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ABSTRACT: Lactobacillus brevis BK11 obtained from Baikkimchi was selected to study the effects of culture medium, initial pH,
atmosphere composition, incubation temperature and time, and prebiotics on growth and production of antimicrobial substances.
Growth and antimicrobial substances production of L. brevis BK11 were significantly higher in MRS broth than in BHI or M17 broth. The
production of cell mass, lactic acid, and bacteriocin by BK11 strain was at maximum in MRS broth adjusted to pH 6.0. Aerobic and
microaerobic conditions were favored cell growth and antimicrobial substances production than anaerobic condition. Biomass and lactic
acid production and antimicrobial substances activity of BK 11 were significantly better at 30 and 37°C than at 25°C. Growth of the strain
BK11 entered the stationary growth stage at 24 h after inoculation, and decreased after 36 h. Antimicrobial activities of cell-free culture
supernatant and bacteriocin solution were highest when cultured in MRS broth with an initial pH 6.0 for 24-30 h at 37°C. In addition, the
highest cell number and lactic acid and bacteriocin production were recorded in the presence of 1 and 2% (w/v) fructooligosaccharide
(FOS), however, inulin and raffinose did not affect biological and physicochemical characteristics and antimicrobial activities of . brevis
BK11 cultures. According to these results, production of antimicrobial substances by L. brevis KB11 was closely associated with cell
density. Under optimal conditions for antimicrobial substances production, L. brevis BK11 effectively inhibited the growth of Helicobacter
pylori ATCC 43504.
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A Hloll ErlE= ke TFolU SAES T o Zsto] 9 Huts &R Kusters er al., 2006). A7}
REE SAX AT S AFBAR AR Ao AR H. pylori®] A|zejatel] EAEh= BabA, OipA Sl SabA} 2
SIS bRl Algo] AJAlsl7) ofele Q1A A7lolck 5F & phuaTh A|ckeAlo] ejs) 913 At Aol Fxat 5 A
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22E] HUAA A<l Helicobacter pyloriS -] v sl=d] 4 QoF & A2k 1A ghS sk EthKusters et al.,
X351 tH(Marshall and Warren, 1984). H. pylori®] H|E= 2006).

WA Folo], MR AT AolM G WS B AA Y U0 Ol E . pylori Al 0 2 PR
4 9 B Oh e, 58] S0 5] .45 28] 3% Al proton pump inbibior, PP, AAbismuth sub-
Al A AAFSE P Lol 2 AR =3FA7] 0 2 ¢ Ujof A salicylate) & amoxicillin, clarithromycin -2 metronidazole

50| YA W8 He)5Hz 34 2 ¥ (triple therapy)o] 212
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Al ARGl T WA 9] 2R R Al A7 A=
Aoz defA At Megraud et al., 2013). 2| A2 7o
w2, A ohge] @RS SASHA Bkg wa Sol
7F AT A7 SR B8 i mavjo| 8§40l /L
pylori Altol] iAol B2 o] 5 WYY g Qlsf] i
91 A A RS 9 AL LR Fhalo] FEL 9ot
(Vitor and Vale, 2011).

L 2ufo] @ Elofgh QI7tolut 59 S FXIA17]aL A
& ol EA sh= )\]'O]'O‘b u|A-E2 A Lactobacillus 40|
Bifidobacterium < d-75-°] o]7]¢]| &K Fuller, 1989). o]
= T8 EES ﬂ‘_n"gm A4k, A o) =8AIU 9
%ﬁwmﬂHWWMqﬂﬂTwaﬂz~ﬂﬂvL

520 9 A 7felo] Lt Afol 7 o1a} 2R Telukg:
u] &0 2 H. pyloriS AASHAL 915 el
A& A 3|3t Lesbros-Pantoflickova et al., 2007).
714 A 3pikekear Sah 22 S AatskeTl,
Weissella confuse\} Lactobacillus lactis 53} -2 -G-Al
nvitro /g0l A H. pylorio] tht 3t 2/d-& b= 1t
QA A= A . 2 93 % thNam et al., 2002; Kim
1, 2003).
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A7 ol B2 Al A T2l
aof ofaf] HA Al EHE QA 5ol L xRl §le
v, choyet Al atof that 54] o] 9 A Fk Qs A
2514 wEA ABA oA A 2] 4 80| 7Pssln, Sal
H. pyloriol tah Alo] 5.3k Q13) oJebE 0 2 4 0] 5.8 74
= 7| = 11 9JtiDeegan et al., 2006; Rattanachaikunsopon
and Phumkhachorn, 2010; Tongtawee et al., 2015). Lesbros-
Pantoflickova 5(2007)%] X 110f| t}2 . A4 2 PP19] ot
5 A A Hr} Z2uto] 9 8 faikd &85 739 A A
ol whE F2R8- WA E2 FAAX W, H. pylori Alxt-&-2
FOHAl S7HE )l e w, o) = frikato] AAksh= Ao L)
| 2] @Al Zh-2 =2 o] 2R-g-of 7] Q1Rtrhar 53t Egan
et al.,2007).

dhef| 2] @41 A ARS el fARE -7 g o] S
HHf AL MRS, M17 51 LAPTg 5-2] @Ml Al ol A LwtA]
2 ufjoRtet. ShAIRE E3} vl ] Aol A uFE fARES] v
Jo o) o = HE v 2] 2AlE Felsr] QA o] 2w gk

w0 ol 520} 1o -5 o g510] ket 4 £
Hopat S Mahrous et al., 2013). A @7} 2k
AL A0 2 Qlste] 473715 Al Fol Lt o) R g AL
of 5 o] 3ol 7HEH LR €7 A4S Sla) el 2l e
ARRe.
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271 7)Ao Bk 77} Sk o] R0l 1)L glekozala er
al., 2007). Audisio 5(2001)-2 bifidobacteria2} lactobacilli2}
ze mzlol o8 5 vlEste] AulAEel F4E 57
o]-o:] X]—7—]7]—b‘]:/ﬂ—oﬂ EO o =L 1:]] §]-/H Oﬂok)\-]_E,_ J—ﬂlﬂ]—
0] 2 ¥ fructooligosaccharide (FOS)7} Enterococcus faecium
o] AAtuuat ol 2} uhg| 2] @ Al A& = A3l B 115
g1,

Z ®E(Lim, 2014)o| A <sAdE Wizl x| 2 5 e B2 % Lacto-
bacillus brevis BK112 $JAto| o3t Y] o] 7331, H. pylori
(ATCC 43504)°] th3t ghRlE]o] L2 Hlo] Q Bl A
Ao SRIgH 9]
‘1} = °4?L°ﬂ/‘1b Trakte] S 9 etEd A S
T4 s, 2718, 57 4, 9 £k A0 5
o 747} 3z2]ulo 2.

