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Selection Criteria for Probiotics and Their Industrial Applications
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Fig. 1. Strategy for selection of probiotic strains
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Table 1. Use of probiotic cultures for man and animals

Lb. acidophilus,

Lb. casei, Lb. rhamnosus, Lb. reuteri

Lb. plantarum®*, Lb. murinus, Lb. brevis, Lb. lactis*

Lactic acid bacteria Streptococcus
Lactobacillus Enterococcus
Leuconostoc

Pediococcus

Str. thermophilus

Ent. faecalis, Ent. faecium*

Leuc. mesenteroides™®

Ped. cerevisiae®, Ped. acidilactici*®

Bif. longum, Bif. breve, Bif. infantis, Bif. animalis

Bifi . . .
ifidobacteria Bifidobacterium Bif. thermophilum*, Bif pseudolongum*
Saccharomyces Sacch. cerevisiae, Sacch. frag:l:s Sacch. boulardii
Yeast and moulds Aspergillus Asp. oryzae®
Torulopsis*
Bacillus B. cereus*, B. tovoi(toyocerin), B. licheniformis, B. subtilis*

Spore formers Clostridium

Cl. butyricum®™

*Only or mainly for animals

OB AEEaM GE v Ase Al ARA
Fof vAE A Ad =< FA L g Z2uje|egolg
s3] AR vAE 23S TPNFIEEN AR 3 AdE
HeRi s 84 S Ho] BEAE deker] R a2
olRRoRs fitE § 4 UrTable 1). Whde] L ujo]Q
H(prebiotics)o| & 7 ol oju] FAst e 54 #59

A3 AEE HdF 0 g 5t 5730 F4Y3%F F3kE n]H
B2 59 A%E SRS goskd 4F RS Tk
o fEde s 22 79e 5 4= 2vh12,15]. &3H probiotics

9} prebioticsE -3 6] synbioticsg} 3. FFCHTable 2).

& colonic foods T thA ol A &8 F4Fof QA A7}
2] 23 53E e e A2 gelm, 7154 218 (functional
ff-’OdS)2 AA A7l HFAHCE BAIHE oei71A] AF

Wt Ale] 2HALd {fses AxFe] g1zke) 717 &
119]’ 7, Ao 9] 55 F BHOE 3= 4FoEA ¢
AHOE dH s FRE HAH 4 715 A s
2 FAH A AES Tl 429 EARAR AF
(FOSHU)°| th& & o]ti(Table 3). o]9lol Gty A7) A
oF §54-8 ZAje] 7}R]= neutraceutical ¥ AT §AHAES
o] &%t AW AF FHo|A bacteriotherapy 2} gene therapy
= 9] biotherapeutic 7' go] MEA =Y Yk

Table 2. Nutritional additives within a new yoghurt generation

LZHO|2E FiFe M IIE

GAHOR SFEE AZE FAZO| Aol TEue|oy
UL B ¢ Aok GNEIT ZZujol2d FUTY HLE 9
3t o)2 & el A= AA M) A% Zn:](}\g /\'] AL, A4
A, S| A2 A, Y & 1—‘5— antigenotoxic A1, ¥y
A Aol AAT), 7188 FARF Tl 484, A4
54, 9784, bacteriophage A3, Az A Fo HEAD
% & 7 UvHTable 4). ZZupe] 2§ RFZ AME-517] 9
A AAT fag g Al diole BoHA der A
of it} of 2] AEate] oJsiA] ZEute] ¥ fabre] At
W 8 7@l AAHL e v JYFHeE o)A
mzrlel 98 Fatte] HWe A £28 AT za A}
G % B4 AHaFo|tH26,44)

o &

UM FeHE

Zzule| ¥ Ak A% §3 2de A% &4 o
7] wiEoll Z2ule]2¥ fidare] Aol ;JOW FaE
HEeE AA fFefiFeolojof drke Aotk HIo AA FafiF
ool dsjA =2e] AT 71 REe] 434 ==
Blo] 8 fribdE AA| #dlF s dHA Y 3k o]¥ R L
Eno| 28 frabts ekl SlolA AREEE shube) A

