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Isolation of Macrophage-activating Bifidobacterium for the Manufacture of Fermented Rice Products.
Cha, Seong-Kwan*, Seok-San Hong, Geun Eok Ji!, Chulkyoon Mok?, and Jong-Hyun Park>. Korea Food
Research Institute, Songnam 462-430, 'Department of Food Science and Nutrition, Seoul National University,
Seoul 157-742, “Department of Food and Bioengineering, Kyungwon University, Songnam 461-701, Korea —
Forty seven amylolytic Bifidobacterium strains were isolated on starch-containing agar medium from the fae-
cal samples of the various age groups of Korean. From these amylolytic Bifidobacterium spp., Lwo strains of
KFRI 1535, identified temporarily as Bifidobacterium longum, and KFRI 1550, identified as Bifidobacterium
breve, showed great macrophage-stimulating activity for the production of tumor necrosis factor-o. and
inteleukin-6. As the cell conceniraiion increased the cytokine production increased, although in some strains
the cytokine levels started to decline over cell concentration of 250 wg/ml. The strains which showed high
cytokine-stimulating activity generally showed greater production of nitric oxide even though differences were
less between strains. Selected Bifidobacterium strains were compared for their fermentation capability in sac-

charified rice solution and in apple pomace mixture.
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A¥el] AMEEl AJ9RE Sigma Chemical Co.(St. Louise,
Mo, USAM])“‘] Tolsled ARgslGT Bifidobacterium =
2] 7]E+ax]el MBS (modified Bifidobacterium selective
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CH systemr2 Bio MerieuxAF(Marcy 1'Etoile. France)el| 4]
FUBAL /1) AR BT AlFE Uk Aea
1:]-_

Bifidobacterium o-F2] vioFS 2]3l 7| 2ajAx 2= i 5
[51¢] TP WiRIZ Hﬂ%?‘%} MBS |modified Bifidobacterium
selective medium; trypticasc 10g, protcase 5g, (INH.)-SO,
g, KHyPOy 2g, KgHPO, 1 g, Lecysiine 0.5 g CsHs;O.Na
g, MgSO, 0 lg, 28179 mixture 25 ml. D.W. 11L]
o[- 85191, amylase BAEA viRZE MBS 7]EHA]
2| B3 WAl 73R 1%E AR A

o g3t

] ru[ru = .

Amylolytic bifidobacteria 2| £2| % Mgt
getel Al B feleR T 3879

DT ARE B2 M 1% 7R 3718
BHI(Difco, 0418-01-5) A ufz]ef] =83lix,

oA 2t F4E F g.e=49dq 28 FysE ¥4
3l dge] 7S eEslgE. 2ElE 1 E v vA
o) FAge] a7k #7]4d3relv] fructose-6-phosphate
phosphoketolase (F-6-PPK) 4. #4lap z4kE 8
WEALE2 zZH= T5ZE BifidobacteriumS8 E2310}.
Bifidobacterium T2 amylase B48A4o] 2428 5 &
41t Park 51119 DNSHS AHE3E1H3L, glucoamylase
FEA4EA el B2 1% soluble starch(0.05% CaCly+ 0.6
% NaCl) 0.4 ml¢t 0.1M tris-maleate bulfer(pH 6.8) 0.5
miE 65°CellA 583F AL F, 100 W] ZELF 713t
o] 1A7FEel vhe 273, DNSE HRe-2 ARA ] F
95°CeH A 3EZE WAL 550 nmell A FRRE HA s
S ARSIl Glucoamylase E4d2] 1 unise 65°Ce]]
A 1217 AR F 1 umoled] glucoseS AAsHe E
48] ko2 Aslgiet wulzl ek bovine serum albu-
ming FFELE 3l Lowry E(710] wios &xdalght).