T

AE % A HiY =2

L. brevis BK11+4+5== Lactobacilli MRS broth (Difco) o] &
23k 3 37°Coll 4 24 171 HjOF5Fo] 912w oFal- S 20% (v/v)
a2 folo] Wol -80°Co] Wk A Adsl et

$tH, American Type Culture Collection (ATCC) 2. Z HE]
Bk -2 H pylori ATCC 43504+ 5% (v/v) fetal bovine serum
(FBS, Gibco BRL), 0.2% (w/v) 2,6-di- o-methyl-[3-cyclodextrin
(CD) 2 A (cefsulodine, vancomycin, trimethoprim, and
amphotericin B, Sigma-Aldrich)7} %4 7}5 Brucella agar (Difco)
Hul | o] & 0] & 7|4 Z274(10% CO,, Anoxomat system,
MART Co.) 3}9]| 37°C, 48 A7t vl ¥ 5 Tt

_'?,Al_I-I__JI\_ ajl EHAI-A}-E AHA‘lE.F _I‘l
B Y S ot A o2 A F{5k] MRS agar (Difeo) HJA] 4
ofH 0 @ QA O] WHFAE ZA 6
t}. E31 pH meter (Metrohm 744, The Netherlands)E- ©]-8-3}
of vjopole] pHE 2 Asteirh. 4 HAHE = vjofelo] Sl
225 71519 1% (w/v) phenolphthaleing 2 713F 2 0.1 N
NaOH &0 0 2 A3} o}, n|Z A o] ZulA of =35} AH]
8 =2 5lo] AR [ZAAE(%) = (0.1 N NaOH AH] g x
0.1 NNaOH 7} x 0.9)/ A| &}l th 4 skiet. g, vkl
& LR (7,000 % g, 108, 4°C) 3o vjF A5 ARG
T} 0.22 um membrane filter (Millipore) 2 o} A5t F
HCIO4 (1 M)E A7}5te] thil & 2] 7 A1 7). High-pressure
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liquid chromatography (HPLC, Shimadzu)2] Z
HPX-87H (300x7.8 mm: Bio-Rad)o|n, 7
index (GBC Scientific Equipment Pty Ltd.), ©]-5A2 H,SO4
(5 mM), 542 0.5 ml/min©]¢l3l, A 2= 35°C3lof| A &
3heie. 220 nmoll A B EE Z4sto] BEgoo] AT
Mo @HE 0L E1ERS Hekslart. sk, 2] a1k 2]
2 9130 HFoN & 2141E(7.000 x g, 108, 4°C) 3 F A5
< 0.22 ym membrane filter 2 ]} A|4$t th-3-HPLCE o]
sfed $ajstoie. B4o] ALGEl YL RS pack KC-811 (8
mm L.D. x 300 mm)S AR5
.0.25% (vIv) H:S0s 8912 A5 T}, A|20] ol 5] Zlef

2 50 o]0, refractive index F=7|5 A3

° .
-8 Aminex

£7]%= refractive

31 O] FAS 1 ml/min §-&52

HYQF AbSolo| Sk =M =X

&t 271 Shof| A uljoFsl S ufofel-o- A E-](7,000 x g,
1042, 4° C)fifjr 1225 A A5 AT 3l=a gl uf o
&5 Hell EAsk= Alat 2l A5 A A3817] 913] 0.45 um
membrane filter= o 3}4)| 35} . 3+, Brucella broth W
of| A 48A17F kSt B AL H pylori HjFHLS QAL E
(7,000 % g, 105, 4°C)}] Al ZE Bl4=3 £}42, QLAEE
oll(phosphate buffer saline, PBS, pH 7.0) 2.2 23] A 2] 8} % T}
Brucella broth Yol H. pylori®] A|E£521.0 x 10° CFU/ml2.
2 2% of2 A vl A 5.0% (viv)E d7elaL,
37°Co|| A 48 A| 7} |95t 5 Brucella agarAol| A E2&3Hd
Tl bl 0.2 A4S S sto] o AE o) Bt A
e LTS

H

Fulefa|Al 8 RIE U WHRIRA BN 3

FAvel 93 G AAT] S13 | N NaOHE o] 85}]
HOF AP0 9] pHE 650 2 231 0.0, ThATS}o] o
o 3L WISt ] 919l 7ol A1 mg/ml, Sigma-Aldrich)
2 HeIShck. e A5 ol 50% (wiv) FAISH S A2
3t & 4°C Yol A nwhst th2 FAE2(12,000 x g, 30,

4°C)slo] Aoj R HAHE-220 mM PBS (pH 6.5)0]] HEAIR
th 18 th2 4°C, 24 A7 59t F A3t buffer Yol 4] &A=t
(molecular weight cut-off = 1,000 Da, Spectrum Medical
Industries, Inc.) &2 EA A ZEME 2 QA SN2 A5}
Ak

uhe|2) @ Al o4 0] $4-L H. pylori ATCC 435045 T4}
© 2 microtiter plate ¥ (Hole ef al., 1991) . 2 =4 3}¢i T}
H. pylori+=Brucella broth Ujo]| 4] 37°C, 48 A| 7+ vljoF 3 L4
=21(7,000 x g, 1042, 4°C)5}of Al ZRhS 22 ths PBS (pH

=32l Al As1d A3E

7. O)§ 23] A2 5}tk Brucella broth Wjol| H. pylori2] A=
L 1.0x10° CFU/MIC & ur0l 31, el A et u] &= 5]48h
Z:‘ihfﬂ 2] 2. Al 8918 53135t & microtiter plate well (Falcon)
o] 7|8k t}-8-37°Cof| A 24 A7t vl o3} %3 T} Microplate reader
(BioTek, Inc.)E £3]| 600 nmoj| 4] SL =5 =4 5|o] ZHlE|
2l24l &4 4l bufferE A 27t thzto] W S}
50% Al 2 8] ulj4=2] A5 S5k HiH| 2l eAl 2
AJ(arbitrary units, AU/ml) ©. 2 gFAks} )

HIQF Z=240fl W2 Rikdsr, CHARME W2 & T 2y

=
.}
331
nﬁm
[‘=|,J

8} of| A H]—]Oh‘ﬂ— 5 HHOkon H
SAotol A, Bl % e A5 el
©.41 gon0] gt S S

27] pH: A8 FZ= 1 NHCI Q%N aOHE o]8-3}¢] pH
5.0, 6.0, 7.0, 8.0 W 9.0°.& A% MRS brotho]] ZZ3}]
37°C, 24 A7t 371 220 5tol| A vl et - vl ol 2| F 5F
o] At AR 2] AT 9 ok A5 H o} vhe 2] 241
SN o) gt S é éﬂ‘:“;ﬁ?

