U] E. aerogenes CIH05 TH= uljoFat 7 -$- 7loha| & A A

F2 7+7F501.7+7.9 mg/L2}452.2 £20.5 mg/L 2 &8 U
A Th 34 et 5| ehule] AR e 2ol
H|5f 48l o] HEE o T Hob=EAF W SS9
©] CIH05 2] BA A gl = f-2]3t 2 o 2 Uitk

E2)8- Yol A= L. acidophilus GK20 X L. paracasei GK74
oFo] Zgt uj ol s Al 7hehu =it 5] kel A g o] tf =
ol vlsl} F-2Jst A B Yl o, 75 WollA= L. paracasei
GK742}2] &g ufjofoll oJsjAul 4 & xt7} Vel g,
T AT A LTS AN BE B LR
ol e RIS g ook vl et

o2 HEEHS
a1, 3| AErT O] Fhekol = 50T ghsh %% A= 3ok

o
o
12

Woll $H-5 F-Akoll o8l pH7F oA &
| Z7}el0] BAS] Aol golAlrts 712
&1(Kimura ef al., 2001; Gardini ef al., 2016) 2] E 110 w2}
T Ao A = AR B T A A e AT
0 | BA B3 1 BTH Lo R 0 ®
E]—. Y L. acidophilus GK203} L. paracasei GK747} 23
HabE 2 2 *](300 AU/ml)& 2] 724 75 Wof| 7Foh| 2
Beg w02 ez o4l Al
Fehahe| 2] @ A1 8-S ZA[sto] A 2|gh 9=
Aol ol ol AT 20 BA Aol
SHA A A& A o= AR
Efo] Mg A oK 2A[X] Q] som-fug W BA 524 of 3F
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GAK(L. sakei KM5474, L. plantarum KM1450) 2] 93k =
At AW, frakte WS & el A= 7R,
FEA4), 5|2k, e, ddolgotel v ek 5o
BAZ}f216] 270 LEft oL, o) 5 R 2 a7 49
o= BASo] d53] AaE ]tk Al & W fre]obr| il
BACl B A A slslont feloll e ol
S A5k - BA Q] oF = Al QIth ESFL. sakei R U= L.
plantarum Oﬂ O3t BA 9t fHa 2L o 27 Yehytal &
§ 37} U5 202 SN BP0 Gagel o g
02 Uehy b ke A &) £9f ofel de g 99
NeX J‘ﬂ‘*g o]-4-3} vl Q) t(Kongkiattikajorn, 2015).
$tH O 2 E. faecalis, E. faecium 2 Enterococcus durans
o] Hlekel 43S SHe pH SlollA] & L § A5,
Lactococcus lactis@} L. brevis 2] 3| 2~E|d ©EbAl 8 4 0] EH4]

Table 4. Effects of antimicrobial substances-producing LAB on cadaverine and histamine formation of E. aerogenes CIHOS in skimmed milk and soy milk

Incubation condition LAB Cadaverine (ug/T) Histamine (mg/L.)
Skim milk Soymilk Skim milk Soymilk
Control 501.7+7.9 452.2+20.5 2,214.7+8.2 1,726.3 £22.5
Lactobacillus acidophilus GK20 425.9 £20.7* 440.7 £23.0 1,752.3 £ 4.9* 1,417.8 +40.8
Mixed culture Lactobacillus paracasei GK74 381.2 + 14.7* 399.2 £ 9.4* 1,562.7 + 27.0* 1,296.1 + 17.0*
Lactobacillus plantarum GK81 4935+55 466.5+19.9 2,096.3 +31.4 1,526.7 + 13.5
Lactobacillus acidophilus GK20 503.3+15.8 470.8 £22.3 2,1645+5.5 1,801.2+12.3
Treatment of CFCS (10%) Lactobacillus paracasei GK74 479.2 £30.9 4479+9.9 2,043.1 £ 14.1 1,623.5+59
Lactobacillus plantarum GK81 496.0 +£23.8 4382+52 2,355.7+6.3 1,599.5+32.4
o Lactobacillus acidophilus GK20 441.5+11.8* 403.6 £ 11.5* 1,788.2+7.1* 1,219.2 +20.6*
(T;ggt/‘:‘;?;‘;)f bacteriocin Lactobacillus paracasei GK74 3912+ 7.8 372.4 + 12.9% 1,4283+169%  1,163.0+ 19.9%
Lactobacillus plantarum GK81 NT NT NT NT

Data are means + SD from triplicate determinations.

