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JHeimbach LLC 

January 20,2006 

Robert L. Martin, Ph.D. 
Deputy Director 
Division of Biotechnology and GRAS Notice Review (HFS-255) 
Ofice of Premarket Approval 
Center for Food Safety and Applied Nutrition 
Food and Drug Administration 
5 100 Paint Branch Parkway 
College Park, MD 20740 

Dear Bob: 

Pursuant to proposed 21 CFR 170.36 (62 FR 18960; April 17,1997), the Fonterra 
Cooperative Group, of Auckland, New Zealand, through me as its agent, herby provides 
notice of a claim that the use of the probiotic bacterium in infant formula as described in 
the enclosed notification document is exempt from the premarket approval requirement 
of the Federal Food, Drug, and Cosmetic Act because Fonterra Coopoerative Group has 
determined that the intended addition of the subject probiotic to infant formula is 
generally recognized as safe (GRAS) based on scientific procedures. 

4 ”  

As required, three copies of the notification are provided. Additionally, three 
copies are provided of the Conclusion of the Expert Panel, including the signatures of the 
four members of the panel. 

If you have any questions regarding this notification, please feel free to contact 
me at 804-742-5548 or jh@,-iheimbach.com. 

Sincerely, 

James T. Heimbach, Ph.D., F.A.C.N 
President 

Encl . 

923 Water Street, P.O. Box 66, Port Royal Virginia 22535, USA 
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1. GRAS Exemption Claim 

1.1. Name and Address of Notifier 

Fonterra Co-operative Group 
Private Bag 92032 Auckland 1142 
Fonterra Centre 9 Princes St Auckland 10 10 
New Zealand 

Contact: Sonia Chandra, Regulatory Manager, Fonterra Ingredients 
Telephone: 64 9 374 9064 
Facsimile: 64 9 379 8323 
E-mail: sonia.chandra@fonterra.com 

1.2. Name of GRAS Organism 
The subject of this Generally Recognized as Safe (GRAS) determination is a strain of the 

probiotic bacterium Lactobacillus rhamnosus designated "00 1. The strain, which was isolated 
from a cheddar cheese that has been consumed in New Zealand for more than 20 years, is known 
commercially as L. rhamnosus DR20TM or simply DWOTM and as Howaru RhamnosusTM. 

1.3. Intended Use and Consumer Exposure 

neonates and to powdered follow-on formula at a level of 10' colony forming units of L. 
rhamnosus per gram (cfdg) of powdered formula. With normal dilution of the powdered formula 
in water at 13.5 gA 00 ml, the concentration of L. rhamnosus in the prepared formula would be 
1.35 x lo9 cfd100 ml. This level of L. rhamnosus is intended to ensure a minimum concentration 
if lo6 cfdg throughout the 12-1 8 month shelf life of the formula. Assuming an average formula 
intake of 800 ml/day, and potential loss of viable organisms over the shelf-life of the product, the 
daily intake of L. rhamnosus strain "00 1 would be approximately 1 09- 10'' cfdday. 

L. rhamnosus strain "001 is intended to be added to powdered infant formula for term 

1.4. Basis for GRAS Determination 

based on scientific procedures as described under 21 CFR §170.30(b). 
Fonterra's GRAS determination for the intended use of L. rhamnosus strain "00 1 is 

GRAS Determination for 
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Determination of the safety and GRAS status of the intended use of L. rhamnosus strain 
JAN001 in infant formula was made through the deliberations of an Expert Panel consisting of 
Joseph F. Borzelleca, Ph.D., Walter H. Glinsmann, M.D,, Berthold V. Koletzko, M.D., and 
Michael W. Pariza, Ph.D., who reviewed a monograph prepared by JHeimbach LLC as well as 
other information available to them. These individuals are qualified by scientific training and 
experience to evaluate the safety of ingredients including probiotic microorganisms intended for 
addition to infant formula. They critically reviewed and evaluated the publicly available 
information and the potential infant exposure to L. rhamnosus strain "NO01 resulting from its 
intended use and individually and collectively concluded that no evidence exists in the available 
information on L. rhamnosus strain "001 or other L. rhamnosus strains that demonstrates or 
suggests reasonable grounds to suspect, a hazard to infants under the intended conditions of use 
of L. rhamnosus strain HNOO1.  

It is the Expert Panel's opinion that other qualified scientists reviewing the same publicly 
available data would reach the same conclusion. Therefore, the intended use of Lactobacillus 
rhamnosus strain €€NO01 in infant formula is GRAS by scientific procedures. 

1.5. Availability of Information 
The data and information that serve as the basis for the GRAS determination will be sent 

to the FDA upon request, or are available for the FDA's review and copying at reasonable times 
at the ofice of James T. Heimbach, Ph.D., President, JHeimbach LLC, 923 Water Street, P.O. 
Box 66, Port Royal, Virginia 22535, telephone 804-742-5548 and e-mail jh@jheimbach.com. 
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2. Identity of the Organism 

2.1. Name of the GRAS Organism 

probiotic bacterium Lactobacillus rhamnosus designated "001. The strain is known 
commercially as L. rhamnosus DR20TM and as Howaru RhamnosusTM. 

The subject of this Generally Recognized as Safe (GRAS) determination is a strain of the 

2.2. Source of the GRAS Organism 

consumed in New Zealand for more than 20 years. It is maintained in the culture collection of 
lactic acid bacteria held at the Fonterra Research Centre (formerly known as the New Zealand 
Dairy Research Institute) in Palmerston North, New Zealand. The strain has also been deposited 
with the Australian Government Analytical Laboratories (AGAL) as deposit number 
NM97/095 13. 

L. rhamnosus strain "001 was originally isolated from a cheddar cheese that has been 

2.3. Description of the GRAS Organism 

classification of lactic acid bacteria (LAB). LAB comprise a group of microbes related by 
common metabolic functionality-the production lactic acid as the major metabolic end product 
of carbohydrate metabolism-and common physiological traits. LAB are Gram-positive, non- 
spore-forming, and catalase-negative and are devoid of cytochromes (Holzapfel et al. 2001). 
They are preferential nonaerobes but are aerotolerant, acid-tolerant, and strictly fermentative. 
Although they are not a strictly defined taxonomic grouping, LAB generally are considered to 
include the following phylogenetically related genera, which have several biochemical and 
ecological features in common (Axelsson 1998): Aerococcus, Alloicoccus, Carnobacterium, 
Dolosigranulum, Enterococcus, Globicatella, Lactobacillus, Lactococcus, Lactosphaera, 
Leuconostoc, Oenococcus, Pediococcus, Streptococcus, Tetragenoccus, Vagococcus, and 
Weissella. Due to similarities in its biochemistry, physiology, and ecology, the genus 
Bifidobacterium is often considered to be a LAB as well, even though it is phylogenetically 
unrelated (Axelsson 1998). With the exception of some Streptococcus species and possibly some 
Enterococcus strains, most LAB strains are considered to have little or no pathogenic potential 
(Donohue and Salminen 1996; Adams 1999). LAB have a long history of use in fermented and 
non-fermented foods and have been noted for their ability to inhibit other microorganisms 
capable of causing foodborne illness or food spoilage (Adams, 1999; Donohue and Salminen 
1996). Furthermore, some LAB are ubiquitous as minor components in the intestinal epithelium 
and the gastrointestinal tract of humans of all ages. All of these factors lead to the reasonable 
conclusion that most LAB strains are safe for use in conventional foods that may be consumed 
by all members of the general population. 

Lactobacillus rhamnosus is a Gram-positive bacterium that is a member of the broad 

Lactobacillus is a non-pathogenic genus, comprising the rod-shaped LAB, that consists 
of over a hundred species. A report by the European Food Safety Authority in November 2007 
(EFSA 2007b) identified 112 species, while Bernardeau et al. (2007), writing in the same year, 
suggested that the genus contains some 135 species and 27 subspecies. Lactobacillus is a 
heterogeneous genus with a large variety of phenotypic, biochemical, and physiological 
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properties; it has been suggested that the extreme diversity of the Lactobacillus genomes would 
justifi recognition of new subgeneric divisions (Bernardeau et al. 2007). Lactobacilli are rod- 
shaped, non-motile, and non-sporulating. Lactobacilli grow under reduced oxygen conditions in 
habitats where ample nutrients exist. Members of the genus may be either homo- or 
heterofermentative. The former convert carbohydrates to lactic acid through the glycolytic 
pathway, while the latter convert carbohydrates using phosphoketolase to produce lactic acid, 
acetic acid, ethyl alcohol, and carbon dioxide. L. rhamnosus is a facultative hexose 
heterofermenter (Cogan 1996). While homofermeters are obligate homofermetative, 
heterofermatative strains may be either obligate or facultative. They are used in commercial 
applications for the fermentation of dairy products, h i t s ,  vegetables, and meats (Aguirre and 
Collins 1993; Gasser 1994). Some Lactobacillus strains are found in the gastrointestinal tract of 
healthy humans of all ages, where they are among the “normal” bacteria (Saxelin et al. 1996b; 
Goldin et al. 1992). 

The classification of the Lactobacillus genus has evolved over the past several decades as 
a number of advances in molecular biology, particularly widespread use of 16s rDNA gene 
sequence analysis, have allowed further differentiation within groupings previously regarded as 
single species. Thus, over 100 species are now recognized while only a decade ago the number 
was barely over 50 (Axelsson 1998). Bernardeau et al. (2006) observed that the process of 
nomenclature change is continuous and ongoing. The L. casei group, previously regarded as a 
single species, is a case in point. Following a thorough molecular study of the L. casei complex, 
it was realized that L. casei ssp. rhamnosus was quite distinctive when compared with other L. 
casei strains and subspecies. Consequently, rhamnosus strains were denominated as a single 
species separate from L. casei, and all members of the former subspecies were transferred to a 
new species named Lactobacillus rhamnosus (Collins et al. 1989). Nevertheless, it must be 
borne in mind that the rhamnosus strains, although now classified as a species separate from L. 
casei, retain the high degree of similarity that was responsible for their original classification as a 
subspecies of the L. casei species. L. rhamnosus is rod-shaped and occurs in clusters, singly, or 
in pairs. As noted earlier, L. rhamnosus is a facultative hexose heterofermenter (Cogan 1996). 

It has been known for some time that L. rhamnosus, like L. casei, is a commensal 
organism found in the healthy intestine, vagina and distal urethra (Anukam et al. 2006; 
Voravuthikunchai et al. 2006). The species is often used in the preparation of food (e.g., cheese 
production, milk fermentation). Since L. rhamnosus is ubiquitous in the GI tracts of both humans 

XI and infra-human mammalian species, clearly it has long been ingested during normal food- 
consumption activities. As a result, it may be concluded that L. rhamnosus strains have a long - 
history of human ingestion with no apparent adverse effects. 

In an unpublished investigation, Kelly (1 997) differentiated individual strains among 4 1 
cultures of Lactobacillus spp. from the New Zealand Dairy Research Institute collection using 
pulsed-field gel electrophoresis (PFGE) of restriction endonuclease-digested chromosomal DNA. 
The indentified species included L. paracasei (21 cultures), L. rhamnosus (14 cultures, including 
strain GG [ATCC 53 1031 and the L. rhamnosus type strain [ATCC 4356]), L. acidophilus (4 
cultures), and L. casei (2 cultures). A range of restriction endonucleases were tested; for L. 
rhamnosus strains the most satisfactory restriction enzymes proved to be Asc I and Sfi I; however, 
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since Sfi I produced a small number of large fragments these strains were checked with another 
enzyme, Not I. 

The PFGE patterns of the 14 L. rhamnosus cultures were interpreted as representing 6 
distinct strains (Kelly 1997). As can be seen in Figures 1 and 2 ,4  cultures (all from Cheddar 
cheese) had similar patterns to "001- "003, "004, "4007, and "4010. All 5 of these 
cultures had the same Sfi I pattern; €€NO07 and "010 had the same Not I pattern as H N O O 1  
while "003 and "004 had slight variations with Not I. A distinct strain was represented by 
isolates "002, "008, "009, and "012, all 4 strains also from Cheddar cheese. A tenth 
Cheddar-cheese culture, H N O  15, was distinct from the first 2 strains and was identified as a third 
strain. Culture "03 1, isolated from the human gut, had a similar Not I pattern to "002 but 
differed considerably in its Sfi I pattern and was regarded as a fourth strain. Two cultures of L. 
rhamnosus strain GG from different sources ("033 [ATCC 531031 and HN033A) gave 
identical patterns to each other with both restriction enzymes. Finally, the L. rhamnosus type 
strain, ATCC 7469, was regarded as a sixth distinct strain. 
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Strain 2: lanes 6 = HN002,7 = "008, 8 = HN009,9 = HN012. 
Strain 3: lane 10 = "015 
Strain 4: lane 11 = "031 
Strain 5 (GG): lanes 12 = "033 (ATCC 53103), 13 = HN033A 
Strain 6: lane 14 = ATCC 7469 (type strain) 

jx 

- 

Figure 1. PFGE Patterns from L. rhamnosm Cultures Cut with Sfi I (Kelly 1997). - 
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Strain 2: 6 = lanes HN002,7 = HNOOS, 8 = HN009,9 = "012 
Strain 3: 10 = lane "015 
Strain 4: 11 = lane "031 
Strain 5 (GG): lanes 12 = "033 (ATCC 53103), 13 = HN033A 
Strain 6: lane 14 = ATCC 7469 (type strain) 

Figure 2. PFGE Patterns from L. rhamnosus Cultures Cut with Not I (Kelly 1997). 

It is clear from the PFGE patterns that strain "001 is not very closely related to strain 
GG, while it is quite similar to the type strain, ATCC 7469. 

Prasad et al. (1 999) screened about 200 strains representing numerous species of dairy 
LAB (lactobacilli and bifidobacteria) for their ability to survive at low pH and high bile 
concentrations. The benchmark for acid tolerance was set at 80% survival after 3 hours 
incubation at pH 3.0 at a temperature of 37°C. Similarly, a threshold was set of 80% survival in 
the presence of a 1% bile solution at the same temperature. L. rhamnosus strains generally were 
more tolerant to acidity and high bile concentration than most other strains. Only 4 strains met 
these stringent requirements and were chosen for further testing: L. rhamnosus "001, L. 
rhamnosus "067, L. acidophilus "017, and B. lactis "NO19 (now classified as B. animalis 
ssp. Zactis). Additionally, all strains that survived were able to proliferate in the acidic and high- 
bile concentration environment. 

API SOCHL test strips were used to analyze the sugar fermentation patterns of the strains 
(Prasad et al. 1999). The pattern generated by strain "NO0 1 was consistent with an L. rhamnosus 
GRAS Determination for 7 JHeimbach LLC 
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strain (as was "067; strain "01 9 was identified as a Bijidobacterium due to the presence of 
the enzyme fructose-6-phosphate phosphoketolase activity, a diagnostic feature of the genus, as 
well as its sugar fermentation patterns). Specifically, H N O O 1  and "067 fermented amygdalin, 
arabinose, cellobiose, esculim, galactose, glucose, lactose, maltose, mannitol, mannose, 
melezitose, rhamnose, sorbitol, sucrose, trehalose, hctose, and ribose, but not melibose, 
raffinose, or zylose. L. rhamnosus GG had the same fermentation pattern except it could not 
ferment arabinose or rhamnose. 

The SDS-PAGE pattern of strain "001 was also consistent with patterns generated by 
Lactobacillus rhamnosus, being similar to that of ATCC 7469, the type strain for L. rhamnosus 
(Prasad et al. 1999), a fmding that matches the conclusion provided by Kelly's (1 997) PFGE 
analysis Additionally, a fiagment of 16s rDNA gene (bp17-bp360) containing V1 region (hp 
66-hp 100) from "001 was amplified and sequenced and found to be identical to the L. 
rhamnosus type strain. DNA-DNA homology of 94% was found between "001 and the L. 
rhamnosus type strain ATCC 7469. Taken together, these tests provide confidence that strain 
"001 is correctly assigned to the L. rhamnosus species. 

2.4. Genomic Analysis 

2.4.1. Shotgun Sequencing 

the resulting sequence was annotated and analysed for genes that may be possible safety 
concerns. "001 genomic DNA was sequenced by the Anatomy Otago Genomics Sequencing 
Service at the University of Otago. A full picoplate was used for the sequencing reaction, 
resulting in 448,825 reads giving 109,063 kilobases (kb) of data. A previous estimate of the 
genome size based on PFGE data was about 2.99 Mb, giving at least 36-fold coverage of the 
genome. Assembly of these data produced 1 1 1 contigs of 2,909,284 bases (representing about 
97% of the "00 1 genome). Twenty-six contigs were small, 100-500 bases, and included a total 
of 5,783 bases. The majority of the sequence was contained in 85 contigs with an average size of 
34 kb. 

The whole genome shotgun sequence of L. rhamnosus strain "001 was determined and 

L. rhumnosus strain "001 was previously shown to contain 2 plasmids, pLROOl of 
approximately 8.5 kb and pLR002 of greater than 16.2 kb. Several contigs in the "001 draft 
genome sequence contained genes related to plasmid replication and partioning. Using these 
contigs as a starting point, PCR and sequencing of PCR products was used to close the gaps 
between these contigs and obtain the complete sequences of the 2 plasmids. The correct 
assemblies of these 2 plasmids were confirmed by restriction digests. 

2.4.2. Annotation and Publication of the Genome 

Center of Biotechnology Information (NCBI) Prokaryotic Genomes Automatic Annotation 
Pipeline (PGAAP, http:!lsww.ncbi .nlm.r?ih.~o\I/clenon;es/scatic/PiBeliiie.htural) was used to 
annotate the genome, and subsequently Integrated Genomics, Inc., was contracted to undertake a 
further annotation of "00 1. After completion of the work, the genome sequence and annotation 

Annotation of the genome was performed using two approaches. Initially, the National 
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of the genome and the 2 plasmids were submitted to the NCBI. These sequences were published 
with the Refseq accession numbers NZ~ABWJ00000000, NC-011223, and NC-011225. 

The process began with a short step to resolve conflicts of start sites, after which 
ribosomal RNAs were predicted by searching for sequence similarity against an RNA sequence 
database. In order to detect missing genes, a complete 6-frame translation of the nucleotide 
sequence was done and predicted proteins were masked. All predictions were then compared 
with all proteins from complete microbial genomes. Annotation was based on comparison to 
protein clusters and on the BLAST results. Conserved Domain Database and Cluster of 
Orthologous Group information was then added to the annotation. After frameshift detection and 
cleanup, the final output was analyzed and the results were submitted to GenBank. 

In a parallel analysis, Integrated Genomics used a set of gene identification tools and 
technologies to identify open reading fi-ames for the "00 1 genome sequence. Protein encoding 
regions and RNAs were identified and automatically annotated using an in-house non-redundant 
protein database that contains >3.5 million sequences from 1,272 genomes. The automatic 
annotation phase was followed by manual curation to predict functions for unassigned genes and 
resolve cases where the automatic curation disagreed with predictions made in accordance with 
pattern databases. Once a function was predicted with confidence, it was connected to a specific 
metabolic or cellular pathway from the already existing collection of metabolic/cellular pathways 
in the ERGO bioinformatics suite. Once functional assignments had been reviewed and potential 
problem areas identified, the assignment of genes into their respective pathways was reassessed. 
The result of this analysis was a complete list of pathways and biochemical processes that 
describe the basic metabolic capacity of L. rhamnosus strain "00 1. A total of 3,O 18 open 
reading frames was identified, with assigned functions for 2,104 (70%) of them and 1,625 (54%) 
in 1,03 1 asserted pathways. 

2.4.3. Annotation of the Plasmids 

using data fi-om the annotation of contigs contained on the plasmids. For regions of the plasmids 
not contained in the original set of contigs, BLASTX and BLASTP searching was used to 
identifjr remaining protein coding regions. As new BLAST hits were identified these were 
excluded from subsequent BLAST searching so sequences with lower BLAST scores were not 
missed. This analysis revealed that the sequence gaps in the original plasmid contigs were mostly 
associated with multi-copy transposases. The majority of the sequences in these gaps were 
present in the original assembly, but these contigs were small in size (and not in larger contigs 
due to their repeated nature) and so were not among the sequences originally annotated. Final 
annotation of pLROOl and pLR002 gave 13 and 40 predicted protein coding regions, 
respectively. 

Following completion of the sequence of the 2 "00 1 plasmids, they were annotated 

2.4.4. Results of the Genomic Analysis 

2.4.4.1. Antibiotic Resistance 
No genes encoding for antibiotic resistance, nor any sequences showing significant 

homology with known antibiotic resistance genes, were identified on either of the plasmids. 
Although L. rhamnosus strain "00 1, like most lactobacilli, is resistant to vacomycin, this 
resistance is not genetically based. While H N O O 1  possesses some of the genes required for the 
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synthesis of peptidoglycans with stem pentapeptides ending in D-alanyl-D-lactate, D-alanyl-D- 
serine, or D-alanyl-D-alanine, these genes are scattered throughout the genome rather than 
clustered together as expected if they were transferable. Thus it appears that vancomycin 
resistance in strain "001 is intrinsic and not transferable to other bacteria. A range of other 
genes possibly involved in antibiotic resistance were identified in the HNOO 1 genome, but none 
were closely linked to predicted mobile genetic elements and are thus unlikely to be transferable. 

2.4.4.2. Synthesis of Biogenic Amines 
Microbial biogenic amine formation occurs via the decarboxylation of amino acids, and 

so the "001 genome was analyzed for genes encoding amino acid decarboxylases that might 
catalyse the formation of biogenic amines. A gene that could possibly catalyze the conversion of 
ornithine to putrescine was identified, but no genes that could encode biosysnthesis of ornithine, 
suggesting that L. rhamnosus strain "001 cannot syntheize putrescine de novo. Two open 
reading frames were also identified that showed weak similarity to genes encoding lysine 
decarboxylases (which would produce cadaverine), but the open reading frames lack conserved 
domains identified in other lysine decarboxylases, suggesting that the capability for producing 
decarboxylase is lacking. 

2.4.4.3. Adhesion 
The genomic analysis identified several possible adhesins, including a putative collagen 

adhesion protein located on the large plasmid, pLR002. However, this appears to be a 
'pseudogene that has possibly arisen via insertion of a transposon followed by gene decay, and it 
is not clear that it is expressed at all and, if it is, wheher it would actually have collagen binding 
activity. Another sequence encodes for about 55 amino acids of an approximately 18O-amin0 
acid collagen-binding protein, but this is likely not adequate to result in collagen binding activity. 

2.4.4.4. Virdencefinfectivity 
While the genomic analysis identified several genes encoding for proteins related to 

known cell-invasion proteins, these same genes and their proteins are found in a range of other 
bacteria with no known pathogenic activity. Some of these are general housekeeping genes, 
encoding proteins such as enlase, an enzyme of glycolysis, and a peptidase thought to be 
involved in extracellular protein quality control and degradation. One sequence shows strong 
homology to a putative hemolysin annotated in Enterococcus faecalis, but the basis for the 
annotation is not clear as the domains present are suggestive of a magnesium and cobalt efflux 
transporter. A protein encoded by one identified gene shows strong identity to a cell-wall 
proteinase found in many LAB that is known to be involved in casein degradation. However, it is 
likely that many proteases are able to hydrolyze host proteins, and the possession of a cell 
surface protease alone is unlikely to present a significant risk factor for virulence. Finally, one 
sequence has homology to a 67 kDa myosin cross-reactive antigen from Streptococcus pyogenes. 
Predicted proteins that share homology to this protein are found in a range of bacteria, including 
lactobacilli and bifidobacteria. It is unclear whether the S. pyogenes protein plays a role in 
molecular mimicry leading to auto-antibody generation in response to S. pyogenes. 

m 
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2.5. Production Process 

production master stock of approximately 30 batches of production working stock, which are 
small aliquots in cryovials held at -80°C. Renewal of the production working stock occurs 
approximately once every 5 years. The Fonterra Microbial Fermentation Unit at Palmerston 
North is certified as compliant with all requirements of standard IS0  9001 :2000 for the 
manufacture of starters including probiotics. The culturing of L. rhamnosus strain "00 1 is 
carried out through the following steps, described schematically in Figure 3. All culturing steps 
take place in a defined growth medium based on reconstituted skim milk (RSM), which 
additionally includes yeast extract, glucose, magnesium sulfate, sodium acetate, manganese 
sulfate, dibasic potassium phosphate, trisodium citrate, and polysorbate. The cryoprotectant 
(added at step 4 below) consists of maltrin, sucrose, and ascorbic acid. All components of the 
growth medium and the cryoprotectant are food grade. 

Production of L. rhamnosus strain "00 1 begins with preparation directly from the 

-** 

"1 

1. Working seed vials are prepared containing 1-2 ml aliquots of viable cells and held 
at -8OOC. 

2. Each seed vial is used to inoculate a small flask which is incubated at 37°C overnight in a 
small inoculum fermenter until the culture reaches stationary phase. Since L. rhamnosus 
produces lactic acid, ammonium hydroxide is added as needed to maintain the pH of the 
broth at approximately 5.8. 

3. This broth culture is added to the main production fermenter and incubated at 37°C 
overnight until it reaches stationary phase. Again, ammonium hydroxide is used as 
needed to maintain the pH at approximately 5.8. 

4. The fermenter broth is chilled and concentrated approximately 15-fold through a cell- 
concentrating centrifuge, and the cyroprotectant is added. 

5. The concentrated slurry is poured into sterilized trays which are placed in a lyophilizer at 
-30°C and under negative pressure. 

6. After lyophilization is complete, the freeze-dried powder is milled to specification and 
vacuum packed under nitrogen; it is maintained at -30°C until quality-assurance is 
completed. 

7. Finally, the frozen and freeze-dried product is tested in an internationally accredited 
laboratory before release. 

lb 

The tests carried out in step 7 are designed to assure microbiological purity and are carried out 
on every lot of powder produced. These tests are listed in Table 1 on the following page. ip 

I 
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Parameter Method 
- -~ 1 Lactobaci//us counts using MRSA I NZTM2 132.72 I 

Thermophiles NZTMZ 60.1 

1 Bacillus cereus NZTM2 44.1 

Yeast and molds 

Enterococci (fecal Streptococci) 

NZTM2 61.1 

NZTM2 50.1 

, 
Coliforms/€. coli NZTM2 48.5 

Coagulase positive Staphylococcus aureus NZTM2 47.2 

Salmonella 

Gram stain 

NZTM2 58.2 

NZTMI D7.2.3 

Table 1. Tests of Microbiological Purity For Each Lot of L. rhamnosus "001. 

11 Aerobic plate counts I NZTM2 43.2 n 

I Mesospores 1 NZTM2 59.1 

I Sulfite-reducing Clostrial spores I NZTM2 59.3 U 
,6 

1 Clostridium perfringens count NZTM2 46.1 

1 Beta-hemolytic Streptococci detection 1 NZTM2 45.2 II 

I Listeria I NZTM2 53.2 ~~~ -7 

1 Foreign matter 
~~ 

NSTM4 3.3 

1 Gross contamination I Tryptic soy agar with sheep blood 1 
1. NZTM = New Zealand Technical Manual I 

0 0 0 0 2 6  
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Seed stock (Lactobacillus b 
rhamnosus "001) 
from -8OOC freezer 

I I + . . . . . . . 

Preparation of inoculum media. 
1 Prepared from reconstituted milk 
1 Autoclaved at 12I0C for 15 min 

Growth of inoculum (seed culture) in incubator at 

Preparation of media. 
UHT 14-I0C for 4 seconds 

L I 
I + 

Fermentation 

1 
Concentration 
The fermenter broth is concentrated through a 
steam-sterilized nozzle centrifuge. The mixture is Cryoprotectant I 
pumped through a sterile stainless filter (130 pm) 
onto clean sanitized freeze drier trays lined with food 
grade plastic and the contents are frozen at -3OOC. 

* 
Freeze-drying. 

* 
Packing. 
The freeze-dried powder is milled and then packed 
into food grade bags and vacuum packed under 
food grade nitrogen. The vacuum packer is sterilized 
using ethylene oxide 

~ ~~~ 

Storage 
The freeze-dried powder is held at -3OOC until QA is 
completed. 

Figure 3. Production Process for the Manufacture of L. rhumnosus "001 
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2.6. Specifications 

M 

1 ' 1  

All lots of L. rhamnosus "001 meet the specifications set forth in Table 2. 

Table 2. Specifications for L. rhamnosus "001 Freeze-Dried Powder 

Particle size pm NMT2300 Sieving 

Color Light tan Inspection 

Odor I I Sweet I Inspection II 
L. hamnosus activity cfu'/g NLT3 10l1 NZTM24 No. 132.72 ' 
Bulk density g/mL 0.75 

pH (10% solution) 4.5 - 7.2 

Ignition temperature 1 "C I460 I II 
Proximates 

Carbohydrate g/IOOg 30-40 

Protein 1 g/IOOg 1 60 - 70 I I 
Moisture g/lOOg 2 - 3  

Heavy metals 

Lead I mg/kg I NMTO.l 1 ICP-MS5 

Arsenic I mnlkn I NMT0.2 I ICP-MS I 
Cadmium mg/kg NMTO.l ICP-MS 

Mercury mg/kg NMTO.l ICP-MS 

Microbiological purity 11 
Total aerobic bacteria I cfu/n I NMT 1 I NZTM2 No. 43.2 11 
Enterococci cfulg NMT 1 NZTM2 No. 50.1 

Yeast and molds cru/g NMT 1 NZTM2 No. 61 .I 

C/ostridium perfringens I cfu/g 1 NMT I I NZTM2 No. 46.1 11 
I NZTM2No.44.1 1 Bacillus cereus I cfu/sl I NMT 1 

Coliforms I cfu/g 1 NMT 1 I NZTM2 No. 48.5 11 
Staphylococcus aureus I du/g I NMT 1 

Escherichia coli I 1 Not detected in 1 g I NZTM2 No. 4 8 . 5 1 1  

= not less than 
5. NZTM = New Zealand Technical Manual 
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2.7. Heavy Metals 
Three lots of L. rhamnosus "001 were analyzed for heavy metals concentrations, with the 
results shown in Table 3. 

Arsenic mglkg NMT 0.2 <0.010 ~0.010 <0.010 ICP-MS 

Cadmium mglkg NMT 0.1 0.010 0.01 0 0.0099 ICP-MS 
*"* 

1 Mercury 
, 

mg/kg NMTO.l <0.010 <0.010 -=0.010 ICP-MS 

Table 3. Heavy Metals In Three Lots of L. rhamnosus "001. 

1. NMT = not more than 

2.8. Stability 
Tannock et al. (2000), in the course of performing a 6-month human study, repeatedly assayed 
the concentration of viable L. rhamnosus "00 1 in a freeze dried powder stored under nitrogen 
at room temperature. The powder contained 5.3 x 1 O7 cWg at the beginning of the study and still 
contained this concentration 6 months later; no bacterial were present other than lactobacilli and 
viability did not vary throughout the 6 months. A study of the stability of L. rhamnosus strain 
"001 in infant formula held at 30°C showed a rate of decrease in viability of 0.4 log/year. 
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3. Intended Use and Exposure 
L. rhamnosus strain "001 is intenccd to be added to powdered infant formula for term 

neonates and to powdered follow-on formula at a level of 10' colony forming units of L. 
rhamnosus per gram (cfidg) of powdered formula. With normal dilution of the powdered formula 
in water at 13.5 g/lOO ml, the concentration of L. rhamnosus in the prepared formula would be 
1.35 x lo9 cfid100 ml. This level of L. rhamnosus is intended to ensure a minimum concentration 
if 1 O6 cWg throughout the 12- 18 month shelf life of the formula. The strain's h c t i o n  is to serve 
as a probiotic microorganism. 

3.1. Estimated Daily Intake of L. rhamnosus 
Assuming an average formula intake of 800 ml/day and some loss of viability over the 

shelf-life of the product, the average daily intake of L. rhamnosus strain "00 1 would be 
approximately 1 09- 10" cfdday. 

According to tables of daily energy intake by formula-fed infants provided by Fomon 
(1 993), the subpopulation of infants with the highest intake per kg body weight is boys age 14- 
27 days. The mean energy intake by this group is 121.1 kcal/kg bw/day and the 90* percentile is 
141.3 kcalkg bw/day. Among girls, the highest energy intake is found in the same age group, 
14-27 days, and is nearly as high as boys: the mean and 90th energy intake percentiles are 117.8 
and 138.9 kcalkg bw/day. Most term infant formulas contain 67.6 kca1/100 ml when ready to 
consume. Therefore, to obtain 141.3 kcal energykg bw, an infant boy must consume 209.0 ml 
formulakg bw. To reach her 90fh percentile of energy consumption, 138.9 kcalkg bw/day, an 
infant girl must consume 205.5 ml formulakg bw/day. The 90* percentile of formula intake for 
the two sexes combined is about 207 ml/kg/day. This would result in a 90* percentile exposure 
of 2 x lo9 cfu L. rhamnosus HNOOl/kg bw/day. 
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4. Safety 

4.1. Safety of Lactic Acid Bacteria and Lactobadus Species 

estimated 10’3-1014 or more bacteria representing over 400 different species (Zetterstrom et al. 
1994; Edwards and Parrett 2002) or more than 2000 phylotypes (McFall-Ngai 2006). These 
indigenous bacteria break down some food components into more easily assimilable forms 
(Edwards and Parrett 2002), support local immune responses (Zetterstrom et al. 1994), and 
contribute to an environment that resists colonization by potential pathogens (Heavey and 
Rowland 1999). Probiotic strains are selected to impart beneficial effects on the host and on the 
composition andor metabolism of the intestinal microbiota without causing adverse changes 
(e.g., invasion of the epithelial cells, degradation of the intestinal mucin layer, production of 
toxins, transference of antibiotic resistance) that would imperil the health or nutritional status of 
the host. 

The bacterial biota along the entire intestinal tract is extremely complex and includes an 
.a* 

XL 

R 

Lactobacilli have been consumed on a daily basis since humans started using fermented 
milks as food, including the probiotic use of certain Lactobacillus species for more than 75 years 
(Salminen et al. 1998), and indeed were almost certainly widely consumed even before that time 
since they are normal inhabitants of green plant material. Bernardeau et al. (2006) noted that, 
“lactobacilli are ubiquitous, being found wherever substances rich in carbohydrates are 
available.” These authors reported that in healthy humans, “lactobacilli are normally present in 
the oral cavity (1 03- 1 O7 cfidg), the illeum (1 03-l O7 cfidg), and the colon (1 04-l O8 cfidg) and they 
are the dominant microorganism in the vagina.” 

A Food and Agriculture Organization and World Health Organization expert consultation 
(FAOWHO 2001) noted that, “lactobacilli have a long history of use as probiotics without 
established risk to humans, and this remains the best proof of their safety’’ (p 17) and concluded 
that, “no pathogenic or virulence properties have been found for lactobacilli” (pl7). 

Discussing the use of probiotics in primary care pediatrics, Cabana et al. (2006) observed 
that the optimal dose of probiotics remains an area of active investigation, but noted that, 
“Although no specific pediatric dose has been established in general, there are no known reports 
of ‘toxicity’ associated with exceeding a specific dose in either adults or children” (p407). 

Vandenplas et al. (2007) observed that lactobacilli and other probiotics “do not colonize 
the gastro-intestinal tract as they become undetectable a few days after stopping the 
administration. This results in the absence of any risk for long-term side effects” (p1212). As is 
discussed in more detail later, many studies have demonstrated that lactobacilli are not recovered 
from feces by 1-2 weeks after administration ceases. One study (Schultz et al. 2004), however, 
found that infants born to mothers who had received daily oral doses of 2 x lo9 c h  L. rhamnosus 
strain GG (LGG) during the 30-36 weeks of their pregnancies had detectible LGG strains in their 
feces for extended periods, with strain identification confiied by molecular methods. All of the 
4 infants delivered vaginally and 1 of 2 infants delivered by Caesarian section were shedding 
LGG at 1 and 6 months of age. Three children still had detectible fecal LGG at 12 months and 2 
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at 24 months; none had detectible LGG in their feces at 36 months of age. None of the mothers, 
on the other hand, exhibited evidence of LGG colonization by 1 month after delivery. 
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In an article addressing the safety of lactobacilli and bifidobacteria, Borriello et al. (2003) 
suggested that “classical” approaches to evaluating safety are not appropriate for these 
commensal bacteria: 

“Lactobacilli and bifidobacteria are ubiquitous in the diet and in the healthy 
large intestine soon after birth. A classical risk assessment approach, similar 
to that used for pathogens, is not possible or warranted. Some studies of 
lactobacilli have attempted to define virulence factors. Such classical 
approaches, although useful for known pathogens, are inherently flawed when 
applied to normal commensals, lactobacilli, or bifidobacteria. In the case of 
the risk assessment approach for pathogens, pathogenicity is demonstrated and 
is normally a consequence of several properties, including colonization factors 
and virulence factors, acting in concert. Frequently, such factors as adhesion 
are considered to be virulence factors when pathogens are studied. However, 
mucosal adhesion and other colonization factors are essential features of most 
commensals. For example, there is a distinct mucosal-associated flora in the 
gastrointestinal tract. There is little value in screening organisms of low 
clinical significance and with no proven virulence determinants for such 
characteristics as potential virulence factors, particularly in the absence of 
gastrointestinal commensals as comparative controls” (p777). 

Borriello et al. (2003) argued that the risk of bacteremia from probiotic lactobacilli and 
bifidobacteria is well under 1 in a million and concluded that, based on the overall risk from this 
or other adverse endpoints, “consumption of such products presents a negligible risk to 
consumers, including immunocompromised hosts.” 

In a similar vein, Bernardeau et al. (2007) suggested that, “The bibliographical data 
support the hypothesis that the ingestion of Lactobacilus is not at all hazardous since 
lactobacillemia induced by food, particularly fermented dairy products, is extremely rare and 
only occurs in predisposed patients.” 

The recent publication of the PROPATFUA study (Besselink et al. 2008), which reports 
higher mortality among subjects with acute pancreatitis treated with a combination of 6 strains of 
live Lactobacillus and Bzjidobacterium species has caused some to question the safety of 
probiotics. The GRAS Expert Panel reviewed this study and determined that, for a number of 
reasons, the findings do not call into question the safety of the intended use of L. reuteri strain 
ATCC PTA5289. 

First, the subjects in this study were acutely ill with a condition the authors indicated has 
a 10-30% mortality rate. Second, the route of administration of the probiotic strains in this study 
was naso-jejunal rather than oral. Third, the group that received the probiotics had a significantly 
higher rate of multiorgan failure on the first day of enrollment than did the control group (27% v. 
16%), suggesting a potentially serious confounder. Finally, there was no difference between the 
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probiotic and control groups in the risk of developing infectious complications and no infectious 
complications in either group were caused by the lactobacilli or bifidobacteria used in the study. 

Subsequent analysis by the study authors suggested that the increased mortality may have 
resulted from the infusion of the enteral nutrition solution directly into the small intestine with a 
large number of lactic acid-producing bacteria. Fermentation of the enteral nutrition solution by 
the bacteria may have led to the formation of a semi-solid mass and resulted in bowel ischemia. 
Patients with acute pancreatitis are characterized by inhibited transit through the small bowel. 
The fermented nutrition solution may thus have remained in the small bowel at 37" C with the 
bacteria without transiting down or being absorbed. It should be emphasized, however, that this 
hypothesized mechanism of effect would only be applicable to probiotics administered along 
with a fermentable substrate by intrajejunal tube feeding to patients with severely restricted small 
intestinal motility. 

4.2. History of Consumption of L. rhamnosus Strain "001 

has been widely consumed in New Zealand for at least 20 years. Although no documentation 
regarding exports exist, it is not unlikely that the cheese has been exported to other countries, 
including the United States. There are no records of any reported adverse events associated with 
consumption of this variety of cheddar cheese. 

As previously noted, this strain of L. rhamnosus was isolated from cheddar cheese that 

4.3. Safety Parameters 

4.3.1. Ability to Adhere to Intestinal Cells 

required for health benefits, it has been hypothesized to be involved in establishing residence, for 
stimulation of the immune system, and for antagonistic activity against enteropathogens (Gopal 
et al. 2001). Nevertheless, some concern has been expressed that high adhesion capability-a 
characteristic of pathogens-may facilitate platelet aggregation and bacterial infectivity 
(Kirjavainen et al. 1999). In vitro assays of the adherence ability of bacterial strains are 
commonly conducted; however, their ability to predict in vivo adherence is uncertain. In an in 
vitro evaluation of 8 bacteremia-associated Lactobacillus strains Kirjavainen et al. (1999) found 
no relationship between adherence to Caco-2 cells, ileostomy glycoproteins, or human intestinal 
mucosa and either platelet aggregation or infectivity. 

Although adherence of probiotic bacteria to intestinal surfaces is not confirmed to be 

The adherence properties of 5 probiotic strains, including L. rhamnosus "00 1, were 
evaluated in vitro by Gopal et al. (2001). Bacterial strains L. rhamnosus "001, L. rhamnosus 
GG, L acidophilus LA- 1, L. acidophilus H N O  17, and B. animalis ssp. lactis "019 were grown 
in MRS broth to a concentration of lo8 cfu/ml, which was then added to monolayers of cell-lines 
HT-29 (ATCC 38-HTB), Caco-2 (ATCC 21 02-CRL), or HT29-MTX (a mucous-secreting cell- 
line) at 37°C. L. bulgaricus LB-1, known not to adhere under these conditions, was used as a 
negative control. Adherence was evaluated in 20 random microscopic fields and the number of 
adhering bacteria per 100 cells of epithelial cell-line was determined. Adhesion was also 
measured indirectly by radiolabeling the probiotic strains with 14C-uracil and 14C-adenine and 
measuring the radioactivity incorporated into the cell-lines. The ability of probiotic strains L. 
rhamnosus "00 1, L. acidophilus HNO 17, and B. animalis ssp. lactis "019 to inhibit 
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colonization of the intestinal cell monolayers by a known enterotoxigenic strain of Escherichia 
coli, 0 1  57:H7 was also tested. Finally, the effects of 2 proteolytic enzymes (trypsin and 
proteinase K) and of lactate dehydrogenase on antimicrobial activity were investigated 

There were no significant differences in adhesion ability among the 5 probiotic strains 
tested; all 3 exhibited strong adhesion properties, especially with the mucous-secreting cell-line 
HT29-MTX. The negative control, L. bulgaricus LB- 1, showed a complete absence of adhesion 
to any cell-line, providing evidence that the adhesion was more than non-specific physical 
entrapment. Pretreatment of the cell-lines with probiotic strains reduced both the adherence of E. 
coli 0157:H7 and its invasiveness. Treatment extracts of the probiotic strains with a proteolytic 
enzyme significantly reduced their antimicrobial activities and lesser reductions resulted from 
treatment with lactate dehydrogenase, suggesting that overall inhibition may be due to a 
synergistic action of proteinaceous substances and lactic acid. 

On the other hand, Wagner et al. (1 997a), in a study discussed in detail in Section 4.4.1.2, 
studied probiotics in congenitally immunodeficient gnotobiotic beige-athymic (bghg-ndnu) and 
beige-euthymic (bghg-nu/+) mice. L. rhamnosus strain GG (referred to in the article as L. casei) 
adhered poorly, as did the strain of L. reuteri tested, while the tested strains of L. acidophilus and 
BiJidobacterium animalis adhered well. Translocation generally correlated with adherence, 
although the bacteria that did translocate did not result in bacteremia, even in this doubly 
immunodeficient model. The likelihood that adherence to intestinal mucosa may also increase 
bacterial translocation was more recently noted by Boyle et al. (2006). 

The adhesion properties of L. rhamnosus GG, L. rhamnosus LC-705, L. rhamnosus VTT 
E-800, L. reuteri INGI, and L. brevis PEL1 were assessed in vitro using a human intestinal 
mucus model (Ouwehand et al. 2001). Human intestinal mucus glycoproteins were isolated from 
feces of healthy adults by extraction and dual ethanol precipitation and centrifuged to remove 
any particulate material. The effects of exposure to acid, pepsin, and milk were tested along with 
differences resulting from the culture medium in which the bacteria were grown. The ability of 
the probiotic bacteria to reduce the adhesion of pathogenic S. typhimurium and E. coli SfaII was 
evaluated. 

Two L. rhamnosus strains, GG and VTT E-800, had high mucus adhesion, but strain LC- 
705 adhered poorly. The adhesion capability of the rhamnosus strains, unlike the other species 
tested, was unaffected by pH. Pepsin treatment or exposure to milk significantly reduced the 
adhesion of all tested strains except L. rhamnosus LC-705, which was already close to nil. 
Similarly, the growth medium did not affect the adhesion of this strain but did affect that of all of 
the other strains, with various media being superior for different strains. None of the tested 
strains significantly reduced adhesion of S. typhimurium or E. coli. 

A similar study of the adhesion capabilities of L. rhamnosus GG (LGG) and L. 
rhamnosus LC-705 and other probiotic bacteria by Collado et al. (2006) obtained similar 
findings: LGG was the most adhesive strain tested with about 20% adherence while LC-705 was 
only weakly adhesive with only 1.2% adhesion. The substrate in this study was human intestinal 
mucus from resected colonic tissue and immobilized on polystyrene microtitre plate wells. 
Collado et al. (2006) did not investigate the ability of individual probiotics to inhibit the 
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adherence of pathogens, but only combinations. The best combination of probiotics to inhibit 
pathogen adhesion was LGG + LC-705 + Bzjidobacterium breve 99 + Propionibacterium 
Peudenreichii spp. shermanii JS. 

Ouwehand et al. (2003) studied adhesion of 6 selected lactic acid bacteria to resected 
colonic tissue and mucus in patients with three major intestinal diseases (diverticulitis, rectal 
carcinoma, and inflammatory bowel disease) and compared this adherence with adherence to 
healthy control tissue. The strains tested were 3 L. rhamnosus strains (GG [ATCC 53 1031, 
LC705, and E-800), L. breve PEL1, L. reuteri ING1, and B. animalis ssp. lactis Bb12. Tissue 
adhesion varied widely; the highest adhesion was 9.7% of LGG to tissue from patients with IBD 
while the lowest was 1.4% of LC705 to tissue from patients with diverticulitis. All strains were 
observed to adhere better to immobilized mucus than to whole intestinal tissue; for example, 
27.6% of LGG adhered to intestinal mucus fiom healthy individuals while only 4.9% adhered to 
healthy intestinal tissue. All strains adhered better to tissue resected from IBD patients than 
tissue from healthy individuals although this difference was significant only for L. rhamnosus 
strain GG and L. reuteri. Similarly, tested strains displayed disease-specific adhesion to intestinal 
mucus. Adherence was not related to species; overall, the best and worst adhering strains were 
both L. rhamnosus, strain GG (best) and strain LC705 (worst). 

More recently, Larsen et al. (2007) investigated the adhesion capabilities of 11 strains of 
Lactobacillus in vitro using the piglet jejunal epithelial cell line IPEC-J2; the strains included L. 
rhamnosus GG (LGG), L. reuteri ATCC 55730, L. johnsonii NCC 533, and L. reuteri DSM 
12246 and new Lactobacillus isolates. The adhesions of the 1 1 strains tested ranged from only 
1.8% to 38%; LGG was moderate with 10.9% adhesion. The presence of calcium ions 
significantly increased the binding capabilities of all tested strains, suggesting the advantage of 
milk-based matrices for the delivery of probiotic bacteria. The effect was specific to calcium; no 
changes in adhesion were observed in the presence of magnesium or zinc ions. LGG and the 
other tested strains all reduced the attachment of E. coli 0 13 8 by more than 2-fold both in the 
presence and absence of calcium ions. The efficacy of all strains in this regard was about the 
same, suggesting that the reduced adhesion of E. coli 0 13 8 was due to steric hindrance of the 
binding sites rather than to specific interactions. 

The genomic analysis of strain "001 (Section 2.4.4.3) identified several possible 
adhesins, including a putative collagen adhesion protein located on the large plasmid, pLROO2. 
However, this appears to be a pseudogene that has possibly arisen via insertion of a transposon 
followed by gene decay, and it is not clear that it is expressed at all and, if it is, wheher it would 
actually have collagen binding activity. Another sequence encodes for about 55 amino acids of 
an approximately 18O-amin0 acid collagen-binding protein, but this is likely not adequate to give 
collagen binding activity. 

4.3.2. Ability to Degrade Mucin 
As noted earlier, it has not been established whether probiotic bacteria adhere to 

epithelial cell surfaces, to the mucus layer covering the intestinal mucosa, or to both. Mucins, 
released from intestinal goblet cells, are highly complex glycoproteins that provide structure and 
viscosity to the mucus layer that covers the intestinal epithelial surface. The primary function of 
this layer is to protect the underlying epithelial cells fiom corrosive gastric acids, shear forces 
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generated by the digestive process, and invasion by pathogenic microflora. Thus, the potential 
for probiotic bacteria to degrade intestinal mucins is often evaluated as a potential virulence 
factor since damage or disturbance to the mucus layer could compromise the barrier function and 
lead to intestinal or other clinical infections. 

Zhou et al. (200 1) investigated the ability of L. rhamnosus H N O O  1, L. acidophilus HNO 1 7, 
and B. animalis ssp. lactis H N O  19 to degrade mucin in vitro. The mucin source was purified hog 
gastric mucin. Mucin was suspended with one of the test strains, or with L. acidophilus LA-1 (as 
a negative control) or a fecal flora extract (as a positive control), for 24 hours at 37°C. Mucin 
suspensions were prepared both with 1% glucose as an energy source or without glucose, leaving 
the glycoproteinaceous mucin itself as the only potential source of energy. Bacterial growth was 
measured under each condition. Three approaches were used to assess potential mucin 
degradation. First, changes in the carbohydrate and protein concentrations were measured. A 
decrease in carbohydrate concentration indicates degradation of the oligosaccharide chains while 
a decrease in the protein concentration indicates degradation of the protein backbone. Second, 
SDS-PAGE was used to analyze the electrophoretic patterns of mucin samples before and after 
exposure to bacterial strains in order to detect any changes in the molecular weight of the 
glycoprotein. Finally, mucin was placed in a Petri dish and inoculated with a bacterial sample; 
after 24 hours at 37°C the size of the mucin lysis zone was measured. 

Only negligible growth was detected in the probiotic cultures containing mucin as the 
sole carbohydrate source, while the positive-control culture (fecal extract) showed noticeable 
growth. All strains grew well when sucrose was provided. This finding suggests that the 
probiotic strains lack the enzymes needed to metabolize the components of mucin glycoprotein. 
Analyses of changes in carbohydrate and protein concentrations, as shown in Table 5 revealed no 
effect from the probiotic strains but a high level of degradation from the fecal strains. Similarly, 
the SDS-PAGE analyses found that the mucin exposed to probiotic strains exhibited identical 
electrophoretic patterns to mucin not exposed to any bacteria, while mucin exposed to the fecal 
bacteria exhibited patterns diagnostic of fragmentation of the glycoprotein. 
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Table 4. Degradation of Mucin. 

L. acidophilus “017 

L. acidophilus LA-I 

Treatment 

-8.3 5.0 

3.3 -44.7 

1 B. animalis ssp. lacfis “019 I 4.7 I 3.9 1 

the analytical methodology 

4.3.3. Infectivity 
Cases of infection by lactic acid bacteria are extremely rare. Reid and Hammond (2005) 

asserted that, “The safety record of probiotics is remarkable considering that more than 20 billion 
doses are estimated to be used each year” (p1491). Over the past 30 years there have been about 
180 published cases of bacteremia and 69 cases of endocarditis putatively caused by lactobacilli 
(Aguirre and Collins, 1993; Gasser, 1994; Donohue and Salminen, 1996). The majority of these 
cases have occurred in patients with compromised immune status andor mucosal barrier 
function due to underlying conditions such as heart disease or diabetes or therapeutic treatment 
(e.g., dental surgery). Boyle et al. (2006) stated firmly, “All cases of probiotic bacteremia or 
fungemia have occurred in patients with underlying immune compromise, chronic disease, or 
debilitation, and no reports have described sepsis related to probiotic use in otherwise healthy 
persons” (p1258). 

Eleven case reports have been published on clinical infections in patients consuming 
probiotics, most commonly L. rhamnosus or L. casei strains. However, in only some of these 
cases was the strain isolated from the infection confirmed to be identical to the strain that was 
consumed. Kalima et al. (1 996) reported on a case where L. rhamnosus was isolated from the 
blood and pericardial effusion of a 5-year-old boy following a bone marrow transplant for 
aplastic anemia. The boy continued to suffer from severe neutropenia and thrombocytopenia for 
9 months after the transplant and was sustained with blood transfusions, but remained severely 
immunosuppressed. He received intravenous gamma-globulin and was placed on total parenteral 
nutrition. Shortly thereafter, the patient developed a fever thought to be associated with Hickman 
line sepsis and was given intravenous ceftazidime and vancomycin. A swab taken from the line 
insertion site 2 days later yielded a hemolytic streptococcus and a vancomycin-resistant 
Enterococcus avium. The therapy was changed to ampicillin, and, after 7 additional days of 
continued fever, ciprofloxacin and liposomal amphotericin B. This regimen was continued for 4 
weeks, during which time the boy’s body termperature returned to normal. The fever returned a 
few days after treatment was stopped, and treatment was started with ceftazidime, vancomycin, 
and liposomal amphotericin B. Two blood cultures yielded a coagulase-negative staphylococcus 
and a Gram-positive bacillus later identified as L. rhamnosus. The patient’s febrile episodes 
continued, and several weeks later he suffered cardiac arrest and died. A post-mortem culture of 
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the pericardial fluid isolated a Gram-positive bacillus identical to the blood culture isolate. 
Unfortunately, the case report does not provide any information on the methods that were used to 
identify the Gram-positive isolate as L. rhamnosus and the speciation must be regarded as 
uncertain. 

Mackay et al. (1999) reported on a 67-year-old man with long-standing mitral valve 
prolapse and recent multiple dental extractions who was using a supplement providing 2 x 1 O9 L. 
rhamnosus and other species. He presented with endocarditis, which responded to ampicillin 
plus gentamicin followed by pivampicillin plus probenecid. The specific cause of the 
endocarditis was not identified. 

Rautio et al. (1 999) cited the case of a 74-year-old woman with a history of diabetes and 
hypertension who had been chronically treated with enalapril maleate, bisoprolol fumerate, and 
glipizide who presented with abdominal discomfort and fever. A strain isolated from an abscess 
of her liver was determined via PFGE to be LGG. She recovered and was in good health after 
two months of antibiotic therapy. Presterl et al. (200 1) reported a case involving a 23-year-old 
male with a bicuspid aortic valve and diabetes insipidus which was being treated with intranasal 
octreotid. The patient was consuming yogurt containing L. rhamnosus when he was hospitalized 
with endocarditis. L. rhamnosus was isolated from his blood, although it could not be identified 
with that in the yogurt he was consuming. He suffered acute heart failure and underwent 
emergency valve replacement, leading to complete recovery. The authors concluded that the 
source of the endocarditis was unknown. This report was notable for the intensive testing 
conducted to identify the strain of L. rhamnosus isolated from the patient's blood. The isolates 
from the patient and the yogurt had identical biofermentation patterns, but differences were 
evident in the RAPD-PCR patterns. 

Two cases of bacteremia in infants with short gut syndrome were described by Kunz et al. 
(2004). The first was an infant whose short gut was secondary to congenital intestinal atresia 
and volvulus, and who was receiving total parenteral nutrition. LGG supplementation was 
prescribed for cholestasis. The infant developed symptoms consistent with infection after 3 
weeks, which responded to ampicillin treatment. Blood cultures grew a Lactobacillus species 
which was not W h e r  identified; LGG was suspected, but was not definitively implicated. The 
second infant's syndrome resulted from a severely infracted intestine at birth. A gastrostomy and 
a jejunostomy were performed shortly after birth and he was receiving total parenteral nutrition. 
Again, LGG was prescribed to treat a rapidly developing cholestasis. He developed increased 
temperature and tachycardia which were successfully treated with ceftriaxone and ampicillin. 
Blood cultures grew a LactobaciZZus species shown by PFGE to be indistinguishable from the 
LGG of the supplement. 

De Groote et al. (2005) reported another case of catheter-related LGG bacteremia 
associated with probiotic use in a child with short gut syndrome. The patient was an 1 1 -month- 
old male twin born at 26 weeks of gestation, with complications including necrotizing 
enterocolitis and short bowel syndrome secondary to resection of approximately 80% of the 
small intestine. Additional complications included long-standing cholestasis, cirrhosis, secondary 
hyperspenism, hypothyroidism, megaloblasic anemia, chronic lung disease, and retinopathy of 
prematurity; the patient had undergone multiple abdominal surgical procedures. He was 
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maintained on parenteral nutrition and had been receiving LGG twice daily through the 
gastrostomy tube. While the source of the bacteremia was positively identified as L. rhamnosus, 
the blood isolate could not be determined to match the strain used as a probiotic. 

A 6-week-old infant was hospitalized for repair of a double-outlet right ventricle and 
pulmonic stenosis (Land et al. 2005). There were postoperative problems with pacemaker 
placement, pulmonary artery banding, seizures, acute renal insufficiency, and prolonged 
respiratory support. Sepsis was suspected and a course of antibiotics was prescribed, but the 
infant developed severe diarrhea and lolo CFU/day of LGG was administered through his 
gastronomy tube. When endocarditis developed, his blood was cultured and a Lactobacillus 
species was isolated that was identified by repetitive element sequence-based polymerase chain 
reaction DNA fingerprinting as LGG. The patient recovered after a second course of antibiotics. 
Land et al. (2005) also reported on a 6-year-old female with cerebral palsy, microcephaly, mental 
retardation, and seizure disorder who was maintained on a gastrojejunostomy tube. Following 
revision of a spinal rod for scoliosis she was hospitalized for a urinary tract infection, fever, and 
abdominal pain. Treatment with ceftriaxone and vancomycin resulted in diarrhea. After nutrition 
was administered through a central venous catheter, catheter-related sepsis developed and 10” 
CFU of LGG was administered through her gastrojejunostomy tube. She developed an infection 
and a Lactobacillus species isolated fi-om blood cultures was identified by repetitive element 
sequence-based polymerase chain reaction DNA fingerprinting as LGG. Following ceftriaxone 
and vancomycin treatment, the patient recovered fully. 

A case report by Zein et al. (2008) described a 54-year-old diabetic woman who 
developed septicemia while using L. rhamnosus for oral probiotic therapy. The infection 
resolved after amoxicillin administration. In this report, neither the strain nor the daily dose of 
probiotic was described, nor was the cause of the septicemia identified by molecular methods 
that would allow firm attribution to the probiotic. 

Brahimi et al. (2008) reported that 2 cases of L. rhamnosus infections that occurred 
within a period of 48 hours in the same hospital department. The patients were both women, one 
aged 35 years and the other 70 years, suffering from advanced pancreatitis. The authors reported 
that, “Several criteria pointed towards two independent infections but the rarity and chronology 
of the appearance of these infections raised the question of possible cross-contamination.” L. 
rhamnosus was isolated from intra-abdominal samples from both patients and in a blood culture 
from one patient. The specific strain could not be identified, nor could it be shown that both 
women were infected with the same strain. 

It is clear that all reported cases of clinical infections with suspected Lactobacillus 
+% 

involvement occurred in subjects with one or more severe underlying diseases or health 
conditions. While these reports indicate that L. rhamnosus has the potential to be an 
opportunistic pathogen in severely compromised subjects, it is equally clear that L. rhamnosus is 
safe in healthy subjects and those with less severe medical conditions, where adverse events have 
never been reported. 

1 

-h 
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This conclusion is strongly supported by surveillance studies that have failed to discover 
any evidence of increased rates of clinical infection correlated with increased consumption of 
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Lactobacillus species. One of the most comprehensive such studies (Saxelin et al. 1996a; 
Salminen et al. 2002) showed that over a nine year period in which consumption of L. rhamnosus 
increased 1 0-fold in Finland (a country with an excellent reporting system for health-related 
events), the number of infections involving Lactobacillus species reported to Helsinki health 
authorities was unchanged. 

Positive blood cultures for lactobacilli have also been regarded as indicators of serious or 
fatal underlying disease (Husni et al. 1997). With regard to cases of endocarditis, strains of 
lactobacilli are only rarely involved (0.05 - 0.4% of total) compared to bacteria shown to be 
most highly associated with endocarditis (e.g., >79% by the Streptococcus-Staphylococcus 
group). Cases of lactobacilli endocarditis are typically associated with serious underlying health 
conditions, such as structural heart disease, that predisposed the patient to opportunistic 
infections (Donohue and Salminen, 1996). These observations suggest that lactobacilli are much 
less capable of adhering to intact cardiac valves than other bacteria and only become involved in 
infections when a predisposing circumstance exists. Although lactobacilli play a minor etiologic 
role in the context of all cases of endocarditis, in cases where etiologic strains were identified at 
the species level (a procedure that is not always done), the majority of cases were caused by 
vancomycin-resistant strains of L. rhamnosus, L. plantarum, and L. casei (Gasser, 1994; 
Donohue and Salminen, 1996). Saxelin et al. (1 996a) studied the prevalence of bacteremia due to 
Lactobacillus species during the period 1989-1992. Among 3,3 17 blood culture isolates, 
lactobacilli were identified in 8 patients, 5 of whom had severe diseases predisposing to 
bacteremic complications. 

No case has been described of a Lactobacillus infection derived from food or feed 
fermented with Lactobacillus cultures (Adams and Marteau 1995). The participants in the 2007 
EU-PROSAFE project (Vankerckhoven et al. 2007a) observed, "It was argued that clinical cases 
of LAB endocarditis were so rare that they were more medical exceptions, or even curiosities, 
than a genuine public health issue, especially with regard to the huge worldwide daily 
consumption of LAB in regular food intake (pl 1 l)." 

The interaction between platelets and bloodborne bacteria is likely involved both in the 
pathophysiological mechanisms of septicemia and bacterial infective endocarditis (Zhou et al. 
2005b); aggregation of platelets is thought to be a contributory factor in the progression of 
Lactobacillus-associated endocarditis (Adams 1 999; Gasser 1 994). Isolates of certain bacteria, 
including L. rhamnosus, from patients with infective endocarditis have been reported to 
uniformly induce irreversible platelet aggregation in vitro (Harty et al. 1993). Thus, a lack of 
platelet aggregation potential may be an important criterion in assessing the safety of potential 
probiotic bacteria (Donohue and Salminen 1996; Kirjavainen et al. 1999). 

For this reason, Zhou et al. (2005b) studied the ability of L. rhamnosus "NO01 and strain 
GG as well as B. animalis ssp. lactis "019 to induce human platelet aggregation in vitro. The 
three probiotic strains, along with Streptococcus sanguis 133-79, used as a positive control, were 
cultured, purified, and concentrated into a suspension containing approximately 1 O9 cWml. 
Blood samples were taken from 6 healthy volunteers age 24 to 45, centrifuged, exposed to the 
bacterial cells at a 1 : 1 ratio of platelets to cells (the optimum ratio for inducing platelet 
aggregation), and incubated at room temperature for 30 minutes. Platelet samples were analyzed 
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by flow cytometry for mean fluorescence intensity and the percentage of FITC-CD4 1 a and PE- 
CD62p (markers for normal and activated platelets, respectively) double-positive cells. 
Additionally, the following hematologic parameters were measured: total red blood cell and 
platelet counts, hemoglobin concentration, packed cell volume, mean corpuscular volume, mean 
corpuscular hemoglobin, and mean corpuscular hemoglobin concentration. 

None of the hematologic markers was affected by exposure to bacterial cells. S. sanguis 
induced a high degree of platelet activity; more than 9 1 % of the cells were CD62p-positive. The 
probiotic bacterial strains, on the other hand, had no effect on platelet activity; platelet activation 
was not significantly different between those exposed to the probiotic strains and those not 
exposed. Similarly, the platelets exposed to S. sanguis exhibited significant increases in the size 
of the platelet particles-i.e., aggregates. The probiotic bacteria had no effect on the size of the 
platelet particles, demonstrating that L. rhamnosus H N O O 1  and the other tested probiotic strains 
do not induce or exacerbate platelet aggregation. 

While the genomic analysis of strain “001 discussed in Section 2.4.4.4 identified 
several genes encoding for proteins related to known cell-invasion proteins, these same genes 
and their proteins are found in a range of other bacteria with no known pathogenic activity. Some 
of these are general housekeeping genes encoding proteins such as enlase, an enzyme of 
glycolysis, and a peptidase thought to be involved in extracellular protein quality control and 
degradation. One sequence shows strong homology to a putative hemolysin annotated in 
Enterococcus faecalis, but the basis for the annotation is not clear as the domains present are 
suggestive of a magnesium and cobalt efflux transporter. A protein encoded by one identified 
gene shows strong identity to a cell-wall proteinase found in many LAB that is known to be 
involved in casein degradation. However, it is likely that many proteases are able to hydrolyze 
host proteins, and the possession of a cell surface protease alone is unlikely to present a 
significant risk factor for virulence. Finally, one sequence has homology to a 67 kDa myosin 
cross-reactive antigen from Streptococcus pyogenes. Predicted proteins that share homology to 
this protein are found in a range of bacteria including lactobacilli and bifidobacteria. It is unclear 
whether the S. pyogenes protein plays a role in molecular mimicry leading to auto-antibody 
generation in response to S. pyogenes. 

4.3.4. Undesirable Metabolic Activity 

example, the production of D-lactate by some species of Lactobacillus, although not rhamnosus, 
has been identified as a possible safety issue (Mack 2004). Similarly, it has been questioned 
whether a safety issue may arise in fermented dairy products due to production by lactobacilli of 
biogenic amines, primarily histamine or tyramine, through amino acid decarboxylase activity. 
However, Bernardeau et al. (2006) observed that, although biogenic amines may be harmful to 
consumers, “no such potentially harmful compounds have been found in fermented milk 
prepared with probiotic lactobacilli.” In a later article, Bernardeau et al. (2007) noted that, if 
production of biogenic amines is indeed a safety issue, it is linked to spoilage or to long 
fermentation processes and pertains to the use of Lactobacillus species in the production of 
fermented dairy products and not to their use as probiotics. Indeed, Naidu et al. (1 999) pointed 
out that, by producing lactic acid, probiotic lactobacilli reduce intestinal pH, which in turn limits 
the growth of many potential putrefactive bacteria that produce harmful biogenic amines. 

Some metabolic products of lactobacilli may have adverse effects on human safety. For 
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As discussed in Section 2.4.4.2, the genome of strain “001 was analyzed for genes 
encoding amino acid decarboxylases that could catalyze the formation of biogenic animes. A 
gene that could possibly catalyze the conversion of ornithine to putresine was identified, but no 
genes that could encode biosysnthesis of ornithine, suggesting that strain “00 1 cannot 
syntheize putrescine de novo. Two open reading fiames were also identified that showed weak 
similarity to genes encoding lysine decarboxylases (which would produce cadaverine), but both 
open reading fiames lack conserved domains identified in other lysine decarboxylases, 
suggesting that the capability of producing decarboxylase is lacking. 

4.3.5. Presence of Antibiotic Resistance Genes and Likelihood of Transference 
In a detailed evaluation of the safety of the Lactobacillus genus, Bernardeau et al. (2007) 

addressed all issues pertaining to safety and concluded that, “transferable antibiotic resistance is 
the only relevant cause for caution . . . Safety assessment requirements for Lactobacillus strains 
of technological interest should be limited to an antibiotic profile and a study to determine 
whether any antibiotic resistance(s) of medical interest detected is (or are) transferable.” 

Ammor et al. (2007) observed that “lactobacilli are usually sensitive to penicillins and p- 
lactamase inhibitors, but more resistant to oxacillin and cephalosporins; cell wall impermeability 
seems to be the main mechanism of resistance.” With respect to genetically encoded antibiotic 
resistance, tests of 43 L. rhamnosus isolates identified 2 resistance genes, tet(W) and erm(B), 
encoding for tetracycline and erythromycin resistance, respectively. 

Like all bacteria, LAB are prone to gene exchange to enhance their survival in antibiotic- 
containing environments (Teuber et al. 1999). The primary concern with the presence of 
phenotypic resistance to antibiotics in probiotic bacteria is the potential for transfer of this 
resistance to pathogenic or potentially pathogenic organisms in vivo. 

Salminen et al. (1 998) reviewed the safety of lactic acid bacteria, noting that these 
bacteria have a long history of safe use in foods. Lactic acid bacteria are intrinsically resistant to 
many antibiotics. In many cases resistances are not, however, transmissible, and the species are 
also sensitive to many clinically used antibiotics even in the case of a lactic acid bacteria- 
associated opportunistic infection. Therefore no particular safety concern is associated with 
intrinsic type of resistance. 

Many strains of lactobacilli are intrinsically resistant to vancomycin; however, it is 
accepted that antibiotic nonsusceptibility or resistance is not, in itself, a hazard unless it renders 
the probiotic untreatable in rare cases of infection or unless it can be transferred to potential 
pathogens for which resistance could have therapeutic consequences (Borriello et al. 2003). 
Similarly, work by Temmerman et al. (2003) found resistance to kanamycin in all strains of L. 
rhamnosus tested, along with all strains of L. acidophilus, L. reuteri, L. casei, L. johnsonii, L. 
lactis, BiJidobacterium longum, and B. lactis; no genetic basis for kanamycin resistance was 
identifiable and thus it is presumptively intrinsic. 

Arthur and Courvalin (1 993), in a review of antibiotic resistance of enterococci, noted 
that plasmid-mediated resistance to the glycopeptide antibiotics vancomycin and teicoplanin was 
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first detected in 1986 (Leclercq et al. 1988; Uttley et al. 1989) and that inducible resistance to 
high levels of vancomycin and teicoplanin defines the van@) phenotype. They concluded that 
nucleotide sequences related to the van@) gene have not been detected in Gram-positive 
organisms with intrinsic resistance to glycopeptides, including Lactobacillus spp., indicating that 
the resistance genes are not part of the chromosomes of these species and are not transferable. 

Although transfer of antibiotic resistance genes within LAB by bacteriophages and 
prophages seems theoretically possible, this has not actually been observed; further, the host 
range of such transfers would be limited to closely related strains within a single species (Teuber 
et al. 1999). As a result, the only recognized mechanism of horizontal gene transfer in bacteria 
outside the microbiological laboratory is conjugation based on conjugative plasmids and 
transposons (Teuber et al. 1999). 

The antibiotic susceptibility of L. rhamnosus "001, as well as L. rhamnosus strains 
"067 and GG; L. acidophilus strains "017 and LAl; L. plantarum strain "045; and B. 
animalis ssp. lactis strains "019, "049, "098, and Bb12, was studied by Zhou et al. 
(2005a), using the disk-diffusion method. Four sterilized paper disks were placed aseptically on 
the surface of agar to which fresh culture had been added. Five pl of the test antibiotic solution 
was applied to each disk and the agar plates were incubated for 24 hours, following which the 
diameters of the inhibition zones were measured. Based on the average of 5 readings, results 
were expressed as sensitive, intermediate, or resistant using the standards reported by Acar and 
Goldstein (1 991), Isenberg (1992), and Woods and Washington (1 995). The 18 tested antibiotics, 
their concentrations, and the resistance of L. rhamnosus HNOO1 are displayed in Table 6, which 
also summarizes the results of susceptibility testing of the other 9 strains'. 

The resistances shown by L. rhamnosus "001 were also exhibited by all or nearly all of 
the other 9 probiotic strains tested and are unlikely to be acquired resistances. In order to further 
explore whether antibiotic resistance traits are intrinsic or acquired, Zhou et al. (2005a) also 
determined whether each tested strain contained plasmids. No plasmids were detected in L. 
rhamnosus €€NO01 (or in "01 7, "019, or "067). However, preliminary work with strain 
"001 had determined that the strain actually contained 2 plasmids, a small plasmid of 9 kb and 
a large one of approximately 40 kb, that are easily lost on repeated subculturing. The same 
antibiotic resistance tests were conducted with plasmid-containing L. rhamnosus "00 1 and 
identical results were obtained, suggesting that the antibiotic resistance traits seen in this strain 
are not plasmid-based. 

The list of 18 antibiotics tested by Zhou et al. (2005a) is similar but not identical to the list of 13 1 

antibiotics suggested for resistance testing by EFSA (2005). Both lists include ampicillin, vancomycin, 
gentamicin, kanamycin, streptomycin, neomycin, erythromycin, tetracycline, and chloramphenicol. The 
EFSA list also includes clindamycin, quinupristin+dalfopristin, trimethoprim, and linezolid, not tested by 
Zhou et al. (2005), while the latter did test penicillin G, cephalothin, cloxacillin, novobiocin, fusidic acid, 
nalidixic acid, polymyxin B, rifampin, and spectinomycin, not listed by EFSA (2005). 
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Table 5. Antimicrobial Agents Tested and L. rhamnosus "001 Resistances 

Penicillin G 10 susceptible all S 

Ampicillin 10 susceptible all S 

Cephalothin I 30 I susceptible I all S 

C loxaci I lin 1 susceptible 3 1 , 6 R  

Gram-positive spectrum 

Erythromycin 15 susceptible all S 

Novobiocin I 5 1 susceptible I all S I 
Vancomycin 30 resistant 5 S , 4 R  

Gram-negative spectrum 

Fusidic acid I 10 I resistant I 2 S, 7 R I 
Nalidixic acid I 30 I resistant I all R H 
Polymyxin B 300 resistant all R 

Broad spectrum 

Chloramphenicol 30 susceptible all S 

Rifarnpin I 5 I susceptible I all S II 
Spectinornycin I 100 I susceptible I all S 

Tetracycline I 30 I susceptible I all S I 
Aminoglycosides I I I I 

Kanamycin 30 resistant all R 

Gentamicin 10 resistant 1 S , I I , 7 R  

Neomycin I 30 1 resistant I 1 S, 8 R 

Streptomycin I 10 I resistant I 1 I , 8 R  I 

Y Source: Zhou et al. 2005a 
1 Number of strains that were susceptible (S), intermediate (I), or resistant (R). 

Klein et al. (2000) investigated whether glycopeptide resistance in lactobacilli has a 
similar genetic basis to that found in enterococci. L. rhamnosus strain GG (ATCC 53 103), as 
well as 5 L. reuteri strains and 4 Enterococcus control strains, were probed for the van(A) gene 
cluster, the van(B) gene and the van&) gene by PCR and Southern hybridization and DNNDNA 
hybridization. Their resistance and plasmid patterns were also investigated. All Lactobacillus 
strains were resistant to some degree to vancomycin, oxacillin, gentamicin, ciprofloxacin, and 
trimethoprim/sulphamethoxazol, but susceptible to a broad range of antibiotics, including 
clindamycin, imipenem, chloramphenicol and rifampin. Klein et al. (2000) noted that the 
glycopeptide resistance of  L. rhamnosus and L. reuteri is a natural trait in these species and there 
has been no evidence of  transmission of the Lactobacillus glycopeptide resistance to other 
bacterial strains. None of the Lactobacillus strains possessed the van(A), van(B), or van(C) gene. 
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These findings indicated that the glycopeptide resistance of the Lactobacillus strains analyzed is 
different from the enterococcal type, and the authors concluded that the study provides 
reassurance regarding the safety with regard to vancomycin resistance of the Lactobacillus 
strains tested. 

Kastner et al. (2006) conducted a survey of starter and probiotic cultures to determine the 
current antibiotic resistance situation in microbial food additives in Switzerland. Two hundred 
isolates from 90 different sources were typed by molecular and other methods to belong to the 
genera Lactobacillus (74 samples), Staphylococcus (33 samples), Bifidobacterium (6 samples), 
or Pediococcus (5 samples), or were categorized as lactococci or streptococci (82 samples). 
These bacteria were screened for phenotypic resistances to 20 antibiotics by the disk diffusion 
method. L. rhamnosus GG (the only rhamnosus strain tested) exhibited resistance to 8 antibiotics 
(fusidic acid, kanamycin, nalidixic acid, tobramycin, nitrofurantoin, oxacillin, streptomycin, and 
vancomycin) and) but not to the other antibiotics tested (cefotaxime, clindamycin, ofloxacin, 
penicillin G, tetracycline, lincomycin, methicillin, erythromycin, chloramphenicol, rifampicin, 
novobiocin, and gentamicin). This last result-the susceptibility of LGG to genamicin-differs 
from the findings of Zhou et al. (2005a), discussed above. Under the conditions tested by Zhou et 
al. (2005a), both LGG and "001 were resistant to gentamicin, as were most of the other strains 
tested. 

