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SUMMARY STATEMENT 

EXPERT PANEL REGARDING THE "GENERAL RJ3COGNlTION" O F  BIFIDOBACIERIUM, 

LACTOBACILLUS AND S ~ O C O C ~ S  EEXMOPHILUSFOR USE INFANT FORMULA 

Members of the Expert Panel  were  requested by Nestle U.S.A. to independently  review 

the safety of two genera and one  species of bacteria  for  addition to infant  formula.  The training 

and experience of members of the Expert Panel is provided in Attachment 1. 

To assist in this  review, original scientific  articles  were  provided  to  the  Panel.  A  list  of 

these articles  is  contained in Attachment 2. 

Following review of  the  above  articles  and of other infomation considered  relevant by 

individual  members  of the Expert Panel,  a  meeting was held in Washington, D.C. on April 18- 

19,19% at  the  law offices of King & Spalding, 1730 Pennsylvania  Avenue, N, W. The focus 

t.@ughout the discussions was on the  safety  for use in infknts and children of formulas 

containing Bifdobacterim, Lactobacillus and Streptococcus  thennophilus. Scientific  literature 

was critiqued  and discussion ensued regarding Bfzdobacteriium,  Lactobacillus, and 

Streptococcus themophilw and the  following  issues were a d d r e s s e d :  

a) history and taxonomy; 

b) prior use in foods; 

c)  infant's  and  young child's evolving intestinal microflora; 
d) potential host growth and nutritional consequences;  and 

e) adverse  effects; in the areas of  allergenic  potential,  virulence  and  toxicity. 

The E x p e r t  Panel has come to a consensus on the  following points, whereas: 

C. 
I. Addition to i&ant formula of bacterial strains of two genera,  namely, 

Page 234 



Bifdobacterium and Luctobacillzts, and strains of  one species, Streptococcus 

thermopizi1u.s result in a ''new''  infant  formula  for  the  purpose  of improving the 

overal1,wholesomeness  of food for infmts and  children. Such formulas are not 

"new" in Europe and Asia where  they  have been used for  decades. 

II. The  use  of  these  ingredients in inf.ant  formula was not  contemplated  when  the 

"functionality"  categories  delineated in 21 CFR 0 170.3 were  developed, 

nevertheless,  arguments can be made  that  the  following  categories may apply: 

synergist, antimicrobial  agent, enzyme, and nutrient  supplement. 

IIL The  literature  and  evolving  science support the  rationale  for  adding  these 

organisms to infant formula in light of: 

a) the  ontogeny  of infant intestinal microflora; 

b)  the  developmental  expression  of  intestinal  carbohydrate  enzyme  activity 

in  the idant and  child,  and 

c) the mechanisms for  the  prevention  of common infectious diarrheal  agents. 

IV. Similarly, the literature  and  evolving science support the value of these uses of 

Bfdobacterium, LactobaciIIw, and Streptococcus  thermophiizts in infant 

formula Although at this time  definitive  conclusions about their  efficacy  for 

specific indications cannot  be  reached,  assessments  of  the safety and GRAS 

status of  these  organisms can be  appropriately  made. 

V. concerning  the safety and GRAS status of Bifidobucterium,  Lactobacillus, and 

Streptococcus  thermophilzlr for addition to infant formula: 

Blfidobacterium: Organisms of this genus, with the exception of B. dentium, may 

be viewed as safe and as GRAS on the  basis of available  scientific data. B.  denti& is 



an identified agent of  dental  carries  and,  accordingly,  should  not be used in infant 

formula Note was taken of the  recent study of Moore, W. E. C. and Moore, L. X, 

Appl. Environ. Microbiol. 1995; 6 1 :3202-3207, in which certain Brfdobucterim 

species  were  identified as being  associated with populations  at risk of colonic  cancer. 

The panel's COIIS~~SUS was that neither the data presented  nor  the  scientific  issues 

posed by this publication are of sufficient strength to WIirranf concern. 

LactobaciZZus: No reservations concerning the  safety  or GRAS status of members 

of this genus  were raised by  the Panel. In reaching this conclusion,  the  Panel 

considered  the  position  taken  by  the European Union sponsored  workshop  organized by 

the Lactobacillus Industrial Platform (LABIP) concerning  the  role of L. r h n o s z s ,  L. 

casei (t. paracasei), and L. plantam in opportunistic  infections  in  compromised hosts 

(Adams, MR, Martue, P., Int. J. Food Microbiol. 1995; 27:  263-264). 

Strepfuwcctts fhennophiZzs: No reservations  were  raised  about the safety or 

GRAS status of this species. 

VI. Unlike the case with normal newborns and  infants,  insufficient infomation is 

available to assess  the use and  safety of such infant formulas fed to severely 

immunocompromised  infants  and  young  children  (e.g.,  those  suffering fiom 

AIDS or SCIDS and those receiving chemotherapy or radiation such  that  entry 

into the  systemic  compartment might reasonably occur).  Information from 

studies on the risks or  possible  benefits of such  preparations of foods in these 

few groups is too limited at th is  time to draw  definitive  conclusions  and, thm, 
any such use should be under medical supervision. 
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CONCLUSIONS 

Assuming that  current good manufacturing pract!ce,  including  appropriate stability 

assessment, is  followed in the  production of the  contemplated finished idant fonndas: 

In our opinion  the addition of Brfrciobacterium (with the excepon of B. 

dentium), Luctobacillus, and Streptococcus  thennophiius to infimt formula i s  

safe; 

Moreover, in our opinion, experts qualified by adequate training and 

experience,  would  generally  recognize, on the basis of the available scientific 

idormation (“scientific  procedures”) B$dobacterzum (with the  exception of B. 

dentium), LactobaciZiw, and Streprococctrs thermophih as safe for addition to 

infht formula. 

Each of the  foregoing  conclusions  incorporates the limitation noted in paragraph VI 

above. 
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Prophylactic Regimen Therapeutic Regimen Total 
Trials Subjects Trials Subjects Trials Subjects 

infants 12  532 9 430 21  962 
Children 9 697 30 1,520 39  2,217 
Adults 43 2,535 47  2,149 90  4,684 

I I I I I I 
Total 64 I 3,764  86 I 4,099 150 I 7,863 



TABLE 3% HUMAN CLINICAL RUALS WITH PROBIOTICS - EFFICACY, SAFnr AND TOLERANCE (1961-1986) 
bjects (n =) LAB Culture (Dosage) Goal E f f e c t  Adverse Reference 

Event 
59 L Uciabphibu Therapeutic for diarrhea (+) None BeckBiNechdes(1961) 
45 L .bulgm.m /S. zhennophih w c  for infansile diarrhea (+) None Niv et aL (1%3) 
40 L aciabphiWL bdgaricur Therapeutic ford dcaations 4+ None Rapapon & Leviae (1965) 

Pediatric patients 150 B. b i f k  Therapeutic forE. coli diarrhea (+) None Schneegans et al. (1966) 
18 Bifidobaixgiasp. -rhqeldc for chronic livff disesse None Muting et aL (1 %8) 

patients 2 Bifidobacte~iasp. l l lempdc for clmmic liver disease None Muting et al. (1968) 
Adult patients 80 L acidophilus Therapeutic f o r d  ulcexations 0 None Gertennch & Hm(1970) 

'atxic patients 9 4  S. themphiius /L. acidophilas -c for diarrhea 0 None Pearce & H a m i l t o n  (1974) 
L bulgarim - .  kyaddts 24 LABcultures 

Hypocholestaolemic effect (+) None Manu (1974) 
17 L A B c u l t u r e ( L a c t c m g d )  Therapeutic for vagiuitis (+) . None VaquezBt Rivera (1976) 

l lmqeaic  f o r n e r n r n  None Hens- & Klastadci (1976) 
adults 50 Luctobacillus sp. (3-6 x IO') prophylactic for travelas diarrhea 0 None Porn-Olano et ai. (1978) 
adults 54LABcdtlues Hypocholesterolemic effect (+) None Heper et al. (1979) 

98 L acidophiIus / L  bulgaricus Prapbylaaic for AB-ixduced diarrhea 2+ None Crotz et al. (1979) 
150 L spmgenes (6 x IO') Therapeutic far d ulcaations 3+ None Shammetal. (1980) 
50 L. aczdophilus / B. b$dtm nempeutic for enterocolitis None Sam et al. (1980) 

adults 7 L acidophi2tcs (IO" &d) Elimi~tion of pro*rrcinogens . (+) None Goldin et ai. (1980) 
104 s. fwcium SF68 / L Iactis Therapeutic fur infautile diarrhea 3+ None Bellomo et al. (1980) 

L bdgm'cus /L .aci&philu 
'cpatients 68 Luctobaci~kts Ap. kaduhr 32LABcuhures 

-c for neutropenia None Ekert et al., (1980) 
Hypocholesterolemic &ect 0 None Rossouw et al. (1981) 

49 S. /aecium SF68 Therapeuhc for emaitis (+) None Bruno & Grigcaio (1981) 
1 1  L acidophib/L buigaricus Tolerance study 0 None Robins-Browne & Levine (1981) 
23 L aci&philus/L bulgmicur Prophyiactic for ETEC diarrhea 0 Nom Clements et ai. (1981) 

68 LABcuthas Hypocholesterolemic &ect 0 None Thompsan  et aL (1982) 

Adult patiems 12 L. acidophiius Alleviation of lactose intolesance 0 None Kim & Gillilsnd (1983) 

dmy adults 
23 L aciabphihu/L buig&ats Pmphyladic for ETEC diarrhea (+) None Clements et ai. (1983) 

A ltpatients 36 L aciabphilus/L. buigaricu Theraperdlc for ETEC diarrhea None Clements et al. (1983) 

Prophylactic for E'I''EC diarrka 0 None Claneats et ai. (1981) 

Antiunor&* None Bogdanov (1982) 

16 B. b m  m b w c s t u d y  None Tanaka et al. (1983) 
Hypocholesterolemic effect (+) None Baznae et aZ. (1983) 
l k q y  fur Irritable bowel  syndrome 0 None Newcomer et al. (1983) 

.ssn?t pHtients I8 L uciabphiius (4 x IO6 /ml) Thexapy for Lactase deficiency 0 None Newcoma et ai. (1983) a 10 L acidophhs(4 x 106/ml) C m m l  group 0 None Newcomer et al. (1983) 
10 L bulgaricur / L themphilus Hypocholffteroemic &ea 0 None Jaspcrs ez ai. (1984) 
lo -culture Allemtion of iactose intolaance (+) None KO& et a l .  (1984) 
9 Laciakyhlus Alleviation of laaose intolerance (+) None Savaiano et al. (1984) 

21 L ;dcidopAilus (IO9~Wday) Eliminniion ofprocarcinogens (+) None Goldin & Gorbach (1984) 
30 L crcidophilus (5 x 10'~ prophylactic~study 0 None Reuman etal. (1986) 

adults 6 L aciabphiius (IO' &/g) Tolerance study (+) None R a j a @  et al. (1986) 
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LE 3b. HUMAN CLINTCAL TRIALS WLTH PROBIOTICS- EFFICACY, SAFETY AND TOLERANCE (1987-1991) 
(n =)LAB Culture (Dosage) Goal Effect Adverse Reference 

Event 
atiaas 15 B. b m l L  c e r e i ( l ~ / g )  (+) None Hatta et al. (1987) 

patients 45 
paiients 78 

54 
245 

atients 52 

None 
None 
NOne 
Nant 
None 
None 
Nane 
None 

None 
NOM 

NOW 
NOae 
NOne 
None 
None 
NOne 
NOae 
None 
NUtE 
None 
None 
None 
NOne 
Nolle 

NoDe 
Nme 
NOne 
None 
None 
None 
None 
None 
None 

Smgb (1987) 
TOM et al. (1 987) 
Dewit et al. (1987) 
Gorbach et ul. (1987) 
Colmbel et aI. (1 987) 
Logwrcio et 41. (1987) 
McDonough et d (1 987) 
Salminen et al. (1 988) 

Wytock & DiPalma (1988) 
Blsck el aL (1989) 

