BRES 44

RIEMERE 2 A T2 7T v A AT 4 v 7 JLBRE OB & M HE OB 3

AIRE= - )l
b B BRI w8 P

Lactobacillus acidophilus 7' /v — 7°X° Bifidobacterium Jg&%. 7 va A 47 ¢+ v 7 X kL
LCHR &SN, BEAEZPTLIZZ<OBMICAHEATHND, BRRARKICENTEH, 20
XA ERMT S Z EI2X 0 REMMSIMEO mWREREE T LEX LR
Do TNETOBFIZEY, oM F T 4 v 7HABEOTITIE, ER-GLOA Y — 5 —
ELTHHTED2HEMRDFMET D ENHB LR, 20X 9 REKIE—MOETED I
Rohiz, ARRELOL L, FEHCRECHMBERBEORM L 20 iE o3, b0
WEIL, LEE R & OB bR E KF T, AR TR, SO AR L it
AT DT AL FT 4y 7 HBEHERKOEH AR ~OFRHEZ B L.

SHARIBE 2 V2RI L0 RIE L AR 2 2 m B R AE S S Z LN TE
oo BEBKEOT NG, L gaseri KU3101 # Blkk & L TH 57z 3101-MO08 & B. bifidum
KU4002 Z #kk & LTHE 57 4002-M22 O 2 ¥k &2 W TR 21T~ 72, ThEh o8k
FEEEHMEBEZ RN U ERE I, arn=—%2Fk Laho o, ZEEKITHNT
b BAFRMAM AR L, £, BRERO R - WAHBREMMERIZ. SHERELKET T
KbondZ i3, ELLBETH Tz, BIKLERKZMNWTET LY — -V %
FRLL . TN ENOEEORANY (R - WEEBERMERE) 2R L7z, L gasseri D#l
R KU3101 IERA H CIXRAF e i 2 L7cn, Rl S i U v 22N L 725813
FEAEHAE Lirino e, — 07, A REE 3101-MO08 X, B L AT Y U A E T
L7ZRAFRICB W T B4R 8% R Uiz, B. bifidum O 7% Bk 4002-M22 %, & & il
BT N U LEZRM LKA F T L., TN E Iz, L gasseri & B.
bifidum DERE E BREOMRIEE % > X7 'E D SDS-PAGE B2t L= R, WIho
TR MR 2 o B OBBICELRRO bivie, L, 202 & L flf - i
BRI PE & OB EME 2 B R T T — 213, ZORBSHOBRFICERLN D, 7B,
Btk & EREOMOERIIVE (FEEREEMER L) &, REEVIIRO LN, M
AW DORBEZ LY (B Z N ENOAEBIEETF FRAERT L2 RN TND
SEIOHEBEET VY —E—UHICE, ZOXIBRXTF IRERL TNDLDTIERW)E
Ex, BEtliz, 22T, mMEBRTEAOHEELE LTI HWSNS ACE EFN%
WE U7z, BT ORI, L. gasseri =° B. bifidum TH W S 7-% O KA
MR IE ACE BREIEENE <, BEBIZHEWACERERXTYF RBRERLEZLDO LA LT,






0438

Havenaar and Huis in't Veld, 1992
, 2000a, 2004

Hammes and Hertel, 1998,
2003

, 1997a, 2000b, 2002a; Arihara et al., 1997, 1998; Sameshima et al., 1998

2001, 2000b, 2002b; Arihara, 2004

Pennacchia et

al., 2003; Tyopponen et al., 2003

Lactobacillus rhamnosus

- 187 -



acidophilus

3.3%
etal., 1997, 1998

Lactobacillus gasseri KU3101

MRS
MRS
2.2.
0 400 ppm
108 10°
I15W UV
60 cm

200 ppm

Bifidobacterium bifidum KU4002

MRS Difco
10%
-80°C
0 4%
MRS
uv
15
48 96
MRS

- 188 -

Lactobacillus

37°C

Arihara

37°C



1% 0 3.3% 0 200 ppm

550 ppm
1g 10’
50g 2cm 10 um
37°C 24
SDS SDS-PAGE
SDS-PAGE SDS-PAGE
Mukai and Arihara, 1994
| ACE
in vitro ACE
ACE
Nakashima et al., 2002
MRS
Lactobacillus gaseri KU3101 3101-M08
Bifidobacterium bifidum KU4002 4002-M22 2
1 2 MRS
1 L. gasseri KU3101
pH
pH
pH
pH L. gasseri 3101-M08

- 189 -



B. bifidum

4002-M22
Lotal, 1993 3 4 L. gasseri  B. bifidum
SDS-PAGE
Korhonen and Pihlanto, 2003
Nakashima et al.,
2002
in vitro
ACE 3 L. gasseri
B. bifidum ACE

ACE

, 2004

, 1997a, Pennacchia et al., 2003, Tyopponen et al., 2003

Lactobacillus gasseri
Bifidobacterium bifidum
Benno et al., 1989

-190 -



L. gasseri
B. bifidum

Arihara et al., 1997

, 1997b; , 2003

38: 47-56.
1997a.
, 51:1001-1006. 1997b.

