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Abstract

The purpose of this study was to investigate the probiotic properties and antioxidant
capacity of lactic acid bacteria isolated from Vietnamese feces and the Korean traditional
food kimchi. Six isolated strains were identified as Zactobacillus sp. by 16S rRNA sequen-
cing. All strains showed good resistance to low pH (1.5, 2.0, and 3.0) and 0.3% oxgall bile
acids. Culture filtrates from the six strains showed various antioxidant effects, including
DPPH, ABTS, reducing power, and metal chelating (Fe?*) activities. Two of the six Lactoba-
cillus strains showed potential probiotic activity. Heat resistance and adhesion assays were
conducted by mixing the selected strains, Lactobacillus acidophilus V4, Lactobacillus
plantarum V7, and Lactobacillus paracasei DK121 isolated from kimchi. The results showed
that the heat resistance of these strains was similar to that of a commercial strain, L.
plantarum LP. In addition, a mucin attachment assay using the mixture of selected strains
(V4, V7, and DK121) showed high binding activity to the mucous layer. In conclusion, a
mixture of V4, V7, and DK121 shows promising probiotic activity and may be useful for the
development of health-related products.

Keywords

probiotics, lactic acid bacteria, Vietnamese, antioxidant, mucin adhesion

M

A (Probiotic)®t ASl= PE HAIE AFRHeEHN nlEoe] BHloks a4, 714 HIEH
uJ 2= kg2 E_oﬂ 946]— A ;7.&_4 AAol= B2 2AH2g) x] 2= EaH Al ;21]7]% 7H’ﬂ% 2
o A AES UitHRivero-Perez et al, 2008). AHAY £H52E= {ANHlactoba-
cillus) ¥} AwHFZ3Zo), Aspergillus, &%, Saccharomyces) 5°| LHtdo g da] I =t
o] & 71 t# A0l AOCR LactobacillusLee et al, 2008)% & 4 Utt. ZAFS EX5E g
g 202 7L 9&0“‘1 ILZHPO|QEA F= URAIEC o&HTh Lactobzza]]us 9 Bifi-
dobacteria®t 2 fARFE T 7HA] o] FHte R A 5ol A I3 mE Ext ofye,
HARE, AR, S = AXRE JAREES AATo=H b2 Z”] o FFZ mxI
(Khanizadeh et al, 2008; Lee et al, 2008; Li et al, 2012). E3t, Hood%} Zittola(1998),
MaFarland(2000), Kullisaar $(2003)2 SAMES SAAARZEE S H5E 4 Qe FAls)
AL 7T ok B e, olv] Wagner $(1999) Delzenne $(2011)2 Lactoba-

J Milk Sci Biotechnol Vol. 35, No. 4 | 255


https://crossmark.crossref.org/dialog/?doi=10.22424/jmsb.2017.35.4.255&domain=pdf&date_stamp=2017-12-31

Shin et al.

cillus sp. SBT 2028%} L. fermentum strain ME-3 5 o8] |4t
w9 =& A At HuEch

2002 FAO/WHOS] A 3] w=H, die2jolrp guba o= kst
. AAFEA Y, FAZQ] probioticol 4o g Q1 E= Qt
A Ao A WA, B4 tAs, Ui 9 g4t U,
7 F2eY, HYatol oigt 2EE 9 7\1%“\3 A9 5= JAlskL
AckJun, 1998; Rial, 2000; Salminen, 2001). #FAlEo] Qlo]
Ae 59 730 AFETE T 475 ARSTCEA o7
o A% 71574 % n2rlo| 08 aas ¥ 4 Sl Aol e,

ol &3 2 HIstel BAe] F Aol HASAA % A
st e FAS ZUNZ 4 s DEF mevologAs
T2 4 Q= Aol Uk

meba] 2 A-toAs HEWER! FHOERE WWAM], WeESAM
= ] }\Hasﬂ-ﬂé L‘EﬂO] O A5 ]-_r'_/‘\_]-:d-6 /\-]HT'—_]_ oJ—/\]-Q—_Q_
I{DPPH, ABTS, FRAP assay)& 5ot HIEEQIOZRE ZF
A 1. acidiphilus V4, L. plantarum V7 2Z3}F 2293 {4
%! L. paracasei DK121 1% 719] @ P94, Mucin 52
T T4t THEE B9 ZEHpo| B 02X i TS A
il B RTAS S L