Wunderlich et al. (1 989) 
W&lich et al. (1989) 
Lin el ai. (1989) 
Okawa et al. (1989) 
Brunser et aL (1989) 
Siitonea etpl. (1990) 
Mi- & Rabbani (1990) 
0- et al. (1990) 
Roggero et al. (1990) 
Beau et ai. (1990) 
Bayc9la-G er aL (1990) 
BoudnraetaL (1990) 
Tankanow er d (1990) 
Mtllteau et al. (199Oa) 

Isolauri et ul. (1991) 
-(1991) . 
Tomodaetal. (1991) 
Blacketal. (1991) 
Hatpametal. (1991) 
Lh et ai. (1991) 
M& et al. (1991a) 
Martinietai. (1991b) 
chltadi (1991) 



ABLE 3~ HUMAN CLINICAL TRIALS WLTH PROBIOTICS- EFFICACY, SAFETY AND TOLERANCE (1992-1994) 
(n =)LAB Cdture (Dosage) God E f f e c t  Adverse Reference 

E v e n t  
78 L bulgmicus IS. themophibrs Therapeutic for infimtile diarrfiea None Touhami et 01. (I 992) 

patients 24 L uciabphilus/B. bifirtum Therapeutc  for co- (+) None Almerul. (1992) 
H*adUb 11 L. u&iabphiha 

Ea* l2 L.caseiGG 

r 
r w  e 44 L c m e j m  

'V"" 

Reductionmmutagenexcretian (+) None Lidbeck et ul. (1992) 
Imprwedbowelhdan 0 None Ling et ul. (1992) 

1 1 B. longum / B. breve A d j m c t t o A B "  0 None bet et 01. (1992) 
L acidophilu 

thy adults 5 B. Iongum (2-5 x I@ did& Improved fecal mimflola (+) None b o &  h4itsuoka(1992) 
adults 76 L cmeiGG Tolerance study 0 None Goldin et al. (1992) 

Adult patients 30 L acialphihu /Bip&ucte&um Iufection praphylmris m nerrtropenia 0 ' None  EUe& et ui. (1992) 
'cpatiems 40 L aci&phhs l lmqeuhc for diarrhea None Balli et ai. (1992) 

'atric parients 39 L cusei GG (10'*'' cfu) Thempemc for acute die 2+ None Kailaetul. (1992) 

F- 
Cancer patients 58 Lacrobacilbrs sp. (Biolactis) Pmpbylaxis for rec~~mnce Nme As0 & Akaum (1992) 

33 L ucia@hiihcs PropsylaxisforCandidaIvaginosis 4+ None Hkmerul. (1992) 

eahhyadults 98 LABculture Decrerrse~~Csymptoms (+)* None Trapp et d. (1993) 
0 None Millarerul. (1993) 

adid@ 15 L. uci&phih/B.b@dum Modulation of immune respanses (+) None De Simone et  ul. (1992) 

20 L cmei GG (2 x los &day) Prophylaxis for entaopathogens 

-respansestudy 0 None Saxclin et ul. (1993) 

A n t i m U t a g e n i C e f € &  None Hayatsu & h y & u  (1993) 
c a n c ~  patients 2.28 L Carei~c9018 

Lcasei 
Adjuvant immmothexapy Ncme Okawa et ai. (1993) 

20 L m e i G G  Tolerance study 0 Nme Stambridge et ul. (1993) 
Adult patients 9 LAB Cdture (4.2 x Reduce lactose malabsoqtim 0 None  Hove et ul. (1994) 

6 LABcultrpe Improved nitmgen/eIeUmlyte mobility 3+  None Mahi et ul. (1994) 
eats 51 LABcultare l l m p e l d c  for pasistent diarrhea 

E 
3+ None Btndta et 01. (1994) 

64  LcuseIcG Regulabon of intestinal enzymes 2+ None Ling et ol. (1994) 
thy adults 60 L cusez ~ ~ ( 1 0 "  c f ~ n )  Decrease m reductive enzymes (+) Nane Ling et 01. (1994) 

A tpatients 47 L cuseissp. Rhumnosus Reduced reinfection dunng cystitis Nane Baerheim er ai. (1994) 
P 'cpatients 42 LcuseiGG(1O''~day) , lkmpeubcfor~viral&r&ea 4+ None Isolauri et ul. (1994) 

adults 30 L acidophibrs / B. bifdum Modulation of immune respcmses 4+ None Link-Amsm et 01. (1994) 
55 B. bifMurn / S  themphiha Prophylaxis far R o t a  viral M a  (+) Nom Saa~edra et ul. (1994) 

sco~cs: 0 =NO &" (+) = undetinsd e&cs I+ = c25% C ~ V ,  2+ 26-5oD/o ea-, 3+ = 51-7596 4+ t >75% efficacy 
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LE &I. HUMAN CLINICAL TRIALS WITH PROBIOTICS - EFFICACY, SAFETY AM) TOLERANCE (1995.1997) 
(n =) LA3 Culture (Dosage) God E f f e c t  Adverse Merence 

Event 
28 L aciabphihs / B. b fldum Modulation of immune res~onsts 
10 S. thermophilu.s/L  gasseri 

Hedthyadults 23 L bulguriais 
282 L f i r m e n h l m  (Id'&) 

L aelhphihis  (1 d' qil) 

23 L. bulgarim /S. t h e m q "  

20 L. adhphilus (10" cells) OR 

24 Lcasei@(5x10p/dose) 

(1.6 x 10' cfb /g) 

L loctis IS. themphilus 
20 B. b@&m ( lo6 diJg) 

3dat.i~ patients 13 L casez GG (heat-killed) *y adults 30 L reuteri (Id'cjiu'@) 
@patie& 138 L. cad LCM18 

40 LcaseiGG 

patients 30 Lacialphib 
adults 20 L easel GG 

'edialric patien& 16 L casei G G ( 5  x 104 
patients 14 L casei /L rhamnoslls (2 x 1@) 
palien& 19 S. thennophilus/L clelbnrcki 

L cas& ( 2 . 8 ~  1 6  
55 LcaseiGG 
28 LcaseiGG 

dents 4 L caseiGG 
atients 31 L cmei GG (lO1o-lO'l ad) 

28 L. cusej GG (109 cfu/d) 
17 Bijidobaeten'um sp. ( IO6 &g) 
72 L reuteri/L aciabphiks 

39 L casejGG 
Wtpatieats 32 L casei GG 

'c pahients 63 L aciabphihu &%ticuts 32 ,L a c i w l k s  
dyltpatients 6 L aciabphih 

*dents 15 B. longum 

B. infitis 

adults 6 L acidophibrr LA-2 

'ents 30 L caseiGG 
ents 14 L caseiGG 
ents 28 L caseiGG 

27 L caseiGG 3 40 L reurn (Id' qW&) 
'c patients 100 L casef GG 

wdrel- 104 &#&bacterium Bb12 

NOne 

Nane 
NOne 

None 
None 

None 

NOIE 
None 
None 
None 
None 
None 
Nme 
None 
Nme 
None 
Nme 

None 
None 
None 
Nolle 
None 
None 

None 

NQU 
Nane 
None 
Nane 
None 
None 
None 
None 
Nane 
None 
None 
N W  
NoaC 
NOne 

Pedrosae taL (i995)' 

Pedrosa et d. (1 995) 
Katehis et al. (1 995) 

Sheen et al. (19%) 
Shemak et  al. (1 995) 

Montes et  al. (1 995) 

Laughemdries et ul. (1995) 
Kaila et  al. (1995) 
Kaila et ul. (1 995) 
Raza et a l .  (1995) 
Wolf et 01. ( 1995) 
Asoetul., (19%) 
Gaon et aL (1995) 
Saxelin et  al. (1 995) 
Majamaa et 02. (1  995) 
Majamaa et al. (1  995) 
Majamaa et ul. (1 995) 

Isolaspi et al. (1 995) 
IsoIauri et  al. (1995) 
Biller et ul. (1995) 
Scpp er al. (1995) 
Hilton et al. (1995) 
Kok et ul. (1996) 
Ruiz-Palacios et al. ( 1996) 

Pmt er al. (19%) 
Bennet et ul. (1996) 
Micbielutti et al. ( 1 9%) 
Panat et al. (19%) 
Simenboff et al. (1 996) 
Hosoda et al. (1996) 
J h g  et d (1996) 
Malin et al. (1996) 
S W s  et a l .  (1996) 
Malin et 01. (1996) 
Majamaa & Isolauri (1997) 
Sbornikova et al. (1997) 
Guarino et 01. (1997) 
van't Hof & Haschke (1997) 
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LE 3e. HU” CLINICAL TRIALS WlTH PROBIOTlCS - EFFICACY, SAFETY AND TOLERANCE (1998) 
(a =) LAB Culture (Dosage) Goal E f f e c t  Adverse Reference 

Event 
39 L cerei Tolerancestudy (+) Nane Guain-Daaaa et al. (1998) 
.7 I L plmrtarrm 299Y Ropbyladic for diarrheal iUness 2+ None Ribeiro fr. & Vandemoof (1998) 

atieats 3 L COseiGG Tkapeuhc for C d @ d e  colihs 4+ None Loret de Mola et al. (1998) 
cpatieam 24 L.  cas^ GG ~ c f a r c y s t i c G b r o s i s  (+) None Di Benedetto et OL (1 998) 

cpdents 287 L casei GG 0RS”c for acute diarrhea 0 None Ciw&hi, et al. (1998) 
9 0  B. bij?&m prophylttctic fa Lnfantie diarrhea (+) None Chourquieral. (1998) 

19 B$&bucterium Bb12 (IO’ cfu/g) S a f a y  study 4+ None Hashkc et d. (1998) 
20 B@%bbacteriwn Bb12 ( IO8 &g) Safety study 4+ Nane Haschke er ul. (1998) -F 

+ S. thennophius 

+S. thermphiliau (106/107 c w g )  
infants 131 &$&bacterium Bb12 Saf&y and Tolerance 4+ None Abi-Hanna et ul. (1998) 

s c c ~ e s :  0 = No e&cz (+) * Whed e&t; I+ = 45% efficay, 2+ = 26-50? &cac~ 3+ = 51 -75% efficacy; 4+ = >75% efficacy 

1 



TmLE-4: PROBIOTIC LAB USED AS SINGLE OR "ED C U L T U R E S  IN HUMAN CLINICAL TRIALS 

Probiotic Species Total Mixed strains Single strain 1 1 Trials 
22 

39 

0 
2 

3 

0 

0 

1 

1 
0 

0 
0 

0 

0 

5 
2 
3 

3 
0 

0 
5 

Subjects 
582 

2,629 

0 
70 

123 

0 

0 

150 

71 
0 

0 

0 

0 
0 

395 
240 
164 

30 

0 

0 
69 

Trials Subjects 
24  1,577 46 2,159 

Trials Subjects 

1 19 40  2,648 

20  1,327 20  1,327 

1 72 4  142 

0 0 3 123 

2 1 24 2  124 

1 282 1 282 

0 0 1 150 

0 0 1 71 
1 82 1 82 

1 .  19 1 19 
1 33 1 33 

18 621 18  62 1 

12 605 12 605 
1 104 5 499 

10 345 12 585 
1 11 4 175 

1 11 4 4.1 
1 72 1 72 
1 72 1 72 
1 30 6 99 

i 
i 
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TABLE-5: FAC~ORS PROMOTING  GROWTH OF BIFIDOBACTERIA IN HUMAN GUT 

Bifidogen factor source Reference 

Porcine gastric mucin Z i t s  et ai ( 1954) 

AminOSUgar-besed Lambert & Zilliken ( 1 %5) 

Aminosugar-based Lambert & Zilliken (1965) 

AminOsUgar-based Jao ( 1974) 
AminO~g~-baSed Jao et aL (1 978) 
H e 1 i a n t h . s  tuberosus Fleming & GrOOt-Wassink ( 1979) 

Aminosugar-based Kawase et ol. (1 983) 

Human milk Rasic & Kurmann ( 1983) 
Chitin Rasic & Kunnann (1 983) 

Aminomgar-based Rasic & Kurmann (1 983) 

Fructooligosaccharide @OS) Hidaka et d. (1 984) 

Fructooligosaccharide @OS) Hidaka et d (1 984) 

Fructooligosacc~ @OS) Hidaka et ul(l984) 

LactulOSe h4izota et d (1987) 

Human milk Petschow & T a l W  (1 9 9  la) 