*Significantly differ (P < 0.05) from the control group by Student’s t-test.
CFCS, cell-free culture supernatant.

NT, not tested.
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I pH Aol M B A vrebtthar &2 21 Bt Itk Gardini
etal.,2016). Bargossi 5(2015) = E] Z A1 &ebil &4 9] Z|
BH4J-2 pH 5.0~6.00] 4] LFEFE AL pH 4.0 0] 5}o]| A= B4 o]

oFsf Haa ERlIskh EAfroll Al vjeRt L. casei TISTR
389%=ujjofF A|7to] ApE L= $EpHEZ ZraE v BA A A Sk
° 98] ZrlE|glong 2 =e} gho] 44 Al7to] 2

27 8l obule] ahare S o ol Holekn kel
CH(Priyadarshani and Rakshit, 2014). L. brevis 2] E]2}7] A4
S5 pH 5,004 714 37 LERgho o] pH 7. 40]L4) = ujoF 7
A 52 92% A w2 w2 TS A8 ThAL B 31(Zhang
and Ni, 2014)] v} 9=t 2 0] 4] fAFE0] Ay A v
AFEollof| $H0-E] 07|AF0 2 BA AJATFS L2y o]}
= AR ghlskele. ey ok 7|4k A Adstho] wl
FHO pHE F438] H&E 5= Y= AR Ha SEEHE A}
B5HH o] AR EEE B 4 A m A E O] FAS A A|sH]
A= BA T2 £ 4 vk 423l vl Ql=d|(Zhang et al.,
2013), & Aol A = ohE fAktS R 714 ARkl B
2 L. acidophilus GK74 2] ]| %F Al o] BA A5 A A
71 Ao sk,
L. mesenteroides subsp. cremoris2} L. lactis subsp. lactis+=
L. monocytogenes 2] El2}q] AT 2F 160% =7 =)

o= FARFE ofn| At R S AE A A5te] 2358 BA
ghaFo]| ok AFsZHe-2 37| & 3to). SFX| 9 Pediococcus
acidophilus7} Salmonella paratyphi 2] E]2+7] 98%5 7F4A]
Fiz) oliz g4kl vt ) 2.410] BA B QU ofe} e
Haj A= o] A eFe 7k A A 7] Aokl B 31(Ozogul and
Hamed, 2018) % HJ §lof 12 ¢15tof| A = vh| 2] 241 ] /g o]
%3 =0 o5l BA Aol ard Al o= wheth 3t

Ao n|YEo] eebil s S ofl 21 A Q1 Rk ] A] 7]
Hoh= AlatE daalgol we BAS] A digo] HWolxl=
Zo 2 W E v} It Gardini ef al., 2016).

oo} =oL tulAo] EEF} AlEo|nE n|YE ¢
A ATl ot w5 ol = AAke = Qlske] A5
Fo| frEo] FAA &4 W 35 HAdof AzEt g ol
11 9lthBenkerroum, 2016). W& 14 3 £ n] g Eof| 0|3
A= BA S sl THAE 98l 2 o]%g% ag}zﬂxq =}
W2 B4 *011%4—5”—‘1 #4 ofekE 29k
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1171—0]]4— Oﬂok?'ﬂ—;(-] 7]-;(] oﬂ 60
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5 2

B L0] 2.0 BFx|. 8.0} =0 Ujof|A] Enterobacter acrogenes
CIHO05 9] 54} vlo] @AY o}Wl(biogenic amines, BA) A3 A]
goll thet FARES] dake AR Aotk 2 x| 25 E &
2%l Lactobacillus acidophilus GK20, Lactobacillus paracasei
GK74 Y Lactobacillus planatrum GK81-2 &7} 2 8-A| 5} vl
A oAl BAS AAJSHA ebskeh BAI-eF T el A L.
paracasei GK740| O] 3f| 7} w2 Aot =0t o+t &4 A=
o] A= Q111 ¥V L. plantarum GK81-& T2 w559 H]
o F-2J5hA W& oot St B E S AT Al 2HAE
Sk 9 vt 2] @ A1 0] AAFES Lactobacillus ©) 133} vl
A FFof OJE3} L] AL -JALSHA E. aerogenes CTHO5
= S jof A Fmh R ol e 2t S 4E 9
th g9} 785 oAl L. acidophilus GK200|Y- L. paracasei
GK748} 23t vl oFabA  vhe| 2] 241 -8-H(300 AU/ml)-& A
23S ) E. aerogenes CIHO5 9] wt-7} -7-2]5HA] 243
1 8]} spepel o] A ko 2 o5 gk
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