=z 3 U

1. Af

SAES] HieF 2 Hitol= MRS HiA|(Difco Co., Detroit, MI,
USA)®} glycerol(Sigma, Germany)< AR5t B HaAol=
API 50 Kit(biomerieux, France), WAM] 9 W54l Pepsin
(Sigma, Germany), Bacto oxgall(Difco, USA), Ao
6-hydroxy-2,5,7,8-tetramethyl chroman-2-carboxylic acid
(Trolox), 2,2-Diphenyl-1-picrylhydrazyl(DPPH), 2,2 -azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid)(ABTS), trichlo-
roacetic acid, 2,4,6-tripyridyl-s-triazine, FeCls + 6H,O (Iron
(I chloride hexahydrate 97% A.C.S reagent) 5~ Sigma-
Aldrich Co.(ST. Louis, MO, USA)ZXE s} 1, Mucin
solution (Sigma, USA)E 75t ARSI

2, BHAre =Y % 22|

Ao ARE AlE= AVIAEHEEOIA IRB 591 W= §ho]]
AT 3 o711 vleke] gl HEEY 6089 Hi=HE EH
7180 AfFetltt. Aol B FHolo] dat H7] 34
0 & AR5 s]HS MRS SEIHTER|(Difco, Detroit, USA)
of = FE3E the 37T A 484171 HiFsto] MRS SHdE ||
ol Uehks ] gl FRYE Wgo]E Fsto] 0.05% L-
Cystein®] g7 MRS HAu[A]of| o Eefotar, 4= 3] Al wiF

, o
_l:u ﬂJ[O >

j_l',
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15%(v/v) grycerolol] @gstal -72C

oA Hysto] o] }\}‘06 At

3. 22| 359 5%
2o 339 53 slel RO A, ALE SHL

ZAPLgOm, 16s rRNA £2974 9714 2S BAjslglct. s
EAL I & JujFdo g aAsigon Aty EA] XA}

£ API 50 Kit(biomerieux, France)E ©|-&d}o] 37Col|A] 48A|17F
HioF & AAJSI T, A9 Z¥= Bergey's manual¥} API LAB
PLUS =2 TZ(API50 CHL, biomerieux, France)O& H|ul EA4]
5t} S48k 542 913 16S rRNA sequencingS SUHA
xz}u]of(universal primer)?l 27F2} 1492RS- 0|85} 16S rRNA
A} FE-S ZZslo] DNA AEE4(Magrogen®), Korea)& 2
g|sto] ZRlstSiH.

4, Ljtke o LHEES

WAM AT82 Hood®} Zottola(2009)9] HIHS #3510, MRS %
ARl A 18A1ZF BiFRt H5E 4,350x g&E 1587 YAlEEs
of AAAE AAS &, pH 1.5, 2.0, 3.022 77+ 243+ MRS
AREIR]o] 271 57} 107 CFU/gO] E]EE Aldd-S FEst,
37T incubatoroll A 2417t &<t ¥iF & ABt4~(CFU/g)E 75}
Aok HEEE AT WA Al O]—r A& AYS fIsto]
Bacto oxgall(Difco Co., USA)9] L5 0.3%wW/v)7} H==E A
7¥eto] WieFatal, 37C incubatorollA] 24417t Wi & Thodt A2
o g Z7gsigitt.

BZEE (%) = BE #5(CFU/g) / 27] #4(CFU/g)]% 100

A AR
Chang (2005) S o]-g35ta, Lactobacﬂh MRS broth Hj x|
o A&t 37°C°ﬂ A 18AIZE ZHA 0 33] At vk

3,000x golA 1087 A1 E] 0}01 FeBE A & PBS bu-
ffer o2 23] A& 9 HEh

1) DPPH radical 27 &4

DPPH )z 2AEAEE 24517 Hdl Rivero-Prez MD &
(1993)9] W A& 7gsto] AAS S5ttt 2,2-Diphenyl-
1-picrylhydrazyl(DPPH, Sigma, U.S.A) A19F 7.8 mg< 100 mL
ofghgol o] Axslo] A&, DPPH €9 1 mLof ofe
50 pLF fARE AAE] BE 100 pLE SA7E F 37CoA 3087t
Ao A ¥k 5 515 nmollA] uv/vis spectrophotometer(X-ma
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HES? 29 X ZX28H =old Rz I2H0|QEA Jisy &+