Human milk Petschow & Tal& (1991) 
Humanmilk KunzBtRudloff(1996) 
Humanmilk Kunz & hdlof f  ( 1996) 

Sugar dmbl firom lactose €hju (1 988) 

hpionibacteriumfim&nreichii Mori et aZ. (1 9 9 7 )  
Glucose and galactose Bodmik et ol. (1997) 

Hydrolysis of P-glucan and xylan Jaskari et d (1998) 

Hydrolysis of j3-glum and xylan Jaskari et aL (1 998) 
Cichorim i n t y k  R o M 1 d  et rJ (1 998) 



I TAB-: LAB - TYPES OFBACI'ERIOCIN PRODUCTION 

AB Strain Bacteriocin Genetic Determinant Size Reference 
Plasmid Chromosome M, 

SmolilHeat-strrble bofteriocins 
LPcfocoicncs &clis ssp. laCtisLMG2130 Iactoamin A 55 kb 

Luctmoccus lactis ssp. cremoris 9B.4 Lactococcin B 60 kb 
Lactococms lcrctis ssp. lactis LactococcinM 6Okb 

Lpctobacillus acidophilus 11088 LactaciF 110 kb 

Leuconostoc gelidim UAL187 Leuwcin A 11.6 kb 
P~ococcus aciductici PAC1.0 Pediocin  PA-1 9.3 kb 

5.8 kD Holo e r d  (1991) 
van Bellcum et 01. (1992) 
van Bellrum ez al. (1 99 1) 

6.3 kD . Klaenhammer, (1993) 
3.9 kD Hastings & stiles (1991) 

4.6 kD Gonzalez & Kunka (1987) 

+ 3 7 kD Joerger & Maenhammer (1 986) 

Toba et d (1991a) 
Tobaetul.  (1991a) 
Tobaetd (1991b) 

42 kD Rammelsberg & Radler (1 990) 

+ 3.35 kD Buchman et al. (1988) 

LPctococcus &tis q. lrrctis h??ZO22186 Nisin Z + Mdders  et al. (1 991) 
Lactosin s 50 kb 3.8 kD Monvedt & Nes (1990) 

hetoctxcus lactisq. k t i s  CNRZ481 Lgcticin 481 70 kb 2.9 kD Piard et d (1990) 

cmnobpcterium ssp. U149 Carnocin U149 4.6 kD Stofkls et al. (1992) 

1 Enterococclrs foeCum TI36 Emerocin A 4.8kD Casausetal.  (1997) 

LactobstciUILspian~ LPCOlO Plantaricin s Jimenei-Diaz et al. (1 995) 

Eaerocin B 
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I TABLE-7: LAB BA~~IERIOCINS - I N H J B ~ R Y  SPECI’RUM AGAINST N O N - L A ~ C   MICROORGANISM!^ 
usceptible O q p i s m  Bacterio@n 

Sakacin A 
Wocin-S, Lactostrepcin-5, Nisin, Pediocin-A,  Pediocin-AcH, Sakacin-A 
Nisin 
Nisin 
Th€?rfllOphillin 
Nisin 
Lacticin-48 1, Nisin, Thexmophillin 
Cwacin-A, Pediocin-AcH, SakaciiA, Sakacin-P 
Nisin 
Nisin, Pediocin-A, Reuterin, Sakacin-A 
N a  Reuterin 
Nisin, Pediocin-A, Pediocin-AcH, Pediocin-vTT, Reuterin, ThermophiKi 
Nisin, Pediocin-A 
Ladicin-481, Lactocin-S, Pediocin-AcH Reaft* Thermophillin 
Lacticin-48 1, Lactosin-S, Pediocin-A, Pediocin-AcH, 

Carnobacteriocin A&B, Curvacin-& Entemcin-1146, Lactacin-B, Lactici~1-481, 
Leucocin-A, Nisi4 Pediocin-A, Pediocin-ACE Pediocin-JD,  Pediocin  PA-1, 
Pediocin-PACIO, Pediocin-VTT, PiscicoIin-61, Reuterin, Sakacin-A, Sakacin-P 
P e d i o c i n - A ,  
Lacticin48 1 , Pediocin-A 
Nisin 
Themophillin 
Thermophiili 
Reuteriq Thermopllillin 
Pediocin-m, ReUte 
Reuterin, Thermophillin 
Reuterin, Thelmphillin 

ThfSlOpbillin 

Pediocib-A, Pedio~in-ACy Pediocin-PAC10 

Nisin, Laaicin-481, Pediocin-4 Pediocin-ACy Plar1taricin-SIK83, Sakacii-4 

Curvacin, Lacticin48 1, Lactocin-S,  Pediocin-A& 
Nisin 

Nisin 
Nisin 
Themophillin 
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TABLES: PROBIOTIC / PROBIGACTIVE AGENTS - IN VIVO ANTMICROBIAL A C T "  AGALNST PATHOGENS 
Susceptible Pathogen Antimicrobial Agent  Mode of Action Reference 

RisteIh sp. 
Mycobacterium intraceflulare 

I Pseudomonas mginosa 

I 
E 
b 

Salmonella whi 
shigella + n t & a e  
Shigella sonnei 

igella flexneri 
ebsiehpneuwwniae 

Entembacter sp. 
acillus cereus 
elicobacter pybri 

u aps simplar virus type1 

LAB species 
L cusei LC9018 
Heau-killed LC9018 

L casei 
Heat-killed LC9018 
cell wall fractiolts: 
(L casei /L pkmtmum / 
L. acidophihq) 

Lipoteichoic acid of LC9018 

Waterduble cell extraas: 
@. faecium /S. equinus 
L @mentum / L. salivzzriw) 
LABmixture 
L casei 
Heat-killed Lacidaphilus 
L. firmenturn CRL1058 
L .aci&phih / B.bijidirm 
L bulgarim /S.thermophiilur 
L casei /L. acicdophilus 
L. cusei GG 
WedLABStrains 
L aci&phih 
L acidaphih 
L cusei / L addophilus 
L acidaphih SrC supanate. 

L acidophitus SrC SUpernateD 
L .aci&phih SIC supanate. 
L salivcviur 

Heat-killed LC9018 

Heat-killed LC9018 

Heat-killedLC9018 

L rrcidophihrs SIC supemate. 

(L acidophilus/L reuteri/ 

L. casei GG / B. animulis) 
L. reuteri 

Heat-killed LC9018 
~eat-killed ~ ~ 9 0 1 8  
W-killed LC9018 
Heat-killed LC9018 
Heat-killed LC9018 

Ducluztau etaL (1971) 
Saito et 01. (19838) 
Saitoetal. (1987) 
Saitoetal. (1987) 
Sato (1984) 
Nornoto et al. (1985) 
Sato et al. (1988b) 
Sat0 et  ul. (1988b) 
Sato et al. (1988b) 
Miake et al. (1  985) 
Setoyama et uL (1  985) 
Watanabe&Hotta(1996) 
lshihara et a l .  (1985) 
Ishihara et al. (1  985) 
Ishihara et  al. (1 985) 
Itoh & Freta (1989) 
Perdigon et al. (1991) 
Folrmiat er al. (1986) 
Silva de Ruiz et al. (1996) 
Fi&m et al. (1 987) 
De Shone et al. (1988) 
P d g o n  et al. (1 9 9 0 )  
Hudautt et ai. ( 1997) 
Shkarupeta et ai. (1988) 
Rani & Khetarpd (1998) 
Rani & WetarpaUL (1998) 
Nakr de Macias, et al. (1992) 
&cannier et 01. (1997) 
Coconaier et aL (1997) 
Cowmuier et al. (1997) 
coconnier et aL (1 997) 
KabiretaL (1997) 

Wagner et aI. (1997) 

Alak et al. (1997) 

Watanabe & Saito (1986) 
Watanabt & Yamori( 1989) 
Watauabc & Hotta (1996) 
Ohashi et 41. (1988) 
O W  et al. (1 989) 

1 



# 
TABLE-9: PROBIOTIC LAB - IN VIVO MODULATIONS OF IMMUNE SYSTEM 1 E f f e c t  LAB Species Reference 
Granulomata  induction with PMNLs and monocytes B l o b  et d. (1979) 
Induction of NK cell activity in peritoneal exudates 
Mitogenic  effect on murine  lymphocytes 
Induction of cytostatic activity of peritoneal exudate cells 
Enhanced humoral antibody  production 
Delayed type hypersensitivity response 
Augmentation of murine NK cell  activity 
Oxygen radical production by peritoneal M P  / Kupffer cells 
Oxygen radical production by fixed MP in liver 
Migration of M P  from  blood  to  reticuloendothelial  system 
Induction of activated M P  with tumoricidal activity 
Activation of T-lymphocytes to induce  cytotoxic  cells 
Induction of tumor-specific humoral  and cellular immunity 
Production of cytotoxic factors by  Kupffer  cells 
Enhancement of murine  hematopoietic  response 
Modulation of myelopoiesis during “CFC proliferation 
Activation of murine M P  
Increased  phagocytic activity of monocytes 
Enband enzymatic / phagocytic activity of peritoneal M P  
Increased phagocytic  function of reticuloendothelial system 
Activation of liver  and, peritoneal MP 
Increased production of serum-CSF 

of mucosal  immunity in intestinal  tract 
Humoral immunity / delayed-type hypersensitivity response 
Induction of murine gmma-intdemn 

E n h a n c e d  proliferation of cytotoxic M P  progenitors 
Increased IgA secretion in intestinal lumen I Priming / mggering of endogenous  TNF-alpha 
Activation of phagocytic / secretory functions of monocytes 
Augmentation of murine MP phagocytic  activity 
Potent adjuvant for oral immunization I 
Acceleration ofgranulocyte cell fecovery 

Stimulation of e l  and  TNF-alpha  production  by MP 

L p I a m m m  /L brevis 
L phtarum 
L casei 

L casei LC9018 
L cmei 
L. m e i  
L carein LC9018 
L. cusein LC9018 
L. m e i n  LC9018 
L. casei 
L m e i  LC9018 
L. m e i  LC9018 
L cusei LC9018 
L casei LC9018 
L. cusei LC9018 
L. cusei LC9018 
L. casei/L. bul@cus 
L. caei /L. plonianrm 
L aciabphih / S .  thetmophirus 
L acidophilus/S themophihs 
L. casei 
L. casei LC9018 
L carei /L. ucidophih 
L. casei /L. uci&pkh 
L buig&m / S  tkrmophiius 
L casei LC9018 
L bu1gmicLcs/S. tkrmophilus 
L aciaYo@lus 
L casei LC9018 
L casei 
L. bulgariictLs LB51 
L bulgm.cUsLB51 
L QcirGophilus/B. lmgum 
L u w i  / L. planMum 
L. fennemm /L bulgmicus 
L. cpsei LC9018 
L aci&phiihrsLA-1 
L. casei 

Bloksmaetd (1981) 
Shimizu et&. (1981) 
Kat0 et& (1983) 
Saito ef uL (1983b) 
Saito et uL (1983b) 
Kat0 et al. (1984) 
Hashimoto et d. ( 1984) 
Hashimoto et al.  (1984) 
sat0 et aL (1983) 
Kat0 et d. (1 985) 
Kat0 el al. (1 985) 
Yasutake et al. (1985) 
Hashimoro et ul. (1985) 
Yokokura et ul. (1986) 
Nanno et aI. (1986) 
Perdigon el d. (1986) 
Zaitseva et al. ( 1986) 
Perdigon et ul. (1987) 
Perdigon et al. (1 987) 
Sam el uL (1 988a) 
Nanno et aL (1988) 
Perdigon et d. (1988a) 
Perdigon et ul. (1 988b) 

S d  et& (1988) - 

Pereyra et d. (1991) 
Kitazawa et d. (1 992) 
Nanno et al. ( 1989) 
Perdigon et ai. ( 199 1) 
Davidkova et d. (1 992) 
Popva e% d ( 1993) 
Hatcher & Lambrecht (1993) 
Pouwels et ai. ( 1996) 

Furuse etul. (1997) 
Rangavaj yala et al. ( 1 9 9 7 )  
Shida et d. (1998) 