DIARDR B4 HlECARSRS| Mgt

1) Macrophage cell line : Mouse macrophage cell line
RAW264.75 10% fetal bovinc serum, [ mM sodium
pyruvate, 1% NCTC-135, 100 g/ml sireptomycin, 100
uniyml penicillin®] Z7}% Dulbecco's modified Eagle
medium (DMEM) ol #oeldet. ik = =2H 5%
CO, incubatorel|A] 37°CE. FA|5p $astm 429
AEEL trypan blueE G Etd B Zalgint M Exx=
I5em tissue culture plates (Costar, Cambridge, MA)el|
A ZAEATI T AL 218iA 5% 10° macrophage
cells/mle] =355 96-well culture plates (Costar Cambridge,
MAA] 39kE- fjkslodct,

2) Nittic oxide (NO) : L-arginine®] FHHER] ¢22 spe-
cial DMEM®]| arginine®| 2 mMEE7} B2 Z43% &

HAMEZ wiefshe AIZPHE ASE Hsueh. NOA=H
< $I3}ed3= N-(1-naphthyl)-ethylcnediamine dihydrochlo-
rides} sulfanilamider} T2 GriessidA ek A esldct.

3) Cytokine : FAKE cylokine®] E5oll& tumor necrosis
factor{ TNF)-o. ¢+ imterlukin(IL)-6S %33}l 27
cytokingol] &k anti-mousc monoclonal antibody(MAB)
& ELISA plateel]l coating 8 % nioksl MFe] AMgel s
#3ted sandwich ELISARel| 28k 7t cytokineell v s}
A=Hal cyokine FE=F AASAC AEHEH WA
biotin-streptavidin-HRP(horse radish peroxide)s ©)-28}3

.

MRS 53, LA ’é‘é %‘ﬁ’ﬁi@ AlEl
o] SAL 9] whhele] o] 84S FEA e
128 APl 50 CHL %3 kma} AEzafe] =Epak 24
Aol 93 data baseE of-E8}: FA A g (MIDI
Sherlock 5890 System)2 °]-23}9i1 F&[1,14]1& #F=s}
o] =22 /\u]g],oﬂu}._

WAakaAl AHL 0.05% cysteineo] F7HEl MRS broth
(Merck. 10660141 24X 7F wljef & &7 3)Al 9] 4

by

o]

2l 3|AEled MRS agar WA o] =25l aerobic
incubator(37°C)ell A1 2041 7+ F-7)el] mEAIZ] F ohA)

anaerobic glove box(37°C)el|A] 484A17F wiekst 3 =t
FE AFsidel. HakaAL- 71 =241 °1757— A&
O F anaerobic glove boxell Al wieFAlZl o) =-2)2)
HE2 AAbsladt.

MR s
BEDIS AZE F S0 19E 292 8 )
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W& ) T5% PEOF A7 A7Msk] 60°CIA 1
75l FEA7) TS =02 wis Almphe. Arlated
TR sEie. FAs gakE-g 95°Cel A 3087k b

A gezy T2 B AZe Bale] Alpa of
< W7 T yubd FEE Arlksle] 37°Cel A wrEshm A

Ol=fst dEgA o oz o 54

HEE9] pHEE pH-meter (model 520A, Orion, US.A)
g A3l ST, HAAEE AR 10mE F5k
01% #eZzLE Qe AN %R AMESle] 0.IN NaOH
2 ARSI 48)E NaOHFSZRE olefie} 7He 2ol £
gl AAAkwZ A alsigio)
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Bifidobacterium +52) 385 1% EE HH-> glove

box(anaerobic incubator, Hy:COs: No=5: 15 : 80)u ol A]
o] 2o F =9, ﬂﬂﬁ]/‘ic’q (Mitsuoka, T. 1990. P477)P_H%

A7 s Al = MBSe| =sled 72713F Wik F A
AR ASTE ] sl T2 st
2 9 ng
Amylolytic Bifidobacterium 2| 22 ¥ FAeM
Amylolytic Bifidobacterium® 2= ojr] Big 3
FE 1 pllAe} 7he] 38%9] gh=¢le] HE AlRE Bl
7H82 A% 197} A7HE BHIDiko) WAE o]-45ted
227 {7} wieker &, Se = SNME FHrlsle] FHEks
A3 752 Rel3lgl Table 12 AEE amylolytic
Bifidobacterium §TF2) F7VA wiR|oIMe] A2 = FEh
P8 BWelF=7 gl KFRI 1550 754 z-jo -‘%—7]—7\]
A7l 7] o) A E]' ‘:f‘—jr““’ﬂ H|sled AljH o2 2