Twenty-seven isolates exhibiting resistances that are not intrinsic features of the 
respective genera were further analyzed by microarray hybridization to trace phenotypic 
resistances to specific genetic determinants. Their presence was verified by PCR amplification or 
Southern hybridization. These studies resulted in the detection of the tetracycline resistance gene 
tet(K) in 5 Staphylococcus isolates used as meat starter cultures, the tetracycline resistance gene 
tet(W) in the probiotic cultures Bzjidobacterium lactis DSM 10140 and Lactobacillus (residing 
on a plasmid), and the lincosamide resistance gene lnu@) (formerly Zin@)) in L. reuteri SD2 1 12 
(Kastner et al. 2006), but no antibiotic resistance genes were identified in L. rhamnosus GG. 

Klare et al. (2007) studied a variety of Lactobacillus as well as Pediococcus and 
Lactococcus human isolates and cultures intended for probiotic use. A total of 4 16 isolates of 
Lactobacillus representing 2 1 species, including 13 1 isolates of L. rhamnosus strains, were tested 
against 16 antimicrobial agents encompassing nearly all important classes to determine the 
distribution of MIC for each isolate. The goal was to determine tentative species- or group- 
specific epidemiological cut-off (ECOFF) values to allow differentiation between wild-type 
isolates lacking acquired antibiotic resistance traits and non-wild-type isolates containing one or 
more acquired antibiotic resistance traits. ECOFF values could only be determined for those 12 
species that were represented by at least 10 isolates. A surprisingly small number of acquired 
antibiotic resistances were found; the authors suggested that this might be due to the fact that all 
isolates tested were of well known and generally recognized as safe strains. Acquired resistances 
were found only to streptomycin, erythromucin, clindamycin, and oxytetracycline-3 isolates 
each for the first 3 antimicrobials and 12 isolates for oxytetracycline. Five of the 13 1 L. 
rhamnosus isolates exhibited putatively acquired resistance, but in none of these cases was a 
known resistance gene found. Two strains had high MICs for streptomycin, but neither harbored 
the aad(E) gene encoding this resistance. Similarly, 1 strain was resistant to erythromycin but 
tested negative for errn(A), erm(B), and erm(C), the known genes encoding for this resistance, 
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while the 3 isolates exhibiting tetracycline resistance did not harbor any known tetracycline- 
resistance genes. While a great number of other resistances were identified, they were classified 
as intrinsic and therefore less capable of conjugation. 

Klare et al. (2007) also carried out conjugation experiments, using non-wild-type isolates 
containing 1 or 2 antibiotic resistance genes as donors and rifampicin- and fbsidic-acid-resistant 
isolates of the corresponding Lactobacillus species, as well as strains E. faecium 64/3 and E. 
faecalis JH 2-2, as recipients. None of the intra- or interspecies donor-recipient combinations 
tested produced transconjugants under the experimental conditions applied. 

As discussed earlier (Section 2.4.4.1), a genomic analysis of strain "001 found that, 
while the genes required for the synthesis of a peptidoglycan with a stem pentapeptide ending in 
D-alanyl-D-lactate, D-alanyl-D-serine, or D-alanyl-D-alanine dipeptide, these genes are 
scattered throughout the "00 1 genome rather than clustered together as expected if they were 
transferable. Thus it appears that vancomycin resistance in strain €€NO01 is intrinsic and is not 
transferable to other bacteria. Several other genes possibly involved in antibiotic resistance were 
identified in the "00 1 genome, but none of these are closely linked to predicted mobile genetic 
elements and it thus appears unlikely that they are transferable. Of particular significance is that 
no known antibiotic resistance genes were identified in either of the 2 plasmids. 

4.4. In Vivo Studies of L. rhamnosus 

4.4.1. Animal Studies 
A number of animal studies of L. rhamnosus strain "001 as well as several other L. 

rhamnosus strains were conducted in order to demonstrate safety and to investigate potential 
beneficial effects, including protection from Salmonella typhimurium, Clostridium difJicile, 
Candida albicans and other infective microbes, prevention or amelioration of colitis, and 
reduction of bacterial translocation following liver injury. As discussed below, the evidence for 
such benefits is generally supportive but variable. Most important, though, is that these studies- 
in which L. rhamnosus was given orally to mice, hamsters, rats, and rabbits-have consistently 
found an absence of any observable adverse effects due to administration of L. rhamnosus at 
daily doses as high as 5 x 10l2 cfidkg bw/day, 10,000 to 100,000 times the exposure likely to 
occur from its intended use in foods. 

4.4.1.1. Studies of L. rhamnosus "001 in Animals 

summarized in Table 8 at the end of the section. 
The experimental studies discussed in this section, all in the mouse model, are 

Shu et al. (1999) assessed the safety of L. rhamnosus "001, as well as L. acidophilus 
"01 7 and Bifzdobacterium animalis ssp. Zactis "01 9, in BALB/c mice. Male mice age 6-8 
weeks and weighing about 25 g were acclimatized for 14 days on a skim-milk powder-based diet 
and then randomized into 13 groups with n = 12 mice/group. The 3 probiotic strains, along with 
commercially obtained L. acidophilus LC1 as a probiotic control, were administered orally to 
mice at 5 x lo7, lo9, or 5 x lo1' cfidday; a 13th group of mice served as a non-probiotic control. 
Mice received their assigned treatment for 7 days. Half of the mice in each group were killed 
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immediately at the termination of treatment while the other half remained on the basal diet 
(without probiotics) for another 7 days before sacrifice. Clinical observations were conducted 
daily; feed and water intake and body weight were recorded weekly. After sacrifice, spleens and 
kidneys were removed to be weighed and examined for any indication of bacterial translocation 
or infection. Any organisms isolated from tissue samples were subjected to randomly amplified 
polymorphic DNA (RAPD) finger-printing to identify them. Small sections of ileum, cecum, and 
colon were excised for histological examination. Blood was drawn after euthanasia and analyzed 
for plasma glucose level as well as several hematological parameters: erythrocyte and platelet 
numbers, hemoglobin, mean corpuscular volume, hematocrit, and mean corpuscular hemoglobin 
concentration. 

No adverse clinical signs were noted in any animals, and the mean general appearance 
scores did not differ among the groups. There was no effect of any treatment on feed or water 
consumption or on body-weight gain. No viable bacteria were detected in the spleens of any 
mice. Bacteria were isolated from one mouse in the "001 high-dose group, one mouse in the 
HNO 19 low-dose group, and one mouse in the LC 1 mid-dose group, but these isolates produced 
different DNA finger prints than the test strains and likely came from the mice's intestinal 
microbiota. The histological analysis found no effects of any treatment on the villi height, 
mucosal thickness, or epithelial cell height of the intestinal samples. No effects were seen in 
blood glucose or any hematological measures. Both absolute and relative spleen weights were 
unaffected, indicating an absence of splenic inflammation such as would result from bacterial 
infection. 

The authors noted that the high dose of 5 x 10" cWday shown to be without adverse 
effect in this study corresponds to a level of 2 x 1 OI2 cfidkg bw/day; equivalent to 1.5 x 1 OI3 
cfidday for a 75-kg adult human. 

Zhou et al. (2000a) again used male BALB/c mice to assess the safety of L. rhamnosus 
H N O O  1, as well as L. acidophilus H N O  17 and Bijidobacterium animalis ssp. lactis K N O  19. Mice 
age 6-8 weeks and weighing about 20 g were acclimatized for 14 days on a skim-milk powder- 
based diet and then randomized into 13 groups with n = 6 mice/group. The 3 probiotic strains, 
along with commercially obtained L. acidophilus LA-1 as a probiotic control, were administered 
orally to mice at 5 x 1 O', 1 09, or 5 x 10" cfidday; a 13* group of mice served as a non-probiotic 
control. Mice received their assigned treatment for 21 days. Clinical observations were 
conducted daily; feed and water intake and body weight were recorded weekly. After sacrifice, 
spleens, livers, and mesenteric lymph nodes were removed to be weighed and examined, along 
with blood samples, for any indication of bacterial translocation or infection. Any organisms 
isolated from tissue samples were subjected to randomly amplified polymorphic DNA (RAPD) 
finger-printing to identify them. Small sections of ileum, cecum, and colon were excised for 
histological examination. Blood was drawn after euthanasia and analyzed for both hematological 
and biochemical parameters. Hematology measures included erythrocyte and platelet numbers, 
hemoglobin, mean corpuscular volume, mean corpuscular hemoglobin, mean corpuscular 
hemoglobin concentration, and both total and differential leukocyte counts (lymphocytes, 
neutrophils, monocytes, and eosinophils). Biochemistry measures were total plasma protein, 
albumin, plasma glucose, and total plasma cholesterol. 
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There was no mortality and no adverse clinical signs were noted in any animals. There 
was no effect of any treatment on feed or water consumption or on body-weight gain. There was 
no effect on any of the hematological or biochemical parameters assessed. The histological 
analysis found no sign of hepatomegaly, splenomegaly, or cecal enlargement. Both absolute and 
relative spleen weights were unaffected. Mucosal examination found no indication of 
inflammation, degeneration, or necrosis or any effect on the villi height, mucosal thickness, or 
epithelial cell height of the intestinal samples. No viable bacteria were detected in the spleens of 
any mice except 1 mouse receiving LA- 1.  The mesenteric lymph nodes revealed bacteria in 1 of 
the 6 control mice and 10 of the 72 mice receiving probiotics. Bacteria were isolated from the 
livers of 1 control mouse and 2 mice receiving LA- 1,  but no mice receiving "00 1 , HNO 17, or 
"019. Bacteria were isolated from the kidneys of one mouse receiving HN017 and 2 mice 
receiving LA-1. No bacteria were isolated from the blood of any mouse. There was no 
correspondence between bacterial translocation and probiotic administration v. non- 
administration or with probiotic strain or dose. Further, no RAPD pattern from the isolated 
bacteria matched any of the test strains. Zhou et al. (2000a) concluded that "001, "01 7, and 
"0 19 are non-pathogenic and safe for human consumption. 

Zhou et al. (2000b) performed a similar study using these same bacterial strains but 
administered them at far higher doses, 10' ' cfdday. L. rhamnosus "00 1 ,  L. acidophilus "01 7, 
B. animalis ssp. lactis "019, L. rhamnosus GG, L. acidophilus LA-1, or placebo were 
administered twice a day at doses of 5 x 10'' via oral pipette to 48 male BALB/c mice aged 6-8 
weeks and weighing about 20 g (8 mice/group). Mice were acclimatized for 7 days on a skim- 
milk powder-based diet and then randomized to receive one of the 6 treatments for 8 days. 
Clinical observations were conducted twice daily and activity level was recorded daily; feed 
intake and body weight were recorded weekly. After sacrifice, spleens, livers, and mesenteric 
lymph nodes were removed to be weighed and examined, along with blood samples, for any 
indication of bacterial translocation or infection. Prior to excision of tissue samples the surfaces 
of viscera were swiped with sterile swabs that were subsequently cultured to test for bacterial 
contamination. Any organisms isolated from visceral surfaces or tissue samples were subjected 
to randomly amplified polymorphic DNA (RAPD) finger-printing to identify them. Small 
sections of ileum, cecum, and colon were excised for histological examination. 

There was no mortality and no effects of any of the treatments were observed in the 
animals' behavior, hair luster, or activity level. There were no effects on feed intake or body- 
weight gain. Neither macro- nor microscopic examination of the excised organs revealed any 
effect of any of the treatments; there was no sign of inflammation, degeneration, or necrosis of 
intestinal mucosa; no significant differences were detected in villus height, epithelial cell height, 
crypt depth, or mucosa thickness. There was no indication of hepatomegaly, splenomegaly, or 
cecal enlargement. Neither absolute nor relative spleen weight was affected. There was no 
bacterial growth in the visceral swab cultures or in the blood of any animal. Although bacteria 
were detected in excised tissues, especially the mesenteric lymph nodes, the prevalence was the 
same in all groups and RAPD testing established that no isolated bacteria matched any of the 
probiotic strains administered. 
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In summary, Zhou et al. (2000b) concluded that the tested probiotic strains, administered 
at daily doses of 10" cfu (about 700 times the likely human dose), had very low acute toxicity, 
no effect upon mucosa, little likelihood of translocation, and no indication of potential infectivity. 

Gill et al. (2000) studied the effect of feeding L. rhamnosus HNOO1, L. acidophilus 
HN017, and B. animalis ssp. lactis on indices of natural and acquired immunity in mice. In the 
first experiment, 80 male BALB/c mice age 6-7 weeks were fed a milk-based diet for 1 week and 
then randomized into 4 groups (n = 20 mice/group) receiving lo9 cfdday of 1 of the 3 probiotic 
strains in skim milk or skim milk alone for 10 days. On days 0 and 7, mice were orally 
administered cholera toxin. At termination on day 1 0, peritoneal macrophages, blood, spleens, 
and intestinal washings were taken for examination. In the second experiment, 72 mice were 
treated as in the first experiment (with 18 mice/group) but maintained on the diets for 28 days 
and inoculated subcutaneously with tetanus vaccine or days 7 and 21. Feed intake and body 
weights were measured weekly. At termination on day 28, peritoneal macrophages, blood, 
spleens, and intestinal washings were taken for examination. Spleens were forced into single-cell 
suspensions and their proliferation measured in vitro in the presence or absence of T- and B-cell 
mitogens (concanavalin A and lipopolysaccharide, respectively). Spleen cells were also cultured 
and the presence of interleukin (1L)-4 and interferon (1FN)-y was determined using ELISA. 
Serum or intestinal fluid samples were exposed to cholera toxin or tetanus toxoid and ELISA 
was used to determine antibody response. The expression of CD4, CD8, and CD40 antigens on 
peripheral blood leucocytes was monitored by flow cytometric analysis. The phagocytic capacity 
of peripheral blood leucocytes and peritoneal macrophages as well as the natural killer (NK)-cell 
activity of spleen cells were also assessed using flow cytometry-based assays. 

None of the probiotic strains had any effect on feed intake, body-weight gain, production 
of IL-4, or expression of CD4, CD8, or CD40 cells in the blood, but all 3 produced significant 
increases in the phagocytic activity of peripheral blood leucocytes (monocytes and 
polymorphonuclear cells) and peritoneal macrophages as well as the proliferative responses of 
spleen cells to both T- and B-cell mitogens. The spleen cells of mice given L, rhamnosus "001 
or L. acidophilus H N O  17 produced higher amounts of IFN-y in response to stimulation with 
concanavalin A, indicating an effect on Thl T-cells but apparently not on Th2 cells. Serum 
antibody responses to antigens were enhanced by oral administration of all 3 probiotic strains, 
but NK-cell activity was increased only in the mice given L. rhamnosus "001. 

A set of 3 experiments was conducted to assess the ability of L. rhamnosus "001 to 
protect against Salmonella typhimurium (ATCC 1772) infection (Gill et al. 2001 b). All 3 studies 
used 6-8-week-old conventional male BALB/c mice that were individually caged with ad libitum 
access to water and a skim milk powder-based diet. In the first experiment, 36 mice received 1 O9 
cfidday L. rhamnosus for 7 days while 35 mice served as controls. All mice then were challenged 
with a single oral dose of lo7 cfu S. typhimurium. The mice continued to receive their assigned 
treatment for 21 additional days, although 6 mice fkom each group were euthanized 6 days after 
the challenge. General health scores, based on observation, were recorded daily; at termination 
intestinal washings and blood samples were taken for antibody analysis. The general health 
scores, as well as feed and water intake and weight gain, were significantly higher among the 
mice receiving probiotics, and mortality was much lower; only 2 of the 29 control mice survived 
to the end of the study while 27 of 30 HNOOl-fed mice survived. The anti-S. typhimurium 
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antibody titers were significantly higher in both blood and intestinal fluid samples among the 
probiotic-fed mice. 

In Experiment 2, Gill et al. (2001b) fed 21 mice lo9 cfidday L. rhamnosus HNOO1 for 14 
days while 21 mice served as controls. All mice were challenged on days 7, 8,9, 10, and 11 with 
8 x lo5 cfidday S. typhimurium. All mice were monitored for general health and mortality and 6 
mice were killed from each group at the end of the dosing period (day 14). Blood and peritoneal 
and visceral tissue samples were taken for bacteriological and immunological analysis. Both 
general health scores and survival were lower among the control mice than the HNOO1 -fed mice; 
at day 14 16/2 1 "00 1 -fed mice and 12/2 1 controls survived. Significantly higher counts of 
salmonellae were recovered from the liver and spleen of the control mice than the probiotic-fed 
mice, and the phagocytosis responses of the blood and peritoneal leucocytes were significantly 
higher among the HNOO1 -fed mice than the controls. 

Gill et al.'s (2001b) Experiment 3 included 3 groups of mice: 2 test groups (n = 5 mice 
each) and a control group with 4 mice. Test group 1 received lo9 cfidday L. rhamnosus HNOO1 
for 7 days before the S. typhimurium challenge and for 5 additional days after it began while test 
group 2 received the same dose of probiotic at the same time as the challenge and also received it 
for 5 further days. The control group received no probiotic. The Salmonella challenge was 5 x 
lo7 cfidday S. typhimurium each day for 5 days. All mice were killed 5 days after initiation of the 
challenge and visceral tissue samples were taken for bacteriological investigation. Mice 
pretreated with "00 1 showed significantly lower counts (about 1 00-fold) of Salmonellae in the 
spleen and liver compared with controls. Mice that received the probiotic simultaneously with 
the challenge also had slightly lower salmonella counts than did the controls, but the difference 
was significant only in splenic tissue. 

Together, these experiments demonstrated that ingestion of L. rhamnosus H N O O  1 
significantly reduces the ability of S. typhimurium, a highly infective species, to translocate to 
the visceral organs. This effect was seen with both high and low doses of Salmonella. Further, L. 
rhamnosus HNOO1 also enhanced the murine innate immune response to pathogenic challenge 
among different host cells and at different somatic sites, with neutrophils in blood and 
macrophages in peritoneal leucocytes showing enhanced activity (Gill et al. 2001 b). No adverse 
effects due to the probiotic treatment were reported in any of the 3 experiments. 

Because of the possibility that intestinal microbiota could contribute to the pathogenesis 
of autoimmune diseases, Zhou and Gill (2005) tested the effect of administration of L. 
rhamnosus "001 and B. animalis ssp. lactis HN019 on pathological inflammation in a mouse 
model of experimental autoimmune thyroiditis. Mouse thyroglobulin was obtained through 
processing of frozen thyroids fiom 300 inbred BALB/c and CBA/CaH mice and its purity 
confirmed by SDS-PAGE analysis. Female CBA/CaH (n = 114) mice 4-6 weeks old and 
possessing the H-2k haplotype (which renders them more susceptible to the induction of 
experimental autoimmune thyroiditis) were acclimated to the housing conditions for 2 weeks and 
then randomized to receive saline solution, L. rhamnosus "001, B. animalis ss . lactis "019, 
or L. rhamnosus GG once a day via pipette. The daily probiotic dose was 6 x 10 to 1.5 x lo8 cfu. 
The mice were randomized to be inoculated subcutaneously with thyroglobulin after 7 days and 
again after 14 days or to be inoculated with thyroglobulin + lipopolysaccharide precipitated from 

P 
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E. coli 055:B5, intended to exacerbate the development of autoimmune response; this second 
treatment also included another booster dose after 42 days. The health status and behavior of the 
mice was observed daily, body temperatures were taken every other day, and body weights were 
measured weekly. Animals were euthanized after receiving probiotics or placebo for 5, 8, or 9 
weeks and blood, spleen, and thyroid glands were collected. ELISA was used to determine levels 
of anti-thyroglobulin IgGl and IgG2a antibodies in serum in order to confirm the establishment 
of an autoimmune reaction. Spleens were weighed and spleen lymphocyte proliferative response 
to thyroglobulin was assessed; and the extent of mononuclear cell infiltration in the thyroid 
tissues was determined. 

There was no mortality, and there were no differences in clinical observations, body 
temperatures, or body weights of the mice receiving saline or probiotics. All mice inoculated 
with thyroglobulin produced measurable titers of IgGl and IgG2a antibodies against 
thyroglobulin, demonstrating that an autoimmune response had been induced. The mice also 
showed inflammatory responses in increased relative spleen weights and increased splenic 
lymphocyte proliferation. Probiotic feeding had no effect on these responses. Histological 
changes in thyroid tissue were mild after inoculation with thyroglobulin alone but greater with 
the addition of E. coli lipopolysaccharide. As shown in Table 7, administration of probiotic 
bacteria did not affect the incidence of experimental autoimmune thyroiditis. 

Table 6. Incidence of Experimental Autoimmune Thyroiditis. 

Thyroglobulin + 

O I l2 I O II Control (no I 12 I 
treatment) 

50 

50 I Saline 12 17 12 

"001 12 17 12 

"019 12 25.00 12 42 

LGG 11 18 6 50 

Source: Zhou and Gill 2005 
% EAT = the percentage of mice that exhibited symptoms of 
experimental autoimmune thyroiditis 

Zhou and Gill (2005) concluded that long-term daily ingestion of the tested probiotics 
had no adverse effect on the induction or progression of thyroglobulin-induced experimental 
autoimmune thyroiditis in CBNCaH mice. Because this murine model mimics the cellular and 
pathological manifestations of Hashimoto's thyroiditis (a human autoimmune disease), it is 
widely used as a model to study human autoimmunity. Thus, the findings suggest that 
immunostimulatory probiotic L. rhamnosus "001 (as well as the 2 other strains tested) does 
not induce or enhance autoimmune response in humans. 

In summary, L. rhamnosus "001 has been orally administered to BAL,B/c mice for up 
to 2 1 days at doses as high as 10' cfidday with no indication of toxicity or adverse effects on 
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immune, gastrointestinal, hematological, or biochemical parameters. The highest dose 
administered, 10" cfidday, is equivalent to 5 x 1OI2 cWkg bw/day. For a 65-kg human, a daily 
dose of 5 x 10l2 cfulkg is equivalent to 3 x l O I 4  cfidday, 10,000 to 100,000 times the intake 
estimated to result from the intended use of "00 1. 

Additionally, there was no suggestion of infectivity in any of the research; there was no 
sign of inflammation, hepatomegaly, or splenomegaly, and no viable bacteria matching the test 
strains were isolated in spleens or blood of any mouse. Furthermore, the probiotic did not affect 
the incidence of experimental autoimmune thyroiditis in highly susceptible female CBNCaH 
mice possessing the H-2k haplotype. 
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Reference 

Gill et al. 
(2000) 
(2 reported 
experiments) 

Gill et al. 
(2001 b) 

(3 reported 
experiments) 

Objective 

Investigate the 
effect of 
feeding L. 
rhamnosus 
"001, L. 
acidophilus 
"017, or B. 
animalis ssp. 
lactis on 
indices of 
natural and 
acquired 
immunity in 
mice. 

Assess the 
ability of L. 
rhamnosus 
"001 to 
protect against 
Salmonella 
typ himurium 
infection in 
mice. 

GRAS Determination for 

Table 7. Studies of L. rhamnosus "001 in Animals 

Study Design 

1. Mice were acclimatized 
for 1 week and 
randomized into 4 groups 
receiving 1 of the 3 
probiotic strains or 
placebo for 10 days. On 
days 0 and 7, mice were 
orally administered 
cholera toxin 

2. Same, but maintained 
on the diets for 28 days 
and inoculated 
subcutaneously with 
tetanus vaccine or days 7 
and 21 

1. Mice received L. 
rhamnosus or placebo for 
28 days, challenged on 
day 8 with a high dose of 
S. typhimurium. 

2. Mice received L. 
rhamnosus or placebo for 
14 days, challenged on 
days 7,8,9, 10, and 11 
with low doses of S. 
typhimurium. 

Animal Model 

1. 80 male 
BALBlc mice age 
6-7 weeks 

2. 72 male 
BALBlc mice age 
6-7 weeks 

1. 71 6-8-week- 
old male BALBlc 
mice 

2. 42 6-8-week- 
old male BALBlc 
mice 

L. rhamnosus 
Dose 

1. I O 9  cfulday 

2. I O 9  cfulday 

1. 1 O9 cfulday 

2. I O 9  cfulday 

Duration 

1. 10 days 

2.28 days 

1.28 days 
(7 pre-infec- 
tion, 21 post 
infection) 

2. 14 days 
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Safety-Related Results 

None of the probiotic strains had any effect 
on feed intake, body-weight gain, 
production of IL-4, or expression of CD4, 
CD8, or CD40 cells in the blood, but all 3 
produced significant increases in the 
phagocytic activity of peripheral blood 
monocytes and polymorphonuclear cells, 
peritoneal macrophages, and proliferative 
responses of spleen cells to T- and B-cell 
mitogens. The spleen cells of mice given L. 
rhamnosus "001 or L. acidophilus "017 
produced higher amounts of IFN-y in 
response to stimulation with concanavalin 
A, indicating an effect on Thl T-cells but 
not on Th2 cells. Serum antibody 
responses to antigens were enhanced by 
oral administration of all 3 probiotic strains, 
but NK-cell activity was increased only in 
the mice given L. rhamnosus "001. No 
adverse effects were observed. 

* 

1. General health scores, feed and water 
intake, and weight gain were higher among 
mice receiving probiotics and mortality was 
lower. Anti-S. typhimurium antibody titers 
were higher in blood and intestinal fluid 
samples among the probiotic-fed mice. 

2. General health scores and survival were 
lower among the control mice than the 
"001-fed mice. Higher counts of 
salmonellae were recovered from the liver 
and spleen of the control mice than the 
probiotiofed mice, and the phagocytosis 
responses of the blood and peritoneal 
leucocytes were significantly higher among 
the "001-fed mice than the controls. 

Lactobacillus rhamnosus "00 1 
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Reference 