8 
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TABLE10 Iiv m 0  AND Z N  W O  ANTITUMOR E F F E C I S  OFhCYUfflCILLUS c4sEILC9018 
mor Type (Species) Effect Reference 

180  (ICR  mice) 
L1210 leukemia PDF1 mice) 
sarcoma-180 ( I C R  mice) 
Meth-A sarcoma  (BALWc  mice) 
K234 tumor (BALBL3T3 mice) 
Meth-A fibrosarcoma (murine) 
Lewis lung carcinoma (C57BU6 mice) 
Line- 10 hepatoma (Guinea pigs) 
MBT-2'bladder  tumor  (murine) 
Lewis l u n g  carcinoma (C57BU6  mice) 
pretreated tumor cell l i e  (murine) 
B16  melanoma (C57BU6 mi&) 1Meth A sarcoma ( B W c  mice) 
Fibrosarcoma  (BALB/c  mice) 
B16 melanoma (C57BU6  mice) 
Uterine cervix cancer  (clinical trial) 

I 
1 

8 
Malignant pleurisy  (BALB/c  mice) 

lung carcinoma  (C57BU6  mice) 

4 
r 
5" 
L 
Y 

T a  leukemia  cells (human) 
ymphoblastic  leukemia  cells  (human) 
romonocytic  leukemia  cells  (human) 

-bladder tumor (clinical trial) 
terine cervix cancer  (clinical trial) 

Ion  26 tumor (BALB/c  mice) 
BN-ind~ced bladder c8nce~ (rat) 

Yac-1,  P815 tumor cells (murine) 
lich ascites tumor (murine) 

carcinoma (murine) 
62, KB tumor cells (human) 

ladder  carcinoma  (clinical trial) 
p i c  lymphoma (AKR mice) 

brosarcomsl @?ALB/c mice) 

Si@& prolongation of life span 
Si@cant  prolongation of life  span 
Increased  phagocytic  fbnction of RES 
Augmentation of NK c e l l  activity 
Specific transplantation immunity 
Suppress free radical / PGE2  production 
Inhibition of pulmonary metastasis 
Induction of systemic tumor immunity 
Reduced  pulmonary metasrasis 
Augmentation of metastasis 
Release of cytotoxic factors by MP 

Alveolar M p  cytotoxicity  augmented 
Increased thoracic exudate cells 
Induction of T-cell mediated immunity 
Inhibition of metastasis 
Effective  adjuvant chemotheqeutic 
Increase in sclerosing effects on pleura 
Augmentation of metastasis 
Inhibition of protein synthesis / g o d  

Inhibition of protein  synthesis / growth 
Inhibition of protein  synthesis /growth 
Prevention of rewceLlce 
Effective adjuvant chemotherapeutic 
Systemic  immune  response  potentiation 
Low malignancy of induced tumors 
Inhibition of viability by  cytotoxicity 
Inhibition of viability  by  cytotoxicity 
Inhibition of viability  by  cytotoxicity 
Inhibition of viability by  cytotoxicity 
Revention of recurrence 
Inhibition of murine leukemia virus 
Cytokine induction in  thoracic cavity 

Kat0 etul., (1981) 
Kat0 etd. ,  (1981) 
Katoetd,  (1983) 
Kat0 etd., (1984) 
Yasutake et d., (1984a) 
Hashimoto et d., (1984) 
"suzaki etd., (1985) 
Matsuzaki et al., (1985) 
Asano et d, (1986) 
Matsuzakj & Yokokura (1987a) 
Hashimoto et al., ( 1987) 
Matsuzaki et d., (198%) 
Matsuzakj et d., (1988a) 
Kat0 et d, (1  988) 
Matsuzaki et af., (1 988b) 
Okawa et uf., (1989) 
Tohgo et aL , (1 989) 
Matsuzakietd., (1990) 

Katayama, (1990) 

-yamY (1990) 
Katayama,  (1990) 
As0 & Alcazan (1992) 
Okawa etul., (1993) 

Kat0 ezd., (1994) 
To& et d., (1994) 
Fichera and Giese, (1 994) 
Fichera and Giese, (1994) 

Fichera  and  Giese, (1994) 

Fichera and Giese, (1 994) 
AsoetpL, (1995) 

Watanabe,  (1 996) 
Matsuzaki etuf., (1996) 



Effective prophylaxis in reducing  the occurrence of travelers diarrhea 
prwents antibiotic (erythromycin) - associated diarrhea 
Effective in shortening the course ofacute diarrhea 
Decreases glycocholic  acid hydrolase activity and  tryptic activity 
Survive  /temporarily  colonize human gastrohtes&inaI tract 
Enhances circulating antibody secreting cell  response in rotaviral diarrhea 
No adverse effects on nutritionally important  short  chain fatty acids 
Reverses increased intestinal permeability  induced by cow milk 
Decreasescolonic hydrolytic and reductive  enzyme  activities 
provides a nontoxic therapy for endotoxemina and alcohol-induced live i n j d  
Counteraas disturbed microbial balance  in the gut 

Stimuiates rotavirus specific IgA antibody responses and prevents reinfection 
Elicits an immunostimdating  effect on oral rotavirus vaccination 
Promates recovery from actue  nonbloody  dianhea 
Effective therapeutic for acute rotaviral gastmenteritis 
Efktively colonizes the gut and well tolerated in infants 
DOH not w down intestinal mucus glycoproteins 
Interferes with initiation or progression of DMH-induced imestinal tumorigenesis' 
Promotes IgA immune response in patients with Crohn's di& 
Down regulates anti-CD3  antibody-induced IL4 production by bovine caseins 

I 
I 
1-  
I 
I 
1 

mces Urease activity in  feces ofjuvenile chronic arthritis patiems 
Generates molecules with suppressive  effects on lymphocyte  prolif&onb 

Okasanenetd (1990) 
Siitonen et aL (1990) 
Isolauri et d. (1991) 
Ling et d. (1992) 
Goldin et al. (1 992) 
K d a  et ai. (1 992) 
Stambridge e? ul. ( 1993) 
Isolauri et al. (1 993) 
Ling et al. (1994) 
Nanji et d. (1 994) 
Isolauri et al. (1994) 
Kaila et al .  (1995) 
Isolauri et d. (1995) 
h e r d  (1995) 
Majamaa et al. ( 1995) 
Sheen et d (1995) 
Biller el ul. (1995) 
Goldin et ul. (1996) 
Malin et ul. (1996) 
S u m  et al. ( 1996) 
Malinetul. (19%) 
SutaseruZ. (1996) 
Hudault et d. (1997) 
Majamaa & Isolauri (1997) 
Shornikova et 0% (1997) , 

Wagnererd ( 1 9 9 7 )  
Guarino et uL (1997) 
El-Nezami et al. (1 998) 

Elicits &onistic activity against salmonella typMmuium CS infecton' 
Alleviates intestid inflammaton, protects from atopic dennatitis and  food allergy 
Shortens duration of watery diarrhea in adjunct to oral rehydration therapy 
Potent biotherapeutcagainst alimentary infection with W& a l b z d  1 Reduces duration of symptoms and viral excretion in children with mild diarrhea 

I 
1. 



I TABLIG12a: LAB APPLICATION IN VARIOUS FERMENTED FOODS 

ood Product Origin LAB Culture 
Acidophilus milk USA Lb. acidogililvs 
Balm balao Indonesia 

Ancient Rome, 
E m  

Southeast Asia 
Wordwide 

1 
Bulgarium buttermilk Bulgaria 

I Worldwide 
south America 

Lactobaciuussp. 
s. ihennophiltls 
Lb. br&, Lb. phn&mm, Lb. fementum, LC. mesentem'&, 

Lb.  aklbrueckii s p p .  bulgaricus 
LC. mesenteroides, P. pentosacars.  Lb. plantarum 
LC. lactis spp. lactis, LC. lactis spp. cremoris, LE. lactis, 
LC mesenteroiaks. 
LC. &ctls ssp. w . 
various LAB 

Cheeses 

coffee 

Worldwide LC. lactis spp. lactis, LC. lactis ssp. cremoris, Lb. delbnreckij spp. 
btrlgraicus. Lb.  delbmeckii ssp. ktis, Lb. m i ,  Lb. helveticius, 
Lb. brevis. Lb. fementzon 

Worldwide Various LAB 

I 
1 

Europe Lb.  plan-,  Lb. &lbruecki ssp. aklbruckii,  Lb.  delbnreckii ssp. 
North America kzctis, Lb. casei, Lb. brevis, Lb. fennemm 

Cucumbers (pickles)  Worldwide Lb.  plan-, Lb. brews, P. pentoszceus 
Distillery mashes Europe Lb. pImmwm, Lb.  delbrueckii, ssp. &lbmkii, Lb. casei, 
Curedham Europe Lb. casei, Lb. phtanun 

Lb. f" 
S thennopfiihrs. Lb. bulgm'cus, LC. daceglactuis, Leuconostoc spp. .,F India India LC. mesenteroides. E faecalis, P. pentoseeus 

I 1 izzfi: Europe Lb. mhbphiius. Lb.  delbrueekii ssp. buigmim, Lb. delbrueckii ssp. 
North America ktis, Lb. reuteri ' 

chiq Japan various LAB 
Sweden LE. &tis, LC. cremoris, Le. diacelylacs 
Mca Leuconostoc p. 
Middle East Lb. plantarum, Lb. brevis, P. pentosacm 

LE. mesenteroides, E. fcrecalis, P. pentosaceus 
Luctobacillltrs sp. 

~obmillus 9. 
LE. lactis ssp. Iactis, Lb.  delbrueekii ssp. bulgancus 

various LAB 
Lb. brevis, Lb. cusei, Lb. plantarum 
Lactobacillltrs q. 
Lb. delbmeckii ssp. b u l p ' c u s ,  Lb. &lbmeckii s s p .  htis 

Lb. aklbmeckii ssp .  delhckii 



I TABLEltb: LAB APPLICATION IN VARIOUS FERMENTED FOODS 

I 
I 
I 
;I 
.I 
I 

Miso 

ogi , 

Oncorn 
Pulque 
Put0 
sauerkraut 
S=a€mme8fs 

Shop 
Silage starters 
sourbread 
sour cream 
Sour pumper.icke1 
soy sauce 
Sweet dough 

Taette 
Tempeh 

I Wine 
Yakult 

Japan 
Afiica 
Indonesia 
Mexico 
Portugal 
Europe 
Europe 

Indonesia 
North America 
FlWlCe, 
Western Europe 
Worldwide 
North aca 
Sourheast Asia 
Fmce, western Europe 
Netherlands 
Indonesia 
Japan 

Finland 
NorthAmerica 

‘*i Europe i 
Japan 

Lactobacillus q. 
Lb. pkmtmum, LC. lactis ssp. lclcts 
w- 

Lb. phtarum, Leuconostoc qv. 
LC. mesenteroides, E. faecclris 
Lb. phtamm, Lb. brevis, LC. mesenteroides, P. pntosacm 
Lb. plantmum, Lb. W i ,  Lb. curwtus, Lb. reuteri, Lb. sake,  

P. pentos~~eu~, P. acia?ibctii 
LoctobaciilIus q. 
Lb. ph-, P. acidihctii 
Lb. sa@mh, Lb. brevis 

LC. k t i s  ssp. CTemOris 
LC. mesenteroi&s 
Lb. Mbrueckii ssp. &Ibmckii 
Lb. brevis,  Lb. piimtan~~?~~ Lb.firmenm, LC. &tis ssp. cremoris, 
LC. mesenteroz&s ssp. cremoris 
LC. Iacts ssp. lactis w. e t t e  
Lactobacillus q. 
L b . p h ~ ,  L ktis ssp. hctis 
LC. lactis ssp .  cremoris. LC. diacetylactis 
Lb. pbtamm, Lb. h@rdii, P. abnnosus, LC. mesenteroi&s, 
LE. oem 
Lb. casei 
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I TABLG13: LAB S W P - ~  Foom CURRENTLY AVA~LABLEIN DIFFERENT- 
Product or Trade Name Origin LAB Culture 

I 
I 
I 
9 
I 
I, 

A B m i l k p r o d u c t s  

Acidophilus bifidus yogurt 

B A@ 
Bifidus milk 
Bifidus milk w i t h  yogurt flavor 
Bifib yogurt 
Bifighurt 43 
Bifilakt4B or Bifilact Q 

. Biogarde d 
Bioghrt Q 

Biokym 
BiomiidQ 
cldtura@ 

Diphilus milk@ 
Mil-Mil@ 

OiilW@ 

I ,Sweet acidophilus biftdus milk 
Sweet  bifidus milk 

Denmark 

-Y 

FranCe 

UK 
Many countries 

-Y 
USSR 

-Y 
-Y 
Czechoslovakia 

Germany 

Denmark 
France 

Japan 

FranCe 

Chile 

Japan 

Japan I Germany I Adapted from Tamime et al. (1995) 
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(heterogenous bacterid 

f 

1 Standard Microbiological 

1 
Major Population 

Could not be  identified 

American Type Cultue 

I Collection (ATCC) scheme I 

Further isolation  at the 

C H L  and genetic characterization 

API Identification Scheme based 

on CHO fermentation  profiles resolves 

F ’ i i  1. Furificatiom and characterization of strain Bbl2. 

