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Abstract

One of the main microorganisms causing diarrheal diseases is Campylobacter jejuni. Purslane or Portulaca oleracea is
an edible plant containing polyphenols that has been widely used as a folk remedy for treatment of diarrhea for a long
time. This study was performed to investigate the antimicrobial activity of fermented P. oleracea extracts made with
probiotics and plant-origin lactic acid bacteria(PLAB) isolated from P. oleracea against C. jejuni. Lactobacillus rhamnosus,
L. acidophilus, L. bulgaricus, L. delbrueckii, L. plantarum, Leuconostoc mesenteroides and Bifidobacterium longum were
applied to P. oleracea to make a fermentation broth of purslane. Leuconostoc mesenteroides and the lactic acid bacteria
isolated from P. oleracea grew best in the fermentation broth of P. oleracea extracts when the broth was combined with
2% yeast extract, 1% peptone, and 0.05 to 1% potassium phosphate. The number of viable cells in the fermentation broth
containing purslane extracts after 48 hours increased to 1x10'> CFU/m{ and remained at 1.3x10'° CFU/m{ after refrigeration
for 2 weeks. The pH and acidity of purslane-fermented broth after 48 hours of fermentation was 3.7 and 3.14, respectively,
which show that the fermentation broth was within the range of the general standards of fermented dairy products. The
antimicrobial activity of the fermented P. oleracea extracts was determined using the liquid culture method. The 10 mg/mé
concentration of the fermented P. oleracea extract made with Leuconostoc mesenteroides and the lactic acid bacteria isolated
from purslane showed the strongest antimicrobial activity against C. jejuni. The fermentation broth of purslane with the
probiotics retarded the growth of C. jejuni for 48 hours at 42°C.
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oA EAZF H= C jeuni®) B¢ o 59 7HaRe #ld
A5 4oyl IIFeRE dBA =, Lacobacillus
acidophiluss FoJ8HA| =¥ A A7} 7Fesictal s ¢l
THSaavedra JM 1995).

ZZHlo| Q ElA Aolgls nAER A #4532 A
3 oA fed adE ATl F= AL Yot =
Zulo] QEIAE Y wFo] A HSE Hojvag Iy
SH| B ofe] 7] A AeS Ptk Bt o] &
Lactobacillus casei rhamnosus(LGGy= AFol|AA E2|E #+2
2 A Apgez Q8 sk AAake Aol ATbAo]
11, Clostridium difficile®|\\ Helicobacter pyloriol &3t A<, &
FEUWS, TG 1 52 SOl Aozt I=#A ¢
S, Caco-2(human colonic carcinoma)E 7}A] 1L §F A g0 &
sHH LGGE Aol F2&Fste] ks o|F AW 73l
u| A&l C jejuni, Salmonella typhimurium, Escherichia coli
9 C difficile 9] AEE gttt StMattar S 2001).
Bifidobacterium©|\} Lactobacillus®} ZH-2 T Z2HLO| QEIASL
FAIES Alzol @2 o]&Hol& nERldH, olF EIF &
o A A=Y F&, 34, AR 54 A 52 Holse
Ao dejx] glom, 1 7|Ho R o]Fo] oA I
A A FA| WA (short chain fatty acid, SCFA)S AJAFEHO. 2
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F7] 934 CO, incubator(SANYO, MCO-175, Japan)ojA]
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2. 2H|E0IM AIEM F2l RAMZE(PLAB) &2

2|85 o] F745 715} Homogenizer(WissMix™.
HG-15D, DAIHAN scientific) 2 E4)3F & QA1E22]7|(MICRO
24-48 R., Germany) 10,000 rppmof|A] 10&27F ¥4 Ealsle] &
2 A59& MRS FHuuR|(Difco, USA)ell =gs}aL, 37Cojl
A 39 52 vl 9K(incubator, HK-IB072, $H2£37] 7| AR 4A)
sttt 7P 22 FAES B T 9 S A st
153] BhE =gho 2 SR ejA7|a, ISHA viR] 5 71
FZ FAES H2 3t colonyE A E5ke] MRS brothe]] &
Shal 24A17F vleket & ARE-SHET

3. AHIE F&£= L&Y M=
HElg #2200 1% $E9 ZRvloloHAE FRER
AE3la, of7]9f glucose 5%, 10%, 15%, yeast extract 1%, 2%,

Table 1. Microorganisms used for Portulaca oleracea
fermentation and its antimicrobial activity test

