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Inhibitory Effect on Rotavirus by Exopolysaccharides Extracted from Kefir
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ABSTRACT

This study was carried out to investigate the toxicity of exopolysaccharides (EPS) from kefir toward MA104 cells and
evaluate the inhibitory effects of kefir EPS on rotavirus infection. The results obtained are summarized as follows: Lactic
acid bacteria (Lactobacillus fermentum, L. acidophilus, L. brevis) and yeasts (Candida kefyr, Cryptococcus albidus, Pichia
ohmeri) were isolated and identified from kefir grain and culture. At 1% EPS, the inhibitory effects of EPS on the infection
of MA-104 cells using the MTT assay were 72.52+6.48% for human rotavirus (KU), 36.06+7.63% for bovine rotavirus
(NCDV), and 81.66+1.11% for porcine rotavirus (OSU). At 1/128% EPS, the effects were 24.98+4.58% for human rotavi-
rus (KU), 4.71x6.16% for bovine rotavirus (NCDV), and 4.05+14.90% forporcine rotavirus (OSU). EPS isolated from kefir
have inhibitory effects on rotaviruses of various serotypes and rotaviruses from different animals.
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Kefirn= & Caucasia®] Aol A] fefislo] #jajo} &
STRHHI7INA ol AHET Qe Alw g3e whE
FEA V5E 3T B Il APH g Az &
BE| 3 Q131 (Kosikowski and Mistry, 1999), Th2 W& &
o 2¥] ikt 2ElE7} obd Kefir graing ©]-83te A
Z3HA| HEd), ©] Kefir grain®} 23)oll& bacteria, U5
yeastZ} EjtE o] FASIAL glom weke shualo) g
T Ry RAHYP o7 Ho] RS F5dle] Ryt A
A= EA4E 7FA31 YthOlsson, 1981; Hirota and
Kikuchi, 1976).

7 51994y Kefir grainolX 929 Lactobacillus <,
6%2] Lactococcus 45, 3%2] Leuconostoc 4-& Bal5A
slon, I3 SR 2 S ESe Kluyveromyces

T

*Corresponding author : Jin-Ook Song. Department of Science
and Technology Education, Cyber Graduate School, Joongbu
University, #101 Daehak-ro, Chubu-myun, Kumsan-kun,
Chungnam 312-702, Korea. Tel: 82-41-750-6717, Fax: 82-41-
752-3255, E-mail: jinook@joongbu.ac.kr

538

lactis, K. marxianus, K. fragilis, Tolura kefir, Saccharomyces
kefird} 32 2alBHRA] B3l S. cerevisiae, S. calsbergensis
o= wEEAA

M Z2] tFF (exopolysaccharide : EPSye= A EH 39
o ¥ut FElE FdsHAY, MEY eFol JAEZA B
F Fo) 2AHE HEFE 13 =8 23 gRrREo|th
(Wiseman, 1983; Beveridge and Graham, 1991). -f-3Hto]
B4k EPSE A8 TR AEe WES Foln
QFGA, F8HA, gelst B FEAFEL T OUS §E2
X&) ARg-0] 7VEdttE A (Dick et al., 1995)3} EPS A
4 TS g, nlER R, deeear], dAFE,
FAEEAR SHER P AP E /Hke Bis
31o](Whitfield, 1988; Weiner et al., 1995; Roberts, 1996)
EPSE A8l frikoll tigt 4ol A} olA]a Qi

B dF<= Kefir ol EA8E v|YEES FHsla,
olzlgh BB EC o3 HAHE EPSE FE3 4F
FEA AFES o= oJ7] 7}A] EF rotavirus(human,
bovine, porcine rotavirus)oll EPSE % HE Hrlsled 1
A 5= FYsto 2 M, rotavirusE Q15 A 2 MA}
F oY F59e dolinA Saysisic.
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PUR=J- -4
2A| Kefir
Kefire A5tistal f7138dado) A BFiuto} Alg
ston, HFE71o] F 180 g& 23 V)9l Kefir
grain 20 g& FHH 02 FE3ha, 23°Col|A] 2447t <t
Hjket Ae ¥ o) &-stct.