Bb12: 

- Minor Population 

R. bifidum 



POSITIVE DATA 

Genus / Species / Strain 

Tolerance to low pH / bile 

EXCELLENT: Plan in vivo 

NEGATIVE  DATA (CHECK / 

CHECK - iffmore  data  needed to 

APl 

Identification Scheme 

based on CHO 

S'iW - viability  less than 2-3 

STOP - sensitive  to  essential 

STOP- inszifficient  stability 

STOP - less  than 2-3 

STOP - lack of 

Not  resistant 

No adherence 

No demonstrable  activity 

CHECK - ifmore ahta needed to 
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SUMMARY  STATEMENT 

EXPERT  PANEL  REGARDING  THE 
“GENERAL  RECOGNITION”  OF  BIFIDOBACTERIUM, 

LACTOBACILLUS  AND  STREPTOCOCCUS 
THERMOPHILUS FOR USE  IN INFANT FORMULA 

Members of the  Expert  Panel  were  requested by Nest16 
U.S.A. to independently  review  the  safety  of two genera and  one  species 
of bacteria for addition to infant  formula.  The training and  experience  of 
members  of the Expert  Panel is provided  in  Attachment  1. 

To  assist  in  this  review,  original scientific articles were 
provided  to  the  Panel. A list of  these  articles is contained in 
Attachment 2. 

Following  review of the  above articles and  of other 
information  considered  relevant  by  individual  members  of  the  Expert 
Panel, a meeting  was  held  in  Washington, D.C. on  April 18-19, 1996  at 
the law offices of King & Spalding,  1730  Pennsylvania Avenue, N.W. 
The  focus throughout the  discussions  was on the safety for  use  in  infants 
and  children of formulas  containing BzJidobacterium, Lactobacillus and 
Streptococcus thermophilus. Scientific literature was critiqued  and 
discussion ensued  regarding B fidobacterium,  Lactobacillus, and 
Streptococcus thennophilus and  the  following issues were  addressed: 

a) history and  taxonomy; 

b) prior use in foods; 



c) 
microflora; 

infant’s and young child’s evolving  intestinal 

potential  growth  and  nutritional consequences for 
infants  and  young  children; and 

adverse  effects; in the areas of allergenic potential, 
virulence  and  toxicity. 

The  Expert  Panel has come  to a consensus on  the  following 
points, whereas: 

I. Addition to infant  formula of bacterial strains of two 
genera,  namely, Blfidobacteriurn and Lactobacillus, and strains of  one 
species, Streptococcus thermophilus result  in a “new” infant  formula  for 
the purpose of improving  the  overall  wholesomeness of food  for  infants 
and  children. Such formulas are not  “new”  in  Europe  and  Asia  where 
they  have  been  used  for  decades. 

11. The use  of  these  ingredients in infant formula was not 
contemplated  when  the  “functionality”  categories  delineated  in 2 1 
C.F.R. 4 170.3  were  developed;  nevertheless, arguments can  be  made 
that  the  following  categories  may  apply:  synergist, antimicrobial agent, 
enzyme,  and  nutrient  supplement. 

1 

111. The literature and  evolving  science support the 
rationale for adding  these  organisms  to  infant  formula in light of: 

the ontogeny of infant intestinal microflora; 

the developmental  expression of intestinal 
carbohydrate  enzyme  activity  in the infant  and , 

child,  and 
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c)  the  potential for the  prevention of common 
infectious  diarrheal agents. 

IV.  Similarly,  the  literature  and evolving science  support 
the  value of these  uses  of BIJidobacterium, Lactobacillus, and 
Streptococcus thermophilus in  infant  formula.  Although at this time 
definitive conclusions about  their  efficacy for specific indications cannot 
be  reached,  assessments of the  safety  and GRAS status of these 
organisms  can  be  appropriately  made. 

V.  Concerning  the  safety  and GRAS status of 
BiJidobacterium, Lactobacillus, and Streptococcus thermophilus for 
addition to infant  formula: 

BzJidobacterium: organisms of this genus, with  the 
exception  of B. dentium, may  be  viewed as safe and as GRAS 
on the basis of  available  scientific  data. B. dentium is an 
identified  agent of dental  carries  and, accordingly, should  not 
be  used in infant  formula.  Note  was  taken of the  recent  study 
of  Moore,  W.E.C.  and  Moore,  L.H., Appl. Environ. 
Microbiol.  1995; 6 1 :3202-3207, in  which certain 
B$dobacterium species  were  identified as being associated 
with  populations  at  risk of colonic cancer. The panel's 
consensus  was  that  neither  the  data  presented nor the 
scientific  issues  posed  by  this  publication  are of sufficient 
strength to warrant  concern. 

Lactobacillus: No reservations concerning the  safety or 
GRAS status of members of this genus were raised by  the 
panel.  In  reaching  this  conclusion,  the  Panel  considered 'the 
position  taken  by  the  European  Union  sponsored  workshop 
organized  by  the Lactobacillus Industrial  Platform  (LABIP) 
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concerning  the  role  of L. rhamnosus, L. casei (L.  paracasei), 
and L. plantarum in  opportunistic infections in  compromised 
hosts (Adams,  M.R.,  Martue, P., Int. J. Food Microbiol. 
1995; 27:263-264). 

Streptococcus thermophilus: no reservations were 
raised  about  the  safety  or GRAS status of this species. 

VI.  Unlike the case  with  normal newboms and  infants, 
insufficient  information is available to assess  the  use  and safety of such 
infant  formulas  fed to severely  immunocompromised infants and  young 
children  (e.g.,  those  suffering  from  AIDS or SCIDS  and those receiving 
chemotherapy  or  radiation  such that entry  into  the systemic compartment 
might  reasonably occur). Information  from studies on the risks or 
possible  benefits  of  such  preparations of foods in  these  few groups is too 
limited at this time  to  draw definitive conclusions and, thus, any  such 
use  should be under  medical  supervision. 

CONCLUSIONS 

Assuming that current  good  manufacturing practice, 
including  appropriate  stability  assessment,  is  followed  in the production 
of the  contemplated  finished  infant  formulas: 

In  our  opinion,  the  addition  of Bzfldobacterium (with 
the  exception of B. dentium), Lactobacillus, and 
Streptococcus thermophilus to  infant formula is safe; 

Moreover,  in our opinion,  experts qualified by adequate 
training and  experience,  would  generally  recognize on the 
basis of the  available  scientific  information (“scientific 
procedures”) Bzjidobacterium (with the exception of 
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B. dentium), Lactobacillus, and Streptococcus thermophilus 
as safe for addition  to  infant  formula. 

1 
Each of the  foregoing  conclusions incorporates the limitation 

noted  in  paragraph VI above. 

- 5 -  
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200 C Street, S.W. 
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Re: GRAS Exemption  Claim  and  Exemption Notification 
for  the Use in Infant  Formula of Bifidobacterium, Lactobacillus 
and Streptococcus thermophilus 

Dear Sir  or Madam: 

Attached please find an original plus two copies  of  a GRAS Exemption 
Claim and  a GRAS Exemption Notification for  the  use o f  three “probiotics” in infant 
formula (and other food for infants and children). The  request  is supported not only by 
extensive clinical studies and investigation reported in the  scientific literature but also by 
the comprehensive report of a panel of qualified and distinguished experts. Moreover, 
the two genera and one species o f  lactic acid  bacteria  that are the subject o f  the claim and 
notification have been and continue to be broadly  used in the food supply worldwide. As 
the expert panel has observed, the addition of the  three  lactic  acid bacteria will improve 
the overall wholesomeness of formulas. We look forward to the  office7s review of  the 
claim and notification and are prepared to  address  any  questions  or concerns that may 
arise. 

Sincerely, 

Fred H. Degnan 

181 PEACHTREE STREET 

ATLANTA, GA 30303-1  703 
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KING & SPALDING v 
1730 PENNSYLVANIA AVENUE, N.W. 

e 
WASHINGTON, D.C. 20000-4700 

TELEPHONE: 2021737-0500 

FACSIMILE: 202/820-3737 

DIRECT DIAL: 

June 14,2000 

Linda  Kahl,  Ph.D. 
Office  of  Premarket  Approval 
ZFS-2 1-5 
Center for Food Safety and Applied  Nutrition 
Food  and Drug Administration 
200 C Street, S.W. 
Washington, DC 20204 

Re: G U S  Exemption Claim and GRAS Exemption Notification for 
the Use in Infant Formula of Bifidobacterium, LactobaciZZus and 

Streptococcus thermophilus 

Dear Dr.  Kahl: 

Thank you  for  your  call  this  afternoon  concerning the above Claim  and 
Exemption  filed  by Nest16 on  June 9,2000. Please be assured that  Nestl6’s  claim is 
based on the conclusion  that the uses in infant formula of BiJdobacterium, LactobaciZZus 
and Streptococcus  thermophilus at levels consistent  with  good  manufacturing practice are 
exempt  from  the  premarket  approval  requirements o f  the Federal Food, Drug, and 
Cosmetic  Act (“the Act”)  because Nest16 has determined  that  the  uses  are GRAS within 
the,meaning of Section 201(s) of the Act.  Please do not hesitate to call if you  have 
hrther questions or desires  for  additional clarification. Again,  thank  you for your 
courtesies in this matter. 

Sincerely, 

19 1 PEACHTREE STREET 

ATLANTA, GA 30303- 1763 

TELEPHONE:4Q4/572-4800 

FACSIMILE:404/572-5100 

Fred H. Degnan 

1185 AVENUE OF THE AMERICAS 

N E W  YORK, NY 100364003 

TELEPHONE: 212/5582100 

FACSJXILE: 212/S56-2222 

1100 LOUISIANA STREET, SUITE 3300 

HOUSTON,TX77002-5219 

TELEPHONE: 713/751-3200 

FACSIMnE:  713/751-32QO 



DIRECT DIAL: 

KING 8c SPALDING 
1730  PENNSYLVANIA AVENUE, N.W. 

WASHINGTON, D.C. 20006-4706 
TELEPHONE: 202/737-0300 

FACSIMILE: 208/826-3737 

August 7,2000 

Paulette M. Gaynor 
Office of Premarket Approval 
Center for Food Safety and Applied Nutrition 
Food and Drug Administration 
1 1 10 Vermont Avenue, N. W. 
Washington, DC 20201 

AM I1111111 111111 I1 1 1 1 1  

Dear-Dr. Gaynor: 

Thank you for your patience in letting me take a week to respond to your 
request for the figures and tables which should have accompanied the two unpublished 
manuscripts behind Tab E of our GRAS submission. I apologize for the fact that these 

I inadvertently were not included in  our original submission. The delay in getting the 
copies to you resulted from, as I explained, vacation schedules. I hope that neither our 
inadvertence nor the ensuing delay from the time of your request has caused you too 
much inconvenience. If you have any questions or concerns, please do not hesitate to 
contact me. 