1200, Human corp., Korea)s o|-&sto] S4=5 =454t

2) ABTS radical 275 &3

ABTS tjzr £2AE49] 42 Cho 5(1996)2] S dH 54
slo] Aslsiyit}. 7.4 mM ABTS stock solution(Sigma, USA) 5
mL%} 2.6 mM potassium persulfate(Sigma, USA) 5 mLE 42
T QHAoA 24A17E BESAIZ] F Adel FA 734 nm SEEO)A
0.700£0.020 (mean+SE)°] ¥%=& phosphate buffered saline
(pH 7.4 2= 243 7 249 A2k 0.9 mLoll f4kt ZA2] HE
0.1 mLE 2313 & oA 387t ¥hSAIX] F 734 nmolA &
BEE Ao

3) FRAP(Ferric Reducing Antioxidant Power) &4 =4
Ferric ion reducing antioxidant power(FRAP) 42 Fe
(ID)-2,4,6-tripyridyls-triazine(TPTZ)7} &Atst E2lo] 23] Fe
(ID-TPTZZE SH== Y& ol8oto] EFHOE St W
0= Shahrokh®] ¥*(2008)& ¥+ F7ste] A5t 300
mM acetate buffer (pH 3.6) (Sigma, USA) 50 mLe} 10 mM
2,4,6-tripyridyl-s-triazine (TPTZ, in 40 mM HCL) (Sigma, USA)
5 mL, 20 mM FeCls - 6H,O (Iron(Il) chloride hexahydrate
97% A.C.S reagent) (Sigma USA) 5 mLE Z3lslo] Alzslq] AF
&5}t FRAP €9 1.2 mLoll 5574 20 pL9F fARE AxE] 4
E£8 40 pLE 3ok, 37C AoA 3081t ¥ESAIX] T 593
nmolA EFEE S5k

6. g ordd

MRS AEiR]OlA 18A17F ZHA 02 33] A vfdst viFS =
7] @457+ 107 CFU/go] H=2 Aldae AEst] 24 22837~
065C), ARFEGE, 1582 27 A3 the, B 73519
AEE(AHTY LogAl#t/HE2T9] LogAlah) x 100= 745t

Ay s &AL Azcarate-Peril(2002)9] %S 5381 mucin
proteing ©]-&sto] =35}t Mucin solution(10 mg/mL in
H,0)(Sigma, U.S.A)& 96 well plate(SPL, Korea)2®] Z wello]
100 pLA E3ato] 4ToA 12417 B9t BREAIA mucing: well
FHo| FZA AL olF plated] Z wellS 0.85% NaClZ 23] Al
Holoirt. A o= MRS dAHR[OA 37T, 18A1XF &<t 33]
Al st viFHS 8,000x g2 287 AET St M-S A|
73131, 0.85% NaClz 23] AJ3 3l dEfsto] A1435)42 AAlsto
7t wello] 1.0x107 CFU/g %22 100 pL& 531 37T oA
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247t B9t BEGAIF. whEohA] o2 A9 AIAE floh A5
S AASH &, 0.85% NaClZ Zt well-Z 53] A2, 0.1% triton
X-100= #5751%] mucinof] ¥ #A41E 3153 & 0.85% NaCl
of A4715]45t] MRS agar plate®] 3992 platingstil, 37C
oA 24A17F ¥l & AASE SH6IGIH RO R e+l
L. plantarum LP%}; L. acidophilus La-5% A3ttt

2 it

1. i S Esd

37C MRS HiA|oIA] 48A17F BiFS Yehd faiae] @ colony
£ Fota, JHF8Y 1Rl 13749 #FE Aot 1 eR
FHAR R St F4te] ket EA4RARE flsl API
50 CHL kit(Biomerieux, France}& ol-&st] B RS A5t
HHTable 1). At FAkt 650 et g=rdkee] Hads &
At AT}, [ acidophilus 2%, L. plantarum 3%, L. paracasei
1502 4=

2. 227439 4

Akt GAktE 6E0] digt 579 Basic Local Alignment Search
Tool(BLAST)& ARESHRALH, F4AHES] 168 rRNAS F&519 &
A3t A3= Table 12 YERQITH

SAMe] F 9ra AT} 16S rRNA sequencing® 4323, VO
F=F HGHoAN [ paracaseiz FHE IO, RNA E714<Y
NNE . plantarum® = SR, V11 45 FEraidoA
L. acidophilus® 3= YO, RNA @7|A Qo4& L. planta-
rumE Sl

3. iKY 9 LSS

Sakzo] Alolgli Aelz Aol m2s] Slshal 2ok A9l pH
2-8 WSl T 5 Qlolot B Hood, 1999). WA 4B
79, A% 919] pHS! 1.5~3.0 9Io1A] ] nagzo] Abatst
Aut ZAol Ashelct. WETQl BlolA] AN F2E pH 15,