Sill et al. 
:2001 b), 
zontinued 

Shu et al. 
(1 999) 

~~~ 

Objective 

Assess the 
ability of L. 
rhamnosus 
"001 to 
protect against 
Salmonella 
typhimurium 
infection in 
mice. 

Assess the 
safety of L. 
rhamnosus 
"001, L. 
acidophilus 
"017, and 
Bifidobacteriu 
m animalis 
ssp. lactis 
"019 

Table 7. Studies of L. rhamnosus "001 in Animals 

Study Design 

3. One group of mice 
received L. hamnosus or 
placebo for 12 days 
before and during the S. 
typhimuriom challenge on 
days 8,9,10,11, and 12 
while the other group 
received L. rhamnosus 
only for 5 days simul- 
taneously with the 
challenge 

Mice were acclimatized 
and then randomized into 
13 groups. The 3 probiotic 
strains and commercially 
obtained L. acidophilus 
LC1 as a probiotic control 
were administered orally 
to mice at 3 dose levels; a 
1 3'h group of mice served 
as a non-probiotic control. 
Half of the mice were 
killed at the termination of 
treatment (7 days) while 
the other half remained on 
the basal diet (without 
probiotics) for another 7 
days before sacrifice 

Animal Model 

3. 14 6-8-week- 
old male BALB/c 
mice 

- 

156 male BALB/c 
mice aged 6-8 
weeks and 
weighing about 
25 9 

L. rhamnosus 
Dose 

3. 1 O9 cfulday 
- 

0, 5 x 10:b109, 
o r5x10  
cfulday 

Duration 

3. 12 days 
and 5 days 

7 days 
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Safety-Related Results 
- 

3. Mice pretreated with "001 showed 
significantly lower counts (about 100-fold) 
of salmonellae in the spleen and liver 
compared with controls. Mice that received 
the probiotic simultaneously with the 
challenge also had slightly lower 
salmonella counts than did the controls, but 
the difference was significant only in 
splenic tissue. 

No adverse effects were reported in any of 
the 3 experiments. 

No adverse clinical signs were noted in any 
animals, and the mean general appearance 
scores did not differ among the groups. 
There was no effect of any treatment on 
feed or water consumption or on body- 
weight gain. No viable bacteria were 
detected in the spleens of any mice. The 
histological analysis found no effects of any 
treatment on the villi height, mucosal 
thickness, or epithelial cell height of the 
intestinal samples. No effects were seen in 
blood glucose or any hematological 
measures. Both absolute and relative 
spleen weights were unaffected, indicating 
an absence of splenic inflammation such as 
would result from bacterial infection. 
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Reference 

Zhou et al. 
(2000a) 

Zhou et al. 
(2000b) 

Objective 

4ssess the 
safety of L. 
rhamnosus 
"001, L. 
ecidophilus 
"017, and 
Bifidobacferiu 
rn animalis 
ssp. lactis 
"019 

Assess the 
safety of L. 
rhamnosus 
"001, L. 
acidophilus 
"017, and 
Bifidobacteriu 
m animalis 
ssp. lactis 
"019 with L. 
hamnosus GG 
and L. 
acidophilus 
LA-1 as 
comparison 
strains 

Table 7. Studies of L. rhamnosus "001 in Animals 

Study Design 

Mice were acclimatized 
and then randomized into 
13 groups. The 3 probiotic 
strains and commercially 
obtained L. acidophilus 
LC1 as a probiotic control 
were administered orally 
to mice at 3 dose levels; a 
13'h group of mice served 
as a non-probiotic control. 

Mice were acclimatized 
for 7 days and 
randomized to receive 
one of the 5 treatments or 
placebo 

Animal Model 

78 male BALBlc 
mice aged 6-8 
weeks and 
weighing about 
20 9 

48 male BALBlc 
mice aged 6-8 
weeks and 
weighing about 
20 9 

L. rhamnosus 
Dose 

D, 5 x 10~,109, 
or5x10 
cfulday 

10l1 cfulday 
(twice a day at 
doses of 5 x 
I 0'' via oral 
pipette) 

Duration 

21 days 

8 days 

GRAS Determination for 
Lactobacillus rhamnosus H N O O  1 

41 JHeimbach LLC 

Safety-Related Results 

There was no mortality and no adverse 
clinical signs were noted in any animals. 
There was no effect of any treatment on 
feed or water consumption, body-weight 
gain, any of the hematological or 
biochemical parameters assessed, or on 
histological parameters. Both absolute and 
relative spleen weights were unaffected. 
Mucosal examination found no indication of 
inflammation, degeneration, or necrosis or 
any effect on the villi height, mucosal 
thickness, or epithelial cell height of the 
intestinal samples. No viable test-strain 
bacteria were detected in the spleens, 
kidneys, or blood of any mice. 

There was no mortality and no effects of 
any of the treatments were observed in the 
animals' behavior, hair luster, activity level, 
feed intake, or body-weight gain. Macro- 
and microscopic examination of the excised 
organs revealed no effect or any sign of 
inflammation, degeneration, or necrosis of 
intestinal mucosa; no difference was seen 
in villus height, epithelial cell height, crypt 
depth, or mucosa thickness. No 
hepatomegaly, splenomegaly, or cecal 
enlargement was seen. Neither absolute 
nor relative spleen weight was affected. 
There was no bacterial growth in the 
visceral swab cultures or in the blood of 
any animal. No test-strain bacteria were 
detected in excised tissues. The tested 
probiotic strains had very low acute toxicity, 
no effect on mucosa, little likelihood of 
translocation, and no sign of infectivity. 



==--$-- Reference Objective 

Zhou and Gill 
(2005) 

P 

Investigate the 
effect of 
administration 
of L. 
rhamnosus 
"001 and B. 
animalis ssp. 
lacfis "019 
on pathological 
inflammation in 
a mouse 
model of 
experimental 
autoimmune 
thyroiditis 

I 

0 
c 
0 
8 

Table 7. Studies of L. rhamnosus "001 in Animals 

Study Design 

Mice were acclimated for 
2 weeks and randomized 
to receive one of the test 
strains, L. rhamnosus 
strain GG, or placebo. 
The mice were also 
randomized to be 
inoculated 
subcutaneously with 
thyroglobulin after 7 days 
and again after 14 days or 
to be inoculated with 
thyroglobulin + 
lipopolysaccharide with a 
booster at 42 days 

GRAS Determination for 
Lactobacillus rhamnosus "00 1 

L. rhamnosus I Dose Animal Model 

6 weeks old 
possessing the H- 
2k haplotype for 
susceptibility to 
experimental 
autoimmune 
thyroiditis 

Duration 

5 8 ,  or 9 
weeks 

42 JHeimbach LLC 

Safety-Related Results 

There was no mortality and no differences 
in clinical observations, body temperatures, 
or body weights of the mice receiving saline 
or probiotics. All mice inoculated with 
thyroglobulin produced measurable titers of 
lgGl and lgG2a antibodies against 
thyroglobulin and inflammation was shown 
in increased relative spleen weights and 
increased splenic lymphocyte proliferation. 
Administration of probiotic bacteria did not 
affect the incidence of experimental 
autoimmune thyroiditis. Long-term daily 
ingestion of the tested probiotics had no 
adverse effect on the induction or 
progression of thyroglobulin-induced 
experimental autoimmune thyroiditis in 
CBNCaH mice. The findings suggest that 
L. rhamnosus "001 (as well as the 2 
other strains tested) does not induce or 
enhance autoimmune response in humans. 



1 

4.4.1.2. Studies of Other L. rhamnosus Strains in Animals 

section. 
The experimental studies discussed below are summarized in Table 10 at the end of the 

4.4.1.2.1. Mouse 

on mice subjected to lethal radiation. For each experiment, 40 CD1 white Swiss mice (21-28 
days old) were randomized into groups that were fed either 0 or 3.5 -- 4.0 x 10" cfu LGG/ day 
via suspension in drinking water available ad libitum. Ten days after beginning ingestion of the 
bacteria, the mice were irradiated with 1400 rads; feeding of LGG was continued. The only 
difference in the 2 experiments was whether the mice were fed chow or meat. Both experiments 
showed a statistically significant reduction in the time to mortality for the probiotic-fed animals 
relative to controls. All of the animals had lactobacilli in their stools, but only the test mice had 
lactobacilli that morphologically resembled those administered. Although bacteremia was 
observedpost mortem in all of the mice, both in the experimental groups and in the controls, 
none of the isolates were identified as lactobacilli. The L. rhamnosus-fed mice yielded more 
streptococcal isolates and fewer Gram-negative enteric organisms than controls. No adverse 
effects of the probiotic administration were reported. The authors concluded that the L. 
rhamnosus strain tested "is a noninvasive organism that may reduce Gram-negative bacteremia 
and prolong survival in irradiated mice." 

In 2 experiments, Dong et al. (1987) studied the effect of L. rhamnosus strain GG (LGG) 

Donohue et al. (1 993), using healthy adult male Swiss mice, conducted acute toxicity 
studies with a number of strains of probiotic bacteria belonging to the genera Lactobacillus 
(including a rhamnosus strain identified as GG), Streptococcus, and BiJdobacterium. Mice were 
randomized into groups (n = 5 mice/group) to receive doses of 0, 1.5 x lo", 3 x loll, 6 x lo", or 
9 x 10" cfidkg via gavage; the mice were observed twice daily for 7 days prior to sacrifice and 
necropsy. No significant changes were observed in behavior, feed intake, or body weight. No 
treatment-related deaths or signs of toxicity were observed, and no remarkable changes were 
reported in the gross appearance of any organs. The authors concluded that the acute oral LDso 
for male Swiss mice of each of the bacterial strains tested is >9 x 10" cfu/kg bw. 

Wagner et al. (1 997a) assessed the capacity of L. rhamnosus strain GG (referred to at the 
time as L. casei strain GG), L. reuteri, L. acidophilus, and BiJdobacterium animalis to colonize, 
stimulate immune responses in, and affect the growth and survival of congenitally 
immunodeficient gnotobiotic beige-athymic (bg/bg-nu/nu) and beige-euthymic (bg/bg-nu/+) 
mice. The bacteria were introduced by means of swabs of the oral and rectal cavities of the mice 
with a solution containing 1 O8 cfidml of the specific strain. The bacteria colonized and persisted 
at high concentrations (1 O8 to 10" cfidg) in the alimentary tracts of both mouse strains for the 
entire study period (12 weeks). It was not clear why such persistent colonization occurred since it 
is not seen in humans or other animal models, but likely results from the doubly 
immunodeficient status of this model. 

Adherence to epithelial surfaces was widely different across the various strains tested, 
with L. acidophilus and B. animalis showing 86% and 82% adherence, respectively, compared 
with 2% and 5%, respectively, for L. reuteri and L. rhamnosus GG. Translocation closely 
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correlated with adherence - such translocation to internal organs was detected in 50% or more 
of the mice colonized with L. acidophilus or B. animalis, 26% of those colonized with L. 
rhamnosus, and none of the mice colonized with L. reuteri. The translocation did not result in 
any signs of morbidity, mortality, or pathologic changes in the immunodeficient mice, and the 
probiotic bacteria neither retarded nor enhanced the growth of male or female athymic or 
euthymic mice. 

Although all adult and neonatal beige-euthymic mice survived probiotic colonization, 
some infant mortality occurred in beige-athymic pups born to mothers colonized with pure 
cultures of L. rhamnosus or L. reuteri. Six of 28 pups born to L. reuteri colonized dams and 19 
of 53 pups born to L. rhamnosus colonized dams died; there was no mortality among pups of any 
other group. This mortality was evident by 4 weeks of age, and no further mortality occurred 
after that time up to 12 weeks. There was no evidence of translocation and histological 
examination of tissue from 4 pups treated with each strain did not show any evidence of 
pathologic changes in the gastrointestinal tract or internal organs; thus, the reason for the infant 
mortality remains unknown. The authors offered the thought that although the probiotic species 
were innocuous for adults, these results suggest that caution and futher studies are required to 
assess the safety of probiotic bacteria for immunodeficient neonates. It should be noted, however, 
that the EU-PROSAFE project (Vankerckhoven et al. 2007a) considered that use of the 
immunocompromised mouse model is premature and recommended against it, and thus it might 
be appropriate to regard the results of Wagner et al. (1997a) as suggestive rather than 
determinative. Indeed, the homozygote bg/bg ndnu mouse is doubly immunodeficient in that it 
lacks both NK-cells and functional T-cells and has deficient phagocytosis. It is not scientifically 
valid to use data from such immunocompromised animals to depict circumstances applicable to 
immunocompetent humans. 

The same 4 strains, L. rhamnosus strain GG (referred to as L. casei strain GG), L. reuteri, 
L. acidophilus, and BiJidobacterium animalis, were assessed for their ability to protect athymic 
bg/bg-ndnu and euthymic bg/bg-nu/+ mice from mucosal and systemic candidiasis (Wagner et 
al. 1997b). Each bacterial strain and Candida albicans colonized the gastrointestinal tracts of 
both strains of mice. The presence of probiotic bacteria in the gastrointestinal tracts prolonged 
the survival of adult and neonatal bg/bg-ndnu mice compared to that of isogenic mice colonized 
with C. albicans alone. The incidence of systemic candidiasis in bg/bg-ndnu mice was 
significantly reduced by each of the four probiotic bacterial strains. None of the probiotic 
bacteria strains completely prevented mucosal candidiasis, but the prolonged survival time, 
decreased severity of mucosal and systemic candidiasis, modulation of immune responses, 
decreased number of C. albicans in the alimentary tract, and reduced numbers of orogastric 
infections demonstrated that these probiotic bacteria have biotherapeutic potential for 
prophylaxis against this fungal disease, with no harmful side effects. Notably, no bacterial 
infection occurred in this doubly immunodeficient animal model. 

Nineteen 6-week-old female mice homozygous for colitic severe combined 
immunodeficiency (scidscid) were treated for 1 week with the antibiotics vancomycin and 
meropenem, followed by a 3-week administration of 2x10'' cfidday L. rhamnosus 19070-2 and L. 
reuteri DSM 12246 or placebo (Moller et al. 2005). After 12 weeks, the rectums were removed 
for histology and CD4 T cells from the mesenteric lymph nodes (MLN) were polyclonally 

. .* 
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activated for cytokine measurements. All mice treated with antibiotics but not fed probiotics 
showed severe gut inflammation, whereas only 2 of the 7 mice fed probiotics showed signs of 
severe colitis (p<0.05). MLN-derived CD4 T cells from this latter group of mice showed lower 
levels of interleukin-4 secretion (p<0.05) and a tendency to higher interferon-y production than 
mice not fed probiotics. No adverse effects resulted from the administration of L. rhamnosus and 
L. reuteri to these severely immunodeficient animals. 

Starter cultures used in Chinese fermented milk products were tested for acute toxicity in 
an unreported number of an unidentified strain of mice (Xu et al. 2008). The studied bacteria 
included LGG and an unspecified L. rhamnosus strain, BiJidobacterium animalis ssp. lactis Bb- 
12, and a strain of L. reuteri. None showed any toxic effects when administered orally over 3 
days. One L. rhamnosus strain, after intraperitoneal injection at the highest dose of 5 . 0 ~ 1 0 ~  
cWml, led to toxic symptoms and lethality in most of the mice. These toxic effects were not 
observed with lower doses (5x107 cWml or 5x108 cWml) of this strain or with any dose of the 
three other strains studied. 

4.4.1.2.2. Hamster 
As part of a larger study, Naaber et al. (1 998) observed the effects of ingestion of L. 

rhamnosus strain GG (LGG) on 10 adult Syrian hamsters that received a single 3-mg dose of 
ampicillin and were inoculated with Clostridium difJicile 24 hours later. The hamsters were given 
0 or 0.5 ml LGG in broth culture (the cfu content was not specified) once daily starting 20 hours 
prior to the C. difficile challenge and continuing for 5 days until sacrifice. LGG was present in 
intestinal cultures from all treated animals, but it did not become predominant in the intestinal 
microbiota and was not observed among translocating lactobacilli. Four of the 5 hamsters 
receiving LGG remained healthy and the inflammatory changes in their intestinal mucosa were 
milder than those receiving no probiotic. No adverse effects were noted. 

4.4.1.2.3. Rat 

bacterial translocation after acute liver injury. One of 5 lactobacillus strains, including 1 strain of 
L. rhamnosus (DSM 6594) as well as 2 strains of L. reuteri, 1 L. plantarum, and 1 L. fermentum, 
was administered rectally for 8 days to 78 male Sprague-Dawley rats (weight 200-300 g) which 
were then injected with D-galactosamine to induce acute liver injury. Twelve rats received each 
probiotic treatment, 6 with supplementary arginine and 6 without. Three additional groups of 6 
rats served as a control, an acute liver injury control, and a group that received only arginine. 
Samples of the liver caudate lobe, mesenteric lymph nodes, cecal and colonic contents, and 
aortic and portal blood were obtained 24 and 48 hours after D-galactosamine administration. 
Liver function tests for alkaline phosphatase, aspartate transaminase, alanine transaminase, and 
bilirubin found lower levels, indicating improved liver function, in the groups treated with L. 
rhamnosus or the other probiotic strains than in the controls. Bacterial translocation was 
evaluated by bacterial culture from portal and arterial blood, mesenteric lymph nodes, and liver 
tissue after 24 and 48 hours. The probiotic treatment reduced bacterial translocation without any 
reported adverse effects. 

Adawi et al. (1997) investigated the ability of a variety of lactobacillus strains to reduce 

Pessi et al. (1 998) studied the effects of L. rhamnosus GG (LGG) on macromolecular 
degradation in the gut mucosa of neonatal rats. Wistar rat dams gave birth to pups that were 
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winnowed to a density of 8-10 pupddam. At postnatal day 14 the pups were randomized into 5 
feeding groups (n = 10 pups/group) which received both maternal milk and a daily gavage of 
bicarbonate buffer (control), cow's milk, cow's milk + 10" cfu LGG, extensively hydrolyzed 
whey formula, or extensively hydrolyzed whey formula f 10" cfu LGG. After 7 days on these 
regimens (postnatal day 21), the pups were sacrificed, a laparotomy was performed, and 8-19 
jejunal segments were excised. Transmural protein transfer was assessed, as well as p- 
lactoglobulin and horseradish peroxidase, chosen to represent the molecular weight and intestinal 
transport properties of dietary antigens. The degree of macromolecular degradation was studied 
by means of HPLC gel filtration. Intestinal function and tissue damage was assessed by 
monitoring various electrical parameters. 

The rate of absorption of horseradish peroxidase across the jejunum was significantly 
higher in the milk and hydrolysate groups than the controls, but supplementation with LGG 
restored absorption rate to the control level. For P-lactoglobulin, a greater absorption rate was 
observed in the milk group relative to controls, while the milk-LGG, hydrolysate, and 
hydrolysate-LGG groups did not differ from controls. The addition of LGG to milk was 
observed to increase the transport of degraded horseradish peroxidase relative to milk alone, 
while the addition of LGG to hydrolysate was observed to reduce the transport of degraded 
horseradish peroxidase relative to hydrolysate alone. During the study, absorption of intact 
proteins and electrical parameters were unchanged, which indicated that LGG supplementation 
did not result in tissue damage or dysfunction of the gut mucosa. No adverse effects were 
reported, and the authors concluded that, "probiotics affect mucosal permeability by restoring 
aberrant macromolecular transport and may thus be beneficial in reversing disturbances induced 
by mucosal inflammation increased permeability, immune response to antigen, and composition 
of the microflora." 

Holma et al. (2001) compared the effects of L. rhamnosus GG (LGG) and rat-derived L. 
reuteri R2LC on acetic acid-induced colitis in rats. Forty male outbred HY:WIST rats weighing 
180-280 g were housed individually and randomized into 5 groups of 8 rats each. One group was 
normal control rats and a second group was rats with induced colitis. The third group received 
1 09- 10" cfu LGG/day in lactose-free cows' milk, the fourth received the same amount of L. 
reuteri strain R2LC, and the fifth group received 100 mg sulphasalazine/kg bw/day. 
Supplementation was begun 7 days before colitis induction and continued through the study. The 
rats were sacrificed and colitis was assessed 72 hours after induction with acetic acid. L. reuteri 
significantly antagonized body weight loss caused by inflammation compared with LGG or 
sulphasalazine, and edema formation in the colon compared with sulphasalazine. L. reuteri 
reduced the median value of macroscopic ulceration and the protein content of inducible nitric 
oxide synthase by 50% and the median of the protein content of inducible cyclooxygenase by 
30% compared with that of the colitis control group. The authors concluded that L. reuteri WLC, 
but not LGG, is of benefit in reducing the severity of acetic acid-induced colitis in rats. They also 
noted that neither LGG nor L. reuteri produced any observable side effects. 

Effects of L. rhamnosus and L. reuteri administration on hematological parameters were 
studied in Sprague-Dawley rats by Anukam et al. (2004). The strains tested were L. rhamnosus 
GR-1 and L. reuteri RC-14 (classified at the time of the study as L. fermenturn). Daily doses of 
1 O9 cfu of the strains were fed via orogastric tube for 21 days to 20 male SD rats weighing 
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between 1 10 and 170 g; control rats received a daily gavage with the same quantity of 
bicarbonate buffer. The animals had ad Eibitum access to rat chow and water. After 21 days the 
rats were anesthetized with ether and blood samples were collected by carotid artery cannulation 
for analysis of 12 hematological parameters. As shown in Table 9, no effects were observed in 
any hematological measure; no differences between test and control rats were significant and all 
values were within the normal range. The absence of any effect on the total white cell count 
indicates that there was no induction of the peripheral inflammatory response associated with 
pathogens. Similarly, the lack of any change in lymphocyte count indicates that the probiotic 
bacteria did not evoke any peripheral lymphocytosis. 

Table 8. Hematological Parameters Of Rats Given 
L. rhamnosus and L. reuteri 

Total white blood cells x 103/pl 1 5.18 I 8.46 

85.62 Lymphocytes (%) 84.00 1 
Neutrophils (%) 5.18 6.66 

10.26 7.72 Monocytes, eosinophils, 
basophils (YO) 
Red blood cells x 106/p1 I 5.74 1 6.01 

Hemoglobin (g/dl) I 12.20 I 12.36 

Hematocrit concentration (%) I 34.26 I 36.02 

Mean cell volume I 59.56 160.38 

Mean cell hemoglobin I 17.80 I 17.30 I/ 
Mean cell hemoglobin 
concentration 1 29.92 128.68 

Red blood cell distribution width I 12.90 I 14.48 I 

Vankerckhoven et al. (2007) studied the potential infectivity of 10 isolates of L. 
rhamnosus and 7 isolates of L. paracasei in a rat model of experimental infective endocarditis. 
All test organisms were obtained from the PROSAFE strain collection. Four of the L. rhamnosus 
strains were commonly used probiotics, 4 were strains isolated from human endocarditis events, 
1 was a strain used for fermentation processes, and 1 strain was under investigation as a potential 
probiotic. The authors argued that the rat model is appropriate in that it simulates the 
pathophysiology of human infective endocarditis, requiring a pre-existing valve lesion that 
becomes colonized during transient bacteremia, followed by bacterial proliferation and 
dissemination of septic emboli. Lesions were induced in female Wistar rats weighing 180-200 g 
by insertion of a catheter across the aortic valve; 24 hours later, the rats were intravenously 
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injected with 104-108 cfu of each test organism, using groups of 7-1 1 animals per strain and per 
inoculum. The rats were sacrificed 72 hours later and the heart and infected valves were 
dissected for bacterial enumeration. Positive and negative controls of infectivity were provided 
by Staphylococcus aureus Newman, Streptococcus gordonii Challis, and Lactococcus lactis 
1363. In addition, adhesion of lactobacilli to immobilized host matrix proteins was assessed as 
well as susceptibility to platelet microbiocidal proteins. 

The 90% infective doses (ID90) of S. aureus and S. gordonii were lo4 and lo5 cfu, 
respectively, corresponding to the high infectivity of true endocarditis pathogens, while the 
negative control Lactococcus lactis strain had an ID90 of lo7 cfu. The ID90 of the L. rhamnosus 
endocarditis isolates ranged between lo6 and lo7 cfu, between the true pathogens and the 
negative control. On the other hand, 2 of the probiotic isolates, the fermentation isolate, and the 
strain under investigation exhibited n>90 of 1 Os cfu, 1 0-fold higher than even the negative control. 
However, the remaining 2 L. rhamnosus probiotic isolates (including LGG) had ID90 of 106-107, 
similar to the lower range of the clinical L. rhamnosus isolates. The L. paracasei strains were 
less potentially infective than the endocarditis L. rhamnosus strains. The densities of lactobacilli 
in infected tissues were significantly lower than those of S. aureus and S. gordonii, in the range 
of 3.9-6.8 loglo cfdg tissue vs. 7-9 loglo cWg tissue. None of the L. rhamnosus strains exhibited 
more than weak adhesion to fibrinogen, fibronectin, collagen, or laminin. Anionic platelet 
protein FP-A had no activity against any Lactobacillus isolates, but cationic peptide CTAP-3 was 
highly lethal to all strains. 

The authors concluded that "probiotic, nutritional, and probiotic research isolates of 
Lactobacillus are less able to cause experimental endocarditis than isolates commonly 
responsible for human endocarditis; it required a 1 00- to 1 000-fold greater number of lactobacilli 
than S. aureus or S. gordonii to infect 290% of the animals." They further suggested that the fact 
that lactobacilli have been implicated in endocarditis may be due to host factors, as Lactobacillus 
endocarditis has occurred mostly in patients with severe underlying disease or decreased 
immunocompetence. 

4.4.1.2.4. Rabbit 
Bacterial translocation of ampicillin-resistant Escherichia coli Kl (Kl) and the effect of 

L. rhamnosus GG (LGG) was studied in 77 newborn New Zealand white rabbit pups (Lee et al. 
2000). On the day of delivery the pups were separated from their dams and assigned to receive 
twice daily via gavage placebo (n = lo), 10' cfu LGG (n = 8), lo8 cfu K1 (n = 26), or a 
combination of the lo8 cfu of both bacteria (n = 33) for 2 days. The pups were sacrificed on day 
3; tissue specimens were excised and aerobically incubated for 48 hours, and LGG and K1 
colonies were enumerated. Neonatal rabbits fed LGG had significantly reduced (25% less) small 
bowel colonization by K1 than did those not receiving LGG, as well as significantly reduced 
bacterial translocation of K1 to the mesenteric lymph nodes, spleen, and liver. No mucosal 
damage was detected in the small bowel of any pups. Bacterial translocation of LGG to these 
extraintestinal sites was observed in 1 of 8 pups in the LGG group and 4 of 33 pups in the LGG 
+ K1 group. The authors concluded that LGG inhibited the colonization of E. coli K1 and its 
translocation to extraintestinal sites. However, although the neonatal rabbit display a propensity 
for immature immune function, mucosa and mucosal gel layer development, and intestinal 
epithelial development, and although there was no apparent clinical distress among the pups 
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infected with LGG, the authors regarded the evidence of even rare translocation of LGG as a 
matter of concern. 

4.4.1.3. Conclusions from Studies of L. rhamnosus in Animals 
In conclusion, several strains of L. rhamnosus were administered to a variety of animal 

species in a total of 19 studies, with dose levels as high as 10l2 cfidday. L. rhamnosus. No 
adverse effects were seen in immune or hematological parameters. Translocation was observed 
in 2 studies, Wagner et a1 (1 997a) with congenitally immunodeficient gnotobiotic athymic mice 
and Lee et al. (2000) with neonatal rabbit pups also administered E. coli K1. In the latter study, 
LGG inhibited translocation of K1 and its ability to colonize extraintestinal sites, but some 
location of LGG was observed. No clinical distress was evident as a result of this translocation, 
and the neonatal rabbit model is recognized as having immature development of mucosa, 
mucosal gel layer, and epithelial barrier function. As was noted previously with regard to 
Wagner et al. (1997a), there is doubtful validity in extrapolating to healthy humans observations 
made in immunodeficient mice; use of this model was rejected by the EU-PROSAFE committee 
(Vankerckhoven et al. 2007a). There are no findings from the animal studies that would bring 
into question the safety of the administration of L. rhamnosus "00 1 under the intended 
conditions of use. 
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Table 9. Studies of Other L. rhamnosus Strains in Animals 

Reference 

4dawi et ai. 
(1 997) 

Anukam et al. 
2004 

Objective 

Investigate the 
ability of a 
variety of 
lactobacillus 
strains 
(including L. 
rhamnosus 
DSM 6594) to 
reduce bacterial 
translocation 
afler acute liver 
injury 

Determine the 
effect of L. 
rhamnosus GR- 
1 and L. reuteri 

administration 
on 
hematological 
parameters 

RC-14 

Study Design 

Five lactobacillus 
strains were 
administered rectally 
to rats with later 
acute liver injury. 
Bacterial 
translocation was 
evaluated by 
bacterial culture from 
portal and arterial 
blood, mesenteric 
lymph nodes, and 
liver tissue. 

Rats were fed the 
test strains of 
lactobacillus species, 
afler which their 
blood was analyzed 
for any effects on 
hematology. 

Animal Model 

78 male 
Sprag ue- 
Dawley rats 

20 male 
Sprague- 
Dawley rats 

L. rhamnosus 
Dose and 
Source 

Rectal dose of 
L. rhamnosus 
DSM 6594 or 
other strains 
not reported; 

1 O9 cfulday 
each of L. 
rhamnosus 
GR-1 and L. 
reuteri RC-14 
via orogastric 
tube 

Duration 

8 days 

21 days 
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Safety-Related Results 

The probiotic treatment reduced bacterial 
translocation without any reported adverse 
effects. 

No effects were observed in any of the 12 
hematological parameters tested; no 
differences between test and control rats 
were significant and all values were within 
the normal range. The absence of effect on 
the total white cell count indicates that there 
was no induction of the peripheral 
inflammatory response associated with 
pathogens. Similarly, the lack of any change 
in lymphocyte count indicates that the 
probiotic bacteria did no evoke any 
peripheral lymphocytosis. 



Reference 

long et al. 
:I 987) 

(2 reported 
sxperiments) 

Donohue et 
al. (1993) 

Objective 

Evaluate the 
ability of L. 
rhamnosus GG 
to prolong the 
lives of mice 
subjected to 
lethal radiation 

Assess acute 
toxicity of 
several strains 
Lactobacillus 
(including a 
rhamnosus 
strain identified 
as GG), 
streptococcus, 
and 
Bifidobacterium 

4 

Table 9. Studies of Other L. rhamnosus Strains in Animals 

Study Design 

Test mice were fed u 
L. rhamnosus via 
suspension in 
drinking water; 
control mice were 
not. Mice were 
irradiated; feeding of 
LGG was continued. 
(In Experiment 1 the 
mice were fed chow; 
in Experiment 2 they 
were fed meat.) 

Probiotic bacteria 
were administered 
by gavage; mice 
were observed twice 
daily for 7 days prior 
to sacrifice and 
necropsy.\ 

Animal Model 

40 21 -28-day- 
old CDI mice 
in each 
experiment 

25 healthy 
male adult 
Swiss mice 
with each 
probiotic strain 

L. rhamnosus 
Dose and 
Source 

3.5-4.0 x 10” 
cfu LGG/day 

0, 1.5, 3,6, or 

of a strain 
identified as 
LGG 
administered 
by gavage 

9 x l o l l  cfu/kg 

- 
Duration 

10 days 
before 
irradiation 
and then 
until death 

Single dose 

d 
c 
e 
c 
33 
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Safety-Related Results 

Although bacteremia was observed post 
modem in all of the irradiated mice in both 
the experimental and control groups, none of 
the isolates were identified as lactobacilli. 
The LGG-fed mice yielded more 
streptococcal isolates and fewer Gram- 
negative enteric organisms than controls. No 
adverse effects of the probiotic administration 
were reported. 

No significant changes were observed in 
behavior, feed intake, or body weight. No 
treatment-related deaths or signs of toxicity 
were observed, and no remarkable changes 
were reported in the gross appearance of 
any organs. The authors concluded that the 
acute oral LD50 for male Swiss mice of each 
of the bacterial strains tested is >9 x IO1’  
cfu/kg bw. 



Table 9. Studies of Other L. rhamnosus Strains in Animals 

Reference 

Holma et al. 
2001 

Lee et al. 
2000 

Objective 

Compare the 
effects of L. 
rhamnosus GG 
(LGG), L. 
reuteri R2LC, 
and 
sulphasalazine 
on acetic acid- 
induced colitis 
in rats. 

Investigate the 
effect of LGG 
on bacterial 
translocation of 
ampicillin- 
resistant 
Escherichia coli 
K1 

Study Design 

Colitis was induced 
by colonic instillation 
of acetic acid 7 days 
after beginning oral 
administration of L. 
reuteri, LGG, or 
sulphasalazine; 
ulceration was 
measured. 

Neonatal pups were 
assigned to receive 
twice daily via 
gavage placebo, 
LGG, KI ,  or a 
combination of both 
bacteria. Tissue 
specimens were 
excised and bacteria 
were identified and 
enumerated. 

Animal Model 

40 male 
HY:WIST rats 

77 newborn 
New Zealand 
white rabbit 

L. rhamnosus 
Dose and 
Source 

1 09- 1 o10 
cfulday of LGG 
or L. reuteri 
R2LC 

I O 8  cfu LGG 
twice a day 

Duration 

10 days 

2 days 
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Safety-Related Results 

The authors concluded that L. reuteri R2LC, 
but not LGG, reduces the severity of acetic 
acid-induced colitis in rats and noted that 
neither LGG nor L. reuteri produced any 
observable side effects. 

Neonatal rabbits fed LGG had significantly 
reduced (25% less) small bowel colonization 
by K1 than did those not receiving LGG, as 
well as significantly reduced bacterial 
translocation of K1 to the mesenteric lymph 
nodes, spleen, and liver. No mucosal 
damage was detected in the small bowel of 
any pups. Bacterial translocation of LGG to 
these extraintestinal sites was observed in 1 
of 8 pups in the LGG group and 4 of 33 pups 
in the LGG + K I  group. The authors 
concluded that LGG inhibited the colonization 
of E. coli K1 and its translocation to 
extraintestinal sites. The authors regarded 
the evidence of even rare translocation of 
LGG as a matter of concern. 



Reference 

Moiler et al. 
2005 

Naaber et al. 
(1 998) 

Pessi et al. 
(1 998) 

Objective 

Investigate if 
colitis is 
influenced in 
colitic scid mice 
treated with 
antibiotic and 
fed 
Lactobacillus 
SPP. 

Determine the 
ability of LGG 
to reduce the 
effects of 
Clostridium 
difficile in 
Syrian 
hamsters 

Study the 
effects of(LGG 
on macro- 
molecular 
degradation in 
the gut mucosa 
of neonatal rats 

Table 9. Studies of Other L. rhamnosus Strains in Animals 

Study Design 

Mice were treated for 
1 week with 
vancomycin and 
meropenem, then L. 
reuteri or L. 
rhamnosus or 
placebo for 3 weeks. 
After 12 weeks, 
rectums were 
removed for 
histology, and CD4 T 
cells from the 
mesenteric lymph 
node were activated 
for cytokine 
measurements. 

Hamsters received 
ampicillin and then 
were inoculated with 
Clostridium difficile. 
They were given 0 or 
0.5 ml LGG/day 
starting 20 hours 
prior to the C. difficile 
challenge. 

5 feeding groups 
received 1) maternal 
milk and bicarbonate 
buffer, 2) cow's milk, 
3) cow's milk + LGG, 
4) extensively hydro- 
lyzed whey formula, 
5) hydrolyzed whey 
formula + LGG. 

Animal Model 

19 6-week-old 
female colitic 
scid mice 

10 adult Syrian 
hamsters 

50 2-week-old 
Wistar rat pups 

L. rhamnosus 
Dose and 
Source 

2x1 010 cfu/day 
L.rhamnosus 
19070-2 and L. 
reufen' DSM 
12246 

LGG; dose not 
reported 

1 o 1 O  cfu 
LGG/day 

Duration 

3 weeks 

6 days total 

7 days 

Safety-Related Results 

All mice treated with antibiotics but not fed 
probiotics showed severe gut inflammation, 
whereas only 2 of the 7 mice fed probiotics 
showed signs of severe colitis. MLN-derived 
CD4 T cells from this latter group of mice 
showed lower levels of interleukin-4 secretion 
and a tendency to higher interferon-y 
production than mice not fed probiotics. No 
adverse effects resulted from the 
administration of L. reuteri and L. rhamnosus. 

Four of the 5 hamsters receiving LGG 
remained healthy and the inflammatory 
changes in their intestinal mucosa were 
milder than those receiving no probiotic. 
LGG was present in intestinal cultures from 
all treated animals, but it did not become 
predominant in the intestinal microbiota and 
was not observed among translocating 
lactobacilli. No adverse effects were noted. 

Absorption of intact proteins and electrical 
parameters were unchanged, indicating that 
LGG supplementation did not result in tissue 
damage or dysfunction of the gut mucosa. 
No adverse effects were reported. 
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Reference 

dankerck- 
ioven et al. 
:2007) 

Objective 

rhamnosus and 

a rat model of 

x< 

Table 9. Studies of Other L. rhamnosus Strains in Animals 

Study Design 

Lesions were 
induced by insertion 
of a catheter across 
the aortic valve; the 
rats were inoculated 
with each test strain 
and sacrificed 72 
hours later. Positive 
and negative 
controls of infectivity 
were provided by 
Staphylococcus 
aureus Newman, 
streptococcus 
gordonii Challis, and 
Lactococcus lactis 
1363. 

Animal Model 

7-1 1 female 
Wistar rats per 
strain and per 
inoculum 

L. rhamnosus 
Dose and 
Source 

10 isolates of 
L. rhamnosus 
(4 probiotics, 4 
strains isolated 
from human 
endocarditis 
events, 1 strain 
used for fer- 
mentation, 1 
strain under 
investigation 
as a potential 
probiotic) ; 
104-108 cfu i.v. 

~~ 

Duration 

Single dose 

Safety-Related Results 

c - 
The IDw of the L. rharnnosus endocarditis 
isolates was I 06-I O7 cfu, between the true 
pathogens and the negative control. 2 of the 
probiotic isolates, the fermentation isolate, 
and the strain under investigation had ID90 of 
10’ cfu, 10-fold higher than even the 
negative control. 2 probiotic isolates 
(including LGG) had ID90 of 106-107, similar 
to the lower range of the clinical L. 
rhamnosus isolates. Densities of lactobacilli 
in infected tissues were lower than those of 
S. aureus and S. gordonii. No strain had 
more than weak adhesion to fibrinogen, 
fibronectin, collagen, or laminin. Anionic 
platelet protein FP-A had no activity against 
any Lactobacillus isolates, but cationic 
peptide CTAP-3 was lethal to all strains. 
The authors concluded that ”probiotic, 
nutritional, and probiotic research isolates of 
Lactobacillus are less able to cause 
experimental endocarditis than isolates 
commonly responsible for human 
endocarditis; it required a 100- to 1000-fold 
greater number of lactobacilli than S. aureus 
or S. gordonii to infect 290% of the animals.” 
They further suggested that the fact that 
lactobacilli have been implicated in 
endocarditis may be due to host factors. 
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Reference 

Wagner et al. 
(1 997a) 

Wagner et al. 
(1 997 b) 

Objective 

- 
Assessed the 
ability of LGG, 
L. reuteri, L. 
acidophilus, 
and Bifidobac- 
ferium animalis 
to colonize, 
stimulate im- 
mune 
responses in, 
and affect 
growth and 
survival of 
congenitally 
immuno- 
deficient mice 

Study the ability 
of LGG, L. 
reuteri, L. 
acidophilus, 
and Bifidobac- 
ferium animalis 
to protect 
congenitally 
immuno- 
deficient mice 
from mucosal 
and systemic 
candidiasis 

i 

Table 9. Studies of Other L. rhamnosus Strains in Animals 
~~ 

Study Design 

The bacteria were 
introduced by means 
of swabs of the oral 
and rectal cavities of 
the mice. Adherence 
to epithelial surfaces 
was tested. 

The bacteria were 
introduced by means 
of swabs of the oral 
and rectal cavities of 
the mice. Adherence 
to epithelial surfaces 
was tested. 

Animal Model 

Congenitally 
immunodeficie 
nt gnotobiotic 
beige-athymic 
(bg/bg-nu/nu) 
and beige- 
euthymic 
(bghg-nul+) 
mice 

Congenitally 
immunodeficie 
nt gnotobiotic 
beige-athymic 
(bg/bg-nu/nu) 
and beige- 
euthymic 
(bghg-nul+) 
mice 

L. rhamnosus 
Dose and 
Source 

I 0' du/ml 
introduced into 
the oral and 
rectal cavities 
by swabs 

I 0' du/ml 
introduced into 
the oral and 
rectal cavities 
by swabs 

Safety-Related Results 
Duration I 

12 weeks 

Single ad- 
ministration 

The bacteria colonized and persisted at high 
concentrations in the alimentary tracts of 
both mouse strains for the entire study 
period. Adherence to epithelial surfaces by 
LGG was only 5%. Translocation to internal 
organs was detected in 26% of the mice 
colonized with LGG, but did not result in any 
signs of morbidity, mortality, pathologic 
changes, or effects on growth. 19 of 53 pups 
born to LGG-colonized dams died. There 
was no evidence of translocation and 
histological examination did not show any 
evidence of pathologic changes in the 
gastrointestinal tract or internal organs; thus, 
the reason for the infant mortality remains 
unknown. 

Each bacterial strain and Candida albicans 
colonized the gastrointestinal tracts of both 
strains of mice. The presence of probiotic 
bacteria in the gastrointestinal tracts 
prolonged the survival of adult and neonatal 
bg/bg-nu/nu mice compared to that of 
isogenic mice colonized with C. albicans 
alone. The incidence of systemic candidiasis 
in bg/bg-ndnu mice was significantly 
reduced by each of the four probiotic 
bacterial strains. No bacterial infection 
occurred in this doubly immunodeficient 
animal model. 
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Reference 

Wagner et al. 
(2000). 

Xu et al. 
(2008) 

Objective 

Study the ability 
of LGG, L. 
reuteri, L. 
acidophilus, 
and Bifidobac- 
ferium animalis 
to protect 
congenitally 
immuno- 
deficient mice 
from mucosal 
and systemic 
candidiasis 

Test acute 
toxicity of 
starter cultures 
used in 
Chinese 
fermented milk 
products. 

Table 9. Studies of Other L. rhamnosus Strains in Animals 

Study Design 

The bacteria were 
introduced by means 
of swabs of the oral 
and rectal cavities of 
the mice. Colonized 
mice and uncolon- 
ized controls were 
challenged with 
Candida albicans 

Bacteria (LGG and 
an unspecified L. 
rhamnosus strain, 
Bifidobacterium 
animalis ssp. lacfis 
Bb-12, or a strain of 
L.reufen) were 
administered either 
orally or by i.p. 
injection. 

Animal Model 

Germ-free 
beige-nude 
(bghg-nu/nu) 
and beige- 
heterozygous 
(bghg-nu/+) 
mice 

Mice (number 
and strain not 
reported) 

L. rhamnosus 
Dose and 
Source 

I 0’ cfu/ml 
introduced into 
the oral and 
rectal cavities 
by swabs 

5x1 07, 5x1 08, 
or 5x1 0’ cfu/ml 
LGG or an 
unidentified L. 
rhamnosus 
strain admin- 
istered orally 
or by i.p. 
injection 

_ _ _ _ _ _ _ ~  

Duration 

Single ad- 
ministration 

3 days 

0 
Q 
0 

4 
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Safety-Related Results 

No infections or other adverse effects were 
seen as a result of the administration of any 
of the probiotic strains of bacteria. 

No bacteria showed toxic effects when 
administered orally over 3 days. 
One L. rhamnosus strain, after i.p. injection 
at the highest dose of 5x1 0’ cfu/ml, led to 
toxic symptoms and lethality in most of the 
mice. These toxic effects were not observed 
with lower doses (5x1 O7 cfulml or 5x1 0’ 
cfu/ml) of this strain or with any dose of the 
three other strains studied. 
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4.4.2. Human Studies 

-* 

"h 

4.4.2.1. Studies in Adults 

4.4.2.1.1. Studies of L. rhamnosus "001 in Adults 

section . 
The research studies discussed below are summarized in Table 12 at the end of the 

Tannock et al. (2000) investigated the effect of ingestion of L. rhamnosus "001 on the 
fecal microbiota of 10 healthy human subjects, 5 males and 5 females, age 25 to 55 years. The 
participants consumed 32 g/day low-lactose, low-fat milk powder dissolved in 250 ml water once 
a day for 6 months, during which fecal samples were taken monthly. For the next 6 months L. 
rhamnosus €€NO01 was added to the milk-powder solution to provide 1.6 x lo9 cfdday; fecal 
samples were again obtained monthly. Fecal samples continued to be taken monthly during a 3- 
month washout period during which both milk-powder and probiotic administration were 
stopped. Fecal samples were analyzed for bacteria, lactobacilli, and the test strain as well as for 
short-chain fatty acids and the fecal enzymes azoreductase and P-glucuronidase. 

Administration of probiotics had no effect on short-chain fatty acids or fecal enzymes 
(both of which were highly variable across individuals) or on counts of total aerobic, 
bifidobacteria, lactose-fermenting enterobacteria, clostridia, Bacteroides, or yeast cfdg feces. 
Both the frequency of detection of lactobacilli and the concentration of lactobacilli (cfdg) in the 
feces increased during the period of administration of "00 1, but declined to baseline soon after 
administration ceased; the majority of the isolates belonged to the L. casei group (at the time 
defined as L. casei, L paracasei, L. rhamnosus, and L. zeae). Enterococci also increased in both 
frequency of detection and concentration in the feces during the administration of the probiotic. 
During the period in which it was ingested, the test strain of L. rhamnosus, "00 1, was 
consistently detected as a numerically dominant member of the Lactobacillus population in 6 
subjects, inconsistently detected in 3 subjects, and detected only as a minor component for the 
remaining subject. It was not detected after administration ceased. Tannock et al. (2000) 
concluded that relatively long-term administration of L. rhamnosus €€NO0 1 does not alter the 
biochemistry or permanent bacteriology of the fecal microbiota in humans. 

In a study of the effect of L. rhamnosus "001 on cellular immune function in older 
individuals, Gill and Rutherfurd (2001) conducted a 9 week study with 13 healthy volunteers (5 
male, 8 female) aged 62-77 years. All participants received reconstituted low-fat milk powder in 
200 ml water twice a day for 3 weeks as a run-in, then the same beverage with added L. 
rhamnosus HNOO1 at a dose of 5 x 10" cfidday for another 3 weeks, and then the probiotic-free 
beverage for a 3-week washout period. Peripheral blood samples were drawn at 4 time points: 
baseline, after the run-in, after the test diet, and after the washout. Immune function was assessed 
by measurement of blood leukocyte phagocytosis, differentiating between polymorphonuclear 
and mononuclear phagocytes. As shown in Table 1 1, the activity levels of both types of 
phagocytes were unaffected by the milk-powder alone but were significantly elevated by the 
probiotic; levels returned toward baseline during the washout. Gill and Rutherfurd (2001) 
suggested that the transient immune-stimulating effect of L. rhamnosus offers an effective means 
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of boosting immunity in a controlled fashion. The authors noted that there were no reports of 
adverse effects on health and no general health problems were recorded during the study. 

Week 3 (post-run-in) 

Week 6 (post-treatment) 

Table 10. Leukocyte Phagocytosis In Response to L. rhamnosus "001 

P 

56.0 15.1 

76.4 21.4 

Gill et al. (2001a) investigated the ability of LAB to enhance declining immune function 
in the elderly. In a comparative study, 27 healthy individuals age 60-84 years (1 1 males, 16 
females; median age 69.5 years) consumed milk for 3 weeks as a run-in, after which 13 
participants were randomly assigned to consume 5 x 10" cfidday L. rhamnosus "001 for 3 
weeks while 14 others consumed 5 x lo9 cfidday B. animalis ssp. lactis strain "019 for the 
same period. All subjects then consumed unsupplemented milk for a 3-week washout period. 
Peripheral blood samples were taken by venipuncture on day 0, day 21 (after the run-in but 
before probiotic supplementation), day 42 (after supplementation), and day 63 (after the 
washout). Mononuclear cells were separated from the blood samples and the proportions staining 
positive for CD56 or CD3/CD56 were determined. Their tumoricidal (natural killer [NKI-cell) 
activity was assessed in vitro by lysis of target K562 cells, an NK-sensitive erythroleukemic cell 
line. 

The run-in diet had no effect on immune parameters, but enhancement of NK-cell activity 
was seen during administration of both probiotics. Additionally, the proportion of peripheral 
blood cells staining for CD56 increased. Levels of both immune-system parameters returned to 
baseline levels by the end of the washout period. No adverse effects were reported. 

Gill et al. (200 1 c) conducted a second study to further investigate the effect of dietary 
consumption of 5x10' c h  L.rhamnosus HNOOl/day on the cellular immune capacity of elderly 
subjects. Fifteen healthy elderly individuals were enrolled, but 2 withdrew early for non- 
ptrobiotic related reasons, and 13 individuals (5 males and 8 females aged 65-85 years; median 
age = 70 years) completed the study. In a 3-stage single-blind crossover trial, all participants 
consumed 200 ml low-1actoseAow-fat milk twice a day for 3 weeks. In stsge 2 lasting for 3 
weeks,, the milk was supplemented with a daily total of 5x109 cfu L.rhamnosus "001. Finally, 
the participants again consumed unsupplemented milk for 3 weeks. At enrollment and at the end 
of each stage, in vitro immunological assays were conducted on whole-blood samples or 
mononuclear leucocytes isolated from peripheral blood. Phagocytosis was measured by cellular 
in vitro updake of E. coli following co-culture of fluoroscein-isothiocyanate-labeled E. coli with 
whole blood, while tumoricidal activity was assessed by monitoring the killing of K562 
erythroleukemic cells during co-culture with leucocytes. 
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The control dietary run-in treatment of unsupplemented milk had no significant effect on 
subjects’ ex vivo cellular immune function. In contrast, the phagocytic capacities of monocytes 
and polymorphonuclear (PMN) cells were both significantly elevated following consumption of 
L. rhamnosus “00 1 -supplemented milk. Assays of function returned to near pre-treatment 
levels following washout. A similar pattern, again statistically significant, was recorded for NK- 
cell tumorocidal activity. The authors noted that no adverse gastrointestinal disturbances were 
reported and that, “both the supplemented and non-supplemented milk diets were well tolerated,” 
and concluded that, “L. rhamnosus “001 represents a safe and effective way of enhancing 
immune function in the elderly by dietary means” (Gill et al. 2001~). 

A similar study of the effect of L. rhamnosus HNOO1 on cellular immune function was 
conducted by Sheih et al. (2001). Fifty-two healthy middle-aged and elderly volunteers (age 
range 44-80 years; median age 63.5 years; 17 males, 35 females) consumed 25 g reconstituted 
low-fat milk powder in 200 ml water twice a day for 3 weeks as a run-in, then a milk beverage 
with added L. rhamnosus H N O O 1  at a dose of 5 x 10” cfdday for another 3 weeks, and then the 
probiotic-free beverage for a 3-week washout period. During the probiotic phase, half of the 
participants received L. rhamnosus dissolved in the same low-fat milk powder beverage as they 
consumed during the run-in and washout periods while the other half received a lactose- 
hydrolyzed low-fat milk powder beverage. Peripheral blood samples were drawn at 4 time 
points-baseline, after the run-in, after the test diet, and after the washout-and analyzed for 
polymorphonuclear and mononuclear phagocytes. Immune function was assessed by 
measurement of blood leukocyte phagocyic activity, reflected for polymorphonuclear cells in 
membrane-bound NADPH-oxidase activity, and for monocytes by specific target lysis against 
chromium-labeled K562 tumor cells. 

The activity levels of both types of phagocytes were unaffected by the milk-powder alone 
but were significantly elevated by the probiotic; levels returned toward baseline during the 
washout. The low-fat milk powder matrix-regular v. lactose-hydrolyzed-did not affect 
probiotic efficacy. The authors noted that there were no reports of adverse effects on health 
throughout the study and no general health problems were recorded. 
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Table 11. Studies of L. rhamnosus "001 in Adults 

4 

Reference Objective Study Design Subjects "001 
Dose Duration Safety-Related Results 

;ill and 
qutherfurd 
:2001) 

Investigate 
the effect of 
L. rhamnosus 
"001 on 
cellular 
immune 
function in 
older 
individuals 

Single-blind uncontrolled study; 
participants consumed 
reconstituted low-fat milk for 3 
weeks followed by the same milk 
with probiotic for 3 weeks 
followed by a 3-week washout; 
blood was drawn at 4 time points 
and analyzed for phagocytic 
activity 

13 healthy 
volunteers, 5 
males and 8 
females aged 
62-77 years 

5 x 1o'O 
cfulday 

3 weeks Activity levels of both polymorphonuclear and 
mononuclear phagocytes were unaffected by the 
milk-powder alone but were significantly elevated by 
the probiotic; levels returned toward baseline during 
the washout. The authors noted that there were no 
reports of adverse effects on health and no general 
health problems were recorded during the study. 

Sill et al. 
:2001 a) 

Investigate 
the ability of 
LAB 
(including L. 
rhamnosus 
"001) to 
enhance 
declining 
immune 
function in 
the elderly 

Double-blind comparative study: 
participants consumed 
reconstituted low-fat milk for 3 
weeks followed by the same milk 
with probiotic (either L. 
hamnosus HNOOlor B. animalis 
ssp. lactis strain "019 for 3 
weeks followed by a 3-week 
washout; blood was drawn at 4 
time points and analyzed for 
phagocytic activity 

27 healthy 
individuals aged 
60-84 years, 11 
males and 16 
females 

5 x 1o'O 
cfulday 

3 weeks The run-in diet had no effect on immune parameters, 
but enhancement of NK-cell activity was seen during 
administration of both probiotics. Additionally, the 
proportion of peripheral blood cells staining for CD56 
increased. Levels of both immune-system 
parameters returned to baseline levels by the end of 
the washout period. No adverse effects were 
reported. 

Investigate 
the effect of 
L..hamnosus 
"001 on 
the immune 
capacity of 
the elderly 

3-stage single-blind crossover 
trial: 3-week run-in of base diet, 
3-week test period, 3-week 
washout. 

13 heaalthy 
elderly subjects; 
5 males and 8 
females aged 
65 -85 years 
(median = 70 
years) 

5 x109 
cfulday 

3 weeks Phagocytic capacity of monocytes and PMN cells 
was significantly elevated and NK-cell tumorocidal 
activity was significant increased. No adverse effects 
were reported and the authors concluded that 
administration of L. rbamnosus "001 is a safe and 
effective means of ehancing immune function in the 
elderly. 

Gill et al. 
(2001c) 
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Table 11. Studies of  L. rhamnosus "001 in Adults 

Reference 

Sheih et ai. 
(2001) 

Tannock et 
ai. (2000) 

Objective 

Investigate 
the effect of 
L. rhamnosus 
"001 on 
cellular 
immune 
function in 
middle-aged 
and elderly 
populations 

Investigate 
the effect of 
ingestion of 
L. rhamnosus 
"001 on 
the fecal 
microbiota 

Study Design 

Single-blind uncontrolled study; 
participants consumed 
reconstituted low-fat milk for 3 
weeks followed by the same milk 
with L. rhamnosus "001 for 3 
weeks followed by a 3-week 
washout; blood was drawn at 4 
time points and analyzed for 
phagocytic activity; during the 
probiotic phase half of the 
subjects received regular low-fat 
milk and the others received 
lactose-hydrolyzed low-fat milk 

Single-blind uncontrolled study; 
participants consumed 
reconstituted low-fat milk for 6 
months followed by the same 
milk with probiotic for 6 months 
followed by a 3-month washout; 
fecal samples were taken 
monthly 

Subjects 

52 healthy 
middle-aged and 
elderly 
volunteers aged 
44-80 years; 
median age 63.5 
years; 17 males, 
35 females 

10 healthy 
human subjects, 
5 males and 5 
females, aged 
25 to 55 years 

"001 
Dose 

5 x 1o'O 
cfulday 

1 . 6 ~  

cfulday 
1 o9 

Duration 

3 weeks 

6 months 
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Safety-Related Results 

Activity levels of both polymorphonuclear and 
mononuclear phagocytes were unaffected by the 
milk-powder alone but were significantly elevated by 
the probiotic; levels returned toward baseline during 
the washout. The authors noted that there were no 
reports of adverse effects on health throughout the 
study and no general health problems were 
recorded. 

L. rhamnosus had no effect on short-chain fatty 
acids, fecal enzymes, or counts of total aerobic, 
bifidobacterial, lactose-fermenting enterobacterial, 
clostridial, bacteroides, or yeast cfu/g feces. Both 
the frequency of detection of lactobacilli and the 
concentration of lactobacilli (cfu/g) in the feces 
increased during the period of administration of 
"001, but declined to baseline soon after 
administration ceased. "001 was not detected 
after administration ceased. L. rhamnosus "001 
did not alter the biochemistry or permanent 
bacteriology of the fecal microbiota in humans. 
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4.4.2.1.2. Studies of Other L. rhamnosus Strains in Adults 
A number of strains of L. rhamnosus other than "00 1 have been clinically investigated. 

Most of the earlier studies, and a high proportion of the total, focused on L. rhamnosus strain GG 
(LGG), formerly identified as L. casei GG. This strain is properly regarded as the most studied 
probiotic strain in the world. A number of studies of L. rhamnosus strain GR-1 have also 
appeared in the literature. The studies discussed in this section are summarized in Table 13 at the 
end of the section. 

Siitonen et al. (1 990) studied the efficacy of supplementing yogurt with LGG to reduce 
erythromycin-associated diarrhea in 16 healthy adult males. Participants were given 400 mg of 
erythromycin acistrate 3 timeslday for 7 days; half of them consumed 125 mL of regular yogurt 
twice a day (control group) while the test group received yogurt supplemented with LGG. Stool 
samples were taken on days 1 and 7 and self-rated symptoms were recorded daily. Individuals 
receiving the LGG-supplemented yogurt had significantly less diarrhea, abdominal distress, 
stomach pain, and flatulence than did those consuming the regular yogurt. Although the numbers 
of total fecal lactobacilli were unchanged in either the treated or control groups, colonies 
morphologically consistent with LGG were found in the feces of the LGG-treated subjects but 
not in the feces of the controls. The authors did not report any adverse effects. 

Saxelin et al. (1991) performed a dose-response study to determine the fecal colonization 
of LGG. Forty healthy adult volunteers ingested 1 ophilized LGG powder once a day for 7 days 
at doses of 1.5 x lo6, 1.5 x lo7, 1.5 x lo8, 1.5 x 10 , 1.5 x lolo, and 1 . 1  x 10" cfidday. Fecal 
samples taken on day 0 and daily during the treatment period were analyzed for total lactobacilli 
and LGG. No LGG was detected in fecal samples prior to the dosing period, and none was 
detected in the fecal samples of the lo6-lo8 dosing groups during administration. Two of 7 
subjects in the 1 O9 dosing group were colonized with LGG at a detectable level sporadically 
during the test period, while all subjects in the 10" and 10" test groups were colonized at fecal 
levels of 1 O5 - 1 O7 cfu LGG/g. No level of LGG ingestion tested influenced the total number of 
lactobacilli found nor resulted in LGG becoming the dominant strain in the feces. No adverse 
effects were reported. 

;Y 

In a study of the survival of LGG in the gastrointestinal tract, Goldin et al. (1992) had 76 
healthy male and female volunteers aged 21-55 years consume a frozen concentrate for 28 days, 
a fermented milk for 7 days, or a fermented whey drink for 35 days. These food matrices were 
sup lemented with strain LGG to provide daily doses of 4 x 10" cfu, 3.6 x 10" cfu, and 1.6 x 
10 cfu, respectively. Survival of bacteria in the gut was determined by culturing fecal 
specimens during the dosing periods as well as 3 and 7 days after the feeding was discontinued. 
LGG was recovered in the feces of all subjects receiving the fermented milk or whey and in 86% 
of those receiving the frozen concentrate. LGG was found to persist in the feces of 87% of the 
study subjects 3 days after the feeding was discontinued and in 33% of subjects after 7 days. No 
adverse effects were reported. 

Ip 

Ling et al. (1 992) provided a whey drink fermented with LGG to elderly nursing home 
residents complaining of difficulties in defecation for 2 weeks, preceded and followed by 2-week 
run-ins and washouts. All participants had detectable LGG in their feces, and levels of 

GRAS Determination for 62 
Lactobacillus rhamnosus "00 1 



x i  

* 

.- 
_ I  

'wh 

glycocholic acid hydrolase activity and tryptic activity were significantly decreased. A mild 
normalization of the consistency of the stools took place, but there was no effect on fecal 
frequency, weight, or pH. The authors concluded that LGG can change the bacterial metabolism, 
but has no significant effect on bowel function. 

Saxelin et al. (1 993) studied the fecal concentrations of LGG in 44 health human adults 
who were fed either enterocoated tablets providing daily doses of 1 x lo9, 4 x 10 , or 8 x lo9 cfu 
LGG or fermented milk providing daily doses of 2.1 x lo9 or 1.2 x 10'' cfu LGG for 7 days. 
Fecal specimens were collected on day 0 and daily during the test period. By day 3, LGG was 
found in the feces of all subjects at all dose levels, but neither the dose levels nor the carrier 
significantly influenced the numbers of LGG cells found. No adverse effects were reported. 

B 

In an investigation of the ability of Lactobacillus strains to colonize the human intestinal 
mucosa, Johansson et al. (1 993) administered 19 strains of Lactobacillus to 13 healthy adult 
volunteers age 3 1 to 56 years for 10 days. The tested strains included 2 L. rhamnosus strains- 
LCR 98 (originally isolated from the human rectum) and LCR 271 (originally derived from the 
human colon). All probiotic strains were added to an oatmeal soup base at concentrations of 2.7 
x 1 O7 cfidg soup; 18.4 g/day of soup was ingested daily providing about 5 x 1 O8 cfidday of each 
test strain. Rectal and jejunal biopsies were taken at baseline and 1 and 11 days after the end of 
administration and bacteria were genotypically identified and enumerated. 

L. rhamnosus strain LCR 271 successfully established temporary residence in the mucosa, 
but strain LCR 98 did not. A significant increase in Lactobacillus spp. was seen in the jejunum 
but not in the rectum 1 day after administration, but had disappeared by day 1 1. No tolerance 
problems or adverse events were reported. 

Twenty healthy human adults aged 20-55 years (sex not reported) consumed gelatin 
capsules providing daily doses of 1.6 x 1 Os and 1.2 x 10'' cfu freeze-dried LGG once a day for 7 
days (Saxelin et al. 1995). Fecal samples were collected on day 0 and on test days 3,5, and 7. 
LGG was identified after culturing based on cell morphology and lactose fermentation, 
confirmed based on carbohydrate profile. None of the participants had detectable LGG in the 
feces prior to administration. By day 3, LGG was recovered in the feces of all subjects receiving 
the higher dose, but only 1 of 10 subjects in the lower dose group had detectable LGG in the 
feces by the end of the test period. No effect was observed on the total number of fecal 
lactobacilli. No adverse effects were reported. 

Jacobsen et al. (1 999) investigated the probiotic potential of 47 selected strains of 
Lactobacillus spp., including 7 L. rhamnosus strains (not including HNOO1). The strains were 
examined for resistance to acidity (PH 2.5), adhesion to Caco-2 cells, and antimicrobial activity 
against enteric pathogenic bacteria in model systems. From the results obtained in vitro, five 
strains were selected for in vivo studies: L. rhamnosus DSM 12246, L. rhamnosus 19070-2, L. 
rhamnosus GG, L. delbrueckii ssp. lactis CHCC 2329, and L. casei ssp. alactus CHCC 3 137. 
The daily consumption by 12 healthy male volunteers of two doses of lo1' cfu freeze-dried 
bacteria of the selected strains for 18 days was followed by a washout period of 17 days. Fecal 
samples were taken at days 0 and 18 and during the washout period at days 5 and 11. Two of the 
7 L. rhamnosus strains tested, strains 19070-2 and GG, showed the highest adhesion to Caco-2 
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cells of all strains tested, but 4 other rhamnosus strains showed only moderate adhesion and 1 
strain (Lc705) exhibited poor adhesion. None of the 7 tested L. rhamnosus strains was able to 
grown at pH 2.5, although all were able to survive. Similarly, all of them survived a 0.3% oxgall 
solution, but only 2 strains were able to exhibit even inhibited growth. All rhamnosus strains 
exhibited broad but generally moderate inhibition of the growth of pathogens. Among the strains 
selected for further testing, L. rhamnosus DSM 12246, L. rhamnosus 19070-2, and LGG were 
identified most frequently in fecal samples; they were found in 8, 10, and 7 of the 12 samples 
tested during the intervention period, respectively. Re-isolations were less frequent in the 
washout period; L. rhamnosus was found in only 1 sample at day 5 and none at day 11. The 
bacteria were re-isolated in concentrations from 1 O5 to 1 O8 cWg of feces. Survival and re- 
isolation of the bacteria in vivo appeared to be linked to pH tolerance, adhesion, and 
antimicrobial properties in vitro, confirming the validity of the in vitro testing. The authors made 
no mention of any adverse effects from any of the treatments. 

Alander et al. (1 999) studied the ability of L. rhamnosus GG (LGG) to adhere to human 
colonic mucosa. Twenty-one healthy adults scheduled for routine diagnostic colonoscopy 
consumed a drink com rising lactose-hydrolyzed whey fermented with LGG twice daily for 12 
days, ingesting 6 x 10 cfu LGG/day. Six individuals (1 male and 5 females, age 34-78 years) 
underwent the colonoscopy immediately at the end of the 12-day consumption of LGG; 8 people 
(5 males and 3 females, age 42-68 years) had their colonoscopies 1 week later; and 7 patients (4 
males and 3 females, age 27-73 years) were examined 2 weeks later. Prior to the colonoscopies, 
evacuation of the colon was induced by 3 doses of a laxative; fecal samples were taken during 
this process. Three parallel biopsies were taken from the descending colon. LGG colonies were 
identified by morphology and confirmed by PCR analysis. 

lr 

The results from the patients undergoing colonoscopy immediately after the period of 
LGG ingestion showed the ability of the strain to adhere to colonic mucosa; LGG was identified 
in the biopsies of all 6 individuals. Colonies were found in the biopsies of 7 of the 8 patients who 
had colonoscopies a week later, but in only 2 of the 7 patients who had them 2 weeks later. 
Alander et al. (1 999) concluded that LGG adheres well to colonic mucosa but is unable to 
establish itself as a permanent resident of the colon. No adverse effects were noted during this 
study. 

Fang et al. (2000) randomized 30 healthy adults (1 5 of each sex, age 20-50 years) into 3 
groups to receive orally 4 x 10" cfu freeze-dried LGG/day, 3.4 x 10'ocfu B. lactislday, or 
placebo for 7 days. They consumed an attenuated Salmonella typhimurium TY21A oral vaccine 
capsule on days 1,3, and 5. Blood samples were drawn on days - 1 and +14 and analyzed for 
immunoglobulin-secreting cells and cells secreting anti-S. typhimurium antibodies. 

No significant differences between groups were seen in numbers of IgA-, IgG-, or IgM- 
secreting cells. The authors did not report any adverse events. 

In a study of bacterial vaginosis, 42 healthy women were randomized to receive orally up 
to 6 x lo9 cWday of a combination of L. rhamnosus GR-1 and L. reuteri RC-14 or 10" cfidday 
of LGG alone for 28 days (Reid et al. 2001). While the data were difficult to interpret, it 
appeared that the probiotic combination had a generally beneficial effect on vaginal microbiota 
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populations. None of the patients reported symptomatic vaginitis or urinary tract infections or 
any adverse side effects during or following the study. Fecal shedding of all tested bacterial 
strains ceased by day 14 after supplementation terminated. 

A prospective, randomized, double-blind, placebo-controlled study of LGG was 
undertaken by Armuzzi et al. (2001) to investigate its use during Helicobacterpylori eradication 
therapy. Sixty healthy asymptomatic patients (25 males and 35 females, mean age 40 years) who 
screened positive for H pylori infection received rabeprazole, clarithromycin, and tinidazole for 
7 days, either with placebo or 1.2 x 10" cfb LGG/day in the form of a sachet containing a freeze- 
dried powder. The treatment with LGG or placebo continued for 7 days after completion of the 
eradication therapy. Patients completed questionnaires during the week of treatment and the 
following 3 weeks to assess tolerability and any side effects. 

The patients who received LGG reported significantly less nausea and diarrhea than did 
the placebo group and had significantly higher assessments of the tolerability of the treatment. 
There was no effect of the LGG v. placebo on the success of the eradication of H. pylori and no 
indication of any adverse effects resulting from ingestion of LGG. 

Thomas et al. (2001) studied the efficacy of LGG in preventing antibiotic-associated 
diarrhea in adults. In a prospective, randomized, double-blind, placebo-controlled trial, 302 
hospitalized patients (143 males and 159 females, mean age 55.8 years with range 18 to 90 years) 
receiving intravenous or oral antibiotics were randomized to receive capsules containing placebo 
or a daily total of 2 x 10" cfb LGG twice a day for 14 days. The primary outcome was the 
proportion of patients experiencing diarrhea in the first 2 1 days after enrollment, defined as 
watery or liquid stools for 2 consecutive days or 3+ bowel movements more than normal for that 
individual. Patients were also asked to record adverse effects such as nausea, abdominal 
cramping, and gas or bloating. 

Treatment with LGG had no effect on the incidence of diarrhea; 29-30% of the patients in 
both the test and control groups developed diarrhea. There were no differences between the test 
and placebo groups in the number, type, or severity of reported adverse effects. 

In a crossover study (Elmadfa et al. 2001), 12 healthy adults (6 males and 6 females aged 
25-36 years) consumed 500 grams of yogurt providing 2.5 x 10" cfb LGG/day for 4 weeks. The 
yogurt also contained Streptococcus thermophilus and Lactobacillus acidophilus. During the first 
two weeks, the yogurt cultures were thermally inactivated. Urine was collected daily and blood 
samples were drawn on days 1, 15, and 29; urine and blood samples were analyzed for B 
vitamins 

Vitamin B1 levels in plasma decreased significantly and progressively over the course of 
the study, and a slight but significant decrease of this vitamin was found in the urine as well; 
these changes were attributed to a 25% reduction of bioavailable vitamin B1 in the diets of the 
test subjects. The levels of the B2 and B6 vitamins in plasma and urine differed slightly 
throughout the study, with most of them decreasing, but all were considered to be within normal 
ranges. The authors concluded that, "the bacterial flora of the examined yoghurt does not 
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influence the vitamin B1, B2 and B6 status of man." (Elmadfa et al., 2001). No adverse effects 
were reported. 

Ouwehand et al. (2002) enrolled 28 elderly subjects in an open parallel study of the 
effects of probiotic bacteria on constipation. The subjects were divided into 3 groups: the control 
group received fruit juice; the rhamnosus group received fruit juice supplemented with L. 
rhamnosus LC705 and Propionibacteriumfieudenreichii ssp. shermanii JS, and the reuteri 
group received fruit juice supplemented with L. reuteri ING1. During the first 3 weeks all 
subjects consumed unsupplemented juice. In the subsequent 4 weeks, the subjects received their 
designated juice. During the last 3 weeks, all subjects again received unsupplemented juice. 
Defecation frequency, laxative use, fecal pH, mucin content, and azoreductase activity were 
assessed during the last week of each period. The treatment with L. reuteri had no significant 
effect, but the subjects receiving the L. rhamnosus/P. Peudenreichii-supplemented juice had a 
24% increase in defecation frequency; no reduction was observed in laxative use. Fecal 
azoreductase activity was also significantly reduced in this group. No changes in fecal pH or 
mucin excretion were observed in any group. The tested probiotics did not affect the mucosal 
barrier, and no adverse effects were observed; the authors concluded that use of the tested 
bacterial strains is safe. 

Cremonini et al. (2002) investigated the effect of probiotics on anti-Helicobacter pylori 
therapy-related side effects, studying the effect of LGG, Saccharomyces boulardii, and a 
combination of Lactobacillus spp. and bifidobacteria. A total of 97 asymptomatic H. pylori- 
positive patients (43 males and 54 females aged 18-61 years) were randomized to receive one of 
the probiotic treatments or placebo for 2 weeks. The test period was preceded by a 3-week run-in 
period during which 12 individuals were excluded due to occurrence of symptoms or use of 
drugs associated with gastrointestinal side effects. All patients received eradication therapy 
consisting of rabeprazole, clarythromicin, and tinidazole for 7 days and the probiotic or placebo 
twice a day for the same 7 days and the following week. The daily dose of LGG was 1.2 x 10" 
cfu. Patients completed questionnaires assessing side effects at the end of the antibiotic week and 
at the end of each of the next 3 weeks. 

There were no side effects resulting in study discontinuation. All 3 probiotic treatments 
reduced reported side effects as compared with the placebo group; the difference was significant 
only during the first week and decreased monotonically through week 4. The most notable effect 
was a significant reduction in diarrhea. 

In a randomized, prospective, double-blind, placebo-controlled trial, Prantera et al. (2002) 
evaluated the efficacy of LGG in preventing recurrence of symptoms after curative resection for 
Crohn's disease. Forty-five Crohn's patients who had undergone complete resection of all 
diseased intestine within the previous 10 days (29 males and 16 females aged 22-7 1 with mean 
37 years) were randomized to consume 2 sachets a day containing a total of 1.2 x 10" cfu LGG 
or placebo for 1 year. Follow-up visits were performed 13,26,39, and 52 weeks after initiation 
of treatment; urine samples were taken and blood was drawn and analyzed for blood count, 
serum iron and ferritin, creatinine, alanine aminotransferase, aspartate aminotransferase, and 
alkaline phosphatase. An ileocolonoscopy was performed at the end of the trial. 
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LGG ingestion for 1 year had no effect on recurrence of Crohn’s disease nor on the 
u’ severity of recurrent lesions. Overall, 13 participants failed to complete the study; none of the 

drop-outs terminated due to adverse events and the reasons for the termination did not differ 
between the treatment and control groups. Symptoms such as diarrhea, bloating, and meteorism 
did not differ between the groups. No effects were noted on liver enzymes. Adverse events were 
suffered by 2 LGG patients and 6 placebo patients; none of the events were regarded as trial- 
related and they did not cause interruption of the study. 

In a study of the immunomodulatory effects of LGG (Schultz et al. 2003), 10 healthy 
adults (6 males and 4 females) aged 21-43 years (mean age = 29.9 years) ingested a single daily 
oral dose of 2 x lo9 cfh lyophilized LGG in capsule form for 35 days. Stool samples were 
collected 3 weeks prior to the study, the day before the first dose, and the day after the last dose. 
Blood was also drawn on these 2 latter occasions. Peripheral blood cells were tested for response 
to “self’ v “non-self’ fecal preparations; BacteroidesJFagilis group organisms, Escherichia coli, 
and pro- and anti-inflammatory cytokines (IL- 10, IL-4, IL-6, IFN-)I, TNF-a) were measured in 
the culture supernatant, as was CD4 T-lymphocyte activation. 

Lactobacilli indistinguishable from LGG were isolated from the feces of all individuals at 
the end of the administration period. Three participants had mild bloating, but no other adverse 
effects were reported by the participants. A mild modulation of the cellular immune response 
was seen, primarily in increased CD4 T-lymphocyte activity and decreased secretion of TNF-a 
and IL-6 cytokines. 

Reid et al. (2003a) used a double-blind, placebo-controlled study to investigate the effect 
*4 

of oral probiotic treatment on vaginal microbiota during and after antibiotic therapy. Twenty- 
four female patients who had been diagnosed with respiratory or oral infections received 
antibiotic treatment and were randomized to receive either placebo or 2 x 1 O9 cfidday of a 
combination of L. rhamnosus GR-1 and L. reuteri RC-14 for 21 days, beginning on the same day 
as the antibiotic therapy. No cases of vaginitis or diarrhea were reported in the probiotic group v. 
3 cases in the placebo group; this difference was not statistically significant. There were no 
adverse effects of the probiotic therapy. 

The effect of probiotic administration on women with asymptomatic bacterial vaginitis 
was studied in a randomized, placebo-controlled trial in which 64 women averaging 35 years of 
age received either placebo or 2 x lo9 cfidday of a combination of L. reuteri RC-14 and L. 
rhamnosus for 60 days (Reid et al. 2003b). Examination of vaginal swabs on days 0,7,28,60, 
and 90 showed improvement in vaginal lactobacilli populations and reduced presence of 
pathogenic bacteria and yeast. There were no adverse effects of the probiotic treatment. 

Hatakka et al. (2003) performed a randomized, double-blind, placebo-controlled pilot 
study on the effect of LGG on mild rheumatoid arthritis. A total of 21 patients aged 18-64 years 
were randomized to receive 2 capsules of LGG or placebo twice daily for 12 months; the daily 
dose of LGG was 10’’ c h .  Fecal analysis was used to verify compliance. Arthritis activity was 
assessed based on clinical examination and laboratory tests. The treatment had no effect on any 
arthritis parameter, but the LGG group reported significantly greater general well-being. There 
were no study withdrawals due to adverse effects. 
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In a double-blind, placebo-controlled study, 10 women received either placebo or a 
combination of L. rhamnosus GR-1 and L. reuteri RC-14 for 14 days at a dose of 5 x lo9 
cfidday of each strain (Morelli et al. 2004). No adverse effects were observed, and both fecal and 
vaginal sampling and repetitive extragenic palindromic polymerase chain reaction (rep-PCR) 
strain identification showed that neither strain of bacteria persisted beyond 14 days after 
cessation of administration. 

Salminen et al. (2004) evaluated the efficacy and safety of LGG ingestion in ameliorating 
gastrointestinal symptoms in HIV-infected patients receiving antiretroviral therapy. In a 
prospective, randomized, double-blind, placebo-controlled crossover trial, 1 7 HIV patients (1 4 
males and 3 females, average age 44.5 years) with chronic diarrhea received either placebo or a 
twice-daily juice-milk drink providing approximately 10" cfidday LGG. Patients were excluded 
if they were suffering from bacterial infection, undergoing antibiotic therapy, or allergic to 
bovine milk proteins. Following a 2-week run-in' period, patients were randomly assigned to a 
treatment of 2 weeks, followed by a 2-week washout period, and 2 weeks on the alternative 
treatment. Gastrointestinal symptoms were assessed daily by a self-administered questionnaire, 
including bowel movements, incontinence, diarrhea, flatulence, bloating, pain, and fever. Stool 
samples were taken at the beginning of the study and after each intervention period and cultured 
for total bacteria, pathogens, lactobacilli, and LGG. CD4 cell counts were performed prior to 
enrollment and at the end of the study, along with plasma HIV viral load levels and C-reactive 
protein. Additionally, the microbiological laboratory was asked to look specifically for 
lactobacilli from all clinical samples coming from any patient in the hospital ward during and 
after the study. 

There was no effect of LGG on stool frequency diarrhea, or other gastrointestinal 
parameters. No adverse events were reported during the treatment periods and no patient 
withdrew due to side effects. No effects were seen on CD4 cell counts or on HIV load levels. No 
clinical infections due to lactobacilli were observed in study patients during this study or during 
a half-year follow-up at the outpatient clinic. The authors concluded that "LGG-containing 
products are not likely to have any major health risks among HIV-positive patients." 

In a study to assess whether LGG consumption by pregnant women results in LGG 
colonization of their infants (Schultz et al. 2004), 6 women ingesting 2 x 1 O9 cfu LGG/day 
during weeks 30-36 of pregnancy were identified. Four infants were delivered vaginally and 2 by 
caesarean section. LGG (identified by DNA sequence analysis) was isolated from the feces at 1 
and 6 months of age from all 4 of the vaginally delivered infants and 1 of the 2 delivered by 
section. LGG could still be detected in the feces of 3 children at 12 months and in the feces of 2 
children at 24 months. LGG was not isolated at 36 months. The authors concluded that 
temporary colonization of an idant with LGG may be possible by colonizing the pregnant 
mother before delivery. 

Di Car0 et al. (2005) studied the effects of L. rhamnosus GG (LGG) on gene expression 
patterns in the small bowel mucosa. Six male patients (average age 38) with endoscopically 
proven esophagitis were treated for 1 month with esomeprazole with either placebo or 1.2 x 10" 
cf i~ LGG/day provided as freeze-dried powder in sachets to be taken twice a day. Biopsies of the 
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distal duodenal mucosa were taken during endoscopies before and after treatment. Total DNA 
and RNA were extracted and the expressions of more than 22,000 genes were analyzed. A total 
of 3 16 genes were up-regulated and 78 down-regulated in the LGG group but not the placebo 
group. The genes most affected involved immune response and inflammation (e.g., TGF-fl, TNF 
family members, cytokines, nitric oxide synthase), apoptosis, cell growth and differentiation (e.g., 
cyclins and caspases, oncogenes), cel1:cell signaling, cell adhesion, signal transcription and 
transduction. The authors did not report any adverse effects due to LGG administration. 

In a randomized, double-blind, placebo-controlled study, Anukam et al. (2006) studied 
the effect of L. rhamnosus GR-1 and L. reuteri RC-14 on bacterial vaginitis. Premenopausal sub- 
Saharan women (n = 125), age 18-44 years, suffering from bacterial vaginitis, were given 2 daily 
doses containing a total of 5 x lo9 cfu each of L. rhamnosus and L. reuteri or placebo for 30 days. 
At the conclusion, 88% of the prebiotic-treated group had normal Nugent scores v. 40% in the 
control; none of the probiotic group but 30% of the controls were determined still to have 
bacterial vaginitis. No adverse effects were noted from the administration of the two probiotics 
to this compromised population, and the participants did not report any side-effects when they 
were questioned. 

The efficacy of a combination of 4 probiotic strains-L. rhamnosus GG, L. rhamnosus 
LC-705, Propionibacteriumfieudenreichii ssp. shermanii JS, and Bijidobacterium breve Bb99- 
in alleviating symptoms of irritable bowel syndrome (IBS) was studied by Kajander and Korpela 
(2006). In a randomized, double-blind, placebo-controlled trial, 103 IBS patients were 
randomized to receive either placebo or a daily capsule providing 8-9 x 1 O9 cfu of each strain for 
6 months. The patients maintained a diary of abdominal symptoms and bowel habits. 

Eighty-six patients completed the study and the probiotic treatment was successful in 
significantly reducing IBS symptoms-a reduction of 42% in the probiotic group v. 6% in the 
placebo group. There were no changes in bowel habits or quality of life. The reasons for the 
drop-outs were not reported, nor was it clear whether equal numbers discontinued from each 
group of patients. There was no discussion of any observed adverse effects of the probiotic 
treatment. 

Baroja et al. (2007) conducted an open-label study (with a side control group) in which 
20 adults with symptomatic inflammatory bowel disease (IBD; 15 with Crohn's disease and 5 
with ulcerative colitis) and 20 healthy controls consumed 125 g/day of yogurt containing 2 x 1 O7 
cWml of L. rhamnosus GR-1 and lo3 cfidml L. reuteri RC-14, providing a daily intake of 2.5 x 
1 O9 cfu of L. rhamnosus and 1.25 x 1 O5 cfu of L. reuteri. The probiotic yogurt intake resulted in 
beneficial anti-inflammatory effects in the IBD patients that were associated with expansion of 
the peripheral blood pool of regulatory T-cells. No anti-inflammatory effect was seen when the 
yogurt alone was given to 8 other individuals with IBD. The authors concluded, "Short-term 
consumption of yogurt supplemented with Lactobacillus strains GR- 1 and RC- 14 promoted the 
formation of a desirable anti-inflammatory environment in the peripheral blood of IBD patients, 
and showed no harmful effects in these patients." Of particular importance is that no effects were 
seen that would indicate that the probiotic bacteria had crossed the severely compromised GI 
barrier of these IBD \patients, supporting other evidence indicating the lack of potential for 
infectivity of these strains. 
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In a prospective, randomized, double-blind, placebo-controlled pilot study in intensive 
care unit (ICU) patients, Forestier et al. (2008) administered either lacebo or 1 O9 cfu 
“Lactobacillus cusei rhamnosus”’ strain 35 twice a day from the 3‘ day after admission to the 
ICU until discharge; the number of days was not reported. A total of 208 patients (146 males and 
62 females, mean age = 58.4 years) was enrolled, 102 in the probiotic group and 106 in the 
placebo group. The objective of the study was to determine if probiotic treatment would reduce 
the incidence of respiratory infection by Pseudomonas aeruginosa. Most patients were post- 
surgical or suffering from trauma or respiratory distress. The incidence of P. aeruginosu 
infection was significantly reduced and the time to infection was significantly increased by the 
probiotic treatment; there was no effect on the incidence of infections by other microorganisms. 
No cases of Lactobacillus-related sepsis were observed. 

I Y  

Anukam et al. (2008), in a prospective, double-blind, placebo-controlled trial, studied the 
effect of consumption of yogurt containing lo7 cfidml L. rhamnosus GR-1 and lo7 cfidml L. 
reuteri RC- 14 on premenopausal women with HIV/AIDS. Twelve women consumed 100 muday 
of placebo yogurt (containing normal levels of L. delbrueckii var bulgaricus and Streptococcus 
thermophilus), while 12 women consumed 100 muday of this same yogurt supplemented with L. 
rhamnosus and L. reuteri, a daily ingestion of 1 O9 cfu of each probiotic bacterium for 15 days. A 
structured questionnaire was designed to evaluate clinical history and quality of life, including 
any gastrointestinal discomfort, water stools, nausea, flatulence, or diarrhea, at baseline and at 
day 15,30, and 90. Urine samples were taken at baseline and on days 15 and 30 and analyzed for 
color, bilirubin, urobilinogen, proteins, ketones, nitrite, glucose, blood, leukocyte esterase, motile 
bacteria, and white blood cell counts. Blood samples taken on the same days were analyzed for 
CD4 count (a marker of immune status of HIV-infected patients) and the following hematologic 
parameters: red blood cells, total white blood cells, differential white blood cells, hemoglobin, 
hematocrit, mean corpuscular volume, mean corpuscular hemoglobin, mean corpuscular 
hemoglobin concentration, red blood cell distribution width, and platelets. 

The CD4 counts improved significantly in the probiotic-treated group while they 
deteriorated among the controls. The women treated with probiotics also had nonsignificantly 
improved quality-of-life parameters as compared with the controls. The urinalysis showed that 
the women treated with the probiotics experienced statistically significant reductions in urine 
leukocyte esterase, motile bacteria, and white blood cell counts as compared to those consuming 
the placebo yogurt. There was no significant alteration in any of the hematologic parameters 
tested. No side effects were noted and no bacteremia was detected in any of these highly 
immunocompromised women. 

In an investigation of the effects of 3 probiotics on immune parameters, Kekkonen et al. 
(2008) conducted a prospective, randomized, double-blind, placebo-controlled parallel-group 
intervention study with 62 healthy adults (17 males and 45 females aged 23-58 years; mean age 
= 44 years). After a 3-week run-in, participants were randomly assigned to 1 of 4 groups to 
receive the specified intervention (in a milk-based h i t  drink) for 3 weeks: placebo (n = 16), 1.6 

As noted previously, rhamnosus was previously regarded as a subspecies of L. casei, but is now 
classified as a separate species. 
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x 10" cfu LGG/day (n = 13), 3.5 x 10" cfu Bijidobacterium animalis ssp. lactis Bbl2/day (n = 
16), or 3.3 x 10" cfu Propionibacteriumpeudenreichii ssp. shermanii JS/day (n = 17). Venous 
blood samples were taken at baseline, on days 1,7, and 21, and after a 3-week washout, and 
analyzed for leukocytes, monocytes, neutrophils, basophils, eosinophils, and lymphocytes; IgA, 
IgG, and IgM; C-reactive protein; cytokines (TNF-a, IL-6, IFN-)I, and IL- 10). An unstimulated 
saliva sample was taken at each time point for analysis of secretory IgA. Fecal samples were also 
collected at baseline and on day 2 1 and probiotic strains were identified and enumerated. 
Participants maintained a diary of any respiratory, GI, or other symptoms and the use of any 
medication. 

Feces levels of studied probiotics increased significantly from baseline values in each 
probiotic intervention group. LGG, but not the other probiotics, significantly reduced C-reactive 
protein. There were no significant differences between the groups in white blood cell counts, 
immunoglobulins, or cytokine levels. No adverse effects were reported. 

4.4.2.1.3. Conclusions from Studies of L. rhamnosus in Adults 

one or more strains of L. rhamnosus were orally administered to adults under controlled 
conditions. The strain "001 was ingested in 4 studies, LGG in 20, strain GR-1 in 7, and other L. 
rhamnosus strains in 5 studies. Daily doses of probiotic exceeded lolo cfu in 17 studies and lo1' 
cfu in 3 of these. Most of the studies were short term, lasting only a month or less, but 1 study 
included probiotic feeding for 6 months and 2 studies included a full year of probiotic 
administration. Participants in these studies included healthy adults, women suffering from 
bacterial vaginitis, IBS sufferers, patients with H. pylori infection, Crohn' s disease patients and 
patients with ulcerative colitis, adults with rheumatoid arthritis HIV/AIDS patients, and patients 
confined to an ICU for a variety of causes. 

Thirty-five studies with over 1600 participants have appeared in the literature in which 

In none of these studies were any adverse effects reported due to the probiotic treatment; 
many study reports specifically noted the absence of such effects. Several studies in at-risk 
subjects such as ICU patients reported that no cases of Lactobacillus infections occurred. This 
extensive body of human research strongly supports the conclusion that L. rhamnosus, and 
specifically the "001 strain, is safe for adults under its intended conditions of use. 

GRAS Determination for 
LactobacilIus rhamnosus "00 1 

71 JHeimbach LLC 

0 0 0 0 8 5  



Reference 

llander et ai. 
:I 999) 

4nukam et al. 
(2006) 

Anukam et ai. 
(2008) 

d 
0 
a 

03 
43 

Table 12. Studies of Other L. rhumnosus Strains in Adults 

Objective 

Determine the 
ability of LGG 
to adhere to 
human colonic 
mucosa 

Study the 
effect of L. 
rhamnosus 
GR-1 and L. 
reuteri RC-I4 
on bacterial 
vaginitis. 

Study the 
effect of 
consumption of 
Yogurt 
containing L. 
rhamnosus 
GR-1 and L. 
reuteri RC-14 
on women with 
HIVIAIDS 

GRAS Determination for 

Study 
Design 

Open-label 
study 

Prospective, 
randomized, 
double-blind, 
placebo- 
controlled 
study 

Prospective, 
randomized, 
double-blind, 
placebo- 
controlled 
trial 

Subjects 

21 healthy 
adults (10 males 
and 1 1  females, 
age 27-78 years) 
scheduled for 
routine 
diagnostic 
colonoscopy 

125 premeno- 
pausal sub- 
Saharan women 
age 18-44 years 
suffering from 
bacterial 
vaginitis 

24 women being 
treated for 
HIVIAIDS 

L. rhamnosus 
Dose and 
Source 

6 x 10” cfu 
LGGlday 

5 x I O 9  cfulday 
each of L. 
rhamnosus 
GR-1 and L. 
reuteri RC-14 

1 O9 dulday 
each of L. 
rhamnosus 
GR-1 and L. 
reuteri RC-14 

Dura- 
tion 

12 days 

30 days 

15 days 

Safety-Related Results 

The results from the patients undergoing colonoscopy 
immediately after the period of LGG ingestion showed the 
ability of the strain to adhere to colonic mucosa; LGG was 
identified in the biopsies of all 6 individuals. Colonies were 
found in the biopsies of 7 of the 8 patients who had 
colonoscopies a week later, but in only 2 of the 7 patients 
who had them 2 weeks later. Alander et ai. (1999) concluded 
that LGG adheres well to colonic mucosa but is unable to 
establish itself as a permanent resident of the colon. No 
adverse effects were noted during this study. 

No adverse effects were noted from the administration of the 
two probiotics to this compromised population, and the 
participants did not report any side-effects when they were 
questioned. 

No effects were seen in urine color, bilirubin, urobilinogen, 
proteins, ketones, nitrite, glucose, or blood. No changes were 
seen in hematology parameters: red blood cells, total white 
blood cells, differential white blood cells, hemoglobin, 
hematocrit, mean corpuscular volume, mean corpuscular 
hemoglobin, mean corpuscular hernoglobin concentration, 
red blood cell distribution width, and platelets. Serum CD4 
counts improved significantly in the probiotic-treated group 
while deteriorating among the controls. 
Urine leukocyte esterase, motile bacteria, and white blood 
cell counts also improved in the test but not the control 
group. The women treated with probiotics also had 
nonsignificantly improved quality-of-life parameters as 
compared with the controls. 
No side effects were noted and no bacteremia was detected 
in any of these highly immunocompromised women. 
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Armuui et al. 
(2001) 

Baroja et al. 
(2007) 

Cremonini et 
al. (2002) 
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c 
0 
CD 
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Objective 

Investigate use 
of LGG as 
adjunct 
therapy during 
Helicobacter 
pylori 
eradication 
treatment with 
rabeprazole, 
clarithromycin, 
and tinidazole 

Evaluate the 
anti- 
inflammatory 
effect of yogurt 
supplemented 
with L. 
hamnosus 
GR-1 and L. 
reuten' RC-14 

Investigate the 
effect of LGG 
and other 
probiotics on 
side-effects 
during anti- 
Helicobacter 
pylon therapy 
with 
rabeprazole, 
claryth romici n , 
and tinidazole 

Table 12. Studies of Other L. rhamnosus Strains in Adults 

Study 
Design 

Prospective, 
randomized, 
double-blind, 
placebo- 
controlled 
study 

Open-label 
study with 
both IBD 
and healthy 
participants 

Prospective, 
randomized, 
double-blind, 
placebo- 
controlled 
trial 

Subjects 

60 healthy 
asymptomatic H. 
pylon' infection 
patients (25 
males and 35 
females, mean 
age 40 years) 

20 adults with 
symptomatic 
inflammatory 
bowel disease 
(IBD; 15 with 
Crohn's disease 
and 5 with 
ulcerative colitis) 
and 20 healthy 
controls 

97 asymptomatic 
H. pylori-positive 
patients (43 
males and 54 
females aged 
18-61 years) 

L. rhamnosus 
Dose and 
Source 

1.2 x 1 o ' O  du 
LGGIday 

2.5 x io9 d u  of 

x io5 du of L. 

L. rhamnosus 
GR-1 and 1.25 

reuteri RC-14 

1.2 x 1o'O cfu 
LGG/day 

Dura- 
tion 

14 days 
(7 days 
during 
therapy 
and 7 
days 
after) 

1 month 

14 days 
(7 days 
during 
therapy 
and 7 
days 
after) 

Safety-Related Results 

The patients who received LGG reported less nausea and 
diarrhea and had higher assessments of the tolerability of the 
treatment. There was no effect of the LGG v. placebo on the 
success of the eradication of H. pylon and no indication of 
any adverse effects resulting from ingestion of LGG. 

Short-term consumption of yogurt with Lactobacillus 
promoted the formation of an anti-inflammatory environment 
in the peripheral blood of IBD patients and showed no 
harmful effects in these patients. No effects were seen 
indicating that the probiotic bacteria had crossed the severely 
compromised GI barrier of these IBD patients, indicating the 
lack of potential for infectivity of these strains. 

There were no side effects resulting in study discontinuation. 
All 3 probiotic treatments reduced reported side effects as 
compared with the placebo group; the difference was 
significant only during the first week and decreased 
monotonically through week 4. The most notable effect was a 
significant reduction in diarrhea. No adverse reactions were 
reported. 
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Table 12. Studies of Other L. rhamnosus Strains in Adults 

Study 
Design 

L. rhamnosus 
Dose and 
Source 

Safety-Related Results Dura- 
tion 

1 month 

4 weeks 
(2 
weeks 
inacti- 
vated 
and 2 
weeks 
viable 

Reference Subjects Objective 

Di Car0 et al. 
(2005) 

Study the 
effects of LGG 
on gene 
expression 
patterns in the 
small bowel 
mucosa 

Open-label 
study with 
biopsies of 
the distal 
duodenal 
mucosa 

6 male 
esophagitis 
patients 
(average age 38 
years) 

1.2 x IOi0 du 
LGG/day 

316 genes were up-regulated and 78 down-regulated in the 
LGG group but not the placebo group. The genes most 
affected involved immune response and inflammation, 
apoptosis, cell growth and differentiation, cell:cell signaling, 
cell adhesion, signal transcription and transduction. The 
authors did not report any adverse effects due to LGG 
administration. 

The authors concluded that, "the bacterial flora of the 
examined yoghurt does not influence the vitamin B1, BZ and 
Be status of man." No adverse effects were reported. 

Elmadfa et al. 
(2001) 

Study the 
effects of 
viable v. head 
deactivated 
LGG in yogurt 

Prospective 
single-blind 
crossover 
study 

12 healthy adults 
(6 males and 6 
females aged 
25-36 years) 

2.5 x 10iocfu 
LGGlday 

Fang et al. 
(2000) 

Study the 
effect of LGG 
or 6. lactis on 
the immune 
system of 
adults exposed 
to Salmonella 
typhimurium 

Prospective, 
randomized, 
double-blind, 
placebo- 
controlled 
trial 

30 healthy adults 
(1 5 males and 
15 females, age 
20-50 years) 

4 x 1 o ' O  cfu 
LGGlday 

7 days No significant differences between groups were seen in 
numbers of IgA-, IgG-, or IgM-secreting cells. The authors 
did not report any adverse events. 

Forestier et al. 
(2008) 

Determine if 
probiotic 
treatment 
would reduce 
the incidence 
of respiratory 
infection by 
Pseudomonas 
aeruginosa. 

Prospective, 
randomized, 
double-blind, 
placebo- 
controlled 
pilot study 

208 ICU patients 
(146 males and 
62 females, 
mean age = 58.4 
years) 

10' d u  L. 
rhamnosus 
strain 35 twice 
a day 

Until dis- The incidence of P. aemginosa infection was significantly 
charge reduced and the time to infection was significantly increased 
from the by the probiotic treatment; there was no effect on the 
ICU; incidence of infections by other microorganisms. No cases of 
number Lactobacillus-rebted sepsis were observed. 
of days 
not re- 
ported 
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Table 12. Studies of Other L. rhamnosus Strains in Adults 

Reference 

Goldin et ai. 
(1 992) 

Hatakka et al. 
(2003) 

Jacobsen et 
ai. (1999) 

Objective 

Study the 
survival of 
LGG in the 
gastrointestinal 
tract 

Investigate the 
effect of LGG 
on mild 
rheumatoid 
arthritis 

Evaluate the 
probiotic 
potential of 47 
strains of 
Lactobacillus 
spp. in resis- 
tance to 
acidity, 
adhesion to 
Cam-2 cells, 
and antimicro- 
bial activity 

Study 
Design 

Open-label 
parallel 
study of 
dosagesand 
food 
matrices 

Prospective, 
randomized, 
double-blind, 
placebo- 
controlled 
pilot study 

Preliminary 
open-label in 
vitro testing 
to identify 5 
candidate 
strains. 

Subjects 

76 healthy male 
and female 
adults aged 21- 
55 years 

21 rheumatoid 
arthritis patients 
aged 18-64 
years 

12 healthy adults 

L. rhamnosus 
Dose and 
Source 

4 x IO1', 1.6 x 
lol l ,  and 3.6 x 

LGGIday 
IO"  cfu 

1 O'O cfu 
LGGIday 

1 0'' cfu of L. 
rhamnosus 
DSM 12246 
twice a day 

Dura- 
tion 

7, 28, or 
35 days 

12 
months 

18 days 

Safety-Related Results 

LGG was found to persist in the feces of 87% of the study 
subjects 3 days after the feeding was discontinued and in 
33% of subjects after 7 days. No adverse effects were 
reported. 

The treatment had no effect on any arthritis parameter, but 
the LGG group reported significantly greater general well- 
being. There were no study withdrawals due to adverse 
effects. 

Among the tested strains, was identified most frequently in 
fecal samples. The bacteria were re-isolated in 
concentrations from 1 o5 to I o8 cfulg of feces. L. hamnosus 
DSM 12246 showed strong inhibition of all of the pathogenic 
bacteria tested, but the normal intestinal flora tested was 
unaffected by DSM 12246 in vitro. Even strong adhesive 
properties and pronounced pH tolerance did not result in 
colonization and persistence of the lactobacilli after 
administration of the cultures was terminated. 

0 
c 
0 
Q 
02 
c3 
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Table 12. Studies of Other L. rhamnosus Strains in Adults 

Reference 

Johansson et 
al. (1993) 

Kajander and 
Korpela 
(2006) 

Objective 

Study the 
ability of 
Lactobacillus 
strains to 
colonize 
human 
intestinal 
mucosa. 

Test the 
efficacy of a 
combination of 
4 probiotic 
strains-LGG, 
L. rhamnosus 

pionibacterium 
freudenreichii 
ssp. shennanii 
JS, and 5i- 
fidobacterium 
breve Bb99- 
in alleviating 
symptoms of 
irritable bowel 
syndrome 

LC-705, P/u- 

GRAS Determination for 

Study 
Design 

Open-label 
parallel 
study; gave 
19 different 
strains of 
multiple 
species of 
Lactobacilli, 
including 
LGG and L. 
rhamnosus 
108 

Prospective, 
randomized, 
double-blind, 
placebo- 
controlled 
trial 

13 healthy adult 
volunteers 

103 IBS patients 

L. rhamnosus 
Dose and 
Source 

5x1 0' cfu/day 
Df LGG or L. 
rhamnosus 108 
and other 
strains 

8-9 x I O 9  du of 
combined 
LGG, L. rham- 

and the other 
probiotics 

~ O S U S  LC-705, 

Dura- 
tion 

10 days 

6 
months 

Safety-Related Results 

Colonization was shown for both L. rhamnosus strains 
tested. No adverse effects or tolerance issues were reported. 

86 patients completed the study. The reasons for the drop- 
outs were not reported, nor was it clear whether equal 
numbers discontinued from each group of patients. There 
was no discussion of any observed adverse effects of the 
probiotic treatment. 
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Table 12. Studies of Other L. rhamnosus Strains in Adults 

Study 
Design Subjects 

L. rhamnosus 
Dose and 
Source 

Dura- 
tion Reference Objective Safety-Related Results 

Kekkonen et 
ai. (2008) 

Investigate the 
effects of 3 
probiotics on 
immune 
parameters 

Prospective, 
randomized, 
double-blind, 
placebo- 
controlled 
parallel- 
group 
intervention 
study 

62 healthy adults 
(1 7 males and 
45 females aged 
23-58 years; 
mean age = 44 
years). 

1.6 x lolo cfu 
LGGlday 

3 weeks LGG, but not the other probiotics, significantly reduced C- 
reactive protein. There were no significant differences 
between the groups in white blood cell counts, 
immunoglobulins, or cytokine levels. No adverse effects were 
reported. 

Study the 
effect of LGG 
on intestinal 
enzymes and 
GI function 

Open-label 
study 

Elderly nursing 
home residents 
complaining of 
difficulties in 
defecation 

Not reported 2 weeks Levels of glycocholic acid hydrolase activity and tryptic 
activity were significantly decreased. A mild normalization of 
the consistency of the stools took place, but there was no 
effect on fecal frequency, weight, or pH. 

Ling et at. 
( I  992) 

Morelli et ai. 
(2004) 

Ouwehand et 
ai. (2002) 

10 healthy 
women with no 
history of 
orogenital 
infection 

5 x I O 9  cfulday 
each of L. 
rhamnosus 
GR-1 and L. 
reuteri RC-14 

Study the 
ability to reach 
the vagina and 
the persistence 
of orally 
administered 
probiotic 
bacteria for the 
treatment of 
bacterial 
vaginitis. 

14 days 

4 weeks 

No adverse effects were observed, and both fecal and 
vaginal sampling showed that neither strain of bacteria 
persisted beyond 14 days after cessation of administration. 

Double- 
blind, 
placebo- 
controlled 

Open-label 
parallel 
study 

2-4 x I O "  
cfulday of L. 
rhamnosus 
LC705 

Investigate the 
effects of 
probiotic 
bacteria on 
constipation 

28 healthy 
elderly adults 

Fecal azoreductase activity was reduced in the LGG group. 
No changes in fecal pH or mucin excretion were observed in 
any group. The tested probiotics did not affect the mucosal 
barrier, and no adverse effects were observed; the authors 
concluded that use of the tested bacterial strains is safe. 
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Table 12. Studies of Other L. rhamnosus Strains in Adults 

Reference 

Prantera et ai. 
(2002) 

Reid et ai. 
(2001) 

Reid et al. 
(2003a) 

Study 
Design Objective 

Evaluate the 
efficacy of 
LGG in 
preventing 
recurrence of 
symptoms 
after curative 
resection for 
Crohn’s 
disease 

Randomized 
prospective, 
double-blind, 
placebo- 
controlled 
trial 

Comparison of 
the effect on 
bacterial 
vaginitis of a 
combination of 
L. rhamnosus 
GR-1 and L. 
reuteri RC-14 
v. LGG 

Randomized 
intervention 
trial 

Investigate the Double- 
effect of oral blind, 
probiotic placebo- 
treatment on controlled 
vaginal 
microbiota 
during and 
after antibiotic 
therapy 

Subjects 

45 Crohn’s 
patients (29 
males and 16 
females aged 
22-71 years) 
who had 
resection of 
diseased 
intestine within 
the past 10 days 

42 healthy 
women 

24 female 
patients who had 
been diagnosed 
with respiratory 
or oral infections 
and were 
receiving 
antibiotic 
treatment 

- - 
L. rhamnosus 

Dose and 
Source 

1.2 x 1o1O cfu 
LGG/day 

6 x I O 9  cfu/day 
of a 
combination of 
L. rhamnosus 
GR-1 and L. 
reuteri RC-14 
or 10” cfu/day 
of LGG 

2 x I O 9  &/day 
of a 
combination of 
L. rhamnosus 
GR-1 and L. 
muten’ RC-I 4 

Dura- 
tion 

1 year 

28 days 

21 days 

Safety-Related Results 

13 participants failed to complete the study; none of the drop- 
outs terminated due to adverse events and the reasons for 
the termination did not differ between the treatment and 
control groups. Symptoms such as diarrhea, bloating, and 
meteorism did not differ between the groups. No effects were 
noted on liver enzymes. Adverse events were suffered by 2 
LGG patients and 6 placebo patients; none of the events 
were regarded as trial-related and they did not cause 
interruption of the study. 

The probiotic combination had a beneficial effect on vaginal 
microbiota populations. None of the patients reported 
symptomatic vaginitis, urinary tract infections, or any adverse 
side effects during or following the study. No further fecal 
shedding of the test bacteria was detected 14 days after the 
end of treatment. 

No cases of vaginitis or diarrhea were reported in the 
probiotic group v. 3 cases in the placebo group. There were 
no adverse effects of the probiotic therapy. 
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Table 12. Studies of Other L. rhamnosus Strains in Adults 

Reference 

Reid et ai. 
(2003b) 

Salminen et 
al. (2004) 

Saxelin et al. 
(1 991) 

Objective 

Determine the 
effect of 
probiotic 
administration 
on women with 
asymptomatic 
bacterial 
vaginitis 

Assess the 
efficacy and 
safety of LGG 
ingestion in 
ameliorating 
gastrointestinal 
symptoms in 
HIV-infected 
patients 
receiving 
antiretroviral 
therapy 

Study the 
effect of dose 
on colonization 
by LGG 

Study 
Design 

Randomized 
, placebo- 
controlled 
trial 

Prospective, 
randomized, 
double-blind, 
placebo- 
controlled 
crossover 
trial 

Open-label 
dose- 
response 
study 

GRAS Determination for 
Lactobacillus rhamnosus "00 1 

- 

Subjects 

64 women 
averaging 35 
years with 
asymptomatic 
bacterial 
vaginitis 

17 HIV patients 
(14 males and 3 
females, 
average age 
44.5 years) with 
chronic diarrhea 

40 healthy adults 

L. rhamnosus 
Dose and 
Source 

2 x I O 9  cfulday 
of a 
combination of 
L. rhamnosus 
GR- 1 and L. 
reuten' RC-14 

I O "  cfu 
LGG/day 

1.5 x IO6, 1.5 x 

1.5x109, 1 . 5 ~  
IO'', and 1.1 x 

LGGlday 

io7, 1.5 x IO*, 

1 o1 cfu 

Dura- 
tion 

60 days 

2 weeks 

7 days 

Safety-Related Results 

- 
Improvement was seen in vaginal lactobacilli populations and 
reduced presence of pathogenic bacteria and yeast. There 
were no adverse effects of the probiotic treatment. 

The microbiological laboratory looked specifically for 
lactobacilli from all clinical samples coming from any patient 
in the hospital ward during and after the study. 
There was no effect of LGG on stool frequency diarrhea, or 
other gastrointestinal parameters. No adverse events were 
reported during the treatment periods and no patient 
withdrew due to side effects. No effects were seen on CD4 
cell counts or on HIV load levels. No clinical infections due to 
lactobacilli were observed in study patients during this study 
or during a half-year follow-up at the outpatient clinic. The 
authors concluded that "LGG-containing products are not 
likely to have any major health risks among HIV-positive 
patients." 

No LGG was detected in fecal samples of the I 06-1 0' dosing 
groups. 2 of 7 subjects in the I O 9  group were colonized with 
LGG sporadically, while all subjects in the I O "  and I O "  test 
groups were colonized. No level of LGG ingestion tested 
influenced the total number of lactobacilli found nor resulted 
in LGG becoming the dominant strain in the feces. No 
adverse effects were reported. 
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Table 12. Studies of Other L. rhamnosus Strains in Adults 

Study 
Design 

L. rhamnosus 
Dose and 
Source 

Dura- 
tion 

7 days 

Reference Objective Subjects Safety-Related Results 

Saxelin et at. 
:I 993) 

Study fecal 
concentrations 
of LGG after 
ingestion of 
either entero- 
coated tablets 
or fermented 
milk containing 
LGG 

Open-label 
parallel 
study 

44 healthy adults Enterocoated 
tablets with 1 x 
io9, 4 x io9, or 
8 x I O 9  cfu 
LGGl day or 
fermented milk 
with 2.1 x I O 9  
or I .2 x IO'' 
cfu LGGIday 

By day 3, LGG was found in the feces of all subjects at all 
dose levels, but neither the dose levels nor the carrier 
influenced the numbers of LGG cells found. No adverse 
effects were reported. 

Saxelin et ai. 
[I 995) 

Study the 
effect of dose 
on LGG 
colonization of 
healthy adults 

Open-label 
study 

20 healthy adults 
aged 20-55 
years 

1.6 x 10' and 

LGGlday 
1.2x1010cfu 

7 days By day 3, LGG was recovered in the feces of all subjects 
receiving the higher dose, but only 1 of 10 subjects in the 
lower dose group had detectable LGG in the feces by the 
end of the test period. No effect was observed on the total 
number of fecal lactobacilli. No adverse effects were 
reported. 

Study the 
immunomodul 
atory effects of 
LGG in healthy 
adults 

Open-label 
study 

10 healthy adults 
(6 males and 4 
females aged 
21 -43 years) 

2 x io9 cfu 
LGGlday 

35 days Lactobacilli indistinguishable from LGG were isolated from 
the feces of all individuals at the end of the administration 
period. A mild modulation of the cellular immune response 
was seen, primarily in increased CD4 T-lymphocyte activity 
and decreased secretion of TNF-a and IL-6 cytokines. 3 
participants had mild bloating, but no other adverse effects 
were reported by the participants. 

Schultz et al. 
(2003) 

Schultz et at. 
(2004) 

Open-label 
study 

6 healthy 
pregnant women 

2 x 109cfu 
LGGlday 

Weeks 
30-36 Of 
P W -  
nancy 

LGG was isolated from the feces at 1 and 6 months of age 
from all 4 of the vaginally delivered infants and 1 of the 2 
delivered by section. LGG could still be detected in the feces 
of 3 children at 12 months and in the feces of 2 children at 24 
months. LGG was not isolated at 36 months. The authors 
concluded that temporary colonization of an infant with LGG 
may be possible by colonizing the pregnant mother before 
delivery. 

Determine 
whether LGG 
consumption 
by pregnant 
women results 
in LGG 
colonization of 
their infants 
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Table 12. Studies of Other L. rhamnosus Strains in Adults 

0 
0 
c 
c3 
W 
a? 

Objective 

Study the 
efficacy of 
LGG to reduce 
erythromycin- 
associated 
diarrhea in 
adults 

Study the 
efficacy of 
LGG in 
preventing 
antibiotic- 
associated 
diarrhea in 
adults 

Subjects Study 
Design 

Prospective, 
randomized, 
double-blind, 
placebo- 
controlled 
trial 

302 hospitalized 
patients (143 
males and 159 
females aged 18 
to 90 years) 
receiving 
intravenous or 
oral antibiotics 

GRAS Determination for 
Lactobacillus rhamnosus "00 1 

L. rhamnosus 
Dose and 
Source 

Not reported 

2 x 1o'O cfu 
LGG 

Safety-Related Results 

7 days Individuals receiving the LGG-supplemented yogurt had less 
diarrhea, abdominal distress, stomach pain, and flatulence 
than did those consuming the regular yogurt. The authors did 
not report any adverse effects. 

14 days Treatment with LGG had no effect on the incidence of 
diarrhea; 29-30% of the patients in both the test and control 
groups developed diarrhea. There were no differences 
between the test and placebo groups in the number, type, or 
severity of reported adverse effects. 
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4.4.2.2, Studies in Children 

x 

'"% 

4.4.2.2.1. Studies of L. rhamnosus "001 in Children 

studied the effect of administration of daily doses of 2 x 10" cfu of both L. rhamnosus strain 
"001 and B. animalis ssp. Zactis strain "019 on children with atopic dermatitis. A total of 60 
children ranging in age from 1 to 11 years (median = 4 years), 32 males and 28 females, 
previously diagnosed with eczema and with stable SCORADs of 10 or more, were randomized to 
receive either probiotic or placebo. The probiotic was administered once daily as a powder 
mixed with drink or food, as was the microcrystalline cellulose placebo. Two weeks before 
beginning treatment, the study participants' parents completed questionnaires about their 
children's health and the family history of allergic disease. The parents were also interviewed 
when treatment began (week 0), after 2 weeks, at the termination of treatment at week 12, and 2 
weeks after treatment ceased (week 16). During the 12-week treatment period and the 4-week 
washout period the parents maintained a diary of any health problems, medication use, and the 
severity of the atopic dermatitis. 

In a prospective, randomized, double-blind, placebo-controlled trial, Sistek et al. (2006) 

Five children withdrew from the probiotic group and 6 from the placebo group during the 
course of the study, none for reasons related to treatment. The probiotic treatment slightly 
reduced S C O W  scores relative to the placebo group among children with food-related 
allergies, but not among those with environmental allergies. No adverse effects were reported 
from the probiotic treatment. 

4.4.2.2.2. Studies of Other L. rhamnosus Strains in Children 

"001 to children discussed below we summarized in Table 14 at the end of the section. 
All of the studies involving the administration of strains of L. rhamnosus other than 

Kaila et al. (1 992) studied the efficacy of LGG in assisting in the recovery of children 
sufSering from acute rotavirus diarrhea in a prospective, randomized, double-blind, placebo- 
controlled trial. After rehydration, 39 well-nourished children aged 7-37 months (mean = 16 
months) who had suffered from diarrhea for less than 7 days received 125 grams of either 
pasteurized regular yogurt (n = 17) or a fermented milk product containing LGG (n = 22) twice 
daily (10" to 1011 cfdday) for 5 days. The patients were weighed daily, their parents filled out 
questionnaires on stool quality throughout the study and follow-up, and blood was drawn on 
days 1 and 21 for immunological assessment. 

The duration of diarrhea was significantly reduced in the test group compared to controls, 
and no recurrences of diarrhea occurred during the three-week follow-up period. Based on the 
IgG, IgA, and IgM-secreting cell numbers, those receiving LGG had significantly enhanced non- 
specific humoral response during the acute phase of the infection; by the end of the follow-up 
period an IgA-specific antibody-secreting cell response to rotavirus was present in significantly 
more test than control patients (900/, v. 46%). No adverse events were reported by the authors. 

In a prospective, randomized, double-blind, placebo-controlled study (Isolauri et al. 
1994), 42 well-nourished children aged 5-28 months (mean = 14 months) who suffered from 
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acute diarrhea ingested doses of 10" cfu of LGG in a freeze-dried powder or placebo twice a day 
for 5 days. Treatment began immediately after oral rehydration was completed. All study 
participants were diagnosed with rotavirus-induced acute gastroenteritis and fewer than 7 days of 
symptoms. The children were weighed daily and their stools were recorded as watery, loose, or 
solid. LGG counts and bacterial enzyme activities in the feces were assessed within six hours of 
enrollment, 30-36 hours after enrollment, and 21-24 days after enrollment. 

No LGG was found in the feces of any study participant prior to treatment. At 30-36 
hours after the beginning of LGG administration the strain was found in the feces of 1511 8 
patients fiom the study group, but in none of the control group. The reduction in the duration of 
diarrhea was significantly reduced in the test group (mean = 1.5 days v. 2.3 days among the 
controls). Urease activity during diarrhea transiently increased in the control group but not in the 
test group, while no differences were found in fecal levels of B-glucuronidase, 13- glucosidase, or 
glycocholic acid hydrolase. There was no report regarding any adverse effects. 

Kaila et al. (1 995) performed a randomized, double-blind study assessing the effect of 
viable or heat-inactivated LGG on the immune response to rotavirus-induced acute diarrhea in 
children. Forty-one well-nourished children aged 1-38 months (mean = 13 months) who 
experienced acute gastroenteritis of less than 7 days' duration received 10"- 10' ' cfu of either 
viable (n = 20) or heat-inactivated LGG (n = 21) in water twice daily for 5 days. The patients 
were weighed daily, stool quality was recorded throughout the study and follow-up period, and 
blood was drawn 1 and 30 days after enrollment and analyzed for immunological assessment. 

There were no significant differences in diarrhea recovery between the two groups. 
However, the viable LGG stimulated rotavirus-specific IgA antibody responses to a significantly 
greater extent than did the heat-inactivated cells. No safety-related endpoints were reported by 
the authors. 

In a prospective, randomized, double-blind, placebo-controlled study, Majamaa et al. 
(1 995) tested the effect on the immune response in children with acute rotavirus-induced 
gastroenteritis of several probiotics, including LGG, another strain of L. rhamnosus designated 
Lactophilus, and a combination of Streptococcus thermophilus, and Lactobacillus delbrueckii ssp. 
bulgaricus referred to as Yalacta. Forty-nine children aged 6-35 months who were admitted to 
the hospital for acute gastroenteritis of less than seven days duration were randomized to receive 
daily either a placebo (n = 5) or 5 ml water (either orally or via nasalgastric tube) containing 
doses of 6.25 x 1 O9 cfu LGG (n = 16), 2.75 x 1 O8 cfu Lactophilus (n = 14), or 3.5 x 1 O9 cfu 
Yalacta (n = 19) for 5 days. Stool samples were taken on day 1, the number and quality of stools 
and the number of vomiting episodes were monitored during the hospital stay, incidence of 
recurring diarrhea was noted through the follow-up period, and blood samples were taken to 
assess rotavirus antibodies on days 1 and 21 during a medical examination. 

The children receiving LGG had significantly shorter duration of diarrhea than the 
controls or those receiving either Lactophilus or Yalacta; the remaining groups did not differ 
from each other. The total number of immunoglobulin-secreting cells was comparable in the 
three treated groups, as were the levels of IgM and IgG rotavirus-specific antibody secreting 
cells. Relative to the other treated groups, the LGG-treated group had enhanced IgA-specific 
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antibody secreting cells to rotavirus and serum IgA antibody levels during the convalescent stage. 
No adverse effects were reported. 

Raza et al. (1 995) studied the effect of LGG on the course of acute non-bloody diarrhea 
in a prospective, randomized, double-blind, placebo-controlled study in malnourished 
hospitalized children in Pakistan. Forty children aged 1-24 months (mean = 13 months) who 
were admitted with acute diarrhea and at least moderate dehydration participated in the study. 
The control group (n = 19) received 10 ml oral rehydration solution twice daily for 2 days while 
the test group (n = 21) received 10’o-lO1l cfu LGG dissolved in the same quantity of oral 
rehydration solution. Subjects were discharged from the hospital after 48 hours. Treatment prior 
to admission, frequency of diarrhea and vomiting, and description of stools were recorded; fecal 
samples were taken at admission and at hospital discharge. 

Rotavirus was found in 22% of subjects’ stools. The children in the test group had 
significantly less frequent vomiting than did the control-group patients. No significant difference 
in the frequency of diarrhea was observed in those presenting with bloody diarrhea but, among 
those presenting with non-bloody diarrhea (n = 32), the percentage of children with persistent 
watery diarrhea was significantly less in the Lactobacillus group: 3 1% vs. 75%. No safety- 
related endpoints were discussed, although the authors stated that the LGG treatment was well 
tolerated. 

In a prospective, randomized, controlled trial, Guarino et al. (1 997) studied the effect of 
LGG on the duration of diarrhea in hospitalized children aged 3-36 months (mean = 19 months). 
A total of 100 patients (5 1 males and 49 females) were enrolled and randomly assigned to the 
test (n = 52) or control (n = 48) groups. After initial oral rehydration, further solution was 
administered alone or in combination with twice daily feedings of 3 x lo9 cfu of LGG in 200 ml 
milk or formula for up to 5 days. Full age-appropriate feeding was introduced soon after initial 
rehydration. Stools were collected on enrollment and 6 days after the onset of diarrhea and were 
analyzed by ELISA for rotavirus. A slight majority (61%) of the children tested positive for 
rotavirus at the time of enrollment. Diarrhea was defined as 3 or more watery stools per day. 
Recovery from diarrhea was defined as the time since the last loose or liquid stools. The outcome 
of diarrhea was evaluated by the mothers of enrolled children, who were provided instructions 
and interviewed daily. 

The duration of diarrhea was significantly reduced (by -50%) in both rotavirus-positive 
and rotavirus-negative children receiving LGG compared with controls. Among the children who 
were initially positive for rotavirus, the number of patients excreting rotavirus at the end of 
therapy was significantly reduced in the LGG group relative to the control group (4 treated 
children v. 26 untreated children). No adverse effects were reported. 

Shornikova et al. (1997) investigated the effects of adding LGG to oral rehydration for 
treatment of acute diarrhea in a prospective, randomized, double-blinded, placebo-controlled 
study in the Karelian Republic of Russia. On hospital admission, 123 children aged 1-36 months 
suffering from acute diarrhea of less than five days’ duration were randomized to receive twice a 
day either intravenous fluids for rehydration (n = 26) or 1 of 2 oral hydration solutions differing 
in osmolarity and sodium concentration and again randomized to the solution supplemented with 
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either LGG (5 x lo9 cfu per dose) or a cellulose powder placebo for 5 days. The normal full diet 
for age was started after rehydration, but yogurt, fermented milk and sour cream were excluded. 
Upon admission, the subjects were weighed and clinically examined, and the severity of 
dehydration was estimated. The number and characteristics of stools were recorded by attending 
nurses, and the duration of diarrhea (based on the last appearance of watery stools) was 
determined. Stool samples were cultured for Salmonella and Shigella, as well as tested for 
rotavirus antigen. 

Thirty-four children tested positive for rotavirus antigen, and 26 had a confirmed 
bacterial etiology, including 1 1 cases of Salmonella enteriditis, 13 cases of Shigella sonnei, and 
two cases of Shigellaflexneri. The children receiving intravenous fluids had a significantly 
longer mean duration of diarrhea compared to those receiving oral rehydration solution. Patients 
receiving LGG had a significantly shorter mean duration of diarrhea (2.7 days) compared to 
those receiving placebo (3.8 days). The frequency of watery stools began to decrease 
significantly in the LGG group from the second treatment day, and the cumulative number of 
diarrheal stools was significantly lower in the LGG group on days 2 and 3 after initiation of 
treatment. LGG was found to significantly decrease the number of watery stools in rotavirus- 
positive subjects (n = 13) on days 0-5 of treatment compared to controls (n = 2 l), while no effect 
was observed between those subjects with confirmed bacterial diarrhea who received LGG (n = 
1 1) v. placebo (n = 15). No safety-related endpoints were discussed, but they reported that LGG 
was administered “without difficulties.” 

In a prospective, randomized, placebo-controlled, double-blind study, Arvola et al. (1 999) 
evaluated the effects of LGG on the incidence of diarrhea in infants and children following 7 to 
10 days of oral antibiotic treatment with amoxicillin, penicillin, kephalosporins, erythromycin, or 
trimetoprim-sulpha for acute respiratory infections. The ages of the 1 19 study participants ranged 
from 2 weeks to 12.8 years (mean = 4.5 years). The children were randomized to receive 
capsules containing either placebo (microcrystalline cellulose) or 2 x 10’’ c h  LGG twice daily 
during antibiotic treatment. Fecal samples were taken from the children at enrollment and on day 
7 of antibiotic therapy. Their parents maintained a daily record of defecation frequency and 
consistency for 3 months. The primary outcome measure was diarrhea during the first 2 weeks 
after the beginning of antibiotic treatment; secondary outcome measures were activities of fecal 
urease, P-glucuronidase, and P-glucosidase. 

Fecal samples from 23 randomly selected LGG-group patients were cultured and tested 
for LGG; 2 1 were positive and 2 were negative. Although no effect was noted on severity of 
antibiotic-induced diarrhea, LGG significantly reduced its incidence in this study: in the 2-week 
period following the introduction of antibiotics, only 5% of the children who received LGG v. 
16% of the placebo group developed diarrhea. The groups did not differ in the activity levels of 
fecal enzymes. Questioning of the parents of the children elicited no reports of adverse effects of 
LGG. 

Vanderhoof et al. (1 999) explored the ability of LGG to reduce the incidence of 
antibiotic-induced diarrhea in children with acute infections of the respiratory tract, urinary tract, 
soft tissues, or skin. In a prospective, randomized, placebo-controlled, double-blind trial, 202 
children aged 6 months to 10 years (median = 4 years) received a 10-day course of oral 
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antibiotics (e.g., amoxicillin, amoxicillinklavulanate potassium, cefprozil, or clarithomycin) 
along with ca sules containing either placebo or LGG at lo9 (for children weighing less than 12 
kg) or 2 x 10 cfb (for those over 12 kg) per day. Children’s parents were interviewed by 
investigators every 3 days about stool frequency and consistency, blood in the stood, appetite 
suppression, and gastrointestinal symptoms such as abdominal pain, nausea, vomiting, or 
bloating. 

? 

Fourteen children failed to complete the study for a number of non-treatment-related 
causes. The authors noted that, “There were no failures [to complete the study] resulting from 
untoward effects of either LGG or placebo.’’ The incidence of diarrhea was significantly reduced 
in the children receiving LGG (8%) compared to control patients (26%) and the mean duration of 
diarrhea was significantly shortened to 4.7 days v. 5.9. No differences were seen between the 
LGG and placebo groups in any of the other parameters assessed and no adverse effects related 
to LGG consumption were noted by the authors. 

In a prospective, randomized, double-blind, placebo-controlled, multi-center study, 
Guandalini et al. (2000) studied the effect of LGG administered in oral rehydration solution on 
acute diarrhea in children aged 1-36 months (mean = 12.3 months). A total of 287 children 
hospitalized with acute diarrhea fiom all causes received during the first 4-6 hours oral 
rehydration solution containing 10’’ cfb LGG per 250 ml (n = 147) or placebo (n = 140). 
Anthropometric measurements including weight as well as stool samples were taken at 
admission; stool samples were also taken 48 hours later and, as possible, 7 days and 30 days later. 
Fluid intake, number and characteristics of stools, and occurrence of vomiting were monitored 
throughout the observation period. 

Rotavirus was the most commonly detected pathogen in both the test and control groups 
(38% and 32%, respectively) and 15% of the children in both groups suffered from invasive 
enteritis caused by Salmonella, Campylobacter, Yersinia enterocolitica, or Shigella. Mean 
consumption of oral rehydration solution by the LGG-group patients was 382 ml in the first 4 
hours, 459 ml during the following 20 hours, and 1194 ml overall, although the variability was 
large. Consumption of oral rehydration solution in the control group was similar. The duration of 
diarrhea was significantly reduced in the test group compared to controls (mean of 58 hours v.72 
hours). The incidence of diarrhea lasting longer than 7 days was significantly lower in the test 
group than among to controls (2.7% v. 10.7%) as was the mean duration of hospitalization. 
There was no difference in weight gain of the 2 groups over the first 24 hours of rehydration. 
Although there was no specific discussion of adverse effects, the authors concluded that, 
“Administering oral rehydration solution containing Lactobacillus GG to children with acute 
diarrhea is safe and results in shorter duration of diarrhea, less chance of a protracted course, and 
faster discharge from the hospital.” 

Hatakka et al. (2001) examined whether long term consumption of LGG in cow’s milk 
affected the incidence or severity of gastrointestinal and respiratory infections in children in day- 
care centers. In a prospective, randomized, double-blind, placebo-controlled, multi-center study, 
571 children aged 1-6 years received milk either with LGG supplementation (n = 282) or without 
LGG (n = 289). Supplemented milk contained 5- 10 x 1 O5 cfb LGG/ml , and the average daily 
milk consumption (5 daydweek) was 260 milliliters for both the treatment and control groups 
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over the course of the 18 month study; thus, the mean daily dose of LGG in the test groups was 
1.3-2.6 x lo7 cfu. During the study, parents kept a daily record of respiratory symptoms (fever, 
runny nose, sore throat, cough, chest wheezes, earache) and gastrointestinal symptoms (diarrhea, 
vomiting, stomach ache) as well as absences due to illness. Fecal samples were collected at the 
beginning, middle, and end of the study to measure LGG recovery and assess compliance. An 
eight-month follow-up period was included, although 58 children did not complete this phase of 
the study. 

LGG was recovered in the feces of 97% of the treated subjects (v. 9% of controls) by the 
end of the study period. Children in the LGG treatment group had a statistically significant 
reduction in days of absence from the day-care centers (mean = 4.9 v. 5.8 days for controls). The 
treatment group also had a significant relative reduction in incidences of respiratory tract 
infections with complications and lower respiratory tract infections and a significant relative 
reduction in antibiotic treatments for respiratory infection. No differences in adverse events - 
listed as including stool frequency or consistency, abdominal pain, allergic symptoms, or side 
effects - between the LGG treatment group and the controls were observed. 

Szajewska et al. (2001) evaluated the eMicacy of LGG in the prevention of nosocomial 
diarrhea in young children admitted to pediatric hospitals. In a prospective, randomized, double- 
blind, placebo-controlled study, 81 children aged 1-36 months (mean = 10.8 months) 
hospitalized for reasons other than diarrhea received either placebo (n = 36) or 6 x 1 O9 cfu LGG 
suspended in water (n = 45) with regular feedings twice a day for the duration of their hospital 
stay (2-23 days; mean = 9.0 days). Patients were evaluated daily for stool number and 
consistency and stool samples were collected weekly and during episodes of diarrhea and were 
analyzed for bacteria and rotavirus antigen. 

The patients who received LGG had a significantly reduced incidence of nosocomial 
diarrhea (6.7% v. 33.2% among the control group). Rotavirus was the most common cause of 
nosocomial diarrhea, being found in the stool of 1 of the 3 cases of nosocomial diarrhea observed 
in the LGG group and in 6 of the 12 cases seen in the control group. The incidence of 
gastroenteritis was also significantly reduced in the treatment group compared to the control 
group (2.2% v. 16.7%). Szajewska et al. (2001) reported that, "LGG was well tolerated, and no 
adverse effects of the treatment were noted." 

Rosenfeldt et al. conducted a series of 4 prospective, randomized, double-blind, placebo- 
controlled trials (2002a, 2002b, 2003,2004) using combined L. rhamnosus 19070-2 and L. 
reuteri DSM 122460. In all 4 studies, doses of 10" cfu each of L. rhamnosus and L. reuteri were 
given twice a day; the placebo control was skim milk powder and dextrose anhydrate. In the first 
study (Rosenfeldt et al. 2002a), 86 young children aged 6-36 months hospitalized with acute 
diarrhea with duration not more than 7 days were enrolled and given either the probiotic or 
placebo beverage for 5 days. No safety-related endpoints were tested, but the authors did not 
report observing any adverse effects. 

In the second trial by Rosenfeldt et al. (2002b), 43 children aged 9-44 months attending 
child-care centers and identified by their parents as having diarrhea were given either placebo or 
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the probiotic beverage for 5 days. The authors stated that “no serious adverse effects were 
registered.” 

In the following year, Rosenfeldt et al. (2003) investigated the effect of L. rhamnosus 
19070-2 and L. reuteri DSM 122460 on children with atopic dermatitis. Forty-three children 
aged 1 - 13 years (mean age = 5.2 years) were enrolled and randomly assigned to receive the 
probiotic strains or placebo for 6 weeks; in a crossover design, they were assigned to the other 
condition after a 6-week washout. No significant differences were found in the production of 
cytokines IL-2, IL-4, IL- 10, or IFN-y although the severity of eczema was reduced. Neither of 
the test strains could be isolated fiom feces 5 days after administration had stopped. The authors 
did not report the occurrence of any adverse effects. 

In Rosenfeldt et al. (2004), the two LactobaciZZus strains were tested for their effects on 
gastrointestinal symptoms and small intestinal permeability of children with atopic dermatitis. A 
crossover design was again employed, in which 41 children aged 1-13 years (median age = 4.0 
years) with moderate or severe atopic dermatitis were given each of the two treatments for 6 
weeks with a 6-week washout period. The frequency of reporting of “any GI symptom” was 
reduced during probiotic administration as compared to control, including fewer reports of 
diarrhea, vomiting, and abdominal pain. Administration of the probiotic bacteria resulted in 
significantly improved intestinal mucosal barrier h c t i o n  (as measured by the ratio of the 
absorption of lactulose v mannitol), but the investigators did not report on any other safety- 
related endpoints or events. 

In all four of the studies by Rosenfeldt et al. (2002a, 2002b, 2003,2004), over 200 young 
children ranging in age from 6 months to 13 years were administered probiotic bacteria for as 
long as 6 weeks. All of these children were suffering fiom acute diarrhea or moderate to severe 
atopic dermatitis and were likely to have impaired mucosal barrier function. Not a single case of 
bacteremia was reported, indicating a low potential for infectivity of these bacterial strains. 

Salazar-Lindo et al. (2004) studied the effect of LGG suspended in a milk formula on the 
duration and severity of non-rotavirus-induced acute diarrhea in young boys in Peru. A total of 
179 male children aged 3-36 months were rehydrated with oral rehydration solution and 
randomly assigned to receive a milk formula with 1 O9 cfu LGG/ ml (n = 90) or without LGG (n = 
89). The first dose of formula was given immediately after rehydration was completed and 
subsequent feedings were given every four hours until cessation of diarrhea or for a maximum of 
five days. Each child was given 150 ml formulakg bw/day to a maximum of 1000 ml/day. The 
dose of LGG in the study was estimated at 6-8 x lo1’ cfu LGG/day.” A clinical history, physical 
examination, and blood draw was completed before starting treatment, and blood was taken 
again after 24 hours of treatment. Stool volume was measured periodically and the duration of 
diarrhea was estimated based on the physical characteristics of the stools. 

Eight boys from the LGG group and 11 from the control group were withdrawn from the 
study for a variety of non-treatment-related conditions (bloody stools within the first 24 hours 
after admission, parental non-compliance, etc.). Stool output was significantly larger in the LGG 
group than in the control group, although no significant differences were found in duration of 
diarrhea. About 12% of patients had unresolved diarrhea and an additional 20% were classified 
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as treatment failures, mostly due to severe diarrhea; these proportions did not differ between the 
2 groups. The authors concluded that this study did not show a positive effect of LGG on the 
clinical course of acute watery diarrhea, but they noted that, “No adverse effects due to the study 
formula were noticed in either group during the study.” 

In a randomized, double-blind, placebo-controlled trial, Bausserman and Michail(2005) 
administered 2x10’’ cfu LGG/day or placebo (inulin) for 6 weeks to 50 children suffering from 
irritable bowel syndrome (IBS). A total of 64 children (12 male, 52 female; mean age 12 years 
with a range of 6-20 years) with diagnosed IBS were entrolled. Patients were clinically examined 
at enrollment and at termination. Six participants (4 LGG, 2 control) withdrew before study 
initiation, 3 patients from each group were lost to follow-up, and 2 patients in the placebo group 
had unsatisfactory compliance, leaving 50 patients (25 in each group) for analysis. The analyzed 
group ranged from 6- 17 years of age (mean = 12 years) and included 10 males and 40 females. 
No significant differences in reduction of abdominal pain were observed between the LGG and 
placebo groups. The authors noted that, “No adverse events with the use of Lactobacillus GG 
were seen.” 

Banaszkiewcz and Szajewska (2005) employed a randomized, double-blind, placebo- 
controlled study to determine if LGG is an effective adjunct to lactulose for treating constipation 
in children. A total of 84 children aged 2-16 years (mean = 7.3 years; sex not reported) suffering 
from constipation received 1 ml of a 70% solution of lactulose/kg bw along with either placebo 
(n = 41) or lo9 cfu LGG/day in 2 daily doses (n = 43) for 12 weeks. The LGG and placebo were 
both presented as powder-containing capsules. The children were evaluated clinically at baseline 
and at 4,8, and 12 weeks. The primary outcome measure was the number of bowel movements 
per week. Addition of LGG to lactulose provided no benefit in reducing constipation. The 
incidence of adverse effects was non-significantly lower in the LGG group than in the placebo 
group, and the authors observed that, “The LGG was well tolerated, and the incidence of adverse 
events associated with this therapy was no higher than that associated with the placebo.” 

Clinically healthy Malawian children at elevated risk of tropical enteropathy participated 
in a prospective, randomized, double-blind, placebo-controlled trial of the effect of LGG on 
intestinal integrity (Galpin et al. 2005). Tropical enteropathy is an aspymptomatic villous atrophy 
of the small bowel prevalent in the developing world. A total of 164 children were enrolled in the 
study and 161 completed it. The enrollment criteria required the children to be aged 36-60 
months; the average age of the 76 boys and 88 girls at entry was 46.4 months. At entry, each 
child was clinically examined and the parents completed a demographic and sanitation-data 
questionnaire. Children consumed 2 capsules/day containing either 5x10’’ cfu LGG (daily dose 
= 10” cfu) or placebo for 30 days. Children were examined twice a week during the study period. 
The primary study outcome was the absorption of mannitol, lactulose, and sucrose, based on 
urinalysis. 

The administration of LGG had no effect on absorption of mannitol, lactulose, or sucrose. 
No vomiting or other adverse effects were reported by caretakers during the study and there were 
no differences in rates of growth or the incidence of fever, cough, or diarrhea. 
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In a prospective, randomized, double-blind, placebo-controlled trial, Szymanski et al. 
(2006) studied the efficacy of L. rhamnosus strains 573L/1,573L/2, and 573L/3 in shortening the 
duration of acute infectious diarrhea in infants and children. A freeze-dried powder containing a 
combination of these 3 strains is sold under the trade name Lakcid L by Biomed of Lublin, 
Poland. A total of 87 children aged 2 months to 6 years (mean = 25.8 months; 45 males and 42 
females) with acute diarrhea (defined as 3+ loose stools/day for 2-4 days) were weighed and 
orally or intravenously rehydrated and randomized to receive either 1.2 x 10" cfu Lakcid L 
suspended in water (n = 46) or placebo (n = 41) twice daily for 5 days. The stools of patients 
were checked on admission and on days 5 and 14 for the presence of L. rhamnosus as well as 
rotavirus or adenovirus, Salmonella, Shigella, and enteropathogenic strains of Escherichia coli. 
Hospitalized patients were examined for clinical parameters at hours 6 and 24 after initiation of 
treatment and daily during their stay in the hospital; outpatients were examined on their first visit 
and on days 6 and 14. The children's parents maintained diaries on the number of stools and 
vomiting. Bacterial isolates were speciated using polymerase chain reaction (PCR) and the strain 
identified with pulsed-field gel electrophoresis (PFGE). 

The reduction in the overall duration of diarrhea from treatment with L. rhamnosus was 
not statistically significant, but rotavirus-induced diarrhea was significantly shortened compared 
with the control group (mean of 76 hours v. 1 15 hours) and the duration of parenteral rehydration 
was also significantly shorted (mean of 15 hours v. 38 hours in the control group). The 
administered strains were recovered in the feces of 80% of the test-group children at 5 days and 
in 41% at 14 days. The authors reported that no adverse events of the probiotic treatment were 
noted during the study. 

Honeycutt et al. (2007) initiated a prospective, randomized, double-blind, placebo- 
controlled trial in a 16-bed pediatric intensive-care unit to evaluate the efficacy of LGG to reduce 
the rate of nosocomial infection. Sixty-one pediatric patients (40 male and 21 female) were 
enrolled; the study population included 12 neonates under 1 month of age, 24 infants between 1 
month and 2 years old, and 25 young children more than 2 years old. Participants were 
randomized into a treatment group (n = 3 1) that received one capsule daily of LGG (1 0" 
cfu/capsule) or a control group (n = 30) that received an identical capsule containing insulin as a 
placebo until discharge from the hospital. Pertinent clinical data were collected daily by the 
study investigators until discharge and for 48 hours after discharge. 

Six patients in the LGG group developed 1 1  infections, while only 3 patients in the 
control group developed only 4 infections; differences between the number of patients 
developing infections and the number of infections per infected patient were not statistically 
significant. Of the 15 infections, 6 were caused by Gram-positive bacteria and 6 by Gram- 
negative bacteria while 3 were caused by Candida species. There were 6 deaths during the study 
(2 in the LGG group and 4 in the control group), all from non-infectious causes and none 
apparently related to treatment. There were no cases of Lactobacillus bacteremia in the study 
population and no known treatment-related serious adverse effects occurred in any patient during 
the study period. Nevertheless, due to the absence of any observed benefit to LGG treatment and 
concern regarding the safety of the treatment in the light of published reports of sepsis associated 
with LGG administration (discussed above in Section 4.3.3), the investigators terminated the 
study. 
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A large (571 participants) but only single-blinded clinical trial was performed by Canani 
et al. (2007) to investigate the use of probiotics for the treatment of acute diarrhea in children 
aged 3-36 months. Five probiotic preparations were tested: 1) LGG; 2) Saccharomyces boulardii; 
3) Bacillus clausii; 4) mix of L. delbrueckii ssp. bulgaricus, Streptococcus thermophilus, L. 
acidophilus, and BiJidobacterium bij?dum; and 5) Enterococcus faecium strain SF68. Eligible 
children (282 males and 289 females; age 8-28 months with median = 17.5 months) with acute 
diarrhea of less than 48 hours duration were given oral rehydration solution for 3-6 hours and 
then fed formula containing lactose or cows’ milk, depending on age. Children were also 
randomized to receive for 5 days oral rehydration alone (n = 92), 6 x 1 O9 cfdday LGG (n = loo), 
or 1 of the other 4 probiotic treatments (n = 9 1, 100,97, and 9 1, respectively). On enrollment, 
each child was evaluated for the duration and severity of diarrhea and associated clinical features, 
while parents received a reporting form for daily recording of the number of fecal outputs and 
their consistency, the presence of vomiting and fever, and any adverse events. The children’s 
parents purchased the probiotics at a pharmacy; the family physicians were in charge of 
treatment allocation, gave written instructions to the parents, and verified compliance, while the 
investigators collecting the reporting forms were blinded to the assigned treatment. 

Two of the experimental treatments, LGG and the mix of L. delbrueckii and other 
bacteria, significantly reduced the duration and severity of diarrhea; the other 3 treatments had 
no significant effect. No adverse effects were reported by the parents of children receiving any of 
the experimental probiotic treatments. 

Ruszczynski et al. (2008) studied the safety, tolerability, and effectiveness of a 
combination of 3 strains of L. rharnnosus in preventing antibiotic-associated diarrhea in children 
in a prospective, randomized, double-blind, placebo-controlled trial. A total of 240 children, 130 
males and 1 10 females, ranging in age fkom 3 months to 14 years, receiving standard antibiotic 
treatment for common infections, were also given 2 x 10” cfu of a combination of L. rhamnosus 
strains E/N, Oxy, and Pen’ twice a day (n = 120) or placebo of saccharose in nonfat milk n = 120) 
throughout the antibiotic treatment. Children or their parents recorded the frequency of daily 
bowel movements as well as any symptoms they considered important. Stool numbers and 
consistency were recorded daily. All diarrheal stool samples were tested for viral pathogens. 

The children received antibioic therapy (and L. rhamnosus in the test group) for 3-30 
days, with a mean of 8 days. The addition of L. rhamnosus to the antibiotic therapy significantly 
reduced the incidence of diarrhea. Two control children and one child in the probiotic group 
required intravenous rehydration. No side effects or adverse effects were observed. The authors 
noted that, “Lactobacillus rhamnosus was well tolerated, and no adverse event associated with 
this therapy (or with the use of placebo) was reported.” 

Piirainen et al. (2008) investigated whether the addition of galactooligosaccharides (GOS) 
to LGG administration would result in enhanced bifidogenesis in school-aged children. In a 
randomized, double-blind, 2-period crossover study, 30 healthy children (16 boys, 14 girls) aged 

These strains are deposited at the Polish Institute of Biochemistry and Biophysics under the numbers 
2593 (Pen), 2594 (EN), and 2595 (Oxy). 
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6.7 to 1 1.1 years (mean = 8.8 years), after a 4-week run-in, consumed either LGG alone or LGG 
+ GOS for 3 weeks, followed by the alternative treatment after a 4-week washout period. The 
LGG was given at a dosage of 6.5 x lo9 cfidday in 65 ml milk-based h i t  juice, with or without 
2 g GOS. Children and their parents completed a daily questionnaire about their defecation 
frequency, stool consistency, ease of defecation, flatulence, abdominal pain, abdominal 
distension, and heartburn. Fecal samples were collected on the first and last days of each study 
period and evaluated for enumeration of bifidobacteria, lactobacilli, and L. rhamnosus. 

Both treatments significantly increased fecal counts of lactobacilli and L. rhamnosus, but 
only the LGG+GOS treatment significantly increased bifidobacteria. Neither treatment 
significantly affected defecation frequency, stool consistency, ease of defecation, or frequency or 
severity of gastrointestinal symptoms. 

4.4.2.2.3. Conclusions from Studies of L. rhamnosus in Children 

rhamnosus have been orally administered to children ranging in age from 2 weeks to 17 years, 
although nearly all of the studies involved children aged less than 36 months. A total of 3,463 
children participated in these studies. Nineteen studies included LGG in at least one arm and 8 
included other strains o f  L. rhamnosus, 1 with strain "001. The tested doses were generally 
high: 19 studies used doses exceeding 10" cfidday and 5 of these studies included doses above 
10' cfidday. The great majority of these studies were short term with durations of less than a 
month, but one study included probiotic administration for 18 months and several had durations 
of 6 weeks or more. 

Twenty-five studies have been reported in the literature in which one or more strains of L. 

One reason why study durations were generally short is that the published studies were 
all concerned with treatment or prevention of disease or disorder; 11 studies were in children 
with acute diarrhea, 3 in children with atopic dermatitis, 3 in children receiving antibiotic therapy, 
and 4 in children with gastrointestinal disturbances. Four studies were conducted in children at 
elevated risk of infection, most often those confined to a pediatric ICU, and only 1 study 
involved healthy free-living children. 

It is notable that no adverse effects associated with the probiotic treatment were reported, 
even with administration to what one article referred to as young patients in "fragile" medical 
condition. No cases of Lactobacillus infection were observed in any study. This body of 
evidence confirms the safety of oral administration of L. rhumnosus strains, including H N O O  1, to 
young children. 
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Table 13. Studies of Other L. rhamnosus Strains in Children 

Reference 

Arvola et al. 
(1999) 

Banaszkiewcz 
and 
Szajewska 
(2005) 

Bausserman 
and Michail 
(2005) 