Lactobacillus rhamnosus KACC 11953
Lactobacillus acidophilus KACC 12419
Lactobacillus bulgaricus KACC 12420
Lactobacillus delbrueckii KACC 13439
Lactobacillus plantarum KACC 15357
Leuconostoc mesenteroides KACC 12312
Bifidobacterium longum KACC 20597
Campylobacter jejuni ATCC 33560
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3%, peptone 1%, 2%, 3% L potassium phosphate 0.05%, 0.1%,
0.15%% 22t ER3E - 37°CollA wigsh 510 nmoll A &3
TE 25t Zablo]egA FAS ol 24

k =2 FAES HQ #4FE Adsty] 2F 4HE
Ta RS Azt 2FO R ARSEE 48]E dadd=
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Ht A2 E Hu|E FEH yeast extract 2%, peptone
1%, potassium phosphate 0.1%ZS Z}z} 715121, 4]8]E o)A
B3 #1} Leuconostoc mesenteroidesS 22} 1% &3t
3 37Co| A 3U7F YFEAFHT HAE A 59} 48A)7F wlj ok
ol Ztzte] HE AR AR S o83 45k, 5C
Yo 25 Fet BRHStHA dobg A4S A5t

%t

5 pH U Atz =X

2 F H2Z(HE FEE HHlEolA 2 +3t
Leuconostoc mesenteroides T+ 4E3t R) 1} 8|S gha (4]
£ 2E50| Au|EofA B3t T3} Leuconostoc mesenteroides
< AEST FA0) WAt 4F JPRS W DL A9
pH meterMETTLER TOLEDO, pH meter 320, Shanghai)& A}
89 pHE SABIATE ALRe dh2aa} 2ulg WEe) 217} |
mE H3te] 22229 mlE 7} 8438 & 1% phenolphthalein
|- 9H(DUKSAN, Korea) 2~34-2-2 7}5}11, 0.05 N NaOH &
H(DUKSAN, Korea)©.2 Z A5l om, Ao AH|H 0.05
N NaOHZ F-E] ZAr] steR(%)S AT pHE A=
0, 6, 12, 36, 48417t B9z BUEAsGT. BE Hlojg
35] WHEslo] W REUAE BASGon, B4 EHO
2 =4 Akt

6. 2HIE HF_9_°"OI C. jejuni EA0]| O|X|= A&k

% 052 9 C jeuniE Brucella ¥R 1% S22 3
2£35}31, membrane filter(0.45 (m, Millipore, USA)Z A3t 4
HE F2ET 4HE HadS 22 10 mg/nl, 20 mgmee] &
T2 A7V 10% CO,, 42T 2] n|T 7| A Z A0 A 484
b st A 600 ol A FF=E WIS S5

r\l

7. 84 A&

HE AP 23] ol vhEstGl o, B4 A2l= SPSS (IBM
SPSS Statistics version 19)S ©]-83}o] BALEA(ANOVA)Z}
Duncan®] tHH$] 77 ¥H(Duncan's multiple range test) .2 A
= k9] §o)4 Aol AF AL
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1. 23 ME§ 8 AMH|F UEY M=

Hu|E 2Z0ho] Table 19149} o] T2ujolo g2 7%
3} B2l Held ABH SAKPLAB)IE HESHL 3
7CollA HjstHEA 510 ol A S F=E AR 23, Fig.
13} o] | AN Belgt B 24 Sl e
St 83 A EA 8ARAEQ] Leuconostoc mesenteroides7} 713
ZF AL o 5= AT} Lactobacillus delbrueckii=. ¥ 12 Z
AR O\, Lactobacillus plantarum, Lactobacillus acidophilus,
Lactobacillus bulgaricus, Lactobacillus rhanmosus 'L Bifodobacterium
longum 5-& 28§ FEAA & 22| Z3h2 UEh
Fig. 194 AW F 9 35 AHsto] H|F FE99
ZYZF 1% B2 & AEsta, 79 2L rolFs 7 gof
HRES H/R) 20 A8 Fa] BstE U
2 guose® SRR A3, T4 W Ve 58 230
7] $J3l yeast extractE ARSI F=EZE H71SFECE Glucose
o] %9 5~15%7H] Wkel 31 ol 2512 AE B5E
o] F4& ARNRIL ol +HAAES] AeolH Loivt
@iolet ALmE T PLABO| -9, Fig. 2041} o] 2% &
9] yeast extractES H71S A] 7HF 329 4L B,
o] A9 ol gel ol S48 G mHA 2k
k. Leuconostoc mesenteroides®] 7A-SE AH|ES FZHoj A