F7] 2A: A3 FF2 MRS broth (pH 6.0)0] HE3}0]
37°C, 247t %o} &7 ] d, 1 3.7]14(85% Na, 5% O,, 10%
CO,) 2 E714(85% Na, 10% Ha, 5% CO,) 271 3ol A ulj
T - v FolS A Fsto] At tAMHE O] A= 9 e
S ol 3l vhg| 2] 9 A Lol o] Bl BHAS = A5

Hjof &=: A3 5= MRS broth (pH 6.0)0]] H&3}o] 25,
30,37 W 45°C, 24 X7k 5714 270 Shof| A] vl et - vl gl
S AFsto] At AR O] A= 9 el A5 ot v
2] 241 8- 0] Ft S-S SA BT

vk X7k A3 5= MRS broth (pH 6.0)0] &3}
37°C, 12-48A|17F 7] 2 27 Sof| A HljoFsls SoF A%
AZE YA © 2 uljeFelg A F sk At tiAbE o] A%
2 5ol w2 .4 -84 0 ot S-S Z7gshGic

ZZ|ulo] @ E]A: AF 15+= MRS broth (pH 6.0)°f| 0.5,
1.0 92.0%2] %= 2 FOS, 2}7] 1= ¢ A 1 o] S0 aju}
o] LEAE F7Isto] Al 23k u x| ofl A F 7t the 37°C, 244]
1 B71A 270 stol| A vt 5 NS A FThe] Bt
AR O] A B & A U ) Hhe 2] @41 8- o) B+t
45 545k

>



SAHXE

NP G 535 A F Aol S B EEA
L=

Science (SPSS)E- ©|-§-5F0] o] P<0.050 4 L uljA]
HAFE A (one-way ANOVA) 5191 th Duncan's multiple range

test S Fo $o14S AEal oo

Zrp 3 aF
HiX| ZF0| M2 R, CAMIS MM 9 o 2
MRS, BHI & M17 8 x| o] HE3} 3 37°C, 24 A7 B¢

71219l 271 Boll A v okt B GAbtSe, AR A4

A3t vl 2] @ Alo]| 93 H. pylori ATCC 435040] 3t 3¢
2198 243 AT Table 17} 2o}, 94N MRSS}
17 8l 2] Aol A] 10° CFU/mle] o] 28 o1t BHI 1] o]
A= o] Bk e 10° CFU/mIE Uehtar, BE 2] ol 2
FHAQA QR AT R Aot G4 YA EE MRS HY
2] Woll Al 714 2=7] UFERyE o U (125.9+4.5 mM), BHI (76.3+
3.9 mM)&F M17 (99.1£6.2 mM) Yol 4= MRS x| .} &
)54 WA 24 = ATk el o] pHE= MRS (3.54+0.14) 9}
MI17 (3.76+0.28) v X| Ujof|A] 5-&J 3t Z}o]7} 1%l o L, BHI
(4.15+0.05) | oF Y 2] pH T} 0] 51| Wk, Ab= o) 7§
% MRS (1.4620.14%) S M17 (1.34+0.13%) v 2] 7} BHI (0.80+
0.09%) Bl =] ol Al A Abm s T §-0]81A] b 3,
H. pylorio] t8t MRS (22.4+2.1%) | 2] 2 2E] A2 ok A}
SH(5%) 2] B}t 24 0] BHI (13.2+0.4%) 2} M17 (17.1£0.7%)
o] uljoF AR50 KT}--2]81A] ko], MRS (512 AU/mI) v
A 2R Fof R ue| 2| Al 9] i B E 7P A Ukt
t}. 0]9} -2 Aol A & |, L. brevis BK119] 5= MRS
%] o] A v ot 749 FAl w7} 7 429k, o] o uhE o
APAHE YA BHISEMIT Bl ] o] A Bl 32 w12 e} 52
3HA Z7hEl g o, wjorel o) Akl w2 o Alo] ofs)

(¢]

E

M

H. pylori®] 4] oA &3k A et A o= Atz E ok

Z2Hlo] 0¥ fikato] BpdE thAL 3y 5 A4 -
714kl ol pHE W3 H. pylori®] SA1& AISHA L, T
A A =R a2 2. A4lof o8l H. pylorio] et
TEAHE e = A o2 G2 A Q) Lactobacillus, Bifido-
bacterium 2 Pediococcus <01 2] 3} R AFEl -3-4AH50-156 mM)
= H. pyloriol] tet A s/ 1} Ak A 7} Qlthal Hilk
1L @t Gotteland ef al., 2006). Lactobacillus salivarius2}
Lactobacillus casei7} AJAVeE -GAR H. pylori A 3Eo]| 274 2]
ol P & Wik op et 159 ellobA] a4 o
o2 Zrhal g5 A QIthAiba ef al., 1998; Sgouras et al.,
2004). Lactobacillus acidophilus CRL 1259 2] 4% MRS H.
T} LAPTg (1.5% peptone, 1% tryptone, 1% glucose, 1% yeast
extract, 0.1% Tween 80) v %] AFol| A B =A| UEREA]TE 5
Ako] XA EES MRS vl X o) A B +=9ttHJuarez Tomas et al.,
2003).

A, Coconnier 5(1998)°l 3| Lactobacillus johnsoii
LA13} L. acidophilus LB7} AJAsE vle| 2] 2419] anti-H.
pylori B/l thsf] o] XA v Qlek. fihato] A4kt Ui
2] 241 & anti-H. pylori B/ 717 SitE= A ko] 4]
I ol P Reto| = A B A UK Lactobacillus <5 <t
FEo] AAkstE A o® HAEy glow, guHlo] o E
Jaecium = YA o] A7}/ o] Q= H. pylori®] /d7d-E A
4= = ol P g Tl A SatE S ARtk g7l
v} QI Tsai et al., 2004).