~~~ 

Objective 

Evaluate the 
effects of LGG 
on the inci- 
dence of 
diarrhea in 
infants and 
children 
following oral 
antibiotic 
treatment 

Determine if 
LGG is an 
effective 
adjunct to 
lactulose for 
treating 
constipation in 
children 

Determine if 
LGG is safe 
and effective 
in treating IBS 
in children 

Study Design 

Prospective, 
randomized, placebo- 
controlled, double- 
blind study 

Randomized, double- 
blind, placebo- 
controlled study 

Randomized, double- 
blind, placebo- 
controlled trial 
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Subjects 

1 19 children 
aged 2 weeks 
to 12.8 years 
(mean = 4.5 
years) who 
had received 
oral antibiotic 
treatment 

84 children 
aged 2-16 
years (mean = 
7.3 years) with 
constipation 

50 children 
with IBS; 6-17 
years old 
(mean = 12 
years); 10 
boys and 40 
girls 

L. rhamnosus 
Dose and 
Source 

2 x 1 o ' O  cfu 
LGG/day 

I O 9  cfu LGG/day 
in 2 doses 

2x1 O'O cfu 
LGG/day 

Safety-Related Results 
Duration I 

3 months In the 2-week period following the introduction 
of antibiotics, only 5% of the children who 
received LGG v. 16% of the placebo group 
developed diarrhea. The groups did not differ in 
the activity levels of fecal enzymes. Questioning 
of the parents of the children elicited no reports 
of adverse effects of LGG. 

12 weeks The incidence of adverse effects was non- 
significantly lower in the LGG group than in the 
placebo group, and the authors observed that, 
"The LGG was well tolerated, and the incidence 
of adverse events associated with this therapy 
was no higher than that associated with the 
placebo." 

6 weeks The authors noted that, "No adverse events with 
the use of Lactobacillus GG were seen." 

JHeimbach LLC 



Reference 

Canani et ai. 
(2007) 

Galpin et ai. 
(2005) 

Guandalini et 
ai. (2000) 

Objective 

Investigate the 
effectiveness 
of probiotics in 
the treatment 
of acute 
diarrhea in 
children aged 
3-36 months 

Evaluate the 
effect of LGG 
on intestinal 
integrity of 
children at 
elevated risk of 
tropical 
enteropathy 

Study the 
effect of LGG 
on acute 
diarrhea in 
children 
hospitalized 
with acute 
diarrhea 

Table 13. Studies of Other L. rhamnosus Strains in Children 

Study Design 

Randomized single- 
blinded comparison 
trial of LGG; 
Saccharomyces 
boulardii; Bacillus 
clausii; mix of L. 
delbrueckii ssp. 
bulgaricus, 
streptococcus 
thermophilus, L. 
acidophilus, and 
Bifidobacterium 
bifidum; and 
Enterococcus 
faecium strain SF68 

Prospective, 
randomized, double- 
blind, placebo- 
controlled trial 

Prospective, 
randomized, double- 
blind, placebo- 
controlled, multi- 
center study 

Subjects 

571 children 
(282 males 
and 289 
females; age 
8-28 months; 
median = 17.5 
months) with 
acute diarrhea 
of less than 48 
hours duration 

164 Malawian 
children at 
elevated risk of 
tropical 
enteropathy; 
76 boys and 
88 girls; 
average age = 
46.4 months 

287 children 
aged 1-36 
months (mean 
= 12.3 months) 
hospitalized 
with acute 
diarrhea from 
all causes 

L. rhamnosus 
Dose and 
Source 

6 x I O 9  cfu 
LGGIday 

I O ”  cfu 
LGG/day in two 
doses 

4.8 10” cfu 
LGG 

Duration 

5 days 

30 days 

Single admin- 
istration 

Safety-Related Results 

Two of the experimental treatments, LGG and 
the mix of L. delbrueckii and other bacteria, 
significantly reduced the duration and severity 
of diarrhea; the other 3 treatments had no 
significant effect. No adverse effects were 
reported by the parents of children receiving 
any of the experimental probiotic treatments. 

No vomiting or other adverse effects were 
reported by caretakers during the study and 
there were no effects in rates of growth or the 
incidence of fever, cough, or diarrhea. 

The duration of diarrhea was reduced in the test 
group compared to controls. Although there 
was no specific discussion of adverse effects, 
the authors concluded that, “Administering oral 
rehydration solution containing Lactobacillus 
GG to children with acute diarrhea is safe and 
results in shorter duration of diarrhea, less 
chance of a protracted course, and faster 
discharge from the hospital.” 
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Reference 

Guarino et al. 
(1 997) 

Hatakka et al. 
(2001) 

Honeycutt et 
al. (2007) 

Objective 

Study the 
effect of LGG 
on the duration 
of diarrhea in 
hospitalized 
children 

Assess if long 
term ingestion 
of LGG 
reduces the 
incidence or 
severity of 
gastrointestinal 
and respiratory 
infections in 
children in day- 
care centers 

Evaluate the 
efficacy of 
LGG to reduce 
the rate of 
nosocomial 
infection in a 
pediatric ICU 

Table 13. Studies of Other L. rhamnosus Strains in Children 
~ ~ _ _ _ _ ~ ~  

Study Design 

Prospective, 
randomized, placebo- 
controlled trial 

Prospective, 
randomized, double- 
blind, placebo- 
controlled, multi- 
center study 

Prospective, 
randomized, double- 
blind, placebo- 
controlled trial 

Subjects 

100 diarrhea 
patients age 3- 
36 months 
(mean = 19 
months), 51 
males and 49 
females 

571 children 
aged 1-6 years 
in day-care 

61 pediatric 
patients (40 
male and 21 
female), 
including 12 
neonates 
under 1 month 
of age, 24 
infants 
between 1 
month and 2 
years, and 25 
young children 
more than 2 
years old 

- 
L. rhamnosus 

Dose and 
Source 

3 x l og  cfu of 
LGG twice a day 

5-10 x lo5 cfu 

I .3-2.6 x 10’ cfu 

LGGlml of milk, 
equivalent to 

LGG/day 

1 O’O cfu 
LGG/day 

Duration 

Up to 5 days 

18 months 

Until 
discharge 
from the ICU; 
number of 
days was not 
reported 
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Safety-Related Results 

The duration of diarrhea was reduced in both 
rotavirus-positive and rotavirus-negative 
children receiving LGG compared with controls. 
No adverse effects were reported. 

Children in the LGG treatment group had a 
reduction in days of absence. The treatment 
group also had a relative reduction in 
incidences of respiratory tract infections with 
complications and lower respiratory tract 
infections and a significant relative reduction in 
antibiotic treatments for respiratory infection. No 
differences in adverse events - listed as 
including stool frequency or consistency, 
abdominal pain, allergic symptoms, or side 
effects - between the LGG treatment group and 
the controls were observed. 

Patients in the LGG group developed more 
infections than the controls, but the difference 
was not significant. 6 infections were caused by 
Gram+ bacteria, 6 by Gram- bacteria, and 3 by 
Candida. There were 2 deaths in the LGG 
group and 4 in the control group, all from non- 
infectious causes and not related to treatment. 
There were no cases of Lactobacillus 
bacteremia and no serious adverse effects in 
any patient. Nevertheless, due to the absence 
of any observed benefit to LGG treatment and 
concern regarding the safety of the treatment in 
the light of published reports of sepsis 
associated with LGG administration, the 
investigators terminated the study. 



Reference 

solauri et al. 
:I 994) 

<ails et al. 
:I 992) 

Kaila et ai. 
(1 995) 

Table 13. Studies of Other L. rhamnosus Strains in Children 

Objective 

Study the 
efficacy of 
LGG in 
assisting in the 
recovery of 
children 
suffering from 
acute 
rotavirus- 
induced 
diarrhea 

Study the 
efficacy of 
LGG in 
assisting in the 
recovery of 
children 
suffering from 
acute rotavirus 
diarrhea 

Assess the 
effect of viable 
or heat- 
inactivated 
LGG on the 
immune 
response to 
rotavirus- 
induced acute 
diarrhea in 
children 

Study Design 

Prospective, 
randomized, double- 
blind, placebo- 
controlled study 

Prospective , 
randomized, double- 
blind, placebo- 
controlled trial 

Prospective, 
randomized, double- 
blind comparative 
study 

Subjects 

42 well- 
nourished 
children aged 
5-28 months 
(mean = 14 
months) who 
suffered from 
acute diarrhea 

39 well- 
nourished 
children aged 
7-37 months 
(mean = 16 
months) who 
had suffered 
from diarrhea 
for less than 7 
days 

41 well- 
nourished 
children aged 
1-38 months 
(mean = 13 
months) who 
experienced 
acute 
gastroenteritis 
of less than 7 
days’ duration 

L. rhamnosus 
Dose and 
Source 

I O ”  cfu LGG 
twice a day 

1o’O to l o l l  cfu 
LGGIday 

lolo-loll d u  of 
either viable or 
heat-inactivated 
LGG twice daily 

Duration 

5 days 

5 days 

5 days 
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Safety-Related Results 

Urease activity during diarrhea transiently 
increased in the control group but not in the test 
group, while no differences were found in fecal 
levels of R-glucuronidase, R- glucosidase, or 
glycocholic acid hydrolase. There was no report 
regarding any adverse effects. 

Those receiving LGG had enhanced non- 
specific humoral response during the acute 
phase of the infection; by the end of the follow- 
up period an IgA-specific antibody-secreting cell 
response to rotavirus was present in more test 
than control patients. No adverse events were 
reported by the authors. 

There were no significant differences in diarrhea 
recovery between the two groups. However, the 
viable LGG stimulated rotavirus-specific IgA 
antibody responses to a significantly greater 
extent than did the heat-inactivated cells. No 
safety-related endpoints were reported by the 
authors. 



Reference 

vlajamaa et 
11. (1 995) 

Piirainen et al. 
(2008) 

Objective 

,nvestigate the 
zffect of LGG, 
another strain 
Df rhamnosus, 
and other 
strains on the 
immune 
response of 
children with 
acute 
rotavirus- 
induced 
gastroenteritis 

Determine if 
the addition of 
GOS to LGG 
results in 
enhanced 
bifidogenesis 
in school-aged 
children 

Table 13. Studies of Other L. rhamnosus Strains in Children 

Study Design 

Prospective, 
randomized, double- 
blind, placebo- 
controlled study 

Randomized, double- 
blind, 2-period 
crossover study 

Subjects 

49 children 
aged 6-35 
months 
hospitalized 
for acute 
gastroenteritis 
of less than 
seven days 
duration 

30 healthy 
children (16 
boys, 14 girls) 
aged 6.7 to 
1 1 .I years 
(mean = 8.8 
years) 

L. hamnosus 
Dose and 
Source 

6.25 x 10' d u  
LGGlday or 2.75 
x 1 O8 cfulday of 
the other L. 
rhamnosus 
strain 

6.5 x 10' cfu 
LGG/day 

Duration 

5 days 

3 weeks with 
LGG alone, 3 
weeks LGG 
with GOS 
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Safety-Related Results 

Relative to the other groups, the LGG-treated 
group had enhanced IgA-specific antibody 
secreting cells to rotavirus and serum IgA 
antibody levels during the convalescent stage. 
No adverse effects were reported. 

Both treatments significantly increased fecal 
counts of lactobacilli and L. rhamnosus, but only 
the LGG+GOS treatment significantly increase 
bifidobacteria. Neither treatment significantly 
affected defecation frequency, stool 
consistency, ease of defecation, or frequency or 
severity of gastrointestinal symptoms. 



Table 13. Studies of Other L. rhamnosus Strains in Children 

Reference 

3aza et ai. 
:1995) 

Rosenfeldt et 
al. 2002a 

Rosenfeldt et 
al. 2002b 

Objective 

Study the 
effect of LGG 
on the course 
of acute non- 
bloody 
diarrhea in 
malnourished 
hospitalized 
children 

Assess the 
value of 
combined L. 
rhamnosus 
and L. reufen' 
treatment on 
acute diarrhea 

Assess the 
value of 
combined L. 
rhamnosus 
and L. reufen' 
treatment on 
mild diarrhea 

Study Design 

'respective, 
.andomized, double- 
dind, placebo- 
:ontrolled study 

Randomized placebo- 
controlled trial; 
measures of diarrhea 
severity 

Randomized placebo- 
controlled trial; 
measures of diarrhea 
severity 

Subjects 

40 children 
aged 1-24 
months (mean 
= 13 months) 
who were 
hospitalized 
with acute 
diarrhea and 
dehydration 

86 children 
age 6-36 
months 
hospitalized 
with acute 
diarrhea with 
duration S7 
days 

43 children 
age 9-44 
months 
attending child- 
care centers 
and identified 
by their 
parents as 
having 
diarrhea 

L. rhamnosus 
Dose and 
Source 

lolo-loll cfu 
LGG twice a day 

IO1' cfu 2x/day 
L. rhamnosus 
19070-2 and 
L. reufen' DSM 
122460 

1 010 cfu 2xlday 
L. rhamnosus 
19070-2 and 
L. reufen' DSM 
122460 

~ 

Duration 

2 days 

5 days 

5 days 

Safety-Related Results 

Yo safety-related endpoints were discussed. by 
!he authors although they stated that the LGG 
treatment was well tolerated. 

No safety-related endpoints were tested, but the 
authors did not report observing any adverse 
effects. 

The authors stated that "no serious adverse 
effects were registered." 
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Table 13. Studies of Other L. rhamnosus Strains in Children 

Reference 

iosenfeldt et 
11. 2003 

Rosenfeldt et 
31. 2004 

Ruszczynski 
et al. (2008) 

Objective 

4ssess the 
ialue of 
mmbined 1. 
rhamnosus 
and L. reuteri 
treatment on 
atopic 
dermatitis 

Assess the 
value of 
combined L. 
rhamnosus 
and L. reuteri 
treatment on 
gastrointestinal 
symptoms and 
intestinal 
permeability in 
children with 
atopic 
dermatitis 

Assess the 
safety, 
tolerability, and 
effectiveness 
of a 
combination of 
3 strains of L. 
rhamnosus in 
preventing 
antibiotic- 
associated 
diarrhea in 
children 

Study Design 

iandomized placebo- 
mtrolled crossover 
rial; measured 
iroduction of 
:ytokines 

2andomized placebo- 
mntrolled crossover 
[rial; measured 
intestinal permeability 

Prospective, 
randomized, double- 
blind, placebo- 
controlled trial 

Subjects 

13 children 
age 1-1 3 years 
,mean age = 
5.2 years) with 
%topic 
lermatitis 

$1 children 
3ge 1-1 3 years 
(median age = 
4.0 years) with 
moderate or 
severe atopic 
dermatitis 

240 children, 
130 boys and 
1 10 girls, aged 
3 months to 14 
years, 
receiving 
antibiotic 
treatment for 
common 
infections 

L. rhamnosus 
Dose and 
Source 

10" cfu 2x/day 
L. rhamnosus 
19070-2 and 
L. reuteri DSM 
122460 

1 010 cfu 2x/day 
L. rhamnosus 
19070-2 and 
1. reuteri DSM 
122460 

2 x I o10 d u  of a 
combination of 
1. rhamnosus 
strains EIN, 
Oxy, and Pen 
twice a day 

Duration 

6 weeks with 

washout 
6-week 

6 weeks with 
6-week 
washout 

Throughout 
antibiotic 
treatment (3- 
30 days, 
mean = 8 
days) 
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Safety-Related Results 

- - 
Although the severity of eczema was reduced, 
no significant differences were found in the 
production of cytokines IL-2, 11-4, IL-10, or IFN- 
y. The authors did not report the occurrence of 
any adverse effects. 

Administration of the probiotic bacteria resulted 
in a significant reduction in the incidence of GI 
symptoms and significantly improved intestinal 
mucosal barrier function, but the investigators 
did not report on any other safety-related 
endpoints or events. 

Two control children and one child in the 
probiotic group required intravenous 
rehydration. No side effects or adverse effects 
were observed. The authors noted that, 
"Lactobacihs rhamnosus was well tolerated, 
and no adverse event associated with this 
therapy (or with the use of placebo) was 
reported." 



Table 13. Studies of Other L. rhamnosus Strains in Children 
~~ 

Reference 

Salazar-Lindo 
et at. (2004) 

Shornikova et 
at. (1997) 

Szajewska et 
al. (2001) 

Objective 

Study the 
sffect of LGG 
3n the duration 
and severity of 
non-rotavirus- 
induced acute 
diarrhea in 
young boys 

Investigate the 
effects of 
adding LGG to 
oral rehydra- 
tion for treat- 
ment of acute 
diarrhea 

Evaluate the 
efficacy of 
LGG in the 
prevention of 
nosocomial 
diarrhea in 
young children 
admitted to 
pediatric 
hospitals 

Study Design 

Prospective, 
randomized, double- 
blinded, placebo- 
controlled study 

Prospective, 
randomized, double- 
blinded, placebo- 
controlled study 

Prospective, 
randomized, double- 
blind, placebo- 
controlled study 

Subjects 

179 male 
children aged 
3-36 months 
with non- 
rotavirus- 
induced acute 
diarrhea 

123 children 
aged 1-36 
months 
suffering from 
acute diarrhea 
of less than 
five days’ 
duration upon 
hospital 
admission 

81 children 
aged 1-36 
months (mean 
= 10.8 months) 
hospitalized for 
reasons other 
than diarrhea 

L. rhamnosus 
Dose and 
Source 

lo9 d u  LGG/ml 
n formula every 
4 hours; 
sstimated dose 
= 6-8 x I O ”  cfu 
LGGlda y 

5 x io9 cfu LGG 
twice a day 
along with oral 
or intravenous 
rehydration 
solution 

6 x I O 9  cfu LGG 
twice a day 

Duration 

Until 
cessation of 
diarrhea or 
up to 5 days 

5 days 

Duration of 
hospital stay 
(2-23 days; 
mean = 9.0 
days) 

Safety-Related Results 

B boys from the LGG group and 11 from the 
control group were withdrawn from the study for 
a variety of non-treatment-related conditions 
The authors noted that, “No adverse effects due 
to the study formula were noticed in either 
group during the study.” 

Patients receiving LGG had a significantly 
shorter mean duration of diarrhea compared to 
those receiving placebo. No safety-related 
endpoints were discussed, but the authors 
reported that LGG was administered “without 
difficulties.” 

Patients who received LGG had a reduced 
incidence of nosocomial diarrhea and 
gastroenteritis. Szajewska et al. (2001) reported 
that, “LGG was well tolerated, and no adverse 
effects of the treatment were noted.“ 
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Reference 

jzymanski et 
11. (2006) 

danderhoof et 
31. (1999) 

Objective 

Study the 
efficacy of L. 
rfiamnosus 
strains 573U1, 
573U2, and 
573U3 in 
shortening the 
duration of 
acute 
infectious 
diarrhea in 
infants and 
children 

Investigate the 
ability of LGG 
to reduce the 
incidence of 
antibiotic- 
induced 
diarrhea in 
children with 
acute 
infections of 
the respiratory 
tract, urinary 
tract, soft 
tissues, or skin 

Table 13. Studies of Other L. rhamnosus Strains in Children 

Study Design 

Prospective, 
randomized, double- 
blind, placebo- 
controlled trial 

Prospective, 
randomized, placebo- 
controlled, double- 
blind trial 

Subjects 

37 children 
age 2 months 
to 6 years; 
(mean = 25.8 
months); 45 
males and 42 
females with 
acute diarrhea 

202 children 
aged 6 months 
to 10 years 
(median = 4 
years) with 
acute 
infections of 
the respiratory 
tract, urinary 
tract, soft 
tissues, or skin 

L. rhamnosus 
Dose and 
Source 

1.2 x IOi0 cfu of 
a combination of 
the tested 
strains twice 
daily 

I Og du/day for 
children 
weighing less 
than 12 kg and 
2 x 1 O9 cfu/day 
for those over 
12 kg 

Duration 

5 days 

I O  days while 
receiving 
antibiotics 
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Safety-Related Results 

The administered strains were recovered in the 
feces of 80% of the test-group children at 5 
days and in 41% at 14 days. The authors 
reported that no adverse events of the probiotic 
treatment were noted during the study. 

14 children failed to complete the study for a 
number of non-treatment-related causes. The 
authors noted that, “There were no failures [to 
complete the study] resulting from untoward 
effects of either LGG or placebo.” Other than 
reduced incidence and duration of diarrhea, no 
differences were seen between the LGG and 
placebo groups in any parameter assessed and 
no adverse effects related to LGG consumption 
were noted by the authors. 



4.4.2.3. Studies in Infants 

4.4.2.3.1. Studies of L. rhamnosus HNOOl in Infants 

et al. (2009) investigated the ability of L. rhamnosus H N O O  1, as well as Bi zdobacterium 
animdis ssp. Zactis "019, to reduce the risk of infant eczema and atopy ' A number of 
endpoints related to safety were assessed and these data were published separately from the 
report of the efficacy measures. A total of 5 12 pregnant women with a familial history of 
diagnosed asthma, hay fever, or eczema were enrolled and randomized to receive 6 x lo9 cfb 
HNOOl/day (n = 170), 9 x 10' cfu HNO19/day (n = 171), or placebo (n = 171) beginning at 
gestational week 35 and continuing for up to 6 months postnatally, while their infants received 
the same regimen fiom birth to 2 years of age. The inclusion criteria were at least 37 weeks 
gestation and treated asthma, hay fever, or eczema in at least one biological parent. Exclusion 
criteria were intention to move from the area within 2 years, infant birth weight under the 3'd 
percentile for sex and gestation, infant admission to a neonatal unit for more than 48 hours, 
serious congenital abnormalities, long-term probiotic use in mother or intention to treat the infant 
with probiotics, and the mother receiving less than 2 weeks of the treatments prior to giving birth. 

In a multi-center, prospective, randomized, placebo-controlled, double-blind trial, Dekker 

f 

The probiotics and placebo were provided in capsules, each of which provided one daily 
dose. Breastfeeding mothers continued to take capsules until postnatal month 6. Infants received 
one capsule per day starting at birth with the contents dissolved in 2 ml of breast milk or water 
and given orally via a syringe or teaspoon; after weaning, the babies received the contents of the 
capsule sprinkled on food. Each study participant received 7 visits from trained research nurses: 
mother's recruitment, infant's birth, and postnatal months 3,6, 12, 18, and 24. The nurses 
completed standardized questionnaires that addressed illnesses, hospitalizations, medications 
including antibiotics, and gastrointestinal events (such as loose or watery stools, stooling patterns, 
reflux, vomiting, abdominal pain). Any serious adverse events were recorded and forwarded to 
the Wellington Ethics Committee for review. Head circumference was measured immediately 
after birth and at 3,12, and 24 months; length and weight were measured after birth and at 12 
and 24 months. 

Seven mothers withdrew from the study prior to the birth of their babies, 2 from the 
"00 1 group and 5 from the "01 9 group; none of these withdrawals was due to adverse 
events. Thirty-one infants (1 1 in the "001 group, 8 in the "019 group, and 12 in the placebo 
group) did not meet the inclusiodexclusion criteria and were dropped from the study. Finally, 
during the 24-month intervention phase 13 mothers from the "00 1 group, 6 fiom the HNO 19 
group, and 9 from the placebo group withdrew from the study, most often due to moving from 
the area. There were no differences among the treatment groups in the incidence of or reasons for 
withdrawal. 

At the end of the two-year period, there were 144 idants in the "001 group, 152 in the 
"019 group and 150 in the placebo group. There were no statistically-significant differences 
between the treatment groups in reasons for study withdrawal, incidence of adverse events, or 

The study was approved by the Wellington Ethics Committee and the Auckland Ethics Committee. 
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antibiotic use over the 2-year feeding period, nor were any effects observed on height, weight, or 
4 head circumference. The incidence of reported adverse effects is shown below in Table 15. The 

authors concluded that L. rhamnosus €€NO01 and B. animalis ssp. Zactis “019 are safe and 
well-tolerated in an infant population fed from 0 to 24 months of age and have no effect on 
normal growth. 

Table 14. Adverse Events Reported in Dekker et al. (2009). 

In a companion publication (Wickens et al. 2008), it was reported that L. rhumnosus 
strain HNOO1 significantly reduced the risk of eczema although it had no significant impact on 
atopy. B. animalis ssp. Zuctis “01 9 had no significant effect on either atopy or eczema. 

4.4.2.3.2. Studies of Other L. rhamnosus Strains in Infants 
The studies discussed in this section are summarized in Table 16 at the end of the section. 

LGG colonization of the intestinal tract of term neonates was investigated by Sepp et al. 
(1 993) along with the effect of LGG on the intestinal microbiota. A total of 25 infants less than 
1 week old were randomized to receive breast milk and/or formula with 10”- 10’ * cfb freeze- 
dried LGG/g suspended in water (n = 15), or breast milk alone (n = 10) for 2 weeks. The 
meconium (first stool resulting from in utero nutrition) of 21 infants was collected, along with 
the feces of 15 infants on days 3-4,17 infants on days 5-7, and 23 infants on days 28-32. 

The microbiota content of the meconium was similar in the LGG and control-group 
infants, and did not include LGG. LGG was isolated fiom the feces of a majority of infants 
receiving LGG (and 1 control infant) during administration and from about half of them 2 weeks . 
after administration ended. The feces of the infants receiving LGG had higher counts of total 
lactobacilli than did those of the controls, but the overall patterns of intestinal microbiota were 
similar both during and after the test period. The authors concluded that, “The study shows that 2 
wk administration of Lactobacillus GG, which starts right after birth, increases intestinal 
lactobacilli concentrations and does not impair the establishment of normal fecal microbiota.” 
No adverse effects were reported related to the administration of high doses of LGG to neonates. 

Millar et al. (1 993) evaluated the ability of LGG to colonize the immature bowel of 
premature infants, the effect of LGG colonization on the intestinal reservoir of nosocomial 
pathogens such as enterobacteriaceae, enterococci, yeasts, or staphylococci, and effects on 

’ The term “diarrhea” was not defined clinically for adverse event data collected by interview and reported diarrhea 
includes such episodes as loose or watery stools. 
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clinical progress and outcome. Twenty preterm infants with gestational ages of 33 weeks or less 
were studied from the initiation of feeding (term formula, preterm formula, or expressed breast 
milk) until discharge from the neonatal unit. Idants received either formula or milk alone (n = 
10) or with 1 O8 cfu LGG (n = 10) twice a day for 14 days. Some infants also received antibiotic 
treatment with cefotaxime or flucloxacillin and netilimicin. Fecal samples were collected daily 
and analyzed for viable LGG. (These samples were also evaluated for fermentation products as 
discussed in Stansbridge et al. [ 19931, reported below.) Daily records were kept of general well 
being; any abdominal distension, vomiting or regurgitation, feed intolerance, perineal rash; 
frequency and consistency of stools, number of suppositories used, and fluid intake. Other 
clinical variables evaluated included weight gain, energy intake, evidence of sepsis, antibiotic 
use or other concomitant medication, oxygen and ventilatory requirements, and the duration of 
hospital stay. 

LGG was found in the feces of 9 of the 10 treated infants and 1 of the 10 infants in the 
control group. Although concentrations declined over time, 4 of the 7 infants for whom fecal 
samples were available 3 weeks after LGG administration ended still harbored detectable LGG 
in their feces. No significant differences were observed between treatment and control groups in 
either the numbers of nosocomial pathogens and anaerobes in the feces or the clinical parameters 
recorded: general well being, signs of abdominal distension, vomiting or regurgitation, feed 
intolerance, the incidence of perineal rash, the frequency and consistency of stools, the number 
of suppositories used, weight gain, or fluid intake, No adverse effects related to LGG were 
reported. There were no episodes of infection attributable to LGG. 

Additional measures on the same preterm infant population as was reported in Millar et al. 
(1 993), described above, were described in Stansbridge et al. (1 993). Fecal samples were 
analyzed for SCFA, ethanol, and urinary 2,3-butanediol. Colonization with LGG had little 
impact on fecal SCFA; SCFA from treated infants did not differ significantly from controls from 
days 1-28. Ethanol excretion was significantly increased in the treated infants in both the 
proportion of samples testing positive (65% from infants fed LGG v. 37% from control infants) 
and in concentration in positive samples (median for LGG-fed infants = 6.3 pmol/g and for 
control infants = 3.3 pmol/g). This small increase in ethanol secretion was judged unlikely to 
have clinical significance. 

Marini et al. (1 997) fed 10 preterm neonates an oral dose of 1 O9 cfu LGG for 15 days 
beginning on the first day of life while a control group of 5 infants of similar gestational age and 
weight received unsupplemented formula. Intestinal colonization of LGG was evaluated by 
enumerating the microbial composition of their feces in samples collected on days 0,2,5, 10, 
and 15. LGG was isolated at detectable levels in the feces of all treated idants, with peak levels 
at 5 days of initiation of LGG feeding. After 5 days, the concentration of LGG declined 
monotonically over the remaining 10 days of administration. The ratio of aerobic to anaerobic 
microorganisms in the feces of treated infants also decreased significantly relative to controls. 
The authors concluded that LGG quickly establishes temporary residence in preterm neonates, 
but this residence is transient even with continued administration. No adverse effects were 
reported. 
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In a randomized, prospective, double-blind, placebo-controlled study, Majamaa and 
Isolauri (1997) investigated the clinical and immunological effects of LGG in hydrolyzed whey 
formula on infants allergic to cow's milk and suffering fiom atopic eczema. Thirty-one infants 
aged 2.5 to 15.7 months who met the Hanifin criteria for atopic eczema received extensively 
hydrolyzed whey formula with or without 5x1 O8 cfu LGG/g formula for 1 month followed by the 
same whey formula without LGG for the following month. The infants then received a cow's 
milk challenge; only those with positive reactions to the cow's milk challenge (1 3 test infants 
and 14 controls) were included in the fmal study population. All infants were examined by a 
physician after 1 month of study participation and again after 2 months; blood and stool samples 
were collected at the beginning of the study and during both examinations. 

Prior to treatment, the test and control groups did not differ significantly in the severity of 
atopic dermatitis (SCORAD = 26 in the test group and 2 1 in the controls). After the 1 -month 
administration of LGG, the atopic dermatitis improved significantly in the LGG group as 
compared to the controls (SCORAD = 15 v. 19). However, there were no significant differences 
between the test and control groups 1 month after the end of LGG supplementation (SCORAD = 
16 in the test group and 14 in the control group). The concentrations of  ctl-antitrypsin and fecal 
tumor necrosis factor-a (TNF-a) decreased significantly in the LGG group ,but not in the controls. 
No adverse effects of the LGG administration were reported. 

After 2 preterm infants died within 2 weeks in a neonatal intensive care unit fiom 
necrotizing enterocolitis caused by Klebsiella oxytoca, and K. oxytoea was isolated fiom 10 of 
the 20 neonates remaining in the unit, Grisnlund et al. (1997) began to provide all neonates 
entering or already present in the NICU (number not reported) twice-daily doses of 2 . 5 ~  1 O8 cfu 
LGG for two weeks or until discharge. The mean duration of LGG supplementation was 7.8 days. 
Fecal samples were taken both before and after LGG supplementation, and the NICU 
colonization rate of K. oxytoca was assessed at 1,2.5,6, and 7 months after the supplementation. 
Two of the 30 infants already in the NICU at the beginning of the study but no infants entering 
the NICU tested positive for K. oxytoca prior to LGG supplementation. After supplementation, 
LGG was detected in 82% of the fecal samples and no new clinical infections caused by K 
oxytoea were observed, nor were there any infections caused by LGG. No adverse effects were 
reported. 

Biadaioli et al. (1 998) carried out a randomized, double-blind, placebo-controlled, multi- 
center center study with premature infimts in neonatal intensive care units to assess the ability of 
LGG to reduce the enteric infections commonly found in premature neonates receiving antibiotic 
treatment. Infants less than 33 weeks gestational age or weighing less than 1500 grams were 
eligible; 224 infants were enrolled and randomly assigned to the treatment group (n = 1 19) or the 
control group (n = 105). Neonates in the treatment group were given 1 O9 cfu LGG/day in their 
food from NICU admittance to discharge, an average of 49.7 days. Control group neonates 
received a placebo in place of LGG. 

No statistically significant differences were found in the number of infections observed in 
the test and treatment groups-the incidence was 18.4% in the test group and 15.2% among the 
controls. The authors stated that "there were no negative clinical effects of a relevant nature to be 
reported." 
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In a randomized, prospective, double-blind, placebo-controlled study (Oberhelman et al. 
1999), undernourished (but not severely malnourished) Peruvian infants aged 6 to 24 months 
(mean = 14.3 months) were assigned to receive either 3.7~10" cfu LGG/day (n = 99) or placebo 
(n = 105) in flavored gelatin 6 daydweek for up to 15 months. Incidences of diarrhea were 
recorded. A subset of 40 infants fi-om the 2 groups provided stool specimens 3,6, and 13 months 
after the beginning of treatment; samples were analyzed for LGG and pathogens. A total of 954 
episodes of diarrhea were reported over the 15 months of the study, 490 in the LGG group and 
464 among the controls; these rates of total incidence were not significantly different. However, 
the individual diarrhea frequencies were significantly lower in the LGG than in the control group, 
5.21 v. 6.02 episodes/infmt/year. In over half (58.2%) of the episodes among the 40 infants for 
whom stool samples were available, a pathogen was isolated; enterotoxigenic E. coli in 96 cases 
(19.9%), Campylobacter jejuni in 33 cases (6.8%), rotavirus in 26 cases (5.4%), and Shigella spp. 
in 16 cases (3.3%). No differences in the duration of diarrhea were observed and no adverse 
effects were reported. 

A prospective, randomized, double-blind, placebo-controlled study designed to assess the 
ability of LGG or BiJidobacterium animalis ssp. lactis strain Bb12 to control allergic 
inflammation in infants with atopic eczema was conducted by Isolauri et al. (2000). Infants with 
a mean age of 4.6 months who had developed atopic eczema during breast feeding and had not 
been exposed to infant formula prior to enrollment were randomly assigned (n = 9 er group) to 
extensively hydrolyzed whey formulas with or without supplementation with 3x10 cfu LGG or 
lo9 cfu Bbl2/gram of formula for at least 6 months. The exposure to the 2 probiotics was about 3 
to 8 ~ 1 0 ' ~  cfdday. The severity of the atopic eczema was assessed prior to introduction of the 
whey formulas and at 2 and 6 months, and body measurements and samples of stool and blood 
were taken at the same times. The primary endpoints were the severity of atopic eczema and the 
growth of the infants. The mean S C O W  at the beginning of the study was 16, and the infants 
given LLG or Bb12 showed significant improvement as compared to the starting levels and to 
the controls; after 2 months of feeding the LGG group's mean S C O W  was 1 .O and that of the 
Bb12 group was 0.0, while the mean SCORAD of the controls was 13.4. Soluble CD4 in blood 
and eosinophilic protein X in urine were also significantly reduced in the probiotic groups. There 
was no effect on growth, which was normal in all infants in all groups. No adverse events were 
reported. 

P 

Kalliomaki et al. (200 1) conducted a pros ective, randomized, double-blind, placebo- Po controlled study in which capsules containing 10 cfu LGG or a placebo were given once a day 
over from 2 to 3 weeks to 159 pregnant women with a family history of atopic eczema, allergic 
rhinitis, or asthma. After delivery, breastfeeding mothers continued to ingest the capsules for 6 
months while formula-fed infants were given the same dose of LGG or placebo orally for 6 
months. The infants were examined shortly after birth and at ages 3,6, 12, 18, and 24 months, 
including inspection of eyes, ears, nose, and skin, auscultation of heart and lungs, palpitation of 
the abdomen, and measurement of growth and neurological development. Skin-prick tests were 
done at 6, 12, and 24 months, and antigen-specific IgE assays were performed in umbilical cord 
blood and at ages 3, 12, and 24 months. The primary endpoint of interest was atopic disease at 
age 2 years. A total of 132 infants completed the study. At 2 years of age, the incidence of 
atopic eczema in the LGG-treated group was only 23% (1 5 of 64 infants), Significantly lower 
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than in the control group (46%; 3 1 of 68 infants). However, the severities of atopic eczema (as 
measured by SCORAD) among those with the disease did not differ between the LGG and 
control groups. Similarly, no differences were seen in concentrations of IgE or in frequencies of 
increased antigen-specific IgE concentrations or positive reactions to skin-prick tests. There were 
no differences between infants who received LGG by oral administration and the breastfeeding 
infants whose mothers consumed the capsules. No study withdrawals were due to adverse effects 
and there were no reports of any adverse events. 

In a follow-up of these infants when they reached the age of 4 years, Kalliomaki et al. 
(2003) found that the incidence of atopic eczema in the LGG group continued to be significantly 
lower than in the placebo group, and no adverse effects had appeared. The authors concluded 
that, "the probiotic approach was promising and safe." 

In a prospective, randomized, double-blind, placebo-controlled, multi-center trial, Dani et 
al. (2002) assessed the effect of LGG on the incidence of urinary tract infections, bacterial sepsis, 
and necrotizing enterocolitis among preterm infants confined to an NICU. All infants were less 
than 33 weeks in gestational age or weighed under 1500 grams, and most of them had received at 
least one course of antibiotic therapy. Infants in the test group (n = 295) received standard milk 
providing 6x1 O9 cfu LGG/day while the control-group infants (n = 290) received the standard 
milk alone. The study continued until discharge from the NICU, an average period of 47.3 days. 
The LGG treatment significantly reduced the incidence of urinary tract infections and necrotizing 
enterocolitis, but there was no statistically significant effect on bacterial sepsis. No adverse 
effects were reported due to the LGG treatment. 

In an evaluation of the ability of LGG to colonize the gut and modify the microbial 
ecology of low-birth-weight preterm infmts (Agarwal et al. 2003), 71 preterm infants with birth 
weights under 2000 g received expressed breast milk either unsupplemented or supplemented 
with lo9 cfu LGG twice a day for either 8 or 21 days. The study subjects included 39 infants with 
birth weights under 1500 g (24 in the LGG group and 15 controls) and 32 infants with birth 
weights between 1500 and 2000 g (23 in the LGG group and 9 controls). Stool samples were 
collected before treatment and on day 7 or 8 and, for the infants under 1500 g, on days 14 and 2 1. 
Data were also collected on any adverse effects. 

LGG was detected in the stool samples fiom 5 of the LGG infants who weighed less than 
1500 g (21%) and 1 1  of those weighing 1500 - 2000 g (47%), but not in stool samples from any 
of the controls. The stools of infants weighing less than 1500 g who received LGG showed an 
increase in microbial species, especially Gram-positive bacteria and anaerobes, but a similar 
effect was not found in the 1500 - 2000 g LGG group nor in the controls of either weight range. 
The authors noted that LGG was well tolerated in all infants and that, "No side effects were 
observed in babies either fed with or colonized by LGG." 

i, KankaanpZi et al. (2002) performed a pilot study for a randomized, double-blind, 
"9 placebo-controlled study to investigate the effect of LGG and BiJdobacterium animalis ssp. 

Zactis strain Bb12 on the composition of plasma lipids in atopic infants. Fifteen breastfed infants 
(mean age 5.2 months) referred to a pediatric clinic for treatment of atopic eczema were given an 
extensively hydrolyzed i d i t  formula alone or supplemented with either 3x10' cfu LGG or lo9 
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cfu Bb12/g formula. The average duration of feeding was 5.5 months. Blood samples were taken 
at outset and 2 months later. The average formula intake was 75 mlkg bw/day, thus providing 
daily doses of 2.25~10” cfu LGGkg bw or 7 . 5 ~ 1 0 ’ ~  cfu Bbl2/kg bw, approximately equivalent 
to 1 .8~10’~  cfu LGG or 6x10” cfu Bb12 per infant. LGG (and Bb12) administration reduced the 
proportion of a-linolenic acid in plasma neutral lipids, but LGG had no effect on phospholipids. 
The authors noted that all formulas were well tolerated by the infants, and no adverse effects 
were reported. 

Petschow et al. (2003) investigated dose-response relationships between LGG 
administration and intestinal colonization in healthy full-term infants. Forty-nine infants under 
the age of 3 months were fed NutramigenB, a hydrolyzed casein-based infant formula, for 14 
days, then randomly assigned to received the same formula supplemented with 0 (n = 12), 1 O8 
(n = 12), 109(n = 13), or 10” (n = 12) cfu LGG/day for 14 days, followed by a 14-day washout 
period during which they received unsupplemented formula. Tolerance measures and stool 
characteristics were recorded daily and viable LGG were enumerated in stool samples obtained 
on days 3,6,9, 12, 15,21, and 28. LGG was detected in significantly higher percentages of 
infants fed LGG than infants in the control group (67% of the 10’ group, 85% of the lo9 group, 
83% of the 10’’ group, and 17% of the controls), although there was no clear dose-response 
relationship. The authors concluded that, “Feeding LGG at 10’ to 10’’ cfidday was well tolerated 
and led to transient colonization in healthy term infants. LGG colonization was apparently not 
related to level of LGG administered and tended to decrease 2 weeks after feeding supplemented 
formula.” Stool consistency, flatulence, and fussiness were similar in all groups and no adverse 
effects were reported. 

A randomized, double-blind, placebo-controlled study was performed to evaluate the 
effects of LGG alone or in combination with other probiotics on treatment of cow’s milk allergy 
and IgE-associated dermatitis in infants (Pohjavuori et al. 2004). After beginning a cows-milk- 
free diet and treatment for dermatitis, 230 infants (mean age = 6.5 months) were randomized to 
receive extensively hydrolyzed whey formula containing 5 x lo9 cfu LGG; a combination of 5 x 
1 O9 cfu LGG, 5 x lo9 cfu L. rhamnosus LC705,2 x lo8 cfu Bifidobacterium breve Bbi99, and 2 x 
lo9 cfu Propionibacteriumfieudenreichii ssp. shermanii JS; or placebo twice a day for 4 weeks, 
followed by 4 weeks during which unsupplemented formula was fed to the infants. Clinical 
improvement was evaluated prior to probiotic administration, after the 4-week treatment period, 
and after the 4-week washout period. At the end of the washout period, concentrations of serum 
cow’s milk and wheat-specific IgE were measured and a double-blind, placebo-controlled, 
crossover cow’s milk challenge was performed. A total of 1 19 infants were studied out of the 
230 infants with atopic dermatitis and suspected cow’s milk allergy who completed the feeding 
phase. 

The cow’s milk challenge was negative in 54 of the 119 infants, but cow’s milk allergy 
was diagnosed in the remaining 65 infants. IgE-associated cow’s milk allergy was diagnosed in 
42 infants and non-IgE-associated cow’s milk allergy in 32 infants. IgE-associated dermatitis 
was diagnosed in 72 infants. Secretion of interferon- y (IFN-y) before the probiotic treatment 
was significantly lower in infants with cow’s milk allergy than in those without, but LGG 
feeding increased the level of secreted IFN-y in those infants with cow’s milk allergy or IgE- 
associated dermatitis. Consumption of the probiotic combination significantly increased 
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secretion of IL-4 in idants with cow’s milk allergy, but LGG alone had no effect on IL-4 
secretion. No safety-related effects were reported. 
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Viljanen et al. (2005) investigated the effects on treatment of atopic eczema of LGG 
alone or as part of a combination of 4 probiotics in food-allergic infants. After cow’s milk was 
eliminated from the diets of 230 infants under 12 months old (mean age = 6.4 months) with 
atopic eczema, the infants were randomly assigned to receive 2 doses a day of extensively 
hydrolyzed whey formula supplemented with 5 x 1 O9 cfu LGG; a combination of 5 x 1 O9 cfu 
LGG, 5 x lo9 cfu L. rhamnosus LC705,2 x 10’ cfu Bijidobacterium breve Bbi99, and 2 x lo9 cfu 
PropionibacteriumJi.eudenreichii ssp. shermanii JS; or placebo for 4 weeks, followed by a 4- 
week washout period. Eczematous lesions were treated with hydrocortisone as needed during 
the study period. Clinical signs were evaluated prior to administration of probiotics, at the end of 
the 4-week treatment period, and after the 4-week washout. Parents completed a daily diary in 
which they were asked to record any skin, gastrointestinal, or respiratory system symptoms. 
Following the washout period, a double-blind, placebo-controlled, crossover cow’s milk 
challenge was performed. 

There were no significant differences between the placebo group or either treatment 
group in reduction of the severity of atopic eczema (mean SCORADs decreased by 65% in all 
groups) except among IgE-sensitized infants, for whom the LGG treatment reduced SCORADs 
significantly as compared to the control infants. There were no specific measures of safety- 
related endpoints, but no adverse effects were reported. 

Romeo et al. (2006) studied the ability of the probiotics LGG and L. reuteri (strain not 
reported) to reduce the incidence of bacterial infections and Candida in neonatal intensive care. 
In a randomized, prospective, double-blind, placebo-controlled trial, 1 84 newborns with average 
gestational a e 34.9 weeks admitted to a NICU (107 boys, 77 girls) were randomly assigned to 
receive 3x10 cfu LGGlday (n = 55), 10’ cfu L. reuterilday (n = 67), or placebo (n = 62). The 
probiotics were delivered dispersed in water or milk once a day via mouth or nasogastric tube. 
Most infants had been delivered by Caesarean section and more than half of them had central 
venous catheters. They remained on treatment throughout their residence in the NICU, an 
average of 10 days. 

f 

Infants receiving the probiotics had significantly reduced incidence of Candida and of 
bacterial infections, as well as shortened duration of required parenteral nutrition and of total 
hospital stay. The probiotic-treated infants exhibited higher rates of growth than did the control 
group. No adverse effects were noted due to the treatment with either L. reuteri or LGG. 

In a randomized, prospective, double-blind, placebo-controlled trial, Brouwer et al. (2006) 
evaluated the clinical and immunological effects of LGG or a different (unspecified) strain of L. 
rhamnosus. Fifty infants under 5 months of age who met the Hanah  criteria for atopic 
dermatitis were given extensively hydrolyzed whey formula (Nutrilon Pepti) during 3 -5-week 
baseline period and then randomly assigned to receive hydrolyzed formula supplemented with 5 
x 1 O9 cfu LGG (n = 16) or L. rhamnosus (n = 17) per 100 ml formula or to receive 
unsupplemented formula (n = 17) for 3 months. Atopic dermatitis was clinically evaluated both 
before and after the baseline period and after each month of consumption of study formula. 
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Allergic sensitization was measured by total IgE, a battery of food-specific IgE, and a skin-prick 
assay of cow’s milk. Inflammatory measures included were blood eosinophils; production of IL- 
4, IL-5, and IFN-y by peripheral blood mononuclear cells after polyclonal stimulation; eosinophil 
protein X in urine; and fecal a-1 -antitrypsin. Infants who showed improvement were given a 
cow’s milk formula challenge, and those who showed a reaction to the cow’s milk were given a 
randomized, double-blind, placebo-controlled cow’s milk challenge for 2-7 days. 

No statistically significant differences between the groups were observed for SCORAD, 
sensitization, inflammatory parameters or cytokine production. No adverse events were reported. 

Vendt et al. (2006) performed a prospective, randomized, double-blind, placebo- 
controlled trial to study the effect of LGG on the growth and fecal microbiota of healthy 
Estonian infants. Sixty boys and 60 girls aged 0-2 months (average age 39.8 days) were 
randomly assigned to receive cows-milk-based formula supplemented with 1 O7 cfu LGG/g (n = 

60) or unsupplemented formula (n = 60) up to the age of 6 months. Breast-fed infants (over 50% 
of feedings) were excluded. The infants were examined monthly and any gastrointestinal or 
respiratory symptoms were noted; mothers provided monthly impressions of their infant’s fecal 
consistency; and a general health questionnaire was completed at the end of the study. 

The mean daily intake of formula increased during the study fiom 623 ml at the 
beginning and 803 ml at 3 months to 933 ml at 6 months; thus, the daily dose of LGG increased 
from 8.1 x lo8 to 1.2 x lo9 cfu. After removal of breast-fed infants and discontinuations, only 
105 infants remained in the study at completion, 5 1 in the LGG group and 54 controls. The 
reasons for discontinuation were similar in the LGG and control groups. There were no 
differences between the groups in total duration of crying or in infectious episodes. The 
frequency of bowel movements was significantly higher in the LGG group than in the controls 
and the stools were significantly looser. 

The authors concluded that the LGG-enriched formula was well-tolerated, and no adverse 
effects were reported. Infants receiving LGG formula showed significantly greater increases in 
length and weight at the end of study compared to infants receiving regular formula, but this 
might have been due to the fact that the infants receiving LGG had been slightly smaller at the 
beginning of the study than the control infants. Vendt et al. (2006) concluded, “The results of 
this randomized, controlled trial suggest that LGG-enriched formula was safe and well tolerated 
and resulted in normal growth.” 

In a prospective, randomized, double-blind, placebo-controlled, multi-center trial 
(Chouraqui et al. 2008), healthy full-term infants were exclusively fed one of 3 test formulas or a 
control formula fiom less than 2 weeks of age until they reached the age of at least 16 weeks; 
each infant was thus treated for 14 to 16 weeks. The test formulas contained (1) 6.4 x 1 O7 cfu/ml 
of L. rhamnosus strain LPR +- 1.3 x lo7 cfu/ml of BiJidobacterium Zongum strain BL888, or (2) 
test formula 1 + 4 mg/ml of oligosaccharides (90% galactooligosaccharide and 10% 
fructooligosaccharide) or (3) 2.6 x lo7 cfidml L. paracasei strain ST1 1 + 2.6 x lo7 cWml B. 
Zongum strain BL888 + 4 mg/ml of oligosaccharide. Parents kept records of the infants’ formula 
consumption, any supplementary foods, and any medication. Parent also recorded stool 
characteristics, frequency of flatulence, and behavior for 3 days before and after each visit, 

G U S  Determination for 
Lactobacillus rhamnosus “001 

110 JHeimbach LLC 

0 0 0 1 2 4  



which occurred at approximately 2,5,8, 12, 16, and 52 weeks of age. At each visit 
anthropomorphic measures were taken and any incidents of morbidity were assessed. 

The average daily consumption of formula in all groups was about 700 ml, and thus the 
dose of L. rhamnosus was equivalent to approximately 4.5 x lo1' cfiu'day. A total of 284 infants 
were enrolled and 70 were randomly assigned to each group with 74 assigned to experimental 
formula 3. Seventeen infants withdrew or were lost to follow-up in the control group, 10 in test 
group 1, 16 in test group 2, and 14 in test group 3. The 227 infants included in the data analysis 
consisted of 1 10 boys and 1 17 girls with mean birth weights of 3.4 kg in each of the 4 groups. 
The reasons for withdrawal were not related to treatment. Infants in all 4 groups consumed 
similar amounts of formula and there were no significant differences in weight gain, length, head 
circumference, or BMI. There were no differences among the groups in the incidence of diarrhea, 
frequency of antibiotic treatment, or hospitalization. Serious adverse events were reported in 24 
infants and lesser adverse events (mostly respiratory and GI problems and infections) in 184 
infants, but there were no differences in frequencies among the different groups, and the adverse 
events were not regarded as study-product related. The authors concluded that, "this study 
confirms the safety of different mixtures of probiotics and synbiotics." 

Kopp et al. (2008) conduced a randomized, prospective, double-blind, placebo-controlled 
trial to study the preventive effect of LGG on the development of atopic dermatitis, which was 
the primary endpoint of the study. Pregnant women (n = 105) from families with one or more 
members with an atopic disease were randomly assigned to receive capsules containing either 5 x 
lo9 cfu LGG (n = 54) or placebo (n = 5 1) twice a day for the 4-6 weeks remaining before 
delivery. Breastfeeding women continued to take the capsules postnatally for 3 months, after 
which the contents of the capsules were given directly to the infants for 3 additional months. 
Non-breastfeeding infants (2 in the LGG group and 3 in the control group) received the capsule 
contents for the full 6 postnatal months. Parents completed questionnaires prenatally and a 
postnatal months 6, 12, and 24. Infants with suspected eczema were examined at 12 months and 
all infants were examined at 24 months. In addition to a general physical examination, the 
children were evaluated for the presence and severity of atopic dermatitis, incidence of recurrent 
wheezing bronchitis, total immunoglobulin E (IgE), and sensitization to an inhalent allergen. 

Ninety-four women and their children completed the study, 50 in the LGG group and 44 
in the placebo group. The children included 42 boys and 52 girls with a mean birthweight of 
3440 g. There were no significant differences in drop-out rates or in the reasons for withdrawal. 
No significant differences were reported between the groups in sex, birth weight, gestational age, 
of method of delivery of the infants. The incidence of atopic dermatitis at age 2 was nearly 
identical in the 2 groups, and no significant difference was reported in the cumulative incidence 
of atopic symptoms during the first 2 years or in the severity of atopic dermatitis at age 2. No 
differences were reported in episodes of fever, antibiotic use, allergen sensitization, or IgE 
concentrations. One secondary endpoint, the incidence of wheezing bronchitis, was significantly 
(p = 0.03) more frequent in the LGG group than in the placebo group. Despite this finding, the 
authors reported that, "The administration of LGG was well tolerated without any notable 
adverse effects attributable to the supplementation of probiotics." 
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Kukkonen et al. (2008) conducted a prospective, randomized, double-blind, placebo- 
controlled trial of the safety and impact on infection rates of feeding synbiotics to infants. The 
synbiotic tested was a combination of 4 probiotic species (LGG, L. rhamnosus LC705, 
Bifidobacteriurn breve Bb99, and Propionibacterium j?eudenreichii ssp. shermanii) along with 
galactooligosaccharides (GOS). Pregnant women (n = 1223) carrying infants at high risk for 
allergy were randomly assigned to ingest capsules containing either 8-9 x 1 O9 cfu of the 4 
probiotic strains or a placebo (microcrystalline cellulose + sugar syrup) twice a day for the last 4 
weeks before delivery, For the first 6 months after birth their 101 8 eligible infants (504 boys, 5 14 
girls) received 1 capsule a day equivalent to the capsules their mothers had received; those 
infants receiving the probiotics also received 0.8 g GOS/day. The parents were instructed to mix 
the contents of the capsule and the GOS with breast milk or formula and spoon-feed it to the 
infmts. Infants were regarded as eligible unless they were preterm (less than 37 weeks gestation), 
a B twin, or had a major malformation. The parents were interviewed and the infants examined at 
ages 3,6, and 24 months, while the parents completed questionnaires at 3,6, 12, and 24 months 
covering the previous period. Interviews and questionnaires covered neonatal morbidity, feeding 
behaviors, nutrition, environment, and numbers of infections, antibiotic use, and other diseases. 