Kefir2 6 fit7o 22|5H
Kefir2 %8 fihte] #a54e 241
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=
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mE l‘kﬂ
~
()
=
=

A9} ) stomacher® JH TAAIZ) AL AA )L 3
238} BCP agar(Eliken Chem., Japan), MRS agar(Difco,
Laboratories, MI, USA), M17 agar(Difco)ol| =¢3}1Z, Gas
Pak(BBL, USAYS &7|AKDifcoyel] @0l 37°ColA &7|=
& FASHAA Witk A2kl wix)el 5
colonyE A, =4=E-2)3}e] Gram Positive®| B A catalase
24 HH-S HolE mAE-S API 50 CHL kit(Biomerieux,
France)®] & WEAHS o] 83l FH3A)

Kefii25EH §329| 22|53

Kefir2 58] 859] #e54L M NS 844 [chlori-
tetracycline + HCI(Sigma) 500 mL, chloramphenicol(Sigma,
USA) 500 mg, phosphate solution 100 mL]E 2% 37}3
PD agar(Difco)ol] &8}, 25°Co| A 571 w3kt T
534 colonyE AW, F4E8]ste] API 20C AUX
kit(Biomerieux)9] & WaAHS o]fste] TAsIYCH

Exopolysaccharide(EPS)e| &

EPS9] &£ Kefir cultureZ 100°ColA 1587+ Ex]g)
st MR 9 §AS B84 3 5 QAR (11,000xg,
30 min, 4°C)3t] FAS AAS}IIL, A 3uEke] 4°C
9] 99.5%-NEH&-g 71dte] 4°CollA 24X3HE<SH RS
AN F, 420 99.5%-ANEHLE 23 A Hsla QAR
2(7,000xg, 15 min, 4°C)ate] &S 3319} 3
AREEL 50°Ce] TH A UL, AR 5U3 =
Ao ARSI 24217 T (molecular weight cut
off : 13,000)3 The FATZI AL crude EPSE AR
Sh= Zakaria 5(1998)7} wlo} 31(2002)2) HHE $-83)
o At

3A| rotavirus

2 Ao A1E-3 rotaviruss ¥ human rotavirus$l
KU, <% bovine rotavirus) NCDV, %% porcine rotavirus
Ql OSUE 3 A28 tHTable 1).

Table 1. List of rotavirus strains used in this study

Host G P

Strains . Source
species serotype serotype
KU Human Gl P1A Sapporo Univ., Japan
NCDV Calf G6 P6 Stanford Univ., USA
OoSuU Pig G5 P9 Stanford Univ., USA
SA M=

RotavirusE =2IA17]7] 93] AFE MA-104 A X9 A
e Feng 5(1994)2] Wol whe} AJgstict. 27
g T-flaskE o]83}] 5% FE2 CO.Z 3338 37°C
B} %F7] (Johnsam, Korea)oll 4] 54 &<} ujolsl & MA-104
AEe] @Zo]l FAHHT Ead Aed A FA50.85%-
NaChE 291 M&31aL, 108) 3% 0.25%-trypsin EDTA
(GIBCO, USA)Z A5 EZAIHT. 56°CollA 2087 &
A8IRZ1 7% oA FolA| B (fetal bovine serum : FBS :
Hyclone Laboratories, Inc., Logan, UT, USA)¥ 1%-L-
glutamin penicillin streptomycin(L-GPS : Irvine Scientific.
Santa Anna. CA, USA)0] H71e M1992 FH7}5td Toflask
o MEXE 54171 & AEE Adieldsie] AH8sac)