Hg| 2] 2 A1 MRS, tryptone glucose extract (TGE), all-
purpose with tween (APT), BHI, trypticase soy broth (TSB) &
trypticase soy broth yeast extract (TSBYE) 53} -2 £-§} uj]
A ol Al At dhe| 2] 2 A1 AARS ui A] W -3 2d ol
Ol&Skttar &e) A At Guerra et al., 2001). o]n] H 1% of
2] 1 A}o]| =1, MRS v A| = th2 vl A of vl 5l ikt
o] /g7t v 2] 41 AAkS 918 b o)kl A A QL
CH(Biswas et al., 1991; Daba et al., 1993). Lactobacillus

Table 1. Effects of culture media on biological and physicochemical characteristics and antimicrobial activities of L brevis BK11 cultures

Final glucose Lactic acid

Viable cell counts .
concentration

Medium

CFU/ml

(CFO/m ) (mM)
MRS 6.1£3.5x10™ 0 125.9+4.5°
BHI 2.8+0.8x10%® 0 76.3+3.9°
M17 2.943.2x10” 0 99.1+6.2°

concentration

Antimicrobial Bacteriocin
S .
pH Titability (%) acthlt}(/ ‘;)t)" CFCS ifty (Ul
(1]
3.54+0.14* 1.46+£0.14° 22.442.1° 512
4.15+0.05° 0.80+0.09° 13.240.4° 64
3.76+0.28" 1.34+0.13° 17.1+0.7° 256

Each value shown was the meantstandard deviation of the three experiments. Means with different superscript letters indicate statistically significant differences as determined

by ANOVA (P<0.05).
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fermentum, L. acidophilus, L. pentosus 5] BHe|2] @Al
MRS vl z| o) 4] 7} 352 AAkekS B o] 9 tMahrous er
al.,2013). L. salivarius CRL 1328 ZA]of| u}2} §-AF A A of] w}
o} ool ] pHiz ka9l Hhel e) .4 AAeke 571l
Pt 58] Al 2zt F-4] &%= MRS broth 4ol 4] B =2
HFH, LAPTg i %] /ol Al pH= B Srobslar, vhe| 2] Al oF
2 =7 Yelgti(Juarez Tomas et al., 2002). Audisio %5
(2001)9] B 10| w2, E. faecium CRL1385= -8 3+
F5HA] &2 LAPTg broth U] Zgolu a1 F&E0|LU 8- 7}
SRl S0l YUY o SR ZN T AT 5 U
oy, W o) AR ke 2 ute 2] 0 418 AT
1 sl

FARES] vhe g @ Al ABARS BEAY, DAY, 795 Al

3}

AL 2 0 A5 SHRE HIA] W L. lactis 10-1 5t-=0f] &]3f) A4t
Hti(Matsusaki et al., 1996). =3t SZI QA FAZ QA
A2 QA 9l A E @ A pediocin AcH ] AJARFS 57}
Al7]= etA Y o 2 Sl It Biswas et al., 1991). 3FH, &
AFHE QRO 7R 0T, AAkE) AT vl
Hl2] o4l AR st fr]dadol Jaks et
(Parente and Ricciardi, 1999). Kim 5(1997)°f &5}, nisin 2]
A} T oA W f71d AL el Sk o Yekkt
chit s} 0., §17] 8 2910] 7o) ukeh v 2] 2410) A4t
2Fo| th2}al 3}¢ith De Vuyst and Vandamme (1993)=
nisin®] 2|gj 2H4.& P vte] o8 Lhehon], Aurss
¥} o} Z(fish meal)of| 2Jsf A2 B 4] =2 B4 2] BlE 2] 2
A& A AR FEE-2 v 2] 24l AR o] A5
A& &4 Al7l= A o= g4 JltK(Fukushima et al.,
1983). 77| A5 5= v 2] 241 Akl A3k & 4= L ol=

o e

[}

|t

o]Alo] it & QltHParente and
Ricciardi, 1999). 57| Q14-& Lactobacillus lactis subsp. lactic
NIZ022186] nisin A AHS Z71A] 7], E:3] K:HPOy] 23]
tho] 2dS LrEh lotkar Ye Fti(De Vuyst and Vandamme,
1993). Mg”" & pediocin AcH AJAHS 2714 7] =0 =8-S 3
%1 O m(Biswas et al., 1991), CaCl,-2 2|t 2] nisin Z& A Ak}
RAL o+ T4 Sk STkl = A ypA o] 2kal 5F3 tH Matsusaki
et al., 1996). Tween 80 5-2] AHEAA = L vHg|g] Al
Aito| S F=dl o= A Y Al FHOZRE
Hhe| 2] @Al #2] & olsHA sto] =2 o Q7= S7HA
Z1thar s th(Joosten and Nunez, 1995).

=
T

AR, CHARME Mg 3 b 24dof| st HHX| =7|
pHe| Bk

L. brevis BK119] <=, thAME A3 E St 24
Shuf x| Z7] pHE] J 3 A7 2 A i}=Table 29} L}, 27
pHE 25HA] &2 MRS (6.8440.05) v A (=)t =7]
pHZ 5.0-9.02 223t v A|o] L. brevis BK11S £33+ &
37°C, 2441759 3717 Q1 27 Slof| A st A, G4kt
Sl o) 279} pH 6.02} 7.091 vl 2] Yo A= 10° CFU/mIZ
9015t 2o 7} §1gLo U, pH 8.0¢1 9= 10° CFU/mlo] ¢l©.
™, pH 5.0 (10’ CFU/mI1)2}9.0 (10° CFU/mI1)9] 7%= o] Ktk
o] WA vepyit oA i SR A fAFY] S0 2
Q3o YA L} h 4 Q] thAMHE L FAH BARS S18l ARE-
Fk 27] pH 5.02-9.091 v &] Wjof| 4] 37°C, 24 A|7F v ¥3H
T REls 25 0 A0] 9k 747E5. 541 .4 g/LeF11.740.5
g/Lo & vepdrh 28ubpH 6.0,7.0 2 8.0 Ao 223
Q2 o] HEE|A] Qhtt. 1ol A pH 8.0 B} 6.0247.0
o wf 2| 7} F 1 log cycle o)/ =7 74 = Y=t o=

ZRIO AT AR £ H S W FAFE FA1E 913 vl

2
=

Table 2. Effects of initial pH on biological and physicochemical characteristics and antimicrobial activities of L. brevis BK11 cultures

Final glucose Lactic acid

Viable cell counts

pH concentration concentration
CFU/ml
(CFU/mD ) (mM)

Control 6.143.5%10™ 0° 125.9+4.5°

5.0 4.5+0.8x10" 5.5+1.4° 63.5+5.3"