Of the 1018 intention-to-treat infants, 939 (468 synbiotic group, 471 placebo group) 
completed the 6-month follow-up evaluation and 925 (461 synbiotic group, 464 placebo group) 
completed the 2-year follow-up evaluation. There were no differences in parent-reported 
neonatal morbidity or in reasons for withdrawal between the synbiotic and placebo groups, nor in 
the incidence of infantile colic. Vomiting, constipation, excessive crying, diarrhea, and 
abdominal discomfort occurred with equal frequencies in the 2 groups. There were no 
differences between groups in the incidence of respiratory or middle-ear infections or in 
gastroenteritis during the intervention, although the infants receiving synbiotics significantly less 
often required antibiotic therapy. During the follow-up period, the infants that had received 
synbiotics had a significantly lower incidence of respiratory infections. Growth measures (weight, 
length, and head circumference) at 6 and 24 months were similar in the test and control group 
infants. The authors stated that, "We showed that treatment of mothers with probiotics during 
late pregnancy and treatment of their healthy allergy-prone infants with synbiotics for 6 months 
after birth were safe." 

4.4.2.3.3. Conclusions from Studies of L. rhamnosus in Infants 

rhamnosus were administered to infants. In most, although not all, of these studies, feeding of 
the probiotic strain commenced immediately after birth; indeed, in several studies ingestion of 
the probiotic by the neonate followed previous ingestion by the mother during the later stages of 
her pregnancy. The single study of strain €€NO01 was of this type: each mother in the "001 
group ingested 6x1 O9 cfu L. rhamnosuslday and then the infant consumed the same dose daily 
fiom birth through age 2 years. Confirming the status of L. rhamnosus strain GG (LGG) as the 
most widely studied probiotic, 21 of the 22 reported trials included LGG in at least one arm of 
the study. Two studies were of other strains (including "001) and 4 studies included L. 
rhamnosus strains in addition to LGG. 

A total of 23 trials have been reported in the literature in which one or more strains of L. 

The daily doses of probiotic in these studies were at or above 10" cfdday in 8 studies 
and above 10" cfdday in 1 study. The 2-year study of H N O O 1  was the longest duration, but 5 
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other studies had durations of 6 months or longer and 4 more lasted for 3 months or longer. The 
participants in the studies included healthy Ill-term infants (8 studies), premature infants (7 
studies), and infants with health issues ranging from mild to life-threatening (9 studies). In all, 
about 4,000 infants were enrolled in these studies. 

With the exception of a single finding of increased incidence of recurrent wheezing 
bronchitis among infants at risk of atopic dermatitis receiving LGG (Kopp et al. 2008), in no 
case was there any indication of any adverse effect due to the administration of L. rhamnosus to 
the infant. Reasons for withdrawal from the studies did not differ between test and control groups, 
nor did the incidence, character, or severity of adverse effects (except where adverse effects were 
lower in the probiotic group than in the test group). Notably, no a single case of Lactobacillus 
bacteremia was observed, even in severely compromised infants with central lines and histories 
of surgical interventions. 

The evidence from this large body of data supports the conclusion that the tested strains 
of L. rhamnosus are safe for administration to term and preterm neonates, as well as older infants, 
under the conditions of the studies. 
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Reference 

4garwal et al. 
:2003) 

Biadaioli et al. 
(1 998) 

Brouwer et al. 
(2006) 

Objective 

Evaluate the 
ability of LGG 
to colonize the 
gut and modify 
the microbial 
ecology of low- 
birth-weight 
preterm infants 

Assess the 
ability of LGG 
to reduce 
enteric 
infections in 
premature 
neonates 
receiving 
antibiotic 
treatment 

Evaluated the 
clinical and 
immunological 
effects of LGG 
or a different 
(unspecified) 
strain of L. 
rhamnosus .on 
infants with 
atopic 
dermatitis 

Table 15. Studies of Other L. rlzarnnoszrs Strains in Infants 

Study Design 

Randomized, double- 
dind, placebo-controlled 
study 

Randomized, double- 
blind, placebo- 
controlled, multi-center 
study 

Randomized, 
prospective, double- 
blind, ptacebo-controlled 
trial 
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Subjects 

71 preterm 
infants with 
birth weights 
under 2000 g 
(39 with birth 
weights under 
1500 g) 

224 infants 
less than 33 
weeks 
gestational age 
or weighing 
under 1500 g 
andconfined 
to a NlCU 

50 infants 
under 5 
months of age 
with atopic 
dermatitis 

L. rhamnosus 
Dose 

10’ du LGG 
twice a day 

io9 cfu 
LGGlday 

5 x l oQ cfu 
LGG or L. 
rhamnosusl 
100 mi 
formula, 
approximately 
equivalent to 
3 ~ 1 0 ’ ~  cfu 
LGG/day 

Duration 

3 or 21 
jays 

Until 
discharge; 
mean = 
49.7 days 

3 months 

JHeimbach LLC 

Safety-Related Results 

The stools of infants weighing less than 1500 g 
who received LGG showed an increase in 
microbial species, especially gram-positive 
bacteria and anaerobes, but a similar effect was 
not found in the 1500 - 2000 g LGG group nor in 
the controls of either weight range. The authors 
noted that LGG was well tolerated in all infants 
and that, ”No side effects were observed in 
babies either fed with or colonized by LGG.” 

No statistically significant differences were found 
in the number of infections observed in the test 
and treatment groups. The authors staied that 
”there were no negative clinical effects of a 
relevant nature to be reported.” 

No statistically significant differences between the 
groups were observed on SCQRAD, 
sensitization, inflanrnatory parameters or 
cytokine production. No adverse events were 
reported. 
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Table 15. Studies of Other L. rhamnosus Strains in Infants 

Reference Objective Subjects L. rhamnosus 
Dose Duration Safety-Related Results Study Design 

- 
Prospective, 
randomized, double- 
blind, placebo- 
controlled, multi-center 
trial 

14 to 16 
weeks 

Infants in all 4 groups exhibited no significant 
differences in weight gain, length, head 
circumference, or BMI. There were no differences 
among the groups in the incidence of diarrhea, 
frequency of antibiotic treatment, or 
hospitalization. There were no differences in 
frequencies of adverse events among the 
different groups, and the adverse events were not 
regarded as study-product related. The authors 
concluded that, "this study confirms the safety of 
different mixtures of probiotics and synbiotics." 

2houraqui et 
31. (2008) 

Assess the 
safety and 
tolerance of 
mixtures of 
probiotics and 
prebiotics and 
their protective 
effect against 
infant diarrhea 

227 healthy 
full-term 
infants (1 10 
boys and 11 7 
girls) less than 
2 weeks old at 
enrollment 

6.45 x 10" 
cfull of L. 
rhamnosus 
strain LPR, 
equivalent to 
approximately 

cfulday 
4.5 x 1o'O 

Dani et al. 
(2002) 

Assessed the 
effect of LGG 
on the 
incidence of 
urinary tract 
infections, 
bacterial 
sepsis, and 
necrotizing 
enterocolitis 
among preterm 
infants 
confined to an 
NlCU 

Prospective , 
randomized, double- 
blind, placebo- 
controlled, multi-center 
trial 

585 infants 
less than 33 
weeks 
gestational age 
or weighing 
under 1500 g; 
most had 
received 
antibiotic 
therapy 

6x1 O9 cfu 
LGGlda y 

The LGG treatment significantly reduced the 
incidence of urinary tract infections and 
necrotizing enterocolitis, but there was no 
statistically significant effect on bacterial sepsis. 
No adverse effects were reported due to the LGG 
treatment. 

Until 
discharge 
from the 
NICU, 
mean = 
47.3 days 

up to 2 
weeks; 
mean 7.8 
days 

- 
No clinical infections caused by K. oxyfoca were 
observed, nor were there any infections caused 
by LGG. No adverse effects were reported. 

Test the ability 
of LGG to 
reduce the risk 
of infection by 
Klebsiella 
oxyfoca among 
infants in a 
neonatal ICU 

Open-label study, no 
control group 

All neonates 
entering or 
already 
present in the 
NlCU (number 
not reported) 

2.5X1O8CfU 
LGG twice a 
day 

Grtjnlund et 
al. (1997) 
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Table 15. Studies of Other L. rhamnusus Strains in Infants 
~~ ~ 

Study Design Subjects L. rhamnosus 
Dose Duration Safety-Related Results Reference Objective 

27 infants with 
a mean age of 
4.6 months 
who had 
developed 
atopic eczema 
during breast 
feeding and 
had not been 
exposed to 
infant formula 

3x1 O8 cfu 
-GG/g 
’ormula, 
3pproximately 
2quivalent to 
1.8~10’’ cfu 
LGGlday 

SCORAD, soluble CD4 in blood, and eosinophilic 
wotein X in urine were significantly reduced in 
the probiotic groups. There was no effect on 
growth, which was normal in all infants in all 
groups. No adverse events were reported. 

lsolauri et al. 
(2000) 

4ssess the 
ability of LGG 
x Bifido- 
5acferiurn 
snimalis ssp. 
‘actis strain 
3b12 to control 
allergic 
,nflammation in 
,nfants with 
atopic eczema 

9 months 
3r longer 

2 to 3 
weeks to 
mothers 
prenatally 
and 6 
months to 
infants 

average 
5.5 
months 

Prospective, 
randomized, double- 
blind, placebo-controlled 
study 

KalliomPki et 
al. (2001) 

Study the 
effect of LGG 
administration 
to mothers and 
infants on the 
development 
of atopic 
eczema at age 
2 years 

Prospective, 
randomized, double- 
blind, placebo-controlled 
study 

159 pregnant 
women with a 
family history 
of atopic 
eczema, 
allergic rhinitis, 
or asthma and 
their infants 

1 O’O cfu 
LGGIday 

At 2 years of age, the incidence of atopic eczema 
in the LGG-treated group was significantly lower 
than in the control group. No differences were 
seen in concentrations of IgE or in frequencies of 
increased antigen-specific IgE concentrations or 
positive reactions ta skin-prick tests. No study 
withdrawals were due to adverse effects and 
there were no reports of any adverse events. 

LGG had no effect on phospholipids. 
The authors noted that all formulas were well 
tolerated by the infants, and no adverse effects 
were reported. 

Kankaanpgl 
et al. (2002) 

Investigate the 
effect of LGG 
and Bifido- 
bacferium 
animalis ssp. 
lactis strain 
Bb12 on the 
composition of 
plasma lipids 
in atopic 
infants 

Pilot for a randomized, 
double-blind, placebo- 
controlled study 

15 breastfed 
infants (mean 
age = 5.2 
months) 
referred to a 
pediatric clinic 
for treatment of 
atopic eczema 

3x1 Os cfu 
LGGIg 
formula, 
approximately 
equivalent to 
1 .8x101’ cfu 
LGGldayoor 
2.25~10 cfu 
LGGlkg 
bwlday 

0 
Q 
d 
+ 
c13 
0 
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Reference 

<opp et ai. 
'2008) 

Kukkonen et 
31. (2008) 

0 bj ective 

Study the 
preventive 
3ffect of LGG 
administration 
to mother and 
infant on the 
development 
of atopic 
dermatitis 

Evaluate the 
safety and 
impact on 
infection rates 
of feeding 
synbiotics to 
healthy full- 
term infants at 
risk of allergy 

Table 15. Studies of Other L. rhamnosus Strains in Infants 
~ 

Study Design 

Randomized, 
prospective, double- 
blind, placebo-controlled 
trial 

Prospective, 
randomized, double- 
blind, placebo-controlled 
trial. 

Subjects 

I05 pregnant 
Nomen and 
:heir infants; 
34 mothers 
and infants 
:ompleted the 
study 

101 8 healthy 
iull-term 
infants (504 
boys, 514 girls) 

L. rhamnosus 
Dose 

j x io9 cfu 
-GG twice a 
Jay 

8-9 I o9 cfu of 
a mixture of 
LGG, L. 
rhamnosus 
LC705, 6. 
breve Bb99, 
and Pmpioni- 
bacterium 
freudenreichii 
ssp. shennanii 
along with 
galactooligo- 
saccharides 

Duration 

4-6 weeks 
prenatally 
and 6 
months 
postnatally 

6 months 
(following 
4-week 
dosing of 
their 
pregnant 
mothers at 
double the 
infant 
dosage) 
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Safety-Related Results 

3ne secondary endpoint, the incidence of 
Jvheezing bronchitis, was significantly (p = 0.03) 
more frequent in the LGG group than in the 
placebo group. Despite this finding, the authors 
reported that, "The administration of LGG was 
well tolerated without any notable adverse effects 
attributable to the supplementation of probiotics." 

There were no differences in parent-reported 
neonatal morbidity or in reasons for withdrawal 
between the synbiotic and placebo groups, nor in 
the incidence of infantile colic. Vomiting, 
constipation, excessive crying, diarrhea, and 
abdominal discomfort occurred with equal 
frequencies in the 2 groups. There were no 
differences between groups in the incidence of 
respiratory or middle-ear infections or in 
gastroenteritis during the intervention, although 
the infants receiving synbiotics significantly less 
often required antibiotic therapy. During the 
follow-up period, the infants that had received 
synbiotics had a significantly lower incidence of 
respiratory infections.. Growth measures (weight, 
length, and head circumference) at 6 and 24 
months were similar in the test and control group 
infants. The authors stated that, "We showed that 
treatment of mothers with probiotics during late 
pregnancy and treatment of their healthy allergy- 
prone infants with synbiotics for 6 months after 
birth were safe." 
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Table 15. Studies of Other L. rhamnosus Strains in Infants 
~~ 

Duration Safety-Related Results Reference Objective Study Design L. rhamnosus Subjects 1 Dose 

31 infants 
aged 2.5 to 
15.7 months 
who met the 
Hanifin criteria 
For atopic 
eczema 

I month The concentrations of a,-antitrypsin and fecal 
:umor necrosis factor-a (TNF-a) decreased 
significantly in the LGG group but not in the 
:ontrols. No adverse effects of the LGG 
3dministration were reported. 

nvestigate the 
Ainical and 
mmunological 
?ffects of LGG 
n hydrolyzed 
Nhey formula 
I n  infants 
Jlergic to 
:ow's milk and 
suffering from 
atopic eczema 

?andomized, 
srospective, double- 
slind, placebo-controlled 
study 

5x1 O8 cfu 
LGGIg 
formula, 
approximately 
equivalent to 
3x10" cfu 
LGGIday 

Aajamaa and 
solauri (1 997) 

vlarini et al. 
:I 997) 

I 
10 preterm 
neonates 

10' d u  
LGG/day 

15 days The authors concluded that LGG quickly 
establishes temporary residence in preterm 
neonates, but this residence is transient even 
with continued administration. No adverse effects 
were reported. 

Prospective, 
randomized, double- 
blind, placebo-controlled 
study 

Study intestinal 
mlonization of 
LGG among 
healthy 
neonates 

14 days No significant differences were observed 
between treatment and control groups in either 
the numbers of nosocomial pathogens and 
anaerobes in the feces or the clinical parameters 
recorded: general well being, signs of abdominal 
distension, vomiting or regurgitation, feed 
intolerance, the incidence of perineal rash, the 
frequency and consistency of stools, the number 
of suppositories used, weight gain, or fluid intake. 
No adverse effects related to LGG were reported. 
There were no episodes of infection attributable 
to LGG. 

Vlillar et al. 
:I 993) 

Evaluate the 
ability of LGG 
to colonize the 
immature 
bowel of 
premature 
infants, the 
effect of LGG 
colonization on 
the intestinal 
reservoir of 
nosocomial 
pathogens, 
and effects on 
clinical 
progress and 
outcome 

Prospective, 
randomized, double- 
blind, placebo-controlled 
study 

20 preterm I O 8  cfu LGG 
infants with twice a day 
gestational 
ages of 33 
weeks or less 
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Table 15. Studies of Other L. rhamnosus Strains in Infants 

Reference 

lberhelman 
!tal. (1999) 

>etschow et 
31. (2003) 

Pohjavuori et 
al. (2004) 

Objective 

Determine the 
Sffects of 
reeding LGG to 
under- 
nourished 
Peruvian 
infants 

Assess dose- 
response 
relationships 
between LGG 
administration 
and intestinal 
colonization in 
healthy full- 
term infants. 

Evaluate the 
effects of LGG 
alone or in 
combination 
with other 
probiotics on 
treatment of 
cow’s milk 
allergy and 
lg E-associated 
dermatitis in 
infants 

Study Design 

Randomized, 
prospective, double- 
blind, placebo-controlled 
study 

Randomized, placebo- 
controlled, double-blind 
study 

Randomized, double- 
blind, placebo-controlled 
study 

Subjects 

204 under- 
iourished 
=eruvian 
nfants aged 6 
to 24 months 
[mean = 14.3 
months) 

49 healthy 
infants under 
the age of 3 
months 

230 allergic 
infants (mean 
age 6.5 
months) on a 
cows-milk-free 
diet and 
receiving 
treatment for 
dermatitis 

L. rhamnosus 
Dose 

3.7~10’~ cfu 
LGGlday 

I 0yb 1 09, or 
10 cfu 
LGGIday 

5 x log cfu 
LGG twice a 
day or 5 x I O 9  
cfu LGG, 5 x 

rhamnosus 
LC705,2 x 1 O8 
cfu B. breve 
Bbi99, and 2 x 
10’ cfu Propi- 
onibacterium 
freudenreichii 
ssp. shemanii 
JS twice a day 

iog d u  L. 

Duration 

Up to 15 
months 

14 days 

4 weeks 

Safety-Related Results 

Diarrhea frequencies were lower in the LGG than 
in the control group. No differences in the 
duration of diarrhea were observed and no 
adverse effects were reported. 

The authors concluded that, “Feeding LGG at 1 O8 
to I O ”  cfu/day was well tolerated and led to 
transient colonization in healthy term infants.“ 
Stool consistency, flatulence, and fussiness were 
similar in all groups and no adverse effects were 
reported. 

LGG feeding increased the level of secreted IFN- 
y in those infants with cow’s milk allergy or IgE- 
associated dermatitis. Consumption of the 
probiotic combination significantly increased 
secretion of IL-4 in infants with cow’s milk allergy, 
but LGG alone had no effect on IL-4 secretion. 
No safety-related effects were reported. 

GRAS Determination for 
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Reference 

?omeo et al. 
2006) 

3epp et al. 
;I 993) 

Stansbridge 
et al. (1993) 

Objective 

Study the 
ability of LGG 
md L. reuteri 
:o reduce the 
ncidence of 
Dacterial 
,nfections and 
Candida in a 
NlCU 

Assess the 
effect of LGG 
on the 
establishment 
of the intestinal 
microbiota in 
neonates 

Evaluate the 
effect of LGG 
colonization on 
GI function in 
the immature 
bowel of 
premature 
infants (follow- 
up to Millar et 
al. 119931) 

Table 15. Studies of Other L. rharnnosus Strains in Infants 

Study Design 

iandomized, 
xospective, double- 
&nd, placebo-controlled 
rial 

Drospective randomized 
Aacebo-controlled study 

Randomized prospective 
placebo-controlled trial 

Subjects 

I84 newborns 
with average 
gestational age 
34.9 weeks 
3dmitted to a 
W U  (107 
,oys, 77 girls) 

25 neonates 
Jnder 1 week 
3f age 

20 preterm 
infants with 
gestational 
ages of 33 
weeks or less 

L. rhamnosus 
Dose 

3x1 0' cfu 
-GG/day 

lolo-loll cfu 
LGG/day 

I O 8  cfu LGG 
twice a day 

Duration 

Duration 

stay, an 
average of 
10 days 

Of NICU 

14 days 

14 days 

GRAS Determination for 
Lactobacillus rharnnosus H N O O  1 
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Safety-Related Results 

Infants receiving the probiotics had significantly 
reduced incidence of Candida and of bacterial 
infections, as well as shortened duration of 
required parenteral nutrition and of total hospital 
stay. The probiotic-treated infants exhibited 
higher rates of growth than did the control group. 
No adverse effects were noted due to the 
treatment with either L. reuten'or LGG. 

While the fecal concentrations of lactobacilli in 
the group administered LGG was consistently 
greater than that of the controls, the predomin- 
ance pattern of the intestinal microbiota in the 
test group did not change. The authors concluded 
that, "The study shows that 2 wk administration of 
Lactobacillus GG, which starts right after birth, 
increases intestinal lactobacilli concentrations 
and does not impair the establishment of normal 
fecal microbiota." 

SCFA from treated infants did not differ from 
controls. Ethanol excretion was increased in 
treated infants. This small increase in ethanol 
secretion was judged unlikely to have clinical 
significance. 
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Table 15. Studies of Other L. rlzamnosus Strains in Infants 

Reference 

Jendt et al. 
12006) 

diljanen et al. 
[2005) 

Objective 

Study the 
effect of LGG 
3n the growth 
and fecal biota 
of healthy 
infants 

Investigate the 
effects on 
treatment of 
atopic eczema 
of LGG alone 
or as part of a 
combination of 
4 probiotics in 
food-allergic 
infants. 

Study Design 

Prospective, 
randomized, double- 
blind, placebo-controlled 
trial 

Randomized placebo- 
controlled intervention 
study 

Subjects 

50 boys and 
50 girls aged 
1-2 months 
:average age 
39.8 days) 

230 infants 
under 12 
months old 
(mean age = 
6.4 months) 
with atopic 
eczema 

L. rhamnosus Duration 
Dose 

Increasing up to age 
3ver the stud! 6 months 
from 8.1 x 10 (average 

cfulda y months) 
to I .z x 1 o9 4.7 

I 

5 x 109 cfu 
LGG or 
combination of 

I 4 weeks 

5 x 109 cfu 
LGG, 5 x 10' 
cfu L. rhamno- 
sus LC705,2 x 
I O* cfu Bifido- 
bacten'um 
breve Bbi99, 
and 2 x I O 9  cfu 
Propionibacten 
um freuden- 
reichii ssp. 
shermanii JS 

Safety-Related Results 

There were no differences between the groups in 
total duration of crying or in infectious episodes. 
No adverse effects were reported. Vendt et al. 
(2006) concluded, "The results of this 
randomized, controlled trial suggest that LGG- 
enriched formula was safe and well tolerated and 
resulted in normal growth." 

Parents completed a daily diary in which they 
were asked to record any skin, gastrointestinal, or 
respiratory system symptoms. There were no 
specific measures of safety-related endpoints, but 
no adverse effects were reported. 

GRAS Determination for 
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4.5. Review Articles Regarding the Safety of L. rhamnosus 
A large number of articles have appeared in the literature reviewing the history of use of 

LuctobacilZus species and citing research data, and in most cases concluding that, except in 
exceptional circumstances, the entire genus poses little risk of harm to humans at any reasonable 
level of oral exposure. Some of these articles were cited earlier in support of the general safety of 
lactobacilli. This section deals with review articles focusing on L. rhumnosus and basing their 
conclusions on research from controlled human studies rather than history of use, 

m 
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Two Cochran Collaboration reviews, Allen et al. (2003) and Johnston et al. (2007), 
addressed the safety of probiotics. In the first of these reviews, which evaluated the use of 
probiotics for treating infectious diarrhea, only randomized controlled trials comparing a 
specified probiotic agent with placebo in people with diagnosed infectious ncutc diarr-hca MWC 

included; 23 studies including I917 participants were reviewed. The prticipants inclrdcd T 349 
infants and chiIdren, 740 of whom rcccivetf pbiclti(::i (wliilc I ~ C  otiivr:; r :~ : (  k l p ~ ' " ' : ' !  \ ) ,  ! * 

ll-h.i i ,'i{j 11~i~!I~otirishul ~IiiMren, while 2 others included such children among their 
liiin. i7ipbt oflhcsc studies included L. rhatnnosws, ti with strain GG and 2 with 

i t i i c s  ~ L Y  ictved, 12 reponed that clinical observation revealed no 
es reported the occurrence of adverse events but iii.[ii.iliiiii;ci i . i i ,L i  7 1  : y  

. * r  

were not related to thc ingestion of-probioties. The 3 reported ndvcrx c i w t i ;  wcrc \ , n m i r i n r z .  ~111~3 

reviewers concluded that probioties appear to be a safe and useful adjunct to rehvdration therapy 
in treatinc acute inf'ectious diarrhea in adults and children. 

in  all cases the vomiting was Iess prevalent in the pmbimii: pori;7 ~h::ri ir: T!!!' i-!!.~ - ! I  

The Johnston et al. (2007) review focused on  the usc ofprobiorics Yo[ the pic: enrion oi 
antibiotic-associated diarrhea. Ten studies met the inclusion criteria: thcv inciudcd i 0x6 

.,pl:., A<:;,L,;!(~i ( i :  L M ~  :,pp., oi' ;iU~'~.it,~lf,onice.s houlurdii. Two trials insolx/ing L. rliuninostis were 
iTiCiIIdcd. h m h  with strain GG. Five of the 10 trials (includinrr 64'7 patients) included sneeific 
: ~ ~ s ~ ~ i ~ ~ ~ o i ~ i ! * : ~ ~  ioi. ;i(iv(:r::c i'i m i < :  ox ' i i i csc~  3 renoned tnat no adverse events had occurred and 2 
reported that observed adverse events were eauallv prevalent among test and control grouns and 
were not attributable to the nrobiotic intervention. 

t i .  participants ofwhom 1015 received probiotic ircxirmcrii i i i i i i  L ~ ~ . ! ' : : : : i t , , / i i ! \  ,!l:"!,~ ~ ~ ! ! ' ~ : ' ~ ~  I ) . ,  

v .  t i l l  t i -a;cil( . t  lji.,c~i<,it.ic ziiiiiii;ations, Lee ei al. (2008) reviewed 21 randomized, placebo- 
controilcd human SStudics of nrnhinlics for the prevention and treatment of pediatric atopic 
, ~ . ~ ~ ' i ~ i , ' ~ 1 1 1  i'; iE\,(>jvin!J i W E  initmi:; and chiidren amd 0 to 13 vears (more than halfofthem 
involving L. rhumnosus strain GG), and concluded that "prenatal and postnatal administratation 
of probiotics amears to be a safe intervention." 

. _  
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4.6. Previous Safety Evaluations of L. rhamnosus By Authoritative Bodies 
Noting that a wide variety of microbial species are used in food, some with a long history 

of apparent safe use, and facing the need to set priorities for risk assessment, the European Food 
Safety Authority (EFSA) proposed a system referred to as “Qualified Presumption of Safety” 
(QPS; EFSA 2007a). This system proposed basing the safety assessment of a defined taxonomic 
group (e.g., a genus or a species) on 4 pillars: established identity, body of knowledge, possible 
pathogenicity, and end use. If the taxonomic group did not raise safety concerns or, if safety 
concerns existed, but could be defined and excluded, the grouping could be granted QPS status. 
Thereafter, “any strain of microorganism the identity of which could be unambiguously 
established and assigned to a QI’S group would be freed from the need for further safety 
assessment other than satisfying any qualifications specified” (EFSA 2007a, pl). 

EFSA’s Scientific Committee was asked to recommend organisms regarded as suitable 
for QPS status. The list of such organisms proposed by the Committee includcd L. rhclrnnoszts. Tn 
listing L. rhumnosus and other species of Luctohucillus as suitable for QPS status, tlic Comniittce 
stated, “Whcrc QPS status is proposed, the Scientific Committee is satisfied that the body of 
knmvledgc available is sufficient to provide adcquatc assurance that any potential to produce 
;iclvi.r.sr: dfccts i n  humans, livestock or the widcr environment is understood and capable of 
exclusion” (EFSA 2007a, p8) and that the recommendations are “based on a thorough reviciv of  
the available scientific literature and the knowledge and experience of the scientists involved” 
(EFSA 2007a, p8). With regard to L. rhcrrnnnsus the Committce notcd thc rarc cases of infection 
of individuals with severe health issues and stated that, “The Scientific Committee took the view 
t h a ~  the at-risk population is not placed at added risk by the use of L. rhumnosus in foodlfeed and 
si) c o n h i e d  the proposed QPS status of this bacterium. The committee considers that this is a 
decision which should be reviewed at regular intervals” (EFSA 2007% pll). 

In 2006, the Norwegian Food Safety Authority determined that Mead Johnson’s 
Nutramigcn with L. rhumnosus GG could not be marketed in Norway as a medical food for 
jnfants. In response to an appeal by Mead Johnson Nutritionals, the Authority requested a risk 
wxssmcni i ioni  he Norwegian Scientific Committee for Food Safety (Vitcnskapskomiteen for 
Mattrygghet; VKM 2007). The VKM review concluded that, “‘Since thcrc is no documcntcd 
prophylactic effect of LGG on any diseases in children, there is currently no medical indication 
for supplementing milk substitutes or children’s food with 1,CiG’’ (VKM 200’/, p ‘/I. lgurthcr, thc 
t‘ KIM argued that conclusive evidence of long-term safety of LGG supplementation during 
inhncy  was lacking with respect to development of the colonic microbiota and maturation of the 
inimunc systcni, and concluded that, “Our lack of knowledge necessitates the application of 
precautionary principles” (VKM 2007, p li 1). In the opinion of the Expert I’anei, this 
precautionary-principle based conclusion is of only tangential relevance to L. rhcrmno.sti.s strain 
€€NO01 and does not call into question the reasonabk ccrtainty o f  n o  hami from dit' inrcncieii I I K  

of this strain. 

In 2008, FDA, responding to a GRAS notice submitted by Mead Johnson 62 Company, 
indicated that the agency had no questions regarding Mead Johnson’s &termination Ih;iL L. 
rhamnosus strain GG is GRAS for use as an ingredient in exempt hypoallergenic infant formula 
powder at a level of IO8 cfulg. FDA rccognized that this ti~miuia pr,ix.tftxr i g ;  inlilniii4 1‘3,:-  

coiisurnption by k r m  infants from the time of birth and that the estimated daily intake of LGG 
GKAS Detennination for 123 JHeimbach LLC 
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from this use would be 108-1010 cfdday. Mead Johnson noted that LGG is nonpathogenic, 
nontoxigenic, and not known to produce exotoxins; that analysis of the complete genome of 
LGG demonstrates that there is no evidence of a safety hazard; and that LGG has shown no 
adverse impact on nutritional, metabolic, or immune parameters at the level intended for use in 
infant formula powder. FDA did not disagree with or express any reservations regarding these 
assertions. 

In December 2008, EFSA's Panel on Biological Hazards released an opinion reassessing 
the QPS status of L. rhamnosus strains. Mter reviewing published data that had become 
available since the species was originally assigned QPS status, the Panel concluded: 

"In conclusion, isolation of L. rhumnosus in clinical cases remains a rare event, but 
within the Lactobacillus group it is the most frequently isolated species (Salminen et al., 
2004 and 2006). It should be highlighted, that on the one hand clinical studies prove the 
safety of oral application of strains of the species, on the other hand in sporadic cases, an 
infection is possible aficr oral administration (Zein ct al., 2008) under specific 
circumstances, e.g. enteral administration of the probiotic to seriously ill, hospitalised 
patients, which is outside the domain of QPS. The increased consumption of the probiotic 
strain L. rhamnosus GG in a population was not found to lead to increased numbers o f  
bacteraemia due to lactobacilli, suggesting that thc consumption of L. r.hmmvrc~,sr~.s oiitsic?e 
the most vulnerable patient groups, is generally safe (Salminen et al., 2002). Therefore at 
thc moment 110 change to the QPS status of L. rhamno.su.s is nccessary' (EFSA 2008, p 9). 

c1 
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5. Safety Assessment and GRAS Determination 
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5.1. Introduction 

Luc/obaciZZus rhamnosus strain HNO01 in term idant formula is safe and is GRAS. 
This section presents an assessment that demonstrates that the intended use of 

This safety assessment and GRAS determination entail two steps. In the first step, the 
safety of the intended use of L. rhamnosus HN001 is demonstrated. Safety is established by 
demonstrating a reasonable certainty that the exposure of term infants to L. rhamnosus HNO01 
under its intended use in infant formula is not harmful. In the second step, the intended use of L. 
rhamnosus “001 is determined to be G U S  by demonstrating that the safety of this product 
under its intended conditions of use is generally recognized among qualified scientific experts 
and is based on publicly available and accepted information. 

The regulatory framework for establishing whether the intended use ofa  substance (or 
organism) is GRAS, in accordance with Section 281(s) of the Federal Food Drug and Cosmetic 
Act, is set forth under 21 CFR $170.30. This regulation states that general recognition of safety 
may be bawl on the view of experts qualified by scientific training and experience to evaluate 
the safety of substances directly or indirectly added to food. A G U S  determination may be 
made either: 1) through scientific procedures under $ 170.30@); or 2) through expericnce based 
on common use in food, in the case of a substance used in food prior to January 1, 1958, irndcr 
$170.30(c). This G U S  determination employs scientific procedures cstablishcd under 
$ 17O.30@). 

A scientific procedures GRAS determination requires the same quantity and quality of 
scientific evidence as is needed to obtain approval of the substance as a food additive. Tn addition 
to requiring scientific evidence of safety, a GRAS determination also requires that this scientific 
evidence of safety be generally known and accepted among qualified scientific experts. This 
“common knowledge” element of a GRAS determination consists of two components: 

1. data and information relied upon to establish the scientific element of safety must 
be generally available; and 

2. there must be a basis to conclude that there is a consensus among qualified 
experts about the safety of the substance for its intended use. 

The criteria outlined above for a scienrific-procedures CRAS deterniination are applied 
below in an analysis of whether the addition ofL. rhumnosus “001 to infant formula is safe 
and is GRAS. 

GRAS Determination for 
Lucrobacillus rhumnosus IiNOO 1 
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5.2. Safety Evaluation 

- c 

The body of evidence supporting the safety of oral administration to term infants, as well 
as to adults and children, of Lactobacillus rhamnosus strains in general is large and convincing, 
and that supporting the safety of strain HNOOl is compelling. Numerous commentators-in 
addition to authoritative bodies such as EFSA and FDA-have noted the safe history of human 
ingestion of L. rhumnosus over many hundreds of years. L. rhamnosus produces no deleterious 
metabolites and is not destructive of mucin. Any effects that this probiotic microorganism has on 
intestinal permeability appear to be beneficial in strengthening barrier function. While it is 
theoretically possible for biogenic amines to be produced as a result of fermentation of dairy 
products by lactobacilli, this phenomenon has not been observed and, when Lacfohacillus strains 
are ingested as probiotics, they produce lactic acid, lowering the intestinal pH and reducing the 
opportunity for production of harmful biogenic amines by putrefactive bacteria. 

Lactobacilli are not regarded as pathogens, although some strains-including at least the 
GG strain of L. rhumnosus-are capable of opportunistic infection in extremely favorable 
circumstances invariably involving severe underlying disease states and most often also 
involving a facilitated pathway such as surgical intervention or the presence of central lines. 
Documented cases of Lactobacillus bacteremia are so rare, in comparison to the widespread use 
of Lacfohuci11u.s strains in the environment, in food production, and in probiotic applications, 
that the participants in the 2007 EU-PROSAFE project (Vankerckhoven et al. 2007a) suggested 
that “they are more medical exceptions, or even curiosities, than a genuine public health issue.” 

The safe history of human exposure to L. rhumnosus strains i s  strongly supported by an 
extremely large body of published research. In addition to in vifro work, the published literature 
includes 19 experimental studies in a variety of animal species (noma1 and immunodeficient 
mice, hamsters, rats, and rabbits) as well as 83 separate studies in humans: 35 in adults, 25 in 
children, and 23 in infants. These studies have included about 1700 adults, 3400 children, and 
4100 infants, a total of well ovcr 9000 individuals. Adverse effects were seen in only 2 animal 
studies and in no human studies, with the arguable exception of an incrcased incidence of 
recurrent wheezing bronchitis in infants at risk of atopic dermatitis receiving LGG. The 2 animal 
studies in which adverse events were observed both involved animal models of qucstionablc 
application to human beings. Tn one case, the animals were doubly immunodeficient athymic 
mice, a model rejected by the EU-PROSAFE team. In the other case, the model was the neonatal 
New Zealand white rabbit; LGG was given along with the highly invasive E. coli K1 strain. 
Although LGG reduced the invasiveness of K1 and prevented mucosal damage, some 
translocation of LGG was observed. It is recognized, however, that the neonatal rabbit displays a 
propensity for immature immune function, mucosa and mucosal gel layer dcvelopmcnt, and 
intestinal epithelial development, and it is notable that the LGG translocation pro’duccd n o  
apparent clinical distress. No other animal study, and no animal study with strain HNO01, 
reported any adverse effects. 
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The human data are even more confirmatory of the safety of L. rhamnosus for oral 
ingestion. Des ite being given to over 9000 adults, children, and infants at doses up to and 
exceeding 10 ciidday for periods as long as 2 years, no adverse effects were reported in any of 
the 83 published studies with the exception of the increased incidence of wheezing noted above. 
It is particularly significant that no Luctobacillus infectivity was observed even in medically 
fragile patients, including infants confined to a NTCU following surgery and often possessing 
central lines. 

,P 

The final issue in evaluating the safety of the intended probiotic use of L. rhumnosirs 
strain "001 is its freedom from transferable antibiotic resistance. As noted previously, many 
reviewers have argued that this is the attribute of most importance with regard to safety of 
Lucfohacillus exposure. Two lines of evidence demonstrate that transferable antibiotic resistance 
is not present in the "4001 strain. 

First, the research by Zhou et al. (2005a) found that L. rhumnosus EN001 exhibits no 
phenotypic resistance not widely found in other Lacfohuci22u.s strains. This is evidence that the 
strain is of the "wild type" with regard to commonly used antibiotics. The principle behind the 
phenotypic test is that ihe wild-type strains of a species have a normal distribution of minimum 
inhibitory concentrdtions (MIC) when the number of strains is plotted against the MIC for a 
given antibiotic. If all strains fall within this distribution, then it is likely that the susceptibility or 
resistance of the species is intrinsic since it is found in all strains. On the other hand, if a separate 
cluster of strains is found with higher resistance, it is likely that the resistance of these strains is 
acquired. This is important, because acquired resistance is far more likely to be transferable than 
intrinsic resistance (Vankerckhoven et al. 2007a). The usefulness of susceptibility testing for 
indication of acquired resistance is increased as the numbers of both susceptible strains and 
resistant strains tested are increased. The number of L. rhamnosus strains tested by Zhou et al. 
(200%) is insuflticient to make this study determinative when taken alone, but it docs provide 
strong evidence of the absence of transferable antibiotic resistance. 

The second line ofevidence i s  more direct, and that is that the published genomic 
analysis of L. rhumnosus €WOO1 found no genetic basis for antibiotic resistance that is even 
potentially transferable in cither the genome or in either ofthe 2 plasmids. 

All of the available evidence demonstrates clearly that there is no reason to suspect h m  
to term infants consuming formula supplemented with LucrohucilIus rhamnosus strain HN001. 

5.3. General Recognition of the Safety of L. rhamnosus Strain FINO01 

formula intended for consumption by term infants, has been determined to be safe through 
scientific procedures set forth under 21 CFR §170.30(b). This safety was shown by establishing 
thc identity and probiotic characteristics of the strain, demonstrating its freedom from pathogenic 
or other risk factors, and concluding that the expected exposure to L. rhumnosus "001 by 
udants is without significant risk of harm. Finally, because this safety assessment satisfies the 
common knowledge requirement of a GRAS determination, this intended use can be considered 
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Determination of the safety and GRAS status of the addition of L. rhamnosus to infant 
formula has been made through the deliberations of an Expert Panel consisting of Joseph F. 
Botzelleca, Ph.D., Walter H. Glinsmann, M.D., Berthold V. Koletzko, M.D., and Michael W. 
Pariza, Ph.D., who reviewed a monograph prepared by JHeimbach LLC as well as other 
information available to them. These individuals are qualified by scientific training and 
experience to evaluate the safety of food and food ingredients, including probiotic bacteria, 
intended for addition to infant formula. They critically reviewed and evaluated the publicly 
available information and the potential exposure to L. rhamnosus H N O O l  anticipated to result 
from its intended use, and individually and collectively concluded that no evidence exists in the 
available information on L. rhamnosus HNOOI or other L. rhamnosus strains, that demonstrates, 
or suggests reasonable grounds to suspect, a hazard to term infants under !he intended conditions 
of use of L. rhamnosus IRJOO I. 

It is the Expert Panel's opinion that other qualified scientists reviewing the same publicly 
available data would reach the same conclusion. Therefore, the intended use of LactohaciZZus 
rhamnosus strain H N O O 1  is GRAS by scientific procedures. 
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CONCLUSION OF THE EXPERT PANEL: 

DETERMINATION FOR THE USE OF 
LACTOBACILLUS RHAMNOSUS 

STRAIN "001 (DR20TM) 
IN INFANT FORMULA 

GENERALLY RECOGNIZED As SAFE (GRAS) 

We, the members of the expert panel, have individually and collectively critically evaluated the 
publicly available information on LactobaciZZus rhamnosus strain "00 1 and other L. 
rhamnosus strains summarized in a monograph prepared by JHEIMBACH LLC, as well as other 
material deemed appropriate or necessary. Our evaluation included review of the identity and 
characteristic properties of L. rhamnosus, including L. rhamnosus strain "001, the potential 
exposure resulting from the intended use of L. rhamnosus strain "001 in infant formula, and 
published research bearing on the safety of L. rhamnosus and strain "00 1. Our summary and 
conclusion resulting from this critical evaluation are presented below. 

Summary 
0 The probiotic bacterium that is the subject of this generally recognized as safe (GRAS) 

determination is L. rhamnosus strain HNOO1, a Gram-positive and non-spore-forming 
heterofermentative lactic acid bacterium known commercially as DR20TM and as Howaru 
RhmosusTM. 

L. rhamnosus strain "001 is intended to be added to powdered infant formula for term 
neonates and to powdered follow-on formula at a level of 1 O8 colony forming units of L. 
rhamnosus per gram (cfidg) of powdered formula. With normal dilution of the powdered 
formula in water at 13.5 ghO0 ml, the concentration of L. rhamnosus in the prepared formula 
would be 1.35 x lo9 cM100 ml. This level of L. rhamnosus is intended to ensure a minimum 
concentration of 1 O6 cMg throughout the 12- 18 month shelf life of the formula. The 
estimated daily intake of the strain is 1 O9 to 10" cfidday. 

0 L. rhamnosus strain HNOO1 was isolated from cheddar cheese in New Zealand and was 
deposited with the Australian Government Analytical Laboratories (AGAL) as deposit 
number NM97/095 13. 

0 Lactobacillus is a non-pathogenic genus consisting of over a hundred species with a large 
variety of phenotypic, biochemical, and physiological properties. L. rhamnosus is ubiquitous 
in the GI tracts of both humans and infra-human mammalian species and has long been 
ingested during normal food-consumption activities with no apparent adverse effects. 

The whole genome shotgun sequence of L. rhamnosus strain HNOO1 was determined and the 
resulting sequence was annotated and analysed for genes that may be possible safety 
concerns. The genome sequence and annotation of the genome and two plasmids were 
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submitted to the NCBI and published with Refseq accession numbers NZ-AB WJOOOOOOOO, 
NC-011223, and NC-011225. 

0 No genes encoding for antibiotic resistance, nor any sequences showing significant 
homology with known antibiotic resistance genes, were identified on either of the plasmids. 
A range of genes possibly involved in antibiotic resistance were identified in the "001 
genome, but none were closely linked to predicted mobile genetic elements and are thus 
unlikely to be transferable. This finding is consistent with phenotypic testing that showed that 
L. rhumnosus strain "001 has no resistance not found in most other members of the 
species, and thus regarded as intrinsic rather than acquired. 

No genes were identified that are likely to be capable of producing biogenic amines, and 
none that would indicate a likelihood of virulence or infectivity. These findings are consistent 
with phenotypic data showing no production of biogenic amines, unusual adherence 
capability, mucin degradation, adverse metabolic activity, or infectivity. 

Production of L. rhumnosus strain "00 1 is based on standard fermentation techniques, and 
all fermentation medium components are food-grade materials. Fonterra has provided food- 
grade specifications for L. rhumnosus strain "00 1. 

Several studies in which L. rhumnosus strain "001 was given to BALB/c mice at doses up 
to 10" cfidday produced no adverse effects. This finding is consistent with the general 
absence of adverse effects in studies in which other L. rhumnosus strains were administered 
to mice, hamsters, rats, and rabbits at doses as high as 10l2 cfidday. 

The safety of L. rhamnosus strain "001 was also assessed in five studies with human 
adults, one with children, and one with infants. No adverse effects were observed in any of 
these studies. The safety of L. rhumnosus is supported by a large body of human studies of 
other rhamnosus strains-30 in adults, 24 in children, and 22 in infants-involving over 
9000 individuals, with not a single report of an adverse effect other than increased wheezing 
in one study. 

0 The European Food Safety Authority (EFSA) classified L. rhumnosus as an organism having 
a Qualified Presumption of Safety (QPS) and thus being "freed from the need for further 
safety assessment." Similarly, in 2008 the FDA had no questions regarding Mead Johnson's 
determination that the addition of L. rhumnosus strain GG to infant formula is GRAS. 
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Conclueion 
We, the undersigned expert panel members, are qualified by scientific education and experience 
to evaluate the safety of the addition of pmbiotic bacteria to infant formula We have 
individually and colledively critically evaluated the materials summdzed above. 
We recognize that Latobacillus species have a long history of safe use and are appropriately 
regarded as non-pathogenic and non-toxicogenic. We conclude that Lactobacillus rhamnusus 
strain "001 has been adequately identified and dxxacterked and that both phenotypic and 
gemtypic research codm that no cotzcerns exist regarding the safety o f  ingestion of tMs 
probiotk bacterium by infants at levels up ta lo1' cfdday. Therefore, we conclude that addition 
of L. rhammw strain "001. to infant fornula as described is safe, 
It is also our opinion that other qualified and competent scientists reviewing the m e  pub1idy 
available informaton would reach the stme conclusion. Therefore, the intended use of L. 
rhamnosus strain "001 is safe, and is G U S ,  via scientific procedures. 

Joseph F. Borzelleca, PhD. 
Professor Emeritus 

Walter H. M.D. 
President 
G l i n m m  Inc. 
Arlington, Virginia 

Signature: Date: 

Berthold V. Koletzko, M.D. 
Professor of Pediatrics 
University of Munich 
Munich, Germany 

Signature: * Date: 

Michael W, Parka, Ph.D. 
Director, Food Research Institute 
Wniversity of  WisconskMadison 
Madison, Wisconsin 

Signature: Date: 
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Conclusion 
We, the undersigned expert panel members, are qualified by scientific education and experience 
to evaluate the safety of the addition of probiotic bacteria to infant formula. We have 
individually and collectively critically evaluated the materials summarized above. 
We recognize that LactobacilZus species have a long history of safe use and are appropriately 
regarded as non-pathogenic and non-toxicogenic. We conclude that Lactobacillus rhamnosus 
strain "001 has been adequately identified and characterized and that both phenotypic and 
genotypic research confirm that no concerns exist regarding the safety o f  ingestion of this 
probiotic bacterium by infants at levels up to lo1' cfidday. Therefore, we conclude that addition 
of L. rhamnosus strain "001 to infant formula as described is safe. 
It is also our opinion that other qualified and competent scientists reviewing the same publicly 
available information would reach the same conclusion. Therefore, the intended use o f  L. 
rhamnosus strain "001 is safe, and is G U S ,  via scientific procedures. 

Joseph F. Bomelleca, Ph.D. 
Professor Emeritus 
Virginia Commonwealth University School of Medicine 
Richmond, Virginia 

Signature: Date: 

Walter H. Glinsmann, M.D. 
President 
Glinsmann Inc. 
Arlington, Virginia

Signature: 

Berthold V. Koletzko, M.D. 
Professor of Pediatrics 
University o f  Munich 
Munich, Germany 

Signature: Date: 

Michael W. Pariza, Ph.D. 
Director, Food Research Institute 
University of Wisconsin-Madison 
Madison, Wisconsin 

Signature : Date: 
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Conclusion 
We, the undersigned expert panel members, are qualified by scientific education and experience 
to evaluate the safety of the addition of probiotic bacteria to infant formula. We have 
individually and collectively critically evaluated the materials summarized above. 
We recognize that Lacfobacillus species have a long history of safe use and are appropriately 
regarded as non-pathogenic and non-toxicogenic. We conclude that Lacfobacillus rhumnosus 
strain W O O 1  has been adequately identified and characterized and that both phenotypic and 
genotypic research confirm that no concerns exist regarding the safety of ingestion of this 
probiotic bacterium by infants at levels up to 10" cfdday. Therefore, we conclude that addition 
of L. rhumnosus strain "NO01 to infant formula as described is safe. 
It is also our opinion that other qualified and competent scientists reviewing the same publicly 
available information would reach the same conclusion. Therefore, the intended use of L. 
rhumnosus strain WOO1 is safe, and is GRAS, via scientific procedures. 

Joseph F. Borzelleca, Ph.D. 
Professor Emeritus 
Virginia Commonwealth University School of Medicine 
Richmond, Virginia 

Signature: Date: 

Walter H. Glinsmann, M.D. 
President 
Glinsmann Inc. 
Arlington, Virginia 
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Signature: Date: 

Berthold V. Koletzko, M.D. 
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University of Munich 
Munich, Germany

Signature: Date: 

Michael W. Pariza, Ph.D. 
Director, Food Research Institute 
University of Wisconsin-Madison 
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Conclusion 
We, the undersigned expert panel members, are qualified by scientific education and experience 
to evaluate the safety of the addition of probiotic bacteria to infant formula. We have 
individually and collectively critically evaluated the materials summarized above. 

We recognize that Lactobacillus species have a long history of safe use and are appropriately 
regarded as non-pathogenic and non-toxicogenic. We conclude that Lactobacillus rhamnosus 
strain "001 has been adequately identified and characterized and that both phenotypic and 
genotypic research confirm that no concerns exist regarding the safety of ingestion of this 
probiotic bacterium by infants at levels up to 10" cfu/day. Therefore, we conclude that addition 
of L. rhamnosus strain "001 to infant formula as described is safe. 

It is also our opinion that other qualified and competent scientists reviewing the same publicly 
available information would reach the same conclusion. Therefore, the intended use of L. 
rhamnosus strain "00 1 is safe, and is G U S ,  via scientific procedures. 

Joseph F. Borzelleca, Ph.D. 
Professor Emeritus 
Virginia Commonwealth University School of Medicine 
Richmond, Virginia 

Signature: Date: 

Walter H. Glinsmann, M.D. 
President 
Glinsmann Inc. 
Arlington, Virginia 

L. 

Signature : Date: 

Berthold V. Koletzko, M.D. 
Professor of Pediatrics 
University of Munich 
Munich, Germany 

Signature: Date: 

Michael W. Pariza, Ph.D. 
Wisconsin Distinguished Professor of Food Microbiology and Toxicology 
University of Wisconsin-Madison 
Madison, Wisconsin 

Signature Date: 20 3a.r? zm9 
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Ramos-Valle, Moraima 

From: Jim Heimbach [jh@jheimbach.com]

Sent: Wednesday, May 27, 2009 12:30 PM

To: Ramos-Valle, Moraima

Cc: Gaynor, Paulette M

Subject: Re: Questions regarding GRN 281

Attachments: Responses to FDA Questions on GRN 281.pdf; NZTM1 D7.pdf; NZTM2 43.1.pdf; NZTM2 
43.2.pdf; NZTM2 44.1.pdf; NZTM2 45.2.pdf; NZTM2 46.1.pdf; NZTM2 47.2.pdf; NZTM2 
48.5.pdf; NZTM2 50.1.pdf; NZTM2 53.2.pdf; NZTM2 58.2.pdf; NZTM2 59.1.pdf; NZTM2 
59.3.pdf; NZTM2 60.1.pdf; NZTM2 61.1.pdf; NZTM2 132.72.pdf; Ascorbic Acid 
Specification.pdf; COA - Yeast Extract Gistex LS.pdf; COA Ascorbic Acid.pdf; COA 
Dextrose.tif; COA Magnesium Sulfate.pdf; COA Maltodextrin.pdf; COA Manganese 
Sulfate.pdf; COA Potassium Diphosphate.pdf; COA Sodium Acetate.pdf; COA Sorbitol P.pdf; 
COA Sucrose.pdf; COA Trisodium Citrate.pdf
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Dear Moraima-- 
  
Attached are 29 pdf files. The first file contains our responses to the questions you asked below. The remaining 
files are copies of the NZTA methods that you requested (along with some additional methods that were cited in 
the GRAS notice but not requested by FDA) and copies of specifications and/or certificates of analysis of 
substances used in the growth medium or cryoprotectant. 
  
I'm sorry it took so long to respond; some of the needed certificates were not immediately available. 
  
Please confirm when you receive this e-mail, and let me know if there are any problems in downloading the 
attachments. 
  
Regards, 
Jim 
 
James T. Heimbach, Ph.D., F.A.C.N. 
JHeimbach LLC 
923 Water Street, P.O. Box 66 
Port Royal VA  22535 
tel   (+1) 804-742-5548 
fax  (+1) 202-478-0986 
cell (+1) 202-320-3063 
e-mail jh@jheimbach.com 
  
----- Original Message -----  
From: Ramos-Valle, Moraima  
To: Jim Heimbach  
Cc: Gaynor, Paulette M  
Sent: Monday, April 27, 2009 10:44 AM 
Subject: Questions regarding GRN 281 
 
Dear Dr. Heimbach, 
 
As we move forward with our review, we had identified some questions regarding GRAS Notice 281: 
 
The specifications table (page 14) of the submission cites methods from the New Zealand Technical Association.  
Please provide copies of these methods if available; otherwise, please provide a description of each method.   
 
The notifier provides information from studies done using L. rhamnosus GG, however, on page 7, the notifier 



states that “it is clear from the PFGE patterns that strain HN001 is not very closely related to strain GG.  Could 
you please provide a more thorough analysis in which L. rhamnosus GG and L. rhamnosus HN001 are more 
closely compared, especially for traits involved in virulence?  
 
The notifier states that the strain they are using, which is deposited with the Australian Government Analytical 
Laboratories (deposit # NM97/09513) is a pure culture of L. rhamnosus HN001.  According to the World 
Intellectual Property Organization, deposit # NM97/09513 refers to Bifidobacterium lactis HN019, while deposit # 
NM97/09514 is biologically pure L. rhamnosus HN001.  Since the deposit numbers are different, could you please 
clarify? Are these different organisms?  
 
After production the notifier reports that the product is sent out to an internationally accredited laboratory before 
release. The notifier reported that the laboratory checked on the purity (other organisms, and metals) physical 
properties (particle size, color and odor) and Lactobacillus counts and activity.  
Can the notifier clearly state how or if the strain the strain they are using has been verified as L. rhamnosus 
HN001 before putting it on the market, and what method do they use?     
 
 
The submitter provides an exposure estimate of 2 x 109 cfu L. rhamnosus HN001/kg bw/day (page 16) for infants 
who consume infant formula.     
 
Does the submitter have data or information to indicate that this increased level of L. rhamnosus Strain HN001 
administered to the infant by consumption of infant formula, in addition to what is in the normal flora, in the short-
term as well as for an extended period of time, does not cause adverse changes?   
Changes could include a negative effect on the balance of microorganisms in the gut, as well as changes listed by 
the submitter on page 17 (“invasion of the epithelial cells, degradation of the intestinal mucin layer, production of 
toxins, and transference of antibiotic resistance”).  Please address this issue.  
 
The submitter provided information regarding stability of L. rhamnosus Strain HN001 in infant formula (page 15).  
Does the submitter have any information regarding nutrient stability for infant formula containing L. rhamnosus 
Strain HN001?  
 
 
Does the submitter have information indicating whether there will be any effect from the addition of L. rhamnosus 
Strain HN001 to infant formula on the Aerobic Plate Count that is currently required for infant formulas in the 
U.S.?  
 
 
The notifier states that growth medium components are “food grade”, but further information is not provided.  
Please provide a statement of concurrence with FCC specifications and FDA regulations (provide citation) where 
applicable.  Please provide a positive statement of compliance with good manufacturing practices.  
 
There is a statement that stability of L. rhamnosus HN001 in infant formula held at 30 degrees Celsius showed a 
rate of decrease in viability of 0.4 log/year.  However, the notifier states that the addition level (1.35 x 10� cfu/100 
mL) is proposed to achieve a minimum concentration of 106 cfu/g throughout the 12-18 month shelf-life.  Please 
clarify the apparent inconsistency between stability and addition level.  
 
 
As always feel free to contact me if you have any questions. 
 
Sincerely, 
Moraima 
 
 
Moraima J. Ramos Valle 
Consumer Safety Officer  
Division of Biotechnology and GRAS Notice Review 
Food and Drug Administration 
Phone: 301-436-1248 
Email: Moraima.Ramos-Valle@fda.hhs.gov 
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Responses to Questions From FDA Regarding GRN No. 281 

 

1. The specifications table (page 14) of the submission cites methods from the New Zealand 

Technical Association.  Please provide copies of these methods if available; otherwise, 

please provide a description of each method.   

 

The New Zealand Technical Association (NZTA) methods cited in Table 2 on page 14 

include the following: 

• NZTM2 43.1:  Aerobic Plate Count [N.B. Table 2 erroneously cites this analysis 

as NZTM 43.2, which is a slightly different method discussed in response to 

question 7] 

• NZTM2 44.1:  Bacillus cereus Count 

• NZTM2 46.1:  Clostridium perfringens Count 

• NZTM2 47.2:  Coagulase-Positive Staphylococci Detection 

• NZTM2 48.5:  E. coli and Coliforms Detection 

• NZTM2 50.1:  Enterococci Count 

• NZTM2 53.2:  Listeria Detection 

• NZTM2 58.2:  Salmonella Detection 

• NZTM2 61.1:  Yeasts and Molds Count 

• NZTM2 132.72:   

Copies of these methods are attached. 

 

 Although the FDA inquiry did not mention Table 1 on page 12, these same methods were 

cited in that table, along with the following: 

• NZTM1 D7 2.3:  Stains and Staining Procedures 

• NZTM2 45.2:  β-Hemolytic Streptococci Detection 

• NZTM2 59.1:  Mesophilic Aerobic Spore Count 

• NZTM2 59.3:  Sulfite-Reducing Clostridial Spore Count 

• NZTM2 60.1:  Thermophilic Bacteria Count 

Copies are also attached of these methods. 

 



 

  

2. The notifier provides information from studies done using L. rhamnosus GG, however, 

on page 7, the notifier states that “it is clear from the PFGE patterns that strain HN001 is 

not very closely related to strain GG.  Could you please provide a more thorough analysis 

in which L. rhamnosus GG and L. rhamnosus HN001 are more closely compared, 

especially for traits involved in virulence?  

 

PFGE is a technique to differentiate microorganisms at the strain level. The comparison 

is from a taxonomic perspective and is not necessarily indicative of phenotypic similarity or 

difference; thus, it tells us nothing regarding virulence or other traits. It is possible for two strains 

of Lactobacillus rhamnosus to be identical in all phenotypic characteristics and indistinguishable 

by other methods, but yet be differentiated by PFGE. The purpose of Figure 2 on page 7 is to 

demonstrate that L. rhamnosus HN001 is not L. rhamnosus GG and is not a re-isolate or a “twin” 

of that strain, but rather a different strain. 

The discussion of safety and virulence is more appropriate at the species level, and at that 

level both strains, HN001 and GG, belong to species rhamnosus. Therefore it is valid to draw 

parallels regarding safety characteristics at the species level, and it is for that reason that research 

studies on LGG were included in the HN001 monograph. Genomic analyses of both strains have 

been completed and published; that of HN001 is discussed in the GRAS monograph and that of 

LGG has been discussed in other places (e.g., in GRN 000231). Neither strain harbors genes that 

are associated with virulence characteristics. Indeed, Lactobacillus species are generally 

regarded as non-pathogenic, and thus there is no basis on which to compare the potential for 

virulence between the two strains. 



 

  

3. The notifier states that the strain they are using, which is deposited with the Australian 

Government Analytical Laboratories (deposit # NM97/09513) is a pure culture of L. 

rhamnosus HN001.  According to the World Intellectual Property Organization, deposit # 

NM97/09513 refers to Bifidobacterium lactis HN019, while deposit # NM97/09514 is 

biologically pure L. rhamnosus HN001.  Since the deposit numbers are different, could 

you please clarify? Are these different organisms?  

 

I apologize. This is a simple typographical error. The deposit number for L. rhamnosus 

strain HN001 is indeed #NM97/09514 rather than 09513 (which is the deposit number for 

another Fonterra strain).



 

  

4. After production the notifier reports that the product is sent out to an internationally 

accredited laboratory before release. The notifier reported that the laboratory checked on 

the purity (other organisms, and metals) physical properties (particle size, color and odor) 

and Lactobacillus counts and activity.  

Can the notifier clearly state how or if the strain the strain they are using has been 

 verified as L. rhamnosus HN001 before putting it on the market, and what method do 

 they use?     

  

. 

Fonterra ensures (as shown in the flow chart covering manufacture of strain HN001 on 

page 13 of the GRAS notice) that the fermenter is inoculated with a pure culture of L. rhamnosus 

strain HN001 withdrawn from the cryobank. At the end of the manufacturing process, Q/A on 

each batch is performed for foreign matter, microbial contamination, color, odor, and 

lactobacillus count and activity (using method NZTM2 132.72, a copy of which is attached). 

Although this test method determines colony identity based on cell morphology and 

consequently cannot distinguish specific strains, it does ensure that the bacteria present are 

Lactobacillus. Since fermentation is started with a pure culture of L. rhamnosus strain HN001, 

there is no reason to doubt that the lactobacilli present in the final product would be anything but 

strain HN001.  



  

5. The submitter provides an exposure estimate of 2 x 10
9
 cfu L. rhamnosus HN001/kg 

bw/day (page 16) for infants who consume infant formula.     

a. Does the submitter have data or information to indicate that this increased level of 

L. rhamnosus Strain HN001 administered to the infant by consumption of infant 

formula, in addition to what is in the normal flora, in the short-term as well as for 

an extended period of time, does not cause adverse changes?   

b. Changes could include a negative effect on the balance of microorganisms in the 

gut, as well as changes listed by the submitter on page 17 (“invasion of the 

epithelial cells, degradation of the intestinal mucin layer, production of toxins, 

and transference of antibiotic resistance”).  Please address this issue.  

 

We do not fully understand this question. The entire GRAS monograph is intended to 

address all of these issues and to demonstrate that, based on generally available information, a 

reasonable certainty exists in the minds of qualified experts that the intended use of L. 

rhamnosus strain HN001 in infant formula (which, as you note, is expected to result in ingestion 

of up to 2 x 10
9
 cfu/kg bw/day) will not result in harm. The potential harm assessed includes the 

balance of microorganisms in the gut, invasion of epithelial cells, degradation of mucin, 

production of toxins, and transference of antibiotic resistance. All of these endpoints are 

addressed with an abundance of information, including a genomic analysis demonstrating the 

inability of the strain to produce toxins, to exhibit virulence, or to transfer antibiotic resistance; 

in vitro and animal studies of HN001 and other L. rhamnosus strains directed at assessing safety; 

studies of HN001 and other strains in human children and adults, most often aimed at efficacy to 

produce beneficial effects but also demonstrating safety; and, most importantly, studies of 

HN001 and other strains in human infants in which the probiotic microorganisms were 

administered by consumption of infant formula. In none of these studies were adverse effects of 

the kinds listed in your question—or of any other kinds—observed. 

In the opinion of the Expert Panel, the monograph achieved the end of showing that the 

level of L. rhamnosus strain HN001 administered to the infant by consumption of infant formula 

does not cause adverse changes in either the short or long term. 



 

  

6. The submitter provided information regarding stability of L. rhamnosus strain HN001 in 

infant formula (page 15).  Does the submitter have any information regarding nutrient 

stability for infant formula containing L. rhamnosus Strain HN001?  

 

We have no analytical data demonstrating the nutrient stability of infant formula to which 

L. rhamnosus strain HN001 has been added. However, the bacteria are present in infant formula 

powder in a freeze-dried state, and the water activity of the powder is less than 0.2. In these 

conditions the bacteria are inert and can have no effect on the nutrient content of the formula. It 

is generally accepted that bacteria do not grow at water activities below 0.91, and that below 

0.60 no microbiological growth of any kind is possible. (See, e.g., Forsythe SJ and PR Hayes. 

1998. Food hygiene, microbiology and HACCP., 3
rd

 ed. Springer.) 



 

  

7. Does the submitter have information indicating whether there will be any effect from the 

addition of L. rhamnosus Strain HN001 to infant formula on the Aerobic Plate Count that 

is currently required for infant formulas in the U.S.?  

  

This is dependent on the method used for analyses of Aerobic Plate Count (APC). Most 

methods, including AOAC 966.23, exclude only obligate anaerobes. During enumeration, all 

visible colonies are counted and thus Lactobacillus and other aero-tolerant probiotic bacteria are 

erroneously included in the count of assumed aerobes. As noted by Morton (2001), “APC does 

not differentiate types of bacteria…. Certain products, such as those produced through 

fermentation, naturally have a high APC.”  

However, APC methods are available that are able to differentiate lactic acid bacteria. 

One such method is NZTM2 43.2, a copy of which is provided. While this specific method is 

intended for the analysis of goat milk powders containing probiotic bacteria, its principles are 

more generally applicable. This method relies on appearance, odor, gram staining and 

morphology, and catalase testing to differentiate between lactic acid bacteria and aerobic 

bacteria. With this or similar methods, true APC can be achieved for milk powders containing 

added lactic acid bacteria. 

The Q/A laboratory of the Microbial Fermentation Unit of Fonterra does two things to 

address this issue. First, the product is serially diluted onto blood agar plates and incubated at 

30°C for 48 hours. The laboratory can then look at the APC plates and determine based on gross 

morphology if the large count on the APC plates is due to L. rhamnosus or a contaminant. As a 

second step, the APC plate colonies are examined by wet mount under a microscope to confirm 

that they conform with L. rhamnosus morphology. 

It is important to keep in mind that the increased APC that results from the addition of 

probiotic bacteria to infant formula or other food products is a limitation of standard APC 

methodologies rather than an indication of increased risk for pathogens. 

 

 

Reference 

Morton RD. 2001. Aerobic plate count. Chapter 7 in FP Downes and K Ito (Eds.), Compendium 

of methods for the microbiological examination of foods, 4
th

 ed. American Public Health 

Association.



 

  

8. The notifier states that growth medium components are “food grade”, but further 

information is not provided.  Please provide a statement of concurrence with FCC 

specifications and FDA regulations (provide citation) where applicable.  Please provide a 

positive statement of compliance with good manufacturing practices.  

  

Specifications for all components of the growth medium and the cryoprotectant are 

attached. Fonterra Cooperative Group, Ltd., certifies that all production steps for L. rhamnosus 

strain HN001 are performed in full compliance with current good manufacturing practice. 



 

 

9. There is a statement that stability of L. rhamnosus HN001 in infant formula held at 30 

degrees Celsius showed a rate of decrease in viability of 0.4 log/year.  However, the 

notifier states that the addition level (1.35 x 10
9
 cfu/100 mL) is proposed to achieve a 

minimum concentration of 10
6
 cfu/g throughout the 12-18 month shelf-life.  Please 

clarify the apparent inconsistency between stability and addition level.  

 

The expected rate of deterioration of strain HN001 is 0.4 log/year under ideal conditions. 

If infant formula powder is properly stored and maintained throughout wholesale shipping, 

warehouse storage, retail shipping, market storage, and home storage, the expected concentration 

of L. rhamnosus HN001 would be 4 x 10
7
 after 12 months and 2.5 x 10

7
 after 18 months. 

However, the rate of loss of viability is highly dependent on a number of factors beyond the 

control of Fonterra or the manufacturer of the infant formula, including temperature and 

moisture. For example, an increase in temperature from 30°C to 35°C increases the loss rate by 

about 50%. Since infant formula is sold and used in a wide variation of climates, it is necessary 

to provide sufficient overage to allow for handling that may be far from ideal. In order to assure 

that a concentration of L. rhamnosus HN001 that has been shown to provide benefit is available 

throughout the shelf-life of the formula, an allowance for the potential loss of one additional log 

over that occurring during ideal storage is a reasonable overage. 



Fonterra Version 11: August 2004
NZTM 1: Good Laboratory Practice 
Part D: Microbiological Practice Page: D7.1
Release Status: Unrestricted

D7 Stains and Staining Procedures

D7.1 Stains

Stains for Simple Staining

Crystal violet stain

Crystal violet 10.0 g 
Distilled or deionised water 1000 ml

Completely dissolve the crystal violet in the water.  Store in well-stoppered bottles at 
room temperature.

Loeffler’s methylene blue stain

Methylene blue, 0.8% (w/v) in 95% ethanol 300 ml
Potassium hydroxide, 1% (w/v) 10 ml
Distilled or deionised water 900 ml

Mix the methylene blue solution with the water.  Add the potassium hydroxide 
solution and mix.  Store in well-stoppered dark glass bottles to protect from light.

Solutions for Gram Staining

Ammonium oxalate crystal violet stain (primary stain)

Crystal violet (or methyl violet 6B) 20.0 g
Ethanol (95%) 200 ml
Ammonium oxalate 8.0 g
Distilled or deionised water 800 ml

Completely dissolve the crystal violet in the ethanol.  Dissolve the ammonium 
oxalate in the water.  Mix together these two solutions.  Store in well-stoppered 
glass bottles at room temperature.

Lugol’s iodine solution (mordant or fixative)

Iodine 3.3 g
Potassium iodide 6.7 g
Distilled or deionised water 1000 ml

Completely dissolve the potassium iodide in a minimum volume of the water.  Add 
the iodine and dissolve.  Make up to volume with distilled water.  Store in well-
stoppered dark glass bottles to protect from air and light.
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Iodine–acetone solution (decoloriser)

Stock iodine solution
Iodine 10.0 g
Potassium iodide 6.0 g
Ethanol (95%) 90 ml
Distilled or deionised water 10 ml

Completely dissolve the potassium iodide in a minimum volume of distilled water.  
Add the iodine and dissolve.  Add the remainder of the distilled water.  Make up to 
volume with ethanol.  Store in a well-stoppered dark glass bottle to protect from air 
and light.

Working solution (decoloriser)
Stock iodine solution 35 ml
Acetone 965 ml

Mix together the stock iodine solution and acetone.  Store in well-stoppered dark 
glass bottles to protect from evaporation and light.

Safranin stain (counterstain)

Safranin 5.0 g
Distilled or deionised water 1000 ml

Completely dissolve the safranin in the water.  Store in well-stoppered bottles at 
room temperature.

Note: Neutral red or basic fuchsin are also suitable Gram counterstains.

Solutions for Spore Staining (Fleming’s Method)

Ziehl-Neelsen strong carbol fuchsin stain (primary stain)

Fuchsin 10.0 g
Phenol crystals 50.0 g
Ethanol (95%) 100 ml
Distilled or deionised water 1000 ml

Add the fuchsin to the phenol and dissolve by gently shaking while heating over a 
boiling water bath.  Add the ethanol and mix.  Add the water and mix.  Filter through 
coarse filter paper.  Store in well-stoppered bottles at room temperature.

Decoloriser

Aqueous sodium sulphite (5%), or
Hydrochloric acid (0.5%), or
Ethanol (95%)
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Methylene blue stain (counterstain)

Methylene blue 10.0 g
Distilled or deionised water 1000 ml

Completely dissolve the methylene blue in the water.  Store in well-stoppered bottles 
at room temperature.

Carbol Thionin Stain

Thionin 0.2 g
5% phenol solution 100 ml

Completely dissolve the thionin in the phenol solution.  Store in well-stoppered 
bottles at room temperature.

Methylene Blue Stain (Levowitz-Weber Modification of Newman-Lampert)

Glacial acetic acid 4.0 ml
Methylene blue chloride 0.6 g
Ethanol (95%) 52.0 ml
Xylene 44.0 ml

Completely dissolve the methylene blue chloride gradually into a mixture of the 
ethanol and xylene in a stoppered 200 ml flask.  Mix by swirling and allow to stand 
overnight in the refrigerator at 2–5 °C.  Filter through fine paper (e.g. No. 42 
Whatman) and add 4 ml of glacial acetic acid to the filtrate.  Store in a stoppered 
bottle in a cool dark place.

D7.2 Staining Procedures

Preparation of Smears

1. Place a loopful of the culture on to a clean glass microscope slide.  Cultures 
from solid media should be emulsified in sterile 0.85% (w/v) saline on the 
microscope slide, using only sufficient culture to produce a light smear.

2. Leave this smear to air dry, and then heat fix by passing rapidly through a low 
gas flame.  Do not overheat.  Allow to cool.

Simple Stains

1. Place the prepared slide, smear facing up, on a staining rack over the sink.

2. Cover the smear with a few drops of stain, and leave for 15–20 seconds.

3. Rinse off the stain with tap water, and blot the slide dry.  Take care to avoid 
rubbing the smear.  Alternatively, allow to air dry or pass rapidly through a low 
gas flame to speed the drying process.  Do not overheat.

4. Examine under a microscope using the 100 x oil immersion objective lens.
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Gram Stain

1. Place the prepared slide, smear facing up, on a staining rack over the sink.

2. Cover the smear with a few drops of ammonium oxalate crystal violet stain, and 
leave for 30 seconds.

3. Pour off this stain. 

Note: Do not rinse with tap water at this stage.

Cover the smear with a few drops of Lugol’s iodine, and leave for 30 seconds.

4. Pour off the Lugol’s iodine, and rinse the smear with iodine–acetone solution 
until the colour just fades.  

Note: Do not over-decolorise.

5. Rinse immediately with tap water.  Pour off the excess water, and cover the 
smear with a few drops of safranin.  Leave for 30 seconds, and rinse with tap 
water.

6. Blot the slide dry.  Take care to avoid rubbing the smear.  Alternatively, allow to 
air dry or pass rapidly through a low gas flame to speed the drying process. Do 
not overheat.

7. Examine under a microscope using the 100 x oil immersion objective lens.

Gram-positive bacteria stain purple.

Gram-negative bacteria stain red.

Spore Stain (Fleming’s Method)

1. Place the prepared slide, smear facing up, on a staining rack over the sink.

2. Cover the entire slide with the Ziehl-Neelsen stain, and heat to steaming for 3–5 
minutes, by passing a flame under the slide.

Note:  Do not allow to boil.

3. Rinse with tap water.  Apply decoloriser to the slide and leave for 30 seconds.

4. Rinse with tap water. Apply the methylene blue and leave for 60 seconds.  
Rinse with tap water.

5. Blot the slide dry.  Take care to avoid rubbing the smear.  Alternatively, allow to 
air dry or pass rapidly through a low gas flame to speed the drying process.  Do 
not overheat.