Table 1. Identification of the lactic acid bacteria

Strains Carbohydrate utilization % ID RNA sequencing % ID

V4 L. acidophilus 1 99.9 L. acidophilus  99.9

V7 L. plantarum 1 99.9 L. plantarum 99.9

V9 L paracesei sp- g5 | plantaum 999
paracasei 1

V10 L. plantarum 1 99.9 L. plantarum 99.9

V11 L. acidophilus 1 95.4 L. plantarum 99.9

V12 L. plantarum 1 99.9 L. plantarum 99.9
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2.0, 3.08 A3}l pepsin(1,000 unit/mL)S 715t AFHH
27014 2AZF Heote] BE SHoilon, JEuael L
plantarum LPE H&42 ARGS9t 1 23 V109 pH 1.5 &
A& AQdet dFE0] Aot vt FELS AAlok] B2
WA S UebQichFig. 1(4). WEs4 Adds 4kde] 95
Baste] Fog ol AS aEfstojolgitkRial, 2000).

Wid A9 olF 5Y 25t lF HollA 2417 AEgt &,
5% 0.3% oxgallE F713t QA5 o] g4 HjR|of|A Qg &
ZHS 24A17F gt A3t Fig. 1(B)o]l VrERE B9} Zo] pH 1.5
A= RELo] 70% HITto R UehtoLt, V79| B9 A8+t
o} H|woliE Wl 75% ol RAlolTh waA, & AollA &
23t 659 FFE2 Aot vIotAS o, =2 Yk 2 U
S540] o] AAHARAL 7|7} FEE A 0= HeE|Ql:

4, QLAO| izt &y
1) DPPH radical 275 &4

120

100 ]
-[ 17T
~ 80 -
g mpH 3.0
T o ®pH 2.0
H HpH 15
3
w40 -
20
0 T T T
LP V4 V7 Vel V10 V11 V12
Strains
(A)
120
100 -
.
80
S mpH 3.0
S~
T o mpH 2.0
£ WpH 15
E
w40 -

20

LP V4 V7 V9 vio  vi1 vi2

Strains
(B)

Fig. 1. Survival of 7 LAB strains in various pHs condition for 2
h (A) and bile condition with 0.3% oxgall (B).
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Fig. 2. DPPH radical scavenging activity of various lactic acid
bacteria isolated form Vietnamese feces.

HEER] oA E2lH 659 f4h+=9] DPPH radical 47
B3 573 AFk= Fig. 29+ 2ok BoH 659 fAES BF
2791 /. paracasei BGP2EL} H& 84S BT, E3| [ acido-
philus V42 L. plantarum V10, V11 Al 9] fARIA =2 3
Absh 27452 VERRSIEE. Cho 5(2009)2 ZXIoA Bt L. plan-
tarum YS712 957} Enterococcus sp.2} Lactococcus sp.©l| B3]
95.8%=Z 7} &2 radical 2762 YERICkY B gt bt et

2) ABTS radical 275 &%

ABTS radical £4%5-2 4% 2= Fig. 33 2t 82l
L. paracasei BGP2HT} V79 @Xo] 714 =4 Yehgon, V4
T3 52 A7) A etk THeo Vool V1ot 7H we
a7 S5 vedllth

3) FRAP(Ferric Reducing Antioxidant Power) 24 =3
FRAP &4 £4 ZoA= 639 4t 25 8u52l L. pa-

racasei BGP2ET}F Hdr& o2 o gz AA5-E YRt
AR LA R EE S B 4 9l Sl S4ES |

w7 v v10 vl vl2

Strains

1500

0 I I

BGP2 v4

jury
P
[=)
o

w0
[=]
[=]

Trolox equivalent capacity (mM)
w [=)]
8 8

Fig. 3. ABTS radical scavenging activity of various lactic acid bac-
teria isolated form Vietnamese feces.
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Fig. 4. Ferric reducing antioxidant power of various lactic acid
bacteria isolated form Vietnamese feces.
1) Control : L. paracasei BGP2.

ol ZoE A Sk EZ, fARFY AlEutol| EA5k= tei-
choic acid®} AlZHof| ZA51= peptidoglycan 5= F& &50]
£ chelating, free radical®] 47|, 718]11 3MZLE- 5o] Eghz{o
2 Fofelo] Y= Ao g B yE Y QtiLonkar er 4, 2005).
w2hA], 0|59 7]50] & A4E B9l AEH 659 ik &40
FFS 71 A= Hel.