Rotavirus HH2F

TA] rotavirusE Chiarini 5(1983)2] W 23}
0.2%-acetylated trypsin(10 uL/mL)& ¥o] 5% F%92] CO,
E FFE 37°C HY7Iol A 308 3t 498 A1351, MA-
104 Ao ©Fo] F4H Tflasks F83 M1992 2
AFste] E498ir|7] vte|g 25 Yal, 37°C ljgr]el A
IA7E B¢ FFAZ ¥, mLT trypsin 1 pL7} 8 F
3 MI199Z 3 mL 718k flaskoll Wil 5% E5°
CO,Z 38 37°C ¥ig7]olA wiksldet. v & &)
Aoz MEHJEIHCPE : cytophatic effectyS F2shH
A AT 38 Aok W) -80°C T4 3
< AFTE 3 s ulolgag &G F -20°CH)

uBsEA AHg I,

Rotaviruse| {724

Rotavirus®] 7242 Ruggeri®} Greenberg(1991),
Kaljot 5(1988)%] Wi o2 ZA31dtt. vlole~e mLT
0.2% trypsin 5 uLE F7Fste] 37°C v 7oA 3087
FAFAZ) F FEY MI99E 10904 10974A] 3481
31, MA-104 M|29] ©3o] FAH 6 well plaes F87
MI199E 2 AZ & 323 nlo]a]x B Z} wellol 0.5
mL% Yol 5% F59] CO,E T3 37°C ulld7lolA 1
N7F B¢t FZAA AT 2 Y 1.1% agarose (Seakem ME
agarose; FMC Corp., USAYE £3lA|A 28} F%=2] M199
£ L1E $31 37°CE Yol S o 2 wellol] Hold= ub
ol AE HIoZ AAS F agarose’} HIIE wiA] 4
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mlL¥ 33t 37°C wjdr]olA 697 vikatsiet. vl
3 neutral red(GIBCO, USAYE 83 M1999} 12002
A% T3 1 mLA 7} wellel]l €Ol wjd1oM 7213 B
¢t A8l plaque forming unit(PFUYS Al53tA ).

EPSS| MA-104 MESM &4

EPS®] MA-104 M54 23S Weber 5(2003)2] v+
He §-83 MTT(3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-
2H-tetrazolium bromide) assay® =434}t MA-104 A
FE 96-well plate®] 2} wellell 200 pLA Y1 3 ot
HiSIal 1%-EPSE A3 o2 27 By og 3)A(1-
1288)714] 3] Ad: 1- 1/128%)8}04 Z} 5=9] EPSE 7} well
Z 100 uLE ¥ ¥ 5% 59 CO,Z F3F3 37°C W)
G710 A 247171 vkttt Z4EE MEol welld 0.2%-
MTTE 50 uL3d718la, REHA E5F F 5% ¥ =
9] CO,E &g¢ 37°C vig7]olA Xzt FAXAAY. 4
AlZF AA] F formazano] HAHWE, AFHE A AL,
7] A" Fe Ao AHAQ formazan &3S 93
DMSO 150 uLE #7135 & 7PAA] 18319}t Formazan
o] £+4d3] ga]=™ ELISA plate reader(Model : EL311,
Bio-TEK Instruments, USA)Z 570 nmo}A] %%5—2— =3
3tk A 89 MA-104 N¥ =4 Z3= EPSE Y738}
A ¢k rotavirusell ZEE METLS V1E0E St AE

=4 ave 23ssnh

EPSQ| anti-rotavirus &2 &3

EPS9] anti-rotavirus 3= AH|EEA =43 Y3 1
Hog 2439t EPSY rotavirus Y A& EPS
E H713HA] & rotavirusdll ZHEE A EFH rotavirusS
A7PIAl 2 vt Ul METY FEE 3L 7IEe
2 o] EPS =W 749 AETY F3= 3 vlus)
o AA3HA

23 3 1

[}

Fite & g2 22153

Kefir culture ¥ grain S} YA Lactobacillus fer-
mentum, L. acidophilus, L. brevis 59| 8 FAMFO.
2] TS RI(Table 2), Candida kefyr, Cryptococcus
albidus, Pichia ohmeri 59 8527} TR QK Table 3).