6.0 8.243.6x10™ 0 147.546.6°

7.0 5.7+2.1x10™ 0 130.8+8.3°

8.0 2.3+0.2x10% 0 87.043.2°

9.0 6.6+4.1x10® 11.7+0.5° 20.4+5.0°

Antimicrobial Bacteriocin
pH Titability (%) activit}(/ ‘;‘))t)" CFCS activity (AU/ml)
3.54+0.14° 1.46+0.14% 22.442.1¢ 512
4.3040.09° 0.67+0.13° 14.1+0.8° ND
3.24+0.06" 1.64+0.13¢ 27.542.0° 512
3.36+0.16" 1.50+0.06™ 23.543.1¢ 512
3.89+0.22° 1.36+0.08° 18.6+1.3° 128
5.65+0.23¢ 0.33+0.12° 5.340.9" ND

Each value shown was the meantstandard deviation of the three experiments. Means with different superscript letters indicate statistically significant differences as determined

by ANOVA (P<0.05).
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Yol 48 K7 EEOI} AR ERI 2L AU 0§
o= 5

b, A o%pH6 0Q1 vl A] Aol Al 71 =7 et
WL, 279k pH 7.0004 = 7 9] Bt o 2 UEgte
™, pH 5.0,8.0 X 9.0Q1 73-9-+= o] Ho} A Yepyte) FAFY
‘gl whet Abe= 7] pH 6.0 W A] ol A 71 = QkaL, v
% 2% pHx= 27| pH 6.00)14 714 A Uyttt 271 pH
031 735 H. pyloriol thzt v o /35212 =t B0l 719
A 71 33k31(27.542.0), HiZ=+-2F pH 7.0Q1 Z-9+= o]
Al ekt om, pH 9.0 4] ufjste] %*J%‘%—OJ Pt
| 74 A Uekste atee] o Al 2 e
70014 512 AU/mlo] 213, pH 8.00]| 4] AL
128 AU/mI2 2 Ve TE, pH 5.039.00] A = BFe) 2]
240) S gtk A Bl SRl
pH 5.091 MRS B R] Wof| A oSt 3, L. casei 2]
© pH 5.59}6.0 8T} ths WA Uepsko
o WA U] S8 2151 o] - 510 5 2 AL
= A Yeltti Yoo e al., 1996). Lactobacillus sp. LMIS
Zo] ) 9A1K(52.37 ¢/L)L pH 5.99]| 4 &0} FTKDe Lima
etal.,2010). 8| &] pH= 4t 2] 4478 2 Hhe| 2] 241 A4k
of FFE A= AAF Foll shuhE LA Qletl YHbA e
2 H|vfjgo) v 2] 241 AR pH 5.5-6.0 1 9] =4 Olh
S 1% A o pH Hth=tha Y o s Hu gy
CH(Parente and Ricciardi, 1999). pHE 2% 3}A] &> MRS HH
A Yol A L. lactis NK24E ZE38}o] vljofgt 742, lacticin
NK243= vjof 24171 o] F-2e] AEE7] AZ5H9T, Zrhe]
e §AI 7ol RO T, 12412 HjF T pH= 48 1
Elbgtth W, 7] pHE6.0,6.5 W 7.0 0.2 A5 3> A
A7hlacticin NK24 SH 04§ ol 27151 ghiel, 2jcf o)
Hhe| 2] @Al 2432 pH 6.00 4 YRt e w, o]=pH 6.52}7.0
Slhoj| A A4 B4 o) 4l ] =3ktHLee et al., 2004). L. lactis
subsp. lactis ST10] AJAFsHEH| 2] 241 9] Z|tf] &4J(640 AU/ml)
£ pH 6,504 LFERGEO 0, pH 7.02} 7,56 4= pH 6.5 1.} b

of N

mﬁﬂ

1/]—
S
4o
09} 2

Lo
i)

6.
A

l

A ZAE AL pH 850141 713 W Bo] et 2]
PH7F 5245 e} uiel2] 241 o] Weolehan shgict
(Taheri et al., 2012). Verellen 5(1998) 9| w2, Lactobacillus
plantarum 423 0] A AFS} plantarcin 423 2] Z| o] &-4-2pH 4.0
of| A ake| ¢l a1, wljoFA| 7ho] A 1}8== plantaricin 24 =
7Rz Ak @) K o g alefo| =] Agkelo] 4]
7] &2l Ao 2 =A3}9Th Lactobacillus sake CTC 494 2]
& AAEE pH 5.526.5014] Hefo] o] 23131, o] So] A4t
F el 2] @Al sakacin K= pH 5.000| A 7} =4 UElyton,
pH7} o} 8o s ut 2] 9 Al B9 L 2715k, of
A A Z0] HEE A A7 o ol A7) uhiel 2
0 7 FA35FA tHLeroy and De Vuyst, 1999). Pre-pediocin<
sk A2 R Y 2493 v 2] @Al EHU Y 5 Y
2 9l8) Wo pH 2 Q73K Cho et al., 1996).
HHH, pre-nisin, pre-leuconocin 2! pre-sakacin 2] ¥ & 11}
4.9 AL 3 1 % ek o 2 pHol A wAlel, w]sl
= §Aky u—,g.pH_E‘_ QA0 RS- A 3 st whaka] YA
AR AT H AL 5 4 o3 Al o
2 AR A4S B0 R el 4 glrkT Bri(Yoo e
al., 1992). L. lactis CM12] A 3t nisin @] &A]-2 pH 6.5 T}
pH 11.004 & =4 Yelyital 81 thMitra et al., 2007).

F

rO*'

]

10

L, CHARME A2t J efi 2holl Chet 371 =d9)

2
0l

0
0!

MRS %] ©] 27] pHE 6.0.0.2 247 337°C, 24 A7 5
oF 3714, n|371A W 7|7 2A oA vkt the, L
brevis BK119] ZA| 7} AR IE-] A AJ ek 2l &) S4] ¥

st
2 4w 5 ATH= Table 33} 2ok 57] 4 9 w]57) 4 27 3t
oA ot S Akl 2ol 7t QYo B71H &

2ol A vl et 7<= o]tk ©F 2 log cycle W& 2| w7t
Aotk Athrt @714 271 shof| A v Fgh ulj kel ol A
SF2F AT AZSIF T, SA) MAAHE F7]4 To 1|5

712 2200 o FRe R FofshAl F3toh v g2l

Table 3. Effects of atmosphere composition on biological and physicochemical characteristics and antimicrobial activities of L brevis BK11 cultures

Final glucose Lactic acid

Incub.a t.ion Viable cell counts concentration concentration
condition (CFU/ml) (@L) (mM)
Aerobic 8.2+3.6x10™ 0 147.56.6"
Microaerobic 7.8+1.8x10™ 0 144.5+8.7°
Anaerobic 4.8+2.0x107 4.2+0.8 84.3+9.0°