Best regards, 

la1 PEACHTREE STREET 

ATLANTA, GA30303-1763 

TELEPHONE:4044572-4000 

FACSII*IILE: 4041972-5100 

-_  "" "" . - . .  _ "  
. .. 
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1185 AVENUE OF TEE A X E R I G A S  

NEW YORK, NY 10036-4003 

TELEPHONE: 212/95&2100 

FACSIXXLE: 212/39&2228 

1100 LOUISIANA fiTREET, SUITE 3300 

HOUSTON, TX77002-5219 

TELEPHONE: 713/751-3200 

FACSIMILE: 713/7513290 
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KING 8c SPALDING 

DIRECT 

(202) 626-3742 

1730 PENNSYLVANIA  AVENUE, N.W. 

WASHINGTON, D.C. 20006-4706 

TELEPHONE: 202/737-0500 

FACSIMILE: 202I6Z6-3737 

EMAIL: fdegnan@kslaw.com 

November 14,2000 

Linda Kahl, Ph.D. 
Office of Premarket Approval 

Center for Food Safety and Applied Nutrition 
Food and Drug Administration ’ 
200 C Street, S.W. 
Washington, DC 20204 

. .- H p p i  j 

Dear Dr. Kahl: 

Thank you for taking the time on November 1,2000 to share with Roger 
Clemens and me your thoughts and questions, and the thoughts and questions of Paulette 

Nestli for Lactobacillus, B$dobacterium and S. thermophilus. 
0 Gaynor and Robert Merker, concerning the GRAS notification submitted on behalf of 

Your inquiries focused on two general areas of concern: “conditions of 
use” and “identity.” With regard to the former, you requested clarification as to whether 
the intended use envisioned by the notification was for “starter” or “follow-on” formula 
or both. Let me clarify that Nest16 wishes- the notification to  be limited to “follow-on” 
formulas. As you know, “starter” formulas are for use throughout the entire 12 months of 
k f z ~ ~ y ~  -*Ti.l.je ‘‘.fc\llc~.t.-sn” f~n?,lrlas x e  er,press!y !&beled z d .  p r ~ r n ~ f ~ i !  fix 1~se by 
infants 4 months or older. 

Also with regard to intended use, you questioned whether the notification 
applied to soy-based as well as milk-based products. Let me clarify on this point as well 
that the notification pertains only to milk-based formulas. 

With regard to “identity” issues, you inquired whether the notification 
pertained,to the genera identified as a whole or whether it was more focused on particular 
species and strains. Let me clarify here, too, that the scope of the petition in light of your 
inquiry is  on B$dobacteriurn Bb12 and S. thermophilus Th4. The BIJidobacteriGm is of 

’ 1 R 1 PEL4CHTREE STREET 

ATLANTA,  GA30303-1763 

TELEPHONE:404/57Z-.WOO 

FACSLMILE404I572-9100 

1185 AVENUE OF THE AMERICAS 

NEW YORE, NY 1003&6003 
T E L E P H O h ~ E : ~ l Z l 5 § ~ ~ Z l ~  

FACSIMILE: 21219582222 

1 10OLOUlSIAWA S T R E E C ,  SUITE 3300 

HOUSTON,TX 77002-5219 
TELEPHONE: 713/7§1-3200 

FAC5LMILE 7131751-3290 
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Linda Kahl, Ph.D. 
November 14, ,2000 
Page 2 

g-‘ a. studies relied upon in our submission  involved the feeding of these specific organisms  to 
healthy ‘as weil  as ill and  immunocompromised infants. The remaining studies, 
infomation, and narrative discussion  provided in our notification, along with the expert 
panel  reports, hrther substantiate the position that the organisms, for the use  Nestle 
intends,  are GRAS. 

You also inquired as to  whether the Company  had  any  specifications  for  the 
level of  “resuscitated  organisms.”  Based on the Hopkins studies, the Company  intends  to 
specify within the range  of 1 O6 to  1 O8 cf i~ of each organism  per gram of finished formula 
as the target for each batch. 

I would like to  emphasize our appreciation for the opportunity  to  discuss 
your  questions in the  constructive  forum  our  conference  call provided. I hope you 
considered the call to be as productive a  session  as  we  did. 

Please  call if any ques:tions or  concerns  remain. 

Sincerely, 

Fred H. Degnan 

cc:  Roger A. Clemens, Ph.D. 
Melanie Fairchild-Dzanis 

Washington-256367 vl  
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WASHINGTON, D.C. 20006-4706 
TELEPHONE: 202f 737-0500 

FACSIMUE: 202/620-3737 

September 10,200 1 

Paulette M. Gaynor, Ph.D. 
Office of Food Additive Safety 

Center for Food Safety and Applied Nutrition 
Food and Drug Administration 
1 1 10 Vermont Avenue, N. W. 
Washington, DC 20201 

HFS-2 15 

(I) Dear Dr. Gaynor: 

AM I Ill1111 111ll1 I1 Ill1 

EMAIL: 

fdegnan@kslaw.com 
www.kslaw.com 

I am submitting this letter and the attachments to it to memorialize our 
conference call held this past August 23 between representatives from the Office of Food 
Additive Safety, CFSAN and representatives of Nestlt USA. The call was held to 
discuss the Company's pending GRAS notification for the use in infant formula of 
Bifidobacterium and Streptococcus Thermophilus. Attending the call on behalf of Nest16 
were Dr. Jose Saavedra, Medical Director, Nest16 USA, Dr. Roger Clemens, a consultant 
and expert in probiotics and nutrition, and me. The attached memorandum prepared by 
Dr. Clemens provides a general breakdown as to where responsive information to some 
of your general areas of inquiry can be found in the notification. The bulk of our call was 
spent on three relatively specific issues (aspiration pneumonia, intussusception, and 
considerations related to potential excessive doses of probiotics). The attached summary 
of our responses on those points has been prepared by Dr. Saavedra. 
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Paulette M. Gaynor, Ph.D. 
September 10,2001 
Page 2 

I believe the foregoing and the attachments amply cover and reflect the 
substance of our call. Thank you and Dr. Kahl, sincerely, for scheduling the call and 
helping make it, in our view, a candid, constructive exchange. 

Sincerely, 

Fred H. Degnan 

f 
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FDA Questions Re: Probiotic Notification 

General Questions: 

1. 

2. 

3. 

4. 

5. 

6. 

Are the two microorganisms well characterized? 

See submission, Volume 1, Tab A, pages 53-55 Vifidobacterium), page 78 
(Streptococcus). 

What is the history of use of these two microorganisms in infant formula? 
Volume of use, estimates of number of subjects exposed, period of time of use in 
market. 

See submission, Volume 1, page 55-57 (Food Applications), and meeting notes 
fiom 1996 (notes not included). This type of infant formula has been produced 
(more than 40,000 lbdyear), marketed and accepted in Europe since 1991. In 
1995-97, probiotic containing follow-on formula or “growing up milk” were 
introduced in Europe, Philippines, and China. Ten years of commercial 
distribution and more than 50 clinical studies among nearly 3,000 subjects have 
failed to present a single adverse event when infants and children consume this 
type of product for periods up to 18 months. 

Are the two microorganisms susceptible to antimicrobial agents? Antibiotic 
sensitivity chart(s). 

See submission, Volume 1, Tab A, pages 57-59 (Bifidobacterium; virulence), 
pages 81-82 (Streptococcus; virulence), Volume 3, Tab F, Probiotics and 
Antibiotic Resistance. None of these organisms has demonstrated a broad- 
spectrum resistance to antibiotics. In addition, none of these organisms has 
demonstrated a broad antibiotic resistance upon the acute or chronic therapeutic 
or subtherapeutic doses of antibiotics. 

What consideration has been given to concerns about gene transfer? Gene uptake 
of DNA? Gene recombination forming new pathogens? Information on capability 
for genetic material and plasmid transfer, comparison with other lactobacilli, etc. 

Has a level of exposure to infants been shown to be safe for these two organisms? 

See submission Volume 1, Table 1 (Therapeutic Clinical Trials with Probiotics 
Fed Infants and Children,.1963-2000) and Table 2 (Prophylactic Clinical Trials 
with Probiotics Fed Infants and Children, 1963-2000). None of the feeding doses 
of lo7 - 10” c h  / day presented any adverse effects. 

What are the accepted levels of these microorganisms in human milk banks? 

None of the microorganisms under discussion is naturally found in breastmilk, 
therefore, is not found in breastmilk available through the Human Milk Banking 
Association of North America. 

~01044 
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FDA Questions Re: Probiotic Notification 

Questions concerning the interaction between the two microorganisms and (1) the infant 
gut, and (2) other microorganisms in the infant gut. 

7. How will the two microorganisms affect the environment of the infant’s gut? 

See submission, volume 1, pages 14-16 (Notes from March 2,2000 meeting with 
Center Officials; volume 2, Tab D 

8. What assurance is provided that there will be no transfer of genes or plasmids in 
the infant gut? 

See submission, volume 1, pages 18-1 9 (Notes from March 2,2000 meeting with 
Center Officials) 

Questions regarding the effects of the two microorganisms on infant health. 

9. Does the consumption of formula containing the two microorganisms affect an 
infant’s metabolism? 

See submission, volume 1, pages 20-21 (Notes from March 2,2000 meeting with 
Center Officials) 

10. What metabolic endpoints are produced by the two microorganisms and what are 
the effects of these endpoints on the health of infants? 

See submission, volume 1, pages 22-24 (Notes from March 2,2000 meeting with 
Center Officials) 

1 1. Would consumption of the two microorganisms lead to greater incidence of 
infectious disease in infants? 

See submission, Volume 1, Tab A, pages 57-59 (Bifidobacterium; Potential 
Adverse Effects), pages 8 1-83 (Streptococcus, Potential Adverse Effects). None 
of the known clinical studies and extensive experience indicate an increased 
morbidity of any kind associated with the consumption of an infant formula or 
growing up milk among infants and children. 

12. What is the risk of aspiration-induced pneumonia? 

There is not.any known evidence that Bifidobacterium or S. thermophilus causes 
pneumonia. None of the clinical studies and practical commercial experience 
indicated any adverse effects among infants and children, including aspiration and 
possible upper respiratory infections. 

13. Does consumption of infant formula containing the two microorganisms modulate 
(by increasing or by decreasing) the systemic immune system of infants? 

001045 
August 10,2001 

Created by Roger Clemens 



FDA Questions Re: Probiotic Notification 

See submission, Volume 1, pages 16-18 (Notes from March 2,2000, meeting with 
Center Officials); Tab A, pages 6 1-63 (Bifidobacterium; Immunomodulatory 
Effects), and pages 84-85 (Streptococcus, Immunomodulatory Effects). 

14. Would consumption of the two microorganisms lead to (1) adverse changes in 
normal physiological development of the immune system of the infant gut? (2) 
modulation of developing immune system? (3) stimulation of intestinal 
lymphoid? 

See submission, Volume 1, pages 19-20 (Notes from March 2,2000, meeting with 
Center Officials), Volume 1, Tab A; Volume 2, Tab D; Volume 3, Tab E. None 
of the clinical studies, even among high-risk infants (atopic disease, Crohn’s 
disease, chronic diarrheal disease), suggest probiotics may present untoward 
immunological effects in infants and children. 

August 10,2001 
Created by Roger Clemens 



Possible relation between probiotic containing formulations or foods 
and aspiration pneumonia in infants with gastro esophageal (GE) 
reflux. 
Aspiration pneumonia is an infection of the lung parenchyma (tissue) that 
results from the presence of oral, gastric or foreign material in the lower 
airway. Typically, aspiration of these materials will induce an inflammatory 
reaction in the airway depending on the location, the volume aspirated and 
the nature of these foreign substances. Material can be aspirated - directly, 
when a individual eats or drinks, and the swallowing mechanisms are not 
adequately coordinated to protect the airway, or - indirectly, when 
esophageal or gastric contents reflux back to the mouth or pharynx and can 
then be aspirated into the airway, again, when adequate swallowing 
mechanisms don’t protect from entry of these in to the airway (larynx, 
trachea or bronchi). 
When this aspiration occurs in infants, the most common effects are in the 
upper airway, and are reactive and inflammatory consequences (stridor, 
cough and wheezing from laryngeal and tracheal irritation , most commonly 
chemically induced, and typically they are not infectious). Gross aspiration 
of large amounts of oral secretions, with normal flora, or of refluxed 
materials occurs in significantly compromised infants or individuals, 
including tracheo esophageal fistulas, laryngeal, clefts, unconscious subjects, 
and infants and children with severe swallowing dysfunction due to CNS 
involvement, cerebral palsy, etc. 

