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White Rice Fermented by Clostridium butyricum IDCC 9207 as an

Alternative to Antibiotic having Antibacterial and Immunostimulatory Activity

Seung-Hun Lee, Seong-Beom Kim, Jae-Hoon Kang and Dae-Jung Kang*
ILDONG Research Laboratories, ILDONG Pharmaceutical Co., Ltd., Hwaseong 445-170, Korea

ABSTRACT

The antagonistic activities against animal entero-pathogenic bacteria were investigated with 444 natural substances fermented by
various probiotics. A white rice product fermented (FWR) by Clostridium butyricum IDCC 9207 with a high growth inhibition of
Salmonella typhimurium KCTC 2054 and Escherichia coli O157:H7 was selected. Also, a FWR was shown to suppress 8 among
21 pathogenic bacteria. In a mouse model with salmonella (x 10° CFU/mouse) infection, 5 samples (200 z0/mouse/day) were fed to

mice (n=25) for 18 days.

A fermented white rice containing C. butyricum IDCC 9207 (FWRCbH9207) among 5

samples

significantly inhibited the growth of salmonella, while in the control group (PBS, tetracycline) the number of salmonella increased.

And the treatment with FWRCb9207 was found to increase

the secretory immunoglobulin A (sIgA) level in the feces of

salmonella-infected mice. The results obtained in this study suggest that a FWRCb9207 might be utilized as a feed additive in

pigs and poultry diets.

(Key words : Clostridium butyricum IDCC 9207, Fermented white rice, Antibacterial activity, Immunostimulatory activity, Secretory

immunoglobulin A, Synbiotics)
=

A9 el Qe AbsE Tk Al AT,

frafl Mg 1Y T IS %
Aol oAl drk. o2 <Qlste] FAE Ag}, AbR o]&E A T
A4 deiE 714t (Tannock, 1983). ZAFs7lo]l EAA E&

ol
==

*ﬂﬁ 2 ZhalA B FH S8 flehs SloR
| Salmonella gallinarum>} S. pullorum®] T xZ ot} o]
SAET A AMAl HAIR <13F AZtek AA|A 1ld)
T woZ 4#A 9t} (Pomeroy and Nagaraja, 1991). 2t
scherlchla coli O157:H73} 742 HYA thito] o]
A FR A0 SAE et AHAl
A o7]™ (Beutin et al., 1998), S. typhimurium-
e Hé%"éo dotal Aol 71#ow HA Hojxo] g7
o8M SFE AL o]2A s HdAttolth
8~12Fl 2% % el #Hd=n, S

N
e e

E}
=2

411

e A U U e :10
g

o= ARl Al A5 A o 71t} (Schwartz, 1999).

B AR EE 715 Anw I8 9 sk AEH
o] ARgHx gtk tiEd HAYAZ  penicillin,  ampicillin,
tetracycline 5°] 9lom, N85&F oo HALE 74 2 A4S
&L o} Atmgoiel 3 AEA 0w AREEj el Ytk 1
g A gAA oo s YWHEAIE doA FHo A9
FAAE FAHEoE AbgSE e S48kl 9lom (Dixon,
2000), e A= Fa FAAC oigk T S E0
20~90% ol =oldel wmet Am HA9) QegE A AL
ST Aol AW FAEITh wekd FAAE diAlete] &
3] B Al A = de AARHETHE A AA A
o] grEth 38 ARWe A, SRAITE, 2054,

47 EA, FZ2IANEY So| AgsT glov, FuHom
o

o
20 =

wepga), ko] o) ARLI} HolAH die S0 3
A APEAE Avda g ARAE PAA dAAE

probiotics7} 9121, lactobacilli, bacilli, clostridia °] W34

* Corresponding author : Dae-Jung Kang, ILDONG pharmaceutical Co.,

82-31-371-2900, E-mail: djkang@ildong.com

Ltd., Hwaseong 445-170 Korea. Tel: 82-31-371-2881, Fax:

~341-



Lee et al. ;

olth. o] =, Clostridium butyricums spore /37
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Table 1. Probiotic strains and natural substances