, 49:183-188. 2000a.
3034451.
2000b.

-191-



, 140:
18-26. 2001.
Health & Meat, 14: 63-69.
2002a.

, 155:24-28. 2002b.
, 54:51-57. 2004.
Arihara, K. Functional foods. in Encyclopedia of Meat Sciences (eds. W. K.Jensen et al.) ,
Elsevier (Oxford), p.492-499. 2004.
Arihara, K., Itoh, M., Kondo, Y. Utilization of Lactobacillus gasseri and Bifidobacterium
bifidum for meat fermentation. Proceedings of International Congress of Meat Science and
Technology, 43:364-365. 1997.
Arihara, K., Ota, H., Itoh, M., Kondo, Y., Sameshima, T., Yamanaka, H., Akimoto, M.,
Kanai, S., Miki, T. Application of Lactobacillus acidophilus group lactic acid bacteria to meat
fermentation. Journal of Food Science, 63: 544-547. 1998.
3440086 . 2003.
Benno, Y., Endo, K., Mizutani, T., Namba, Y., Komori, T., Mitsuoka, T.
Comparison of fecal microflora of elderly persons in rural and urban areas of Japan. Applied and
Environmental Microbiology, 55: 1100-1105. 1989.
Hammes, W. P., Hertel, C. New developments in meat starter cultures. Meat
Science, 49 (suppl. 1): S125-S138. 1998.
Hammes, W. P., Haller, D., Ganzle, M. G. Fermented meat. in Handbook of
Fermented Functional Foods (ed. E. R. Farnworth), CRC Press, p. 251-275. 2003.
Havenaar, R., Huis in't Veld, J. H. J. Probiotics: a general view. in The Lactic Acid
Bacteria in Health and Disease (ed. B. J. B., Wood), Elsevier (Oxford), p.151-170. 1992.
Korhonen, H., Pihlanto, H. Food-derived bioactive peptide. Current Pharmaceutical Design,
9:1297-1308. 2003.
Lotal, S. Crystalline surface-layers of the genus Lactobacillus. In Advances in Bacterial
Paracrystalline Surface Layers (eds. T. J. Beveridge and S. F. Koval), Plenum Press (New York),
p. 57-65. 1993.
Mukai, T., Arihara, K. Presence of intestinal lectin-binding glycoproteins on the cell surface of
Lactobacillus acidophilus.  Bioscience, Biotechnology and Biochemistry, 58: 1851-1854.
1994.
Nakashima, Y., Arihara, K., Sasaki, A., Mio, H., Ishikawa, S., Itoh, M. Antihypertensive

-192 -



activities of peptides derived from porcine skeletal muscle myosin in spontaneously hypertensive
rats. Journal of Food Science, 67:434-437. 2002.

Pennacchia, C., Ercolini, D., Blaiotta, G, Pepe, O., Mauriello, G, Villani, F. Selection
of Lactobacillus strains from fermented sausages for their potential use as probiotics. Meat
Science, 67:309-317. 2003.

Sameshima, T., Magome, C., Takeshita, K. Arihara, K., Itoh, M., Kondo, Y. Effect of
intestinal Lactobacillus starter cultures on behaviour of Staphylococcus aureus in fermented
sausage. International Journal of Food Microbiology, 41:1-7, 1998.

Tyopponen, S., Petaja, E., Mattila-Sandholm, T. Bioprotectives and probiotics for dry
sausages (review). International Journal of Food Microbiology, 83; 233-244. 2003.

-193 -



KU3101

3101-M08

MRS agar MRS agar + NaCl, NaNO2

Figure 1. Colonies of Lactobacillus gasseri KU3101 and UV-
induced strain 3101-M8 formed on MRS agar plates with and
without 3.3% sodium chloride and 200ppm sodium nitrite.