& BeFm % e

HYsH Higcjane| MEk (in viro macrophage
activity)

olA|e} Zhy Al¥E-E Lamina propria, Peyers patches
=2 A WAl dgE u|AH o5 HIAAE
macrophage, BA|%, THIE So] H¥d-S sty glvt. o
Z macrophagel> &]F-ollA Asishe el d=dS =3 =
AF 8L Falol AAsle] B @ THE] a1L A
2alr} E3l macrophageel] £18te] AJAkElE IL-1, IL-6

2 TNF-a 5 Cytokll'le'_' A s o:]fﬂ 220 el
HE) g AT B AgdMe oﬂ/\i Ha)st
amylase®Ad o] ZFslal A% z]_sa./ﬂ o] e FRTO
HAke. 2 o]Ee] macrophaged PIXe °dskE ZALS)Z]

g in vitro A8 "é"]ﬁl-?\ltl-. ’§=l‘+i 7é-4 E3] KFRI
1535 @52} KFRI 1550 757} TNF-o (Table 2), 1L-6

Table 2. Effect of amylolytic Bifidobacterium strain on TNF-o
production by RAW 264.7 macrophage cell line

Cell concentration
g/mL) Control 10 50 250
Bifidobacterium spp.
KFRT 1533 2.2* 6.0 11.9 12.5
KFRI 1535 2. 10.8 18.3 225
KFRI 1537 2.2 9.7 15.8 15.6
KFRI 1548 2.2 11.0 10.2 11.3
KFRI 1550 2.2 12.4 18.7 24.7
KFRI 1554 2.2 (14 17.0 22.9
KFRI 1558 2.2 11.7 16.2 19.9
KFRI 1560 2.2 6.5 10.2 8.5

*ng/ml

Table 3. Effect of amylolytic Bifidobacterium strain on IL-6 pro-
duction by RAW 264.7 macrophage cell line

Cell concentration
(Lg/mlL)

Control 10 50 250

Bifidobacterium spp.
KFRI 1533 3.0 45 490 12.5
KFRI 1535 30 255 770 90.0
KFRI 1537 3.0 95 165 44.5
KFRI 1548 3.0 ND ND ND#*
KFRI 1550 3.0 56.0 66.5 3.0
KFRI 1554 30 260 7.5 7.0
KFRI 1558 3.0 4.0 2.5 12.0
KFRI 1560 3.0 33 4.0 6.0

*ng/ml, ** not determined

(Table 3) 44S BF &2 $£F22 FV/M|ZI KFRI
1560 FF= o= FFETo| nHlsld IL6 2 TNF-e2
Ay =de] wgkdd FAe] FErl $718S cytokine
Abso] b es SrSlGARE WAL FEL 250y

rlo

Table 1. Glucoamylase and o-amylase activity** of selected Bifidobacterium spp- in two different growth media

Glucoamylase (MRS)

o-Amylase (PYF)  o-Amylase (MRS)

Enzyme
(Growth media*) Glucoamylase (PYF)
Bifidohacterium spp.

KFRI 1533 0.172
KFRI 1535 ND
KIFRI 1537 0.002
KFRI 1548 0.009
KFRI 1550 0.020
KFRT 1554 0.005
KFRI 1558 ND
KFRI 1560 0.019

0.065 NPy 0.040
0.007 0.012 0.023
0.024 0.025 0.077

ND 0.006 0.024
0.055 0.026 0.101

ND 0.003 0.024
0.027 0.031 0.171
0.005 ND 0.024

* PYF media: Mitsuoka[7]. MRS media: DeMan, Rogosa, Sharpe media(Merck 10660)

*# Unit/ml. *** not determined
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Table 4. Eftect of amylolytic Bifidobacterium strain on NO pro-
duction by RAW 264.7 macrophage cell line

Cell concentration
(g/mL) Control 10 50 250
Bifidobacterium spp.