White Rice Fermented by Clostridium butyricum IDCC 9207
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medium (FTM)S  AFE38199tk. 1 8Fe] XA brain heart
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C. butyricum IDCC 9207 (58718t FEHE KCTC
11658 BP)S |7} 3% #7hel HAuiA|e] st 35TAA
40A17HE3E wgRtgdTt. vkl 10,000 RPMOIA 1027 94
woste] #AE AT 35 e 2.5N NaOHE
g3to] HE pH 7.002 Fglgh Fo ultrafiltration (Mw. 3,000
cut off)2 %31] 7514tk A4S evaporation systemS E3
IS =AYt

orL=E o0&

Probiotic strains

Natural substances

Bifidobacterium longum IDCC 4101 H. cordata coleorhiza tumeric tangerine peel
Lactobacillus gasseri IDCC 9206 quince onion carrot garlic
Lactobacillus johnsonii IDCC 9203 cabbage squash sweet potato  mung beans
Lactobacillus paracasei IDCC 3501 R. coreanus Dioscorea tenuipes kale kelp
Lactobacillus plantarum IDCC 9205 pomegranate beet broccoli buckwheat
Lactobacillus helveticus IDCC 3801 acorn adlay cheonggukjang aloes
Lactobacillus reuteri IDCC 3701 Yacon lotus root chestnut chives
Lactobacillus rhamnosus IDCC 3201 adzuki beans barley spinach perilla
Bacillus subtilis IDCC 1101 black rice white rice black sesame  cactus
Bacillus coagulans IDCC 1201 ginger

Clostridium butyricum IDCC 9207
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C. butyricum IDCC 9207 white rice culture
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Fig. 1. The manufacturing scheme of white rice
fermented containing C. butyricum IDCC 9207

(FWRCb9207).
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of gk A&oA g3E AALS F3 AR W) g
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af iAol 1% (mvv) A H7keta 37°TCelA 1413 7H4 0= w)

Fd colonyTE AFsl FwEs FAIINL URTLE C
butyricum IDCC 92073} Wjn|E =3tel & whgA|7]|x] & vl
AL Jeds ARl A7)eh e Wyo s FEAEY

Ak C butyricum TDCC 9207 Wn| LgEo| 3kt ~dHEH
ZAV817] $18ko] well diffusion WS o]438l3ith o2 ¢4

o

WY vAE 215 (Gram  positive bacteria 1157, Gram
negative bacteria 105)E Zt7+9] agar plated] HEsISTh o]F
cell-free Wn] WaE Agols x2 744 serial dilutiondlod 100
w Ay, w2 37T wiYr]olA 16417 X183l om,
A= clear zone A FFE EUZ 2159 tjgt st ~3E
HE AT Afl] AMEgE A|A¢ES Table 29F 2t

6. In vivo &N

In vivool A C. butyricum IDCC 9207°] g n] g3
frelAT JATS elsky] 93l S typhimurium KCTC 20545

White Rice Fermented by Clostridium butyricum IDCC 9207

Table 2. Pathogenic bacteria for antibacterial spectrum

Gram positive bacteria Gram negative bacteria

Klebsiealla pneumonia ESBL
Escherichia coli DC 0
Escherichia coli DC 2
Escherichia coli TEM

Staphylococcus aureus Met R
Staphylococcus aureus Met S
Coagulans negative S. Met R
Coagulans negative S. Met S
Pseudomonas aeruginosa 9207

Klebsiella aerogenes 1522E

Enterococcus faecalis Van R
Enterococcus faecalis Van S
Enterococcus faecium Van R Enterobacter cloacae P99
Enterococcus faecium Van S Salmonella gallinarum
Streptococcus pyogenes Salmonella pullorum
Streptococcus agalactiae Salmonella choleraesus

Streptococcus faecium MD 8ba

7+ 4171 mouse modelol A FwtES ZALSIGTE 6FHE female
ICR mouse 59}¥l/cages 1/To2 38t AZ2 live cells
(Cb9207), cell-free ¥7] H&EE (FWR), C. butyricum IDCC
9207°] &r¥ ¥in] g5 (FWRCb9207), 0.02% tetracycline
(positive control), PBS i (negative control)?] & S/ o2
TR A1l HEoE  02%
tetracyclines 200 gl/mouse/day?] 15U7+ F5t4 mouse 1+
o AW AlFES oA 2 wEAFY 159 A % S
typhimurium KCTC 2054 (x10° CFU/mouse)E A& F0]7]7F
%7] 397k 200 p/mouse/day?] 7 FFoIstL FAlo 5714 A3
AET 25F B9 250 w/mouse/day? HTFolstdtt. A
salmonella 74 mouse?] &% T4 BA5I% o, o0& ¢
3l 307t moused] +¥S 3]st PBSE UiehA| 84189 BG
agar plated] =Tslal 37T, 24417 v &, #&H colonyE 7l
Ttk