Rotaviruse| {7 &4

Aol ALRE rotavirus®] 97}= KUE 2.8x107 PFU/

mL, NCDVE 2.6x107 PFU/mL, OSUE 2.4x107 PFU/mL
£ 27 Jehl, dA5ES 2457 A8 1RA B
42 2% Ao verh

Table 2. Fermentation characteristics of selected lactic acid
bacteria from Kefir grain and culture

Lactobacillus Lactobacillus Lactobacillus
Carbon source

Sfermentum acidophilus brevis
Ribose + - +
D-Xylose + - -
Galactose + + -
Glucose + + -
Fructose - + +
Amygdaline + + -
Esculin - + +
Salicin + + -
Maltose - - +
Inulin - + -
Raffinose - + -
Gentiobiose - - +
L-Arabitol - - +

*No strains fermented B-methyl-D-mannoside, melibiose, D-tura-
nose, glycerol, B-methyl-D-glucoside, sucrose, D-lyxose, eryth-
ritol, N-Acethyl-Glucosamine, Trehalose, D-Tagatose, D-Arabinose,
Mannose, D-fucose, L-arabinose, sorbose, arbutin, melezitose,
L-fucose, thamnose, D-arabitol, dulcitol, starch, L-xylose, inosi-
tol, cellobise, glycogen, gluconate, adonitol, mannitol, maltose,
xylitol, 2-keto-gluconate, oo methyl-D-xyloside, sorbitol, lactose,
5-keto-gluconate.

Table 3. Fermentation characteristics of selected yeast from
Kefir grain and culture

Candida Cryptococcus  Pichia

Carbon source kefyr r}Z}bidus ohmeri
Glucose + + +
Glycerol + - +
L-Arabinose + + -
Galactose + + -
Sorbirol + - +
Lactose + + -
Saccharose + + +
Raffinose + - -
Xylitol - + -
Cellobiose - + +
Maltose - + +
Trehalose - + -
Melezitose - + -
B-Methyl-D-Glucoside - - +
N-Acetyl-D-Glucosamin - - +

*All strains fermented glucose, saccharose.
No strains fermented 2-keto-D-gluconate, D-xylose, adonitol,
inositol.

EPSe| MA-104 M= SM &3}

EPS7} &3 AE9o] AR ] 948ke u1|A] rotaviruse]
AES 4 A WHE F e L3 82 A=) 9
3la] EPS7} MA-104 M ¥ tigt B4 52 243 2
F= Table 49} 2ttt
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Table 4. Toxic effect of EPS? on the MA-104 cell®

Toxicity rate
(Means+SD® %)

1 -1.77+2.26*

172 -0.65£2.54*

1/4 0.52+2.84*

EPS concentration 1/8 -0.60+4.12%
(%)” 1/16 0.44£4.85

1/32 0.17+£3.05*

1/64 0.85+£2.34%

1/128 0.95+2.90*

Y EPS : Exopolysaccharide.
? Means of three replicated trials.

»Means in the column with different superscripts differ signifi-
cantly (p<0.01).
Y 8D : Standard deviation.

=49 F75 goliy] 9t SASE 53 24 B4
< AAIE AR oA} gle Aoz Yehh(p<0.01), EPS
£ 19 ola9) SR B40) ghe Aow Leknith
o]2 wu|Fo| EPSE 1% o]3fe FRoAE MA-104 A
o gt FAo] glof, & AFL st AX A0
%t dae] o= QI Ao E BHAYUL K ol &
# 3(2006)°] X313V Streprococcus thermophilus BODY1
oM FE3 EPSS| MA-104 M S48} dXsle
AIE BT,

Human rotavirus KU Ztd 21X §2t

EPS?] =% human rotavirus KUY MZ 774 A
FAE Fig. 19 AT

Human rotavirus KU t|$t EPSe] 7+ dA|g3= 7}
A =L T2 1%Y u 72.52:6.48%F JERET, 7
e T2 1/128%0M= 24.98+4.58%2) AA&S v}
ehlglom, EPSS] E=7t 1/64, 1/32. 1/16, 1/8, 1/4, 1/
2%2 A7 ol wel AAISE 23.59£15.75, 24.98+
4.58, 39.00+3.65, 45.23+5.00, 50.88+12.46, 62.96+9.27%%
AR wolE & & JAT T3 o= £33 70(2006)0)
B3 S. thermophilus BODY 19X 33 EPS7} 0.1%
9] F%o|X human rotavirus KU thste] 63.09%2] &
A&S BEvke Biel fARE 495 Jeh)id.

