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Dear Sir/Madam: 

Pursuant to proposed 2 1 CFR 170.36 ( 62 FR 18960 ; April 17, 1997), Sabins a 
Corporation, thro ugh Soni & Associates Inc. as its agent, hereby provides notice of a 
claim that the food ingredient Bacillus coagulans spore prep aration (LactoS pore®) 
described in the enclosed notification document is exempt from the premarket approval 
requirement of the Federal Food, Drug, and Cosmetic Act because it has been determi ned 
to be Generally Recognized As Safe (GRAS), based on scientific procedures. 
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As required, please find enclosed three copies of the notification. If you have any 
questions or require additional information, please feel free to contact me by phone at 
772-299-0746 or by em ail at msoni@soniassociates.net or soni m@ bellsouth.net. 
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Madhu G. Soni, Ph. D., FACN, FATS 
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GRAS NOTIFICATION 

I. 	 Claim of GRAS Status 

A. 	Claim of Exemption from the Requirement for Premarket Approval Requirements 
Pursuant to Proposed 21 CFR § 170.36(c)(l) 

Sabinsa Co~oration (the notifier) has determined that Bacillus coagulans spore preparation 
(LactoSpore ) is Generally Recognized As Safe, consistent with Section 20l(s) of the 
Federal Food, Drug, and Cosmetic Act. This determination is based on scientific procedures 
as described in the fo11owing sections, under the conditions of its intended use as a food 
ingredient. Therefore, the use of Bacillus coagulans spore preparation (LactoSpore®) is 
exempt from the requirement of p1.1emarket approval. 

Signed, 

Date 

Madhu G. Soni, Ph.D., FACN, FATS 

Agent for: 

Sabinsa Corporation 
20 Lake Drive 
East Windsor, NJ 08520 
USA 
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B. Name and Address ofNotifier: 

Shaheen Majeed 
Marketing Director 
Sabinsa Corporation 
750 Innovation Circle 
Payson, UT 84651, USA 
USA 

Tel: + 1.801.465.8400 

Fax: +1.801.465.8600 

Email: Shaheen@sabinsa.com 


C. Common or Usual Name of the Notified Substance: 

The common name of the substance of this notifica6on is Bacillus coagulans. The 
preparation contains spores. The trade name of the substance is LactoSpore® 

D. Conditions ofIntended Use in Food 

Bacillus coag ulans (MTCC 5856) spore preparation (LactoSpore®), is intended for use as a 
probiotic in the following food categories: baked goods and baking mixes; beverages and 
beverage bases; breakfast cereals; chewing gum; coffee and tea; condiments and relishes; 
confections and frostings; dairy product analogs; fruit juices; frozen dairy desserts and mixes; 
fruit and water ices) gelatins, puddings, and fillings; grain products and pastas; hard candy; 
herbs, seeds, spices~ seasonings, blends, extracts, and flavorings; jams and jellies; milk; milk 
products; nuts and nut products; plant protein products; processed fruits ; processed 
vegetables and vegetable juices; snack foods; soft candy; soups and soup mixes; sugar; and 
sweet sauces, toppings, and symps at a maximum level of approximately 2 x 109 colony 
forming units (CFU)fserving (reference amounts customarily consumed, 21CFR l01.12) . B. 
coagulans spore preparation is not proposed for uses in foods that are intended for infants 
and toddlers, such as infant formulas or foods formulated for babies or toddlers, as well as it 
is not intended for use in meat and poultry products that come under USDA jurisdictions. 
The intended use of LactoSpore® in the above mentioned food categories, is estimated to 
result in a maximum daily intake of 36.4 x 109 cfu/day. 

E. Basis for GRAS Determination: 

In accordance with 21 CPR 170.30, the intended use of B. coagulans spore preparation 
(LactoSpore®) bas been determined to be Generally Recognized As Safe (GRAS) based on 
scientific procedures. The determination is supported by the opinion of the Expert Panel. A 
comprehensive search of the scientific literature was also utilized for this detennination. 
There exists sufficient qualitative and quantitative scientific evidence, including human and 
animal data to determine safety-in-use for B. coagulans spore preparation (LactoSpore®). In 
recent years, Bacillus coagulans spore preparations bas been the subject of two GRAS 
notifications (GRN 399; GRN 526). In response to all of these notices, FDA did not question 
the conclusions that the use of Bacillus coagulans spore preparation is GRAS under the 
conditions of use described in these notices. The safety determination of Bacillus coagulans 
spore preparation (LactoSpore®) for the present GRAS assessment is based on the totality of 
the available scientific evidence that includes h uman observations and a variety of preclinical 
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and clinical studie . An Expert Panel was assembled to evaluate the health aspects of 
Bacillus coagulans spore preparation (LactoSpore®) . Based on the available safety-related 
information, the estimated daily intake, if ingested daily over a lifetime, lhe Expert. Panel 
concluded that the intended uses of LactoSpore® as described herein are safe. 

In the published literature, several safety-related animal and human studies of B. coagulans 
spore preparation have appeared. These s tudies include subchronic toxicity, chronic toxicity, 
reproduction toxicity, in vitro and in vivo genotoxicity and human clinical safety. All lhese 
studies support the safety in use of B. coagulan s at the intended use levels. Sabinsa has 
conducted a series of phenotypic and genotypic studies. including whole genome sequenci ng 
o f B. coagulans strain (MTCC 5856). These s tudies further support the non-toxigenic nature 
of this strain. On the bas is of scientific procedures 1 

, Sabinsa Corporation (Sabinsa) considers 
the consumption of B. coagulans s pore pre paration (LactoSpore®), as a food ingredient is 
safe. 

F. Availability of lnformation: 

The data and information that forms the bas is for this GRAS determjnation will be provided 
to Food and Drug Administration upon request or will be available for FDA review and 
copying at reasonable times at the above mentio ned offices of lhe notifier (Section I, B ) or at 
the offices of: 

Madhu G. Soni, PhD, FATS 

Soni & Associates lnc 

749 46th Square 

Vera Beach, FL 32068 


Telephone:+ 1- 772-299-0746 

Email: mloooi @sonmloMlCiates.net; sonirn@hcllsmHh.nct 


D. Detailed Information About the Identity of the Notified Substance: 

Sabinsa's Bacillus cuagulans spore preparation is a standardized (6 and 15 billion cfu/g 
product) white to off white powder with mild characteristic odor. lt is a member of a 
subgroup ofBacillus s pp. 

A. Common Name: 

Bacillus coagu/ans 

B. Trade Name: 

The s ubject of this notification will be marketed as LactoSpore® 

C. Identity: 

Bacillus coagulans is a Gram-positive, catalase-positive, spore formjng, rod-shaped, slightly 
acidophilic, thermotolerant, aerobic to microaerophilic bacteria. LactoSpore® bearing 
Sabinsa's internaJ refere nce number SBC37-0 l has been deposited with the Microbial Type 
Culture Collection (MTCC) and Gene Bank. The strain has been designated with accession 

1 2 1 CFR § 170.3 Definitions. (h) Scientific procedures include those buman, animal, analytical, and other scientific 
studies, whether published or unpublished, appropriate to establish the safety or a suh:itance. 
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number of Bacillus coagulans MTCC 5856. This strain, the subject of present GRAS 
assess ment, B. coagulans MTCC 5856 has been extensively studied for its physicochemkal 
(phenotypic) and biological (including genotypic) characteristics. In order to confirm identity, 
the purity, iso lation, morphological, phys iological and biochemical studies have been carried 
out for B. coagulans MTCC 5856. In addition to phenotypic identifi cation, genotyping 
studies, including whole genome seq uencing, confirmed and identified the subj ect strain with 
a homology of 99.5 % in co nsensus with B. coagulans ATCC 7050 (reference strain). Tbus, 
the available information s upports the characterization and ident ity of B. coagulans MTCC 
5856, the subject of this GRAS assessment. 

D. Physical Characteristics 

White to off white powder with mild characteristic odo r 

E. Food Grade Specifications 

Food grade specifications of Bacillus coagulans spore preparation (LactoS pore®) are 
presented in Tables II-E.l. Analytical data from five non-consecutive lots with strength 15 x 
109 cfu/g are presented in Appendix I. These data suggest that B. coagulans spore preparation 
is consistently manufactured to meet the standard product specifications. 

- .. )pee ac1·uT bl a e ll E 1 S ifications or B us coagu ans spore preparation (L actos)pore 
Parameter Characteristics 
Appearance Pale brown to brown powder (100 billion units/gm) 

White-to-off-white powder (15 biUion units/gm) 
Identity The spores are eWpsoidal bodies, terminally placed 

at the end ofevery vegetative cell 
Pheno~yping Characteristic for the s11·ain 
Genotyping 16S rRNA gene sequence study:;t 
Solubility SHgbtly soluble in water. In soluble in methanol 

and chloroform 
Loss on drying NMT8% 
Viable spore NLT 15 biiUon (l.5 x JO 'u) sporeslg* 
Other organisms NMT 0.1 million CFU/g 
Lactic acid producing capacity NLT 10 mJ of0.05NNaOH consumed 
Sieve test P asses 

-20 mesh NLT 100% 
-40 mesh NLT95% 
-80 mesh NLT90% 

Stability Three years 
Heavy metals 

Arsenic NMT I ppm 
Cadmium NMT I ppm 
Mercury NMTO.l ppm 
Lead NMT3ppm 

Microbiological assays 
Yeast and Mold < IOOCFU/g 
Escherichia coli Negative / I Og 
Bile T olerant Gram negative bacteria NMT 100 cfu/g 
Staphylococcus aureus Negative11Og 
Salmonella Negative/LOg 
Pseudomonas aeruginosa Negative IIOg 
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*Based on information provided by Sabinsa Corporation; NMT =Not more than; NLT = Not less 
than ; :j;: Performed once in a year; *Sabinsa Corporation produces LactoSpore® wiU1 di fferent 
spore counts with identical specifications. 

F. Manufacturing Process 

Bacillus coagulans spore preparation (LactoSpore®) is manufactured according to current 
good manufacturing practices (GMP), as presented in Figure II. G. In brief, manufacturing of 
B. coagulans spores involves three steps: (1) Inoculum preparation, (2) Fermentation , and (3) 
Down stream processing. 

In the first step , pure culture of B coagulans is inoculated to sterile seed medium that is 
incubated on shaker at 37-39°C for 22-24 hours. The seed culture is transfetTed to fermenter 
containing the fermentation medium for incubation at 37-39°C for 35-37 hours. The broth 
from incubation is harvested and further processed. In the downstream processing step, tbe 
broth harvest is centrifuged and bacterial cells are separated. The wet cake of sporulated 
bacterial cells is mixed with sterilized Demineralized (DM) water and filtered through mesh 
( 100# size). The filtered slurry is spray dried and concentrated. 

The spray-dried powder is mixed with maltodextrin to desired final concentration of B. 
coagulans spores. The manufacturing procedure assures a consistent and high-quality 
product that meets the specifications. The process ing aids. processi ng aids, fermentation 
medium and diluents used in the manufacturing of LactoSpore® are either approved as food 
additives or as GRAS substances. 
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1 
Pure culture of Bacillus coagultms 

Inoculate to sterile seed medium 
lncubcne on shaker at 37- 39°C for 
22-24 hrs 

Confirm lhe puril)' through microscopy 

2nd inoculum (Seed inoculum) 

Fermenter 


1 

Add Water, supernatant of Corn Steep Powder, MnS04, 

CaCO:h Dextrose and Ammonium Sulfate 

Adjust pH with Ortho-Phosphoric Acid. 


Fermentation medium 

1 Sterilize for 20-25 minutes nl I .5 ± 0.2 bars 
Cool the media to 37 - 39°C 

Sterile fermentation medium 

1 
Inoculate wilh lhe seed inoculum 
Agitate and provide sterile aeration 10 the 
Fermentation medium. 
Incubate at 37 - 39°C for 35 - 37 hours. 