23 mouseE

C. butyricum IDCC 92070] ¢l #lv] @gE FolZ F3l
% 7&@}%— gelsty] Sl AE o A FE st #

Aol #oJl= secretory immunoglobulin A (sIgA)
kit (Bethyl Company, France)= =435t} =
*“%—-.2: 20 mg/mee] =& @AYk 3,000 RPMolA
17 et 5, gae 4edE 14,000 RPMOIA 22F 94
wElate] A 3tk 96-well plated] 23} A5 A7} IgA
antibody (standard) 100 plE Z47b EFskar ALollA 1417t
WA 7t} o]o)M washing buffer (50 mM Tris, 0.14M NaCl,
0.05% Tween 20)Z 43] washingdt & anti-IgA detection

antibody 100 & EF3t%ch 147 ¥RAIZL ¥, washing
buffer? 43] washingal Z}7te]  welld]l Horse Radish
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Peroxidase (HRP, Bethyl Company, France) &< 100 & ¥+
o &, AZolA 3083 WHEAIATE T 43] washing §, 712
&9 T™MB 8% 100 ple w58l GelA 307t WA

ZAth 2M H,S04 &9 100 s #Fate] Eavhes FEAL
450 nmolA FH=E S48

23t 9 1%
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Probiotics &= 4445 WdoR S typhimurium KCTC

20549 E. coli O157:H7¢| e S ZARRE 23 C
butyricum IDCC 9207% Wn]E WEAZ] WEE (FWR)C] 7
=2 S Yeplth (Fig. 2).
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Fig. 2. Antibacterial activities of fermented white rice
(FWR) by C. butyricum IDCC 9207.
Antibacterial activities were measured by well diffusion
method. 20 m{ of the appropriate agar (1.5%,
medium were pipetted in 90 mm petri dishes and
inoculated (0.5%, v/v) with a standardized indicator
suspension (A, S. typhimurium KCTC 2054 ; B, E. coli
O157:H7). After drying for 30 min., five 8 mm wells
were bored in each plate. 100 xl of 2-fold dilutions of
FWR samples were pipetted into each well and the
plates were incubated at 37°C for 16 hr.
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4A7F 3 3.0x 10° CFU/L, E. coli O15T:HTE 7] #5 2.6 %
10° CFU/Mel A 2.2 x 10° CFUMIS.2 Z7kabA] &gith. olohe=
92, C butyricum IDCC 9207% Wn|E EF3 § WEA|7]4]
%3 iR AE A A 44Ad A EH A
ERfQILE olgt 22 Az W) dgEo] X =
8 Asfetal e ol AdgATelA C butyricumo] E.
coli O157:H7S Adgith= b 94911t (Takahashi et al.,
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Fig. 3. Antibacterial effect of C. butyricum IDCC 9207
cell-free culture supernatant (CFCS) against S.
typhimurium KCTC 2054 and E. coli O157:H7.
Antibacterial activities of C. butyricum IDCC 9207 CFCS

m, CFCS + S typhimurium KCTC

2054; O, non-fermentative culture supernatant + S.

typhimurium KCTC 2054 ; o, CFCS + E. coli O 157 :

H7; o, non-fermentative culture supernatant + E. coli O
157 : H7.

2004), ol live cellsoll 93+ @yjoln] 7159 42 %
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C.  butyricum IDCC 9207 Wv] 2FE(FWR)o] S
typhimurium KCTC 20549} E. coli O157:H7 <] A&t 21
ol gk 3t #49S well diffusion methodE o83t ZARSH
Ay} & 2159 NS F 8F(E. coli DC2, E. faecium Van
R, E. faecalis Van R, S. aureus Met R, P. aeruginosa 9207,
S. agalactiae, S. gallinarum, S. choleraesus)dl| AN a5 e}
uilch (Fig. 4). FWRe| s Uehd XAl Gram
positive bacteria’} 4%, Gram negative bacteria’} 422 ZA}
wo] gt ~AEF ) ‘%Mﬂ e Aow ElEIth

FWRY f& IAdF 5 E coli® E. faecium= 7}52]
AlFE(microflora)S °]FE TOZ E colit £79 W2 As
Soz Ay A A 5o BAZ doA F gow)
(Gulliksen et al., 2009), E. faeciums E4A WA plasmid
£ BA5i o2 A vAEd o] plasmidE HoAE = 9l
SAA Ao BE AAE JHLAE ¢k Qe o
et al., 2005). Wt o]E e} A Folute] #HS
ol web = A AAA 5 RIAEAl e oAlst
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S. gallinarum S. choleraesuis

Cb-9207 Cb-9207

Fig. 4. Antibacterial activities of white rice product

fermented (FWR) by C. butyricum IDCC 9207
against 21 pathogenic bacteria.
Antibacterial activities were measured by well diffusion
method. A white rice product fermented (FWR) by C.
butyricum 1IDCC 9207 was shown to inhibit the growth
of 8 among 21 pathogenic bacteria.