- Selected cultures of microorganisms
Probiotics

—which are able to survive stomach/duodenum passage

—which are able to multiply in the small and the large intestine

- Selected substrates

Prebiotics

—which can not be digested in the upper intestinal tract
—which enforce the growth of autochthonous microorganisms in the bowel, eg. bifidobacteria

—which stimulate bowel movement(ballast substrates)

Synbiotics

» Mixtures of probiotic cultures and prebiotic substrates in dairy products

AEIH
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Table 3. Probiotic bacteria with FOSHU clearance and products in Japan

Probiotic strain
with FOSHU* c¢learance

Example of product
based on this strain

Producer and statements allowed*

Lb. rhamnosus GG

Onaka-He GG Drink Yoghurt

Takanashi Milk Products

Bif. longum BB336 Bifidus Plain Yoghurt

Morinaga Milk Industries

Lb. bulgaricus
Str. thermophilus

Bulgaria Yoghurt LB31

Meiji Milk Product

Bulgaria Nomu Yoghurt LB81 Plain

Lb. acidophilus SBT-2062
Bif. longum SBT-2928

Yukijirushi Nature Yoghurt

Snow Brand Milk Products

Lb. casei Shirota

Yakult(Fermented Milk Drink)
Joy(Fermented Milk Drink)

Yakult Honsa

Mil-Mil

Bif. breve strain Yakult Mil-Mil E

Yakult Honsa

*FOSHU : Foods for specified health uses.

*Statements allowed : Reaches the intestine alive, Increases the intestinal beneficial bacteria, Promotes the maintenance of good
intestinal environment, Regulates/helps maintain good gastrointestinal condition, Help balance the intestinal flora, Maintain the

intestine in pood health, Reduce harmful bacteria.

H7EE 7 334 (species compatability)e]t}, &, 3hu}e]
STolA Reg ZEnpel 282 thE SFoE T80 A}
ok At e SAE T3 ok T8y e X2
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Tk
bo i o0x

£ L= gt
B Z23E Y= e ZdEHe BE X2
Bl 8 Fabde] 9o oA Ak @l thek oA S
7lEEow Hfslof st AL AE gk Abdolcl, EZubo] e
g faktel 9% E3e A FRAE folFA s HE
Me s 2Ed ¥28 273 "o Z2ee)y
Frabte 77 AHAsHE Aol 919 pHYY 3.00)8k2 W37}
= 87 gpolld e ok 3, A g 23 FoE B
BiElE A 9@ S 4SS SRS dR) 22y
F urk 0|9} 7+e P oA wiFd] WA B EEA T2l
0128 fatwre] Aol dd d3rt et TEhe|9H
Fabde] Wakyg 7142 W33 FHHA EAT dukRe
Z d84dste A=l 3ls H-ATPase ¥4 2 ek &
A= gls Aoz @A vk

durdgo g a2 TEAE 7k B2 A vEA
F7]5bel ek WASE 7R gl blgoAag g94] pH 5.0
o]&te] 100mM o]4de] f7late] A Wl 8-S A%
e U4 fabgelth 3wy Aade] R pHAF A
Hod 9] w B WS R F = shie) gale)
g F 3s Zew Ik 12} ¥& ¥ pHE H'Y
HA2 M f9e= A TAXNE 2431 A E g
gakale]l Alz MR o) pH gradient?} AAEe] 8%

F gA "k ZF ol WAE7] A AE" AT
ATPase7} H'E pumpingdhs 222 Fdn) |25 vy
Heagel AED 8732 34 pHrl 44 Bavt 84¢
ehl7] A P2 pHE FASEEZN A4 &7 WS
uole B, MEH2) TS Rl A8 AE FUL
AT Azhe mek AT e pHob AEtel R}
A 722 A8 ATPase] =26 )% H' pumping H]-&2
AFeR ag AR F28 5 gk