Harvest broth (Broth containing -80-100% sporulated ceUs, as 
per microscopy) 

! Centrifuge at 13,000-15,000 rpm 

Wet cake of sporulated bacterial cells 

1 Add Sterile Water in I: I ratio 

Filter lhe slurry through SS sterile mesh 

( LOO# size) 


Filtlercd slur~P"Y dry the filtered slurry at 115' C inlet 

temperature and 55°C outlet temperature 

Cor•ra•e:::::::~.::m. 
LactoSpore® (Bacillus coagulans) 

G. Manufacturing Flow Chart 

Figure 0-G. Manufacturing process ofBacillus coagulans spore (LactoSpore"1 
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ill. 	Summary of the Basis for the Notifier 's Deter mination that Bacillus coagulalls is 
GRAS 

The determination that Bacillus coagulcm.s spore preparation (LactoSpore®) is GRAS is 
based on scientific procedures. For this determination a comprehensive search of lhe 
scientific literature for safely and to.>UciLy information on Bacillus coagulans was conducted 
through May 2015. ln addition to several published studies of olher similar strains of B. 
coagulans. the safety studies of B. cnagulans MTCC 5856 includes survival in simulated 
gastric acid, bile tolerance, antibiotic sensitivity activity and human safety and tolerance 
study. In addjrion lO chemical characteristics, B. coagulans has been characterized by 
genotypic analysis, including whole genome sequencing. Based on a critical evaluation of the 
pertinent data and information summarized here and employing scientific yrocedures, il is 
determined that the addition of B. coagulans spore preparation (LactoSpore"") to the selected 
foods described in this notice and at a maximum use level of approximately 2 x 109 

cfu/serving (in accordance with established reference amounts customarily consumed, 21 
CPR 101.12) meeting the speciflcation cited above and manufactured according to current 
Good Manufacturing Practice, is GRAS under the conclitions of jntended use as specified 
herein . 

In coming to this decision that B. coagulans spore preparation (LactoSpore®) is GRAS , 
Sabinsa Co~oration relied upon the conclusions that B. coagu/ans spore preparation 
(LactoSpore ) does not pose any toxicological hazards or safety concerns at the intended use 
levels, as well as on published toxicology studies and other articles relating lo the safety of 
the product. Other qualifred and competent scientists, reviewing lhe same publicly available 
toxicological and safety information, would reach the same concJusion. 

IV.Basis for a Conclusion that Bacillus coagulans is GRAS for its Intended Use. 

An independent panel of recognized experts, qualified by their scientific training and relevant 
national and international experience to evaluate the safety of food and food ingredients, was 
convened to determine the safety of B. coagulans spore preparation (LactoSpore®) used as a 
food ingredient Based on a criticaJ evaluation of the pertinent data and information 
summarized herein, the Expert Panel members have indjviduaJ ly and collectively determined 
by scientific procedures that the addition of B. coagulans spore preparation (LactoSpore®) in 
baked goods and baking mixes; beverages and beverage bases; breakfast cereals: chewing 
gum; coffee and tea; condiments and relis hes: confections and frostings; dairy product 
analogs; fruit juices; frozen dairy desserts and mixes; fruit and water ices; gelatins, puddings, 
and flllings; grain products and pastas; hard candy; herbs, seeds, spices, seasonings, blends, 
extracts, and flavorings; jams and jellies; milk; milk products; nuts and nut products; plant 
protein products; processed fruits; processed vegetables and vegetable juices; snack foods; 
soft candy; soups and soup mixes; sugar; and sweet sauces. toppings, and syrups al a 
maximum use level of approximately 2 x 109 cfu/serving (reference amo unts customarily 
consumed, 21CFR 101.12) when not otherwise precluded by a Standard of Identity as 
described here and resulting in the estimated daily intake of 36.4 x 109 cfu B. coagulans 
spores/day is GRAS. 11 is also the opinion of the Expert Panelists that other qualified and 
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competent scientists, reviewing the same publicly available toxicological and safety 
information, would reach the same conclusion. 

Bacillus coagulans spore preparation was the subject of two GRAS notifications (GRN 526 
and GRN 399) to the FDA for use as a food ingredient. The safety information and other 
relevant infom1ation described in these GRAS notices are hereby incorporated by reference 
into this document and were considered in evaluating the GRAS status of Sabinsa's proposed 
use of Bacillus coagulans spore preparation. A synopsis of the pertinent information in these 
documents is presented below (see attached Expert Panel Statement). 
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DETERMINATION OF THE GENERALLY RECOGNIZED AS SAFE 

(GRAS) STATUS OF Bacillus coagulans MTCC 5856 
(LACTOSPORE®) FOR USE IN FOOD 

1. INTRODUCTION 

The undersigned, an independent panel of recognized experts (hereinafter referred to as 
the Expert Panel) 1 

, qualified by their scientific training and relevant national and international 
experience to evaluate the safety of food and food ingredients, was convened by Soni & 
Associates Inc. , at the request of Sabinsa Corporation, USA, to determine the Generally 
Recognized As Safe (GRAS) status of Bacillus coagulans spores preparation (LactoSpore®) in 
baked goods and baking mixes; beverages and beverage bases; breakfast cereals; chewjng gum; 
coffee and tea; condiments and relishes; confections and frostings; dairy product analogs; fmit 
juices; frozen dairy desserts and mixes; fruit and water ices; gelati ns, puddings, and fillings; 
grain products and pastas; hard candy; herbs, seeds, spices, seasonings, blends, extracts, and 
flavorings; jams and jellies; milk; milk products; nuts and nut products; plant protein products; 
processed fruits ; processed vegetables and vegetable juices; snack foods; soft candy; soups and 
soup mixes; sugar; and sweet sauces, toppings, and syrups at a maximum level of approximately 
2 x 109 colony forming units (cfu)/serving. A comprehensive search of the scientific literature 
for safety and toxicity information on Bacillus coagulans was conducted through August 20 LS 
and made available to the Expert PaneL The Expert Panel independently and critically evaluated 
materials submitted by Sabinsa Corporation and other information deemed appropriate or 
necessary. Following fin independent, critical evaluation, the Expert Panel conferred and 
unanimously agreed to the decision described herein . 

1.1. Background 

Bacillus coagulans is a lactic acid producing bacteria with typical characteristics of both 
Lactobacillus and Bacillus genera. It was first isolated and described in 1932 (Horowitz­
Wlassowa and Nowotelnow, 1932) and was considered to be a spore fonning lactic acid bacteria 
in the Bergey's Manual (Bergey et al., 1939). As B. coagulans exhibits characteristics typical of 
both genera Lactobacillus and Bacillus, its taxonomic position between the families 
Lactobacillaceae and Bacillaceae was debated and later H was transferred to the genus Bacillus. 
It has been isolated from natural sources, such as beat-treated soil samples (Sneath et al., 1986). 
Similar to other species of the genus Bacillus, B. coagulans forms endospores, which are 
resistant to most chemlcaJ and physicaJ conditions. B. coagulans has also been shown to 
maintain normal intestinal microflora and improve digestibility (Majeed and Prakash, 1998). Due 
to its spore forming ability, B. coagulans bas high beat and acid resistance. This characteristic 
allows spores to s urvive industrial manufacturing and ensures a long-term viability, a property 
that more labile lactobacilli do not possess (Sanders et al., 2001). Given the stability limitations 
of conventional strains of probiotics, B. coagulans has been commonly marketed as a probiotic 
to maintain the ecological balance of the intestinal microflora and normal gut function. 

In addition to its ro le as a probiotic, B. coagulans has been used as part of the fermenting 
process for the production of a protein-rich food known as ugba (Isu and Njoku, 1997) 

1Modeled after that described in section 20l(s) of the Federal Food, Drug , and Cosmetic Act, As Amended. See also 
attachments (cuniculum vitae) documenting the expertise of Lhe Panel members. 
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commonly consumed in Nigeria. This food is produced by fermentation of the African oil bean 
seed (Pentaclethra macrophylla Bentham) over a 3-4 day period. The fermentation process 
enhances the meaty taste and other desirable organoleptic properties of ugba. lt is considered a 
popular food delicacy in Nigeria, especially among the Tbo ethnic group. A significant number of 
bacteria and spores present in the product are consumed from this food. Up to five different types 
of bacteria (Bacillus, Lactobacillus, Staphylococcus, Micrococcus and members of the family 
Enterobacteriaceae) are used in the fermentation of ugba . However, the Bacillus spp. found in 
the samples tested (i.e .. B. coagulans, B. macerans. B. megaterium. B. pumilis and B. subtilis), 
were the only species that could ferment Lhe bean slices to produce the desired characteristic 
sensory qualities. 

1.2. Description 

8. coagulans is a Gram-positive, catalase-positive, spore forming, rod-shaped, sHghlly 
acidophilic, thermotolerant, aerobic to microaerophilic bacteria commonly found in the soj], air 
and dust. It is a highly resilient organism. The vegetative cells of B. coagulans can grow at 
temperatures as high as 65°C and the endospores can withstand temperatures in excess of 100°C. 
It can grow in a highly alkaline environment and the spores can also withstand the acidic 
environment of the stomach. B. coagulans produces the favored L (+) optical isomer of Jac1ic 
acid and this effectively prevents the growth of numerous bacterial and fungal pathogens 
(Farmer, 2002). 8. coagulans strain, the s ubject of this GRAS determination, bas been deposited 
in the Microbial Type Culture Collectjon (MTCC) and Gene Bank and is designated with 
accession number of Bacillus coagu lans MTCC5856 (io compliance wilh MTCC-IDA under the 
Budapest Treaty) . This strain has been characterized in detail and it genome completely 
sequenced. Sabinsa Corporation intends to market this B. coagulans spore preparation under the 
name LactoSpore® as a standardized powder. General descriptive parameters and properties of B. 
coagulans preparatio ns manufactured as LactoSpore® by Sabinsa are summarized in Table 1. 

T bl e 1 G en era I d cscnptive c • r Bactuus coagu la11s and L ac o 1pore t S ®a . h aractenst1cs o ·
Parameter Description* 
Source Bacillus coagulans 
Synonyms Lac:tobacillus sporogenes 
CAS No. 68038-65-3 
Functional Use ProbioLic; enzyme production 
Physical charac teristics Gram-positive. aerobic, endospore forming rod-like 

microorgani~m. slightly acidophilic and 
thermotoleranL with a microaerophilic metabolism 

Heat resistance: vegetative cells **D95°C = 0.1 min 
Heal resistance: spores al pH 7 **DI IIoc = 1.6 min 
Odor Characteristic 
*Based on ~nformat10n prov1ded by Sabmsa Corporallon. **D =Dectmal reducuon ttme 1s the 
minutes of healing at temperature 1 for a log-cycle decrease in the number of survivors. 

Page 5 of44 
0000 15 



1.3. Specifications 

Food grade specjfications of LactoSpore® have been established by Sabinsa Corporation 
and are presented in T able 2. Analytical results from five non-consecuti ve lots (Appendix T) 
demonstrate that LacroSpore® is consistently manufactured to meet these specifications. 

Table 2. Specifications ofLactoSpore® 
Parameter Characteristics* 
Appearance Pale brown to brown powder {100 billion 

units/gm) White-to-off-white powder ( 15 
billion units/gm) 

Identity The spores arc elUpsoidal bodies, 
terminally p laced at the end of every 
vegetative cell 

Phenoryping Characteristic for the strain 
Geootypiog 16S rRNA gene sequence study;t 
Solubility Slightly soluble in water. In soluble in 

methanol and chloroform 
L oss on drying NMTS% 
Viable spore NLT 15 bi llion ( 15 xI 0V) spores/~* 
Other organisms NMT 0. 1 million cfu/g 
Lactic acid producing capacity NLT 10 mt of0.05N NaOH consumed 
Sieve test Passes 

-20 mesh NLT 100% 
-40 mesh NLT95% 
-80 mesh NLT90% 

Stabili ty Three years 
Heavy metals 

Arsenic NMT J ppm 
Cadmium NMT J ppm 
Mercury NMTO.I ppm 
Lead NMT3 ppm 

Microbiolosdcal assays 
Yeast and Mold < 100 cfu/g 
Escherichia coli Ne~ativc /10~ 
Bile T olerant Gram Negative bacteria NMTJ00 cfu/g 
Staphylococcw. aureu:. Negali ve I IOg 
Salmonella Negat.ive II Og 
Pseudomonas aeruginosa Negative I I Og 

*Based on information provided by Sabinsa CorporaLio n: NMT =Not more than : NLT = 
Not less than;:/:.: Performed once in n year; *Sabinsa Corporation produces LactoSpore® 
with different spore counts (ranging from 6 billion to 100 billion) wilb identical 
specifications. 