SAHAZE W Fig. 33} o] %4 A7l A= 4l

O.D at 510nm

Time(hr)

Fig. 1. Growth curve of probiotics in the Portulaca oleracea
extract at 37 C(F=2.697, p=0.012). €: LAB isolated from
Portulaca oleracea(PLAB), A: Leuconostoc mesenteroides,
®: Lactobacillus delbrueckii, B: Lactobacillus plantarum,
[1: Lactobacillus acidophillus, < : Lactobacillus bulgaricus,
A Bifidobacterium longum, O: Lactobacillus rhamnosus,
Alphabetical letters represent a significant difference at p<0.05.
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Fig. 2. Growth curve of probiotcs isolated from Portulaca
oleracea in the Portulaca oleracea extracts added sucrose
and yeast at 37 C(F=0.607, p=0.845 for glucose, F=1.827,
p=0.105 for yeast). @: Control(Portulaca oleracea extract
inoculated with same concentration of probiotics without
nutrients), 4: Glucose 5%, H: Glucose 10%, A: Glucose
15%, ©: Yeast 1%, []: Yeast 2%, A: Yeast 3%.
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Fig. 3. Growth curve of Leuconostoc mesenteroides in the
Portulaca oleracea extracts added sucrose and yeast at 37C
(F=0.577, p=0.869 for glucose, F=0.882, p=0.6 for yeast).
@: Control(Portulaca oleracea extract inoculated with same
concentration of probiotics without nutrients), 4: Glucose
5%, I Glucose 10%, A: Glucose 15%, < : Yeast 1%, [ I:
Yeast 2%, A: Yeast 3%.

A2 WA G9LoLk 2% FE yeast extract H7HA 7}
A e FAL BYTh BE A4 FUOE peptone F7}

AL QAR A ZFE A] Fig. 4 2 Fig. 50|42} Zro] PLAB
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Fig. 4. Growth curve of probiotcs isolated from Portulaca
oleracea in the Portulaca oleracea extracts added peptone and
phosphate at 37°C (F=0.466, p=0.939 for peptone, F= 0.391,
p=0.971 for phosphate). @: Control(Portulaca oleracea extract
inoculated with same concentration of probiotics without nutrients),
< Peptone 1%, H: Peptone 2%, A: Peptone 3%, ©:
Phosphate 0.05%, [1: Phosphate 0.1%, A: Phosphate 0.15%.
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Fig. 5. Growth curve of Leuconostoc mesenteroides in the
Portulaca oleracea extracts added peptone and phosphate at
37C(F=0.405, p=0.966 for peptone, F=0.377, p=0.975 for
phosphate). @: Control(Portulaca oleracea extract inoculated
with same concentration of probiotics without nutrients), <
Peptone 1%, IMl: Peptone 2%, A: Peptone 3%, ©: Phosphate
0.05%, []: Phosphate 0.1%, A : Phosphate 0.15%.

W Leuconostoc mesenteroides 257} FA]o] Z715HS & 4
SIS Peptonee] - 1% 57} 714 AUAROH, A4
O] A% 0.05~1% s=olA 7HE 2 F4E =Wt o]
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Aol Az}, Hu|EE TEAZ o st Z2ufo]eEAe
2815 A of| A B g dF0l A Leuconostoc mesenteroides
qon, o] FF5 o|gs YaHS A X uf yeast extract
2%, peptone 1%, A4 0.05~0.1%S H718)] Fd 240 &4
3 &+ A8t

2. 2H|E LEHo| My X

A719 202 A2 HHE TaH Eol%des 2
Hlo]| Q Bl A 0] H=F 23| & A= F lg 6J—]r Zo] yet
St AH|E FEEY I§
H 271 FR7Y 458 4L 1% FEE ﬁ%ob., 48*]?&
g A7l & BdeE S35 %4_%*401 A5 a
Ho| FL, Ao #7F 2AAHE &
B AT g HES AR 24 yeRt, 107 CFU/
m7tA] Z2Hpo| Q EATE FABHL QS-S & = ATk A
= HEE AAA G2 FHAE F 2ol TE BTt
4.6x10°7} 4.3x10°2 ¥]223HA] Lo LY, 4847 u;g o=
g zFe] A$ 22x10"° CFUME Ui, AdFel A
1x10" CFU/mzi B57h F71HATh et gAIEL] AL,
Bt Fe71go] WA B 23l FE sty 257 ¥
B E Al Aolgles ZR2BPO| QYA Hf4rof ofmEt ¥
37t Qe A ZAR & HE 23 o|Fo = ATt A &