Antimicrobial Bacteriocin
pH Titability (%) activit}(/ ‘;‘))t)" CFCS ifty (Ul
3.24+0.06° 1.64+0.13° 27.542.0° 512
3.18+0.16° 1.7740.13° 28.242.6° 512
3.96:0.14° 1.04+0.20° 14.443.6° 32

Each value shown was the meantstandard deviation of the three experiments. Means with different superscript letters indicate statistically significant differences as determined

by ANOVA (P<0.05).
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pHE 13712 220 A i3S ) 7P Water, o= &
714 203z F-o @Rk 2ol 7} gl e, © 713 20 A
v Fe ot 7o kA Rtk ofof whe Abe = 7] 4
Z210| A v RS o 7H W ekar, uief A o St 24
T @718 210] EsHA 1 Lepgow, d] oAl S
A71A 21 sfoll A 71 EA S =] ATk

ARFGof| &) 25 L. lactis subsp. lactisE 1| 374 52
@712 22 stoll A vl RS wl) Al 2, wlj ke o] pH 2 e
g 24l AibFol= o3k Aol 7t QIS o5 37 242
S71A ufF 2 ek o) A7) vt 2] 2. AL AAtke] f-el gt
A0 Uetsbrha shof 2 Aol tha: 2ol 9lgick Z,

MRS = 2] Wof| 4] 20 A7t F9F &71 %] =71 of| A vl 3=
AT 8.89 CFU/mICQI HHE, v| 5714 2 A3 7|4 24
Blof| A= 212+9.62 CFU/mIx}9.42 CFU/mI 2 VeI, 124]
ST o712 205 14 2l el o
5442 320 AU/mlo| A, 5713 24 kol A= 160 AU/ml
S
2E Y Ae AR H YA sha tiAb ] v ] 241 A4t
ol = ZFAA) 71Tkl B % @It Taheri et al., 2012). Hirsch
(1951)= QAIS-0] uHe| 2] @Al AL H A 272 72 270
o]g}ar Sk W, Leroy 5(2003)-2 E. faecium RZS C5 9] Z4]
3} uhel 2] 241 AARS: 915l 4ka7} A8 Reloleka 4 gl
thar B 313k u} 9Jth Cabo 5(2001)S Aba = vHe| 2] 9. Al 4
Aol "= o)gtal 319 1L, Sousa 5(2010)2 F 7| Al =7
o] 232 e A4 WelRtt T sl vhee o
Al RS lal a2 5 22 9] 37 2492 b 5eol whet
e Aoz lE ek

QAT THARE A2 9 812 A0 Chet B 20t
Aizte| g8t

BK112] ZA]3} tjAFAME-2] A A e gl 3}F SFA] S
= A3} Table 49} 7t} 30°C}F 37°Co) 4] vjokst 74
10° CFU/ml %= 2 UEpSE O L}, 45°Co)| 4] vloFst 9= 10
CFU/mlo] ] 11, 25°Co)| A= 10° CFU/ml A = of) LA T E
25°C2}45°C o) A] vl ok3t -S- wjjokoll Yo 22RO A7}
H B AL, A AT A = T 7P 2 30°C
9} 37°C v eF %= tholl A 71 =4ar, 1o whE sl 9]
pH=25°Cet 45°Co v]al] f-2JstA] Wttt 53] v 45
HO| H. pyloriol tgt g+ 37°C (27.5+2.0%) 0l 4] v
S w] 713 =9k, 30°C (19.0+2.8%) ]| A kgl 49 o]
H} thas Wgkon, 25°C (9.2+£0.9%) ol A Aozl vl -5
N o] gt e 7P otk S, Hhe 2] 2419 Ed = 30°C
©}37°Col| 4] 512 AU/mIE 714 =] Lrehd whd, 45°C o) A]
v oS} 9= 128 AU/mI A =2] TS 1. 9] 01, 25°Cof| 4]
B 32 = vbe] 2] @ 4l-E Aaket 4= GlolT
&1, MRS B %] 2] 7] pHE 6,022 243+ T 572 =
7 8ol A 37°C, 12-48 A1 7T Q1 vl kgt T3, L. brevis BK11
O] SA1} thAhE o] B3 W o+t 2 §iskE A A
= Table 59} 2} |t o] 4= 24-30A]7H10° CFU/mI)
HH‘%}& Fetoll WAL, 36 A13F o] SR E = At fﬂ
A8 sk ARE T S FRIEESITE s Yol =

F QAL ZA]7] SZHko] 12471 vl okl A-$ om}_de

mm
i
)

~]o
>, [r

=
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4

Au oo 2T
GLAL, it AL AHE L Tl4A]7] Sk 24171 HoF
= o o o= E’Fl ofuf ujjeFel o] pHE 71 WA

= ou H.pyoriel g 3212 30412 S ) 712

A, o] 4= 24-48 X171 Wk S v o] A5l Bt el o)
F 2ol 7} @11, Ble] 2] 241 2432 24-30 A1 ZK5 12 AU/ml)
<t Zhofl o]2F o, 364171 o] FHE = E/o] A
o o) vk Bl ao] 4ghe e Aom FAHr:
Lactobacillus sp. RKY2+=ZFFH A W 25, (NH,),HPO,

;g offt & %

Table 4. Effects of atmosphere composition on biological and physicochemical characteristics and antimicrobial activities of L brevis BK11 cultures

Final glucose Lactic acid

Viable cell counts .
concentration

Temperature (°C)

CFU/ml

(CFO/m ) (mM)
25 2.9+2.0x10® 10.141.3° 39.4+9.1°
30 5.0+4.6x10°® 0 138.6+6.3°
37 8.243.6x10™ 0 147.5+6.6°
45 1.4+0.6x10% 8.3+1.2° 55.04+2.8"

concentration

Antimicrobial

pH Titability (%) activit}(/‘;‘))t)" CFCS actli/eti:;e&cji/rrlnl)
4.97+0.27° 0.5620.19° 9.2+0.9° ND
3.34+0.07° 1.39+0.22° 19.0+2.8° 512
3.24+0.06" 1.64+0.13° 27.542.0° 512
4.09+0.05" 0.84+0.29° 11.4+2.1° 128

Each value shown was the meantstandard deviation of the three experiments. Means with different superscript letters indicate statistically significant differences as determined

by ANOVA (P<0.05).
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Table 5. Effects of the length of incubation on biological and physicochemical characteristics and antimicrobial activities of L. brevis BK11 cultures