1.3.1. Identification and Characterization 

The purity, isolation, morphological, physiological and biochemical characte1istics of 
Bacillus c:oagulans (MTCC 5856) was studi ed at an independent laboratory (Save, 2004). The 
spores were cultured on two separate media to establish genus Bacillus. The media employed 
were nutrient agar a general purpose medium and de Man, Rogosa and Sharpe agar a selective 
medium for LactobaciUus. The colonies grown on these media were subj ected to Gram staining 
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and biochemical cltaracterizat[on. These investigations confirmed the identity and specifications 
of LactoSpore®. The biochemical characterization of Sabinsa's Bacillus roagulans strain showed 
90% similarity between the variants and the reported characterization of Bacillus coagulans 
lHammer 1915, Type Strain ATCC 7050]. The study report is incl uded as Appendix II. 

In an in vitro study , Bacillus coagulans SBC-37-01 strai n (MTCC 5856) was tested for 
stability at varying pH and for bil e salt toleran ce as per FAO recommendations (A ti et al., 2013). 
The results of these experiments revealed that LactoSpore® was stable at different pH conditions 
and tolerated high bile salt concentrations. There was no significant difference in LactoSpore® 
growth and viability at maximum concentration tested (0.5% w/v). The e findings s uggest lhat 
the Bacillus coagulans SBC-37-0J (MT CC 5856) st rain exbibHs probiotic attributes and can 
survive at low pH and high bile concenlration. 

1.3.2. Genotyp ic [den tification 

In an attempt lo furth er characterize B. coagulans, genotypic identifica tion was carried 
out. For tbis identification Sabinsa's B ctdllus coagulans (with internal reference number SBC37­
0 I ) was analyzed for the 16S rDNA gene seq uence. B. coagularzs strain (MTCC 5856), the 
subject of this GRAS assessment was found, through gene sequencing, to be identified as the 
historically identifi ed and commonly recognized strain B. coagulans Hammer that has been 
deposited with American Type Culture CoiJection (ATCC) facility by Dr. N.R. Smith under lhe 
des ignati on number 7050. Tbe genotyping resuJts confirmed and identified the strain as Bacillus 
coagulans with ho mology of 99.5% with Bacillus coagulans ATCC 7050 (Appendix 111). These 
findings suggest that 8. coagulans is homologous to B. coagulans Ham mer. 

1.3.3. Genome Sequencing 

In an attempt to further characterize Lhe subject of present GRAS, whole genome 
sequencing of Bacillus coagulans MTCC 5856 was undertaken using Tilumina MiSeq 
sequencing platform. The whole genome seq uenci ng work flow and analysis overview is 
presented in Figure 1. The genome of B. coagulans MTCC 5856 consists of a 3,018.045 bp long 
chromosome with a 46.74% GC content which is similar to what has been reported for B. 
coagulcms (44 to 50%) (Sneath et al.., 1986). The assembled sequences were uploaded to RAST 
server and annotated using Bctcillus coagu,lans ATCC 7050 as reference. 3995 protein fun ctions 
were predicted from the contigs generated. Entries involved in EPS Biosynlhetic pathway were 
iden tified from the annotation column retrieved from the RAST server along with lipoteichoic 
acids. KAAS server was used for pathway identification with assemb led seq uences as input. 
Among the 98 cont..igs 3995 protein functions and 40 functio nal pathways have been predicted. 
82 tRNA genes were identified using LRNAscan-SE-1.3.1 and 10 rRNA genes were :identified 
osing RNAmmer-1.2. 

The Identification of Bacteriocin gene clusters in the genome of B. coagulans MTCC 
5856 was performed using the assemb led scaffolds as input to antiSMASH 2.0 [antiSMASH 2.0: 
Nucleic Acids Research (2013 ), doi: 10.1093/nar/gkt449] . AntiSMASH identified 4 bacteriocin 
gene cl usters based on lhc location and order of genes present in the asse mbled contigs. The 
presence/production of bacteriocin is one of the desired properties of a probiotic s train . 
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Sample (Bacillus coagulans MTCC5856) 

Raw DataQC 

·­ -. -­ - ·­ - - -. ------,: 
. ' 

• . ­ . ·, ~-:.. I . ·­ ~. - . ·~ 

-ldentlftcation of Plasmid sequences (PiasmidFinder1 .2) _ _j" ---1 

( -ldentirca~ion of resistence genes (ResFtnder2.1) j --­
?=============================~ 

-Identification of IRNA (tRNAscan-1 .3.1) 

-Identification of rRNA (RNAmmer1 .2) 

-Annotations and Pathways (RAST and KAAS web servers) 

-Emetic toxins (BLAST checked against Assembled contigs) 

-Circular plot showing GC %, Coverage and genes 

(·Identification of Bacteriocin gene clusters (Antismash2.0) r 

Figure 1. Over view of W bole Genome Sequencing Workflo,, and Analysis 

The e metic tox in genes of Bacillus spp. were collected and their nucleotide sequences 
were downloaded from Lhe NCBI database. Nucleotide blast was done using emetic nucleotide 
sequences as database and assembled conLigs of B. coagulans MTCC 5856 as query. The res ulls 
o f blas t did noL yield any hits wbicb suggested absence of any emetic toxin genes in the genome 
of B. coagulans MTCC 5856. Another concern is carrying any plasmid in the genome. The 
presence of oth er plas mids was checked by P lasmidFinder 1.2 
(http://cge.cbs.dtu.dk/services!PlasmidFinder/) and both E nterobacteriaceae as wel l as Gram ­
pos iti ve plasmid database were selected. Asse mbled seque nces were given as input . One hit was 

found to re p2 1 plasmid wh ich contributes to 25% of the reference plas mid sequen ces. T he 
genome stud y concluded the absence of any poss ible plasmid in the genome of B. coag ulans 
MTCC 5856. 
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Further, ResFinder2.1 (http://cge.cbs.dtu.dk/servlces/ResFinderl) was used to identify 
drug resistance genes in the assembled sequences of B. coagulans MTCC 5856. ResFinder2.1 
checks for resistance genes for Arninoglycoside, Beta-lactam, Fluoroqui.nolone, Fosfomycin, 
Fusiilic Acid, MLS - Macrolide-Lincosam ide-StreptograminB, Nitroimidazole1 Pbenicol, 
Rifampicin, Sulphonamide, Tetracycline, Trimethoprirn and Glycopeptide. 98% sequence 
identity and 60% coverage was used as threshold for the identification. There were no resistance 
genes identified in lhe bacterial strain during analysis. Emerging resistance amongst bacteria to 
antimicrobials is a major concern world-wide. The probiotics are viable micro-organisms and 
consumed in various dietary and health products which may add to the pool of antimicrobial 
resistance genes already present in the gut bacterial population or otherwise increase the risk of 
transfer of drug resi tance. Hence, if is strictly recommended by European Food SafeLy 
Authority to determine the minimum inhibitory concentration of the antimicrobials against such 
probiotic strains. The genome analysi s confirmed the absence of antibiotic resistance genes in the 
genome of B. coagulans MTCC 5856. 

1.4. Manufacturing Process 

LactoSpore® is manufactured according tO current good manufacturing practices (cGMP), 
as presented in Figure 2. Primarily manufacturing of B. coagulans involves three steps: ( I ) 
Inoculum preparation, (2) Fermentation, and (3) Down stream processing. In the first step. a pure 
culture of B coagulans is inoculated on sterile seed medium that is then incubated on shaker at 
37-39°C for 22-24 hours. The seed culture is transferred to fennenter containin g lhe fermentation 
medium for incubation at 37-39°C for 35-37 hours. The broth from incubation is harvested and 
further processed. ln the downstream processing step, the broth harvest is centrifuged and 
bacterial cells are separated. The wet cake of sporulated bacterial cells is mixed with sterilized 
Demineralized (DM) water and fLltered through mesh (100# size). The fiHered slurry is spray­
dried and concentrated. The spray-dried powder is mixed with maJtodextrin to the desired final 
concentration of B. coagulans spores. The manufacturing procedure assures a consistent and 
hlgh-quality product that n1eets the specifications (Table 2). The processing aids, fermentation 
medium and diluents used in the manufacturing of LactoSpore® are either approved as food 
additives or as GRAS s ubstances. 
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Pure culture of Bacillus coagulans 
Inoculate to sterile seed medium 
Incubate on shaker at 37 - 39°C for 
22 - 24 hrs 

1 Confirm the purity through microscopy 

2nd inoculum (Seed inoculum) 

Fermenter 


Add Water, supernatant of Corn Steep Powder, MnS04, 
CaC03, Dextrose and Ammonium Sulfate 

1 Adjust pH with Ortho-Phosphoric Acid. 

Fermentation medium 

1 Sterilize for 20 -25 minutes at 1.5 ± 0.2 bars 
Cool the media to 37 - 39°C 

Sterile fermentation medium 

1 
fnoculate with the seed inoculum 
Agitate and provide sterile aeration to the 
Fermentation medium. 
Incubate at 37 - 39°C for 35 - 37 hours. 

Harvest broth (Broth containing -80 - 100% sporulated cells, as 
per microscopy) 

l Centrifuge at 13,000 - 15,000 rpm 

Wet cake of sporulated bacterial cells 

1 Add Sterile Water in I: I ratio 
Filter the slurry through SS sterile mesh 
(100# size) 


Filtered slurry 


1 Spray dry the filtered slurry at ll5°C inlet 
temperature and 55°C outlet temperat-ure 

CTnt<at::::::::~,::::t<;n 
LactoSpore® (Bacillus coagulans) 

Figure 2. Manufacturing process of LactoSpore® 

1.5. Current Uses and Regulatory Approvals 

Currently, B. coagulans has been sold as a dietary supplement in the United States and 
across the world under different names s uch as Nature's Plus, Tancos, Pit-Stop, Fresh Start 
Bolus, Tarrn-X BalansTM, Sporolac®, Sanvita, Sanvitone, Bactlyte, Ampilac, etc. Several other 
products containing B. coagulans are available in the market. These formulations jnclude B. 
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coagulans alone or combined with Lactobacilli or bifidobacteria, vitamins (pruticulady B 
com~lex), rrtinerals, and prebiotics. The recommended dose of dry B. coagulans ranges fron1 3.6 
x lO - 1.5 x l~ colony forming uni ts (cfu)/capsule, two or three times per day with meals, for a 
healthy adult. At the highest recommended dose, the total daily intake of B. coagulans as a 
dietary s upplement would be 1.1 x 109 cfu/day. Catanzaro and Green (1997) suggested a use of a 
standard dose of B. coagulan.s of 1.5 x 109 cfu once or twice per day. B. coagulans bas been used 
as part of the fermenting process for the production of a protein-rich food known as ugba that is 
consumed in Nigeria (Isu and Njoku, 1997). 

In Europe, B. coagulan.s has been granted Qualified Presumption of Safety (QPS) status 
since 2008 by the European Food Safety Authority (EFSA, 2012). The ATCC has classified B. 
coagulans as Biosafety Level 1, indicting that this bacteria is not known to cause disease in 
healthy humans. The Japanese Ministry of Health and Welfare has approved a B. coagulans 
product (Lacbon) for improvement in symptoms caused by abnormalities in the intestinal flora or 
in dysbiosis (Maj eed and Prakash, 1998). 