Table 4. Desirable properties of probiotic bacteria

Health and clinical properties

- Human origin

- Resistance to acid and bile

- Adherence to human intestinal cells

« Colonization of the human gut

- Production of antimicrobial substances

+ Antagonism against cariogenic and pathogenic bacteria
- Safe for human consumption

» Clinically validated health effects

Stability and technical properties

- Ability to maintain verified viability

- Maintenance of good flavor and aroma profile after
fermentation

- Maintenance of mild acidity throughout storage : good

- Maintenance of colonizing properties throughout processing
acidity profile and storage

- Development of good storage stability in fermented
products

- Stability after freeze drying and other drying methods

- Accurate strain identification

» Dose-response data for required effects
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o]t} @2 & vancomycin2 glycopeptide A]%-2] 3FAA|ol] <
&l peptidoglycan®) 4L A& 3= LS vl 9714
peptidoglycan& Ml Al EH 2] 08 74 Aio]7] mj iy
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FEHHo| g
BEF AF2 AL in vire A %ﬁ%c’] 4
A 503 QAR sick 51 LT Eeo)
832 wpp-l, gupl, 1Q S T HEE A
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2289 2YES MO 57 9= direct mutagen?) NQO
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S Mg F JUE BT L Al 9] A4
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olg 7o) Zzuol e

Yo do dle
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HEL in vitro

T LEF

49 23 ole) Yo B T o] 2 239 ol
AE AAAFE AL R Haxoel 9tk T& in vive A3 7
FoME ZZule| o9 fakpo] Egno] S Baolg W
o =Ze] g4slel BAE B2E & —4 4L HaA7E
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T AL M2 ohE B2 AFZ AH3N Sal ryphimurium
& ARS-Ete] diAL A1 BAIE Edvio|dAS Hotstgl

ro mEE J

et ol HEek g

Z2uo| 98 fA72 FY s E4L Jehis B
A& AT, ole)dt L2ule) 2 fakge] ek 834
< HHHY FY A2 oA, nitrosamine 52| FF el
et E29 BEA3 2 nitrosamined] Ao RAdFi=
nitroreductase 54 ARAT FZie BA oz, Hgureg)
A= " F A8 dE A UgEAe weteae %3‘?})‘]5’]
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22 4% g 9 o]ge] A= BHI2F cytokined &
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ol= RAA FolA macrophage’= FH-E A28k A F3}7)
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o w2t ZEHpe]2F fi4kFo] macrophages] A Sho]
Bestz PYE A QML ZEueleY FUFE
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factor)-e2} TL(interleukin)-6 52| MY TS E QAT u]x
+ 9%E ZAlsledel #tH27,30]. GALT(gut associated
lymphoid tissue)= A4 ZZwlo] Q8 HAna QA Eor
HEE 4 320 3PS w9 AA4E A= 1A
ola). &, ZEube] 0] fakde] A3y R ML 7
A WY S A vl YHEA d¥so Yt o)y
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W NUE S U A 2 2]
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IL-6, IL-10, 1L.-12, TGF(transforming growth factor)-8,
IFN(interferon)-2 52| WY FE2 2 Adxo] m)= A5 3

[+

off

s x%

Vol. 14, No. | (2001)



44 3% 2

a
g 5
ZZulo] 28 fAk#o] TNF-ash IL-6 S|
L Frde 58S Ak Fe% AT &5
2 Fakgol in viro A HEYSEES et WY
AAE AFde7te] dRE e Aol Ad A ¢
31 glutaraldehyde & ZAAF|RA] &2 45 5 g
Hel2 IFN-e2] AAAS FEstenk 1L 23 99 f AR
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;2 vebliel el IL-6 Y5 AHEs] Wl gEE B
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& $ 2 Z(proinflammatory cytokine)$] TNF-es} IL-62] 34
& #5809 IL-102 448K, IL-102 TNF-ast [L-62]
FAL Asisks AR ¢9oiA et ol HHZER2 AT
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] Hatyd