Fonterra Version 11: August 2004
NZTM 1: Good Laboratory Practice 
Part D: Microbiological Practice Page: D7.5
Release Status: Unrestricted

6. Examine under a microscope using the 100 x oil immersion objective lens.

Vegetative cells stain blue.

Spores stain purple.
D7.3 Gram Stains

The following photographs show examples of bacteria prepared using Gram stains.  
(Reprinted with thanks to Becton Dickinson & Co. and Biolab Scientific.)
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D7.4 Yeast and Mould Stains

The following photographs depict examples of yeasts and moulds.  (Reprinted with 
thanks to Becton Dickinson & Co. and Biolab Scientific.)
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D7.5 Spore Stains

The following photographs show examples of fuschin-methylene-blue-stained 
spores.  (Reprinted with thanks to Becton Dickinson & Co. and Biolab Scientific.)
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43.1

43.1.1

Aerobic Plate Count at 30 °C

Scope

This method is used to count micro-organisms in milk and milk products using a
colony count technique at 30°C.

This is regarded as the reference method. In cases where use of an alternative
method is allowed, equivalence to this method must be demonstrated by a
suitable means (eg NZCP13, AS/NZS 4659 etc). It must be ensured that
equivalence rules stipulated by controlling bodies such as MAF are fully met.

43.1.2 Validation Status

This method is based on:

• IDF Standard 100B: 1991. Milk and Milk Products. Enumeration of Micro
organisms. Colony Count Technique at 30°C, and ISO 4833:2003.
Microbiology of food and animal feeding stuffs - Horizontal method for the
enumeration of micro-organisms - Colony Count Technique at 30 ac.

The validation status of these methods is not known.
43.1.3 Principle

A defined test portion or a series of decimal dilutions of the sample is mixed with
milk plate count agar, and incubated aerobically at 30 DC for 72 hours. Agar
plates are overlaid if necessary.

The number of micro-organisms per gram or per millilitre of the original sample is
calculated from the number of colonies counted on selected plates.

43.1.4

43.1.5

Diluent

• Quarter-strength Ringers solution
• Phosphate buffer solution (KH2P04)

• 0.1% peptone
• Peptone-Saline solution.

Medium

Milk Plate Count Agar (MPCA)

Tryptone
Yeast extract
Glucose monohydrate
Skimmed milk powder
Agar
Distilled or deionised water

pH 7.0 ± 0.2 at 25 DC.

5.0 g
2.5 g
1.0 g
1.0 g
15.0 g*
1000 mL
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43.1.7

* The exact agar content may vary, depending on the manufacturer's
specifications.

Add all ingredients to the water. Skimmed milk powder must be added to a
suitable commercial preparation if it is not already included in the dehydrated
medium (refer to the note below). The agar-skimmed milk powder mix should be
allowed to stand for about 15 minutes for rehydration to occur.

Dissolve with frequent agitation and gentle heating. Adjust the pH, if necessary,
so that after sterilisation, it is 7.0 ± 0.2 at 25 'C. Sterilise at a maximum tempera
ture of 121 'C for 15 minutes. Cool to 45 ± 1 'C before use. If the agar is to be
stored, the bottles should be placed in the dark at 2-5 'C, for no longer than
1 month.

Note: Alternatively, plate count agar or standard methods agar which meet the above
composition may be used, with the addition of 1.0 g of medium heat, standard
specification skimmed milk powder. This powder shall be proven to be free of inhibitory
substances by comparative tests using skimmed milk powder known to be free of such
substances. Such testing may only be performed by laboratories holding suitable
accreditation (e.g. from Telarc) for the inhibitory substances test (NZTM 2, Method 51.1).
Powder from a suitable batch may be used for an entire dairy season provided that this
powder is repackaged into sealed, airtight containers and protected from light.

Quality Control

When checking the performance of new batches of MPCA, actual product from
the manufacturing plant should be used, rather than control cultures. This is
because slight changes in media composition or processing conditions may alter
the sensitivity of media for detecting bacteria present in the product.

Plating

1. Prepare a sample of the product as described in Section 41. Agitate the
sample just prior to taking test portions, to ensure sample homogeneity.
Where possible, use reconstitution methods sourced from ISO 8261/JDF 122:
2001 (E).

2. Take a sterile Petri dish. Using a sterile pipette, transfer 1 mL of the sample
into the dish. Repeat using a further dish if a duplicate is required.

Note: This represents a 10' dilution for liquid products, and a 10.1 dilution for most
prepared products. Refer to Section 41 for exceptions.

Note: Refer to Section 10 for recommendations on the frequency of duplicate plates
and dilutions.

3. If a further dilution is required, transfer 1 mL of the sample into 9 mL of sterile
0.1 % peptone diluent. Mix by aspirating 10 times with a fresh pipette, or
vortexing for 5-10 seconds. Transfer 1 mL of this dilution into a Petri dish.
Transfer a further 1 mL of this into another dish if a duplicate is required.

Note: This represents a 10.1 dilution for liquid products, and a 10.2 dilution for most
prepared products.
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4. Repeat Step 3 for the number of dilutions required, each time adding 1 mL of
the previous dilution to 9 mL of 0.1 % peptone, and transferring 1 mL of this
into each dish.

5. Pour about 15 mL of molten MPCA agar tempered to 45 ± 1 °C into each
Petri dish.

Note: The time elapsing between the preparation of the sample and the addition of
the agar must not exceed 15 minutes.

6. Mix immediately after pouring into each Petri dish by rotating the dish
sufficiently to obtain evenly dispersed colonies after incubation. Allow the
agar to solidify at room temperature.

7. If spreading colonies are expected, overlay the solidified plates with a further
5 mL of MPCA agar, and allow to solidify at room temperature.

8. Prepare blank control plates, by pouring about 15 mL of molten MPCA agar
into a Petri dish.

9. Incubate all plates aerobically at 30 ± 1 °C for 72 ± 3 hours.

Note: Incubate the plates in an inverted position. It is recommended that stacks of plates
be no more than six high. Stacks of plates should be separated from one another and
from the walls and top of the incubator.

Interpretation

1. Examine the plates for the presence of colonies, preferably using a colony
counter in subdued light.

2. Examine the blank control plates. There should be no colonies present.
Otherwise, investigate the source of contamination.

3. Select all sample plates, at two successive dilutions if applicable, containing
between 10 and 300 colonies.

Calculation and Report

1. Count and record the number of colonies on each selected plate.

Note: Count the colonies promptly after incubation.

Note: Avoid counting particles of extraneous matter as colonies. Examine under
higher magnification if necessary.

Note: Do not overlook pin-point colonies, which must be included in the count.
Examine under higher magnification if necessary.

Note: A quick daily inspection of the plates may be made, as it is usually possible to
detect Second Grade milk within 24 hours and certainly by 48 hours. Early detection
of such milk is important both for the supplier and the processor.

2. Calculate the result as described in NZTM 1 Calculation of Counts section.
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3. Express the result as "Aerobic plate count at 30 ·C, colony forming units per
gram (or per mL)".

Precision

Precision values for this method are not available.

However, IDF Standard 100B states some indicative figures based on a random
variation of colony counts, alone, but notes that greater variation may be found in
practice.

Notes

1. Some colonies may be very small. These pin point colonies must be included
in the counts.
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43.2 Aerobic Plate Count for Probiotic Dairy Goat Milk Powders

43.2.1 Scope

This method is used to determine the levels of general aerobic plate count (APC) 
organisms in dairy goat milk powders supplemented with Lactic Acid bacteria 
(LAB) such as Bifidobacteria and Lactobacilli.

43.2.2 Validation Status

This test method is based on:

• IDF Standard 100B: 1991. Milk and Milk Products. Enumeration of Micro-
organisms. Colony Count Technique at 30°C.

According to IDF, this method has not been validated for any product.

The following modifications have been made to the method:

• Instructions for reading of MPCA plates have been modified to distinguish LAB 
lawn growth from general growth.

• Instructions for the confirmation of identity of LAB bacteria have been added.

The modifications have not been validated.

43.2.3 Principle

This method is used to enumerate general Aerobic Plate Count bacteria at 30°C.

In dairy goat milk powders supplemented with LAB at high concentrations (106

cfu/g), many non-selective assays cannot distinguish between general aerobic 
plate count (APC) flora, and the specific added LAB flora.  This can give rise to 
APC counts far in excess of specification requirements if differentiation of LAB
bacteria from the APC is not carried out.

Identification/differentiation of the LAB colonies on incubated MPCA agar plates
allows differentiation and reporting of only the general APC organisms.

43.2.4 Apparatus

• An incubator controlled at 30 ± 1 °C.

• A timer.

• A waterbath controlled at 45 °C for agar.

• A 1 mL pipette.
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43.2.5 Media and Reagents

• Milk Plate Count Agar (MPCA)

Tryptone 5.0 g
Yeast extract 2.5 g
Glucose monohydrate 1.0 g
Skimmed milk powder 1.0 g
Agar 15.0 g*
Distilled or deionised water 1000 mL

pH 7.0 ± 0.2 at 25°C.

*The exact agar content may vary, depending on the manufacturers
specifications.

Add all ingredients to the water. Skimmed milk powder must be added to a 
suitable commercial preparation if it is not already included in the dehydrated 
medium (refer to the note below). The agar-skimmed milk powder mix should be 
allowed to stand for about 15 minutes for rehydration to occur.

Dissolve with frequent agitation and gentle heating. Adjust the pH, if necessary so 
that after sterilisation it is 7.0 ± 0.2 at 25°C. Sterilise at a maximum temperature of 
121°C for 15 minutes. Cool to 45 ± 1°C before use. If the agar is to be stored, the 
bottles should be placed in the dark at 2 – 5°C, for no longer than 1 month.

Note: Alternatively, plate count agar or standard methods agar which meet the 
above composition may be used, with the addition of 1.0 g of medium heat, 
standard specification skimmed milk powder. This powder shall be proven to be 
free of inhibitory substances by comparative tests using skimmed milk powder 
known to be free of such substances. Such testing may only be performed by 
laboratories holding suitable accreditation (eg from IANZ) for the inhibitory 
substances test (NZTM2, Method 51.1). Powder from a suitable batch may be 
used for an entire dairy season provided that this powder is repackaged into 
sealed, airtight containers and protected from light.

43.2.6 Procedure

Plating

1. Prepare a sample of product as described in Section 41. Agitate the sample 
just prior to taking test portions, to ensure sample homogeneity.

2. Take a sterile petri dish. Using a sterile pipette transfer 1 mL of the sample
into the dish.

Note: This represents a 10-1 dilution for dairy goat milk powder.

3. Pipette 1 mL each of any further dilutions into separate petri dishes.

4. Add 15 - 20 mL of MPCA agar tempered to 45 ± 1 °C.
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Note: The time elapsing between the preparation of the sample and the 
addition of the agar must not exceed 15 minutes.

5. Mix well and allow to solidify at room temperature.  If necessary, overlay 
solidified agar plates10-1 with a further 5 mL of MPCA (to prevent growth of 
spreaders) and allow to solidify at room temperature.

6. Incubate inverted plates aerobically at 30 ± 1 °C for 72 ± 3 hours.

Reading

1. Count all colonies and record total count.

Note: Distinguish between undissolved particles and actual colonies under the 
microscope.

2. Distinguish between suspected LAB and other general (APC) bacteria.

Note: The presence of LAB will be observed as a lawn of pinpoint colonies in 
the agar plate that is better identified with microscope than the naked eye. 
The growth of other APC organisms is more likely to be represented by large 
colonies, easily differentiated by the eye.

3. If necessary, carry out further tests to confirm that the pinpoint lawn on 
incubated MPCA plates is composed of LAB.

Confirmation

1. Work through the following confirmation methods on any plates that have 
suspect LAB colonies.

2. Sensory

The fermentation process of the LAB produces a buttery odour of diactyl.  This 
aroma will be pronounced on plates with high numbers of LAB.

3. Gram Stain and Morphology

Lactobacilli are Gram positive, non-spore forming rods or cocci.

Bifidobacteria are Gram positive, non-motile, non-sporulating Gram-positive 
rods with varying appearance.

4. Catalase Test

LAB are catalase negative bacteria.
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43.2.7 Results

Report only non-LAB bacteria ie large colonies deemed to be part of the general 
APC on the MPCA agar plate.

Calculate the result as described in NZTM1 Calculation of Counts section.

Express the result as “aerobic plate count at 30°C colony forming units per gram”.

43.2.8 Precision

No precision values are available for this method.

43.2.9 References

• Orrhage K., Nord C.E. "Bifidobacteria and Lactobacilli in human health".  
Drugs Exptl. Clin. Res. 2000; XXVI (3): pages 95-111.



Fonterra Issue 13.0: November 2006
NZTM 2: Microbiological Methods Manual
Section 44: Product Test Methods: Bacillus cereus Page: 44.1.1
Release Status: Unrestricted

44.1 Bacillus cereus; Count

44.1.1 Scope

This method is used to count Bacillus cereus in products intended for human 
consumption or animal feeding stuffs and environmental samples using a plating 
and confirmatory testing technique.

44.1.2 Validation Status

This method is based on:

• ISO 7932 : 2004(E).  Microbiology of food and animal feeding stuffs –
horizontal method for the enumeration of presumptive Bacillus cereus, –
colony count technique at 30ºC.

According to ISO, this method has been validated.

The following modifications have been made to the method:

• Suspicious colonies showing a typical haemolysis reaction in confirmatory 
testing are reported as Bacillus cereus colony forming units per gram
(or per mL).

• Additional notes on interpretation of haemolysis have been sourced from 
FDA - BAM.

This modified method is not validated.

44.1.3 Principle

A defined test portion or a series of decimal dilutions of the sample is spread on 
to the surface of mannitol egg yolk polymyxin agar.  The plates are incubated 
aerobically at 30°C for 18 - 48 hours.  Formation of clearly visible colonies 
enables testing to proceed after 18 hours of incubation.  The plates are examined 
for suspicious colonies and these colonies are counted.  Suspicious colonies are 
large, pink (indicating that mannitol has not been fermented and the phenol red 
indicator has therefore remained red), and generally have a surrounding zone of 
precipitation (indicating the production of the enzyme lecithinase, which 
hydrolyses the lecithin in egg yolk).

Five presumptive colonies from each plate are confirmed by assessment of 
haemolysis on sheep blood agar.

It is important to note that this method is not capable of differentiating between B 
cereus and B cereus var. mycoides, B anthracis and B thuringiensis.
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Differentiation is not really necessary because:

• it is extremely unlikely that B anthracis and B thuringiensis will be recovered 
from any dairy products

• some strains of B cereus var. mycoides may also act as food pathogens.

44.1.4 Diluent

• 0.1% peptone.

44.1.5 Media and Reagents

Mannitol Egg Yolk Polymyxin (MYP) Agar

Base medium

Beef extract 1.0g
Peptone 10.0g
D-mannitol 10.0g
Sodium chloride (NaCl) 10.0g
Phenol red 0.025g
Agar 12-18g*
Distilled or deionised water 900mL

pH 7.2 ± 0.2

* According to the manufacturer’s specifications.

Add the ingredients to the water.  Mix thoroughly and heat, if necessary, to 
completely dissolve the ingredients.  Adjust the pH so that after sterilisation it is 
7.2 ± 0.2 at 25°C.  Dispense 90mL volumes into bottles.  Sterilise at 121°C for
15 minutes.

Polymyxin B sulphate -104 IU/mL
Polymyxin B sulphate 1 × 106 IU
Distilled or deionised water 100mL

Add the polymyxin B sulphate powder to the water. 
Mix thoroughly to completely dissolve.

Filter sterilise into a sterile dark bottle. 

Note: The weight of polymyxin B sulphate required to obtain a concentration of 1 
× 106 IU/mL is calculated as follows:

Weight (mg) = 
(IU/mg)Activity

IU6101×



Fonterra Issue 13.0: November 2006
NZTM 2: Microbiological Methods Manual
Section 44: Product Test Methods: Bacillus cereus Page: 44.1.3
Release Status: Unrestricted

Egg yolk emulsion - 20%

Wash fresh and intact hens’ eggs using a brush and liquid detergent.  Rinse well 
under running water. Immerse in 70% (v/v) ethanol for 10 minutes and air dry. 
Aseptically break each egg and separate the yolk.  Put the yolks into a sterile 
measuring cylinder and add four parts by volume of sterile water.  Heat the 
mixture for 2 hours in a water bath at 45°C.  Leave for 18 - 24 hours at 0-5°C to 
allow a precipitate to form.  Collect the supernatant aseptically.  The emulsion 
may be stored at 5 ± 3°C for up to 72 hours.

Complete medium (MYP agar)

Base medium 90.0mL
Polymyxin B sulphate -104 IU/mL 1.0mL
Egg yolk emulsion 10.0mL

Melt the base medium. Cool to 45 ± 1°C in a water bath.  Add the other 
components, mixing well after each addition.  Pour 15 - 20 mL of complete 
medium into each Petri dish.  Allow to solidify at room temperature.  Plates may 
be stored prior to drying at 5 ± 3°C for up to 4 days.

Sheep Blood Agar

Base Medium

Proteose peptone or equivalent peptone 15.0g
Liver Hydrolysate 2.5g
Yeast Extract 5.0g
Sodium chloride (NaCl) 5.0g
Agar 12-18g*
Distilled or deionised water 1000mL

pH 7.0 ± 0.2

* According to the manufacturer’s specifications.

Dissolve the components in water by boiling.

Adjust the pH if necessary, so that after sterilisation it is 7.0 ± 0.2 at 25ºC.

Dispense and sterilise at a maximum temperature of 121ºC for 15 minutes.

Defibrinated Sheep Blood

Complete Medium

Base Medium 100mL
Defibrinated Sheep Blood 5 – 7mL

After cooling to 44 – 47 ºC, add defibrinated sheep blood to the base medium.  
Mix.
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Pour at least 12mL portions of the complete medium into sterile Petri dishes and 
allow to solidify.

44.1.6 Quality Control Organisms

Positive Control:
• Bacillus cereus NZRM 5.

MYP Negative Control (Note: optional to the method):
• Bacillus subtilis NCTC 3610.

Haemolysis Negative Control (Note: optional to the method):
• Enterococcus faecalis NCTC 5957.

44.1.7 Plating

1. Prepare a sample of the product as described in Section 41.  Agitate the 
sample to ensure homogeneity and take test portions as soon as possible.  
Where possible use reconstitution methods sourced from ISO 8261/
IDF 122:2001 (E).

2. Take three dried MYP agar plates.  Using a sterile pipette, transfer a total of 
1.0mL of the sample equally on to the surface of the three plates.  Repeat 
using a further three plates if a duplicate is required.  Treat each set of three 
plates as a single plate for purposes of counting and confirmation, i.e. each 
set of three plates represents 0.1g of product for purposes of counting and 
confirmation, where a 10-1 dilution of the sample has been plated.

Note: This represents a 10o dilution for liquid products, and a 10-1 dilution for 
most prepared products, over the three plates.  Refer to Section 41 for 
exceptions.

Note: Refer to NZTM 1 Frequency of Duplicate Plating and Decimal Dilutions 
for Counts section for recommendations on the frequency of duplicate plates 
and dilutions.

Note: Dry the plates prior to use by placing them in a drying cabinet, agar 
surface down and without lids, at about 50oC for about 30 minutes, or
35 - 37°C for about 60 minutes.

3. If a further dilution is required, take another dried MYP plate, and transfer 
0.1mL of the sample on to the plate.  Repeat if a duplicate is required.

Note: This represents a 10-1 dilution for liquid products, and a 10-2 dilution for 
most prepared products.
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4. If a further dilution is required, transfer 1mL of the sample into 9mL of sterile 
0.1% peptone diluent.  Mix by aspirating 10 times with a fresh pipette, or 
vortexing for 5 - 10 seconds.  Transfer 0.1mL of this dilution on to a dried 
MYP plate.  Transfer a further 0.1mL of the dilution on to another MYP plate 
if a duplicate is required.

5. Repeat Step 4 for the number of dilutions required, each time adding 1mL of 
the previous dilution to 9mL of 0.1% peptone, and transferring 0.1mL of this 
on to each plate.

6. Using a sterile glass spreader for each plate, carefully spread the inoculum 
over the entire surface of the agar.  Avoid touching the sides of the dish with 
the spreader.

Note: As B. cereus spores may survive flame sterilising, it is advisable to use 
a fresh sterile spreader for each sample.

Note: The time elapsing between the preparation of the sample and the 
spreading of the inoculum must not exceed 15 minutes.

7. Prepare the following test control plates:

• Blank Control Plate:
Leave uninoculated.

• Positive Control Plate:
Streak with the positive control organism.

• Negative Control Plate:
Streak with the negative control organism.

8. Leave the plates for 15 minutes at room temperature to allow the absorption 
of the inoculum into the agar medium.

9. Incubate the inoculated plates aerobically at 30 ± 1°C for 18 - 24 hours.
If colonies are not clearly visible, incubate the plates for a further 24 hours.

Note: Incubate the plates in an inverted position.  It is recommended that 
stacks of plates be no more than six high.  Stacks of plates should be 
separated from one another and from the walls and top of the incubator.

44.1.8 Interpretation

1. Examine the plates for the presence of suspicious (presumptive) colonies:

• pink (indicating that mannitol has not been fermented),

• generally surrounded by a zone of precipitation (indicating the production of 
lecithinase).
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Note: If numerous mannitol fermenting colonies are present, the acid 
produced by them may reduce or obscure the pink of the B. cereus colonies.

Note: Some B. cereus strains produce little or no lecithinase, so the 
precipitation zone will be reduced or absent.  These colonies should be 
subject to confirmation tests.

Note: The colonies or MYP agar that give typical reactions may vary in 
morphology from a ‘ground glass’ appearance, to large, amorphous and 
highly irregular colonies.  In the case of B cereus var. mycoides, the colonies 
will have a rhizoid appearance.  All colony types (including the rhizoid
colonies) should be included in the presumptive count.

2. Examine the test control plates:

Blank control plate
There should be no colonies present.  Otherwise, investigate the source of 
contamination.

Positive control plate
It should contain typical B. cereus colonies. Otherwise, investigate the cause 
of the problem.

Negative control plate
It should contain colonies which are lecithinase negative.  Otherwise, 
investigate the cause of the problem.

3. Select all sample plates, at two successive dilutions if applicable, containing 
between 15 and 150 presumptive colonies.

4. Count and record the number of presumptive colonies on each of these 
plates. (Note that the three plates inoculated with a total of 1mL of sample 
are treated as a single plate. However, it will be necessary to record the 
result for each individual plate, as well as the total count.)

44.1.9 Confirmation

1. Choose colonies from the plates as follows:

• Positive Control Plate:
Choose a well-isolated colony.

• Negative Control Plate:
Choose a well-isolated colony.  (Unless an alternative is specified).

• Sample Plates:
Choose at least five well-isolated presumptive colonies from each set of 
selected sample plates.  If there are less than five presumptive colonies, 
choose all of them.
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2. If it is not possible to choose well-isolated colonies, streak at least five 
presumptive colonies on to dried MYP plates, incubate as before, and 
choose one well isolated presumptive colony from each plate.

3. Confirm each colony as follows:

Haemolysis test on Sheep Blood Agar

Streak, stab or spot the selected colonies onto the surface of sheep blood 
agar to allow clear interpretation of the haemolysis reaction.

Incubate at 30ºC for 24 ± 2 hours.

Interpretation
Examine plates for haemolytic activity.
B. cereus cultures are usually strongly haemolytic and produce a 2 – 4 mm 
clear zone of haemolysis (B. haemolysis) surrounding growth.

4. A summary of tests is shown in Table 44.2.2.

Table 44.2.2 Test Summary

Test Result confirming B. cereus
MPY Agar Formation of pink colonies surrounded by 

precipitate (see section 44.2.8)
Haemolysis Positive Reaction (note the width of the 

haemolysis zone may vary)

44.1.10 Expression of Results

Calculate the result as described in NZTM 1 Calculation of Counts section.

Express the result as “Bacillus cereus, colony forming units per gram (or per 
mL)” 

44.1.11 Precision 

According to data collected by ISO in an interlaboratory trial examining fresh 
cheese samples:

• The repeatability standard deviation Sr (log10 cfu/g) was in the range 
0.05 – 0.12.

• The reproducibility standard deviation SR (log10 cfu/g) was in the range
0.08 – 0.17.

See Annex B of ISO 7932 : 2004(E) for further details.
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44.1.12 Note

1. This method is not adequate to differentiate between B. cereus and the 
closely related members of this group (B. anthracis, B.thuringiensis and B. 
cereus var. mycoides).  In the event that full differentiation is required, refer 
to FDA BAM, Online : 2001.  Chapter 14.

44.1.13 44.1.13 References

• Fleiss, J.L. Statistical Methods for Rates and Proportions. 2nd Edition. John 
Wiley & Sons, New York, 1981.

• FDA. Bacteriological Analytical Manual. Online : 2001.  Chapter 14.  Bacillus 
cereus.
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45.2 β-Haemolytic Streptococci; Detection

45.2.1 Scope

This method is used to detect the presence of β-haemolytic streptococci 
(including S. pyogenes) in milk and milk products using an enrichment, plating 
and confirmatory testing technique.

45.2.2 Validation Status

This method is based on:

• An interim method which has been used by the New Zealand dairy industry 
for several years.  No suitable international or national reference method is 
currently available for testing this organism in dairy products.

This method is not validated.

45.2.3 Principle

A defined test portion of the sample is added to triplicate tubes of streptosel broth 
(streptococcus enrichment broth).  The azide and sulphide in the medium inhibit 
Gram-negative organisms, and the low level of crystal violet suppresses many 
Gram- positive organisms, but not streptococci.  The tubes are incubated 
aerobically at 37 oC for 24 hours.

A loopful of each broth is streaked on to blood agar.  The plates are incubated 
anaerobically at 37 oC for 24 hours.  Anaerobic conditions prevent oxidation of 
the oxygen-labile streptolysin, the substances produced by the bacteria which 
lyse red blood cells.  The plates are examined for suspicious colonies.  
Suspicious colonies are surrounded by a clear zone (indicating complete 
haemolysis or β-haemolysis).

Selected colonies are confirmed by Gram stains and catalase tests.  If a 
presumptive Streptococcus pyogenes (Lancefield Group A) result is required, a 
further confirmatory bacitracin sensitivity test is carried out.

45.2.4 Media and Reagents

Streptosel Broth (Streptococcus Enrichment Broth)

Single 
Strength

Double 
Strength

Peptone from casein 14.4 g 28.8 g
Peptone from soybean meal 5.0 g 10.0 g
Sodium chloride 4.0 g 8.0 g
Sodium citrate 1.0 g 2.0 g
L-Cystine 0.2 g 0.4 g
Sodium sulphite 0.2 g 0.4 g
D-Glucose 5.0 g 10.0 g
Sodium azide 0.2 g 0.4 g
Crystal violet 0.0002 g 0.0004 g
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Distilled or deionised water 1000 mL 1000 mL

pH 7.4 ± 0.2

Completely dissolve the ingredients in the water.  Adjust the pH so that after 
sterilisation it is 7.4 ± 0.2 at 25 oC.  Dispense 10 mL volumes into test tubes, and 
larger volumes of double strength into suitable containers.  Sterilise at a 
maximum temperature of 121 oC for 15 minutes.

Blood Agar

Columbia blood agar base

Pancreatic digest of casein 12.0 g
Peptic digest of animal tissue 5.0 g
Yeast extract 3.0 g
Beef extract 3.0 g
Starch 1.0 g
Sodium chloride 5.0 g
Agar 12-18 g*
Distilled or deionised water 1000 mL

pH 7.3 ± 0.2

* According to the manufacturer’s specifications.

Add the ingredients to the water.  Mix thoroughly and boil with frequent agitation 
just sufficiently to completely dissolve the ingredients.  Adjust the pH so that after 
sterilisation it is 7.3 ± 0.2 at 25 °C.  Dispense 200 mL volumes into bottles. 
Sterilise at a maximum temperature of 121 °C for 15 minutes.  Cool to 45-50 °C.

Defibrinated sheep blood

Complete medium

Columbia agar base 200 mL
Defibrinated sheep blood 10 mL

Melt the Columbia agar base.  Cool to 45-50 oC.  Add the blood, and mix 
thoroughly.  Pour 12-15 mL volumes into Petri dishes.  Allow to solidify at room 
temperature.  Store at 2-5 oC for up to 1 week.

Catalase Reagent (3% H2O2)

Hydrogen peroxide, 30% 10 mL
Distilled or deionised water 90 mL

Mix.  Store in a dark bottle at 2-5 oC.  Discard when the solution no longer 
produces bubbles with the positive control organism.

Caution: Hydrogen peroxide is an oxidising agent.  Avoid contact with eyes 
and skin.
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Brain Heart Infusion (BHI) Broth

Calf brain infusion 12.5 g
Beef heart infusion 5.0 g
Peptone 10.0 g
Sodium chloride 5.0 g
Glucose 2.0 g
Disodium hydrogen phosphate 2.5 g
Distilled or deionised water 1000 mL

pH 7.4 ± 0.2

Completely dissolve the ingredients in the water.

Adjust the pH so that after sterilisation it is 7.4 ± 0.2 at 25 oC.  Dispense 5 mL 
volumes into test tubes.  Sterilise at a maximum temperature of 121 °C for 15 
minutes.  The medium may be stored at 2-5 oC for up to 3 months.

Bacitracin Disks

Paper disks containing 0.04-0.05 units of bacitracin.  Store at 2-5 oC.

Gram Stain Solutions

See NZTM 1 Stain and Staining Procedures section.

45.2.5 Quality Control Organisms

Positive Control:
• Streptococcus pyogenes NZRM 2264.

Negative Control (Note: optional to the method):
• Streptococcus lactis NZRM 2274.

Catalase-Positive Control (Note: optional to the method):
• Staphylococcus aureus NZRM 87.

45.2.6 Enrichment

1. Prepare a sample of the product as described in Section 41 of this manual.  
Agitate the sample just prior to taking test portions, to ensure sample 
homogeneity. Where possible, use reconstitution methods from IDF 
Standard 122C: 1996.

2. Determine the volume of prepared sample to be added to each streptosel 
broth based on:

• the dilution factor of the prepared sample,
• the weight or volume of the product required to determine compliance with 

the specification.

See Table 45.2.1 for examples.
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Table 45.2.1: Examples of enrichment regimes (for a reconstituted 
product at 10-1 dilution)

Product
specification

Product 
weight

Reconstituted 
sample volume

Streptosel broth volume and strength

per 0.1 g 0.1 g 1.0 mL 10 mL of single strength

per 1.0 g 1.0 g 10.0 mL 10 mL of double strength

per 10.0 g 10.0 g 100.0 mL 100 mL of double strength

Note: Do not add more than 1 mL of sample to 10 mL of single strength broth.  
When inoculating double strength broths, the final concentration of the broth 
ingredients must be equivalent to that of single strength broths.

3. Take three test tubes (or other containers as appropriate) of streptosel broth 
at the appropriate strength and volume.  Using a sterile pipette transfer the 
amount of sample determined above into each broth.

Note: The time elapsing between the preparation of the sample and the inoculation 
of the broth must not exceed 15 minutes.

4. Prepare further streptosel broths as follows:

• Blank Control Broth:
Leave this broth uninoculated.

• Positive Control Broth:
Inoculate this broth with the positive control organism.

• Negative Control Broth:
Inoculate this broth with the negative control organism.

Note: If double strength broths were used for sample testing, the controls 
should also use double strength broths.  Dilute these to single strength using an 
equal volume of sterile water.  For the positive and negative controls, do this 
before inoculating the control organisms.

5. Incubate all broths aerobically at 37 ± 1 oC for 24 ± 2 hours.

45.2.7 Plating

1. Take three dried blood agar plates.  Using a sterile loop for each broth, 
streak a loopful of broth on to the surface of each plate, so as to obtain well 
isolated colonies after incubation.

Note: Dry the plates prior to use by placing them in a drying cabinet, agar surface 
down and without lids, at about 50 oC for about 30 minutes, or 35-37 oC for about 60 
minutes.

2. Similarly streak a dried blood agar plate from the blank control broth, one 
from the positive control broth and one from the negative control broth.
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3. Incubate all plates anaerobically at 37 ± 1 oC for 24 ± 2 hours.

Note: See NZTM 1 Anaerobic and Co2 - Enriched Incubation section for information 
regarding anaerobic incubation.

Note: Incubate the plates in an inverted position.

45.2.8 Interpretation

1. Examine the plates for the presence of suspicious (presumptive) colonies.

Presumptive colonies of β-haemolytic streptococci are:

• about 0.5 mm in diameter, transparent or translucent, domed, with a shiny 
or semi-matt surface and an entire edge;

• surrounded by a clear zone (indicating complete lysis of the red blood 
cells or β-haemolysis).

2. Examine the test control plates:

Blank control plate

There should be no colonies present.  Otherwise, investigate the source of 
contamination.

Positive control plate

It should contain typical β-haemolytic colonies.  Otherwise, investigate the 
cause of the problem.

Negative control plate

It should contain colonies that are α-haemolytic (partially haemolytic).  
Otherwise, investigate the cause of the problem.

3. Examine the sample plates.  Select all plates with presumptive colonies.
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4. Choose colonies from the plates for confirmation as follows:

• Negative Control Plate:
Choose a well-isolated colony.  (Unless an alternative is specified).

• Sample Plates:
Choose at least two well-isolated presumptive colonies from each 
selected plate.  If there is only one presumptive colony, choose it.

5. If it is not possible to choose well-isolated colonies, streak at least two 
presumptive colonies on to dried blood agar plates, incubate at as before, 
and choose one well-isolated presumptive colony from each plate.

45.2.9 Confirmation

1. Confirm each colony as follows:

Gram stain

Inoculate a portion of the colony into a tube of BHI.  Incubate aerobically at 
37 ± 1 oC for 18-24 hours.  Carry out a Gram stain from the broth (see NZTM 
1 Stain and Staining Procedures section).

Result

β-Haemolytic streptococci are Gram-positive, ovoid to spherical, and usually 
in moderate to long chains.

Catalase production

Note: Use Staphylococcus aureus NZRM 87 as the catalase-positive control.

Add a drop of catalase reagent to a smear of a portion of one well-isolated 
colony on a clean glass slide.  If the result is positive (i.e. if bubbles of 
oxygen are released) then another well-isolated colony must be streaked on 
to a non-selective medium such as tryptic soy agar and incubated aerobically 
at 37 ± 1°C for 18-24 hours. 

This step is mandatory if a positive catalase test is obtained since the blood 
from the blood agar plates may give false positive catalase results.

Interpretation

As stated above, catalase-positive bacteria produce bubbles of oxygen gas 
in the reagent within 10 seconds.

Result

β-Haemolytic streptococci are catalase-negative.  (S. aureus is catalase-
positive.)
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2. Proceed as follows:

• If the product specification is for β-haemolytic streptococci, go to Section 
45.2.10.

• If the product specification is for presumptive S. pyogenes (Lancefield 
Group A) go to Step 3 below.

3. Bacitracin sensitivity

For each colony that tested Gram-positive and catalase-negative, streak a 
loopful of the BHI used for Gram staining over the surface of a blood agar 
plate to obtain a confluent growth after incubation.  Aseptically place a 0.05 
units bacitracin disk on to the surface of the plate and incubate aerobically at 
37 ± 1 oC for 18-24 hours.

Interpretation

Bacteria that are sensitive to bacitracin produce a zone of growth inhibition 
around the disk.

Result

S. pyogenes is highly sensitive to bacitracin and produces a broad zone.  (S. 
lactis is bacitracin-resistant.)

4. A summary of the tests is shown in Table 45.2.2.

Table 45.2.2: Test summary

Test Result

β-haemolytic streptococci

Blood agar Colonies surrounded by zones of complete 
clearing (β-haemolysis).

Gram stain Gram-positive, oval to spherical cocci, in 
moderate to long chains.

Catalase test Negative; does not produce gas.

S. pyogenes

Bacitracin sensitivity Sensitive; produces a broad zone of growth 
inhibition.
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45.2.10 Expression of Results and Report

β-haemolytic streptococci

β-haemolytic streptococci are reported as being “Detected” in the sample for the 
amount of product tested in each tube, when two or three of the enrichment tubes 
are confirmed as positive.

β-haemolytic streptococci are reported as being “Not detected” in the sample, 
when none or only one of the enrichment tubes is confirmed as positive.

Example

If 1 mL of a 10-1 dilution of the sample was added to each of three streptosel 
broth tubes, and two or three tubes were confirmed as containing β-haemolytic 
streptococci, the result is expressed as “Detected per 0.1 g (or 0.1 mL)”.

If none or only 1 tube was confirmed positive, the result is expressed as “Not 
detected per 0.1g (or 0.1 mL)”.

Example

If 10 mL of a 10-1 dilution of the sample was added to each of three streptosel 
broth tubes, and two or three tubes were confirmed as containing β-haemolytic 
streptococci, the result is expressed as “Detected per gram (or per mL)”.

If none or only one result is expressed as “Not detected per gram (or per mL)”.

Streptococcus pyogenes

Report as presumptive Streptococcus pyogenes “Detected” or “Not detected”
according to the criteria described above.

45.2.11 Precision

Precision values are not applicable to detection methods.

45.2.12 Notes

1 A few strains of β-haemolytic streptococci (including group A) do not produce 
streptolysin S, but streptolysin O will be detected when they are incubated 
anaerobically as in this method.

2 Bacitracin sensitivity identifies S. pyogenes with over 90% accuracy, but a 
few strains of S. pyogenes do not show growth inhibition in the bacitracin 
test.

Note: At any step in the test where β-haemolytic streptococci are shown to be
absent in two or three of the streptosel broth enrichment tubes further testing is not 
required, and β-haemolytic streptococci are reported as being not detected in the 
sample (see Section 45.2.10).  However, for purposes of product quality control, it is 
recommended that all presumptive positive tubes be confirmed.
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Flow Chart 45.2.1: β-Haemolytic Streptococci; Detection
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46.1 Clostridium perfringens; Count

46.1.1 Scope

This method is used to count Clostridium perfringens in milk and milk products 
using a plating and confirmatory testing technique.

46.1.2 Validation Status

This method is based on:

• ISO 7937:2004(E). Microbiology of Food and Animal Feeding Stuffs.  
Horizontal method for enumeration of Clostridium perfringens.  Colony count 
technique.

The validation status of this method is not known.

46.1.3 Principle of Method

A defined test portion or a series of decimal dilutions of the sample is mixed with 
sulphite cycloserine agar in Petri dishes, and overlaid with the same medium.  
The plates are incubated anaerobically at 37 oC for 18-22 hours, and examined 
for suspicious black colonies (indicating production of H2S).

Suspicious colonies are confirmed by a series of biochemical tests.  The ratio of 
suspicious to confirmed C. perfringens colonies on the selected plates enables 
the determination of a C. perfringens count in the sample.

46.1.4 Diluent

• 0.1% peptone.

46.1.5 Media and Reagents

Sulphite Cycloserine (SC) Agar

Base medium
Tryptose 15.0 g
Soytone 5.0 g
Yeast extract 5.0 g
Ammonium iron (III) citrate 1.0 g
Disodium disulphite, anhydrous 1.0 g
Agar 12-18 g*
Distilled or deionised water 1000 mL

pH 7.6 ± 0.2

* According to the manufacturer’s specifications.
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Add the ingredients to the water. Mix thoroughly and boil with frequent agitation 
just sufficiently to completely dissolve the ingredients. Adjust the pH so that after 
sterilisation it is 7.6 ± 0.2 at 25 oC. Sterilise at a maximum temperature of 121 oC 
for 15 minutes.

Store base medium at 2 – 8 oC for up to two weeks.  If SC agar plates are 
required for confirmation with Nitrate Motility and Lactose Gelatin, transfer about 
15 mL of the base medium (cooled to 44 – 47 oC) into Petri dishes and allow to 
solidify.  Immediately before use, dry the plates.

D-cycloserine solution  4%

D-cycloserine (use white crystalline powder only) 4.0 g
Distilled or deionised water 100 mL

Add the D-cycloserine to the water. Mix thoroughly to completely dissolve. Filter 
sterilise into a sterile bottle. Store at 0-5 oC. Discard after 4 weeks storage.

Complete medium (SC Agar)

Base medium 1000 mL
D-cycloserine solution - 4% 10 mL

Melt the base medium. Cool to 50 oC. Add the D-cycloserine and mix thoroughly. 
For spread plates, pour about 15 mL of complete medium into each Petri dish. 
Allow to solidify at room temperature. Plates may be stored prior to drying at 4 oC 
for up to 24 hours, or at room temperature for up to 4 hours. For pour plates, 
temper to 45 ± 1 oC and use immediately.

Fluid Thioglycollate Medium

Pancreatic digest of casein 15.0 g
L-cystine 0.5 g
Dextrose (D-glucose) 5.5 g
Yeast extract 5.0 g
Sodium chloride 2.5 g
Sodium thioglycollate (mercaptoacetate) 0.5 g
Agar 0.5-0.8 g
Resazurin 0.001 g
Distilled or deionised water 1000 mL

pH 7.1 ± 0.2

Add the ingredients to the water. Mix thoroughly and boil with frequent agitation 
just sufficiently to completely dissolve the ingredients. Adjust the pH so that after
sterilisation it is 7.1 ± 0.2 at 25 oC. Dispense 10 mL volumes into test tubes. 
Sterilise at a maximum temperature of 121 oC for 15 minutes. Just prior to use, 
heat in a boiling water bath for 15 minutes to de-aerate the medium and cool 
rapidly to 37 oC.
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Lactose Sulphite (LS) Medium

Base medium

Enzymatic digest of casein 5.0 g
Yeast extract 2.5 g
Sodium chloride 2.5 g
Lactose 10.0 g
L-cysteine hydrochloride 0.3 g
Water 1000 mL

Dissolve the components in the water (by boiling if necessary).  Adjust the pH so 
that after sterilisation it is 7.1 ± 0.2 at 25 °C. Dispense 8 mL portions into test 
tubes or bottles with inverted Durham tubes and sterilise at 121 °C for 15 
minutes. The medium may be stored at 1-5 °C for up to 4 weeks.

Disodium disulphite, anhydrous solution

Anhydrous disodium disulphite (Na2S2O5) 1.2 g
Water 100 mL

Dissolve the disodium disulphite in the water and sterilise by filtration. Use the 
solution within 24 hours.

Ammonium iron (III) citrate solution

Ammonium iron (III) citrate 1.0 g
Water 100 mL

Dissolve the ammonium iron (III) citrate in water and sterilise by filtration. Use the 
solution with 24 hours.

Complete medium

Just prior to use, de-aerate the base medium by placing in a boiling water and 
flowing steam bath for 15 minutes. Cool rapidly, then add:

Disodium disulphite solution 0.5 mL
Ammonium iron (III) citrate 0.5 mL

to each 8 mL tube of LS base medium.

Use the complete medium within 24 hours.
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Nitrate Motility Medium

Enzymatic digest of casein 5.0 g
Meat extract 3.0 g
Galactose 5.0 g
Glycerol 5.0 g
Potassium nitrate (KNO3) 1 0 g
Disodium hydrogen orthophosphate (Na2HPO4) 2.5 g
Agar 1.0 – 5.0 g
Water 1000 mL

Dissolve the components in the water (by boiling if necessary).  Adjust the pH so 
that it will be 7.3 ± 0.2 at 25 oC after sterilisation.

Transfer the medium to 10 mL volumes in tubes, and sterilise at 121 oC for 15 
minutes.  If not used the same day, store at 2 – 8 oC.

Just prior to use, heat in a boiling water or steam bath for 15 minutes and then 
cool rapidly to the incubation temperature.

Discard unused medium 4 weeks after preparation.

Nitrite Detection Reagent

5-Amino-2-napthalenesulfonic acid (5-2-ANSA) solution

Dissolve 0.1 g of 5-2-ANSA in 100 mL of 15% (volume fraction) acetic acid 
solution.  Filter through a filter paper.

Store in a well-stoppered brown bottle at 2 – 8 oC.

Sulfanilic acid solution

Dissolve 0.4 g of sulfanilic acid in 100 mL of 15% (volume fraction) acetic acid 
solution.  Filter through a filter paper.

Store in a well-stoppered brown bottle at 2 – 8 oC.

Complete reagent

Mix equal amounts of the two solutions (ANSA and sulfanilic acid) just before 
use.  Discard unused reagent immediately.

Zinc Dust
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Lactose – Gelatin Medium

Enzymatic digest of casein 15.0 g
Yeast extract 10.0 g
Lactose 10.0 g
Gelatin 120.0 g
Phenol red 0 05 g
Water 1000 mL

Dissolve the components, except the lactose and phenol red, in the water.  Adjust 
the pH so that after sterilisation it will be 7.5 ± 0.2 at 25 oC.

Add the lactose and phenol red, dispense 10 mL portions into test tubes and 
sterilise at 121 oC for 15 minutes.  If not used on the same day, store at 2 – 8 oC.

Just prior to use, heat in a boiling water or flowing steam for 15 minutes, then 
cool rapidly to the incubation temperature.

Discard unused medium 3 weeks after preparation.

46.1.6 Quality Control Organisms

Positive Control:
• Clostridium perfringens NZRM 20

Negative Control (Note: optional to the method):
• Clostridium sporogenes NZRM 1097

46.1.7 Plating

1. Prepare a sample of the product as described in Section 41.  Agitate the 
sample to ensure homogeneity and take test portions as soon as possible. 
Where possible, use reconstitution methods sourced from ISO 8261/
IDF 122:2001.

2. Take a sterile Petri dish.  Using a sterile pipette, transfer 1 mL of the sample 
into each dish.  Repeat if a duplicate plate is required.

Note: This represents a 10o dilution for liquid products, and a 10-1 dilution for most 
prepared products.  Refer to Section 41 for exceptions.

Note: Refer to NZTM 1 Frequency of Duplicate Plating and Decimal Dilutions 
section for recommendations on the frequency of duplicate plates and dilutions.

3. If a further dilution is required, transfer 1 mL of the sample into 9 mL of sterile 
0.1% peptone diluent.  Mix by aspirating 10 times with a fresh pipette, or 
vortexing for 5-10 seconds.  Transfer 1 mL of this dilution into a Petri dish. If 
a duplicate plate is required, transfer a further 1 mL into another Petri dish.

Note: This represents a 10-1 dilution for liquid products, and a 10-2 dilution for most 
prepared products.
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4. Repeat Step 3 for the number of dilutions required, each time adding 1 mL of 
the previous dilution to 9 mL of 0.1% peptone.

5. Pour 15-20 mL of molten SC medium, tempered to 45 ± 1 oC into each Petri 
dish.

6. Mix immediately after pouring into each Petri dish by rotating the dish 
sufficiently to obtain evenly dispersed colonies after incubation. Allow the 
agar to solidify at room temperature.

Note: The time elapsing between the preparation of the sample and the addition of 
the agar must not exceed 15 minutes.

7. Prepare the following test controls, using pre-poured and dried SC plates.

• Blank Control Plate:
Leave uninoculated.

• Positive Control Plate:
Inoculate with the positive control organism.

• Negative Control Plate:
Inoculate with the negative control organism.

Note: Dry the plates prior to use by placing them in a drying cabinet, agar surface 
down and without lids, at about 50 oC for 30 minutes, or at 35-37 oC for 1 hour.

8. Add a 10 mL overlay of SC medium, tempered to 45 ± 1 oC, to each dish. 
Allow the agar to solidify at room temperature.

9. Incubate the plates anaerobically at 37 ± 1 oC for 18-22 hours.  Longer 
incubation may lead to excess blackening around the edges of the plates.

Note: See NZTM 1 Anaerobic and CO2 — Enriched Incubation section for 
information regarding anaerobic incubation.

46.1.8 Interpretation

1. Examine the plates for the presence of suspicious (presumptive) colonies.

Presumptive C. perfringens colonies are black.
2. Examine the test control plates:

Blank Control Plate

There should be no colonies present. Otherwise, investigate the source of 
contamination.
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Positive Control Plate

It should contain typical black C. perfringens colonies. Otherwise, investigate 
the cause of the problem.

Negative Control Plate

It should contain presumptive black colonies. Otherwise, investigate the 
cause of the problem.

3. Select sample plates, at two successive dilutions if applicable, containing 
between 15 and 150 presumptive colonies.

4. Count and record the number of presumptive colonies on each of these 
plates.

5. Choose colonies from the plates for confirmation as follows:

• Positive Control Plate:
Choose a well-isolated colony.

• Negative Control Plate:
Choose a well-isolated colony (unless an alternative is specified).

• Choose a total of 5 well-isolated presumptive colonies from the selected 
plates representing the sample.  If there are less than 5 presumptive 
colonies, choose all of them.

46.1.9 Confirmation

Confirm each colony using one of two confirmation regimes described below:

Fluid thioglycollate and LS medium

Inoculate each selected colony into fluid thioglycollate medium. Incubate 
anaerobically at 37 ± 1 °C for 18-24 hours.

After incubation, transfer with no delay 5 drops of the incubated thioglycollate 
culture to lactose sulphite medium with a sterile pipette. Incubate at 46 ± 1 °C for 
18-24 hours in a waterbath.

Note: The reaction obtained at 46 °C in LS medium is very specific for Clostridium 
perfringens and some strains of Clostridium paraperfringens and Clostridium absonum. It 
is, therefore, not necessary to ensure that colonies picked from the TSC agar plates are 
pure before inoculation into thioglycollate broth and subsequently into the lactose sulphite 
medium.

Interpretation
Examine the tubes of LS medium for gas production and black precipitate (iron 
sulphite precipitate). Durham tubes more than one-quarter full of gas and tubes 
having a black precipitate are considered positive.
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If the Durham tube’s LS medium is less than one-quarter full of gas, transfer 5 
drops of incubated LS medium to another tube of LS medium. Incubate at
46 ± 1 °C for 18-24 hours.

Examine the tube as described above.

Nitrate motility medium and lactose gelatin medium

Note: this technique requires well isolated colonies.  If it is not possible to select 
well isolated colonies (e.g. due to overgrowth of SC Agar), inoculate 
5characteristic colonies into pre-deaerated fluid thioglycollate medium.  Incubate 
under anaerobic conditions at 37 oC for 18 – 24 hours.  Streak growth from 
incubated tubes to SC base agar plates and overlay with 10 mL of SC base agar.  
Incubate SC agar plates anaerobically at 37 oC for 18 – 24 hours.  Select at least 
one characteristic and well seperated colony from each incubated SC agar plate.

If necessary, repeat the streaking and inoculation on SC base agar until well 
isolated, characteristic black colonies are obtained.

Nitrate motilitymedium

Stab inoculate each selected colony into the freshly de-aerated nitrate motility 
medium.

Incubate under anaerobic conditions at 37 oC for 24 hours.  Examine the 
incubated tube of motility medium for the type of growth along the stab line.  
Motility is evident from diffuse growth out into the medium away from the stab 
line.

Test for the presence of nitrite by adding, wth the graduated pipette,
0.2 mL – 0.5 mL of nitrate detection reagent to each tube of nitrate motility 
medium.

The formation of a red colour confirms the reduction of nitrate to nitrite.  If no red 
colour is formed within 15 minutes add a small amount of zinc dust and allow to 
stand for 10 minutes.  If a red colour is formed after addition of zinc dust, no 
reduction of nitrate has taken place.

Lactose – gelatin medium

Inocuate each selected colony into freshly deaerated lactose – gelatin medium.  
Incubate under anaerobic conditions at 37 oC for 24 hours.

Examine the tubes of incubated lactose – gelatin medium for the presence of gas 
and a yellow colour (due to acid formation) indicating fermentation of lactose.

Chill the tubes for 1 hour at 5 oC and check for gelatin liquefaction.  If the medium 
has solidified re-incubate for an additional 24 hours and again check for gelatin 
liquefaction.
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Table 46.1.1: Test Summary

Test Result for Clostridium perfringens

SC agar Black colonies

LS medium Gas production and black precipitate

Nitrate motility

Lactose gelatin

Non – motile, reduce nitrate to nitrite

Produce acid and gas from lactose and liquefy gelatin in 48 
hours.

(Note: cultures that show a faint reaction for nitrite (i.e. faint 
colour pink) shall be eliminated as Clostridium perfringens
consistently gives an intense and immediate reaction).

46.1.10 Expression of Results

1. Calculate the result as described in NZTM 1 Calculation of Counts section.

2. Express the result as “Clostridium perfringens, colony forming units per gram 
(or per mL)”.

46.1.11 Precision 

Precision values are as discussed in ISO 7937 2004 (E).

46.1.12 Notes

1. Samples should be analysed as soon as possible after collection, preferably 
within 10 hours.  They should not be refrigerated or frozen for purposes of 
storing prior to testing, nor should they be subjected to sudden cooling.

2. Clostridium perfringens are oxygen-sensitive, so reconstitution, inoculation of 
tests and anaerobic incubation should be carried out promptly.
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47.2 Coagulase-positive Staphylococci; Detection

47.2.1 Scope

This method is used to detect the presence of coagulase-positive staphylococci in 
milk and milk products using an enrichment, plating and confirmatory testing 
technique. It is recommended for products where staphylococci are expected to be 
stressed and in low number as, for example, in dried milk products. Coagulase-
positive staphylococci will primarily be Staphylococcus aureus but Staphylococcus 
intermedius and some strains of Staphylococcus hyicus also produce free 
coagulase.

47.2.2 Validation Status

This method is based on:

• ISO 5944/IDF 60: 2001.  Milk and Milk based products.  Detection of coagulase-
positive staphylococci.  Most probable number technique.

The following modifications have been made to the source method:

• The method has been adapted from an MPN technique to a detection method using 
triplicate tubes.  The triplicate tube rationale is used as a way of reducing the false 
detection rate of the test. It can be shown (e.g. Fleiss 1981) that even when one 
positive tube is permitted, the false detection rate of a three tube method is less than 
that for a single tube.

• Deletion of steps to steam GC broth and to apply an overlay to inoculated GC broth 
tubes. These modifications have been tested via an industry trial which indicated that 
deletion of these two steps did not adversely affect the recovery of this method. 

This modified method is not validated.

47.2.3 Principle

A defined test portion of the sample is added to triplicate tubes of Giolitti-Cantoni 
broth. Lithium chloride in the medium inhibits Gram-negative organisms. The tubes 
are incubated at 37 oC for 24 or 48 hours. Blackening of the medium indicates that 
tellurite has been reduced to tellurium.

A loopful of each broth showing blackening is streaked on to Baird Parker agar. 
The plates are incubated aerobically at 37 oC for 24 or 48 hours. The formation of 
clearly visible suspicious colonies enables testing to proceed after 24 hours of 
incubation. Suspicious colonies on the plates are typically black (indicating tellurite 
reduction), often with a grey-white margin and surrounding clear zones (indicating 
lysis of egg yolk lipids and proteins).

Selected colonies are confirmed with the coagulase test.
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47.2.4 Media and Reagents

Giolitti-Cantoni (GC) Broth

Base medium

Single 
Strength

Double 
Strength

Tryptone 10.0 g 20.0 g
Meat extract 5.0 g 10.0 g
Yeast extract 5.0 g 10.0 g
Lithium chloride 5.0 g 10.0 g
Mannitol 20.0 g 40.0 g
Sodium chloride 5.0 g 10.0 g
Glycine 1.2 g 2.4 g
Sodium pyruvate 3.0 g 6.0 g
Tween 80 1.0 g 2.0 g
Distilled or deionised water 1000 mL 1000 mL

pH 6.9 ± 0.2

Completely dissolve the ingredients in the water. Adjust the pH so that after 
sterilisation it is 6.9 ± 0.2 at 25 °C. Dispense 10 mL volumes of single strength 
broth, and 10 mL volumes of double strength broth into test tubes. Sterilise at 121 
°C ± 1 °C for 15 minutes.

Note: Add Tween 80 prior to sterilisation if it is not included in any commercial formulation 
used.

Potassium tellurite solution 1%

Potassium tellurite, anhydrous 1.0 g
Distilled or deionised water 100 mL

Completely dissolve the potassium tellurite in the water with minimal heating. Filter 
sterilise into a sterile bottle. The solution may be stored at 1-5 °C for several
months.

Caution: Tellurite is toxic. Avoid skin contact. Avoid inhalation.

Note: Where tellurite solution is added separately to tubes of GC broth, it should be added 
immediately prior to addition of the sample.
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Complete medium (GC broth)

Single 
Strength

Double 
Strength

Base medium 10 mL 10 mL
Potassium tellurite solution; 1% 0.1 mL 0.2 mL

Cool the base medium to 47 ± 2 °C. Aseptically add potassium tellurite solution to 
each tube and mix well using 0.1 mL for single-strength medium and 0.2 mL for 
double-strength medium.

Baird Parker (BP) Agar

Base medium

Tryptone 10.0 g
Yeast extract 1.0 g
Meat extract 5.0 g
Sodium pyruvate 10.0 g
Glycine 12.0 g
Lithium chloride 5.0 g
Agar 12-20 g*
Distilled or deionised water 950 mL

pH 7.2 ± 0.2

* According to the manufacturer’s specifications.

Add the ingredients to the water. Mix thoroughly and boil with frequent agitation 
just sufficiently to completely dissolve the ingredients. Adjust the pH so that after 
sterilisation it is 7.2 ± 0.2 at 25 °C. Dispense suitable volumes into bottles. Sterilise 
at 121 ± 1 °C for 15 minutes. May be stored for 1 month between 2 and 5 °C.

Egg yolk emulsion — concentration about 20% (if a commercial preparation is not 
available)

Wash fresh and intact hens’ eggs using a brush and liquid detergent. Rinse well 
under running water. Immerse in 70% (v/v) ethanol for 10 minutes and air dry. 
Aseptically break each egg and separate the yolk. Put the yolks into a sterile 
measuring cylinder and add four times their volume of sterile water. Mix 
thoroughly. Heat the mixture in a water bath controlled at 47 ± 2 °C for 2 h and 
leave for 18-24 h at 1-5 °C to allow a precipitate to form. Collect the supernatant 
aseptically. The emulsion may be stored at 1-5 °C for up to 72 hours.
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Complete medium (BP agar)

Base medium 950 mL
Potassium tellurite solution; 1% 10 mL
Egg yolk emulsion; 20% 50 mL

Cool the base medium to 47 ± 2 °C. Add the other components (prewarmed to 47 
± 2 °C just before addition if problems with agar gelling occur), and mix thoroughly. 
Pour about 15 mL volumes into Petri dishes. Plates may be stored prior to drying 
at 1-5 °C for up to 24 hours.

Brain Heart Infusion (BHI) Broth

Calf brain infusion, dehydrated 12.5 g
Beef heart infusion, dehydrated 5.0 g
Peptone 10.0 g
Sodium chloride 5.0 g
Glucose 2.0 g
Disodium hydrogen ortho-phosphate(Na2 HPO4) 2.5 g
Distilled or deionised water 1000 mL

pH 7.4 ± 0.2

Completely dissolve the ingredients in the water. Adjust the pH so that after 
sterilisation it is 7.4 ± 0.2 at 25 °C. Dispense 5 mL volumes into test tubes. 
Sterilise at 121 ± 1 °C for 15 minutes. The medium may be stored at 1-5 °C for 
several months.

Rabbit Plasma with 0.1% EDTA

Use commercially available dehydrated rabbit plasma. Only plasma with EDTA as 
anticoagulant can be used. Rehydrate according to the manufacturer’s 
instructions. If not already present, add EDTA solution to give 0.1% EDTA in the 
rehydrated plasma.

Before use, test each batch of plasma with weakly and strongly coagulase-positive 
strains of Staphylococcus aureus and strains of coagulase-negative staphylococci.

47.2.5 Quality Control Organisms

Positive Control:
• Staphylococcus aureus NZRM 87

Negative Control (Note: optional to the method):
• Staphylococcus epidermidis NZRM 2205
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47.2.6 Enrichment

1. Prepare a sample of the product as described in Section 41. Agitate the 
sample just prior to taking test portions to ensure sample homogeneity.  
Where possible, use reconstitution methods sourced from ISO 8261 / IDF 122: 
2001 (E).

2. Determine the volume of prepared sample to be added to each GC broth 
based on:

• the dilution factor of the prepared sample;
• the weight or volume of the product required to determine compliance with the 

specification.

See Table 47.2.1 for examples.

Table 47.2.1: Example of an enrichment regime (for a reconstituted product 
at 10-1 dilution)

Product 
specification

Product 
weight

Reconstituted 
sample volume

Giolitti-Cantoni broth 
volume and strength

per 0.1 g 0.1 g 1.0 mL 10 mL of single 
strength

per 1.0 g 1.0 g 10.0 mL 10 mL of double 
strength

Note: Do not add more than 1 mL of sample to 10 mL of single strength broth. When 
inoculating double strength broths, the final concentration of the broth ingredients 
must be equivalent to that of single strength broths.

3. Take three test tubes (or other containers as appropriate) of GC broth at the 
appropriate strength and volume. Using a sterile pipette, transfer the amount 
of sample determined above into each broth. Mix well.

Note: The time elapsing between the preparation of the sample and the inoculation of 
the broths must not exceed 15 minutes.

4. Prepare further GC broths as follows:

• Blank Control Broth:
Leave this broth uninoculated.

• Positive Control Broth:
Inoculate this broth with the positive control organism.

• Negative Control Broth:
Inoculate this broth with the negative control organism.

Note: If double strength broths were used for sample testing, the controls should 
also use double strength broths. Dilute these to single strength using an equal 
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volume of sterile water. For the positive and negative controls, do this before
inoculating the control organisms.

Note: Any degree of blackening is considered a positive reaction. Any black 
precipitate at the base of the tube is also considered a positive reaction.

5. Incubate all broths at 37 ± 1 °C for 48 ± 2 hours.

Note: Broths showing blackening may be streaked at 24 hours.

47.2.7 Plating

1. Plate all broths showing any degree of blackening after 24 or 48 hours 
incubation.

Note: Many tubes show a fluffy grey suspension at this stage. These tubes should 
also be routinely streaked unless the laboratory can provide documented evidence 
that tubes with this appearance have always tested negative for coagulase-positive 
staphylococci over at least one full season of testing.

2. Take the number of dried BP plates required. Using a sterile loop for each 
broth showing blackening or clot formation, streak a loopful of broth on to the 
surface of each plate, so as to obtain well isolated colonies after incubation.

Note: Dry the plates prior to use by placing them in a drying cabinet, agar surface 
down and without lids, at about 50 °C for about 30 minutes, or 35-37 °C for about 60 
minutes.

3. Similarly streak a dried BP plate from the blank control broth, one from the 
positive control broth and one from the negative control broth.

4. Incubate all plates aerobically at 37 ± 1 °C for 48 ± 2 hours.

Note: Incubate the plates in an inverted position. It is recommended that stacks of 
plates be no more than six high. Stacks of plates should be separated from one 
another, and from the walls and top of the incubator.

47.2.8 Interpretation

1. Examine the plates for the presence of suspicious (presumptive) colonies. 
Presumptive colonies of coagulase-positive staphylococci are:

• shiny;
• black (indicating the reduction of tellurite to tellurium);
• convex;
• generally surrounded by a clear zone (indicating lysis of lipids and proteins) 

which may be partially opaque.
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Note: Atypical colonies of coagulase-positive staphylococci are frequently found in 
dairy products, and in frozen or desiccated foods stored for extended periods. They 
are frequently less black in colour, and may appear rough and dry in texture. They 
may also be black and shiny with a narrow white margin and no or a scarcely visible 
clear zone. Colonies fitting the above descriptions need to be confirmed, as outlined in 
47.2.9.

2. Examine the test control plates:

Blank control plate
There should be no colonies present. Otherwise, investigate the source of 
contamination.

Positive control plate
It should contain typical staphylococcal colonies. Otherwise, investigate the 
cause of the problem.

Negative control plate
It should contain dull black colonies with no clear zones. Otherwise, 
investigate the cause of the problem.

3. Examine the sample plates. Select all plates with presumptive colonies.

4. Choose colonies from the plates for confirmation as follows:

Positive Control Plate:
Choose a well-isolated colony.

Negative Control Plate:
Choose a well-isolated colony (unless an alternative is specified).

Sample Plates:
Choose at least three well-isolated presumptive colonies from each selected 
plate. If there are less than three presumptive colonies, choose all of them.

5. If it is not possible to choose well-isolated colonies from a sample plate, streak 
three presumptive colonies on to dried BP plates, incubate as before and 
choose one well isolated presumptive colony from each plate.

47.2.9 Confirmation — Coagulase Test

Confirm each chosen colony as follows:

Transfer the colony into 5 mL of BHI. Incubate aerobically at 37 ± 1 °C for 20 to 24 
hours. Add the incubated BHI broth to rabbit plasma with EDTA in the proportions
indicated by the manufacturer (see pack insert). Incubate aerobically at 37 ± 1 °C, 
and examine every hour for 4 hours until a 3+ or 4+ clot occurs. At this point the 
test can be regarded as positive and ended. Otherwise continue to incubate and 
examine for clot formation after 24 hours. The initial hourly check is important as a 
clot may form and then dissolve.

As a control, add 0.1 mL of sterile BHI broth to the recommended quantity of rabbit 
plasma and incubate without inoculation.
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Interpretation

Coagulase-positive bacteria form a 3+ or 4+ fibrin clot within 24 hours. A negative, 
1+ or 2+ clot is considered a negative reaction. See Figure 47.2.1.

Figure 47.2.1: Guide for scoring coagulase test reactions

Negative No evidence of fibrin formation
1+ Clot: Small unorganised clots
2+ Clot: Small organised clot
3+ Clot: Large organised clot
4+ Clot: Entire content of tube coagulates and is not displaced when tube 

is inverted.
Note: Only 3+ and 4+ clots are considered to be coagulase positive reactions.

For the test to be valid, the control plasma shall show no signs of clotting.

Result

S. aureus is coagulase-positive. (The positive control is weakly coagulase-
positive.) (S. epidermidis is coagulase-negative).

Note: Should an identification to species level be required, four slide agglutination test kits 
are suitable for use. However, they have not been validated according to the requirements 
of NZCP 13.

These kits are:

• Staphylase,
• Staphyslide,
• Staphaurex,
• Serobact.

It may be necessary to use freshly grown colonies from non-selective media (such as 
nutrient agar) for these test kit methods. Refer to the manufacturer’s instructions.
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A summary of the tests is shown in Table 47.2.2.

Table 47.2.2: Test summary

Test Result for coagulase-positive staphylococci

GC Produces blackening of the broth, and/or a black precipitate

BP Typically shiny black colonies with grey-white margins and 
surrounding clear zones.

Atypically less black colonies, rough and dry, lacking the 
margins and clear zones, or black and shiny with narrow white 
margins and no or a scarcely visible clear zone.

Coagulase test Positive; produces a 3+ or 4+ clot.

47.2.10 Expression of Results and Report

1. Coagulase-positive staphylococci are reported as being “Detected” in the 
sample for the amount of product tested in each GC enrichment tube, when 
two or three of the tubes are confirmed as positive.

Coagulase-positive staphylococci are reported as being “Not Detected” in 
the sample, when none or only one of the tubes is confirmed as positive.

Example 1

If 1 mL of a 10-1 dilution of the sample was added to each of three GC tubes, 
and two or three tubes were confirmed as containing coagulase-positive 
staphylococci, the result is expressed as “Detected per 0.1 g (or 0.1 mL)”.

If none or only one tube was confirmed positive, the result is expressed as 
“Not detected per 0.1 g (or 0.1 mL)”.

Example 2

If 10 mL of a 10-1 dilution of the sample was added to each of three GC tubes, 
and two or three tubes were confirmed as containing coagulase-positive 
staphylococci, the result is expressed as “Detected per gram (or per mL)”.

If none or only one tube was confirmed positive, the result is expressed as 
“Not detected per gram (or per mL)”.
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47.2.11 Precision

No precision values are available for this method.

47.2.12 Notes

1. Atypical colonies of coagulase-positive staphylococci are frequently isolated in 
dairy products. Care should be taken to include these colonies in confirmatory 
testing.

Note: At any step in the test where coagulase-positive staphylococci is shown to be 
absent in two or three of the Giolitti-Cantoni Broth enrichment tubes further testing is 
not required, and coagulase-positive staphylococci is reported as being not detected 
in the sample (see Section 47.2.10). However, for purposes of product quality control, 
it is recommended that all presumptive positive tubes be confirmed.

2. If a sample with two or more tubes positive in an initial test is retested using 
this three tube enrichment technique, the final result must be considered 
positive if any tube gives a positive result in the retest.

3. For the purpose of this method, the confirmation of coagulase-positive 
staphylococci is based on a strongly positive coagulase reaction but it is 
recognised that some strains of coagulase-positive staphylococci give weakly 
positive coagulase reactions. These latter strains may be confused with other 
bacteria but they may be distinguished from such other bacteria by the use of 
additional tests such as the production of thermonuclease (see IDF Standard 
83A: 1998).

47.2.13 References

• Fleiss, J.L. Statistical Methods for Rates and Proportions.  2nd Edition.  John 
Wiley & Sons, New York, 1981.

• IDF Provisional Standard 83A: 1998 Standard Method for the Detection of 
Thermonuclease Produced by Coagulase Positive Staphylococci in Milk and 
Milk Products.
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Flow Chart 47.2.1: Coagulase-positive Staphylococci; Detection
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48.5 Escherichia coli and Coliforms; Detection using LST-MUG

48.5.1 Scope

This method is used to detect the presumptive presence of both E. coli and 
coliforms in milk and milk products using an enrichment technique. Optional 
confirmation steps are included.

48.5.2 Validation Status

This method is based on:

• ISO 11866-1 / IDF 170-1: 2005. Enumeration of Presumptive Escherichia coli
- Part 1: Most probable number technique using 4-methyl umbelliferyl-β-D-  
glucuronide (MUG). 

The following modifications have been made to the source method:

• It has been adapted from an MPN technique to a detection method using 
triplicate tubes. The triplicate tube rationale is used as a way of reducing the 
false detection rate of the test. It can be shown (e.g. Fleiss, 1981) that even 
when one positive tube is permitted, the false detection rate of a three tube 
method is less than that for a single tube.

• The initial double strength enrichment is in LST only (not LST-MUG).
• A single strength enrichment step in LST-MUG is included after the initial 

double strength enrichment step.
• Optional confirmation steps for both E. coli and coliforms have been included.

This modified method is not validated.

48.5.3 Principle

A defined portion of the test sample is added to triplicate tubes of double strength 
LST broth (for dried product or cheese samples).  The tubes are incubated at 
30oC for 24 h.  Aliquots from all tubes are then subcultured into single strength 
modified lauryl sulphate tryptose broth which contains tryptophan and MUG 
(mLST-MUG broth) and incubated at 30oC for 24-48 h. For liquid or 0.1g 
samples, the sample is added to triplicate tubes of single strength mLST-MUG 
broth and incubated for 24-48 h.  After incubation, all tubes are examined for gas 
production, screened for fluorescence using an ultra-violet lamp and screened for 
the presence of indole.  Tubes showing gas formation are identified as positive 
for presumptive coliforms.  Tubes which fluoresce and give a positive indole test 
reaction are identified as positive for presumptive E. coli.

Fluorescence occurs when E. coli bacteria cleave 4- methylumbelliferyl-β-D 
glucuronide (MUG) to release a fluorescent compound.  About 95% of E. coli
strains contain the glucuronidase enzyme required to cleave MUG.  The 
combination of a positive fluorescence result and a positive indole reaction gives 
rise to a method which is highly specific for E. coli, even at the presumptive result 
stage.
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If confirmation is required for E. coli or coliforms, aliquots of the incubated mLST-
MUG medium may be streaked directly on to a suitable chromogenic medium.  
Colonies of E. coli and other coliforms are readily identified on chromogenic 
media by their colony appearance.

48.5.4 Media and Reagents

Lauryl Sulphate Tryptose Broth (LST)

Double 
Strength

Tryptose 40.0g
Lactose 10.0g
Dipotassium hydrogen phosphate 5.5g
Potassium dihydrogen phosphate 5.5g
Sodium chloride 10.0g
Sodium lauryl sulphate 0.2g
Water 1000mL

Completely dissolve the ingredients in the water, heating if necessary.  Adjust the 
pH if necessary, so that after sterilisation it is 6.8 + 0.2 at 25oC.  Transfer 10mL 
aliquots of the media into tubes.  Sterilise at a maximum temperature of 121oC for 
15 minutes.  If media is not used immediately, store in the dark at 0-5 C for no 
longer than 1 month under conditions that do not produce any changes in their 
composition.

Modified Lauryl Sulphate Tryptose Broth (mLST-MUG)

Single 
Strength

Tryptose 20.0g
Lactose 5.0g
Dipotassium hydrogen phosphate 2.75g
Potassium dihydrogen phosphate 2.75g
Sodium chloride 5.0g
Sodium lauryl sulphate 0.1g
4-methylumbelliferyl-β-D-glucuronide (MUG) 0.1g
Tryptophan 1.0g
Water 1000mL

Completely dissolve the ingredients in the water, heating if necessary.  Adjust the 
pH if necessary, so that after sterilisation it is 6.8 + 0.2 at 25oC. Transfer 10mL 
aliquots of media into test tubes which contain inverted Durham tubes.  Sterilise 
at a maximum temperature of 121oC for 15 minutes.  Ensure that Durham tubes 
do not contain air bubbles prior to use.  If media is not used immediately, store in 
the dark at 0-5 C for no longer than 1 month under conditions that do not produce 
any changes in their composition.
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Indole Reagent (Kovac’s Reagent)

4-dimethylaminobenzaldehyde 5.0g
2-methylbutan-1-ol or pentan-1-ol 75.0mL
Hydrochloric acid (ρ20 = 1.19 g/mL)* 25.0mL
*Caution: HCl is highly corrosive.

Dissolve the 4-diemthylaminobenzaldehyde in the alcohol by heating gently at 
50-55°C in a water bath.  Cool and add the hydrochloric acid.  Protect from the 
light and store at about 4°C.  This reagent is light yellow to light brown.  Do not 
use if it has darkened or discoloured.

Sodium Hydroxide Solution (0.5mol/l)

Sodium hydroxide 2.0g
Water 100mL

Chromogenic Media

The following media performed well in preliminary studies which tested their 
ability to detect E. coli and other coliform colonies.  Note that other brands not 
listed here may also be satisfactory if proven suitable.

Chromogenic media for E. coli:
Chromogenic E. coli/Coliform Medium Code CM956
(Oxoid; Intermed Scientific)
Chromocult Agar (Merck; BDH Chemicals)
Tryptone Glucuronide Bile Agar; TGB (Fort Richard)
CHROMAgar (Intermed Scientific)
Coli ID Agar (Bio Merieux; Med Bio Enterprises)

Note: Chromocult Agar, CHROMAgar and TGB Agar contain tryptophan.  The incubated 
agar plates may be flooded with Kovac’s reagent to give a direct indole test if further 
confirmation is required.

Chromogenic media for other coliforms:
Chromocult Agar (Merck; BDH Chemicals)
CHROMAgar (Intermed Scientific)
Coli ID Agar (Bio Merieux; Med Bio Enterprises)

0.1% Peptone

See Section 41.1.4, and dispense in 1mL volumes.

Tryptophan Broth (Indole Medium)

Tryptone 10.0g
Sodium chloride 5.0g
DL-tryptophan 1.0g
Distilled or deionised water 1000mL

pH 7.5 ± 0.2
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Completely dissolve the ingredients in the water.  Adjust the pH so that after 
sterilisation it is 7.5 ± 0.2 at 25°C.  Dispense 5mL volumes into test tubes or small 
bottles.  Sterilise at a maximum temperature of 121°C for 15 minutes.

48.5.5 Apparatus

Ultraviolet Lamp

An ultraviolet lamp with a wavelength of 360-370nm and an optimum output at 
366nm is required.  The lamp must not emit any other frequencies of light.  This 
lamp must be situated in conditions that are sufficiently darkened to observe 
fluorescence.  A purpose built u.v. viewing cabinet or a dark room may be 
required.

Note: Short-wave u.v. lamps (e.g. germicidal lamps) are unsatisfactory.