EA &3 Fol 52 & = ATk AuE HaH

oﬂ 71—& oﬂo]:

Log(CFU/m{)

" Z 7
Control Fermented juice

Fig. 6. Number of viable cells in the fermented Portulaca
oleracea extract. [ ]: Zero time, Z4: 48 hours, l: 2 weeks,
Control: Portulaca oleracea extract inoculated with same
concentration of probiotics without nutrients such as yeast
extract, peptone and phosphate. Alphabetical letters represent
a significant difference according to Duncan's multiple range
test at p<0.05.
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© 2% Fol= AFS7} 1.3x10° CFUME Yeht 21234
o AANE HIHEY GAHFS 7]EQ 1x10° CFU/Ml Bt

= 271 A
1§ FE=° $4 %9-
g e gzl Hla) A
3 = g o|Zo| pHY} 372
olR o & 95, AHEE 3142 FobAE AE el
g %191‘4 gutx oz g5=2E9 HIFZRE pH W=
I3 & o 2H]F TR Y] o] HE| gt
M‘}{il‘«]-. I ZHlo] LE AE acetic acidy pro-
pionic acid, butyric acid 52] SCFAE AJAts| Fm, AJALE=
Apike] okt FFe AR AEe FRU AW AR A
A Alge] 7 5ol weh gehurka shes|Rooks &
Garrett 2011), 3 7o A§ Zzujoloelro] Y=
o 50| A SCFAS B9 pHE FojmejA), v
241 B8 F3 AW FFAol 3N L Holekn
S g, Z2uto] e o) ofsf PAkE {-7]4H1 SCFA
o 07} A 5, ] A2 7 A2 2
HoAsHA ==t acetate?] - HIAZA EHE= G-
protein-coupled receptorQ] GPR 439] AglE| o] H= HH-3-9] 3
20 =85 271] 5“:]‘51 a2 A It EFF acetatel= epithelial
i 015731} 278 &34 ¥ ¢ :,,L_q
g o2 X é‘;—?—%— B 3tchar 31, propionicacid®] 73

Table 2. Change of pH and acidity in the fermented
Portulaca oleracea extract

) pH Acidity
Time
(hrs) Control Fer.m.ented Control Fe@ented
Jjuice Jjuice
6.1240.08°  487+0.78  034+0.11°  1.32+0.23°
6.06£0.32°  4.52+0.19" 0.67+0.14°  1.81£0.26°
12 5.62£1.46™  448+0.12  0.89+0.13"  2.030.14%
36 4.47+0.08°  4.05£0.14°  091+0.18° 225+0.17°
48 4.10£0.14"  372+0.13"  0.96+0.07°  3.140.18
F value  5.775% 4318* 11.513%%  33.534%*

Control: Portulaca oleracea extract inoculated with same concentration of
probiotics without nutrients such as yeast extract, peptone and phosphate.
Alphabetical letters at each column represent a significant difference
according to Duncan's multiple range test at p<0.05.

Asterisks indicate statistically significant difference (*: p<0.05, **:
p<0.01).
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T helper cell®] HY ¥ 2A3| 31, butyrate= microRNA
T FFE 50 microR106b] +FZ HSAIF = cell
cycle 2483 1, J 535 AYA Hopl HiE
S1tHRooks & Garrett 2011).

4. 2H|E FEE LEAHO0| C. jguni2| SA0f| O|x|= At

A FHOZ Hu|E FE2EL HAHE C jeuniol &
B2 B4 E3E 2N 2 ok Fig 77 2L B 2
T ATk 2ol vls) HuE FE2Ed HHE 2aY
Aol B AL, C jounie] FHo] ABE & % 3
o} 2| FEEY B 20 mgnl F= o)FolA A AA
A3} On) HEAL A 10 ngnl BEANA 4 A
3 S wE 4= AL, o] Ak 48A17F B¢ A&
= & & Uk Campylobacter= S 22 7 9 AR
o] Aol S doA Aol A A¥S dovl= diw
A Hedter, 32l Au Az o] FakEo] 14y
dor|a, g 2E AlZUE JHsHA ok o9
A RS YolRL ol 711 WO R A Sol A
SE, o)A whe R Zaulol 2 PAg ALgalel BAT
AU g FAY Eu 479 HeA2Ug 2] 1
HYAS E X317 = 3t Lee & Newell 2006). Campylobacter
& 7P gYAgdo] 2 22 C jegunil), o] T2 Aot
bRy, E we} o] ofehal AIGEAN F2 A 5
o] A HghS dor|A "ok ARGy O ST LE,