EZEupo] Q¥ ikt AW feldd fella Abels] AR
FEE A 428 Gl olE T2ae|2 ¥ #it
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Nordic Projectj4019 A& in vitro Z71olA Caco-2 model,
FA8}% fibronectin, basement membrane materigh S& ©}
£3le] Z2Hlo) g {atA e A2 d77F FHEAT S
ZRH A Z(Caco-2, intestine 407), 4| E%] E-2(Caco-2, intestine
407, fibronectin type, 1, I, V collagen), basement membrane
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ZHo] Y {ikFe A §AL vwstdh Ed in vitro
ZAAM AFAT AAZRH 35 2 ulo] € {ikre]
AE BEAE AHIFLn ZInpo]e ¥ fAbdo] Sal
typhimurium=F Yersinia enterocolitica %< HYA Aol
Caco-2 JHA E FAPsk= AL AAse 58T 7%tk

Aol A EE TRup0|0E {akTE el webA
Caco-2 A|Eelg] AzAde] #Hoiel Zo|E Jeplch €%
M2 Z2uto] 8 f4ad ) A2k A Aolgt A 7]
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AF QA Dashs & F Ak FH I AA e ZEato
o fAtio] MM M7 Ay A A FAHL @
Fated AALH 3z gt EZuleo| 8" FAtgro] Sal
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Table 5. Important studies for the safety assessment of probiotic lactic acid bacteria and other bacteria

Type of property studied

Safety factor to be assessed

- Adhesion factors
Intrinsic properties of - Antibiotic resistance
lactic acid bacteria

- Harmful enzyme profiles

- Existence of plasmids and plasmid transfer potential

+ Concentration

Metaboli d
e1abotie products - Safety and other effects

Toxicity

- Acute and subacute effects of ingestion of large amounts of tested bacteria

- Adhesion

Mucosal effects - Invasion potential

+ Intestinal mucus degradation

« Infectivity in immunocompromised animals(e.g. following lethal irradiation)

Dose-response effects . .
p « Potential for side-effects

+ Dose-response studies by oral administration in volunteers

Clinical assessment . o .
- Disease specific studies

- Careful evaluation in healthy volunteers

Epidemiological studies

- Surveillance of large populations following introduction of new strains and products
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Table 6. Researched effects of probiotic bacteria

Target health benefits

Suspected mechanism

Aid in lactose digestion

-Bacterial lactase acts on lactose in the small intestine

- Adjuvant effect increasing antibody production

+ Systemic immune effect

Resistance to enteric pathogens - Colonization resistance

+ Alteration of intestinal conditions to be less favorable for pathogenicity

{eg. pH, SCFA, bacteriocins)

. Antimutagenic activity

Anti-colon cancer effect

- Alteration of pro-cancerous enzymatic activity of colonic microbes
- Stimulation of immune function

- Influence on bile salt concentration

Small bowel bacterial overgrowth

« Lactobacilli influence activity of overgrowth flora, decreasing toxic metabolite production
- Antibacterial characteristics

- Strengthening of non-specific and antigen-specific defense against infection and tumors

Immune system modulation

- Adjuvant effect in antigen-specific immune responses

- Regulating/influencing Th1/Th2 cells, production cytokines

Allergy

- Prevention of antigen translocation into blood stream

- Assimilation of cholesterol by bacterial cell

Blood lipids Heart disease
- Antioxidative effect

- Alteration of activity of bile salt hydrolase enzyme

Antihypertensive effect

- Bacterial peptidase action on milk protein results in antihypertensive tripeptides
- Cell wall components act as ACE* inhibitors

« Adhesion to urinary and vaginal tract cells

Urogenital infections - Competitive exclusion

- Inhibitor production(H,0,, biosurfactants)

Infection caused
by Helicobacter pyroli

- Competitive colonization

Hepatic encephalopathy

- Competitive exclusion or inhibition of urease-producing gut flora

*angiotensin converting enzyme

T MAA, Wy FEZS BEHE 53 1Y e mAH,
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Table 7. Requirements for good clinical studies of
demonstration of unique probiotic properties for functional
food use