B. coagulans is approved for use in tbe preparation of enzymes used for food production 
(FDA, 2001 ). Under 21 CFR § 184.1372, insoluble gl ucose isomerase enzyme produced from B. 
coagulans (a nonpathogenic and nontoxicogenic microorganism) is recognized as GRAS. FDA's 
Center for Veterinru·y Medicine has also approved the use of B. coagulan.s as GRAS for specified 
veterinary purposes. Similar to FDA, Health Canada has also permitted the use of B. coagulans 
in the production of glucose isomerase enzyme. 

In addition to the above approved uses, FDA has received two GRAS notices on B. 
coagulans spore preparations. In August 2011 , Ganeden Biotech Inc submitted a GRAS 
notification (GRN 399) to FDA for the use of B. coagulans strain in conventional foods 
(Ganeden, 2011 ). The notice indicated that B. coagulans preparation is to be used at a maximum 
level of approximately 2 x 109 cfu/serving in several food categories. FDA issued a "no 
questions" letter for GRN 399 on July 31, 2012 (FDA, 2012). In another recent GRAS notice, 
Unique Biotech Ltd. informed FDA that B. coagulans IS2 spore preparation is GRAS (GRN 
526), through scientific procedures, for use as an ingredient in a variety of food categories 
(excluding meat, poultry, and infant formula products) at a maximum level of 2 x l09 cfu/serving 
(Unique, 2014). Following its review of the GRAS notice and other information available to 
FDA, the agency issued a "no questions" letter (FDA, 2015). 

1.6. Intended Use Levels and Food Categories 

Sabinsa Corporation intends to market LactoSpore®, B. coagulans prepru·ation for use as 
a food ingredient in multiple food categories. Sabinsa's B. coagulan.s preparation is intended for 
use in the same foods and at the same use levels (2 x 109 cfu/serving) to those mentioned in the 
GRN 399 (Ganeden, 20 11). There are no new or incremental food uses proposed for 
LactoSpore®. The intended uses are as a food ingredient in foods such as baked goods and 
baking mixes; beverages and beverage bases; breakfast cereals; chewing gum; coffee and tea; 
condiments and relishes; confections and frostings; dairy product analogs; fruit juices; frozen 
dairy desserts and mixes; fruit ru1d water ices; gelatins, puddings, and fillings; grain products and 
pastas; bard candy; herbs, seeds, spices, seasonings, blends, extracts, and flavorings; jams and 
jellies; milk; milk products; nuts and out products; plant protein products; processed fruits; 
processed vegetables and vegetable juices; snack foods; soft candy; soups and soup mixes; sugar; 
and sweet sauces, toppings, and syrups (excluding meat and poultry products). The application of 
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LactoSpore® to the same foods and at the same Jevels (2 x 109 cfu/serving) as those in GRN 399 
is not expected to affect the intake of B. coagulans in the diet of the public from introduction into 
the market by another supplier who will have to compete in essentially the same market and 
foods. In determining the estimated daily intake, Ganeden (2011) used Lhe assumption that males 
aged 51 and o lder consume the largest number of servings of food a day at 18.2 x 109 

servings/day. Using this estirnale of tbe number of servings/day at a level of 2 x 109 cfu/serving, 
Ganeden estimated the daily intake ofB. coagulans spores at 36.4 x 109 cfu/day. 

2. Common Knowledge of Safe Uses 

2.1. Traditional Uses 

Lactic acid bacteria have been used in foods for centuries and are generally considered as 
harmless (Lee and Salminen, L995). These bacteria are widely used as starter cullures for 
fermentation in the dairy, meal and other food industries. To ensure the safety of these bacteria in 
food, many strains selected for s uch uses have been previously associated or endogenously found 
in humans. Their propenies have been used to manufacture products like cheese, yoghurts, 
fermented milk products, beverages, sausages, and olives. These food-grade bacteria can also 
improve the safety. shelf life, nutritional value, navor and quality of the producL. Moreover, 
Lactic acid bacteria can be used as cell factorie for the production of food additives. When 
consumed, Lactic acid bacteria may also function as probiotics and contribute to the general 
health of the consumer. 

The role of lactic acid bacteria in intestinal microecology has been extensively 
investigated. Lactjc acid bacteria constitute an important element of the healthy digestive tract 
(Adams, 1999; Soomro er al.. 2002; Ouweband et al., 2004). Dietary ingestion of various lactic 
acid producing bacteria has a substantial history of use and their safely record is excellent. One 
Jactic acid producing bacteria that has been used for its potential health benefits is B. coagulan.\'. 
Of the 77 recognized Bacillus species, B. coagulans has been evaluated for probiotic 
functionality and sold worldwide for both human and animal uses (Sanders et al., 2003 ). B. 
coagula11s is considered a beneficial bacLeria for human health (Catanzaro and Green, J997). B. 
coagulans Hammer (ATCC 31284) was fusl isolated at Yamanashi University in 1932 by 
Professor Nakayan1a. 

ln a seri es of studies from Portugal between 1958 and 1959, Guida and colleagues (Guida 
et al., 1958~ Guida and Guida, 1959) inves1igated the potential gastrointestinal benefits of B. 
coagulans and other spore-forming bacteria. The e articles were published in Portuguese and are 
cited in databases such as PubMed. The details of U1ese articles were not available, however the 
available .information indicate that B. coagulans was in use and consumed for many years. 

2.2. Food Uses in Africa 

Although fermented foods have a history of consumption in Africa, U1e absence of 
writing culture in most African countri es makes their origin difficull lo trace (Okonko et al., 
2006). Oue such food, ugba is a popular protein-rich solid, flavorful alkaline food in the Ibo 
ethnic group of Nigeria. One of the species identified in the preparation of ugba by fermentation 
of the African oil bean is B. coagulans. Consumption of this food is known to result in the intake 
of B. coagulans (lsu and Njoku, 1997). Tbe maximum density of bacillus cells found on day 3 
of fermentation were log10 9- log,0 11.9 cfu/g. A large proportion (76%) of this population has 
been reported to use ugba as a snack (O nofiok et al., 1996). The presence of bacillus cells in 
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ugba at the levels noted above supports documentati on o f lhe intake of B. coagulans. Although 
the amount o f consumption of ugba per occasion or daily wa not available, the level of bacteria 
(B. coagulans) present in the ugba inclicates that consumption of B. coagulans is greater than 1 x 
109 cfulday. This p rov ides support for the historical use and co nsumption of this microorganism. 
These observations demonstrate that as part of ugba. 8 . coagulans is consumed as a food by 
humans. 

3. TOXICOLOGY 

ln a number of preclinical investigations, lhe acute and lo ng-term effects of B. coagulans 
have been investi gated. The majority of the animal studies conducted with B. coagulans were 
undertaken to evaluate its efficacy for a probiotic effect. These stud ies are rev iewed as part of the 
safety evaluation, as in add ition to efficacy, re levant safety endpoints were also incl uded . This 
monograph also reviews human s tudies performed to evaluate the safety and efficacy of B. 
cnagulans. The assessment of efficacy studies is limited to a review of the results related to 
safety and tolerability. Although the form of B. coagu/ans used in the majority of the studies was 
not clear, it appears that exposure to B. coagulans in these in vestigatio ns was in endospore form. 

3.1. Animal Studies 

In a series of preclinical studies, Sank.yo Company Limited. Japan. investigated the acute 
and long-tenn effectc; of B. coagulans preparation . The detail · of these studies were no t 
published but briefl y cited in several reports (Sankyo, 1968; cited in Majeed and Prakash. 1998: 
Anonymous, 2002). In the acute toxicity s tudy, a powder preparation of B. coagulans containing 
5 x I 09 cfu (spores)/g was administered by gavage to male mice at dose levels of 1. 3 or 5 g/kg. 
The mice were observed for 7 days. No deaths occ urred, nor was there any abnormality such as 
diarrhea. In the gro up receiving 5 g!kg dose, "a few mi ce'' showed slight distension of the 
s tomach, wh ich recovered to normal after a few hours. The res ults o f this study sugge st that the 
LDso o f a powder containing B. coagu/ans is greater than 5 glkg. ln an acute toxicity studX 
(Endres et al. , 2009), administration of Bacillus coagulans GB l-30, 6086 cell mass ( 1.04 x 10 1 

cfu/g) ala dose level of 5 g/kg (5.2 x 10 11 cfu/kg bw) to Wistar rats did not result in mortality or 
adverse effec ts, s uggesting the LDso to be greater than 5 g/kg (5 .2 x 1011 cfu/k:g bw). In yet 
another acute toxicity study. Sudha et al. (2011 a) repo rted tha.t the LDso o f B. coagulans is 
greater than 6500 mg/kg bw (32 .5 x 109 cfu/kg bw ). 

ln additional studies, dogs (n=2), rabbits (n=3) and guinea pigs (n=l5) were tested with 
orall y administered maximum ingestible single daily doses (10 g/kg for dogs, 30 .g/kg for rabbits 
and 50 g/kg for guinea pigs) of B. coagulans powder preparation for 7 days. No abnormalities 
were observed during the period of treatment as weJJ as for I 0 days subsequent to the withdrawal 
of lreatment. In a lo ng-term repeat-dose study, male rats were fed a preparation containing 5 x 
109 spores of B. coagulans/g at levels of 0.3, 3 and 5 glkg/day fo r 15 months. Body weight gains 
for treated groups were similar to those for the control group. Changes in organ weight showed 
no significant differences between treated and control groups. Additional details of the study 
were not avai lab le. Although details of these preclinkaJ unpublished studies were not available 
for independent review, these s tudies indjcate that B . cotlgulans preparation is non-toxic. 

Jn a short-tem1 , repeat-dose study, toxicity study, B. coagulans was administered (gavage) 
lO four gro ups rats at dose levels of 0, 130. 650, 1300 mg B. coagulans preparationlk:g bw/day 
for 14 consecutive days (Sudba et al., 20lla). The B. coagulans preparation co ntained 5 x 109 
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cfu/g. Half of the animals from each group were euthanized on day 15, while the remaining 
animals (recovery group) were eutbanized on day 28 and examined for gross macroscopic 
lesions. No treatment-related changes were observed in clinical signs, bodyweights, feed intake, 
urine parameters, hematol.ogical examinations, clinical chemjstry, gross pathology and 
histopathology. Based on the results of this study, U1e investigators concluded that B. coagulans 
was clinically well tolerated at doses up to 1300 mg (corresponding to 6.5 x l09 cfulkg bw/day), 
when administered orally to Sprague Dawley rats for 14 days consecutively. The No Observed 
Adverse Effect Level (NOAEL) for B. coagulans was determined as 1300 mg (6.5 x 109 cfu)/kg 
bw/day, the highest dose tested (Sudha el aJ. , 20lla). 

1011In a subchronic toxicity study, B. coagulans (GanedenBC3o-rM) cell mass (1.36 x 
cfu/g) was administered via gavage to Wistar rats (to/sex/group) at doses of 0, I 00, 300 and 
J000 mglkg bw/day for 90 consecutive days (Endres et at. , 2009). As the concentration of the B. 
c•oagulans used in this study was 1.36 x 1011 cfu/g, the highest dose corresponds to 1.36 x 1011 

cfu/kg bw/day. No mortality was noted during the course of the study. The results of this sutdy 
did not reveal any toxico1ogicalJy significant differences between lhe treated groups (100, 300 
and LOOO mg/kg bw/day) and the controls with respect to feed consumption. water consumption. 
sensory reactivity, general and behavioral conditions, hematological and clinical chemistry 
evaluations. Additionally, e>..--posure to B. coagulans did not reveal treatment-related macroscopic 
or microscopic signs or changes in the organ weights of the male and female rats at 100, 300 and 
1000 mg/kg/day after 1be 13-week treatment period. The investigators determ]ned that the no­
pbserved-effect-levels (NOAEL) for both ma les and females to be >LOOO mg (1.36 x 1011 

cfu)/kg bw/day, rhe highest dose tested. 