GE reflux occurs in essentially in all infants, and practically all normal 
infants will regurgitate (“spit up”) gastric contents, in varying amounts and 
frequency. Most infants of course, do not develop aspiration pneumonia 
secondary to reflux. Thus, normal infants have mechanisms to protect them 
from aspiration and its complications. However, some infants and children 
can develop “pathologic gastro esophageal reflux”. This is generally defined 
as GE reflux which leads to poor growth (from not taking and maintaining 
caloric intake), esophagitis (from gastric acid irritation of the distal -lower- 
esophagus), and respiratory symptoms, sometimes from aspiration of 
refluxed gastric and or esophageal contents. These respiratory symptoms, as 
mentioned above, typically present as inflammatory reactions of the airway, 
due to gastric acid contents irritating the upper airway and causing 
inflammatory reactivity. Aspiration pneumonia, in this context, and in the 
absence of the anatomic and neurologic risk factors mentioned above are not 
a common or significant complication, even in the majority of infants who 
“spit up”. 

001047 



Nevertheless, aspiration of enough foreign materials will occur in certain 
circumstances, as mentioned above. When this happens, the most common 
reaction is a “chemical pneumonitis”, again from acid contents irritating 
lung tissue. Infection often occurs secondarily, and is usually caused by 
pathogenic flora (organisms normally found in the oral and respiratory tract) 
whch can thrive in this environment. Most commonly these organisms are a 
mixed flora, mostly gram negatives, including Klebsiella, anaerobes such as 
Bacteroides, and gram positive organisms such as Staphylococci. These 
organisms are pathogens that can also cause infectious pneumonia that is 
unrelated to aspirative problems, as many other infectious pathogens of the 
airway. 

We are not aware of any report of pneumonia due to BiJidobacteria or 
Streptococcus thermophilus, or other well described probiotic agents, nor 
related to foods (like fermented milk products). These agents have not been 
associated with pneumonia, occurring as a spontaneous infection, and are 
not included in extensive lists of respiratory pathogens. They also have not 
been associated to pneumonia due to direct aspiration while swallowing (as 
when eating foods with probiotics), nor by aspiration or regurgitated or 
vomited contents (following ingestion of probiotic containing foods, 
including yogurts or other fermented milk products). It is important to note 
that pneumonia can occur, spontaneously and from aspiration due to these 
organisms, which are normally found in the intestine (Staphylococci, 
Klebsiella, Bacteroides, etc), however, pneumonia has not been described 
with Bzfidobacteria, despite this being the most common type of organism in 
the intestine of many infants. These probiotic organisms simply don’t have 
this pathogenic capability. 

In summary, there is no actual nor theoretical evidence to link probiotics, 
specially bzfidobacteria to any potential for aspiration pneumonia in general, 
nor in infants with GE reflux. 
9 GE reflux in extremely common in normal infants. Respiratory 

complications occur in a significant minority of these. 
When respiratory problems occur, upper airway, reactive 
(bronchospasm), and non infectious inflammatory respiratory 
complications are the most common. . Aspiration pneumonia is extremely unusual in the absence of significant 
risk factors (anatomical, neurologic, etc), and when it OCCLXS it is most 

9 



cornmon a chemical pneumonitis, which can become secondarily 
infected. 
When infection does occur, the organisms associated to these events have 
never been those ingested in probiotic containing foods, nor from the 
probiotic species which already are present in the intestine of children. 
In all the studies including adults, children and infants, ingesting 
probiotic organisms pneumonia associated to bifidobacteria have not 
been described. Thus, probiotic foods would have no more reason to be 
of any concern than any other foods or formulations, even in populations 
with the risk factors mentioned above. 

. 

Possible relationship between ingestion of probiotics and 
intussusception. 
Intussusception occurs when a portion of the intestinal tract is telescoped 
into a segment just distal to it. It’s among the most common causes of 
intestinal obstruction in infants; it is more common in male infants and is 
rare in neonates. Occasionally, affected infants resolve spontaneously, but 
most require medical or surgical intervention. The cause of intussusception 
is unknown. Some conditions that have been associated as contributory or 
possible triggers include viral infections, otitis media, gastroenteritis, and 
upper respiratory infections. In a small number of patients, recognizable 
“lead points” can be identified. These masses of protrusions into the 
intestinal lumen may stimulate intestinal peristalsis in an attempt to extrude 
the mass, thus causing an intussusception. Lead points are more common in 
very young and older patients. Examples of these lead points are an inverted 
appendiceal stump, Meckel diverticulum, an intestinal polyp, duplication, or 
lymphosarcoma. Other lesions include metastatic tumors, hemangioma, 
foreign bodies, parasitic infection, and fecoliths; and they can occur after 
cancer chemotherapy. Lead points are more common in very young and 
older patients. Recently, an increased risk for development of 
intussusception has been associated with the administration of rotaviral 
vaccine. It has been postulated that swollen Peyer patches in the ileum may 
act as a lead pont, stimulate intestinal peristalsis in an attempt to extrude the 
mass, thus causing an intussusception. This could be the mechanism in viral 
intestinal infections or rotavirus vaccine administration. 

Given the generalities mentioned above, there is very little reason, if any at 
all, for any concerns that probiotic agents could increase the chances for 
intussusception infants and children. 



We are not aware of any association of ingestion of probiotic agents and 
intussusception in subjects of any agent consuming large amounts of 
probiotic supplemented or fermented foods. 
Intussusception has not been reported in any controlled or uncontrolled 
studies we are aware of, even in “high risk populations” such as infants 
and children in developing country situations where the exposure to large 
numbers of pathogens which would lead to increase in Peyer patch 
number or size (which could act as potential lead points) could heighten 
the risk. 
There are also theoretical reasons to suspect that the decrease in acute 
episodes of gastroenteritis, and more recently, of respiratory infections 
demonstrated in infant and children populations consuming probiotics 
may actually decrease the chances of development of intussusception. 
Additionally, it has become more evident from recent research that 
probiotics in general modulate the response of gut associated lymphoid 
tissue, rather than simply increasing lymphoid or inflammatory 
responses, and actually decreasing inflammatory reactions such as those 
associated to allergic food sensitization. 
Finally, many infants already have large amounts of bifidobacteria in the 
gut, in many situations significantly more than could ever be provided by 
any fermented product or probiotic formulations (see dose issue below), 
and breastfeeding infants (with large bifidobacterial populations in their 
intestine) are not more prone to intussusception (if anything they may be 
protected from it). 

Considerations related to potentially “excessive doses of probiotics” in 
supplemented formulations or as supplements. 
Most probiotic supplementation and intake doses have been determined by 
attempts to deliver doses “close” to what is already present in the large 
intestine and by technical and practical constraints. In fermented milk 
products for example, the maximal bacterial mass in the product will be 
limited by the substrate available for their metabolism in the milk, as well as 
the decrease in pH in the fermented milk product, which limits the growth 
of the organisms to maximum levels. Thus, products containing more than 
lo6 to lo8 are rarely feasible or available. Most yogurts or probiotic 
supplements, including capsules with lyophilized organisms contain below 
1 o6 - 1 o8 organisms per serving. 
In the normal intestine (which can have close to 500 species) bacterial 
counts can reach up to 10l2 - 10’40rganisms per ml. 



It is clear that significant “doses” of probiotics can be delivered for 
consumption, but these will rarely exceed the levels of some species already 
resident in the colon. Breast fed infants, for example, have amounts of 
bifidobacteria significantly above many formula fed infants. Supplemented 
formulas can increase bifidobacteria levels in children with low levels (such 
as those who are formula fed) but would not be able to deliver levels higher 
than what most breast feeding babies already have. 

In addition, it should be noted that any increments in supplementation, to be 
significant in the context of ranges of intestinal organisms, need to be 
measured in logarithmic increases. As an example, to deliver one more log 
of probiotic bacteria using a particular product (such as a yogurt serving, or 
formula serving or capsule) this means increasing the dose by 10 times. 
Thus, if that probiotic product contains lo7 organisms, one would have to 
take 10 servings (1 0 yogurt cups or 10 capsules) to increase intake by only 
one log. Consequently “overdosing” of these agents, with currently available 
products is not practically possible 
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Attached please find Roger Clemens' responses to the tentative questions 
posited last February concerning aspects of the manufacturhg process for the cultures at 
issue as well as the antibiotic resistance profile for S. Thsmophilus. Upon your review 
of these matcrials, please let me know if there is any additional information we can 
provide. 

Sincerely, 

Fred H. Degnan 
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* 1. Explain whether the manufacturing process iiicludes washing steps or 

centrifugation to remove residual media components prior to lyophilization. 0 

In summary, prime ampoules of the lactic acid cultures are aseptically preparcd 

following microbiological GLP for production of commercial ampules. All media 

ingredients for commercial production with these ampules are food grade quality 

and sterilized in the fermenters, Cultures are grown under specified conditions 

and then centrifbgcd to concentrate the culture and 10 reduce the presence of 

residual fermentation media components. The culturc concentrate is then 

lyophilized. 

The general manufacturing steps for the probiotic cultures were described by 

Naidu, Bidlack and Clemens.' Specific steps based on those used by Chr. Hansen 

(Copenhagen, Denmark), the lactic acid bacteria supplier for Nestli, are outlined 

below, 

Prime Ampule Procedures: 

Isolated lactic acid cultures are grown in two (2) liters of sterile media. The 

culutrcs are monitored for growth rate and lactic acid bacteria population density. 

', Naidu AS, WR Bidlack, RA Clemens, Probiotic spcctra of lactic acid bacteria (LAB), Crit Rcv Food 
Sci Nutr 1999; 38(1):12-126 
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. When the desired population density is achieved, the culture is aseptically 

transferred to five ( 5 )  ml vials and rapidly heat-sealed under partial vacuum. 

These vials are then frozen and stored in liquid nitrogen. Twenty vials are 

evaluated €or quality and genetic punty. The quality tests include assessment of 

possible contaminants such as coliforms, Bacillus cereus, yeast and mold, and h e  

presence of other lactics. Once the lot of prime ampules are evaluated and meet 

release criteria, they are acccpted for production ampulr: preparation. 

Producti.on &pule Procedurcs: 

Production ampules are produced from prime ampules. The prime ampules arc 

used to inoculate 1-2 liters of sterile media. This fermentation in this media is a 
monitored and stopped at the optimum point (e.g., pH, concentration, viability) for 

harvesting. The ferment (media plus cuhirc) i s  then transferred to 10 rnl vials and 

frozen in liquid nitrogen. Similar to the primary ampules, the production ampules 

are tested for culture purity and genetic stability. When a statistical sampling of 

these vials and their contents meets release criteria, the contents arc then used to 

produce the pre-inoculum culture for commercial production. 

All work on ampules is performed under a Class 1 microbiological hood. The 

most stringent controls are associated with each step in order to minimize the 

possibility of microbiological contamhation and to maintain cdture purity. 
aom55 

e 
FDA-ProbiaticsQuestionsPebruary200 1-Rev1 .doc 

R. Cleniens; Page 2 of 8 



NOU-13-2065 11:21 

Inoculum 

P.05 

The production ampule is used to prepare the production inoculum. Using aseptic 

technique and sterile rncdia, the inoculum is incitbated under specifiad conditions 

to optimize growth and yield, and then cooled to 4°C. 

This cooled pre-inoculum material is bansferred under aseptic conditions to a 

sterilized 50-500 liter fermentation tank. Following the prescribed time under 

standardized growth conditions, the tank contents are cooled and tested for 

possible contamination. Once the contents pass quality control standards, the 

matcriaX is used to inoculate thc commercial fermentation tanks, The transfer of 

inoculum to the fermentation tanks is pcrformed using a pre-sterilized pumping 

system. 

a 

Fermentation 

All of the raw ingredients are food grade and must meet specified compositional 

and microbiological standards, The sterilized media in the fermenters is tested for 

13. cereus, coliforms, Enterococcus,, and S~uphylacocc~s aureus. After the 

fermentation is completed, the ferment is once again tested for B. cereus, 

FDA-ProbioticsQues tionsFebruary200 1 - h ~  1. doc 
R. Clemens; Page 3 of 8 
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. colifonns, Enterococcus, S, uureus as well as the concentration of cultured lactic 
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acid bacteria via total plate count (TPC). 