Bovine rotavirus NCDV Z+d M| &7

EPS?] X% bovine rotavirus NCDVe] AHZ 744 o
Al B3+ Fig. 20 WERARICH

Bovine rotavirus NCDVel| tl3t EPSe] a4 gali=
M 58 8l 199 1w 36.06+7.63%= VERGT, 7}
ke Frol 1/128%A A 4.71£6.16%] AA|&S 1}
ERflen, EPSe] ®=%7} 1/64, 1/32. 1/16, 1/8, 1/4, 1/
2%% A =obdol Wt JAEE 500372, 6.42+2.75,
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Fig. 1. Inhibitiory effect of EPS on the infection of human
rotavirus KU in MA-104 cell.
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Fig. 2. Inhibitiory effect of EPS on the infection of bovine
rotavirus NCDV in MA-104 cell.

7.88+3.89, 11.84+9.29, 16.00+6.82, 25.31+8.68%= A7 =
obAe & 4 UTh T3 o= 3 7 (2006)0] H1g
S. thermophilus BODY191A4 $&3 EPS7} 0.1%9] T&=
o} bovine rotavirus NCDVel tfsled 57.50%2] A&
< HYus Badts 25 92 9AES Ytk

Porcine rotavirus OSU Zt 2N &2}

EPS9] %= porcine rotavirus OSUL| A|Z 7+ <A
EIZ Fig. 39 YeERITH

Porcine rotavirus OSUel| thgl EPSe] a4 g3+= 7}
52 552 1%Y 9 81.66£1.11%2] AA|E-S ERY
9, 7P e FEQl 1/128% -5 4.05£14.90%2) <
A&-S Jeplew, EPSS) F%7t 1/64, 1/32. 1/16, 1/
8, 1/4, 12%= 7 Folgd Wt AAEE 25.02+16.88,
37.26+6.01, 40.87+11.46, 52.27+7.10, 60.90+8.41, 66.78+
1051%2 H4d wokdE & ATt EF o= F3
72006)0] XI1ZF S. thermophilus BODY10| 4] FZ3)
EPS7} 0.1%2] FX°lA human porcine rotavirus OSUO|
3t 55.48%2] AAES HYvke B9} AR Ad
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Fig. 3. Inhibitiory effect of EPS on the infection of porcine
rotavirus OSU in MA-104 cell.

g YeRisITh
2 o

9= kefir2HE EPSE £2]3l] MA104 A X0
& =37 rotavirusel] iR A EHE FA3k] Y3}
o] 4343} ATt. Kefir culture 2 grain Z YA N4 Lac-
tobacillus fermentum, Lactobacillus acidophilus, Lactobacillus
brevis 59 2t Candida kefyr, Cryptococcus albidus,
Pichia ohmeri 58 E57t £8 FAHAU}. EPSY 1%
FolA, MTT assayell 21§+ EPSY] rotavirusel] Tigt &
A &3 += human rotavirus(KU)7} 72.52+6.48%, bovine
rotavirusq(NCDV)7} 36.06+7.63%, porcine rotavirus(OSU)
7} 81.66+1.11%% JENO ™, EPSQ 1/128% H% 1A,
human rotavirus(KU)7} 24.98+4.58%, bovine rotavirus
(NCDV)7} 4.71+6.16%, porcine rotavirus(OSU)7} 4.05+
14.90%2 JERgTh Kefiroll Al #2813 EPSE thokst 8%
i} 52 FE9 rotavirus FNA 9A 577 = A
o2 IRIFHAT
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