In addition to the above described subchronic toxicity study. Endres et al. (20 II) also 
conducted a one-year chronic oral toxicity study combined witb a one-generaLion reproduction to 
further investigate the safety of long-term consumption of B. coagulans. In lhe chronic toxicity 
study conducted as per OECD and FDA Redbook guidelines, B. coagttlans preparation was 
administered to Wistar rats (20/sex/group) in their diet at a dose level of 0, 600, 1200 and 2000 
mglkg bw/day for 52 to 53 weeks. The dose levels corresponded to a test artjc)e concentration in 
rat feed of 0, 10,000, 20,000 and 33,300 mg/kg. There was no Lest article-related mortality. 
General daily and detailed cJjnical observations did not reveal any loxic signs related to the test 
article. No test article-related changes in body weight, body weight gain. or feed consumption 
were observed during the study. Hematolo~cal , clinical chemistry and urinalysis parameters at 
lhe end ofthe 3rd week, as well as the 3rt1, 61 or lih months did not reveal toxicological relevant 
changes. Changes observable in all groups of treated male and female rats were either not related 
to administered dose, were well within the historical background range or were not correJated 
wilh other hematological m· histopathological alterations. Macroscopic and microscopic 
examinations did not reveal lesions attributable to test article. The NOAEL in male and femaJe 
rats was determined as 1948 and 2525 mg!kg bw/day, respectively, Lhe highest dose tested. 

The one-generation reproduction toxicity study was conducted according to the OECD 
and FDA Redbook guidance, and in paraUel to the chronic oral toxicity study described above 
(Endres et al., 2011 ). For this study, Wistar rats were divided into four groups (tO/sex/group) and 
were fed diet containing B. coagulans at a dose of 0, 600, 1200 and 2000 mglkg bw/day. All 
animals were fed for ten weeks and during a three-week mating period. Male rats were fed for 
70 days before mating and during the three-week mating period, while female rats were fed for 
ten weeks prior to mating, during the three-week mating period, throughout pregnancy and 
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lactation and up to weaning of the Fl offspring. The fmdings from this smdy did not reveal any 
signs of toxicity on the parental generation (male or female) of the same slrain of rat during the 
course of the s tudy with diet-mixed administration. The NOEL for the parental group male and 
female rats was determined as 2372 and 3558 mg/kg bw/day, respectively. The NOEL for the 
reproductive perfom1ance for the maJes and females was determined as 2372 and 3558 mg/kg 
bw/day. The NOEL for the Fl offspring was determined as 3558 mglkg bw/day. 

In a prospective, blinded, placebo-contro lled pilot study, using the 5/61h nephrectomized 
Sprague Dawley rat as a chronic renal failure model. Rangarajan et al. (2005) tested the effects 
of selected bacteria, including B . coagulans. in ameliorating biochemical imbalance. In this 
tudy, after 2-week.s of nephrectomy stabilization, cob011s of 6 nephrecto mized rats were fed a 
casein~based diet plus B. coagulans for 16 weeks. The resulting dose of B. coag ulans was I x 
108 cfulday. Blood urea nitrogen , urine creatjnine. body weight, and bacterial counts (feces) were 
obtajned at regular intervals. The results were compared with both Lhe control and placebo 
groups. After 16 weeks of intervention , treatment with B. coagulans significantly prolonged the 
life span of uremic rats, in addjtion to showing a reduction in blood urea nitrogen levels. The 
results of this s tudy suggest that supplementation of B. coagulans to uremic rats slows the 
progression of azotemia, which may correlate with prolonged life span o f uremic rats. 

Cavazzoni et al. ( 1998) studied the use of B. coagu.lans as a probiotic for chickens during 
Lhe first seven weeks of life. Seventy-five male Ross strain chickens were randomly assigned to 
three treatment groups: Group C received the standard diet without any additive; Group A 
received the antibiotic virgiruamycin (.10 ppm? conlruned in the daily diet; and Group P received 
B. coagulans , administered daily at 1 .6 x 101( cfulkg/day (1000 ppm) for lhe first seven days of 
life, U1en fed 4.0 x I09 cfu/kg/day (250 ppm) during days 8-49. B. coagu lans became integrated 
in the enteric microflora and did not interfere with other bacterial groups in this animal model. 
Furthermore, B. coagulans was transient, without any adhesion to the intestinal epithelium and 
was absent in the feces one week post-admini lration. 

In s ummary, the data from the avaHable animal studies indicate U1a1 administration of B. 
cuagulans preparations is unlikely to cause adverse effects. The results o f well designed 
subchroo.ic, chronic and reproductive toxlcity studies did not reveal adverse effects following 
administration of B, coagulans preparatjon containing 6.88 x 1010 cfu/g. The results of these 
studies revealed the lowest NOAEL of 1948 mg/kg bw/day ( 1 3.40 x I0 10 cfulkg bw/day). 
Although details of the study were not available for independent review. in a long-term study, 
administration of B. coagttlcms to rats at a dose level of 5 glkg/day (SxJ 09 spores/g) for 15­
months did not reveal tox ic effects. Similarly. B. coagulans administratjon to chi ckens at a dose 
level of 4.0x 109 cfu/kglday for 7 weeks did not reveal any adverse effects. Treatment of uremic 
rats (chronic renal failure) with B. coagulans (lx J08 cfu/day) for 16 weeks prolonged the life 
span of these rats and also res ulted in a reduction in blood urea nitrogen levels. 

3.2. Human Studies 

In a double-bli.nd , randomized, placebo-controlled, paralJel clinical trial (included by 
National Institute of Health in the list of clinical trialsf, specifically designed to inves tigate lhe 
effects of B. coagulans MTCC 5856 spore preparation (LactoSpore®), 40 healthy adult 
volunteers (16 males and 24 females) were divided into two groups (Wilson. 2014). This study 

2 Available at: C linicalTrials.gov- https://climcahrinl!>.gpv/ct2h.how/NCT02 1768H9 
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has been included by National fnstitute of Heallh in the list of clinical Lrails. Group one (n=20) 
received one LactoSpore® (containing 2 billion spores) tablet d aily and the control group (n=20) 
received one placebo table dai ly, 30 minutes before meal for a period of 30 days. Safety and 
tolerabi!jty were investigated by examining hematology and clinical c hemistry parameterS1 

adverse events, tolerability q uestionnaire and bowel habits diary. At the end of 30 day, no 
changes in anthropometric parameters and laboratory parameters of safety were noted between 
the groups. The number of adverse effects in both groups were the same. There were two adverse 
events in the placebo group classified as abdominal pain (stomach pain), whereas only one such 
event in the treatment group was reported. No djfferences in daily number of bowel movements 
between Lhe groups were noted. The results of Lhis study s uggest that administration of 
LactoSpore® at a dose level of 2 billion spores/day for 30 days is safe and well toleraled in 
healthy subjects. 

Tn another study (£ending publication) conducted with B. coagulans M1'CC 5856 spore 
preparation (L actoSporelllj safety and efficacy of LactoSpore® - containing B. coagulans 
MTCC5856 (2 BiJUon spores) in comparison with placebo ln patiems receiving standard of care 
treatment for irritable bowl syndrome (IBS) were investigated (Srinivasa et aJ.. 2014). ln this 
randomized. double-blind. paralleJ group. placebo-controlled study. 36 ubject. ( 18 to 55 years) were 
randomized Into two groups that recetved e ither LactoSpore or placebo. Newly d iagnosed or 
untreated patients who were not on any other treatment in the past 3 months with mild to moderate 
lBS in severity were enrolled illto the study. Sompraz D (containing Domperidone 30mg and 40 mg 
of EsomeprizoJe) and Metrogyl 400 (Metronidazole 400 mg) once a day was considered as scandard 
treatment of care for diarrhoea predominantlllS. In addition to this treatment, subjects were asked to 
selr administer one Tablet per day (either B. coagulans MTCC 5856 or Placebo) at least 30 min 
before a meal, preferably in the morning as a dietary s upplemem for a period of 90 days. The 
following parameters were studied: Clinical laboratory parameters: Visual Analog Scale for 
abdominal pain (VAS): Gastroinrestinal Discomfort Questionnaire; Bdstol Stool Fonn Score: 
Physicians Global Assessment; Irritable Bowel Syndrome Quality or Life Questionnaire and; 
Pathogenic bacterial count in stools. No clinica1ly significant abnonnal lab val ues were identified and 
no statistically significant changes in the vitals were observed from the baseline to fi nal visits. There 
were no serious adverse events or significant adverse events noted . Of the 36 participants, 3 1 
completed the study. Five subjects dropped out of study, c iting personal reason$. LactoSpore® 
treatment revealed a significant change/decrease in the clinical symptoms such as bloating, vomiting, 
diarrhea, abdominal pajn and stool frequency towards end of the study. LactoSpore® treatment was 
considered as safe. 

ln a monocentric double-blind. placebo-controlled parallel group clinical trial. Urgesi et al. 
(2014) investigated the efficacy and the safety of a medical device containing a combination of 
Simethicone and B. coagula1zs in the treatment of IBS. In this s tudy. 52 adult subjects (aged 18-75 
years), suffering from £BS received the active treatment or placebo 3 times a day after each meal for 
4 weeks of study period . T he subjects were evaluated al 0, 14 and 28 days of treatment. Adverse 
e ffects were a lso recorded at 14 and 28 day evaluation. Although the investJgators mentions safety 
was investigated, no safety related biochemical parameters were investigated. No seriou adverse 
effects were recorded in both the groups. 

Following oral administration. B. coagulans passes through the stomach in spore form 
and once inside the du odenum, germinates and multiplies rapidly (Majeed and Prakash, 1998; 
Losada and Olleros. 2002). The average duration between oral ingestion and germination has 
been estimated to be four hours . After genninaUon. B. coagulans is metabolically active as part 
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of the facultative anaerobes in the intestine and produces lactic acid from fermentation. B. 
c:oagula11s is considered a semi-residen t.. indicating it take s up on ly a temporary residence in the 
human intestinal tract. Spores of B. coagulans are excreLed slowly via the feces for 
approximately seven days following discontinuation of its adminisLration (Majeed and Prakash, 
1998). B. coagulans bas been s uggested to improve gastrointesti nal ecology by replenishing the 
quantity o f des irable obh gatory microorganisms and antagonizing palhogenic microbes 
(Anonymou s. 2002). 

Lactic acid producing bacteria can produce two isomeric forms of lactic acid­
dextrorotatory [D (-)]-lactic acid and levorotatory [L(+)]-Iactic ac id . Of the two isomers, L(+)­
lactic ac id is completely metabolized in the b od y, while 0 (-)-lactic acid is partially metabolized. 
resulting in a degree o f metabolic acidosis. As B. coagulcms prod uces only L ( +)-lactic acid, it is 
unlikely to cause acidosis or adverse effects (Maj eed. and Prakash, 1998). 

Mohan et al. ( 1990a; l 990b) investigated the effects of B. coagulans on serum lipid levels 
in hypercholestero lemi c patients. In thi s open-JabeJ clinical trial , daily adminis tration of 3.6 x 
1 0~ cfu B. coagu/cms s pores for 12 weeks to 17 patients with typeD hyperlipidemia resulted in a 
decrease in the total vs. HDL ch olesterol rat ios by 24% (p<O.OO I), while their LDL vs. HDL 
rarjos decreased by 33% (p<O.OOJ ). Total cholesterol to HDL-choles terol and LDL-chol estero l to 
HDL-cholesrcro l ratios was improved during the three month treatment period with B . 
coagula11s. HDL-cholesterol increased marginal ly from 43.6 to 46.8 mg/dl (p<0.05). There was 
no change in lhe serum triglyceride levels of the patients. No adverse effects of B. coag ulami 
were noted. 