Once the fermcnt meets quality control release standards and achieves the desircd 

lactic acid bacteria population, it is centrifuged to concentrate and prcpare the 

culture for lyophilization and to reduce the concentration of the growth media. 

Again, the concentrated culture is tested for the presence ofB. cereus, coliforms, 

Enterococcus, S. uureus and assessed for total count of lactic acid bacteria. 

Additional microbiological assessment of the finished lyophilized product incIudes 

fecd streptococci, yeast / mold; aerobic sporefonners, Listeria, Salmonella as well 

as the possible presence of othm microbiological contaminants previously 

indicated. 

2. Present information exists regarding the antibiotic resistance profile for S. 

therm oph ilus . 

S. thermophilus and L. bulguricus are required bacterial cultures for yogurt 

marketed in the United States (21 CFR 13 1.200) and have been an essential 

component of  yogurts for decades. This statute does not specify the strain of 5’. 

thermophilus nor does it indicate m y  standard or requirement to evaluate potential 

antibiotic resistance of yogurt cultures. Whilc many investigators have reported 

anti biotic resistances of lactic acid.bacteria, only one publication since 1980 

FDA-ProbioticsQutstionsFebruary200 l-Rw 1 .doc 
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. reports on antibiotic resistancc and sensitivity of 8. themzophilus. (Sozzi T and 

MB Smiley, Antibiotic resistances of yogurt starter cultures Sit-eptococcus 

thermophilus and Lactobacillus bulgaricus, Appl Environ. Micro 1980; 40(5): 862- 

865). 

S o z i  m d  Smiley evaluated the potential antibiotic resistance of 15 strains of S, 

thermophilm relative to 35 antimicrobial agents. These strains were obtained 

from yogurt manufacturers located in Europe and the USA. The antibiotic 

resistance pattern from, this study is shown in the attached table. All cultures were 

sensitive to ampicillin (0.5 pg), aureomycin (1 0 pg), bacitracin (SU), carbenicillin 

(50pg), cephaloridine (30 pg), cephalothin (30 pg), chloroniycetin ( 5  pg), 

clindamycin (2 pg), dicloxtzcillin (1 pg). doxycycline (30 pg), erythromycin (2 

pg), Mandelamine (3 pg), methicillin ( 5  pg), oleandomycin (1 0 pg), penicillin G 

(OS U), rifampin ( 5  pg), Temrnycin (10 pg), and tetracycline (1 pg). None was 

resistant to penicillin, tetracycline, or erythromycin. In this study, most strains of 

5: thermophilus were naturally resistant to neomycin, polymyxin B, and 

streptomycin. More reccnt studies, however, suggest somc unspecified strains of 

S. tlzermophilus are penicillin-resistant.2.3 None of the antibiotic resistance 

assessment studies included the Th4 strain of $. tlzermophilus, Since S. 

Chirica LC, Guray T, Gurakan GC, Bozoglu TF, Characterization of cxtracellular beta-lactamases 
from pcnicilliii G-resistant cells of Skeptococcus thcniiophilus, I Food Prot 1998; 61 (7);896-898 
Korycha-Dah1 M, Richardson T, Bradley RL Jr, Use of microbial belia-hclaniasc to dcstroy penicillin 
addcd to milk, J Dairy Sci 1985; 68(8):1910-1916 001058 

FDA-ProbioticsQuestionsFcbruary200 I-Rev 1 .doc 
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thermopliilus has a long history of food usage in many countries, including the 

United States, and since that none of the studied strains of this organism 

demonstrated a resistance to a broad spectrum of antibiotics, but rather presented a 

sensitivity to many comnon antimicrobial agents, the continued use of S. 

thermophilus, including the Th4 strain used by Nestlk, in thc food supply does not 

present an adverse public health risk. 

a 

a FDA-ProbioticsQuestio1lsFebmary200 1-Revl .doc 
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1. Explain whether the manufacturing process includes washing steps or 

centrifugation to remove residual media components prior to lyophilization. 0 

In summary, prime ampoules of the lactic acid cultmres are aseptically prepared 

following microbiological GLP for production of commercial ampules. All media 

ingredients for commercial production with these ampules are food grade quality 

and sterilized in the fermenters. Cultures are growii under specified conditions 

and then centrifuged to concentrate the culture and to reduce the presence of 

residual fermentation media components. The culture concenkate is then 

lyophilized. 

The genera1 manufacturing steps for the probiotic cultures were described by 

Naidu, Bidlack and Clemens. ' Specific steps based on those used by Chr. Hanseii 

(Copenhagen, Denmark), the lactic acid bactcria supplier for Nestle, are outlincd 

below, 

Primc Ampule Procedures: 

e 

Isolated lactic acid cultures are grown in two (2) Iiters of sterile media. The 

culutres are monitored for growth rate and lactic acid bactcria population density. 

'* Nsidu AS, WR Bidlack, RA Clemens, Probiotic spectra of lactic acid bacteria (LAB), Crit Rev Food 
Sci Nutr 1999; 38(1):12-126 
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When the desired population density is achieved, the culture is aseptically 

trailsferred to five ( 5 )  in1 vials and rapidly heat-sealed under partial vacuum. 

These vials me then frozen and stored in liquid nitrogen. Twenty vials are 

evaluated for quality and gcnetic punty. Thc quality tests includc assessment of 

possible contaminants such as coliforms, Bacillus cereus, yeast and mold, and the 

prescnce of other lactics. Once the lot of prjme ampules are evaluated and mect 

release criteria, they are accepted for production ampule preparation. 

a 

Production Ampule Procedures: 

Production ampules are produced from prime ampules. The prime ampules are 

used to inoculate 1-2 Iitcrs of sterile media. This fermentation in this media is 

monitored and stopped at the optimum point (e.g., pH, concentration, viability) for 

harvesting. The ferment (media plus culture) is then transferred to 10 ml vials and 

frozen in liquid nitrogen. Similar to the primary ampules, the production ampules 

are tested for culture punty and genetic stability. When a statistical sampling of 

these vials and their contents meets release critcria, the contents are thcn used to 

produce the pre-inoculum culture for commercial production. 

e 

All work on ampules is'performed under a Class I microbiological hood. The 

most stringent controls are associated with each step in ordcr to minimize the 

possibility of microbiological contamination and to 'maintain culture purity, 

FDA-ProbioticsQuestionsFebrunry200 1 -Rev 1 .doc 
R. Cleinens; Page 2 of 8 
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Inoculum 

The production ampule is used to prepare the production inoculum. Using aseptic 

technique and sterile media, the inoculum is incubated under specified conditions 

to optimize growth and yield, and then cooled to 4°C. 

This cooled pre-inoculum material is transferred under aseptic conditions to a 

sterilized 50-500 liter fermentation tank. Following the prescribed time under 

standardized growth conditions, the tank contents are cooled and tested for 

possible contamination. Once the contents puss quality control standards, the 

material is used to inoculate the commercial fermentation tanks. The transfcr of 

inoculum to the fermentation tanks i s  performed using a prc-stcriIized pumping 

system. 

Fermentation 

All of the raw ingredients are food grade and must meet specified compositional 

and microbiological standards. The sterilized media in thc fcrmenters is tested for 

U. cereus, coliforms, Enterococcus, and Staphylococcus aweus. After the 

fermentation is completed, the ferment is once again tested for B. cereus, 

FDA-ProbioticsQuestionsFebruary200 1 ,Rev I .doc 
R. Clemens; Page 3 of 8 
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a 
coliforms, Enterococcus, S. aureus as well as the concentration of cultured lactic 

acid bacteria via total plate count (TF'C). 

Once the ferment meets quality control release standards and achieves the desired 

lactic acid bacteria population, it is centrifuged to concentrate and prepare the 

culture for lyophilization and to reduce the concentration of the growth rncdia. 

Again, the concentrated culturc is tested for the presence of B. cereus, coliforms, 

Enterococcus, S. nureus and assessed for total count of lactic acid bacteria, 

Additional microbiological assessment of the finished lyophilized product includes 

€ea1 streptococci, yeast / mold, aerobic sporeformas, Listerin, Salmonella as well 

as the possible presence of othcr microbiological contaminants previously 

indicated. 

2. Present information exists rcgarding the antibiotic resistance profiIc for S. 

thermup hilus. 

S. tlaormophilus and L. bulgaricus are required bacterial cultut-cs for yogurt 

marketed in the United States (21 CFR 131.200) and have been an esscntial 

component of yogurts for decades. This statutc does not specify thc strain of S. 

a 

th.ermophiZus nor does it indicate any standard or requirement to evaluate potential 

antibiotic resistance of yogurt: cultures. While many investigators have reported 

antibiotic resistances of lactic acid bacteria, only one publication since 1980 

FD A-Probi o ticsQues tionsFebruary200 1 -Rev I ,  doc 
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reports on antibiotic rcsistance and sensitivity of 5'. thennophilus. (Sozzi T and 

MB Srniley, Antibiotic resistances of yogurt starter cultures Streptococcus 

thermophilus and Lactobacillus buiguricus, Appl Environ Micro 1980; 40(5): 862- 

8G5). 

Sozzi and Smiley evaluated thc potential antibiotic resistance of 15 strains of S. 

thermophilus relative to 35 antimicrobial agents. These strains were obtained 

fiom yogurt manufacturers located in Europe and the USA. The antibiotic 

resistance pattern from this study is shown in the attached table. All cultures were 

sensitive to ampicillin (0.5 pg), aureomycin (10 pg), bacitracin (5U), carbenicillin 

(50pg), ccphaloridine (30 pg), cephalothin (30 pg), chloromycctin ( 5  pg), 

clindamycin (2 pg), dicloxacillin (1 pg). doxycycline (30 pg), erythromycin (2 

pg), Mandelamine (3 pg), methicillin ( 5  pg), oleandomycin (I 0 pg), penicillin G 

(0.5 U), rifarnpin ( 5  pg), Terramycin (10 bg), and tetracycline (1  pg). None was 

resistant to penicillin, tetracycline, or erythromycin. In this study, most strains of 

S. thermophilus were naturally resistant to neomycin, polymyxin E, and 

streptomycin, More recent studies, however, suggest some unspecified strains of 

S. thermophilus are penicillin-resistant.2'~ None of the anti biotic resistance 

assessment studies included the Th4 strain of S'. thermophilus. Since S. 

' Chirica LC, Guray T, Gurakan GC, Bozoglu TF, Characterization of extracellular beta-lactanlases 
fiom penicillin G-resistnnt cells of Strcptococcus thennophilus, 1 Food Pmt 1998; 6 1 (7):896-898 

'. Korycha-Dahl M, Richardson T, Bradley Iu, Jt, Usc ofrnicrohial beta-1act;lmase 10 destroy pciiicillin 
added to milk, JDairy Sci 1985; 68(8):1910-1916 
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thermophilus has a long history of food usage in many countries, including the 

United States, and since that nonc of the studied strains of this organism 

demonstrated a resistancc to a broad spectrum of antibiotics, but rather presented a 

sensitivity to many common antimicrobial agents, the continued use of S. 

thermophilzis, including the Th4 strain used by Nestle, in the food supply does not 

present m adverse public health risk. 

FDA-ProbioticsQuestionsFebruary200 1-Revl .doc 
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1 Table 1. Antibiotic Resistance4 Patterns for strains of S. themophihis 

n 

Antibiotic 

Cloxacillin’ 
Colirnycin 
Dihydrostreptomvcin’ 
Doxycycline 
Furadant in’ 

Gentamicin 
Kanamycin 

Lincomycin’ 
Mandelamine 
Mycostatin 
Nalidixic acid 
Neomycin’ 

Novobiocin’ 

Oleandomycin 
Oxacillin’ 
Polymyxin B’ 
Solfan~ethoxazole- 
m’methoprim 

Streptomycin 

Sulfadiazine 
Sulfamethoxypyridazine 

* 
‘ 

~~ 

Resisfance is denoted by R; unless so indicated, strains were sensitive. 4. 

’- Antibiotic reported by GW Reinhold and MS Reddy [Sensitivity or resistance dairy starter and associated microorganisms to selected antibiotics, I. Milk Food Tech ? 
m 

Q 

P 
0 
33 
-1 

0 0 1974; 37:517-521] 
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