5. & orgd
ARE AN 65 5 FABE 84 5Eo] $<=2t L. acidophilus

V4, L. plantarum V7 283} S=tisha A S-34147 4
Ao A Balsto] B3 29] /. paracasei DK1213}9] B3 JF
AZA 9 YIAS Ads] Hal V4, V7, DK1212 5:4:1(v/v)E
Fakstol, 2442} 55, 65COllAl 5, 1584 @A Esto] ti2H37C)%t
g vlehd, 55CoA 587 97.0%, 99.8%, 99.5%, 98.6%
158 94.1%, 94.1%, 72.2%, 76.4%, 65TOlA 58 84.4%,
73 2%, 78.3%, 66.0%, 155 73.6%, 65.3%, 64.1%, 63.8% 52
28-S YeRIthFig. 5).

®55°C, Smin
E55°C, 15min

Log (CFU/ml)

E65°C, Smin
B65°C, 15min

Fig. 5. Stability of 4 strains in various temperature conditions for
15 min.
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Chae 5(2014)2 #5400 ojAes S5HE #59 FHETh=

E@ﬂ%ﬂﬂ%ﬂﬁﬂmﬂ%qa7WQ7P@£Eﬁ2§§§
52 A8sio] 7120 AFET AstE R, 2 A4

«1 Skt WEA 2t EEo] vl Yo BdAlRA A
2 7k2)7F doha S glet. Jung 5(1993)2 YEkEo® Skt
AAIL] 7k BgollM 7 AP Els Zlo] vlAEe] M/ o
=0l HE&/golet st 3% A ¢ Wedd &8
A 2= vES 2 Ba/do] A mEt & 45 59
*lEE] d St ERE o A9 HgAdE AAPIH, B

S0 Felohe HerattAA Aido] 288 A

o

A A s Bl HIEEQ] EHoER
V4, V73} B A0 2 HE BE|St SAMF L. paracasei DK
1213}9] 3t 7Fs732 2AKE7] 918l mucin binding assay
£ o8s1o] mucinol] W3t 285 S0ttt 2wl L plan-
tarum LP®} L. acidophilus LA-59] F24 AH4+E 7]—rﬁ s
W F252 Hwsolrt. Fig. 60 Uehd viek o], At

M) Babe-2 iRt Bl WokA|L "e]‘écﬂ] *]*QQ *J
8 S BT B 6.4 log CFU/g oVdo= 943 d3s&

Urehgleh

ot
1101'

o
=

kO

2 A= HERERIY B oeRE Eejgt f4RF9| probio-
tics 4= A7ol7] o FEfeH, ABakary EAxRA E WA,
Wes4ol Hold 671y =5 Adsta 5% 5} o 6709 =
9] 16S rRNA B4 A}, L. acidophilus V4, L. plantarum V7,

7.9
i
£
S 74
[N
(w]
869
o
@ 6.4
o
2
O 59 o
1]
%

54 -

- DK121 Mixture
Strains

Fig. 6. Attachment of the LAB strains to the mucin surface in 96
well plates.

1) Control : L. plantarum LP, L. acidophilus LA-5.
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V9, V10, V11, V129] 27} group2 & FA =i}, HEWSIS] &
wogHe Hagt GAHFLS pH 1.5, 2.0, 3.09 AHY 2 94
(0.3% oxgall) 274 Wikdat Wa5/d2 5743 23t V4, V7,
V9, V11, V129 571 d5ollA 70% o1Ade] <=5t ik a) g
F4& UL} PAksE oAM= V4, V7ol el L
paracasei BGP29} |16l W, 2 A4St S44E Hol XF
23S B AR o2 RE B3t L. paracasei DK12192] &
T 754 LotbEslth & g AdofA V4, V7, DK121
< 54 1(w/vE EJT ST 55CA 58 98.6%, 15%
76.4%, 65COA 58 66%, 15% 63.8%% TGUFFHI= F2 AY
E&5 HYAT, &5 Aget TP AFE 5o Z2Hlo] o
TN SR 7FsAS Boioint Ay Falsolile Adds
| SRkt BE Aot vl S 1 6.4 log CFU/g oVdo &
ot A35S Hof T BT S e oSt A

I L%q-‘

(o] ){l‘j
(o

>

]

=
-

AL 2

2 ATRS SUSHYENY JUOR SUSIAEIIE1 887
o] DRPINE KT A ARL ol ATHALB160
61-3).
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