KFRI 1533 42.0% 42,0 570 71.0
KFRI 1535 42.0 390 510 70.0
KFRI 1537 42.0 540 620 30.0
KFRI 1548 42.0 530 650 75.0
KFRI 1550 42.0 69.0 700 63.0
KFRI 1554 42.0 5350 730 81.0
KFRI 1538 42.0 37.0 69.0 68.0
KFRI 1560 420 520 540 70.0

Ed “’M

mL FFe| 2eEE o dFe] TFNAM cylokineFEe]
ZAasHe A= dgich dAAHCE cyokine F7F50]
F FFEe] NO9| 5% A E7M)7AR cytokinee]]
Hlgle] FFH Ho|7} FEERE= ekobhl(Table 4). 2
od7-9] A3= macrophage®] BAdSo] Tl ulg} Abo]at
= BT, olzfat 5 |7} A7) o] A
ofd AR wf QA #Agk F% A7) 87%d

w2l & S LMY AL

opdatolA] EA4NQ/NE JIAT glY HAFTHe] S5t
TFE AEE 4F9) Bifidobacterium T2 o=l Table

Table 5. Carbon source ulilization and identification of Bifi-
dobacterium strains with API-kit and MIDI system

Bifidobacterium |y ypy kPRI KFRI KFRI
_ SUAIDS | 1535 1537 1550 1554
Carbon source

L-Arabinose + - + +
D-Xylose + - H* +
D-Glucose + + (+) +
D-Fructose + + - (+
D-Marnnose + (+) (+) (+)
Mannitol - - - +
Sorbitol - + + +
0-Methyl-D-glucoside (+) + - -
N-Acethyl glucosamine - - - -)
Amyedaline - - (+) -
Arbutine - + (+ -
Salicine - + (+) -
Cellobiose - (+) - -
Trehalose - (+) - -
Melezitose + - - -
Amidon - + - -
Glycogene - + 7+ -
Xylitol - e - -
B-Gentiobiose - - ) -
D-Turanose (+) + (+) )
Gluconate - - (+) -
Identification B_longum B. breve B. breve B.breve

* (4), {-): weak reaction

Table 6. Aerotolerance of four selected Bifidobacterium spp.

Viable counts of Bifidobacterium  Aerotolerance

Strains Without air With air (% survival)
KFRI 1535 255 % 10° 2,15 x 10° 88.58
KFRI 1537 3.26 X 10°  1.09 % 10° 52.95
KFRI 1550 117 % 10° 226 % 107 81.10
KFRI 1554 169 % 107 220 x Jo° 68.73

5M B 75 zhE whhy] o4 & Hof F9
o} olF 4Ee] TFEL BT SEHE, oElzEE, D
ofglu) 9 L-FA RS ol Fa]E welvE A R A)
o|E, L&EHA g FAE, o|xAE, dsdE-
DRExAbol =, o] E¥], D4, DEPLEZ, D-FE,
L-522, D-ol2i]E, LeolzM]E, 248230 E, 57
E-FFTd| 0| B} 2 el o451 Rslgiont, o
FET TF fEA ZAHEA o AFH, BES HES,
deH] e MgkEs, DelEese) B w1492 of4-
shodh. AlZn XL Ao 23t FAuhy el MIDI 373
A2 gk APL 57 kitE o|#3led, 22l Bergey's Ma-
nual of Systematic Bacteriology[14] ™ The Prokaryotes
[1]8] #BIFHE o] &sld TAHIIS 9, KFRI 1535
TFE B longum THFE )3 KFRI 1537, 1550,
1554 T 2% B. breve 052 AR 02 Ao

Mgl 47F5e] Wakad A4S Table 604
HodF= Azl gob, AFSE KFRI 1535 7571 714
vlide] Zdak Ao R vleldal KFRI 1550, 1554 J@8l3
15372] AR Abdvel] ®l|8F WS He Fpgin)

&, AfEP WEEM2| FAL

MeEl 4 FFE(KFRI 1535, 1537, 1550, 1554)] 4,
Abeal SEREAS ARl Y] & dalalle)] 1.67%<)
Az ABEE Avislal 1R FFE 15%Y FHES)
37°Col A 36A17F Bl HESle] BAJS AR 23 pH
7F KFRI 1535 v07¢] 7% & A 53904 1247 o]
F 5015 ol 36A PR FollE 3728 Ho| @F
FelA 71 e kg Ve 9E A 35 As
£ pHY| A3 #EL 5 9tk APAE 94 pHRY
23] ZAste} FakslA KFRI 1535752 A28 2=t
T Akt Svlsldnt. &SV £ Bifidobacterium
T=re] FAMEME KFRI 1535 3771 108 CFU/MIS®
7V =& Bifidobacterium 7AEL Heolorm violx] 5
52 10° CFU/ml =523 o|¢] n|x)z] E3sleic).