Ara el al. (2002) in vestigated the effects of administration of B. coagulans SANK 70258 
on the intest inal environment in 20 heal thy adults, including an analys is of the bacterial flora and 
decomposi tion products in the intes tine, with further evaluatio n of the dermal characteristics of 
the subj ects. The test period lasted. for six weeks: two weeks before admi nistration, two weeks 
during administration of B. coagulans (1 xl08 cfu/day) and two weeks after administration. Stool 
samples were iaken initially before administratio n, 14 days after the start of admini stration and. 
14 days after the end o f administration. The specimens were analyzed for decomposjtion 
prod ucts, with the volunteers recording their defecation frequency and assessing their fecal 
characteristics throu ghout the ex amination period. In gestion of B. coagulans at l x l08 cfulda y 
sjgnificantly increased the number of Bifidobacteria , while signifi cantly decr easjng the number 
of lecithinase-positive C lostridia (P<0.05 ). B . coagulans ingestion also significantly lowered the 
average fecal pH (?<0.05), while also inducing a decline in ammoni um, p-cresol and indole 
concentrations in the fecal matter compared Lo the control period. No adverse effects of B. 
coagulcms were noted. 

In another experiment, Ara et al., (2002) investigated the effects of B. coagulans in 23 
female subjecrs between the ages of 20 to 40, with a tendency for constipation, o n their intestinal 
tract and skin blemishes. The test period was a total of 12 weeks: four weeks before 
administratio n, fo ur weeks of administration of B. coagulans SANK 70258 (lx 108 cfulday), and 
fo ur weeks of placebo administration. The subj ects kept a dai ly record of their defecation 
frequency and their fecal characteristics (fecal shape, color and odor) and skin characterjstics 
(number of comedones), with the skin analyzed every two weeks by counting the number of skin 
erupti ons (flares and papules). Administration of B. coagulans resulted in greater stool 
defecation freq uency than be fore intake (P<0.05), which the authors noted as benefiting the 
intes tinaJ environment of the vo lunteers. Constj pation is typically indjcated by very bard or hard 
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fecal characteri stics, with banana shaped or soft fecal characteristics indicating normal fecal 
consistency. Administration of B. coagulans to subjects with a propensity towards constipation 
resulted in an incr eased frequency of appearance of the banana-shaped and soft types of fecal 
material, while the hard and very hard types showed a decline, continuing even after B. 
coagulans administratio n was discontinued. Seventy-two percent of the s ubj ects who bad 
complained of constipation or diarrhea before intake recognized significant improvements 
(P<0.05) after ingesUon of lxl08 B. coagulans cfu/day. Assessment of the dermal characteristics 
following B. coagulans administration revealed that the number of comedones significantly 
decreased (P<0.05) as constipation was alleviated, during and after the intake of B. coagulans. 

The growth and proliferatio n of B. coagulans in the GI tract was investigated by the 
administration of 2.5 g/day of a preparation containing lx l08 cfu B. coagulans sp ores per gram 
(2.5x108 spores/day) for ten days to a su bject (Ara et al., 2002). The number of B. coagulans 
fo und in the feces was used as an indicator of the total amount of B. coagulans remaining in the 
intestinal tract after discontinuation of B. coagulans ingestion. On the eighth day of 
aclminislration, the total number of B. coagulans remaining in tbe intestine was 2.5x105 cfu. By 
the sixth day after discontinuation of treatment, less than ten B. coagulans spores were recovered 
in the feces. The san1e study was repeated, with administration of 8 x 108 spores/day of B. 
coagulans for fo ur days. Prior to administration, no B. coagulans sp ores were found in the feces. 
B y the second day of administration, 3.8 x Ht B. coagulans spores were noted in the feces. By 
the third day after discontinuation of B. coagulans ingestion, there were 1.1x105 spores in the 
feces , with an absence of B. coagulans spores in the feces by the eighth day post ad ministration. 
This data indicates that B. coagulans is only transiently maintained in th e intestinal tract. 

In a case contro] study, Astegiano et al., (200 6), investigated the effect of a dietary 
mixture (Active), composed of L-tryptophan, inulin, angelica, vegetal charcoal, vitaru1n PP, 
group B vitamins (B l , B2, B6 ) and probiotics (Bacillus coagulans, l.Llctobacillus acidophilus, 
Streptococcus thermophilus) in lBS patients. The treatment group of 37 patien ts (11 men and 27 
women; mean age, 44.3±5.1 years) received ms Active (440 mg bid) over a mean period of 6 
months (range, 5-8). The con trol group comprised 28 patients (6 men and 22 women; mean age, 
48.6±3.7 years) served as controls. All subjects were assessed for the presence of abdominal pain 
and/or distension, constipation, dian·hea and alternating constipation and diarrhea. Compared 
with baseline values, the t·eduction in abdominal pain in the treatment group was 62%, 55% in 
abdominal distension, 58% in constipation , 33 % in dian·hea, and 62% i n alternation between 
consti patio n and diarrhea. Compared with baseline values, no stati stically significant reduction in 
symptoms was found in the control group. P ost-treatment comparison between the two groups 
showed that the treatment with IS B Active di etary integrator reduced symptoms and that the 
difference was statistically significant for abdominal pain, abdominal distension and constipation. 
The results of this study indicate th at use of B. coagulans as a dietary mixture with other 
substances is a positive adj unct in the treatment of ms. 

In a randomi zed double-blind, placebo-controlled clini cal trial, 61 adu lt volunteers (age 
36.5 ± 12.6 years~ height 165.1 ± 9.2 em; weight 75.4 ± 17.3 kg) were randomized to receive B. 
coagulans GBI-30, 6086 preparation (n = 30) or Placebo (n = 31) for four weeks (Kalman et al., 
2009). Subjects in tbe treatment gro up received daily one capsul e containing 2.0 x 109 cfu B. 
coagulan.s. Subjects were evaluated every two weeks over a four-week period. During each visit, 
the participants were evaluated with a series of questionnaires in addition to hemodynamics 
(standard b iochemic al safety) and adverse event monitoring. The details of hemodynam]c 
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parameters were not mentioned. The investigators concluded that the B. coagulans-based 
probiotk product was effective and safe for abating symptoms of gastrointestinal distre s, 
particularly abdominal pain and distention in the post-prandial period. 

In another 60-day clinical study, S udha et al. (20 lI b) studied the effects of B. coagultms, 
on serum cholesterol. For lhese investigations, 30 hyperlipidemic subjects (15 male and 15 
female; age 42-53 years) were divided into 3 groups (n=lO) . Subjects 1n two groups were given a 
dai ly dose of two capsules containi ng B. coagulans (10 x 109 cfu/capsule (Group A) and 20 x 
109 cfulcapsu te (Group B) an d the subj ects in the third group received standard medication. 
Serum lipid profiles were analyzed on day 0. 30 and 60 of the study period. At the end of study 
there were slight reductions in total cholestero l (11 %) and LDL (0.8%), whereas an increase in 
HDL cholesterol levels (3.6%) was noted. No adverse effects were reported. 

In yet another study, Sudha et al. (20 12a) in vestigated the effects of B. coagulans on 
bacterial vaginosis in women (n=40) diagnosed with the co nditi on by the presence of symptoms. 
The s ubjects were divided in to two groups probiotic (n = 20) and control (n = 20) based on age 
(control gro up : 33 ± 3 years; probiotic group: 32.5 ± 3 years), history of previous vaginosis 
(controJ group: 75% or 15120; probiotic group: 75% or 15/20) and severity of current vagi nosis 
infection (burning micturarion and itching. 35% in each group). The control gro up patients were 
given standard vaginosis treatment alone (Ofloxacin-Omidazole). The probiotic group patients 
look standard vaginosis treatment plus two capsules of B. cnagulans Unique IS2 (1 x 109 

cfulcapsule) tw ice a day before meals for 90 days. At l.be end of the treatment. 80% of the 
probiotic group subjects s howed a significant positJve response as revealed by reduction of 
vaginos is symptoms as compared to the co ntrol group which exhlbited reduction in 45% subjects 
only. No adverse effects of the treatment were reported. 

3.2.1. I nfection-related Studies 

ln an extensive review article describing meta·analyses of trials of probiotics for the 
prevention o f antibiotic associated diarrhea, Doren et al. (2008) reported tbat B. coagulans is one 
of the most effective slrai ns of probiotics for thi. use. Johnston et aJ . (2007) assessed the effi cacy 
and adverse effects of probiotics, inclucting B. coagulans, in tbe preventio n of antibiotic­
assoc iated diarrhea in children . In this assessment of 10 clinical trials with Lactobacilli spp. , 
Bifidobacterium spp., Streptococcus spp. , or Sacchttromyces boulardii alone or in combination, 

1010Lactobacillus 00, B. coagulans, Saccharomyces boulardii at 0.5 x to 4 x tOtocfulday were 
considered the most promis ing probiotics. [n another review article on the influence of fructo­
oligosaccharide and lacrobacill i on intestinal health, Losada and Olleros (2002) noted that B. 
coagulans has demonstrated its utili ty and advantages in various st udies and also exhibits a high 
degree of safety. 

ln Japan. the Ministry of Health and Welfare has approved use of B. coagulans product 
(Lacbon) for improvement in symptoms caused by abnormalities in [be intestinal flora or in 
dysbiosis (Majeed and Prakash, 1998). Clinical trials with Lacbon (B. coagulans) have been 
conducted at 19 independent health care institutions with participation fro m 567 subjects. The 
treatmen t period in these trials lasted from 2 to 20 days and the doses uses ra nged from 0.5 x 108 

to 7.5 x 108 cfu/day. These investigations revealed that Lacbon was effective in improving the 
symptoms due to abno rmalities in intestinal flora such as acute or chro nic gastroenteritis, mal­
digestion, infantile diarrhea and constipation. No adverse effects were reported. The details of 
these investigations were not available for independent review. The results from some of the 

Page 19 of 44 
OOOO,l9 



109 

clin ical trials with Lacbon are summarized in Table 3 (Majeed and Prakas h, 1998, Losada and 
OJleros. 2002). 

ln a prospective, phase I clinical trial , Sudha et al. (20 12b) evaluated the efficacy and 
safety of 8. coagulans in the treatment of patien ts with acute diarrhea. [n this stud y, a total of 28 
patients (ages 18 to 55 years) with ac ute diarrhea received a caps ule containing 2 billion or 2 x 

cfu of B. coagulans two times a day fo r lO days. Safety of B. coagulans was evaluated by 
assessmen t of incidence, typ e of adverse events, physical exami nation, and clinical laboratory 
test val ues (CBC, SG PT, seru m creatinine, stool routin e and microscopy). Treatment with B. 
coagulans decreased mean values for d uration of diarrhea, frequency of defecation, and 
a bdominal pain, while consistency of stoo l improved. Significa nt reductions in counts of RBC, 
WBC , and content of sen1m creatinine were observed, however the values were fo und to be in 
the normal range. No other significant changes in safety parameters were observed d uring the 
treatment. The investigators concluded that use of B. coagulans is effective and safe in the 
treatment of patients with acute diarrhea. 