4. In vivo &M

C. butyricum IDCC 9207¢] ¥ 9 2EE
(FWRCb9207)S S typhimurium KCTC 2054% 7AZ1
mouse modeld|A tEHg H7IE 93 Fig. 59 22 dHo=

in vivo 8L A3}

White Rice Fermented by Clostridium butyricum IDCC 9207

1 waek—"“— 2waak—"
+— 3week —»
—d week

Samples administration

Follow up

. Experimental schedule for in vivo experiment.
0~7 day, 0.2% tetracycline treatment;7~9 day, S.
typhimurium KCTC 2054 infection ; 7~24 day, samples
administration ; 24~28 day, follow up. Each experimental
group was administered PBS (negative control), 0.02%
tetracycline (Tet, positive control), C. butyricum IDCC
9207 live cells (Cb9207), cell-free fermented white rice
(FWR), and fermented white rice containing C. butyricum
IDCC 9207 (FWRCDb9207) for 18 days, respectively.

7 AT EHORREH AES S gphimurium T5 Fig. 6
oA Hi= nle} 2tk 0.2% tetracyclineS 1547 A7 Folasd
S o], 25 AgTNAM mouse I S fyphimurium® N A5
7} golA= S JERLE ol%, S, pphimurium KCTC 2054
TAhE AT TR Ak FANAHE o wold dre ] T
7HAE UeRdh ole F99 S yyphimurium KCTC 20547} %
B719 Al AR71E AA SR FAEW vieeld 255

£

AN

>

i

g SFUof 5 pohbnoclumy doss)

0.2% Tetracyc g - -

Galm oo lla Indetinn =" —F
Sampls s adminlstration *

Fellgf ug —-~— "=~

g. 6. Effect of oral C. butyricum IDCC 9207 sample
sadministration on the growth of S. fyphimu-
rium KCTC 2054 in ICR-mice intestines. Mice
feces were collected twice a week during in vivo
experiment. Salmonella in collected feces were detected
with BG agar. ©, PBS ; O, tetracycline (Tet); &, C
butyricum IDCC 9207 live cells (Cb9207); m, cell-free
fermented white rice (FWR) e, fermented white rice
containing C. butyricum IDCC 9207 (FWRCb9207).
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4y S typhimurium KCTC 2054 7+4%¥ moused] THE A
£& Folg A3 FWRI FWRCb9207S S yyphimurium
KCTC 2054¢] W <45 &apom oAzt 242
sample™ F59 FA4 S e 28U S yyphimurium
KCTC 20549] i45St D)9t A8 7429 S gyphimurium
KCTC 20549 TSt Dy HlI& S yyphimurium KCTC
2054 S % (St Dy / St D)2 YERNL, ©]& YA positive
control?! tetracycline FoI2] S. typhimurium KCTC 2054 %
Aw9l An|ag stk A¥A, tetracycline T S
typhimurium KCTC 2054 ZA% (St Dy / Sr Dy)= 2511,
Cb9207 Fofe 199, FWR Folt 12, FWRCH9207 Foi<
£ 5.60% UEsith

Tetracycline T2 4%, 7] A a3+ 530} 14

U o]FHEE= S typhzmun F47) Z7hels AoR Mol Ed
A tg WS g53 les ot 53] tetracycline

FoAT e mouses B F717F {lSlon SAEe] HA] "olA
© A8 =3 YEeR)Q)

Cb9207S 5o Fojdh A9 positive controlQ! tetracycline
Folgti} 12009] S, fphimurium KCTC 2054 5294 245
LERIT 0] 3t A= live cells®] 75 AUl A2 £ probiotic
effects ©3]3li=t] el Al7ko] FWREL Aoz Zof §.
zyphzmurlum KCTC 2054 7 z7]9l 1 29
LeriA] S3l7] otk

FWR 9= F0IA S gyphimurium KCTC 20540 i3t oA &
= tetracycline Folwrol H3| 209819] FA9A &3E e

TI’_§_§J' Fﬁqﬂq

o 171
thool= ] FEEe] xetEo] Sl FrdAd ARl A W
éli T

7 Faell wEEA ¥ e B ol 8.
typhimurium KCTC 2054 o 24 24g8 oz o33t 4= 9l
o, b g Gl Aol B3 2 F AEE EoF e
prebiotics®] 9&-E sF%7] wlTolth.