48.5.6 Quality Control Organisms

Positive Control for both the E. coli and Coliform Tests:
• Escherichia coli NZRM 916.

Negative Control for the E. coli Test:
• Enterobacter aerogenes NZRM 798.

Negative Control for the Coliform Test (optional):
• Pseudomonas aeruginosa NZRM 918.

Note: Both positive and negative controls for E. coli are essential to the method.

48.5.7 Enrichment

1. Prepare a sample of the product as described in Section 41.  Agitate the 
sample just prior to taking test portions to ensure sample homogeneity.  
Where possible, use reconstitution methods sourced from IDF Standard 
122C: 1996.

2. Determine the volume of prepared sample to be added to each LST or 
mLST-MUG tube based on:

• the dilution factor of the prepared sample,
• the weight or volume of the product required to determine compliance with 

the specification.

See Table 48.5.1 for examples.
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Table 48.5.1: Examples of enrichment regimes

Product type
Specification 

required
Volume of 

sample added LST Broth
M-LST-MUG 

broth

Dried products and 
cheese

per 1.0g
per 0.1g

10.0mL
1.0mL

10mL ds
-

10mL ss
10mL ss

Butter per 1.0g 1.0mL - 10mL ss

Milk per 1.0mL 1.0mL - 10mL ss

Rennet casein per 1.0g
per 0.1g

20.0mL
2.0mL

20.0mL ds
-

10mL ss
10mL ss

3. If 1.0g of sample is being tested, take three tubes of double strength LST at 
the appropriate volume. Using a sterile pipette, transfer the amount of 
sample determined above into each broth.

If 1mL of liquid or 0.1g of sample is being tested, take three tubes of single 
strength modified LST-MUG broth at the appropriate volume.  Using a sterile 
pipette, transfer the amount of sample determined above into each broth.

Note: The time elapsing between the preparation of the sample and the inoculation 
of the broths must not exceed 15 minutes.

4. Carefully mix the inoculum into the medium using a vortex mixer.  Avoid the 
introduction of air into the Durham tubes.

5. Prepare further modified LST-MUG tubes as follows:

• Blank Control Broth:
Leave this broth uninoculated.

• Positive Control Broth:
Inoculate this broth with the positive control organism.

• Negative Control Broth for Coliforms:
Inoculate this broth with the relevant negative control organism.

• Negative control broth for E. coli
Inoculate this broth with the relevant negative control organism.

Note: Control broths for butter and liquid samples should contain 1.0mL of product 
known to be negative for coliforms and E. coli.  This is to help in the reading of 
fluorescence in sample tubes.

Note: If double strength broths are used for sample testing, the controls should also 
use double strength broths.  Dilute these to single strength using an equal volume of 
sterile water.  For the positive and negative controls, do this before inoculating the 
control organisms.
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6. Incubate all inoculated tubes in an incubator at 30 + 1oC for 24 + 2 h.
If neither gas formation nor opacity is apparent in single strength mLST-MUG 
tubes at this time, incubate for a further 24 h to a total time of 48 + 2 h.

7. Sub-culture all double strength LST tubes into single strength modified LST-
MUG broth.  Incubate at 30 + 1oC for 24-48 h.

Note: For products containing dye materials (e.g. cheese powders), sub-culture no 
more than 10µl, as the dye materials may interfere with fluorescence.

8. Examine the incubated tubes.  If gas is present, record the result as positive 
for presumptive coliforms.  If a confirmed coliform result is required, proceed 
to Section 48.5.10.

If testing for E. coli, screen all tubes for fluorescence, regardless of whether 
gas is present or not.  Gas production may be obscured in some tubes. 
Proceed to Section 48.5.9.  See Note 1.

9. Examine the test control tubes:

Blank control broth

There should be no growth and no gas production.  Otherwise, investigate 
the source of contamination.

Positive control broth

There should be growth with gas present.  Otherwise, investigate the source 
of the problem.

Negative control broth for coliforms

There should be growth but no gas present.  Otherwise, investigate the 
source of the problem.

Negative control broth for E.  coli

There should be gas but no fluorescence.  Otherwise, investigate the source 
of the problem.



Fonterra Issue 13.0: February 2007
NZTM 2: Microbiological Methods Manual
Section 48: Product Test Methods: Enteric Indicator Organisms Page: 48.5.7
Release Status: Unrestricted

48.5.8 Detection of Fluorescence and Indole

1. Add 0.5mL of NaOH solution to the incubated tubes (this is optional; refer to 
Section 48.5.14).

2. Examine the tubes for fluorescence at 360- 366nm wavelength using a u.v. 
light situated in conditions that are sufficiently darkened to observe 
fluorescence.  Sample tubes should be compared to the negative control 
tube.  Any tubes brighter than the negative control are considered to 
exhibit positive fluorescence.

3. Add 0.5mL of indole reagent to each tube.  Mix well.  Examine after 1 minute 
for the presence of indole, which is indicated by a red colour in the alcoholic 
phase.

4. Examine the test control tubes:

Blank control broth

There should be no growth, no gas production, no fluorescence and no 
indole reaction.  Otherwise, investigate the source of contamination.

Positive control broth for E. coli test

There should be growth, gas, fluorescence and a positive indole reaction. 
Otherwise, investigate the source of the problem.

Negative control broth for E. coli test

There should be growth and gas but no fluorescence, and a negative indole 
reaction.  Otherwise, investigate the source of the problem.

48.5.9 Interpretation of Presumptive Coliforms and E. coli

1. Identify those tubes showing gas bubbles as positive for presumptive 
coliforms.

2. Identify those tubes which show fluorescence and formation of indole as 
being positive for presumptive E. coli.

3. If required, perform the identification steps described in Section 48.5.10. 
Otherwise proceed to Section 48.5.11.  Situations where identification is 
required include:

• fluorescence but no gas;
• the interpretation of fluorescence is difficult;
• positive fluorescence but negative indole reaction.

Note: If identifying E. coli, streak on to the appropriate media before adding indole 
reagent, as indole may inhibit growth.
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48.5.10 Identification (Optional) of E. coli and Other Coliforms

1. Streak all modified LST-MUG tubes showing positive for presumptive 
coliforms on to the surface of a suitable chromogenic medium (refer to 
Section 48.5.4).  Similarly streak plates from the blank control broth, positive 
control broth and negative control broth.

2. Streak all modified LST-MUG tubes showing positive for presumptive E. coli
on to the surface of a suitable chromogenic medium (refer to Section 48.5.4). 
Similarly streak plates from the blank control broth, positive control broth and 
negative control broth.

3. Incubate the chromogenic media at 37 + 1°C for 24 + 2 h.

4. Examine the plates for the presence of typical coliform and E. coli colonies as 
described by the relevant media manufacturer and record the results.

5. If further identification is required for E. coli colonies detected on 
chromogenic media, perform an indole test directly on the agar plate (if using 
suitable chromogenic medium, refer to Section 48.5.4) or by selecting a 
typical colony and by growing it up in a suitable broth before testing for indole 
production (see Section 48.5.8).

48.5.11 Interpretation

Identify coliform and E. coli colonies on chromogenic media according to the 
manufacturer’s instructions.

A summary of the tests is shown in Table 48.5.2.

Table 48.5.2 Test Summary

Test Results for 
Coliforms

Result for E. coli

LST broth Growth with gas Growth
Modified LST-MUG 
broth

Growth with gas Growth (gas may be obscured)

Fluorescence  Positive
Indole  Positive (red colouration)
Chromogenic agar Typical coliform 

colonies
Typical E. coli colonies
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48.5.12 Expression of Results and Report

1. Coliforms are reported as being “detected” in the sample for the amount of 
product tested in each modified LST-MUG enrichment tube, when two or 
three tubes show gas production (or contain organisms identified as 
coliforms). 

Coliforms are reported as being “not detected” in the sample if one or none 
of the tubes show gas production.  See Note 2.

Escherichia coli are reported as being “detected” in the sample for the 
amount of product tested in each modified LST-MUG enrichment tube, when 
two or three tubes show fluorescence and indole production (or contain 
organisms identified as E. coli).

Escherichia coli is reported as being “not detected” in the sample for the 
amount of product tested in each modified LST-MUG enrichment tube, when 
only one or none of the tubes show fluorescence and indole production.

Example 1

If 1mL of a 10-1 dilution of the sample was added to each of three single 
strength LST or mLST-MUG enrichment tubes and two or three tubes 
contained coliforms and/or Escherichia coli, the result is expressed as 
“detected per 0.1g (or per 0.1mL)”.

Example 2

If 10mL of a 10-1 dilution of the sample was added to each of three double 
strength LST broth tubes and then sub-cultured after incubation into three 
single strength mLST-MUG tubes contained coliforms and/or Escherichia 
coli, the result is expressed as “detected per gram (or per mL)”.

Example 3

If 1mL of an N dilution of the sample was added to each of three single 
strength LST or mLST-MUG enrichment tubes and two or three tubes 
contained coliforms and/or Escherichia coli, the result is expressed as 
“detected per Ng (or per NmL)”.

48.5.13 Precision

Precision values are not applicable to detection methods.

48.5.14 Notes

1. The requirement to test all tubes for fluorescence is stipulated by IDF 
Standard 170.  However, in situations where the inoculated LST-MUG broth 
remains clear after inoculation (e.g. following inoculation with a small aliquot 
of incubated LST broth, as when testing 1g samples), it may be possible to 
submit for fluorescence testing only those tubes which show signs of growth 
after incubation (e.g. cloudiness with or without gas).  In this situation, all the 
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incubated tubes must be compared against a blank control tube containing 
ss LST-MUG. All tubes which show any degree of cloudiness must be put 
through the fluorescence and indole testing procedure described in Section 
48.5.8.

2. Occasionally, a sample may show a negative coliform result, but a positive E. 
coli result. This may occur if the E. coli strain present is a slow gas producer, 
or if it does not produce gas at all. The occurrence of such strains is reported 
in Compendium of Methods for the Microbiological Examination of Foods.

Should this result be observed, carry out further identification tests for 
coliforms and E. coli and report the result.

3. LST medium is regarded in the international literature as the medium of 
choice for the detection of E. coli.

4. Because the combination of fluorescence and a positive indole reaction gives 
this method a high degree of specificity for E. coli, it is envisaged that many 
laboratories may choose not to confirm for E. coli on a routine basis.

5. E. coli O157 does not cleave MUG (or ferment lactose) and therefore will not 
be detected by this method.

6. Suitable eye protection is required when screening tubes for fluorescence. 
White glass safety glasses are not suitable, as they may transmit u.v. 
radiation above 320nm.  Safety lenses made of polycarbonate material 
should be used.  However, these polycarbonate lenses (and any other 
lenses that may be worn when testing, such as individual technician’s 
prescription lenses) should be tested to ensure they do not transmit u.v. rays 
below 400nm.

Ultraviolet bulbs used in this method must emit light at a frequency within the 
band of 360-370nm.  The bulbs must be filtered so that no other frequencies 
of light are emitted.  Otherwise eye damage may result and test results could 
potentially be invalidated.

7. Test tubes need to be screened for auto-fluorescence before initial use in 
this test.  Blank tubes should be tested for fluorescence on a periodic basis. 
If auto-fluorescence occurs, it may be necessary to change the composition 
of the test tubes or to change the detergents or rinse aids used.

8. The addition of sodium hydroxide may be necessary to enable the detection 
of fluorescence.  The purpose of adding NaOH is to raise the pH above 
about pH 3, as fluorescence is difficult to detect in broths with a pH below 
this level.  Therefore some particular product types may require the addition 
of NaOH in order to obtain good fluorescence results.  Accordingly, the 
addition of NaOH has been made optional in this method.  If NaOH is added, 
tests have shown that the subsequent recovery of E. coli for confirmation 
purposes will not be affected.
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Flow Chart 48.5.1: Escherichia coli and Coliforms; Detection
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Flow Chart 48.5.1: Escherichia coli and Coliforms; Detection 
continued
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50.1 Enterococci; Count

50.1.1 Scope

This method is used to enumerate enterococci in milk and milk products using a 
plating and confirmatory testing technique.

50.1.2 Validation Status

This is a non-validated interim method which has been used by the New Zealand 
dairy industry for several years. No suitable international or national reference 
method is currently available for testing this organism in dairy products. 

50.1.3 Principle

A defined test portion or a series of decimal dilutions of the sample is mixed with 
KF streptococcus agar and incubated aerobically at 37 oC for 48 hours. This 
medium contains azide, which inhibits Gram-negative organisms, and the stain 
1,3,5-triphenyltetrazolium chloride (TTC) which stains the colonies pink to red. 
The plates are examined for suspicious pink to red colonies, and these colonies 
are counted.

The following confirmatory procedures are performed on selected colonies: acid 
product in BAGG broth, growth and aesculin hydrolysis on bile aesculin agar, 
catalase test and Gram stain. The ratio of suspicious to confirmed colonies of 
enterocci on the selected plates enables the determination of a count of 
enterococci in the sample.

50.1.4 Diluent

• 0.1% peptone.

50.1.5 Media and Reagents

KF Streptococcus Agar

Base medium
Proteose peptone 10.0 g
Yeast extract 10.0 g
Sodium glycerophosphate 10.0 g
Sodium chloride 5.0 g
Maltose 20.0 g
Lactose 1.0 g
Sodium azide 0.4 g
Bromocresol purple 0.015 g
Agar 15-20 g*
Distilled or deionised water 1000 mL

pH 7.2 ± 0.2

* According to the manufacturer’s specifications.
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Add the ingredients to the water. Mix thoroughly and boil with frequent agitation 
just sufficiently to completely dissolve the ingredients. Adjust the pH so that after 
sterilisation it is 7.2 ± 0.2 at 25 °C. Dispense suitable volumes into bottles. 
Sterilise at a maximum temperature of 121°C for 10 minutes. Do not overheat. 
Store at 2-8 °C.

Caution: This contains azide which reacts with metals such as copper and 
can lead to the formation of explosive products. Do not discharge to drains.

2,3,5-triphenyltetrazolium chloride (TTC) solution − 1%

TTC 1.0 g
Distilled or deionised water 100 mL

Completely dissolve the TTC in the water. Filter sterilise into a sterile bottle.

Caution: TTC is a potential carcinogen.  Avoid contact with skin.

Complete medium

Base medium 100 mL
TTC solution - 1% 1 mL

Cool the base medium to about 50 °C. Add 1 mL of TTC solution to each 100 mL 
of base medium and mix thoroughly. Pour about 15 mL volumes into Petri dishes. 
Plates may be stored prior to drying at 2-8 °C.

Buffered Azide Glucose Glycerol (BAGG) Broth

Proteose peptone 20.0 g
Dextrose 5.0 g
Dipotassium hydrogen phosphate 4.0 g
Potassium dihydrogen phosphate 1.5 g
Sodium chloride 5.0 g
Sodium azide 0.5 g
Bromocresol purple 0.015 g
Glycerol 5.0 mL
Distilled or deionised water 1000 mL

pH 6.9 ± 0.2

Completely dissolve the dry ingredients in the water. Add the glycerol. Adjust the 
pH so that after sterilisation it is 6.9 ± 0.2 at 25 oC. Dispense 10 mL volumes into 
test tubes. Sterilise at 116 oC for 15 minutes. Do not overheat. The medium 
may be stored at 2-8 oC.

Caution: This contains azide which reacts with metals such as copper and 
can lead to the formation of explosive products. Do not discharge to drains.

Bile-Aesculin Agar

Pancreatic digest of gelatin 5.0 g
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Beef extract 3.0 g
Ox bile (Oxgall) 40.0 g
Aesculin 1.0 g
Iron (III) Ammonium citrate 0.5 g
Agar 12-15 g *
Distilled or deionised water 1000 mL

pH 6.8 ± 0.2

* According to the manufacturer’s specifications.

Add the ingredients to the water. Mix thoroughly and boil with frequent agitation 
just sufficiently to completely dissolve the ingredients.  Adjust the pH so that after 
sterilisation it is 6.8 ± 0.2 at 25 oC. Dispense suitable volumes into bottles. 
Sterilise at a maximum temperature of 121 oC for 15 minutes.  Do not overheat. 
Cool to 45-50 oC and pour 15 mL volumes into Petri dishes.  The plates may be 
stored prior to drying at 2-8 oC.

Catalase Reagent (3% H2O2)

Hydrogen peroxide, 30% 10 mL
Distilled or deionised water 90 mL

Mix.  Store in a dark bottle at 2-5 oC.  Discard when the solution no longer 
produces bubbles with the positive control organism.

Caution: Hydrogen peroxide is an oxidising agent. Avoid contact with eyes 
and skin.

Gram Stain Solutions

See NZTM 1 Stains and Staining Procedures section.

50.1.6 Quality Control Organisms

Positive Control:
• Enterococcus faecalis NZRM 1106



Fonterra Issue 7.0: June 2000
NZTM 2: Microbiological Methods Manual
Section 50: Product Test Methods: Enterococci Page: 50.1.4
Release Status: Unrestricted

Negative Control (Note: optional to the method):
• Streptococcus Pyogenes NZRM 2264

Catalase-Positive Control (Note: optional to the method):
• Staphylococcus aureus NZRM 87

50.1.7 Plating

1. Prepare a sample of the product as described in Section 41. Agitate the 
sample just prior to taking test portions, to ensure sample homogeneity.  
Where possible, use reconstitution methods sourced from IDF 122C: 1996.

2. Take a sterile Petri dish. Using a sterile pipette, transfer 1 mL of the sample 
into the dish. Repeat if a duplicate plate is required.

Note: This represents a 10o dilution for liquid products, and a 10-1 dilution for most 
prepared products. Refer to Section 41 for exceptions.

Note: The 10 mL of sample may be distributed equally between five Petri dishes. 
For a prepared product at 10-1 dilution, this represents 1 gram. Consider the five 
plates as a single plate for purposes of counting and confirmatory testing.

Note: Refer to Section 10 for recommendations on the frequency of duplicate plates 
and dilutions.

3. If a further dilution is required, transfer 1 mL of the sample into 9 mL of sterile 
0.1% peptone diluent. Mix by aspirating 10 times with a fresh pipette, or 
vortexing for 5-10 seconds. Transfer 1 mL of this dilution into a Petri dish. If a 
duplicate plate is required, transfer a further 1 mL into another Petri dish.

Note: This represents a 10-1 dilution for liquid products, and a 10-2 dilution for most 
prepared products.

4. Repeat Step 3 for the number of dilutions required, each time adding 1 mL of 
the previous dilution to 9 mL of 0.1% peptone.

5. Pour 12-15 mL of molten KF streptococcus agar medium, tempered to 45 ± 1 
oC, into each Petri dish.

6. Mix immediately after pouring into each Petri dish by rotating the dish 
sufficiently to obtain evenly dispersed colonies after incubation.  

Allow the agar to solidify at room temperature.

Note: The time elapsing between the preparation of the sample and the addition of 
the agar must not exceed 15 minutes.

7. Prepare the following test controls using prepoured and dried KF 
streptococcus agar plates:

• Blank Control Plate:
Leave uninoculated.
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• Positive Control Plate:
Streak with the positive control organism.

• Negative Control Plate:
Streak with the negative control organism.

Note: Dry the plates prior to use by placing them in a drying cabinet, agar surface 
down and without lids at about 50 oC for about 30 minutes, or 35-37 oC for about 60 
minutes

8. Incubate all plates aerobically at 37 ± 1 °C for 48 ± 2 hours.

Note: Incubate the plates in an inverted position. It is recommended that stacks of 
plates be no more than six high. Stacks of plates should be separated from one 
another, and from the walls and top of the incubator.

50.1.8 Interpretation

1. Examine the plates for the presence of  suspicious (presumptive) colonies.

Presumptive enterococci are:

• pink to red (indicating the uptake of the vital stain TTC and its reduction to 
formazan);

• surrounded by a yellow zone (indicating metabolism of maltose and lactose with 
production of acid, which has turned the bromocresol purple indicator to yellow).

2. Examine the test control plates:

Blank control plate

There should be no colonies present. Otherwise, investigate the source of 
contamination.

Positive control plate

It should contain typical colonies of enterococci. Otherwise, investigate the 
cause of the problem.

Negative control plate

It should either contain no colonies, or if present, they should be neither red, 
nor with surrounding yellow zones. Otherwise, investigate the cause of the 
problem.

3. Select all sample plates at two successive dilutions if applicable, containing 
between 15 and 150 presumptive colonies.

4. Count and record the number of presumptive colonies on each of these 
plates.

5. Choose colonies from the plates for confirmation as follows:
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• Positive Control Plate
Choose a well-isolated colony.

• Negative Control Plate
Choose a well-isolated colony. If colonies are not present, carry out negative 
control checks on confirmatory tests using the negative control maintenance 
culture (unless an alternative is specified).

• Sample Plates
Choose at least five well-isolated presumptive colonies. If there are less than 
five presumptive colonies, choose all of them. If it is not possible to choose 
well-isolated colonies, or if it is difficult to recover the colonies from the agar, 
streak at least five presumptive colonies on to dried KF streptococcus agar 
plates, incubate as before, and choose one well-isolated presumptive colony 
from each plate.

50.1.9 Confirmation 

Confirm each colony as follows:

Growth in BAGG broth

Inoculate a portion of the colony into a tube of BAGG broth.  Incubate aerobically 
at 37 ± 1 oC for 24 ± 2 hours.

Interpretation

Bacteria that tolerate azide and grow in the broth produce acid and turn the broth 
yellow due to the presence of bromocresol purple. 

Result

Enterococci turn BAGG Broth yellow. (S. pyogenes does not grow, and the broth 
remains purple).
Growth on bile-aesculin agar

Streak a portion of the colony on to the surface of a dried bile-aesculin agar plate. 
Incubate aerobically at 37 ± 1 oC for 24 ± 2 hours.
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Interpretation

Colonies that grow in the presence of bile and hydrolyse aesculin are black and 
surrounded by a zone of black to dark green. Hydrolysis of aesculin produces 
glucose and aesculetin. Aesculetin reacts with iron (III) ions to form the black to 
dark green complex. Aesculin hydrolysis is more readily observed under u.v light; 
aesculin fluoresces, whereas the zone of hydrolysis does not.

Result

Enterococci hydrolyse aesculin, are black and are surrounded by black to dark 
green zones. (S. pyogenes may grow, but does not hydrolyse aesculin).

Gram Stain

Carry out a Gram stain from the BAGG broth culture.

See NZTM 1 Stains and Staining Procedures section.

Result

Enterococci are Gram-positive, ovoid cocci in pairs to short chains.

Catalase Production

Note: Use Staphylococcus aureus NZRM 87 as the catalase-positive control.

Streak a portion of the colony on to a plate of non-selective medium such as 
tryptic soy agar, and incubate aerobically at 37 ± 1 oC for 18-24 hours. Add a 
drop of catalase reagent to a smear of a portion of one colony on a clean glass 
slide.

Note: A catalase test on colonies from bile-aesculin agar may give false positive results.

Interpretation

Catalase positive bacteria produce bubbles of oxygen gas in the reagent within 
10 seconds.

Result

Enterococci are catalase-negative. (S. aureus is catalase-positive.)
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Table 50.2.2: Summary of Tests
Test Results for enterococci

KF streptococcus agar Pink to red colonies sur-rounded by yellow zones.

BAGG broth Turns yellow.

Bile-aesculin agar Black colonies surrounded by dark green to black 
zones.

Gram stain Gram-positive oval cocci, in pairs to short chains.

Catalase test Negative; does not produce gas.

50.1.10 Calculation and Report

1. Calculate the result as described in NZTM 1 Calculation of Results section.

2. Express the result as “enterococci, colony forming units per gram (or per 
mL)”.

50.1.11 Precision

No precision values are available for this method.

50.1.12 Note

1. The selective plating medium used in this method, KF streptococcus agar, 
appears to be selective for E. faecalis and E. faecium.
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Flow Chart 50.1.1: Enterococci; Count
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53.2 Listeria; Detection by the ISO Method

53.2.1 Scope

This method is for the detection of Listeria in milk and milk products.

53.2.2 Validation

This method is based on:

• ISO 11290-1:1996 (Amt 2004) Microbiology of food and animal feeding stuffs –
Horizontal method for the detection and enumeration of Listeria 
monocytogenes – part 1:  Detection method.  Amendment 1:  Modification of 
the isolation media and the haemolysis test, and inclusion of precision data.

The validation status of this method is not known.

53.2.3 Principle

Selective Enrichment

Listeria cells are resuscitated using primary enrichment in Half Fraser Broth (i.e. a 
reduced concentration of the selective agents lithium chloride, acriflavin and 
nalidixic acid). This broth also prevents competitive bacteria from growing. 
Secondary enrichment is carried out using full-strength Fraser Broth.

Selective Plating

Listeria colonies are isolated and differentiated from competitive bacteria by 
streaking on to two selective agars – Agar Listeria according to Ottaviani and 
Agosti (ALOA), and one other selective agar such as Oxford or PALCAM.

Confirmation

Presumptive Listeria colonies are subcultured and confirmed by means of 
appropriate morphological, physiological and biochemical tests.

53.2.4 Media and reagents

• Half Fraser Broth

Base medium

Meat peptone (peptic digest of animal tissue) 5.0g
Tryptone (peptic digest of casein) 5.0g
Beef extract 5.0g
Yeast extract 5.0g
Sodium chloride 20.0g
Disodium hydrogen phosphate dihydrate 12.0g
Potassium dihydrogen phosphate 1.35g
Aesculin 1.0g
Distilled Water 1000mL
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Dissolve the components in water by heating if necessary.

Adjust the pH so that after sterilisation it is 7.2 ± 0.2 at 25°C.

Dispense in appropriate volumes and autoclave at 121°C for 15 mins.

Lithium chloride solution

Lithium chloride 3.0g
Distilled Water 10mL

Add the lithium chloride to the water and dissolve

Sterilise by filtration

Warning: take all necessary precautions when dissolving the lithium 
chloride in water as the reaction is strongly exothermic (i.e. the solution 
may become very hot during mixing).  This solution also irritates 
mucous membranes.

Sodium salt of nalidixic acid solution

Sodium salt of nalidixic acid 0.1g
Sodium hydroxide, 0.05 mol/L solution 10mL

Dissolve the nalidixic acid in the sodium hydroxide

Sterilise by filtration.

Acriflavin hydrochloride solution

Acriflavin hydrochloride 0.25g
Distilled water 100mL

Dissolve the acriflavin hydrochloride in the water

Sterilise by filtration.

Ammonium iron(III) citrate solution

Ammonium iron(III) citrate 5.0g
Distilled Water 100mL

Dissolve the ammonium iron(III) citrate in the water.

Sterilise by filtration.
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Complete medium

Base medium 100mL
Lithium chloride solution 1.0mL
Sodium salt of nalidixic acid 0.1mL
Acriflavin hydrochloride 0.5mL
Ammonium iron(III) citrate 1.0mL

Immediately before use add the four filter-sterilised solutions to the autoclaved 
base medium.

Note: The lithium chloride solution and nalidixic acid solution may be added to 
the base before autoclaving.

• Fraser Broth

Base medium

Meat peptone (peptic digest of animal tissue) 5.0g
Tryptone (peptic digest of casein) 5.0g
Beef extract 5.0g
Yeast extract 5.0g
Sodium chloride 20.0g
Disodium hydrogen phosphate dihydrate 12.0g
Potassium dihydrogen phosphate 1.35g
Aesculin 1.0g
Lithium chloride 3.0g
Sodium salt of nalidixic acid 0.02g
Distilled Water 1000mL

Dissolve the components in water by heating if necessary.

Adjust the pH so that after sterilisation it is 7.2 ± 0.2 at 25°C.

Dispense in appropriate volumes and autoclave at 121°C for 15 mins.

Acriflavin hydrochloride solution

Acriflavin hydrochloride 0.25g
Distilled water 100mL

Dissolve the acriflavin hydrochloride in the water

Sterilise by filtration.

Ammonium iron(III) citrate solution

Ammonium iron(III) citrate 5.0g
Distilled Water 100mL

Dissolve the ammonium iron(III) citrate in the water.

Sterilise by filtration.
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Complete medium

Base medium 10mL
Acriflavin hydrochloride 0.1mL
Ammonium iron(III) citrate 0.1mL

Immediately before use add the two filter-sterilised solutions to the autoclaved 
base medium.

• Agar Listeria according to Ottaviani and Agosti (ALOA) 

Enzymatic digest of animal tissue 18g
Enzymatic digest of casein 6.0g
Yeast extract 10g
Sodium pyruvate 2.0g
Glucose 2.0g
Magnesium glycerophosphate 1.0g
Magnesium sulfate (anhydrous) 0.5g
Sodium chloride 5.0g
Lithium chloride 10g
Disodium hydrogen phosphate (anhydrous) 2.5g
5-Bromo-4-chloro-3-indolyl –β–D-glucopyranoside 0.05g
Agar 12 – 18g*
Distilled water 930mL**

*Depending on the gel strength of the agar
** Use 925 mL of distilled water if Amphotericin B solution is used.

Dissolve the ingredients in the distilled water by boiling.

Adjust the pH if necessary so that after sterilisation it is 7.2 ± 0.2. 

Sterilise by autoclaving at 121°C for 15 mins. 

Nalidixic acid solution

Nalidixic acid sodium salt 0.02g
Sodium hydroxide (0.05 mol/L) 5mL

Dissolve the nalidixic acid sodium salt in 5mL of sodium hydroxide.

Sterilise by filtration.

Ceftazidime solution

Ceftazidime 0.02g
Distilled water 5mL

Dissolve the ceftazidime in 5 mL distilled water.

Sterilise by filtration through a 0.45µm membrane.
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Polymyxin B solution

Polymyxin B sulfate 76 700 IU
Distilled water 5mL

Dissolve the polymyxin B sulfate in 5 mL distilled water.

Sterilise by filtration through a 0.45µm membrane.

Antibiotic supplement

Cyclohexamide solution

Cyclohexamide 0.05g
Ethanol 2.5mL
Distilled water 2.5mL

Dissolve the cyclohexamide in 2.5mL of ethanol than add 2.5mL of distilled 
water.

Sterilise by filtration through a 0.45µm membrane.

Warning: Cyclohexamide is highly toxic, and care must be taken when 
handling it.

Amphotericin B solution (as an alternative to cyclohexamide solution)

Amphotericin B 0.01g
HCl (1 mol/L) 2.5mL
Dimethylformamide (DMF) 7.5mL

Dissolve the amphotericin in the HCl/DMF solution.

Sterilise by filtration through a 0.45µm membrane.

Warning: The HCl/DMF solution is toxic, handle with care.

L-α-phosphatidylinositol supplement

L-α-phosphatidylinositol 2.0g
Distilled water 50mL

Dissolve the L-α-phosphatidylinositol in the distilled water and stir for about 30 
mins until a homogenous suspension is obtained.

Sterilise by autoclaving at 121°C for 15 mins.

Cool to 48 – 50°C before use.
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Complete medium

Base medium 930mL*
Nalidixic acid solution 5mL
Ceftazidime solution 5mL
Polymyxin B solution 5mL

Cyclohexamide solution 5mL
or
Amphotericin B solution 10mL

L-α-phosphatidylinositol supplement 50mL

*Use 925mL base medium if Amphotericin B solution is used.

Add the solutions to the molten base medium at approximately 50°C, mixing 
thoroughly between each addition.

The pH of the complete medium shall be 7.2 ± 0.2 at 25°C.

The complete medium will be homogenously opaque.

Pour 15 – 20mL of freshly prepared complete ALOA medium into Petri dishes 
and allow to solidify.

• Second Selective Agar

According to ISO, the choice of the second selective agar medium is left to the 
discretion of the testing laboratory (ISO suggests Oxford or PALCAM agars). If 
a commercial medium is used, the manufacturers instructions for preparation 
shall be followed precisely. 

• Phosphate Buffered Saline (PBS)

Disodium hydrogen phosphate dihydrate 8.98g
Sodium dihydrogen phosphate 2.71g
Sodium chloride 8.5g
Distilled water 1000mL

Dissolve the components in the distilled water.

Adjust the pH if necessary so that after sterilisation it is 7.2 ± 0.2 at 25°C.

Sterilise by autoclaving at 121°C for 15 mins.
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• Sheep Red Blood Corpuscle Suspension

Maintain the sheep red blood corpuscles at 3 ± 2°C before use.

Before use – examine for signs of haemolysis (reddening) in the serum. If no 
haemolysis has occurred, introduce 2mL of the blood corpuscles layer into 
98mL of PBS buffer.

If haemolysis has occurred, suspend approximately 4mL of the blood 
corpuscles layer into 10mL of PBS buffer and mix gently, then centrifuge.

If the supernatant liquid clearly becomes red, due to significant haemolysis, do 
not use the stock suspension and discard it. Otherwise, decant the 
supernatant liquid and add 2mL of this blood corpuscle solution to 98mL of 
PBS buffer.

Keep this suspension for 5 days at 3 ± 2°C. Discard it if haemolysis occurs. 

• Tryptone Soya Yeast Extract Agar (TSYEA)

Tryptone 17.0g
Soya peptone 3.0g
Sodium chloride 5.0g
Dipotassium phosphate 2.5g
Glucose 2.5g
Yeast extract 6.0g
Agar 9 – 18g*
Distilled water 1000mL

*Depending on the gel strength of the agar

Dissolve the ingredients in the distilled water by boiling.

Adjust the pH if necessary so that after sterilisation it is 7.3 ± 0.2 at 25°C.

Dispense the medium into tubes of suitable capacity appropriate for the test.

Sterilise by autoclaving at 121°C for 15 mins.

Allow to set in a sloping position.

For the preparation of agar plates, dispense 15mL of medium into sterile Petri 
dishes and allow to solidify.
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• Tryptone Soya Yeast Extract Broth (TSYEB)

Tryptone 17.0g
Soya peptone 3.0g
Sodium chloride 5.0g
Dipotassium phosphate 2.5g
Glucose 2.5g
Yeast extract 6.0g
Distilled water 1000mL

Dissolve the ingredients in distilled water by heating if necessary.

Adjust the pH so that after sterilisation it is 7.3 ± 0.2 at 25°C.

Dispense the medium into flasks or tubes of suitable capacity.

Sterilise by autoclaving at 121°C for 15 mins.

• Sheep Blood Agar

Base medium

Meat peptone 15g
Liver digest 2.5g
Yeast extract 5.0 g
Sodium chloride 5.0g
Agar 9 – 18g*
Distilled water 1000mL

*Depending on the gel strength of the agar

Dissolve the components in the distilled water by boiling.

Adjust the pH if necessary so that after sterilisation it is 7.2 ± 0.2 at 25°C.

Dispense in appropriate volumes and sterilise by autoclaving at 121°C for 15 
mins.

Defibrinated sheep blood

Complete medium

Base medium 100mL
Defibrinated sheep blood 5 – 7mL

Cool the base medium to 47°C and add the defibrinated sheep blood.

Dispense the medium into sterile Petri dishes and allow to solidify.
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• Carbohydrate Utilisation Broth

Base medium

Proteose peptone 10g
Meat extract 1.0g
Sodium chloride 5.0g
Bromocresol purple 0.02g
Distilled water 1000mL

Dissolve the components in the distilled water by heating if necessary.

Adjust the pH if necessary so that after sterilisation it is 6.8 ± 0.2 at 25°C.

Dispense into tubes of suitable capacity.

Sterilise by autoclaving at 121°C for 15 mins.

Carbohydrate solutions

Carbohydrate (L-rhamnose or D-xylose) 5.0g
Distilled water 100mL

Dissolve each carbohydrate (L-rhamnose or D-xylose) separately in 100mL of 
distilled water.

Sterilise by filtration.

Complete medium

Base medium 9.0mL
Carbohydrate solution 1.0mL

Aseptically combine selected carbohydrate solution with the sterilised base 
medium.

• Motility Agar

Casein peptone 20.0g
Meat peptone 6.1g
Agar 3.5g
Distilled water 1000mL

Dissolve the components in the distilled water by boiling.

Adjust the pH if necessary so that after sterilisation it is 7.3 ± 0.2 at 25°C.

Dispense the medium into tubes in quantities of about 5mL.

Sterilise by autoclaving at 121°C for 15 mins.
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• Christie, Atkins, Munch-Peterson (CAMP) medium 

Base medium

Meat peptone 15g
Liver digest 2.5g
Yeast extract 5.0g
Sodium chloride 5.0g
Agar 9 – 18g*
Distilled water 1000mL

*Depending on the gel strength of the agar

Dissolve the components in the distilled water by boiling.

Adjust the pH if necessary so that after sterilisation it is 7.2 ± 0.2 at 25°C.

Dispense in appropriate volumes and sterilise by autoclaving at 121°C for 15 
mins.

Sheep blood medium

Base medium 100mL
Defibrinated sheep blood 5 – 7mL

Cool the base medium to 47°C and add the defibrinated sheep blood.

Complete CAMP plates

Dispense 10 mL volumes of the base medium into sterile Petri dishes and 
allow to solidify.

Pour a very thin overlay (about 3 mL) of the sheep blood medium on to 
solidified base medium plates. 

Allow to solidify.

Note: If the sheep blood medium is added to base medium plates that have 
been prepared in advance, it may be necessary to warm the dishes for 20 
mins by placing them in an incubator set at 37°C before pouring the sheep 
blood overlay.

• Hydrogen Peroxide Solution

Hydrogen peroxide, 30% 10mL
Distilled water 90mL

Mix hydrogen peroxide with distilled water.

Warning: Hydrogen peroxide is an oxidising agent - avoid contact with 
eyes and skin.
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53.2.5 Quality Control Organisms

Listeria monocytogenes NZRM 44
Enterococcus faecalis NZRM 1106
Listeria ivanovii NZRM 797
Listeria innocua NZRM 3024
Staphylococcus aureus NZRM 3022
Rhodococcus equi NZRM 3023

53.2.6 Procedure

Primary Enrichment

Aseptically weigh out 25g of solid sample, or pipette 25mL of liquid sample (the 
25g samples may be composited if possible).  Add sufficient Half Fraser Broth to 
give a 1:10 dilution (w/v).

Samples such as milk-fats, butters and frozen products should be melted at
37 – 45°C prior to addition to Half Fraser Broth.

Prepare the following controls:

Positive control:

Inoculate a 225mL volume of Half Fraser broth with a small aliquot from a serially 
diluted culture (ideally to achieve <10 colony forming units).  To achieve this, 
serially dilute an overnight culture (108 cfu/mL) so that the final dilution contains 
about 10 cfu/0.1mL.  Add 0.1mL to the 225mL of Half Fraser broth.

Negative control:

Inoculate a 225mL volume of Half Fraser broth with 0.1mL of an overnight culture 
of Enterococcus faecalis.

Blank control:

A third 225mL volume of Half Fraser broth is left uninoculated.

Incubate the inoculated Half-Fraser Broth (including control broths) at 30°C for
24 ± 2 hours.

Selective Plating from Primary Enrichment Broth 

Using a sterile loop, transfer a small aliquot of each incubated primary enrichment 
broth (including control broths) to the surface of an ALOA agar plate.  Streak to 
obtain single colonies.

Proceed in the same way with the second selective agar plate.

Incubate the inoculated ALOA plates aerobically at 37°C for 24 ± 3 hours (and for 
an additional 24 ± 3 hours if the growth is weak or if no colony is observed after 
24h incubation).
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Incubate the second selective agar plates according to manufacturer’s instructions.

Secondary Enrichment

Transfer 0.1mL of each incubated primary enrichment broth (including control 
broths) to a tube containing 10mL of Fraser Broth.

Incubate the inoculated Fraser broth tubes at 35 – 37°C for 48 ± 2 hours.

Selective Plating from Secondary Enrichment Broth 

Using a sterile loop, transfer a small aliquot of each incubated secondary 
enrichment broth (including control broths) to the surface of an ALOA agar plate.  
Streak to obtain single colonies.

Proceed in the same way with the second selective agar plate.

Incubate the inoculated ALOA plates aerobically at 37°C for 24 ± 3 hours (and for 
an additional 24 ± 3 hours if the growth is weak or if no colony is observed after 
24h incubation).

Incubate the second selective agar plates according to manufacturer’s instructions.

53.2.7 Interpretation

After incubation examine the agar plates as follows:

1. On ALOA typical Listeria monocytogenes colonies are green-blue, surrounded 
by an opaque halo.

Note: Some strains of L. monocytogenes show a very weak halo (even no halo) on 
ALOA when cells are stressed, and in particular acid-stressed.

Note: According to ISO, some L. monocytogenes are characterised by a slow 
PIPLC (phosphatidyl inositol phospholipase C) activity.  Such bacteria are detected 
when the total duration of incubation of ALOA is more than, for example, 4 days.

Examine colony growth on the second selective agar, and check for the presence 
of presumptive Listeria according to manufacturer’s instructions.

Examine controls as follows:

Positive control:

Agar plates should show typical Listeria colonies.  Otherwise, investigate the 
cause of the problem.

Negative control

Should show either no colonies, or only small numbers of atypical colonies.  
Otherwise, investigate the cause of the problem.
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Blank control:

Should show no growth.  Otherwise, investigate the source of the contamination.

53.2.8 Confirmation

Confirmation of Listeria spp.

From each selective agar plate, take five presumptive positive colonies for 
confirmation.

If one plate has fewer than five presumptive colonies, take all of them.

Streak the selected colonies on to the surface of pre-dried plates of tryptone soya 
yeast extract agar (TSAYE) to obtain single colonies. 

Incubate inoculated TSAYE plates at 35°C or 37°C for 18 – 24 hours.

Typical colonies on TSAYE are 1mm to 2mm in diameter, convex, colourless and 
opaque with an entire edge. 

The following tests should be carried out on well-isolated, pure cultures from 
TSAYE.

If the colonies on TSAYE plates are not well separated, pick a typical Listeria spp 
colony and streak on to another TSAYE plate.

Catalase Test

Take an isolated colony from each incubated TSAYE plate and suspend each 
colony in a drop of hydrogen peroxide solution on a slide. 

The immediate formation of gas bubbles indicates a positive reaction.

Listeria is catalase positive (bubbles form).

Gram Staining

Perform the Gram stain on a colony from TSAYE.

Listeria spp. are Gram positive slim, short rods.

Motility Test

Take an isolated colony from each TSAYE plate and suspend it in a tube 
containing TSBYE.

Incubate inoculated TSBYE at 25°C for 8 – 24 hours, until the medium appears 
cloudy.

Deposit a drop of the incubated TSBYE culture on to a glass microscope slide. 
Place a coverslip on top and examine it with the microscope.
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Listeria spp. appear as slim, sort rods with tumbling motility.

Or:

Using an inoculating needle, stab a tube of the motility agar with a culture taken 
from a typical colony on TSAYE.

Incubate inoculated motility agar tubes at 25°C for 48 hours.

After incubation, examine for growth around the stab. 

Listeria spp. are motile, giving a typical umbrella-like growth pattern. If growth is 
not sufficient, incubate for up to an additional 5 days and observe the stab again.  

Confirmation of Listeria monocytogenes

Haemolysis Test

Stab a sheep blood agar plate with:

• a colony isolated from TSAYE
• L. monocytogenes control
• L. ivanovii control

Incubate inoculated sheep blood agar plates at 37°C for 24 ± 2 hours.

After incubation, examine the agar plates for haemolysis by holding up to a bright 
light.

• L. monocytogenes shows a narrow zone of β-haemolysis (clear zone)
• L. ivanovii usually shows a wide zone of β-haemolysis. 

Note: Zones of haemolysis are often more readily seen by removing colony growth 
from the surface of the agar around the stab mark.

Carbohydrate utilisation

Using a sterile loop, inoculate each carbohydrate broth (rhamnose and xylose) with 
a culture from TSBYE.

Incubate inoculated media at 37°C for up to 5 days. 

After incubation examine the carbohydrate broths.

A positive broth changes to yellow (acid production) – this colour change usually 
occurs within 24 – 48 hours.

A negative broth shows no change.

Listeria spp. utilise carbohydrates as summarised in Table 53.4.1.



Fonterra Issue 11.0: November 2004
NZTM 2: Microbiological Methods Manual
Section 53: Listeria Page: 53.2.15
Release Status: Unrestricted

Christie-Aitkins-Munch-Peterson (CAMP) Test

Streak the indicator organisms S. aureus and R. equi in single parallel lines across 
a sheep blood agar plate.

Streak the test culture from the TSB-YE plate at right angles to the indicator 
cultures. Do not touch the indicator streaks with the test culture streak.

Several test strains may be streaked on to the same agar plate

Streak the following control cultures in the same way as the test culture. 

• L. ivanovii
• L. monocytogenes
• L. innocua

Ensure a full set of control cultures are streaked on to each sheep blood agar plate 
used.

Incubate inoculated sheep blood agar plates at 37°C for 12 – 18 hours.

Examine the incubated sheep blood agar plates.

An enhanced zone of ß-haemolysis at the intersection of the test strain with each 
of the cultures of S. aureus and R. equi is considered to be a  positive reaction.

Listeria spp. demonstrate haemolysis reactions as summarised in Table 53.4.1.

Note; A positive reaction with R. equi is seen as a wide (5 – 10mm) “arrow head” 
of haemolysis.  The reaction is considered negative if a small zone of weak 
haemolysis extends only about 1mm at the intersection of the test strain with the 
diffusion zone of the R. equi culture.

Note: A positive reaction with S. aureus appears as a small zone of enhanced 
haemolysis extending only about 2mm from the test strain and within the weakly 
haemolytic zone surrounding the growth of the S. aureus culture.

53.2.9 Interpretation of Results

The following table summarises interpretation of confirmatory tests for Listeria spp.

Table 53.4.1 Interpretation of results

Production of acid CAMP TestSpecies Haemolysis
Rhamnose Xylose S. aureus R. equi

L. monocytogenes
L. innocua
L. ivanovii
L. seeligeri
L. welshmeri
L. grayi subsp. grayi
L. grayi subsp. murrayi

+
-
+

(+)
-
-
-

+
v
-
-
v
-
v

-
-
+
+
+
-
-

+
-
-

(+)
-
-
-

-
-
+
-
-
-
-



Fonterra Issue 11.0: November 2004
NZTM 2: Microbiological Methods Manual
Section 53: Listeria Page: 53.2.16
Release Status: Unrestricted

V: variable reaction
(+): weak reaction
+: >90% positive
-: no reaction

Note: There are rare strains of L. monocytogenes that do not show ß-haemolysis 
or a positive reaction to the CAMP test under the conditions described in the 
method.

53.2.10 Expression of Results

Report results as:

• Listeria present per X grams, or
• Listeria absent per x grams

53.2.11 Precision

The ISO source reference notes that it is not possible to express the precision of a 
qualitative method using the parameters of repeatability and reproducibility. ISO 
instead describes the performance characteristics of the method in terms of 
accuracy (i.e. sensitivity and specificity), accordance and concordance.
These values are detailed in Section 11.0 of the ISO 11290-1 Amendment 1 
document (2004).

53.2.12 Notes

The procedures specified in this method shall only be carried out in laboratories 
with suitable facilities and under control of a qualified microbiologist.

These procedures shall not be performed in quality control laboratories, or in food 
manufacturing or processing premises, where there is a risk of contamination of 
the environment.

Full bacteriological precautions shall be carried out at all times whilst carrying out 
the procedure specified in this method. Particular attention shall be given to the 
sterilisation of used equipment and media after testing suspect samples and prior 
to disposal or reuse.

Should further serological identification of L. monocytogenes isolates be required, 
they may be sent to the New Zealand Communicable Disease Centre for 
serotyping.
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58.2 Salmonella; Detection by the ISO / IDF Method

58.2.1 Scope 

This method is used to detect Salmonella in milk, milk products and environmental 
samples using a non-selective pre-enrichment, selective enrichment, selective 
plating and confirmation tests.

58.2.2 Validation Status

This method is based on:

• ISO 6785 / IDF 93: 2001 (E).  Milk and Milk Products — Detection of Salmonella 
spp.

The following modification has been made to the source method:

• Widening of the scope to include environmental samples.

The validation status of this method is unknown.

58.2.3 Principle

Four successive steps are required in the detection of Salmonella.

1. Pre-enrichment in liquid medium

A defined test portion is inoculated into a non-selective medium to restore 
injured Salmonella cells, and allow cell growth. Buffered peptone water 
incubated at 37 oC is used for this purpose.

2. Enrichment in selective liquid medium

An aliquot of incubated pre-enrichment medium is further enriched in a growth 
promoting medium containing selective agents which restrict growth of many 
bacteria other than Salmonella. Rappaport-Vassiliadis soya broth incubated at 
42 °C, and selenite cystine broth incubated at  37 °C, are used for this purpose.

3. Plating on solid selective media

The cultures obtained in Rappaport-Vassiliadis soya broth and selenite cystine 
broth are plated on to  modified brilliant green agar and one other solid selective 
medium.  These are incubated at a specified temperature and read after 24 or 
48 hours incubation.  These media restrict growth of bacteria other than 
Salmonella and provide visual recognition of pure, discrete colonies suspected 
to be Salmonella.

4. Confirmation

Typical Salmonella colonies are subcultured and confirmed by means of 
biochemical and serological tests. Identification kits currently available 
commercially and permitting the identification of Salmonella may be used.
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58.2.4 Media and Reagents

Buffered Peptone Water (BPW)

Peptone 10.0 g
Sodium chloride NaCl 5.0 g
Disodium hydrogen phosphate Na2HPO4 3.5 g
Potassium dihydrogen phosphate KH2PO4 1.5 g
Distilled or deionised water 1000 ml

pH 7.0 ± 0.1

Dissolve the ingredients in the water.  Bring to the boil whilst frequently stirring.  
Sterilise at a maximum temperature of 121 °C for 15 minutes. Adjust the pH so that 
after sterilisation it is 7.0 ± 0.1 at 25 °C. 

Note: The ISO formula uses Na
2
HPO

4
.12H

2
O (9 g/l).  This has been substituted in this 

formula with anhydrous Na
2
HPO

4
.

Rappaport Vassiliadis Soya Broth (RVS)
(Rapport – Vassiliadus Magnesium Chloride – Malachite Green Medium) 

Base medium

Soya peptone 4.5 g
Sodium chloride NaCl 7.2 g
Potassium dihydrogen phosphate KH2PO4 1.26 g
Dipotassium hydrogen phosphate K2HPO4 0.18 g
Distilled or deionised water 890 ml

Dissolve the ingredients in the water by gently heating.  Prepare this solution on the 
day of preparation of the complete medium.

Magnesium chloride solution

Magnesium chloride 135.8 g
Distilled or deionised water 1000 ml

Dissolve the salt in the water.  Store in an airtight brown glass bottle at room 
temperature.   This solution can be stored under these conditions for up to 2 years. 

Malachite green solution

Malachite green — oxalate 4.0 g
Distilled or deionised water 1000 ml

Dissolve the salt in water.  Store in a brown glass bottle at room temperature.   This 
solution can be stored under these conditions for up to 8 months. 
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Complete medium

Base medium 890 ml
Magnesium chloride solution 100 ml
Malachite green solution 10 ml

pH 5.2 ± 0.2

Mix well and disperse 10 ml amounts into screw-capped bottles or test tubes. 
Sterilise at a maximum temperature of 115 °C for 15 minutes.  Adjust the pH so that 
after sterilisation it is 5.2 ± 0.1 at 25 °C.    Store this medium at 4 °C.

Selenite Cystine Broth (SC Broth)

Base Medium 

Tryptone 5.0 g
Lactose 4.0 g
Disodium hydrogen phosphate Na2HPO4 4.0 g
Sodium hydrogen selenite NaHSeO3 4.0 g
Distilled or deionised water 1000 ml

pH 7.0 ± 0.2

Note: The ISO formula uses Na2HPO4.12H2O (9 g/l).  This has been substituted in this 
formula with Na2HPO4 anhydrous.

Caution:  When handling the sodium selenite, wear suitable garments, gloves 
and face mask to avoid any direct contact with the chemical and risk of 
tetrocytogenicity.  Do not use it if pregnant.

Add the first three ingredients to the water.  Boil for 5 minutes to dissolve the 
ingredients.  After cooling, add the sodium hydrogen selenite.  Adjust the pH so that 
after heating it is 7.0 ± 0.1 at 25 °C.

 
L-cystine solution 

L-cystine 0.1 g
Sodium hydroxide solution 1 mol/L NaOH 15 ml
Sterile distilled or deionised water to a volume of 100 ml

Prepare in a sterile 100 ml volumetric flask.  Dilute to the mark with sterile water.  
Do not sterilise. 

Complete Medium

Base Medium 1000 ml
L-cystine solution 10 ml

Add the L-cystine solution aseptically to the sterile cooled base medium.  Adjust the 
pH if required to 7.0 ± 0.1 at 25 °C.  Dispense the medium aseptically into sterile 
flasks of suitable capacity for the test.  This medium may be used until a red 
precipitate occurs.
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Modified Brilliant Green Agar (MBGA) 
(Phenol Red/Brilliant Green Agar) 

Base medium 
or

Peptone 10.0 g 9.0 g
Meat extract 5.0 g 4.5 g
Yeast extract 3.0 g 2.7 g
Disodium hydrogen phosphate Na2HPO4 1.0 g 0.9 g
Sodium dihydrogen phosphate NaH2PO4 0.6 g 0.54 g
Agar 12-18 g* 10.8-16.2 g*
Distilled or deionised water 1000 ml 900 ml

pH 7.0 ± 0.1 after autoclaving 

* According to the manufacturer’s specifications. 

Dissolve the dehydrated base medium components in water by heating if necessary.  
Sterilise at a maximum temperature of 121 °C/15 minutes. 

Sugar/Phenol Red Solution 

Lactose 10.0 g
Sucrose 10.0 g
Phenol Red 0.09 g
Sterile distilled or deionised water to a volume of 100 ml

Dissolve the components in 50ml water in a volumetric flask.  Makeup to 100 ml with 
water.  Heat at 70 °C for 20 minutes.  Cool to 55 °C and use immediately after 
cooling. 

Brilliant green solution 

Brilliant green 0.5 g
Distilled or deionised water 100 ml

Dissolve the brilliant green in the water.  Store the solution at least 1 day in the dark 
for auto-sterilization to occur. 

Complete Medium 

Base Medium 900 ml
Sugar/Phenol Red Solution 100 ml
Brilliant Green Solution 1 ml

Under aseptic conditions, add the brilliant green solution to the Sugar/Phenol Red 
Solution cooled to 55 °C.  Add the combined solution to the base at 50 – 55 °C and 
mix.  Pour into Petri dishes.  Ensure the agar surface is dry prior to use.  Pre-poured, 
undried plates shall be kept for no longer than 4 hours at room temperature, or 1 
week under refrigeration.
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Note: This medium is compulsory for the ISO standard.

Second Medium 

The choice of the second medium is left to the discretion of the testing laboratory, 
unless there is a international standard related to the product to be examined which 
specifies the composition of this second medium.  Some agars which may be used 
include: 

• bismuth sulphite agar, or 
• xylose lysine desoxycholate agar, or 
• Hektoen enteric agar, or 
• mannitol lysine crystal violet brilliant green agar. 

Bismuth Sulphite Agar (BSA)

Peptone 10.0 g
Beef extract 5.0 g
Glucose 5.0 g
Disodium hydrogen phosphate 4.0 g
Ferrous sulphate 0.3 g
Bismuth sulphite 8.0 g
Brilliant green 0.025 g
Agar 15-20 g*
Distilled or deionised water 1000 ml

pH 7.6 ± 0.2

* According to the manufacturer’s specifications.

Add the ingredients to the water.  Mix thoroughly and boil just sufficiently to 
completely dissolve the ingredients (30-60 s). Do not overheat.  Do not autoclave. 
Adjust the pH so that after heating it is 7.6 ± 0.2 at 25 °C.  Cool to 45 ± 1 °C in a 
water bath.  Mix thoroughly by gentle swirling to resuspend the precipitate.  Pour into 
Petri dishes. Ensure the agar surface is dry prior to use, but avoid overdrying.  Use 
on the day of preparation. Selectivity decreases in 48 hours.

Xylose Lysine Desoxycholate Agar (XLD Agar)

Yeast extract 3.0 g
L-Lysine monohydrochloride 5.0 g
Xylose 3.75 g
Lactose 7.5 g
Sucrose 7.5 g
Sodium desoxycholate 2.5 g
Sodium chloride 5.0 g
Sodium thiosulphate 6.8 g 
Ferric ammonium citrate 0.8 g
Phenol red 0.08 g
Agar 15-20 g* 
Distilled or deionised water 1000 ml

pH 7.4 ± 0.2 
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* According to the manufacturer’s specifications.

Add the ingredients to the water.  Mix thoroughly and boil with frequent agitation just 
sufficiently to completely dissolve the ingredients.  Do not overheat. Adjust the pH 
so that after heating it is 7.4 ± 0.2 at 25 °C.  Cool to 45 ± 1 °C in a water bath.  Pour 
into Petri dishes.  Allow to solidify at room temperature.

Hektoen Enteric Agar Plates (HEA)

Proteose peptone 12.0 g
Yeast extract 3.0 g
Bile salts No. 3 9.0 g
Lactose 12.0 g
Sucrose 12.0 g
Salicin 2.0 g
Sodium chloride 5.0 g
Sodium thiosulphate 5.0 g
Ferric ammonium citrate 1.5 g
Bromothymol blue 0.065 g
Acid fuchsin 0.1 g
Agar 12-18 g*
Distilled or deionised water 1000 ml

pH 7.6 ± 0.2

* According to the manufacturer’s specifications.

Add the ingredients to the water.  Mix thoroughly and boil with frequent agitation to 
completely dissolve the ingredients.  Do not overheat.  Do not autoclave. Adjust 
the pH so that after heating it is 7.6 ± 0.2 at 25 °C.  Cool to 45 ± 1 °C in a water bath.  
Mix thoroughly by swirling and pour into Petri dishes.  Ensure the agar surface is dry 
prior to use.  Use on the day of preparation.

Mannitol Lysine Crystal Violet Brilliant Green Agar (MLCB)

Yeast extract 5.0 g
Peptone 10.0 g
Meat extract 2.0 g
Sodium chloride 4.0 g
Mannitol 3.0 g
L-lysine monohydrochloride 5.0 g
Sodium thiosulphate Na2S2O3 4.0 g
Ferric ammonium citrate 1.0 g
Brilliant green 0.0047 g
Crystal violet 0.01 g
Agar 12-15 g*
Distilled or deionised water 1000 ml

pH 6.8 ± 0.2

* According to the manufacturer’s specifications.
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Dissolve the ingredients in the water.  Bring to the boil whilst frequently stirring.  Do 
not overheat. Adjust the pH so that after heating it is 6.8 ± 0.2 at 25 oC.  Pour as for 
MBGA.

Nutrient Agar (NA) Plates/Slants

Meat extract 3.0 g
Peptone 5.0 g
Agar 12-18 g*
Distilled or deionised water 1000 ml

pH 7.0 ± 0.1

* According to the manufacturer’s specifications.

Add the ingredients to the water.  Mix thoroughly and boil with frequent agitation just 
sufficiently to completely dissolve the ingredients.  Adjust the pH so that after 
sterilisation it is 7.0 ± 0.1 at 25  °C.  Sterilise at a maximum temperature of 121 °C 
for 15 minutes.  Cool to 45 ± 1 °C in a water bath. Mix thoroughly by swirling and 
pour into Petri dishes or into test tubes and incline to form a slope. Ensure the agar 
surface is dry prior to use.

Triple Sugar Iron Agar (TSI)

Beef extract 3.0 g
Yeast extract 3.0 g
Peptone 20.0 g
Sodium chloride 5.0 g
Lactose 10.0 g
Sucrose 10.0 g
Glucose 1.0 g
Ferric citrate 0.3 g
Sodium thiosulphate 0.3 g
Phenol red 0.024 g
Agar 12-18 g*
Distilled or deionised water 1000 ml

pH 7.4 ± 0.1

* According to the manufacturer’s specifications.

Add the ingredients to the water.  Mix thoroughly and boil with frequent agitation just 
sufficiently to completely dissolve the ingredients.  Adjust the pH so that after 
sterilisation it is 7.4 ± 0.2 at 25 °C. Dispense into test tubes.  Sterilise at a maximum 
temperature of 121 °C for 15 minutes.  Incline the test tubes to produce slants, 
ensuring that the butt is at least 2.5 cm deep and the slant is 4-5 cm.  Allow the agar 
to solidify at room temperature.
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Urea Agar (Slants)

Base Medium

Peptone 1.0 g
Glucose 1.0 g
Sodium chloride 5.0 g
Potassium dihydrogen phosphate 2.0 g
Phenol red 0.012 g
Agar 12-18 g*
Distilled or deionised water 950 ml

pH 6.8 ± 0.1

* According to the manufacturer’s specifications.

Add the ingredients to the water.  Mix thoroughly and boil with frequent agitation to 
completely dissolve the ingredients.  Sterilise at a maximum temperature of 121 °C 
for 15 minutes.  Adjust the pH so that after sterilisation it is 6.8 ± 0.1 at 25 °C.

Urea solution

Urea 400.0 g
Distilled or deionised water 1000 ml

Add the urea to the water, and mix thoroughly to dissolve.  Filter sterilise.

Complete medium

Base medium 950 ml
Urea solution 50 ml

Cool the base medium to 45 ± 1 °C in a water bath and add 50 ml of urea solution.  
Mix thoroughly by swirling.  Dispense 10 ml amounts into sterile test tubes or small 
bottles.  Incline to produce slants with deep butts, and allow to solidify at room 
temperature.

Lysine Decarboxylation Medium

L-lysine monohydrochloride 5.0 g
Yeast extract 3.0 g
Glucose 1.0 g
Bromocresol purple 0.015 g
Distilled or deionised water 1000 ml 

pH 6.8 ± 0.1

Add the ingredients to the water.  Mix thoroughly, warming slightly if required to 
completely dissolve the ingredients.  Adjust the pH so that after sterilisation it is 6.8 ± 
0.1 at 25 °C.  Dispense 5 ml amounts into bottles and sterilise by autoclaving at a 
maximum temperature of 121 oC for 15 minutes.
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Saline Solution

Sodium chloride 8.5 g
Distilled or deionised water 1000 ml

pH 7.0 ± 0.2

Dissolve the sodium chloride in water by heating. Adjust the pH so that after 
sterilisation it is 7.0 ± 0.1 at 25 °C.  Transfer such quantities of the solution to flasks 
or tubes that they will contain 90-100 ml after sterilisation.  Sterilise at a maximum 
temperature of 121 °C for 15 minutes.

β-galactosidase Reagents

Buffer solution

Sodium dihydrogen phosphate NaH2PO4 6.9 g
Sodium hydroxide 10 mol/l solution 3 ml
Distilled or deionised water to a final volume of 50 ml

pH 7.0 ± 0.1

Dissolve the sodium dihydrogen phosphate in about 45 ml of water in a 50 ml 
volumetric flask.  Adjust the pH to 7.0 ± 0.1 at 25 °C with the sodium hydroxide 
solution. Add water to a final volume of 50 ml.

ONPG solution

Ortho-nitrophenyl β-D-galactopyranoside (ONPG) 0.08 g
Distilled or deionised water 15 ml

Dissolve the ONPG in the water at 50 ± 1 oC.  Cool the solution.

Complete reagent

Buffer solution 5 ml
ONPG solution 15 ml

Add the buffer solution to the ONPG solution.

Reagents for Voges-Proskauer Reaction

VP medium (buffered glucose broth)

Peptone 7.0 g
Glucose 5.0 g
Dipotassium hydrogen phosphate K2HPO4 5.0 g
Distilled or deionised water 1000 ml

pH 6.9 ± 0.1
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Completely dissolve the ingredients in the water. Adjust the pH so that after 
sterilisation it is 6.9 ± 0.1 at 25 °C.  Dispense 3 ml volumes into test tubes or small 
bottles.  Sterilise at a maximum temperature of 115 °C for 20 minutes.  Cool as 
rapidly as possible.  The maximum exposure to heat should not exceed 30 minutes.

Creatine solution (N-amidinosarcosine)

Creatine monohydrate 0.5 g
Distilled or deionised water 100 ml

Dissolve the creatine monohydrate in water.

α-naphthol ethanolic solution

α-naphthol (1-naphthol) 6.0 g
Ethanol, 96% (v/v) 100 ml

Dissolve the α-naphthol in the ethanol.  

Potassium hydroxide solution

Potassium hydroxide 40.0 g
Distilled or deionised water 100 ml

Dissolve the potassium hydroxide in the water.

Reagents for Indole Reaction

Tryptone / Tryptophan broth (indole medium)

Tryptone 10.0 g
Sodium chloride 5.0 g
DL-tryptophan 1.0 g
Distilled or deionised water 1000 ml

pH 7.5 ± 0.1

Completely dissolve the other ingredients in the water at 100 °C in a boiling 
waterbath. Adjust the pH so that after sterilisation it is 7.5 ± 0.1 at 25 °C.  Dispense 
5 ml volumes into test tubes or small bottles.  Sterilise at a maximum temperature of 
121 °C for 15 minutes.

Kovac’s reagent (for indole test)

p-Dimethylaminobenzaldehyde 5.0 g
Amyl alcohol 75.0 ml
Hydrochloric acid (concentrated)* 25.0 ml

* Caution: Highly corrosive.

Dissolve the p-Dimethylaminobenzaldehyde in the amyl alcohol.  Slowly add the hydrochloric 
acid. 
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Semi-Solid Nutrient Agar

Meat extract 3.0 g
Peptone 5.0 g
Agar 4-9 g*
Distilled or deionised water 1000 ml

pH 7.0 ± 0.1

* According to the manufacturer’s specifications.

Add the ingredients to the water and dissolve by heating.  Sterilise at a maximum 
temperature of 121 °C for 15 minutes.  Adjust the pH so that after sterilisation it is 
7.0 ± 0.1 at 25 °C.  Dispense 15 ml into Petri dishes.  Do not dry the plates.

Salmonella Antisera

58.2.5 Quality Control Organisms

Positive control:
• S. menston (0-6,7, H-gst) NZRM 383 (this strain has not been isolated in New 

Zealand and is therefore suitable to use).

Negative control:
• E. coli NZRM 916.

58.2.6 Pre-enrichment

Refer to the international standard appropriate to the product under examination, as 
described in the previous test method section of this manual.

In general, sample 25 g aliquots as the test portion. Aliquots may be combined and 
tested as composite samples.  Add the test portion to sufficient buffered peptone 
water to achieve a 1:10 dilution.

Liquid milk

Aseptically transfer the test portion into an appropriate volume of pre-enrichment 
broth (BPW) to give a final ratio of 1:10 (v/v).  Check the pH of the suspension and 
adjust, if necessary, to 6.8 ± 0.1.  Incubate the loosely capped container at 37 °C for 
18 ± 2 hours. 

Dried milk powder

Aseptically weight the test portion into an appropriate volume of pre-enrichment 
broth (BPW) to give a final ratio of 1:10 (w/v).  Allow the pre-enrichment to stand at 
room temperature without shaking for 60 ± 10 minutes to let the powder rehydrate 
slowly.  Mix by shaking prior to incubation.  Check the pH of the suspension and 
adjust, if necessary, to 6.8 ± 0.1.  Incubate the loosely capped container at 37 °C for 
18 ± 2 hours. 
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Protein products and cheese

Aseptically weigh the test portion into the sterile container of a high speed blender or 
stomacher.  Add pre-enrichment broth to give a final product:medium ratio of 1:10 
(w/v).  Blend until the test sample is thoroughly dispersed.   Check the pH of the 
suspension and adjust, if necessary, to 6.8 ± 0.1.  Incubate the loosely capped 
container at 37 °C for 18 ± 2 hours. 

Butter

Melt the test portion at 45 oC.  Mix thoroughly and immediately transfer the required 
test volume to the pre-enrichment broth (BPW) to give a final product:medium ratio 
of 1:10 (v/v).  Swirl to mix.  Check the pH of the suspension and adjust, if necessary, 
to 6.8 ± 0.1 Incubate the loosely capped container at 37 °C for 18 ± 2 hours.

Frozen milk products (including edible ices)

Pipette 25 ml of melted test sample (37 °C) into a flask containing 225 ml of pre-
enrichment broth (BPW) and mix.   Check the pH of the suspension and adjust, if 
necessary, to 6.8 ± 0.1.

Fermented milks, yoghurt, custards, desserts

Weigh 25 g of the test sample into an appropriate volume of pre-enrichment broth to 
give a final ratio of 1:10 (v/v), add glassbeads.   Shake to disperse.  Check the pH of 
the suspension and adjust, if necessary, to 6.8 ± 0.1.

Other dairy products

Aseptically weigh the test portion into an appropriate volume of pre-enrichment broth 
(BPW) to give a final product:medium ratio of 1:10 (w/v). Use a blender or 
stomacher, if necessary, to achieve an even dispersion of product throughout the 
medium.  Check the pH of the suspension and adjust, if necessary, to 6.8 ± 0.1.  
Incubate the loosely capped container at 37 °C for 18 ± 2 hours. 

Environmental samples (L2, L3, L4)

Aseptically transfer the sample into an appropriate volume of pre-enrichment broth 
(BPW) to give a final ratio of 1:10 (w/v).  Incubate the loosely capped container at  
37 °C for 18 ± 2 hours. 

Environmental samples (L1)

Aseptically transfer the sample into an appropriate volume of pre-enrichment broth 
(BPW with 0.01% malachite green) to give a final ratio of 1:10 (w/v). Incubate the 
loosely capped container at 37 °C for 18 ± 2 hours. 
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Controls

Positive control

Inoculate 10 ml of BPW with S. Menston so that the BPW contains about 10 colony 
forming units (CFU).  To achieve this, serially dilute an overnight culture (108 CFU) in 
BPW so that the last tube contains about 10 CFU per 0.1 ml.  Inoculate the positive 
control BPW with 0.1 ml of this dilution.

Negative control

Inoculate 10 ml of BPW with 0.1 ml of an overnight culture of E. coli.

Blank control

Use 10 ml of uninoculated BPW.

Incubate all three controls at 37 °C for 18 ± 2 hours.  Continue to test them as 
described in the following procedures.

58.2.7 Selective Enrichment

1. Gently shake the incubated pre-enrichment culture.  Transfer 0.1 ml of the pre-
enrichment culture into 10.0 ml of Rappaport-Vassiliadis soya broth (RVS).  
Incubate at 42 ± 0.5 °C for 21 ± 3 hours.

2. Transfer 10.0 ml of the incubated pre-enrichment culture into 100 ml of selenite 
cystine (SC) medium.  Incubate the inoculated SC medium 37 °C for 24 hours, 
and a further 24 hours. 

58.2.8 Selective Isolation

1. Mix and streak a standard (10 µl) loopful of the incubated RVS broth on to  the 
surface of each of the following agar media so that well isolated colonies are 
obtained after incubation:

• Modified brilliant green agar (MBGA)

• One of either:
- Bismuth sulphite agar (BSA)
- Xylose lysine desoxycholate (XLD)
- Mannitol lysine crystal violet brilliant green agar (MLCB)
- another Salmonella media.

2. Repeat this plating procedure using the SC broth culture obtained after 24 hours 
incubation and streaking on to  another set of the same agar media. 

3. Incubate the inoculated plates at 37 °C for 22 ± 2 hours.

4. After the SC broth has been incubated for 48 hours, repeat the plating 
procedure, streaking to another set of the same agar media and incubating 
inoculated plates at 37 °C for 22 ± 2 hours.
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5. Examine the plates for the presence of suspicious Salmonella colonies. If 
growth is slight or if no suspicious Salmonella colonies are present, reincubate 
the plates for a further 22 ± 2 hours.

Results

MBGA

Typical Salmonella colonies are pink with the colour of the surrounding medium 
changing from orange to pink/red.

BSA

Typical Salmonella colonies are brown or black with a metallic sheen.

Note: Some strains produce green colonies on BSA so it is good practice to regard any 
growth on this medium as suspicious.

MLCB

Typical Salmonella colonies are purple with black centres. 

XLD

Typical Salmonella colonies are iridescent pink with black centres.

For other media, refer to the manufacturer’s instructions.

Positive Control

Should show large numbers of typical Salmonella colonies on the MBGA or on the 
other Salmonella medium used.

Negative Control

Should show no growth or small numbers of atypical colonies.

Blank Control

Should show no growth.

If these limits are not achieved the reason must be investigated.

58.2.9 Biochemical Confirmation

1. Select at least five suspicious colonies from each selective agar, ensuring that 
they are well-isolated.

Note: If colonies are not well-isolated, restreak for purity on to  another plate of the 
same selective agar, and reincubate.
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2. Streak the selected colonies on to  the surface of well-dried nutrient agar (NA) 
plates, so as to obtain well-isolated colonies after incubation.  Incubate at        
37 °C for 21 ± 3 hours.

3. Use the pure colonies developed on the NA plates to inoculate the following 
biochemical test media:

Note: Identification kits currently available commercially and permitting the 
identification of Salmonella may be used.

TSI agar slants

Using a straight wire, streak the agar slope and stab the butt.  Incubate at        
37 °C for 22 ± 2 hours.

Results

Typical Salmonella give the following reactions on TSI:

• red slant (alkaline reaction),
• yellow butt (acid reaction),
• blackening (H

2
S production), - 90% of strains,

• bubbles (gas production), i.e. K/A, H
2
S, gas,

• S. Typhi has a ring of H
2
S.

Note: Atypical strains may occur:

Examples

• Yellow (acid) slant:
Lactose/sucrose-positive Salmonella.

• No blackening:
H

2
S-negative Salmonella.

• No bubbles:
Anaerogenic Salmonella.

Urea agar

Streak the surface of the agar slope.  Incubate at 37 °C for 22 ± 2 hours.

Results

• Positive — bright pink
• Negative — unchanged
• Salmonella are urease-negative; rare atypical strains are urease-positive.

LDC medium

Inoculate just below the surface of the liquid LDC medium. Incubate at  37 °C for 
22 ± 2 hours. 
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Results

• Positive — purple/violet
• Negative — yellow
• Salmonella are lysine-positive; rare atypical strains are lysine-negative.

β-galactosidase reaction (β-Gal)

Suspend a loopful of the suspicious colony in a tube containing 0.25 ml of saline 
solution. Add one drop of toluene and shake the tube. Heat to 37 °C for several 
minutes. Add 0.25 ml of β-galactosidase reagent, warmed to 37 °C, and mix. 
Incubate at 37 °C for 22 ± 2 hours.

Results

• Positive — yellow
• Negative — unchanged

Salmonella are β-gal negative; atypical strains are β-gal positive.

Voges-Proskauer (VP) reaction

Suspend a loopful of the suspicious colony in a sterile tube containing 0.2 ml of 
VP medium.  Incubate at 37 °C for 22 ± 2 hours.  At the end of the incubation time 
add in the following order:

• 2 drops of creatine solution
• 3 drops of α-napthol solution
• 2 drops of KOH solution.

Shake as each reagent is added. Stand for 15 minutes.

Results

• Positive — pink/red
• Negative — unchanged
• Salmonella are VP-negative.

Indole medium

Inoculate a tube containing 5 ml of tryptophan broth.  Incubate at 37 °C for 22 ±  
2 hours.  At the end of the incubation time add 1 ml of Kovac’s reagent and mix.

Results

• Positive — red ring on top
• Negative — yellow ring on top
• Salmonella are indole-negative.
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Interpretation of biochemical results

See Table 58.2.1

Table 58.2.1: Interpretation of biochemical results

TSI Urea LDC β-Gal VP Indole Comments

K/A H2S gas
K/A H2S gas
A/A H2S gas
A/A H2S gas
K/A H2S gas
K/A no H2S gas
K/A ring H2S no gas

-
-
-
-
+
-
-

+
-
+
+
+
+
+

-
-
+
-
-
-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-

Typical Salmonella
Lysine -ve Salmonella
Lactose +ve Salmonella
Sucrose +ve Salmonella
Urea +ve Salmonella
H2S -ve Salmonella

S. Typhi

- or -ve = negative; + or +ve = positive.