- Extrapolation of data from closely related strains not
acceptable

- Well-defined studies and weil-designed clinical trials

- Double-blind : placebo controlled

- Randomized human studies

» Results confirmed by different groups

- Publication in peer-reviewed journals

- Each strain documented and tested independently, on its
own merit

A&

Ao fA F88 4 2k olg g d4a f-Eulek AR

LR

71t AstRA = Aleh FAE #4 slellA falre] 7]
59& Hoh A&y HHEEA gt ¢ glon, dEEE
AREALel 2 F B &2 FA9] #Ze] Fhssiths At
2] AA A% F i fAR 2 SelA w3
79 5 Agel wE FhlidE wshe A, FaEe A
Azba Az dF(cell line/matrix), AR 24 47 4
A3 2 el A8, gEdRels BY 4% 2 29
2R QM= gEok g4 @ el g ¢rAA HZ o)
e &84 2 T 9 ol 7]“*?‘5]":} Egk B g
E4E 7HRs =2kl # Hkolehs FHA
& o @34 A= ’QEHZ‘TQE ZFa3h npela 2 u)
o] 28 fiikte] Fekiv|me SA4L mefaty {fAA AE
% 7l 55 AEstmEA fodd #F A% cloning
vector 71 52| FAFEE A H2e] 7HsE 2 Aelrh

JQHJ

r‘kﬂ.



12.

13.

16.

. Brassart, D. and E. J. Schiffrin.

. Donohue, D. C., S. Salminen, and P. Marteau.

Z2uo[ oy fritae] AwE - 44 A

rak

kL

. Aguirre, M. and M. D. Collins. 1993, Lactic acid bacteria

and human clinical infection. J. Appl. Bacteriol. 75; 95-
107.

. Arai, 8., T. Osawa, H. Ohigashi, M. Yoshikawa, S.

Kaminogawa, M. Watanabe, T. Ogawa, K. Okubo, S.
Watanabe, H. Nishino, K. Shinohara, T. Esashi, and T.
Hirahara. 2001. A mainstay of functional food science in
Japan - History, present status, and future outlook. Biosci,
Biotechnol. Biochem. 65. 1-13.

1997. The use of
probiotics to reinforce mucosal defence mechanisms.
Trends. Food Sci. Technol. 8: 321-326,

. Castellanos, M. L., A. Chauvet, A. Deschamps, and C.

1696. PCR methods for identification and
specific detection of probiotic lactic acid bacteria. Curr.
Microbiol. 33: 100-103.

Barreau.

. Clydesdale, F. M. 1997, A proposal for the establishment

of scientific criteria for health claims for functional foods.
Nutr. Rev. 8§5: 413-422.

. Donolwe, D. C., M. Deighton, J. T. Ahokas, and S.

Salminen. 1993. Toxicity of lactic acid bacteria. In:
Lactic Acid Bacteria. Eds. Salminen, S. and A. von
Wright. pp. 307-313. Marcel Dekker Inc. New York.

. Donohue, D. C. and S. Salminen. 1996. Safety of

probiotic bacteria. Asia Pactfic J. Clin. Nuir. 5: 25-28.
1998.
Safety of probiotic bacteria. In : Lactic Acid Bacteria.
pp.369-383. Ed. Salminen, S. and A. von Wright. Marcel
Dekker Inc. New York.

. Fuller, R. 1989. A review: Probiotics in man and animals,

J. Appl. Bacteriol. 66: 365-378.

. Fuller,R. 1991. Probiotics in human medicine. Gut. 32:

439-442.

. Gasser,F. 1994, Safety of lactic acid bacteria and their

occurrence in human clinical infections. Bull. Inst.
Pasteur. 92; 45-67.