FWRCb9207% Foldt A3}, tetracycline Folwol wlal] 448n)

o) =2 S fyphimurium KCTC 20549 that 294 g3= 1
ek o2t A= v wgEo| S gyphimurium KCTC
20549 4 AFH R AAAZIL Y et AliES 24
A AT prebiotic effectet C. butyricum IDCC 9207 live

White Rice Fermented by Clostridium butyricum IDCC 9207

cellso] W A&3lo] YeEhE probiotic effecte] AHA] 3=
UER= synbiotics® 2H8-817] wlimolth. o]# 3 FWRCb92072
FAA oFgow s FHF F e WY 4 FAEE

=Y F 9len T AuAR Bt opyel, dpitel A= A}
S 4 9= Aol Tk

HASAEd= 4 ANEE FAs] A (D) F (D) WY
slgA &5 Hlaste] #ESISITh Fig. 7014 Hi= niep o] gz
T & WPt ¢l WP, tetracycline FOIT (Tet)2] slgA -2
25 ng/g feces 571693l Cb9207 T2 10 ng/g feces 1A
sl9om, FWR Foi2 12 ng/g feces & QAPHS] oA 4%
7kt Ay & P FElE SUhEdE dE A

FWRCb9207 Fol % 100 ng/g feces 5715tk
Cb9207 Fod-9] %9 spore JEHZ FoI%]7] wto] wol &

180
160

slgA (ng'g feces)
£ 23 E 3 B &

20

PBS Tet

Chaxe7? FWR FWRCh9XG7

. Secretory IgA in the feces on day 7 and 24
in ICR-mice. Secretory IgA levels in the feces were
measured by ELISA. [, Before samples administration
(D7) & After samples administration (Das). PBS, negative
control ;  Tet, tetracycline feeding  group (positive
control); Cb9207, C. butyricum IDCC 9207 feeding
group; FWR, cell-free fermented white rice feeding
group; FWRCb9207, Fermented white rice containing C.
butyricum IDCC 9207 feeding group.

Table 3. The effects of fermented white rice containing C. butyricum IDCC 9207 supplementation on rate of gain
in ICR mice infected S. typhimurium KCTC 2054

PBS Tet Cb9207 FWR FWRCb9207
Feed intake (g) 2.31 2.95 1.32 1.04 0.96
Increase of weight (g) 2.5 0.8 34 2.5 3.1
Rate of gain* 1.08 0.27 2.57 2.40 322

* Rate of gain was expressed as a ratio of increae of weight (g) / feed intake (g).

PBS, negative control ;

Tet, tetracycline feeding group (positive control) ; Cb9207, C. butyricum IDCC 9207 feeding group ; FWR, cell-free

fermented white rice feeding group; FWRCb9207, fermented white rice containing C. butyricum IDCC 9207 feeding group.
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F AAeks Algtol AolAar Rl S typhimurium KCTC
20540 o3 AAH FAAHE ol Zow ddkedh wE
FWR F972 12ng/g feces == slgA F7150] $oked o]
T Folo] MY R FafAltel tigh ahrago] Al
S. typhimurium KCTC 2054 54 & T2 <ol oet U
A A=EE ] WiEow AlsEh Wi FWRCb9207
AT tetracycline FoIwrRT; 44 789w o= #n| wg
B 93 S. yyphimurium KCTC 20547} 12422 JAE T C
butyricum IDCC 9207°] ] FA8HA %59 ZAEAE =
HHox At Ao FoHTy g S pphimurium©] 73l
A AR ER)shs W52 (endotoxin)E HEE] F

SNA FHES B3I, g0 REE SFEFIY S gphimurium
S AAE 4 UTH(G. Vinderola et al., 2007). Table 34 X

= Hle} o] A9 77k S4 E8L FWRCDH9207 FolTtol
ALEL 1g 43X SAgo] 32207 57 AL & 7P 9538t
Ak oldd Avke AAlTE FoA BA frele 4 1
A 213 7FsAS =Y S Aolg ddek

’ o

DERS ez F5e A
. typhimurium KCTC 20549} E. coli

A7)E 8 HEEs Adste] 545 4
Toks dl vk Ad AlE 4447 T el Aol g ol
71 —?——’FSP 7422 C. butyricum IDCC 9207 Wn|
(FWR)S FHF A8tk C butyricum IDCC 9207°] -3
Wu) g E (FWRCb9207)S S. fyphimurium KCTC 20542 7+
9 A)171 ICR-miced]] YA7|7F Fo1319S v, salmonella®] A5-9]
AAEE gelstolen, oA FH|== secretory immunoglo-
bulin A (slgA)®] do] F7HES RlalSith. FWRCH9207-2 7]

o] A7+= HALA probiotics
frefAt oz dexl s
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