Aol A ZE2 oz A8 KFRI 1535 T59% o
43le] Artalel (saccharified rice solution, SRS)¥ Ak}
H} (wet apple pomace, WAP) 71|28 dejsie] wE
g AEe] pHel HAHAIEE 248 A= Table 7004
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HodFe 73t Zre] WAP: SRS=1: 2914 71 38leiet.

2 o

Fdebobl B4EY o WY el T wes
FE ol4T 2 BEAEE ALe] H8el DI
3o del 9 frelz A9 7‘]'3‘1—13 HARE Aol A
Ho| A7l TAwRNAM A= Bifidobacterium 5
amylase A A o] 52 4774FE Helslgd. o &
amylolytic BifidobacteriumS-o] HEEA o] njA= J§kES-
FAF5E7] 918le] macrophage Al FEo] i3} murine
macrophage cell line RAW 264.78 o|&slH1, FAFE
Hed of Ay %R]—‘?—H‘—’" tumor necrosis factor(TNF-c),
interleukin(TL)-6 5] cytokine®} nitric oxide(NOYZ- =4t
L= skd *J"{:] Ax} Bifidobacterium longum® 2. 733
Mo g FAF KFRI 1535 54 B breve® FTHE
KFRI 1550 ¥ 57} TNF-a £ IL-69 =2 HH=g
Ned Foic} A|e] w5} %‘-7]—51'—?% cytokine A§4Fs]
dwidoe ZvlElaAE gA e F=rh 250 ug/ml FEN

Table 7. Properties of Bifidobacterium sp. KFRI 1535 fermented
WAP:SRS" with respect to mixing ratio

Fermentation time WAP:SRS (w:w)

Properties

(hr) 1:1.5 1:2 1:2.5
0 5.23 5.23 5.23

pH .
48 4.53 443 4.67
Titratable 0 0.07 0.07 0.07
Acidity(%) 48 0.11 0.18 0.13

* WAP - wet apple pomace, SRS - saccharified rice solution

3.8 | [ |

0 10 a0 30 40
Fermentation tirne(hr)

Fig. 1. Changes in pH of dried apple pomace/saccharified rice
solution during lermentation using diffcrent Bifidobacterium
strain.

O0: KFRT 1535, Ay KIFRI 1537, (; KFRI 1550, v: KIFRT 1554

0.3

0.25

o
[

0.15

Titratable acidity{%}

0.1

0.05
40

Fermentation time(hr)

Fig. 2. Changes in titratable acidity of dried apple pomace/sac-
charified rice solution during fermentation using different Bifi-

dobacterium strain.
I KFRI 1535, &; KFRI 1537, O KFRI 1550, v; KFRI 1554

1,000,000,000

100,000,000

10,000,000

1,000,000

100,000

Viable cell count{CFU/ml)

10,000

1,000
o] 10 20 30 40

Fermentation time(hr)

Fig. 3. Changes in viable cell count during fermentation of
dried apple pomace / saccharified rice solution using different

Bifidobacterium strain.
[; KFRI 1535, A; KFRI 1537, O; KFRI 1550, Vv; KFRI 1554

@9l S w dR-e] Il cytokine AAbse] s
A= glodeh. HAZ cytokine 7150 Eﬁf—fﬁ‘ NO% 4=
F% FA F7M AR cytokinee]] W]le] = T A}o]
7} FEsAE 3 ]"3‘:} A Al EAFe] A2 9l
3 AuE S0 WEEA EA] o]Relzlm, FHEAL

e HE

KFRI 15335 o525 o]-L5le] dotilels] Alajut
9"] H]E% %E]ﬂ‘ﬁ ‘:3_—_. ] c’] pH_‘?_] /Q/(q)\]- TE£ _:,'_'_26]
g 23} AvrEiel o /‘}11-‘%3] gl A 7H ppak o
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o

a@Atel =2

B ATE YTl Al A% wE4rlee
o skl ST @7 A3he) el Q7] Hgle]

22k =R,
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