Ku4002

4002-M22

MRS agar MRS agar + NaCl, NaNQ2

Figure 2. Colonies of Bifidobacterium bifidum KU4002 and
UV-induced strain 4002-M22 formed on MRS agar plates
with and without 3.3% sodium chloride and 200ppm sodium
nitrite.
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Figure 3. SDS-PAGE of cell surface proteins from
Lactobacillus gasseri KU3101 and UV-induced
strain 3101-M8. Arrows indicate major difference
in SDS-PAGE patterns.
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Figure 4. SDS-PAGE of cell surface proteins from
Bifidobacterium bifidum KU4002 and UV-induced

strain 4002-M22. Arrows indicate major difference
in SDS-PAGE patterns.
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Table 1. Resistance of Lactobacillus gasseri strains (original
strain of KU3101 and UV-induced strain 3101-MO8) to sodium
chloride and sodium nitrite in model sausages®.

pH of sausages after 24h fermentationb

Strains of

L. gasseri Without With 3.3% NaCl and
NaCl and NaNOz2 200 ppm NaNO2

KU3101 4.1 59

3101-MO8 4.2 4.5

# Model sausages were prepared from ground pork trim with
elucose (1%), sodium chloride (0, 3.3%), sodium nitrite (0,
200 ppm), sodium ascorbate (550 ppm) and Lactobacillus
cells (107 cfu/g meat).

b The pH of sausages prior to fermentation was 6.1.

Table 2. Resistance of Bifidobacterium bifidum strains
(original strain of KU4002 and UV-induced strain 4002-M22)
to sodium chloride and sodium nitrite in model sausages?.

pH of sausages after 24h fermentation®

Strains of

B. bifidum Without With 3.3% NaCl and
NaCl and NaNO2 200 ppm NaNOz

KU4002 4.6 6.0

4002-M22 4.7 5.1

a Model sausages were prepared from ground pork trim with
elucose (19%), sodium chloride (0, 3.3%), sodium nitrite (0,
200 ppm), sodium ascorbate (550 ppm) and Bifidobacterium
cells (107 cfu/g meat).

b The pH of sausages prior to fermentation was 6.2.

- 196 -



Table 3. Generation of the inhibitory
activity of angiotensin converting enzyme
(ACE) from porcine skeletal muscle after
fermentation by Lactobacillus gasseri or
Bifidobacterium bifidum.

Strains AC!? i.nhibitm)r
activity (%)
Porcie muscle 4.6
L. gasseri
KU3101 47.7
3101-M08 44.2
B. bifidum
KU4002 34.1
4002-M22 31.5
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Generation of probiotic lactic acid bacteria resisting sodium chloride and their application
to food fermentation

Keizo Arihara

Kitasato University, School of Veterinary Medicine and Animal Sciences

Summary

Probiotics are defined as cultures of live microorganisms that, applied to animals or humans,
benefit the host by improving properties of indigenous microflora. Lactobacillus acidophilus
group lactic acid bacteria and Bifidobacterium have been widely utilized as probiotics.  Although
these bacteria have been applied to various dairy products indeustrially, they have not been applied
to meat products. Since these bacteria are relatively sensitive to sodium chloride and sodium
nitrite.  In many countries, most meat products must contain these compounds for preservation
during storage. For example, regulations for the maintenance of meat products safety in Japan
require the use of 3.3% sodium chloride and 200 ppm sodium nitrite. Therefore, effective starter
cultures for fermented meat products are claimed to resist these compounds. In this study, we
carried out the generation of mutant strains of Lactobacillus gasseri and Bifidobacterium bifidum
resisting sodium chloride and sodium nitrite by UV irradiation. Such strains could be utilized for
producing new probiotic meat products, and these products may develop new markets in the meat
industry.

UV irradiation to the strains of Lactobacillus gasseri KU3101 and Bifidobacterium bifidum
KU4002 generated several mutants resisting sodium chloride and sodium nitrite. A mutant strain
3101-M08 generated from Lactobacillus gasseri KU3101 and a mutant strain 4002-M22 from
Bifidobacterium bifidum KU4002 demonstrated satisfactory growth in meat containing 3.3%
sodium chloride and 200 ppm sodium nitrite.  Although proteins extracted from the cell surface of
both mutant strains were slightly different from those of the original strains, other biochemical
characteristics of both strains were indistinguishable from those of original strains. These results
suggest Lactobacillus gasseri and Bifidobacterium bifidum mutants obtained in this study would be

utilizedas a starter culture to develop probiotic meat products.
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