Final glucose Lactic acid

Viable cell counts

Time (h) concentration concentration
CFU/ml
(CFUmD (@) (mM)
12 8.845.1x10% 8.742.0 49.6+11.4°
24 8.243.6x10" 0 147.546.6"
30 5.6+1.1x10" 0 154.0+£5.2°
36 6.0+0.9x10% 0 150.5+5.7°
48 9.4+2.3x10™ 0 156.3+9.0°

Antimicrobial Bacteriocin
e o ..
pH Titability (%) act1v1t)(/ f;)g CFCS activity (AU/ml)
0
4.72+0.07° 0.71+0.22° 12.8+3.0° 64
3.24+0.06" 1.6440.13° 27.5+2.0° 512
3.30+0.11° 1.8120.16" 30.3+4.6° 512
3.31+0.09° 1.55+0.27° 25.9+2.8° 256
3.2740.15° 1.40+0.31° 19.6+3.4° 32

Each value shown was the mean+standard deviation of the three experiments. Means with different superscript letters indicate statistically significant differences as determined

by ANOVA (P<0.05).

2 MnSO; 522 Hd ¥ 27] pH 6.0Q1 HiA] Fof| 4] 36°C]
2ol A et 79 o A7 2] A o] gl e, o]l 2]
F4H153.9 g/L)& ABAFSFIA TR Wee et al., 2005). Lactobacillus
gasseri Chen} L. plantarum 18 2] ¥l QFAI5-H Ujof] 2A51+=
GAH114-150 mM 5= 3}of|A] anti-H. pylori S35 23]51%
CHChenet al.,2011). B QFL- == vl x| U] Ak 314, B4}
5 oA E A W WS S of] FRFE wlA A |
QA] Ao = RS A FtHAl-Jumaily e al., 2014). L.
acidophilus7} A§AFst acidocin30°C 2} 37°Cof| A 71 =2
S H I HHH, 25°C ol A vl FRE 7 9= o Hrh W2 24
= YUEH Y=t o= At 50) A4S =7 ol o whE
Azte} B 18k CHAl-Jumaily ef al., 2014). 30°C o] 4] HlSF
WS w) L. plantarum Y219] o AALE =7} 713 w2 31, 714k
o oko] uhg| 2] @ Al(plantaricin Y)S 24K} TH Chin et
al.,2001). L. salivarius CRL1328-2 % 7] pH 6.521 MRS 24|
2] of] 34 Fko] 37°Cofl A B Rt 7, ot 4372 2ol o]
23131 o utel 2] 241 S 913k 25 2] 271019131 30°C
Q) A% $EI7L AYEL F FASEE Yol Eat
44°Cof A v FRE o o 72 7Hs skl o, v 2 2.4l
AR gt o B ' & i oF 2 Aol A= BlE ] 24l
A} 27} ORItk AR S

et al.,2002).

Ao spe|e) 2 Al LRI AL 0] A ok
el B0 o, wleAIko] Aaheta ghAo] =
tsr417] Subo] 2] 4o otk kel ic. 2
o] vte 2] @Al AARE st utet 2ol 7} gl o mf AYAkt o] A
A o) whet Abo)SeH Al-Jumaily ef al., 2014). BHe| 2] 2. A1-&
Z7]of| At i E 2 A 2 H &0 ofsf] A E tha Wl &
HE o] 27g /e o chi o] F ok Nisin o] 4]
2K nis A) ZAAR} pre-nisin &] -2 th5417] 271
A A FE AL A 7| 71| fAI Tk B o]

Al A 8] $RERO] nisin Aol F7FeE A2 LA

| 2
(De Vuyst and Vandamme, 1992). AJt}7| -2 22 0] ulg]
2410] H7]7] o]0 FHiJo] TAEE A
A, A ol FHEl A, T=e) 2 9 Sy
o] bl 2 2o o] of g Rl 2H4S 97
and Ricciardi, 1999).

L. lactis subsp. lactis7} AJAFel vhef| 2] @ 412 vl oF 18A|7F
S-of] Zfehof o] =51, ol B/ 24X TH7HA] FA = AL
U}, 71 o] T2 E = A A3 7HAE] QI THAslam ef al., 2012). L.
acidophilus 7} 3415t acidocin 24 A| 7+ vfjoF & 2] tfj o] &4
= UERH W, 24 A7F 0] 3 48 A 7F vl oF = F et o] A
A3] A8 L. plantarum Y21-2 MRS HjR]of] 5 54
A|ZE o] ZRE] A AB] S57FSE7] AlRFstod 2041 F Rkl Y %] 7]
of =R 71 o] Foli= A A 5] A E Uk v T A
2 16417 qho]| Z[eof] o] 23131, 20 A1ZH71A] Al -4
T ThAl A 48] ZHAE Uk vHE 2] @ Al(plantaricin Y)-2- HY
& 10A17F qtof) /g o] LrehLt7] AJAFste] 16 A17HTk] Z|Tf
of o] 2 31 20A| 7} 0] TR B = A | It Chin et al., 2001).
AboF6- 2 B E] 223t L. lactis subsp. lactis ST1-S MRS H| %]
Aol Al ik 2417 k] A 7] o] TmE SR AL, Al
14 A7 v &F 2 2| of] o] 23 ct. ojuf uljFel o] pH&= 5
217] F<t 5 A 3] s o] FA 7)o 2P RS o YA
FO 82 FAIE AL B 2 @AS thSA7 | wf) HEET] A
ZFsto] 12-14A17F uff Z|tjof] o] =2 4t 2] A} vl 4 o=
dhe| 2] 2 4lo] AAkE] o] AL #7220 1
SFATE sHARE A 7] o] Fofl= o] A
dhe| 2] @Al AARE 913 Gite] 1, o Eaf Ao
OfRt 2ol 9 A4 w50 AL 3 o] F2FE] o] B/ o] WA

A= A S0 &2 B 318}t Taheri et al., 2012). L. brevis OG1
$5A7) 27|58 e 2] @ ALS AJAkehr] AlzFsto] A
| o] Fof &Aool o] o] = 22} AR R A et

AFeFl o, Tl o] S o] A Aol A =

o I
oL,
1,

£

NN
N

f
filo
o=
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v

212 Fofj maxof ofsf vtele] 24l9] &g o] Fra s gletar
3} tHOgunbanwo et al., 2003). Sakacin K A& L. sake
CTC 494 7ol o)Esh=tll A|227t thFA1 7ol = &8t
dhe|| 2] @ Al 0] S8 Z7)slo] AAE A|EZefo] 7FAEE| A
Zpsi vt 2] @41 0) /g TAaE| ik o] gk 7 A4
oyl ol §4k) 523k gt B4 obul ko] T1gke] 7
elstttal 51t Leroy and De Vuyst, 1999).