Gibson, G. R. and M. B. Roberfroid. 1995. Dietary
modulation of the human colonic microbiota: Introducing
the concept of prebiotics. J. Nurr. 125: 1401-1412,
Gilliland, 8. E. 1979. Beneficial interrelationships
between certain microorganisms and humans: Candidate
microorganisms for use as dietary adjuncts. J. Food

Protect. 42: 164-167.

. Goldin, B, R. 1998. Health benefits of probiotics. Br. J.

Nutr. 80(Suppl. 2): 5203-5207.

. Goldin, B. R. and S, L. Gorbach. 1998. Prebiotics: A

review of their effects on the intestinal flora and health
benefits. Gastroenterology International. Ist International
Meeting on Intestinal Microflora. 11(Suppl. 1): 1-3.

Harty, D. W. 8., M. Patrikakis, E. B. H. Hume, H. 1.

17.

18.

20.

21.

22

23.

24,

25,

26.

27.

28.

29,

30.

3L

28 a7

Oakey, and K. W. Knox. 1993, The aggregation of

human platelet by Lactobacillus species. J. Gen.
Microbiol. 139: 2945-2951.

Havenaar, R. and J. H. J. Huis In't Veld. 1992
Probiotics: A general view. In: The Lactic Acid Bacteria
in Health and Disease. pp. 151-170. Ed. Wood, B. J. B.
Elsevier Applied Science. London and New York.

Huis In’t Veld, J. H. J. and R. Havenaar. 1991, Probiotics
and health in man and animal. J. Chem. Technol.

Biotechnol. 51. 562-567.

. Huis In't Veld, J. H. J, and P, Marteau. 1997. The role of

LAB in relation to human health: Progress over the last
three years. In: Actes du Colloque FLACTIC 97. Lactic
Acid Bacteria. pp. 13-30. Caen. France.

Kirjavainen, P. V., A. C. Ouwehand, E. Isolauri, and S. J.
Salminen. 1998, The ability of probiotic bacteria to bind
to human intestinal mucus. FEMS Microbiol. Lert. 167:
185-189.

Lankaputhra, W. E. V. and N. P, Shah. 1998. Adherence
of probiotic bacteria to human colonic cells. Biosci.
Microflora. 17: 105-113.

Lee, Y. K. and S. Salminen. 1995. The coming of age of
probiotics. Trends. Food Sci. Technol. 6: 241-245.

Lilly, D. M. and R, H. Stillwell. 1965. Probiotics: Growth
promoting factors produced by microorganisms. Science.
147: 747-748.

Majamaa, H. and E. Isolauri. 1997. Probiotics: A novel
approach in the management of food allergy. J. Allergy.
Clin. Immunol. 99: 179-185. -

Marteau, P. and T. Vesa. 1998. Pharmacokinetics of
probiotics and biotherapeutic agents in humans. Biosci.
Microflora. 17: 1-6,

McCann, T., T. Egan, and G. H. Weber. 1996, Assay
procedures for commercial probiotic cultures. J. Food
Protect. 59: 41-45.

Miettinen, M., J. Vuopio-Varkila, and K. Varkila. 1996.
Production of human tumor necrosis factor alpha,
interleukin-6, and interleukin-10 is induced by lactic acid
bacteria. Infect. Immun. 64: 5403-5405.

(Sullivan, M. G., G. Thornton, G. C. O'Sullivan, and I.
K. Collins. 1992. Probiotic bacteria: Myth or reality?
Trends. Food Sci. Techrol. 3: 309-314.

Parker, R. B. 1974. Probiotics, the other half of the
antibiotics story. Anim. Nutr. Health. 29: 4-8.

Perdigon, G., S. Alvarez, M. Rachid, G. Agueero, and N,
Gobbatoc. 1995. Symposium: Probiotic bacteria for
humans - Clinical systems for evaluation of effectiveness,
Immune system stimulation by probiotics. J. Dairy Sci.
78: 1597-1606.

Pessi, T., Y. Suetas, A. Marttinen, and E. Isolauri. 1998.
Probiotics reinforce rmucosal degradation of antigens in -
rats: Implications for therapeutic use of probiotics. J.