o,

¥ fo
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Fig. 7. The effect of fermented Portulaca oleracea extract
against the growth of Campylobacter jejuni incubated at 42C
for 36 hours(F=6.716, p=0.001). O: Control, @: Portulaca
oleracea extract 10 mg/ml, €9 Portulaca oleracea extract 20
mg/m¢, M: fermented Portulaca oleracea extract 10 mg/md,
A: fermented Portulaca oleracea extract 20 mg/md,
Alphabetical letters represent a significant difference at p<0.05.

Kl F=AFFEIA

523 0} Boe] $5S ShuE A we 47 $3 39
s B, e AEo] REE] Heiie SRNE B
o] glycoprotein®| L} glycolipid2 TAJ % receptor7} .23},
of7]o] Alat #H|| Sli= adhesino] A2 AZ AT A
= ZR29] 9J3] cytoskeleton2] A v Lo] LojubA Ha, o]2
I8l Y AlZW JE7E -GolsiAA Erkar gtrHGanan
5 2012). U371 MFLE 10% CO, oA & &ehe 2
2 & 37~-42Colth. Folli= v 3] ofsto] 22t A&
A At 2Eo|A B =3, X, AR, 2% o] &g F
Lol M= 2 R2hR] FSHA| ErkPark SF 2002). $HE, &2 AT
of ALEE 4H|EY A EHERE Tol sk A=
g, 21E0] £l E2HE <= flavonoid 72} phenolic acid,
lignan 59 3 AEE FEZ 5= Yrh(Park 5 2011). o]5
S5 AT ASHolA 23}, SEA AL g 0|2
2 AU v Eo] RH|Sh= o] o thAMEA E=H, H]
R ARolA Bol WA EE ellagic acid®] 7 W v
A& o urolithin® 2 2|31, o] 7 o] 3t 2 3HA|
Aoty BuEw Q) osa 5 2010). T3 ZET|H|EF=
A{A oz A [of vAES 542 FAEs7|T s,
in-vitro 7oAl 19 SAHT IH F+t BFRoA FHAE
T2 F7)% Fha §hKFriedman M 2007). 0]9} 22 A3
FFES 2 A7 Aol et Au|E e da
o] C. jejuni®| FSA1& A th= AH S S8 S0, 4
H 5ol ehrE ETusRet Z2nto| A7) AL v
224l o] AFYL AT £US ACR ARt Egt
olgo] Akals FABAL A fafa AR C jgur,
S. typhimurium, E. coli R C. difficile 52 FA1= A35HA =
ol A A Sl=tl(Ley T 2005) & Aol AMSRE Z=Hp
O|REAS o] g3l HH|F YANE C jouni®] S A
o FQltk 22 IRE Aol sk 7| B4l 2l Foll
S0l #=A FHEo] 1,000 mg L SENA C jeuniol o
3 gt/do] e ALE BHAuE ¢lof(Ganan 5 2012), &
A Au|F HaH] o] ol el FtEE Ehd A=
HzA SRS ] ez FYHY, Z2HloleF
27}F AARgE SCFAC] &J3t 3t ATte JISlS A= wtd
o} 3 Al BN FE5E WA FAEES Lt A o o
3 WaE Ay« Hed+tol tial axpdojgta HuEr|=
skt C jeuni®] 735 A7), Aeje], 27 FoA =24
AAEZO] in vitro ZFol| A o] wtoll Hgt I+ aTE Uehd
o1 &4 A QI tiFriedman 5 2002; Nannapaneni 5 2009).
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Tt AL FH 191 Campylbactor jejuniol| gt 4
WE waole) 37 AnE A5 BuA) Aok ULk
oA def oLl AuEL 2 T AT
LW B3} 5] Y AR YA = A§ AE,
A7 AEH FAFS Lelo) 25 T2vo] 9540t o
Eo| o2 AFHE A=} Lactobacillus rhamnosus, L
acidophilus, L bulgaricus, L. delbrueckii, L. plantarum, Leuconostoc
mesenteroides 'R Bifidobacterium longum3} 28|S0 A B2t
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