Tk, CHARME e 3 ofF 2hdof| chish Z2jHjo|2
ElAO| H3t

MRS Hf2]e]] Zejulo] QE|AS FEHE Hrletal 27
pHE 6.00.2 243t & 572 27 50| A 37°C, 24 A7 &
oF ujokst T2, L. brevis BK119] 2411} thARAHE-©] A A e
ol 3} BFAJ-S =451 2 3}= Table 67} Zth. FOS, o] &2l 2

2h e © A2 0.52.0%9) ST 2 HIISE A9 HE d4

A7 ol g ZFo| 7 gl ol o, vl kel W of) 1k
6—}5 TN QL HEE]A] &FS)Th FOS 1.0%2}2.0%
E 71 A A A RS i 2 qtol] Blsl ok = A et
W RHA, ol 2h e 2 2 0.5%F 7R 9= 2T
Hrop oha UA vepst o f-oemigt atol = gloich s
H O A== FOSE 1%2}2% 7FS uff thzetofl vlsf 72
'6‘} | =7 Vet ow, H. pylorioll TRt v 450 ] <t

/-2 FOS 37} F ol whet A A 5] F71ake] 2% 7=
EHE ol ]38} F-2]5t =712 B¢tk ATk} L. brevis BK11
o] whef| 2] @ A1 AYAte] tfsto] ol ut bl @ A= o
G H A A] GOk oLt FOSE 1%2}2% H71et 74 -9-+= 2l
7 S ERISHSIT. SFAIRFFOS 0.5%2F2.5% (A 1

Lo

AR 7 el s Al v ] 24l 848 S717F UERuhA] Rk
o). olo} 2 Ao A v]%)% ), 23 FEe] FOSE L
brevis BK112] gt 2] 2. A1 AALS S7HAFH AL o] &= o]
E]’ll—]llli_/_\.}—‘— o:]b-];_ \:r]x]x] oJ—o]—o o gau}o]ia/\ =
2ol whe} S ol AR HhE 2] 041 ol w1
o] 4folet AL o2 AL,

t

mejubo] 2 Bl AU Alto] ZAlo] Wad Jopelow 2
B3k 2K 0| 50] SA1S FXISLI vAE| F4] 7y B =

Elﬂ}om‘—ﬂi ol-g-sto] A/t dirtrbzot B4 v)wk %Ooki
£ Sl AHA o2 Al Eri(Gibson and

1995). E3| Zajufo]| Qg F=o AR =
R4 oPgEo] FHlo] 4

RIAYEE] A Y- pH g7 o 23 -3 Al 2] Z4]0] oA ]
w5, ThalE thARS wol FufjakEql o, Qs W AvFE A
AL A A ZITKCrittenden, 1999).

Q]

A2 0 2 ulj 2] Wjof] Zejufo] L8| A5 H7}SHA = L.
acidophilus?} Bifidobacterium bifidium 52| A9} A
AYdge] FolsHA S7IsHAl =, viA] Yol o] f5< 7
o mefulol o s HEE olgeks Aom muHy
(Goderska et al., 2008). FOS7} AU -3-&] Lactobacillus sp.
of s gholl 8- 2917, AL F7He ol elo] H7hEl )
Rl A 7H4 wrokeh T3ROS 7} 3 7He MRS i 2] wjofl A 5
AF ARTRE Sabre) 7ol w0l 2ol m o
I 2 1.0676.25 g/L AL oL, o]= D‘rDPO]Ur olg=}
A7l i ](8.42-10.09 g/Lytoll A A/ E FHeh Wttt
(Goderska et al., 2008).

Audisio 5(2001)°]] wh=H, Hehp: 77719} S} E 77712

Table 6. Effects of prebiotics on biological and physicochemical characteristics and antimicrobial activities of L. brevis BK11 cultures

. Viable cell Lactic acid Antimicrobial Bacteriocin
.. Concentration Glucose content . L .. ..
(1]
Prebiotic %) counts (@L) concentration pH Titability (%) activity of activity
. (CFU/ml) CFCS (%) (AU/ml)
Control 0 8.2+3.6x10™ 0 147.546.6™ 3.24+0.06" 1.64+0.13 27.542.0™ 512
0.5 7.7+4.0x10™ 0 148.5+1.3° 3.29+0.07* 1.62+0.06" 29.043.8" 512
FOS 1.0 9.2+1.9x10™ 0 152.143.0° 3.11+0.10° 1.77+0.02° 32.542.9™ 1,024
2.0 9.9+2.3x10™ 0 150.6+3.4° 3.13+0.05 1.76+0.03% 34.9+1.1° 1,024
0.5 8.0+5.2x10™ 0 136.8+4.0° 3.30+0.02° 1.61+0.05" 26.9+4.0° 512
Inulin 1.0 7.443.4x10 0 140.2+2.1% 3.28+0.21° 1.63+0.05" 25.843.6" 512
2.0 6.8+3.1x10” 0 139.6+5.2% 3.36+0.30° 1.7040.03™  28.1£2.0° 512
0.5 8.0+4.4x10” 0 135.6+6.2° 3.29+0.09° 1.66+0.06™ 27.141.9® 512
Raffinose 1.0 7.945.6x10” 0 136.8+1.9" 3.3140.11° 1.65+0.04* 29.242.3% 512
2.0 8.3+1.9x10™ 0 141.4+5.7% 3.25+0.08 1.6740.02™  25.1+3.4° 512

Each value shown was the mean+standard deviation of the three experiments. Means with different superscript letters indicate statistically significant differences as determined

by ANOVA (P<0.05).
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3}ol| A E. faecium CRL1385+= vjoF 3 A| 7Fqto] vl 2] @
b1, At 22 2olA e meluol o8 4
2] ol ok 54171 ghol FE-E S A
Telick Eat b o] A1 Thasglo Rate] Al
el B Hetlel SR et e 5
TIHEQAWULIZ A LT of oJF
%At Farinha 5(2015) 9] wk 21, MRS¥}FOS,
2 gl ojzdl 59 Zejulo] LB (20 g/L) S
RS v 2| o] A] ujSk3}o] L. lactis CECT 44342)
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WA Z7IA2 4 9l H A vjef 2o M FHB AL
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2
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st FH0] MOE R3S 74 2P Ao L
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3t 2| & A slof| A wlj kst -9 Helicobacter pylori ATCC
435049] 75 At o= Ae 4= QUTk
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