Table 3. Summary of results of different trials with Lachon (B. coag1l/a11.~) (Adapted from Majeed 
and Prakash 1998· L osada and Oller os 2002)* 
Condition 

Acute and chronic 
intestinal catarrh 

Diarrhea 

Constipati.on 

Abnorma l 
intestinal 
fermentation 

Dyspeps ia 
infantum 

Allergic skin 
disease 

M iscellaneous 
symptoms 

No. of 
subjects 

38 

15 

10 

9 


26 


5 


10 

' 
Treatment 

Ixl0"-6 x l O" spores/day 
for 2-12 days 
0.75 X 10~-6 X]Q0 

spores/day for 3-12 days 
3 X 10"-7.5 X 1011 

spores/day for 2-10 days 

lx 108-6 x 108 

spores/day for 3-14 days 

I X 108-2 X L08 

spores/day for 2-12 days 

2 X 108-4.5 X 108 

spores/day for 4-12 days 

o.2 x w~- o.s x to• 
spores/day_ for 4-20 days 

Findings 

-87 recovery from diarrhea to regular 
normal stools 
100% recovery from diarrhea to regular 
normal stools from third to fourth day 
70% recovery to normal stools and 
dis!lQI)_earance of abdominal distention 
Disappearance of vomiting and nausea in 
all subject; appet ite improved; s10ols 
became r egu Jar and normal; diarrhea and 
stomach_Qain relieved 
86% response; general condition and 
nature of stool improved; frequency of 
stool decreased to half or less than that 
before treatme nt 
80 % response; obvious eruptions of 
strophulus a nd eczema decreased from 
the third day (topical therapy employed 
concomitantly 
80% response seen in anorexia of 
nervous_ty]J_e and malnutrition in infams 

Other studies fro m published literature 
Gastrointestinal 
symptoms 
(Kalman et al., 
2009) 

61 (30 and 
31/group) 

2.0 x l09 cfu/capsttle 
daily for 4 weeks 

Significant improvements in GSRS 
abdominal pain subscore was noted. No 
adverse effects were reported. 

tBS - AbdOJnjnal I mprovements from baseline in 
pain and bloating 44 0.8 x 109 cfu daily for abdominal pain and bloating scores i11 
patients (Hun, (22/group) eight weeks the treatment group. May be a safe and 
2009) effective 
Rheumatoid 45 (23 and 2 X } 0'J cfu daiJy for sixty Appeared to be a safe and effec6ve. 
arthritis (Mandel 22/group) days T here were no serious adverse reactions 
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eta!.. 2010) reponed throughout this study. 
Diru:rhea in 
children (Durta et 
al., 2010) 

148 (78 
and 

70/group) 

0.24 X I 09 cfu daily for 5 
days 

No Lherapeulic impact on management oi 
acute dehydrating diarrhea 

*Additional deta~ls of these stud1es were not ava1Jable for Independent rev1ew. 

In a randomized , double-blind trial, Cui et al. (2004) investigated the safety and efficacy 
of B. coag£tlans in the treatment of acute and chronic diarrhea. [n thi s tri al 204 subject 
p articipated, 103 in the treatmen t group (5 1 with acute d iarrhea and 52 with c hronic diarrhea) 
and 101 in the control group (5 1 with ac ute cliarrhea and 50 with chro nic diarrhea). The 
treatment group received 8. coagulans at a d ose of I x 108 cfu, three ti mes daily for 3-7 days 
(acu te diarrhea) and 14-21 days (chronic diarrhea), while the con trol group received Golden 
Bifid (B ifidobacterium longum) tablets at a dose o f 1 x 108 cfu three times daily for 3-7 days and 
14-21 days. No adverse reaction s were fo und in eithe r gro up. The results did not reveal any 
statisticalJy significant differences between the two groups. The number of Bifidobacterium and 
Lactobacillus species in the gut were both significantly increased. The .investigators concluded 
that the B. coagulans s pecies is an effective agent in the treatment of acu te and chro nic dianh ea 
and that its efficacy a nd safety are similar to that of Golden B ifid tab lets. 

3.2.2. Studies in Infants and Children 

In a prospective, double-blind, rando mized trial, C handra (2 002) investigated the effects 
of B. coagulans o n the i ncidence and severily of acute rotavirus diarrhea. In tb.is study, 112 
newborn healthy term infants in rural India received a daily oral dose of 1 x 108 spores B. 
coagulans (n =55) or a placebo (n =57) for 12 m onths. The infants were monitored for the 
number of episodes o f rotavirus di a rrhea, the duratio n of each episode and the general health of 
the infant (number of days W per year). The administratio n of B. coagu.lans to the i nfants 
significantly decreased the number of episodes of rotavirus d iarrhea and th e duration of each 
e pisode, with a significartt decrease in the number of days ill/year (13 d ays ill in tbe B. coagulans 
group vs. 35 in the control; p<O.Ol ). No adverse effects related to the treatment of B. coagulans 
ad ministration were rep orted . 

1n a randomized, double-blind, placebo-con tro11ed, cross-over trial, Labalestra et al. 
(2008) evaluate d the effect of a combination of syme thicone and 8 . coagulans (Colinox) on the 
gastric emptying time (GET) and relief of symptoms in infants wi th symptom atic 
gas troesophageal reflux (GER). In this st11dy, 19 consecutive chiJdren, you nger than one year of 
age, (1 1 female, 8 male; mean age: 5.5 m onths) with symptomatic GER were given the 
com bination as an o ral solution as well as a placebo for seven days administered four ti mes 
dail y. The wash-out period was seven days. The final GET (min) was significantly (p < 0 .05) 
shorter when the patient received the com bination of symethicone and B. coaguJans (125±20 
min) as compared to placebo (165 ±30 mi n). Furtherm ore a stronger improvemen t of the GER 
symptom s was detected follow ing tl1e com bination tre atme nt than with pl acebo (p < 0.0 I). No 
adverse effects were reported. 

In a randomized, double-blind, placebo-controlled trial, La Rosa et al. (2003) i nvestigated 
the effects of 8 . coagu/ans and fructo-oligosaccbarides (prebiotic/probiotic) prep aration in the 
prevention of diarrhea due to anti bioti cs in childhood. A total of 120 chi ldren, with active 
infections requirin g antibiotics, were enrolled in the study and received orally for 10 days either 
the probiotic/prebiotic pre paration or a p lacebo (without p reb iotic/p robiotic) . Children (n=60) in 
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the treatment group received a daily a mixture containing B. coagu/ans and fructo­
o ligosaccharide (Flox.in) at a dose of 5.5 x lOll cfu and 250 mg, respectively. The other group 
(n=60) received the placebo. The results of the study were recorded fro m the patients' diary and 
from follow-up clinical examinations. Of the 98 evaluable subjects, 7 J% in the group receiving 
the prebiotic/probiolic treatment bad no diarrhea versus 38% in the placebo group. The duration 
of diarrhea in these groups was 0.7 vs 1.6 days (p=0.002). respectively. The investigators 
concluded that prophylaxis with the prebiotic/probiotic tteatment significantly reduced the 
number of days and duration of events in children with antibiotic-induced diarrhea. 

1n another clinical trial published as an abstract. B. coagulans was investigated as a 
treatment for neonatal diarrhea (Dhongade and Anjaneyulo. 1977). In this study, sixty infants 
with confirmed cases of neonatal diarrhea were administered l.5 x 107 B. coag ulans spores per 
day (Sporlac). Of the 60 subjects, 49 responded within a 2-day period following the 
administration of Sporlac . Based on the sugges ted dosage level of Sporlac at 5 million spores/kg 
body weight, each neonate was given a spore level of about 1.5 x l 07 spores/day. Although the 
objective of this study was to investigate the efficacy of Sporlac in Lhe treatment of diarrhea, no 
adverse effects of lhe treatment were noted. Additional details of the study were not available. 

3.3. Human Observation Summary 

In s ummary, orally administered B. coctgulans passes through the stomach in its spore 
form and germinate and multiplies rapidly in the intestine fo1Jowing administration. Spores of 
B . coagulans were noted in feces for approximately seven days a fter discontinuation of its 
ingestion. In a prospective, randomized, conlrol trial, administration of a B. coagulans 
preparation to childien at a daily dose 1evel of 1 x 108 spores for 12 months did not res ult in 
adverse effects. Ln another randomized, double-blind trial , oral administration of B. coagulans a1 

a dose of l x 1 oR cfu, three times daily to acute and chronic diarrhea s ubjecls did not reveal any 
adverse effects. Daily administration of 3.6 x 108 cfu B. coagulans spo res for 12 weeks to 17 
patients with type 11 hyperlipidemia was found to be safe. B. coagu/ans is considered as one of 
the most effective strains of probiotics in tbe prevention of diarrhea. B. coagulans exhibits a high 
degree of safety. 

3 .4. Antibiotic S usceptibility of Bacillus coagulan.s 

In order to assess the antibiotic susceptibility, a culture of B. coagulans strain 
(LactoSpore®) from Sabinsa was tested agains t a panel of antibiotics as described b~ Clincial 
Laboratory Standards Institute (CUH, M07-A9. 2012). [n this study, two LactoSpore fmisbed 
products batches (G130027, 15 billion units/g and G130042, 6 billion units/g) and LactoSpore~ 
mother culture were studied. B. coagulans culture samples were tested by broth dilution meLhod 
against nine antibiotics that included clindamycin. kanamycin, ampicillin, streptomycin, 
vancomycin, erythromycin, gentamycin, tetracycline and chloramphenicol. The results from 
these experiments are summarized in TabJe 4. The antibjotics tested showed a MIC range of 
0.0078 to 1 mg/L against all the samples tested. The results of these investigations suggest thal 
B. coagulans MTCC 5856 was found to be sen itive to aU the antibiotics tested as per EFSA 
guidelines (EFSA, 2012b). 
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Antibiotic tes ted Mother culture G130027 I G139042 
MIC (mg!L)"' 

Clindamyci n hydroch loride 0.0078 0.0078 0.0078 

Kanamycin s ulphate 1.0 1.0 1.0 

Ampici llin sodium 0.062 0.031 0.031 

Streptomycin sulphate 1.0 1.0 1.0 

Vancomycin hydrochloride 0.25 0.25 0.25 

Erythromycin 0 .125 0.125 0.125 

Gentamycin sulphate 0.62 0.62 0.62 

Tetracycline hydrochloride 0.62 0 .62 0.62 
Chloramphenicol l.O 1.0 1.0 

Table 4. Minimum Inhibitory Concentrations or Antibiotics Agains t LactoSpore® Cultures 

.. . . 
*Mtmmum lnhtbtLory Concemrauon 

Moldenhauer et al. (1996) investigated the antimicrobial res istance of three species of 
Bacillus, including 8. coagulans to thirty antimicrobial agents. ln thj s study, Trypticase Soy 
Agar (TSA) plates were swabbed with 108 spores per ml suspension of B. coagulans ATCC 
5 1232, and then individual discs were impregnated with an antimicrobial agent dispensed onto 
the surface to detennine a zone of inhibition of the growth of B. coagulans by the antibiotic. B. 
coagularzs was fo und to be susceptible to 28 antibiotics tested in this st udy (Table 5). The resul ts 
of this study suggest tbal B. coagulan.s is susceptible Lo commonly used anlibiotics. 

Table 5. M inimum inhibitory concentrations and minimum zones or inhibition by 
antibiotics as;:ainst B. coagulam (adapted from Moldenhau_er et at., 1996) 
Antimicrobial Agent Zone Diameter MlC 

R equirements for (f.lg/mJ) 
Susceptibility (mm}* 

Amikacin (30j.lg) ~17 ~17 

Amoxicillin with Clavularuc Acid 
(20/IOJ..tg) 

~18 >40 

Ampicillin (10j.lg/25f.lg) ~30 >50 

AzLreonam (30J,lg) ~26 28 

Bacitracin ( I OU) ~22 37 

Cefaclor (30j.lg) ~18 43 

Cefamandole (30J.1g) ~18 47 

Cefazolin (30J.lg) ~18 >45 

Cefo nicid (30).1g) ~18 41 

Cefopcrazone (75jJg) ~21 46 

Cefbxitin (30 meg) ~18 48 

Ceftazidimc (30j.ig) ~18 35 

Ceftizoxime (30JJg) ~20 >45 

Cefuroxime (30~J,g) ~18 >45 

Cephalolltin (301Jg) ~L8 >45 

Chloramphenicol (301J.g I 50 J.lg} ~18 33 
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Antimicrobial Agent Zon e Diameter 
ReqlJirements for 
Susceptibility (mm)• 

NU C 
(IJg /m1) 

Clindamycin (21Jg) 2:21 38 

Erythromycin ( 15~g) <::21 34 

Gemarnicin (I 0~-tg) 2:15 38 

Kanamycin (30flg) <::18 30 

Methicillin (Sj.tg) 2:14 43 

Nafcillin (I J.tg) >13 35 

Nitrofurantoin ( Ioo,... g) 2:)7 34 

Norfloxacin (I Ojig) 2:17 32 

Ofloxa~.:in (5~-tg) 2:16 33 

Penicillin ( I 0 U I l U) 2:47 5 1 

Streptomycin ( IO)Jg) 2:15 33 

Sulfamethizole (0.25JJg) 2:16 41 

Tetracycli ne (5JJg) >19 36 
Ticarcillin/Ciavulanlc Acid (75/lOJlg) >20 51 . . . 
*Data obtamed from BBL Sens1-DJSC package msen; #Zones of mtub111on greater than 
12 mm in this study were considered positive for susceptibility of B. coagulans to the 
corresponding ahtibiotic. 