Latex agglutination may be used in conjunction with other tests to provide further 
information.

If biochemical tests are typical of Salmonella as indicated in Table 58.2.1, proceed 
to Section 58.2.11.

58.2.10 Serological Confirmation

Test suspect TSI tubes for the presence of Salmonella somatic “O” and flagellar “H” 
antigens using agglutination reactions.  The culture must exhibit correct biochemical 
reactions for Salmonella.

1. Label a glass slide with an indelible marker pen or grease pencil, as shown 
below:

2. Place a drop of 10% formalised saline on to  each section.

3. Emulsify a colony from the nutrient agar plate used to inoculate the suspect TSI 
tube into each drop to obtain a turbid smooth suspension.

4. Rock the slide gently for 30-60 seconds while watching for clumping 
(agglutination) over a light source or against a dark background.

O H
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5. If clumping occurs, the organism is auto-agglutinating and should not be tested 
further by serological methods. Send to the New Zealand Communicable 
Disease Centre for identification.

6. If it is not auto-agglutinating, add a drop of polyvalent “O” Group A-S antisera to 
the suspension labelled “O” and a drop of polyvalent “H” Phase 1 and 2 antisera 
to the suspension labelled “H”.

7. Rock for 60 seconds and observe over a light source or against a dark
background for clumping (agglutination).

Results

Typical Salmonella have the following reactions:

• Positive polyvalent “O” — fine granular agglutination.
• Positive polyvalant “H” — floccular agglutination.

If no agglutination occurs the result is serologically negative.

8. If the “H” agglutination is negative, but the “O” agglutination is positive, inoculate 
a semi-solid nutrient agar with the colony. Incubate for 21 ± 3 hours at 37 ±       
1 °C. Use this culture to examine for “H” agglutination (Steps 1-8).

9. S. Typhi and S. Paratyphi C have Vi capsular antigens which interfere with the 
“O” agglutination.  Test with a Vi antisera if this is not included in the polyvalent 
“O” used.

58.2.11 Interpretation of Results

An organism is considered to be Salmonella if it exhibits typical biochemical 
reactions and is positive with “O” and “H” polyvalent antisera. Send to the New 
Zealand Communicable Disease Centre for serotyping and/or phage typing.
Send to NZCDC for further identification if the culture is:

• biochemically typical but polyvalent “O” and/or polyvalent “H” negative,
• biochemically typical but auto-agglutinating,
• not biochemically typical but polyvalent “O” and “H” positive.

An organism is considered not to be Salmonella if not biochemically typical and is 
polyvalent “O” and polyvalent “H” negative.

58.2.12 Expression of Results and Report

Report results as either:

• Salmonella present per X grams
• Salmonella absent per X grams.

or

• Salmonella not detected per X grams
• Salmonella dectected per X grams.
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58.2.13 Precision

Precision values are not applicable to detection methods.

58.2.14 Notes

1. This method will detect S .Typhi and S. Paratyphi A,B,C.

2. The temperature of the 42 °C incubator must be rigidly controlled, as 
temperature is critical for the maximum recovery of Salmonella.

3. Selenite is extremely toxic.  Wear gloves and a mask when handling it.  Do not 
handle it if you are pregnant.

4. Safety precautions:

The procedures specified in this method shall only be carried out in laboratories 
with suitable facilities and under the control of a qualified microbiologist.

These procedures shall not be performed in quality control laboratories, or in 
food manufacturing or processing premises, where there is a risk of 
contamination of the environment.

Full bacteriological precautions shall be taken at all times whilst carrying out the 
procedure specified in this method. Particular attention shall be given to the 
sterilisation of used equipment and media after testing suspicious samples and
prior to disposal or reuse.

(Refer to NZCP 14: Salmonella and Listeria Testing Code of Practice.)
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Flow Chart 58.2.1: Salmonella; Detection by the ISO Method
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59.1 Mesophilic Aerobic Spore Count

59.1.1 Scope

This method is used to enumerate mesophilic aerobic spores in milk and milk 
products using a heat treatment followed by a colony count technique at 37 °C.

59.1.2 Validation Status

This method is based on:

• An interim method which has been used by the New Zealand dairy industry 
for several years.  No suitable international or national reference method is 
currently available for testing this organism in dairy products.

This method is not validated.

59.1.3 Principle

A defined test portion of the sample is held at 80 °C for 30 minutes.  This 
eliminates vegetative cells.  The colonies may also be difficult to observe at low 
sample dilutions, so care must be taken to include colonies and exclude 
extraneous matter during counting.

The sample is cooled, mixed with plate count agar or milk plate count agar 
containing 0.2% starch and overlaid with plain 2% agar, if necessary.  The plates 
are incubated aerobically at 37 °C for 48 hours.

The number of mesophilic aerobic spores per gram or per millilitre of the original 
sample is calculated from the number of colonies counted on selected plates.

59.1.4 Diluent

• 0.1% peptone.

59.1.5 Media

Plate Count Agar with 0.2% Starch (PCA + 0.2% Starch)

Peptone from casein 5.0 g
Yeast extract 2.5 g
Glucose 1.0 g
Starch, soluble 2.0 g
Agar 8-15 g*
Distilled or deionised water 1000 mL
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pH 7.0 ± 0.2

* According to the manufacturer’s specifications.

Add the ingredients to the water.  Mix thoroughly, and boil with frequent agitation 
just sufficiently to completely dissolve the ingredients.  Adjust the pH so that after 
sterilisation it is 7.0 ± 0.2 at 25 °C. Dispense into bottles and sterilise at a 
maximum temperature of 121 °C for 15 minutes.  Cool to 45 ± 1 °C in a water 
bath before use.

Optional Alternative Medium: Milk Plate Count Agar with 0.2% Starch 
(MPCA +0.2% Starch)

Tryptone 5.0 g
Yeast extract 2.5 g
Glucose monohydrate 1.0 g
Skimmed milk powder 1.0 g
Soluble starch 2.0 g
Agar 8-15 g*
Bromocresol purple (4% solution)† 1.0 mL
Distilled or deionised water 1000 mL

pH 7.0 ± 0.2

*  According to the manufacturer’s specifications.
†  The addition of this ingredient is optional.  Some laboratories have found that it 
enhances colony detection.

Add all ingredients to the water.  Skimmed milk powder must be added to a 
suitable commercial preparation if it is not already included in the dehydrated 
medium (refer to the note below).  The agar-skimmed milk powder mix should be 
allowed to stand for about 15 minutes for rehydration to occur. Dissolve with 
frequent agitation and gentle heating.  Adjust the pH, if necessary, so that after 
sterlisation, it is 7.0 ± 0.2 at 25 °C. Sterilise at a maximum temperature of 121 °C 
for 15 minutes. Cool to 45 ± 1 °C before use. If the agar is to be stored, the 
bottles should be placed in the dark at 2-5 °C, for no longer than 1 month.

Note: Alternatively, plate count agar or standard methods agar which meet the above 
composition may be used, with the addition of 1.0 g of medium heat, standard 
specification skimmed milk powder. This powder shall be proven to be free of inhibitory 
substances by comparative tests using skimmed milk powder known to be free of such 
substances.  Such testing may only be performed by laboratories holding suitable 
accreditation (e.g. from IANZ) for the inhibitory substances test (NZTM 2; Method 51.1). 
Powder from a suitable batch may be used for an entire dairy season provided that this 
powder is repackaged into sealed, airtight containers and protected from light.

Plain 2% Agar

Agar 20.0 g
Distilled or deionised water 1000 mL
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pH 7.0 ± 0.2

Add the ingredients to the water.  Mix thoroughly, and boil with frequent agitation 
just sufficiently to completely dissolve the agar.  Dispense into bottles. Sterilise at 
a maximum temperature of 121 °C for 15 minutes.  Cool to 45 ± 1 °C in a water 
bath before use.

59.1.6 Special Equipment

Water bath

• A stirred water (or oil) bath capable of maintaining a temperature of 80 ± 1 °C.

59.1.7 Quality Control Organisms

Positive Control:
• Bacillus subtilis NZRM 143

(Note: Commercial spore suspensions are available.)
Difco (Subtilis Spore Suspension)

Negative Control (Note: optional to the method):
• Enterobacter cloacae NZRM 2375.

59.1.8 Heat Treatment

1. Prepare a sample of the product as described in Section 41. Agitate the 
sample just prior to taking test portions to ensure sample homogeneity.

2. Using a sterile pipette, transfer 12 mL of the sample into a sterile 18 mm thin-
walled test tube.

Note: It is recommended that screw-capped test tubes be used. Where these are 
not available, it is recommended that the caps be sealed to the test tubes with 
masking tape to minimise the risk of contamination during heat treatment, and to 
prevent evaporation losses.

3. Prepare a pilot tube for the heat treatment procedure. Repeat Step 2, but 
close this tube with a cap containing a small opening. Insert a calibrated 
partial immersion thermometer, or the probe of a calibrated digital 
thermometer, through the opening and into the sample.

4. Prepare test control tubes. Take three sterile test tubes of the same type 
used for the samples. Using a sterile pipette, transfer 12 mL of the diluent 
used in sample reconstitution into each tube. Inoculate the tubes as follows:

• Blank Control Tube:
Leave this tube uninoculated.

• Positive Control Tube:
Inoculate this tube with a spore suspension of the positive control 
organism.
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• Negative Control Tube:
Inoculate this tube with a cell suspension of the negative control 
organism.

5. Place the pilot, sample and test control tubes into a test tube rack.  Place the 
test tube rack upright into a water bath pre-heated to 80 ± 1 °C.

Note: The time elapsing between the preparation of the sample and placing it in the 
water bath must not exceed 15 minutes.

Note: Ensure that the water level of the bath is above the highest level of sample in 
the tubes, but take care that the samples are not contaminated with water from the 
bath.  Tubes with screw caps may be fully immersed.

Note:  Ensure that there are no sample residues on the side walls of the tubes 
above the bath water level.

6. Monitor the pilot tube thermometer.  The sample in the pilot tube must reach 
79 °C within 5 minutes of being introduced into the water bath.  If this is not 
achieved, the test must be repeated using freshly reconstituted sample, a 
fresh pilot tube and fresh test control tubes.

Note: Failure to reach 79 °C within 5 minutes may be due to:

• Poor heat transfer through the tubes: change to thinner wall tubes, or use a better 
heat transfer medium such as oil in the bath.

• The bath is overloaded with samples: reduce the number of samples, or increase 
the circulation rate of the water, or use a higher powered heater unit.

7. When the temperature in the pilot tube reaches 79 °C, start the 30-minute 
heat treatment.

8. After 30 minutes, promptly remove the test tube rack from the water bath, 
and place it into another water bath at 15-18 °C, to rapidly cool the sample 
tubes.

9. Mix the cooled samples by vortexing the tubes for 5-10 seconds.  Set the 
vortex mixer so that the samples swirl to within 20-30 mm of the rim of the 
tubes.

59.1.9 Plating

1. Either:

Take five sterile Petri dishes.  Using a sterile pipette, transfer 2 mL of the 
heat-treated sample into each dish.

Note: This gives a result per 10 mL for liquid products, and per gram for most 
prepared products over the five plates.  Refer to Section 42 for exceptions.  For 
WPC at the recommended 10-2 dilution, this gives a result per 0.1 gram.

Or:
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Take a sterile Petri dish.  Using a sterile pipette, transfer 1 mL of the heat-
treated sample into the dish.  Repeat if a duplicate plate is required.

Note: This represents a 10o dilution for liquid products and a 10-1 dilution for most 
prepared products.  Refer to Section 42 for exceptions.

Note: Refer to NZTM 1 Frequency of Duplicate Plating section for 
recommendations on the frequency of duplicate plates and dilutions.

2. If a further dilution is required, transfer 1 mL of the sample into 9 mL of sterile 
0.1% peptone diluent.  Mix by aspirating 10 times with a fresh pipette, or 
vortexing for 5-10 seconds.  Transfer 1 mL of this dilution into a Petri dish.  If 
a duplicate is required, transfer a further 1 mL into another Petri dish.

Note: This represents a 10-1 dilution for liquid products, and a 10-2 dilution for most 
prepared products.

3. Repeat Step 2 for the number of dilutions required, each time adding 1 mL of 
the previous dilution to 9 mL of 0.1% peptone.

4. Repeat Step 1 for the blank control tube, the positive control tube and the
negative control tube.

5. Pour 12-15 mL of molten PCA + 0.2% starch or of molten MPCA + 0.2% 
starch, tempered to 45 ± 1 °C, into each Petri dish.

6. Mix immediately after pouring into each Petri dish, by rotating the dish 
sufficiently to obtain evenly dispersed colonies after incubation.  Allow the 
agar to solidify at room temperature.

7. If spreader colonies are anticipated, add a 5 mL overlay of molten plain 2% 
agar, or of molten PCA or MPCA + 0.2% starch, tempered to 45 ± 1 oC, to 
each dish. Allow the agar to solidify at room temperature.

8. Incubate all plates aerobically at 37 ± 1 oC for 48 ± 2 hours.

Note: Incubate the plates in an inverted position. It is recommended that stacks of 
plates be no more than six high.  Stacks of plates should be separated from one 
another, and from the walls and top of the incubator.

59.1.10 Interpretation

1. Examine the plates for colonies, preferably using a colony counter in 
subdued light.

2. Examine the test control plates:

Blank Control Plate

There should be no colonies present. Otherwise, investigate the source of 
contamination.



Fonterra Issue 7.0: June 2000
NZTM 2: Microbiological Methods Manual
Section 59: Product Test Methods: Spore Counts Page: 59.1.6
Release Status: Unrestricted

Positive Control Plate

It should contain colonies.  Otherwise, investigate the cause of the problem.

Negative Control Plate

There should be no colonies present. Otherwise, investigate the cause of the 
problem.

3. Select all sample plates, at two successive dilutions if applicable, containing 
between 25 and 250 colonies.

59.1.11 Counting of Colonies

Count and record the number of colonies on each selected plate.

Note: Count the plates promptly after incubation.

Note: Avoid counting particles of extraneous matter as colonies. Examine under higher 
magnification if necessary.

Note: Do not overlook pin-point colonies, which must be included in the count.  Examine 
under high magnification if necessary.

Note: If bromocresol purple was added to the assay agar, yellow colonies may be 
distinguished as “flat sour” sporeformers and recorded separately on the results sheets.  
A total mesophilic sporeformer count can be obtained by adding the counts of yellow and 
purple colonies.

59.1.12 Expression of Results and Report

1. Calculate the results as described in NZTM 1 Calculation of Counts section.

2. Express the results as “Mesophilic aerobic spores, colony forming units per 
gram (or per mL)”.

59.1.13 Precision

No precision values are available for this method.
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59.1.14 Notes

1. Milk plate count agar with 0.2% starch should be used when plating dilutions 
of 10-3 or greater, as preliminary results indicate that enhanced recoveries or 
more detectable colonies may be expected.

2. Some colonies may be very small.  These pin-point colonies must be 
included in the count.  The colonies may also be difficult to observe at low 
sample dilutions, so care must be taken to include colonies and exclude 
extraneous matter during counting.

3. Whey protein concentrates (WPCs) have been found to be inhibitory to 
mesophiles at a 10-1 dilution. Furthermore, WPCs may denature and 
coagulate during heat treatment. These samples should be tested at a 
minimum dilution of 10-2.

4. A count of the number of mesophilic “flat sour” spore forming organisms can 
be obtained when bromocresol purple is added to the assay agar. Colonies 
formed by “flat sour” organisms are yellow, due to the production of acid.
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Flow Chart 59.1.1: Mesophilic Aerobic Spore Count
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59.3 Sulphite Reducing Clostridial Spore Count

59.3.1 Scope

This method is used to enumerate sulphite reducing clostridial spores in milk and 
milk products using a heat treatment followed by a colony count technique at 30 
°C.

59.3.2 Validation Status

This method is based on:

• An interim method that has been adopted because no single suitable inter-
national or national reference is currently available for testing this group of 
organisms in dairy products.

This method is not validated.

59.3.3 Principle

A defined test portion of the sample is held at 80 °C for 10 minutes.  This 
eliminates vegetative cells.

The sample is cooled, mixed with differential reinforced clostridial agar and 
overlaid with plain 2% agar.

The number of sulphite reducing clostridial spores per gram or per millilitre of the 
original sample is calculated from the number of colonies counted on selected 
plates.

59.3.4 Diluent

• 0.1% peptone.

59.3.5 Media

Differential Reinforced Clostridia Agar (DRCA)

Peptone from casein 5.0 g
Peptone from meat 5.0 g
Meat extract 8.0 g
Yeast extract 1.0 g
Starch, soluble 1.0 g
D (+) glucose 1.0 g
L-cysteine HCl 0.5 g
Sodium acetate 5.0 g
Sodium disulphite 0.5 g
Ammonium iron (III) citrate 0.5 g
Sodium resazurin 0.002 g
Agar 15-18 g*
Distilled or deionised water 1000 mL

pH 7.5 ± 0.2
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* Depending on the gelling properties of the agar.

Add the ingredients to the water.  Mix thoroughly and boil with frequent agitation 
just sufficiently to completely dissolve the ingredients. Adjust the pH so that after
sterlisation it is 7.5 ± 0.2 at 25 °C. Dispense into bottles and sterilise by 
autoclaving at a maximum temperature of 121 °C for 15 minutes.

Plain 2% Agar

Agar 20.0 g
Distilled or deionised water 1000 mL

pH 7.0 ± 0.2

Add the ingredients to the water. Mix thoroughly and boil with frequent agitation 
just sufficiently to completely dissolve the agar.  Dispense into bottles. Sterilise at 
a maximum temperature of 121 °C for 15 minutes. Cool to 45 ± 1 °C in a water 
bath before use.

59.3.6 Special Equipment

• A stirred water bath capable of maintaining a temperature of 80 ± 2 °C.

59.3.7 Quality Control Organisms

Positive Control:
• Clostridium sporogenes NZRM 1097.*

* Refer to Section 59.3.8 of this manual for details on the preparation of a spore 
culture.

Negative Control (Note: optional to this method)
• Enterobacter cloacae NZRM 2375.

53.3.8 Preparation of Clostridium sporogenes Spore Cultures

This section describes a method for preparing a spore culture of Clostridium 
sporogenes.  The method may be used wherever an anaerobic spore preparation 
is required for quality control purposes.

Cooked Meat Medium

Beef heart 11.8 g
Proteose peptone 0.52 g
Dextrose 0.05 g
Sodium chloride 0.13 g
Water 100 mL

pH 7.2 ± 0.2 at 25 °C.

Dissolve the ingredients in the distilled water. Allow to stand for 15 minutes until 
the meat particles are thoroughly wetted and form an even suspension. Check 
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the pH and adjust if necessary, so that after sterilisation it is 7.2 ± 0.2 at 25 °C. 
Dispense into 10 mL tubes. Sterilise at a maximum temperature of 121 °C for 15 
minutes. Cool without agitation before use. If the medium is not used on the day 
of preparation, place the tubes in a steamer or boiling water bath for 20 minutes, 
to drive off dissolved gases. Allow to cool without agitation, before inoculation.

Modified Trypticase Broth (MTB)

Trypticase peptone 50.0 g
Manganese sulphate tetrahydrate 0.082 g
Bacteriological peptone 5.0 g
Dipotasium hydrogen phosphate 1.25 g
Diammonium sulphate 20.0 g
Water 1000 mL

pH 7.5 ± 0.1

Dissolve all ingredients in the water by heating and frequently agitating. Dispense 
10 mL quantities into test tubes. Check the pH and adjust, if necessary, so that 
after sterilisation it will be 7.5 ± 0.1 at 25 °C. Sterilise at a maximum temperature 
of 121 °C for 15 minutes.  Cool before use.

Procedure

1. Rehydrate a freeze dried culture of Clostridium sporogenes.

2. Inoculate a loopful of rehydrated culture into 10mL of cooked meat medium 
(CMM). Incubate under anaerobic conditions at 37 ± 1°C for 24 h.

3. Aseptically transfer 1 mL of the incubated CMM into 10 mL of MTB. Incubate 
under anaerobic conditions at 37 ± 1°C for 24 h.

4. Aseptically transfer 1 mL of the incubated MTB into a further 10 mL of MTB. 
Incubate under anaerobic conditions at 37 ± 1°C for 24 h.

5. Repeat Step 4 once more.

6. Inoculate up to 1 litre of MTB with incubated MTB from Step 5 (using a 1% 
inoculum). Incubate under anaerobic conditions at 37 ± 1°C for 10 days.

7. If the MTB culture vessel from Step 6 cannot be easily centrifuged, distribute 
the incubated MTB into centrifuge bottles (e.g. 250 mL). Balance the bottles 
appropriately and centrifuge at a speed that will achieve a firm pellet in each 
bottle.

8. Decant the supernatant and re-suspend the pellet in each centrifuge bottle in 
a small volume of sterile distilled water (e.g. 10 mL).

9. Balance and centrifuge to achieve a firm pellet in each bottle. (Note – at this 
point it may be advantageous to transfer the distilled water suspensions from 
Step 8 across to smaller centrifuge tubes (e.g. 10 mL conical bottom) to 
ensure a firm pellet after centrifuging. 
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10. Decant the supernatant then re-suspend the pellet in each bottle/tube with a 
small quantity of sterile distilled water. Balance the bottles/tubes and 
centrifuge again.

11. Perform the decanting, centrifugation and re-suspending procedure in the 
same centrifuge bottles/tubes two more times.

12. After the final centrifugation, re-suspend the pellets in sterile distilled water. 
Transfer all the suspensions to a single vessel for storage. Aim for a final 
volume of 10 – 20 mL.

13. Check the suspension microscopically for the presence of typical spores.

14. Store the suspension at 2 – 5°C. The spores should maintain their viability 
indefinitely if maintained at this temperature.  

59.3.9 Heat Treatment

1. Prepare a sample of the product as described in Section 41. Agitate the 
sample just prior to taking test portions to ensure sample homogeneity.

2. Using a sterile pipette, transfer 12 mL of the sample into a sterile 18 mm thin-
walled test tube.

Note: It is recommended that screw-capped test tubes be used. Where these are 
not available, it is recommended that the caps be sealed to the test tubes 
with masking tape to minimise the risk of contamination during heat 
treatment and to prevent evaporation losses.

3. Prepare a pilot tube for the heat treatment procedure.  Repeat Step 2, but 
close this tube with a cap containing a small opening.  Insert a calibrated 
partial immersion thermometer, or the probe of a calibrated digital 
thermometer, through the opening and into the sample.

4. Prepare test control tubes. Take three sterile test tubes of the same type 
used for the samples. Using a sterile pipette, transfer 12 mL of the diluent 
used in sample reconstitution into each tube.  Inoculate the tubes as follows:

• Blank control tube
Leave this tube uninoculated.

• Positive control tube 
Inoculate this tube with a spore suspension of the positive control 
organism.

• Negative control tube
Inoculate this tube with a cell suspension of the negative control 
organism.

5. Place the pilot, sample and test control tubes into a test tube rack.  Place the 
test tube rack upright into a water bath pre-heated to 80 °C.
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Note: The time elapsing between the preparation of the sample and placing it in the 
water bath must not exceed 15 minutes.

Note: Ensure that the water level of the bath is above the highest level of sample in 
the tubes, but take care that the samples are not contaminated with water from the 
bath. Tubes with screw caps may be fully immersed.

Note: Ensure that there are no sample residues on the side walls of the tubes above 
the bath water level.

6. Monitor the pilot tube thermometer.  The sample in the pilot tube must reach 
78 °C within 5 minutes of being introduced into the water bath.  If this is not 
achieved, the test must be repeated using freshly reconstituted sample, a 
fresh pilot tube and fresh test control tubes.

Note: Failure to reach 78 °C within 5 minutes may be due to:

• Poor heat transfer through the tubes: Change to thinner walled tubes.

• The bath is overloaded with samples: Reduce the number of samples, or 
increase the circulation rate of the water, or use a higher powered heating unit.

7. When the temperature in the pilot tube reaches 78 °C, start the 10 minute 
heat treatment.

8. After 10 minutes, promptly remove the test tube rack from the water bath and 
place it into another water bath at 15-18 °C, to rapidly cool the sample tubes.

9. Mix the cooled samples by vortexing the tubes for 5-10 seconds. Set the 
vortex mixer so that the samples swirl to within 20-30 mm of the rim of the 
tubes.

59.3.10 Plating

1. Either:

Using a sterile pipette, transfer 2 mL of the heat-treated sample into each of 
five sterile Petri dishes.

Note: This gives a result per 10 mL for liquid products and per gram for most 
prepared products over the five plates. Refer to Section 41 for exceptions. 
For WPC at the recommended 10-2 dilution, this gives a result per 0.1 gram.

Or:

Using a sterile pipette, transfer 1 mL of the heat-treated sample into a sterile 
Petri dish. Repeat if a duplicate plate is required.

Note: This represents a 100 dilution for liquid products and a 10-1 dilution for most 
prepared products.  Refer to Section 41 for exceptions. 

Note: Refer to NZTM 1 Frequency of Duplicate Plating section for 
recommendations on the frequency of duplicate plates and dilutions.
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2. If a further dilution is required, transfer 1 mL of the sample into 9 mL of sterile 
0.1% peptone diluent. Mix by aspirating 10 times with a fresh pipette, or 
vortexing for 5-10 seconds. Transfer 1 mL of this dilution into a Petri dish. If a 
duplicate is required, transfer a further 1 mL into another Petri dish.

Note: This represents a 10-1 dilution for liquid products and a 10-2 dilution for most 
prepared products.

3. Repeat Step 2 for the number of solutions required, each time adding 1 mL 
of the previous dilution to 9 mL of 0.1% peptone.

4. Repeat Step 1 for the blank control tube, the positive control tube and the 
negative control tube.

5. Pour 12-15 mL of molten DRCA, tempered to 45 ± 1 °C, into each Petri dish. 

6. Mix immediately after pouring into each Petri dish, by rotating the dish 
sufficiently to obtain evenly dispersed colonies after incubation. Allow the 
agar to solidify at room temperature.

7. Add a 5 mL overlay of molten plain 2% agar, tempered to 45 ± 1 °C, to each 
dish. Allow the agar to solidify at room temperature.

8. Incubate all plates anaerobically at 30 ± 1 °C for 72 ± 2 hours.

Note: Incubate the plates in an inverted position. Check the plates after 24 hours 
incubation. If excessive blackening of the agar is experienced at the end of 
incubation, it may be beneficial to examine the plates at 48 hours and 72 hours.  Use 
the higher of the two counts obtained for each plate.

Note: See NZTM 1 Anaerobic and CO2 - Enriched Incubation section for information 
regarding anaerobic incubation.

59.3.11 Interpretation

1. Examine the plates for the presence of typical black colonies.

Note: Do not count light grey to grey colonies.

2. Examine the test control plates:

Blank control plate

There should be no colonies present. Otherwise, investigate the source of 
contamination.

Positive control plate

It should contain black colonies. Otherwise, investigate the cause of the 
problem.

Negative control plate

There should be no colonies present. Otherwise, investigate the cause of the 
problem.
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3. Select all sample plates, at two successive dilutions if applicable, containing 
between 25 and 250 colonies.

59.3.12 Counting Colonies

Count and record the number of black colonies on each selected plate.

Note: Count the plates promptly after incubation.

59.3.13 Expression of Results and Report

1. Calculate the results as described in NZTM 1 Calculation of Counts section.

2. Express the results as “sulphite reducing clostridial spores, colony forming 
units per gram (or per mL)”.

59.3.14 Precision

No precision values are available for this method.

59.3.15 Notes

• Some colonies may be very small.  These pinpoint colonies must be included 
in the count.

• Whey protein concentrates (WPCs) have been found to be inhibitory to some 
bacteria at a 10-1 dilution. Furthermore, WPCs may denature and coagulate 
during heat treatment. These products should be tested at a minimum dilution 
of 10-2. 

59.3.16 Reference

• Weenk G, Fitzmaurice E, Mossel DAA. Selective enumeration of spores of 
Clostridium species in dried foods. Journal of Applied Bacteriology 70, 135-
143, 1991.
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Flow Chart 59.3.1:  Sulphite Reducing Clostridial Spore Count
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Count black colonies on selected plates
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60.1 Thermophilic Bacteria; Count at 55 °C

60.1.1 Scope

This method is used to enumerate thermophilic bacteria in milk and milk products 
using a colony count technique at 55 oC.

60.1.2 Validation Status

This method is based on:

• Thermophilic Bacteria in Wehr, HM and Frank, JF (ed) Standard Methods for 
the Examination of Dairy Products.. 17th Edition. American Public Health 
Association. Washington, DC. 2004*.

* A plate overlay step is included to overcome the problem of spreaders.

* The agar composition used for this method is that specified by IDF 100B: 1991 
and contains skimmed milk powder.

The validation status of this method is unknown.

60.1.3 Principle

A defined test portion or a series of decimal dilutions of the sample is mixed with 
milk plate count agar and, if necessary, overlaid with the same medium. The 
plates are incubated aerobically at 55 oC for 48 hours in a humid environment to 
protect them against the medium drying out.  The elevated incubation 
temperature selects for thermophilic bacteria.  

The number of thermophilic bacteria per gram or per millilitre of the original 
sample is calculated from the number of colonies counted on selected plates.

60.1.4 Diluent

• 0.1% peptone.

60.1.5 Medium

Milk Plate Count Agar (MPCA)

Tryptone 5.0 g
Yeast extract 2.5 g
Glucose monohydrate 1.0 g
Skimmed milk powder 1.0 g
Agar 15.0 g*
Distilled or deionised water 1000 mL

pH 7.0 ± 0.2 at 25 °C.

* The exact agar content may vary, depending on the manufacturer's 
specifications.
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Add all ingredients to the water.  Skimmed milk powder must be added to a 
suitable commercial preparation if it is not already included in the dehydrated 
medium (refer to the note below).  The agar-skimmed milk powder mix should be 
allowed to stand for about 15 minutes for rehydration to occur. Dissolve with 
frequent agitation and gentle heating.  Adjust the pH, if necessary, so that after 
sterlisation, it is 7.0 ± 0.2 at 25 °C. Sterilise at a maximum temperature of 121 °C 
for 15 minutes. Cool to 45 ± 1 °C before use. If the agar is to be stored, the 
bottles should be placed in the dark at 2-5 °C, for no longer than 1 month.

Note: Alternatively, plate count agar or standard methods agar which meet  the 
above composition may be used, with the addition of 1.0 g of medium heat, 
standard specification skimmed milk powder.  This powder shall be proven to be 
free of inhibitory substances by comparative tests using skimmed milk powder 
known to be free of such substances.  Such testing may only be performed by 
laboratories holding suitable accreditation (e.g. from IANZ) for the inhibitory 
substances test (NZTM 2, Method 51.1). Powder from a suitable batch may be 
used for an entire dairy season provided that this powder is repackaged into 
sealed, airtight containers and protected from light.

60.1.6 Quality Control Organisms

Positive Control:
• Bacillus stearothermophilus 3310; ATCC 7953.
• or Bacillus coagulans NZRM 2569;
• or Difco Thermospore PM as a commercial alternative.

Negative Control (Note: optional to the method):
• Enterobacter aerogenes NZRM 798.

Note: When checking the performance of new batches of MPCA, actual product 
from the manufacturing plant, preferably with a count of ≥ 100 thermophiles per 
gram, should be used, rather than control cultures.  This is because slight 
changes in media composition or processing conditions may alter the sensitivity 
of the media for detecting thermophiles in the product.

60.1.7 Plating

1. Prepare a sample of the product as described in Section 41. Agitate the 
sample just prior to taking test portions, to ensure sample homogeneity. 
Where possible, use reconstitution methods from IDF Standard 122C: 1996.

2. Either:

Take three sterile Petri dishes. Using a sterile pipette, transfer a total of 10 
mL of the sample equally into the three dishes. Repeat using a further three 
dishes as a duplicate. Treat each set of three plates as a single plate for 
purposes of counting.

Note: This gives a result per 10 mL for liquid products, and per gram for 
most prepared products over the three plates. Refer to Section 42 for 
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exceptions. For WPCs at the recommended 10-2 dilution, this gives a result 
per 0.1 grams.

Note: Notwithstanding the recommendations in NZTM 1 Frequency of 
Duplicate Plating section, it is suggested that duplicate plates be prepared 
for all samples tested by this method.

Note: Duplicate plates should be used, as spreaders are frequently present 
on thermophile plates, and may make some plates unreadable.

Or:

Take a sterile Petri dish. Transfer 1 mL of the sample into the dish. Repeat 
for a duplicate plate.

Note: This gives a result per mL for liquid products, and per 0.1 grams for 
most prepared products.

3. If a further dilution is required, transfer 1 mL of the sample into 9 mL of sterile 
0.1% peptone diluent. Mix by aspirating 10 times with a fresh pipette, or 
vortexing for 5-10 seconds. Transfer 1 mL of this dilution into a Petri dish. 
Transfer a further 1 mL into another Petri dish as a duplicate.

Note: This represents a 10-1 dilution for liquid products, and a 10-2 dilution 
for most prepared products.

4. Repeat Step 3 for the number of dilutions required, each time adding 1 mL of 
the previous dilution to 9 mL of 0.1% peptone.

5. Pour 15-18 mL of molten MPCA, tempered to 45 ± 1 °C, into each Petri dish.

6. Mix immediately after pouring into each Petri dish, by rotating the dish 
sufficiently to obtain evenly dispersed colonies after incubation. Allow the 
agar to solidify at room temperature.

Note: The time elapsing between the preparation of the sample and the 
addition of the agar must not exceed 15 minutes.

7. Prepare the following test control plates:

• Blank Control Plates:
Pour at least one from each bottle of MPCA used. Leave uninoculated.

• Positive Control Plate:
Inoculate a diluted sample of the positive control organism into a sterile 
Petri dish. Add 15-18 mL of MPCA, tempered to 45 °C. Mix well.
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• Negative Control Plate:
Inoculate a diluted sample of the negative control organism into a sterile 
Petri dish. Add 15-18 mL of MPCA, tempered to 45 °C. Mix well.

8. If spreader colonies are anticipated, add a 5 mL overlay of molten MPCA 
tempered to 45 ± 1 °C, to each dish. Allow the agar to solidify at room 
temperature.

Note: It is suggested that plates be dried before and/or after pouring the 
overlays.  This may be done by placing the plates in a drying cabinet, agar 
surface down and without lids, at about 50 °C for 30 minutes.

9. Incubate all plates aerobically at 55 ± 1 °C for 48 ± 2 hours.

Note: Incubate the plates in an inverted position, and protect them from 
drying out. This may be achieved by including a tray of water or two open 
flasks of water in the incubator, or enclosing the plates in plastic bags. It is 
recommended that stacks of plates be no more than six high. Stacks of 
plates should be separated from one another, and from the walls and top of 
the incubator.

60.1.8 Interpretation

1. Examine the plates for colonies, preferably using a colony counter in 
subdued light.

2. Examine the test control plates:

Blank control plates

There should be no colonies present. Otherwise, investigate the source of 
the contamination.

Positive control plate

It should contain colonies.  Otherwise, investigate the cause of the problem.

Negative Control Plate

There should be no colonies present. Otherwise, investigate the cause of the 
problem.

3. Select all sample plates, at two successive dilutions if applicable, containing 
between 25 and 250 colonies.

60.1.9 Counting of Colonies

Count and record the number of colonies on each selected plate.

Note:  Count the plates promptly after incubation.
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Note:  Avoid counting particles of extraneous matter as colonies. Examine under 
higher magnification if necessary.

Note: Do not overlook pin-point colonies, which must be included in the count.  
Examine under higher magnification if necessary.

60.1.10 Expression of Results and Report

1. Calculate the result as described in NZTM 1 Calculation of Counts section.

2. Express the result as “Thermophilic bacteria, colony forming units per gram 
(or per mL)”.

60.1.11 Precision

No precision values are available for this method.

60.1.12 Notes

1. Some colonies may be very small.  These pin-point colonies must be 
included in the count.

2. Whey protein concentrates (WPCs) have been found to be inhibitory to 
thermophiles at a 10-1 dilution.  These samples should be tested at a 
minimum dilution of 10-2.

3. Plates will dry excessively if not incubated in a humid environment.
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Flow Chart 60.1.1: Thermophilic Bacteria; Count at 55 °C
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61.1 Yeasts and Moulds; Counts

61.1.1 Scope

This method is used to enumerate yeasts and moulds in milk and milk products 
using the colony count technique at 25 °C.

61.1.2 Validation Status

This method is based on:

• ISO 6611/IDF 94:2004. Milk and Milk Products. Enumeration of Colony-
Forming Units Yeasts and/or Moulds. Colony Count Technique at 25 °C.

This method is not validated.

61.1.3 Principle

A defined test portion or a series of decimal dilutions of the sample is mixed with 
yeast extract-dextrose-chloramphenicol agar and incubated aerobically at 25 °C 
for 5 days.

The number of yeasts and moulds per gram or per millilitre of the original sample 
is calculated from the number of colonies counted on selected plates.

61.1.4 Diluent

• 0.1% peptone.

61.1.5 Medium

Yeast Extract-Dextrose-Chloramphenicol (YDC) Agar

Yeast extract 5.0 g 
Dextrose 20.0 g
Chloramphenicol* 0.1 g
Agar 12-15 g† 
Distilled or deionised water 1000 mL

pH 6.6 ± 0.2

† According to the manufacturer’s specifications.
* See the note below.

Add the ingredients to the water.  Mix thoroughly and boil with frequent agitation 
just sufficiently to completely dissolve the ingredients.  Adjust the pH so that after 
sterilisation it is 6.6 ± 0.2 at 25 oC. Dispense into suitable bottles.  Sterilise at a 
maximum temperature of 121 oC for 15 minutes. Discard unused medium after 3 
months.
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Note: The Oxoid agar also contains 0.000001% biotin (to standardise the Vitamin B12
content) but has been approved for use following discussions with the manufacturer and 
IANZ.

Note: If using oxytetracycline in place of chloramphenicol, prepare and sterilise the base 
ingredients as described above, but exclude chloramphenicol.  Temper the base medium 
to 45 ± 1 °C, and add 10 mL of a filter-sterilised 0.1% (w/w) solution of oxytetracycline 
hydrochloride in distilled or deionised water to 100 mL of base medium.  Mix well.

Caution:  Chloramphenicol is toxic.  Avoid inhalation.  Avoid skin contact.

61.1.6 Quality Control Organisms

Positive Controls:
• Penicillium chrysogenum ATCC 10002, NZCC 2999
and/or
• Saccharomyces cerevisiae NZRM 2241, ATCC 2601, NCTC 10716

Negative Control:
• Enterobacter aerogenes NZRM 798

61.1.7 Plating

1. Prepare a sample of the product as described in Section 41. Agitate the 
sample just prior to taking test portions to ensure sample homogeneity. Where 
possible, use reconstitution methods from ISO 8261/IDF 122:2001(E).

Note: Where specifications require a yeast and mould count of 50 per gram or fewer, 
plate the equivalent of 1 gram of product. Do this by distributing a total of 10.0 mL of 
the prepared product (if a 10-1 dilution) equally between three Petri dishes. The total of 
the colonies counted from the three plates is the yeast and mould count per gram of 
the product.

2. Take a sterile Petri dish.  Using a sterile pipette, transfer 1 mL of the sample 
into the dish. Repeat using a further dish if a duplicate is required.

Note: This represents a 10° dilution for liquid products, and a 10-1 dilution for most 
prepared products.  Refer to Section 41 for exceptions.

Note:  Refer to NZTM 1 Frequency of Duplicate Plating section for recommendations 
on the frequency of duplicate plates and dilutions.

3. If a further dilution is required, transfer 1 mL of the sample into 9 mL of sterile 
0.1% peptone diluent.  Mix by aspirating 10 times with a fresh pipette, or 
vortexing for 5-10 seconds.  Transfer 1 mL of this dilution into a Petri dish.  
Transfer a further 1 mL of this into another dish if a duplicate is required.

Note: This represents a 10-1 dilution for liquid products, and a 10-2 dilution for most 
prepared products.

4. Repeat Step 3 for the number of dilutions required, each time adding 1 mL of 
the previous dilution to 9 mL of 0.1% peptone, and transferring 1 mL of this 
into each dish.
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5. Pour about 15 mL of molten YDC agar tempered to 45 ± 1 °C, into each Petri 
dish and allow to solidify at room temperature.

Note: If oxytetracycline is used in place of chloramphenicol, add this to the tempered 
base medium, and mix well before pouring (see Section 61.1.5).

Note: The period between the preparation of the sample and the addition of the agar 
must not exceed 15 minutes.

6. Mix immediately after pouring by rotating the Petri dish sufficiently to obtain 
evenly dispersed colonies after incubation.  Allow the agar to solidify at room 
temperature.  

7. Prepare blank control plates, by pouring about 15 mL of molten YDC agar into 
a Petri dish.  It is recommended that at least two plates be poured from each 
bottle of YDC used, a “start control” (the first plate poured), and an “end 
control” (the last plate poured).

8. Incubate the plates aerobically at 25 ± 1 °C for 5 days.  

Note: Incubate the plates in an inverted position.  It is recommended that stacks of 
plates be no more than six high. Stacks of plates should be separated from one 
another and from the walls and top of the incubator.

61.1.8 Interpretation

1. Examine the plates for the presence of colonies, preferably using a colony 
counter in subdued light.

2. Examine the blank control plates.  There should be no colonies present.  
Otherwise, investigate the source of contamination.

3. Select all sample plates, at two successive dilutions if applicable, containing 
between 15 and 150 colonies.

61.1.9 Counting Colonies

Count and record the number of colonies on each selected plate.  Count the plates 
daily from the 3rd day, and record the higher, earlier count if all or part of a plate is 
later overgrown by spreading colonies. Count yeasts and moulds separately if this 
is required by the specification.

Note: Count the colonies promptly after incubation.

Note: Avoid counting particles of extraneous matter as colonies. Examine under higher 
magnification if necessary.
Note: Do not overlook pin-point yeast or mould colonies, which must be included in the 
count.  Examine under higher magnification if necessary.

Note: Distinguish between bacteria and yeasts in doubtful colonies by preparing them as 
simple stains (Section 13).  Yeasts are large, oval, 10-15 µm in diameter, and often show 
budding.
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61.1.10 Expression of Results and Report

1. Calculate the result as described in NZTM 1 Calculation of Counts section.

2. Express the result as “Yeasts and/or Moulds, colony forming units per gram 
(or per mL)”.

61.1.11 Precision

Repeatability

Duplicate determinations should agree to within 30%. Results greater than this 
should be investigated. The source of this figure is unknown.

Reproducibility

No reproducibility value is available.

61.1.12 Notes

1. Chloramphenicol may be replaced by oxytetracycline. In this case, note that 
oxytetracycline is heat-sensitive and is added as a filter-sterilised solution to 
the sterilised and heat-tempered base medium.

2. Bacterial colonies may also grow on this medium.  Check doubtful colonies by 
preparing Gram-stained smears and examining them microscopically.
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Flow Chart 61.1.1:  Yeasts and Moulds; Count
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NZTM2 132.72 
 
Pro-biotic Culture DR 20 
Method for Counting  Freeze Dried Powder or Milk Powders containing DR20 
 
 
 

1.1 Scope 
 
This method is for the enumeration of freeze-dried DR20 (Lactobacillus rhamnosus) 
probiotic culture and dry blended milk powders containing DR20. 
 
 

1.2 Validation Status 
 
This method is sourced from: 
“The survival of freeze-dried bacterial cultures after blending in milk powders”.  J T Harnett. 
1997. Report NZDRI-1997-111. New Zealand Dairy Research Institute, Palmerston North. 
This method is not validated. 
 
 

1.3 Principle 
 
A defined test portion or a series of decimal dilutions of the sample is mixed with MRS Agar 
(MRSA) and incubated anaerobically at 37°C for 72 hours. 
The number of microorganisms per gram of the original sample is calculated from the number 
of colonies on selected plates. 
 
 

1.4 Apparatus 
 

• A balance weighing to 0.1g 

• A stomacher e.g. Stomacher 400 (Seaward Medic Lab), or an equivalent 

• A vortex mixer 

• A waterbath controlled to 45 ±�1°C 

• The GasPak system or equivalent 

• An incubator controlled to 37 ±1°C 
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1.5 Diluent and Medium 
 
0.1% peptone 
 
MRS Agar 
 
Beef Extract    10.0 g 
Protease peptone No.3   10.0 g 
Yeast Extract      5.0 g 
Dextrose     20.0 g 
Polysorbate 80    1.0 g 
Ammonium citrate   2.0 g 
Sodium acetate     5.0 g 
Magnesium sulphate   0.1 g 
Managanese sulphate  0.05 g 
Dipotassium phosphate    2.0g 
Agar       15 g 
Distilled or deionised water  1000 mL 
pH  6.8 ±�0.2 at 25°C. 
 
Add the ingredients to the water. Mix thoroughly and heat with frequent agitation just 
sufficiently to completely dissolve the ingredients. Adjust the pH so that after sterilisation it is 
6.8 ±�0.2 at 25°C. Sterilise at a maximum temperature of 121°C for 15 mins. 
 
 

1.6 Procedure 
 
The performance of new batches of MRSA should be checked using a laboratory culture of 
Lactobacillus rhamnosus. 
A culture of Lactobacillus rhamnosus should be used as a positive control during testing 
 
Preparation of Sample 

 

1 Weigh out 10 g of powder sample into a sterile stomacher bag 

2 Add 90 mL of ‘room temperature’ (20 ±�1°C) 0.1% peptone to the powder sample and 
stomach on high for 2 minutes to create an homogenised mixture. 

3 Allow the stomached sample to stand at room temperature for 30 minutes. 

4 Stomach on high for 1 minute. 

 
Dilutions 
 

1 Prepare a dilution by transferring 1 mL of prepared sample to 9 mL of sterile 0.1% diluent.  
Mix by vortexing for 5-10 seconds. 

2 Transfer 1 mL of this diluted sample to a second 9 mL  of 0.1% peptone. 

3 Repeat step 2 for the number of dilutions required, each time adding 1 mL of the previous 
dilution to 9 mL of 0.1% peptone. 

 



 
 
 
Pro-biotic Culture DR 20 
Method for Counting Freeze Dried Powder or Milk Powders containing DR20 
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Plating 
 

1 Transfer 1 mL of the selected dilutions to each of four replicate Petri dishes. 

2 Pour about 15 mL of molten MRSA agar tempered to 45 ±�1°C into each Petri dish. 

3 Mix immediately after pouring into each Petri dish sufficiently to obtain evenly dispersed 
colonies after incubation. Allow agar to solidify at room temperature. 

Prepare the following test control plates: 

− Blank Control Plates: 
Pour at least one plate from each batch of MRSA used. Leave uninoculated. 

− Positive Control Plate: 
Inoculate a diluted sample of the positive control organism into a sterile Petri dish.  
Add 15 – 18 mL of MRSA tempered to 45 ± 1°C. Mix well. 

4 Incubate all plates anaerobically at 37 ±�1°C for 72 ± 3 hours. 

 
Interpretation 
 

1 Examine the plates for the presence of typical colonies using a colony counter in subdued 
light. 
Note: typical DR20 colonies are cream coloured with a shiny convex surface. 

Colonies are 2 – 4 mm in diameter. 

2 Select all replicate sample plates, at two successive dilutions if applicable containing 
between 10 and 300 colonies. 

 
 

1.7 Calculation and Report 
 
Count and record the number of colonies on each selected plate. 
Average the count obtained from each set of four replicate plates. 
Express the result as colony forming units per gram. 
 
 

1.8 Precision 
 
Precision values are not available for this method. 
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Ascorbic Acid
BP2OO3 /USP27

Manufactured by Jiangsu Jiangshan Pharmaceutical Co Ltd, China

Product Specification

Appearance

Identification

Melting point

pH (s% w/V)

Specific optical rotation

Clarity and colour of solution

Copper

Heavy Metals

Iron

Mercury

Znc

Arsenic

Lead

Oxalic Acid

Loss on drying

Sulphated Ash

Assay

Organic Vol. Impurities

Powder

Positive

Approx. 190'C

2 . t  -  2 .6

+20.5" - +27.5"

Clear, =BY7

s0.0003%

s0.001%

s0.0002%

<0.0001%

s0.0025%

s0.0003%

=0.0002%

=0.2%

=0.1%

s0.r%

:  99.0 -  100.5

: Meets USP requirements

Confirms to USP27 /BP2OO3/PH EURIII /DAB98/FCCV /
European Directive 96/77 /CE

Ascorbic JJP.doc

Ascorbic Acid
BP2003/USP27

Manufactured by Jiangsu Jiangshan Pharmaceutical Co Ltd, China

Product Specification

INT:RCH:M
Age (ie.; Limiled

•

Ascorbic JJP.doc

Confirms to USP27/BP2003/PH EURIII/DAB98/FCCVI
European Directive 96/77 ICE

Appearance

Identification

Melting point

pH (5% W/V)

Specific optical rotation

Clarity and colour of solution

Copper

Heavy Metals

Iron

Mercury

Zinc

Arsenic

Lead

Oxalic Acid

Loss on drying

Sulphated Ash

Assay

Organic Vol. Impurities

Powder

Positive

Approx. 190°C

2.1- 2.6

+20.5° - +21.5°

Clear, ::;BY7

::;0.0003%

::;0.001%

::;0.0002%

::;0.0001%

::;0.0025%

::;0.0003%

::;0.0002%

::;0.2%

::;0.1%

::;0.1%

99.0 -100.5

Meets USP requirements
, \ i T ( '\ E I< ().\ J)

!~ ! j ( ( ~r F
:, l \- _\ -r \ \; .-1) t) li:;
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DSM Food Specialties

Fonterra Co-operative Group Ltd
PO BOX 459
HAMILTON WAI 2001
NIEUW-ZEELAND

Date
Your purchase order
Our order number

DSM l;::
17.09.2008
8000047474
203116

Certificate of Analysis

Material: Our I Your reference

2426 - GISTEX LS FERM POWDER, 25 kg bag

Batch LFGRD19 I Best Before Date 14.12.2009

Page 1 I 1

Characteristic

Dry matter

Colour (on saltfree dry matter)

pH

NaCI (on dry matter)

Nitrogen (on saltfree dry matter)

Total Plate Count

B. cereus

Salmonellae

Moulds

Yeasts

Enterobacteriaceae

E.coli

Unit

%

%

%

19

19

19

19

19

19

Value

98.3
22.2

6.8

0.2

10.4

60
< 3.0

Negative

< 10

< 10

< 0.3

< 0.3

In addition to the results listed on the certificate of analysis we confirm that each individual batch meets the specification

limits as listed in the applicable product data sheets.

This document is a non-signed computer form
generated after release by the QA manager H
Overweg

The material covered by this delIVery is produced in accordance with DSM's manufacturing specifications currently in fOfce for this product glade. DSM cerrifies that
the ma/(Hial supplied conforms to the performance typical for this grade and product description, and has been monitored in accordance with the intert/al quality
control routines employed in our company. However, tile buyer must check the suitability of this grade for tile actual application. This certificate does not release
the recipient from his obligation to carry out his usual incoming goods checks. Our general conditions of sale remain in force.

• Registered trademark of D$M.



C IPY
&uoao6n1 '  ' . ' i ' '

CERTTFIGAtE ff F nxar.vbr5

. $ p ' .
s d  L i ;

APPEARANCE. 
, . ' .. : '  .

IOENTIFICATION.

MELTINC POINT

PH(5!( W1V)

sPEelFtc oPTtc;tL notAr urx
CL{RITY AND OOI,G OF SOLUToN

FOU]DER

POSITIVE

ABO-UT I9O E

l t  *  2.6

i29.5"-' i215:

eLFnR- : BY?

=q'qD.3%
3 000196

:0.m0?%

5o.gopt%. . , . : .  - " * -- < o.0{E596

5o.o0q3x .
= o-0oo2%
g0.2'6

ob, tgg

=o-r '6
99-d -. topfx

l, pAss' l
.  - r . : . - a r . .  '

Pqqlr!vE:

l e r 9 :
2J

' a  . '
+20.9 ', 

.
C L E A R . < B Y 7 '

< 0-0001?6

s 0.00tr3t6

< 0.0qn*{'

< 0.000t?(. .  
t + "

<o-otxls.,a
<o.dow*'
< 0.00@tt

< OJ?G

< 0.05{6

oir'296 .
9 p - 8 %  . '
MEETS I.JSF REQUIREMEM

COPPER . 
,

HEAVY METALS

IRQN i

MERCURY.

fiiff: - '"

ARSENIC

LEAD

OXALIC ACJD

r-o;sou DRYTNG.-
SULPHATED ASH

A35AY: . .  -  .
ORCANIC VOL IMPURITIE5 .
corclugor Tl|€ PftoolrcT GONFORSI' ro oteECTrvE 9617116€

, t s  :
SGttEO )

r.rewexprCeonr= zode.qlz - \'t 'tr 
: ' ' it",i/ i i a!.fl- 'rr fi Jt f, l l S {

r .-\=/ irr*t'{csu Jiat{GsltA'flr"'
-  -  . -  - l . . " -  f n t $ f u v l n v | l v  l ! v ' - G  - ' a -

we xshesy ceRilFy rg^r wE ARE rHE MAN'FACTL'RER oF rHe Al.rar-r26, rnou.rcr .,- -:-*yIT 
t-tffl ec-;t-ro:

-Oiimt*: i-== n --i --Gf

$EilHHISHHm+ffi W'f$+Y6ftS?ffifti[''iff;;*E*'i4.ffi'r,cn"'rso,.u^'#y *,' ;.
OFSHIPMENT

Jf ANGS u J taNGsHAH PllARMAcEUrlcAt co- lro. 
*' -{i 

rhb' rQtid $141.9'til Nt(t!

finru6sxar.r'Rorr1aNGIANGJtANGSU{zl45mt p.ROlrr.r* td,s{'5)34rtJti8l FAX'8FSJ3it(}t0l3

, -,~ 1.-'., A-ko~.bM"
.CERT1FtcATE6F ANALYSIS .:~,: .

'CfL~gS4-'$" . ASCORBICACID BP20031USP27 .
~f(A~'~~P~!,,~Q~~,NT~RY ~RF.DiTNO, LMP377-iailIQ7~Atro'~AY, ~i,29<lS i~ED BYANZ

'0: . BANK. qU~!':ncHtlRCH NEW ZEALAND, ' DECEMBER'12: 20~,~..i.VALjoATeExPIRY DAT~
._ ,_:,~_,_"_",,,~,:""::n. ......;;._,;.~,,=-_<C', ..... :.. r;-' . :~--=_:·~---~.:.,:.·~~.·r~·':·~-.-.-_ -~- ., ..- '.-
CER.Tlf~~~T~.N9:,~.'.".'.•. =- ,~ ~NlJfA.Ct'URE O~T~*OGS.&I~,I:." .
BArCH No. -_" .~ _ . QUANTITY .IZ'liig·r -jr -
~~PP'EAR:A~i;E' . . POWDER. pAss' ,- .
10ENrIFI<;AfidN' PoSITIVE POSNrVE '. ,. .. , .>.. :" .-.~ _. ."..a... ..... .:

MELTING ~OlNT ABOUT 190· C 191 'C

PH(5%, WLV) , 2.i -2,62;3

SPECIFlC' OPTICAl. ROTATlON+20.,o~·+2IS· +20,9" ,"

CtAR.fTY AND¢ot,oRo~ sci.irr;dN '. CLEAR.. .~ 8Y1 CLEAR. <OY7

COPPl::R ::: 0,0003% < 0.0003%

HEAVy META L.S ~ 0.001% < 0.0003%

IRQ!'J . ~ 0.0002% :<: O.O~,

.. MERCURy"io.0091~ <a.ooch%'
~.'- <,~" ~~'O,oo2s%·' "'-"-'-'<n,~ \....

A~SENtC " ~o,oOojoM.< O.0003~

LEAD ~O.OO02"" -< 0.0002%

. ,:-"'"

'S~?

~.....~.~':

,...... 11)......,..'--""" ".,-:z .
,J.' '. -+-

QUAUlY DEPT. MANAG~R

<o.i":'o
<::0.05% .

li02%'
99.8%" ,

MEers USP R£QlJIR6M6'II

~o.2% .

:::0.'"
;:0,1%

99.0 - lOQ.5%
. .. ' - ', .. :'

2008.6,11 -

OXALIC AClO

L~~SONDRYING"

SULPHATED ASH
~,,:y.

ORGANIC VOL.IM,PURITIES

-
NEW EXPIRE DATE

....... '- .... ,

,



5, JUL, 2007 13:02
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Product Name:
Batoh Number,
Date Of Manufaoture'
Best Before;

STARCH NZ LAB 64 9 6340328,,~

05/07!07
DEXTROSE MONOHYDRATE
3536XM
20/12/06
20/1.2/08

~-f~r"""'- NO, 36(/-(- p, 1/1
PENFORD

NEW ~EllAlilD LI1lIITEiD

OMh~n AuC!nand New ZIl!l!Ind.

TDJ.~hone: E~ 9 6"34 ;::1J.51

Fll.C!1l1mlle: 6"~ 9 6"36" ?5~!iI

Certificate Of Analysis

Test Test Result units Specification

MO:l.sture S.S~ t <_lO
Dextrose Equivalent 99.69 % >~~~

Specihc Rotation 53.35 52.51 54
NSR PASS *
Sulphur Dioxide 1.28 ppm <~lO

Taste " Odour PASS *
Total Plate count 0 !g <~1.000

Coliforms ABSENT flO,", Absent
E. Coli ABSENT /g Absent
Yeast 0 /g <~50

Mould 0 !g <~50

Salmonella ABSENT flOg Absent

Does not contain wheat gluten. Does not require labelling as a genetioally
modified food, in aooordanoe with food standard AlS.
Miorobiolo,",ical results below the 'limit of detection' are quoted as '0'.
Results quoted have. been transferred from the manufacturer's or supplierls
eoA.

Name: Jeet
Prasad
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Date of print: 12.11.2007 

1.05882.2500 Magnesium sulfate heptahydrate extra pure Ph 
Eur,BP,USP,JP 

Batch K33862182 

Batch Values 

Assay (complexometric; calculated on dried substance) 
Identity 
Appearance of solution 
pH-value (5 %;water) 
Acidity or alkalinity 
Chloride (CI) 
Heavy metals (as Pb) 
As (Arsenic) 
Ca (Calcium) 
Fe (Iron) 
Se (Selenic) 
Zn (Zinc) 
Loss on drying (450 "C) 
Organic volatile impurities (according to USP) 
Residual solvents (Ph. Eur./ICH) 

~ 

99.1 % 
passes test 
passes test 
6.2 
conforms 
S0.014 % 
S0.0005 % 
SO.0002 Yo 
< 0.005 % 
10.0010 % 
5 0.001 YO 
passes test 
51.1 % 
conforms 
Excluded by production 
process 

Merck KGaA 64271 Darmstadt (Germany) Tel. (06151)72-0 Page 1 of 2 
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Date of print:

1.05882.2500 Magnesium sulfate heptahydrate extra pure Ph
Eur,BP,USP,JP

Batch K33862182

Batch Values

12.11.2007

Assay (complexometric; calculated on dried substance)
Identity
Appearance of solution
pH-value (5 %; water)
Acidity or alkalinity
Chloride (CI)
Heavy metals (as Pb)
As (Arsenic)
Ca (Calcium)
Fe (Iron)
Se (Selenic)
Zn (Zinc)
Loss on drying (450°C)
Organic volatile impurities (according to USP)
Residual solvents (Ph. Eur.lICH)

99.7 %
passes test
passes test
6.2
conforms
::;0.014 %
::; 0.0005 %
::;0.0002 %
<0.005 %
::;0.0010 %
::;0.001 %
passes test
51.\ %
conforms
Excluded by production
process

Merck KGaA 64271 Darmstadt (Germany) Tel. (06151)72-0 Page 1 of 2

http://certificates.merck.de


Certificate of Analysis 

1.05882.2500 Magnesium sulfate heptahydrate extra pure Ph 
Eur,BP,USP,JP 

Batch K33862182 

Date of examination (DD.MM. YYYY): 2 7.09.2004 
Minimum shelflife (DD.MM.YYYYY). 30.09.2009 

Corresponds to Ph.Eur.,BP,USP,JP 

Dr. Thorsten Clajus 

responsible laboratory manager quality control 

This document has been produced electronically and is valid without a signature 

Merck KGaA 64271 Darmstadt (Germany) Tel. (06151)72-0 
SA-7 Anfo 15015030 1137159 - 10588200W/OWM)0V 929 

Page 2 of 2 

Certificate of Analysis

1.05882.2500 Magnesium sulfate heptahydrate extra pure Ph
Eur,BP,USP,JP

Batch K33862182

Date ofexamination (DD.MM YIT}j:
Minimum shelflife (DD.MMYIT}j.

Corresponds to Ph.Eur.,BP,USP,JP

27.09.2004
30.09.2009

Dr. Thorsten Clajus

responsible laboratory manager quality control

This document has been produced electronically and is valid without a signature

Merck KGaA 64271 Darmstadt (Germany) Tel. (06151)72-0
SA·7 Anfo 150150301137159 -105BB20000/000000V 929

Page 2 of 2
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Innovation
Comes

G PC· '}I/{tturfJ!{y
Grain Processing CorporarltiorJ
1600 Oregon Street
P.O. Box 349 Muscatine. Iowa 52761-1494 USA
Phone: 563-264-4265 Fax: 563-264-4289

Salkat New zeo~and LID
SUper Freiqht Ltd
Manu Ta[lu Dr, Airport oaks
Aucklana
New Zealand

Date: 11/21/07

Certificate of Analysis

The following material manufactured by Grain Processing Corporation,
Muscatine, Iowa, was tested and approVed for shipment.

Qlstamer Code Number, , . .

Qlstaner Order Number

GPC ConfillTl Number.

Product , " , , , ,

car or Truck Number

Lot Number. 0 ,

Number of Bags

Date of Expiration.

Date of Manufacture

Test

Dextrose F.quivalent
% Moisture
% Ash
pH (20% Solution)

Standard Plate COlll1t (CPU/g)
Enterobacteriaceae (CPU/g)
E.Coli (lOg)
Yeast (CFU/g)
Mold (CFU/g)
Salmonella (25g)
Staphylococcus aureus (/g)
L. Monoc.ytogenes (25g)

2754A

0663502

MALTRIN M040 Maltodextrin

lVI0729801

00320

10/25/2009

10/25/2007

Result
==::;::;::::::::==
6.5
4.3
.24
4.4

<10
<10
Neg
<10
<10
NEB
<2 /g
Neg

No genetically modified plant JJNl\.. was detected.

Quality Assurance Coordinator /
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Date of print: 12.11.2007 

1.05999.1 000 Manganese(l1) sulfate monohydrate spray dried 
EMPROVE@ Ph Eur,USP,FCC 

Batch F1427999 

Assay 
komplexometric, MnS04.H20 
complexometric, calc. on the ignited 
basis 

Identity 
Appearance of solution 
Chloride (CI) 
Heavy metals (as Pb) 
As (Arsenic) 
Ca (Calcium) 
Fe (Iron) 
Pb (Lead) 
Se (Selenic) 
Zn (Zinc) 
Substances not precipitated by ammonium 

sulfide 
Residual solvents (Ph. Eur./USP/ICH) 
Organic volatile impurities (according to USP) 
Loss on ignition (500 "C) 

Spec. Values Batch Values 

98.0 - 102.0 % 

99.0 - 101.0 YO 
passes test 
passes test 
10.005 % 
50.002 % 
<0.0003 % 
s 0.01 % 
I 0.001 % 
<0.0004 % 
10.003 % 
I 0.005 % 

50.5 YO 
excluded by productions process 
conforms 
10.5 - 12.0 % 

Merck KGaA 64271 Darmstadt (Germany) Tel. (06151)72-0 

98.8 % 

99.6 % 
passes test 
passes test 
50.005 % 
50.002 % 
<0.0003 % 
0.0001 % 
I 0.001 % 
< 0.0004 % 
10.003 % 
I 0.005 % 

0.1 % 
excluded by productions process 
conforms 
11.4 % 

Page 1 of 2 

Certificate of Analysis

http://certificates.merck.de
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Date of print:

1.05999.1000 Manganese(lI) sulfate monohydrate spray dried
EMPROVE® Ph Eur,USP,FCC

Batch F1427999

12.11.2007

Assay
komplexometric, MnS04·H20
complexometric, calc. on the ignited
basis

Identity
Appearance of solution
Chloride (CI)
Heavy metals (as Pb)
As (Arsenic)
Ca (Calcium)
Fe (Iron)
Pb (Lead)
Se (Selenic)
Zn (Zinc)
Substances not precipitated by ammonium

sulfide
Residual solvents (Ph. Eur.IUSP/ICH)
Organic volatile impurities (according to USP)
Loss on ignition (500°C)

Spec. Values

98.0 - 102.0 %

99.0 - 101.0 %
passes test
passes test
$0.005 %
$0.002 %
$0.0003 %
$ 0,01 %
$0.001 %
$0.0004 %
$0.003 %
$0.005 %

$0.5 %
excluded by productions process
conforms
10.5 - 12.0 %

Batch Values

98.8 %

99.6 %
passes test
passes test
$0.005 %
$0.002 %
$0.0003 %
0.0001 %
$0.001 %
$ 0.0004 %
$ 0.003 %
$ 0.005 %

0.1 %
excluded by productions process
conforms
IIA %

Merck KGaA 64271 Darmstadt (Germany) Tel. (06151)72-0 Page 1 of 2

http://certificates.merck.de


Certificate of Analysis 

1.05999.1 000 Manganese(1l) sulfate monohydrate spray dried 
EMPROVE@ Ph Eur,USP,FCC 

Batch F1427999 

Date of examination (DD.MM.YYYr): 07.03.2006 
Minimum shelflife (DD.MM. YYYr): 31.03.2011 

Dr. Andreas Lang 

responsible laboratory manager quality control 

This document has been produced electronically and is valid without a signature 

Merck KGaA 64271 Darmstadt (Germany) Tel. (06151)72-0 
SA-7 Anfo 15015033 1371460 - 10599900OOlO0000OV 964 

Page 2 of 2 

Certificate of Analysis

1.05999.1000 Manganese(lI) sulfate monohydrate spray dried
EMPROVE® Ph Eur,USP,FCC

Batch F1427999

Date ofexamination (DD.MM YYYY):
Minimum shelflife (DD.MMYYY}j:

07.03.2006
31.03.2011

Dr. Andreas Lang

responsible laboratory manager quality control

This document has been produced electronically and is valid without a signature

Merck KGaA 64271 Darmstadt (Germany) Tel. (06151)72-0
SA-7 Anfo 15015033 1371460 - 1059990000/000000 V 964

Page 2 of 2



SOtrlll CHENGNAN BRIDGE, REN'MIN ROADIE), JIANGYIN CITY, JIANGSU, CHINA

JIANG YIN CHENGXING HOUSEHOLD CHEMICALS CO.,LTD.

EL:0086-51o-6281321 FAX:0086-510·6281884

Certificate of Analysis

Prod ud n,lIne: l'ot,lsSlum Phosphdte Dlbasi( -food grade

Lol No.:0512:JO

Manu!aduring D,lle: llb02.Z'i'

Index Name Sperifkalion Actual I('st I{('sult
..."':..5::;ay: m~n. 98°<~ 9B.8 11/:;

loss on drying: IlldX. 211/lJ O.251~1

Insoluble m,ltter: 111,IX. U.2lY'/1l 0.02\1/0

FJHnridp; Tn",'\ 10nl~fkg <10 m[~fkg

Heavy ment.l: nldX 15m?/kg <10 m;;lkg

Lead: nldX. 2m)!/kg < 1mWkg

:'-\. rsen i(' nH:\. Jmg/kg < lmg/k~

Conclusion: Pass lest

l,ahoralor~ fest;()u\lin\an

Quantity: 7nlls

r'crson in Charl.!c:Shcn,JiangU
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ROQUETTE

CERTIFICATE OF ANALYSIS/QUALITY

MEDCHEM INGREDIENTS LTD

118 ASQUITH AVENUE

ST LUKES

AU2KLAND / NEW ZEALAND

PAGE I

:.IEO$OkB r' 20/60 DC - ZJRo:" '1:0...

423316 L

EXPIRY DATE.

INVOICE .
TONNAGE .
CONTRACT .
ORDER .
BATCH .
MANUF&TESTED

01 DEC 2012

EE776Tl
9.500 KG

E36550L
02255
E617G
18 NOVEMBER 2007

DESCRIPTION WHITE CRISTALLINE POWDER.
SORBITOL. SWEET AND COOL TASTE.

~-,----

rJ t.: ,-n
" ,. .. ,",

TOTAL SUGARS
REDUCING SUGARS
LOSS ON DRYING
CHLORIDE
SULPHATE
LEAD
SULPHATED ASH
ARSENIC
NICKEL
PH IN SOLUTiON
D-SORBITOL

'} ."

%

%
%

PPM
PPM
PPM
%

PPM
PPM

%

0.18
( O,lC

0,15
< 0,4
< 3
( 0,500
< 0,02
< 1,000
( 1,00

5.8
98,9

FACTORY LESTREli/MERCIER FREDERIC • 25 FEBRUARY 2008

QUALITY ASSURANCE MANAGER

Certificate ha3 an electronic signature.

ROQume FRERES, 621361ESTREM FRANCE, TEL 03 2163.3600, TELEX 810858 F, TE1ECOP1E 03.2163.38.50
SOCIETE A/'lONYM~ A.U CAPlIAI m H B I:,J :.o{;~: I::urr}~ Ih ,~EH' 'I,: 1-\ -5 - _~( ··.... oJ : F'-·( ',. ~. ';1 0: I :'6 IF~T~tr,· i ;>;'1 ::: ...... r; .1,'),5 "](1(,<''':



Certificate of Analvsis":::;;;';:'::;";:==="-="::::-==:::.L, _

To: Fax No: 0635046~4

Fonterra Research Centre

Dairy farm Rd, Palmerston

From: NZ Sugar Co Date: 17/08/2007

These analyses represent sugar products delivered 10 you under [he follo\ving
dar,ecoce,,,

Product Date: 8/08/2007

Datecode: 22071-3

Order numb.;r SO: 167914

Customer Order No: 8000038801

lj9.9 ~'o

~o

~o

~Io

-;Ext~~~ine White Sugar I!-----·-------I
Specifications

Results M,,-, Min Unir;. Method I
----,. -, ..,-.--------'---------------...-....--- .-.-." -l

Cme Sugar 99.93 Difference'
--------::----:----:------.-:c-=-::-:-:-'--' -

R,:ducing Sugar 0.014 0.04 ICl;:MSA GS , '3-5
Ash .c:--------:-O"".O'C:1-----,0""'.0:c:2:------:---""'ICUJ\1SA GS2/3-17

r-.----.----------------------
Waler 0.03 0,04 HMA-:--------------------_._------_.,.--- '----.
Colour 30 50

--------------,-----{CI Spectra
Turbidity 0 5-:'-_--------...,...,--------------_._.--_..._.-
Insoluble matter 0,09 5 ppm Filtriltlon

f--.,----- .-- . ---------::-=-------,------ "..- ..- ..---- - ..,-.-

--~-:~-':~-~E~lJ;C-S-p-o-r-e-c-o-un-t ----~-':----1-51-0:-----.----';:-'-(I;-~~~~~~!~:4~J
Yeasts 1
Moulds <1 10 /10g ICU:VlSA G52,3 A-'

-
Pathogens tested annually (Salmonella, Coliforms, Listeria): results negati\'

__i\._PP. eara~::':.. Fine granular white crystal -. -=-1
FIn'"QUI':'Ar;,-n-a--------'T"')"''P'-i''''ca'''j:c;o'''f'-''-','h-i'-te'''s'-u-g-,,-'-·s'''''·'---------.=-------'.:~---~-' .1
Allergens absent I
Shelfhf,= greater than 2 years .__-,-- -.~~~_'
OM St t Contains no GM ingredients, proces;ing aids Or

a us additives during production J-
Q C Analyst

Chelsea Refinery
....... ~K9J .. __ .

!,! d 6l r) '0\ A~Ol~~08g1 v3;13h)
T1131..0E'p 60 179

J



Interchem Agencies Ltd.• c/o Nestle
7 Gladstone Road, Northcote
1310 AUCKLAND
NEUSEELAND

Certificate of Analysis

Jungbunzlauer Austria AG

Schwarzenbergplatz 16

A~1011 Wien

Phone: +43 1/50200-0

www.jungbunzlauer.com

Jungbunzlauer

Creation date

14.08.2007

Our reference / Date

173109 000030/26.04.2007

Your order no./ Date

A20331/A 126.04.2007

Client number

208749

Delivery note I Date of dispatch

80195505 000030 / 14.08.2007

Date of arrival

28.09.2007

Material/ Product I Description

101650/ / Trisodium Citrate fine F6000 In 25 kg bags

Shipping point

Jungbunzlauer Austria AG Werk Pernhofen 2064 Wulzeshofen

Country of origin: AT

Characteristics

white, granular crystals or a white, crystalline powder,

freely soluble in water, practically insoluble in ethanol (96%)
Appearance of crystals
Identification
Assay
Water (Loss on drying)
pH in 1% solution
pH in 5% solution
Readily carbonis. subs!. (Ph.Eur.lEC/JP)
Odour
Appearance of solution
Acidity
Alkalinity
Heavy metals as lead
Chloride
Arsenic
Lead
Mercury
Oxalic acid/Oxalate
Sulphate « 100 mglkg)
Tartrate (USP/JP)
Bulk density
Particles on Mesh 25 (0.71mm)
Particles on 0,63 mm
Particles through 0,20mm
Particles < Mesh 100 (0,150mm)

Batch

1102978

Parameter

Quantity

3,500 KG
Date of production

03.08.2007
Date of expiry Production plant

08.2010 PernhofenlWulzeshofen AT

Unit Specification Value

conforms

conforms'
conforms'

% 99.00 100.50 99.95
% 11.00 13.00 12.11

7.50 9.00 conforms'
7.50 9.00 8.39

conforms
conforms'
conforms'
conforms'
conforms"

mglkg 0.0 - 5.0 conforms'
mglkg 0.0 - 50.0 conforms
mglkg 0.0 - 1.0 conforms"
mglkg 0.0 - 0.5 conforms'
mglkg 0.0 - 0.5 conforms'
mglkg 0 100 conforms"

conforms'
conforms"

gil 850 1100 conforms·
% 0.00 10.00 conforms'
% 0.00 10.00 conforms"
% 0.00 15.00 conforms·
% 0.00 15.00 conforms"

We herewith confirm that this product meets the requirements of the latest edition of the European Pharmacopoeia (Ph. Eur.), the United States
Pharmacopoeia (USP), the Food Chemical Codex (FCC) and of Commission Directive 96f77/EC. All analytical methods are In accordance with the latest
requirements of the European Pharmacopoeia (Ph. Eur,), the United States Phannacopoeia (USP), the Food Chemical Codex (FCC) or equivalent
methods. Test methods are available on request.

.) analysis is confirmed based on In~Process-Controlor by random testing.

QUALITY CONTROL MANAGER
Dr. Olto Bollmann

ISO 9001 certified by Lloyd's RQA - Certificate W 200628
This computer generated certificate is valid without signature.

Jungbunzlauer Austria AG
Schwarzenbergplatz 16
A-1011 Wien
Hande!sgericht Wien

Telelan: +43 1/50200-0
Telelax: +43 1/50200-8
VAT-No.: ATU36746802
Firmenbuch-Nr. 111075 x

Railteisen Zentralbank Osterreich AG Wien 100365866 (BLZ 31000)
IBAN: AT313100000100365866 SWIFT: AZBAATINW
Erste Bank AG Wien 01092014 (BLZ20111)
IBAN: AT9620111OD001092014 SWIFT: GleAATWW
R"'nk A"dri", r.,<>r1it",n<:I",11 IRA_r.Al Al"; Wi<>n nQ7FidO"ddOO IRI 7 1?nOm