Vol. 14, No. 1 (2001)



48

32.

33.

34.

35.

36.

37.

38,

39.

40,

S

Nutr. 128: 2313-2318.

Reuter, G. 1997, Present and future of probiotics in
Germany and in central Europe. Biosci. Microflora. 16:
43-51.

Ruseler-van Embden, 1. G. H., L. M. C. van Lieshout, M.
J. Gosselink, and P. Marteau. 1995, Inability of
Lactobacillus casei strain GG, L. acidophilus, and
Bifidobacterium bifidum to degrade intestinal mucus
glycoproteins. Scand. J. Gastroenterol. 30: 675-680.
Salminen, S. and M. Saxelin. 1996. Comparison of
successful probiotic strains. Nuwtr. Today Suppl. 31 328-
348.

Salminen, S. and R. Tanaka. 1995. Annual review on
cultured milks and probiotics. IDF Nutr. Newsletter. &4
47-50.

Salminen, S. and R. Tanaka. 1996. Role of cultured and
culture-containing dairy products and probiotic bacteria in
health and disease. IDF Nutr. Newsletter. 5: 32-34.
Salminen, S. and A. von Wright. 1998. Current probiotics
- Safety assured? Microb. Ecol. Health. Dis. 10: 68-77.
Salminen, S., E. Isolauri, and E. Salminen. 1996a.
Clinical uses of probiotics for stabilizing the gut mucosal
barrier: Successful strains and future challenges. Anionie
van Leeuwenhoek. 70 347-358.

Salminen, S., E. Isolauri, and E. Salminen. 1996b.
Probiotics and stabilization of the gut mucosal barrier.
Asia Pacific J. Clin. Nurr. 5: 53-56.

Salminen, S., M. Laine, A. von Wright, J. Vuopio-
Varkila, T. Korhonen, and T. Mattila-Sandholm. 1996c.
Development of selection criteria for probiotic strains to
assess their potential in functional foods: A Nordic and

41.

42.

43.

44,

45,

46.

47.

European approach. Biosci. Micraflora. 15: 61-67.
Salminen, S., A. C. Ouwehand, and E. Isolauri. 1998a.
Clinical applications of probiotic bacteria. Int. Dairy J. 8:
563-572.

Salminen, S., A. von Wright, L. Morelli, P. Marteau, D.
Brassart, W. M. de Vos, R. Fonden, M. Saxelin, K.
Collins, G. Mogensen, 8. E. Birkeland, and T. Mattila-
Sandholm. 1998b. Demonstration of safety of probiotics -
A review. Int. J. Food Microbiol. 44: 93-106.

Salminen, 8., C. Bouley, M. C. Boutron-Ruault, J. H.
Cummings, A, Franck, G. R. Gibson, E. Isolauri, M. C.
Moreau, M. Roberfroid, and I. Rowland. 1998c.
Functional food science and gastrointestinal physiology
and function. Br. J. Nurr. 80(Suppl.1): $147-S171.
Sanders, M. E. 1993. Effect of consumption of lactic
cultures on human health. Adv. Food. Nutr. Res. 37: 67-
130.

Saxelin, M., H. Rautelin, §. Salminen, and P. H.
Maekelae. 1996. Safety of commercial products with
viable Lactobacillus strains. Infect. Dis. Clin. Practice. 5:
331-335.

Saxelin, M., S. Salminen, and E. Isolauri. 1998. Clinical
efficacy of a human Lactobacillus strain as a probiotic.
In: Functional Foods: The Consumer, the Products, and
the Evidence. pp. 25-29. Ed. Sadler, M. J. and M.
Saltmarsh. The Royal Society of Chemistry. Cambridge,
UK.

Steer, T, H. Carpenter, K. Tuohy, and G. R. Gibson.
2000. Perspectives on the role of the human gut
microbiota and its modulation by pro- and prebiotics.
Nutr. Res. Rev. 13; 229-254.