I 

Farmer (2002) also reported the susceptibility of B. coagulans to commonly used 
antibiotic compound(s). In lhis investigation. antibiotic sensitivity of B. coagulans was studied 
using the Kirby-Bauer (counting colonies on plate,g) and Vitek (optical density of culture) 
susceptibility testing methodologies. In the Kirby-Bauer testing, B. coagulans was noted to be 
susceptible to: ampicillin; ciprofloxacin; erythromycin; gentamic in; oxacillin, rifampitJ; 
trimethoprim-sulfamcthox.azoJe; vancomycin; and showed .intermediate susceptibility Lo 
tetracycline. In the Vitek testing, B. coagulans was susceptible to: chloramphenjcol; gentamicin 
(500 pglml); nilrofurantoin ; no.rfloxacin; penici llin; streptomycin (2,000 f..Lg/ml); vancomycin; 
and was resistant lo tetracycline. The results of this investigation suggests that B. coagulans is 
susceptible to common antibiotics. 

The available evidence indicates that B. coagulans does not produce antibiotic. In its Jist 
of enzyme preparations used in food, FDA has slated that, '·Insol uble glucose isomerase enzyme 
preparations are derived from recognjzed species of precisely classified, nonpathogenic, and 
nontox.icogenic microorganisms, includjng Streptomyces rubigillosus, Actinoplane missouriensis, 
Streptomyces olivaceus, Streptomyces olivochromogenes and Bacillus coagulans grown in a pure 
culture fermentatio n that produces no antibiotic" (f?DA, 2001). 

3.5. Cytotoxicity 

In an attempt to determine rhe cytotoxic potenrial of B. coagu/ans samples from Sabinsa 
(LactoSpore~, the Vero Cell-based Cytotoxicity assay was performed to investigate detections 
of Bacillus cereus-like enterotoxin and to determine presence/absence of toxigenic activity along 
with positive control (Bacillus cereus ATCC l4579). The Yero cell cyotox.icity based assay 
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showed no swelling, rounding and disseminating of Yero cells under microscope when incubated 
wilb 100 !Jl of supernatanL of the B. coagulans from Sabinsa samples for 5 hours when compared 
with B. cereus ATCC 14579, thus showing lhe absence of cytotoxicity. 

Ln a Cell Viability MIT Assay, B. coagulcms samples from Sabinsa were tested for 
viability along with positive control (8. cereus ATCC 14579). No significant viability reductions 
with re. peel to positive control were noted. The results of this study confirm the absence of 
cytotoxicity of the B. coagulans. 

3.6. Virulence 

lo an aU.empL lo determine the presence/absence of toxigenic activity, B. coagulans strain 
from Sabinsa, which is the subject of the present GRAS assessment, was tested using PCR-based 
detections of Bacillus cereus~like enterotoxin genes: hb/C, nheA,nheB, nheC and cytK, along 
with posjlive control (Bacillus cereus ATCC J4579) (Hegde, 201 3). The B. coagulans strain was 
analyzed for the enterotox..in genes according to the method of From et al. (2005). For trus 
testing, primers were designed for all the 5 genes. Genorruc DNA isolation was performed from 
the given bacterial cu ltures of LactoSpore® and Bacillus cereus ATCC L4579. The PCR 
conditions with the positive control were standardized and PCR amplification of the samples was 
undertaken with Lhe standardized condition. The results indicated absence of the Bacillus cereus­
like enterotoxin genes such as hblC. nheA,nheB, nheC and cytK. 

There have been no reports in the literaLUre of any suain of B. coagulans being involved 
in a palhogenic or opportunistic illness since its isolation. Ln general, lactic acid-producing 
bacteria are recognized as non-pathogenic bacteria to human heallh (Fooks aod Gibson, 2002; 
Doron and Gorbach, 2006). Naturally-occurring and probiolic lactic acid bacteria have an 
excellent safeLy proflle, and no major problems or health risks to humans have been noted during 
widespread use (Holzapfel et al., 1995~ Salminen et al., 1996). B. coagulans bas a longer history 
of use than most of the common Lactobacillus and Bifidobacterium species commonly sold at 
health food stores and/or used in the production of cultured dajry products. A critical review of 
pertinenl studies and literature identified in searches conducted through online bibJiographic 
retrieval systems, including PubMed, found no evidence of palhogenkily or toxicogenic effects 
of B. c:oagulans. In one patient bacteremia was suspected to be due to B. coagulans. The search 
criteria used to identify the studies that relate to this issue were: B. coagu/ans and pathogen, 
mycotoxin, tox.igenic, infection or disease. 

Banerice et aJ. (l998) reviewed the University of Maryland Cancer Center records during 
the period of January 1978 to June 1986 and identified B. coagu/ans as a cause of one case our of 
24 episodes of Bacillus bacteremias in 18 patients. Twelve of the 24 episodes of Bacillus 
bacteremia were considered possible infections; eleven of these patients had a diagnosis of acute 
leukemia. and one had metastatic breast cancer. Four of lhe twelve patients had clinically 
documented sites of infection at the time of the bacteremic episodes. bUl specific microbiologic 
documentation of the offending pathogen(s) was not obtained. The remaining eight patients did 
not have a clear cause for the Bacillus bacteremia , nor had a cllnical site of infection. Therefore, 
B. c:odgulwts, is likely only an opp ortunistic bacteria, and as s uch, indicates that 8. coagulans 
may onJy be opportunistic in a highly immunocompromised population, and would not be 
defined as virulent. ln the published literature, no informalion was found concerning B. 
coagulans causing an infection following oral ingestion. 
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Donskey et al. (200 I) investigated the effect of oral administration of B. coagulans on the 
density of vancomycin-resistant enterococci (VRE) in fecal maner in a mouse modeL Male CF- L 
mice were first administered subcutaneously clindamycin ( 1.4 mg/day) once daily for two days 
before and three days after fastric inoculation of one of three different strains of VRE (VanB-1 , 
Van A and VanB -2; J x lO cfu/rnouse). Daily gavage of B. roctgulans (107 cfu). bacitracin, or 
normal saline (control) was performed from day 4 (one day after clindaruycin was discontinued) 
through day 7. In comparison with saline controls. B. coagulans-treated mice bad significantly 
lower VRE (VanB- I ) densities on days 8 and 11 (P=0.03). Undetectable levels of VRE in 35% 
of lhe B. coagulans treated mice were noted on day 11 , while none of the J1 saline controls had 
undetectable level s. Four days of oral B. coagulans therapy resulted in a statistically significant 
red uction in lhe density of stool VRE in mice colonized with one VanB strain. AU of the mice 
1noculated with B. coagulans had detectable levels of B. coagulans in their stool on day 8 and 
day 1 1 of the study. These results s uggest that B. coagulans treatment reduces the colonization of 
so me strains of VRE infection. 

3.7. Genomic Ana lysis 

In addition to lhe above descJibed specific pathogenic gene analysis, the genetic 
assessment of safety was performed on the genome sequence usi ng a systematic approach in 
which aU emetic toxj n genes, enterotoxin genes, antibiotic resistance genes and presence of 
plasmid were creened. The results from lhi s study revealed tbat no emetic toxin genes, 
enterotoxin genes and antibiotic resistance genes were found in lhe B. coagulans MTCC 5856 
genome. The presence or production of enterotoxin was confirmed in in-vitro study using Vera 
cell line by MIT assay. Further, thepbenotype of antibiotic resis tan ce gene was also confirmed 
in in-vitro assay and B. coagulans MTCC 5856 was found to be susceptible to a panel of 
antibiotics as recommended by EFSA. In this analysis. sequences showing similarity with genes 
or gene products that could be of safety concern were shortlisted for further examination. The 
genomic analysis of B. coagulans did not reveal any significant safety risk. The findings from 
the genome analysis are summarized in Appendix LV. Additionall y, the available evidence from 
pubJished animal and human stuclies suggests that B. coagula1zs does not present significant risk 
follow ing oral ingestion. ln conclusion, the genomic analysis of B. coagulans provides no 
evidence that it could be harmful to human health fo llowing oral ingestion . 

4. SU1\IIMARY 

Bacillus coagulans, first isolated and described in 1932. is a lactic acid producing 
bacteria with typica1 characteristics of bolh Lactobacillus and Bacillus genera. As B. coagulans 
forms a spore, it possesses high beat and acid resistance. Jn Nigeria, B. coagulans 1s used in a 
fetmentation process for the production of a protein -rich food known as ugbCL B. coagulans is 
used as a probiotic to maintain the ecological balance of the inte tinaJ microflora and normal gut 
function. Sabinsa Corporation intends to use a standardized powder containing a B. coagulans 
preparation (LactoSpore~ at a maximum level of approximately 2 x 109 colony forming units 
(cfu)/serving in baked goods and baking mixes; beverage~ and beverage bases; breakfast cereals; 
cbewing gum; coffee and tea; condiments and relishes; confections and frostings; dairy product 
analogs; fruit juices; frozen dairy desserts and mixes; fruit and water ices; gelatins, puddings, and 
fillings; grain products and pastas; bard candy; herbs, seeds, spices, seasonings, blends, extracts, 
and flavorings; jams and jellies; milk; milk products; nuts and nut products; plant protein 
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products; processed fruits; processed vegetables and vegetable juices; snack foods; soft candy; 
soups and soup mixes; sugar; and sweet sauces, toppings, and syrups. 

The use of B. coagulans in the preparation of a traditional Nigerian food (ugba) 
demonstrates the use of this microorganism in a common food preparation. The approved use of 
B. coagulans in the production of glucose isomerase enzyme suppmts the conclusion that it is 
both nonpathogenic and nontoxicogenic in nature. The US FDA bas approved the use of B. 
coagulans in the production of glucose isomerase enzyme. This approval supports the conclusion 
that this microorganism is nonpathogenic and nontoxicogenic (FDA, 2001). In 2011, FDA issued 
a "no questions" letter in response to a GRAS notice (GRN 399) fo r the use of B. coagulans 

1010strain in conventional foods resulting in a daily intake of 9.38 x cfu/person/day. The 
available published animal and hwnan scientific studies of B. coagulans further supports jts 
safety and use by humans. The available information suggest that B. coagulan.s is well-tolerated, 
non-pathogenic and non-toxicogenic. 

The safety studies of B. coagulans spore preparation (LactoSpore®) includes survival in 
simulated gastric acid, bile tolerance, antibiotic sensitivity activity and human safety and 
tolerance study. In addition to its chemica] characteristics, B. coagulans bas been characterized 
by genotypic analysis, including whole genome sequencing. In addition to these specific studies 
of B. coagulan.s spore preparation (LactoSpore®), the available information from published 
studies with other strains of B. coagulans further suppmts the safety. Available studies in rats 
show that B. coagulans spore preparation does not induce acute, subcbronic, chronic, or 
reproductive toxicity following consumption of up to 2000 mg/kg bw/day (equivalent to 2.6 x 
l013 cfu/personlday) spores. Additionally, human studies suggest that following oral 
administration, B. coagulans passes through the stomach and germinates in the intestine within a 
few hours. Upon discontinuation of oral B. coagulans administration, spores of this 
microorganism were noted in fece s for up to seven days. Oral administration of B. coagulans to 
infants at a daily dose level of 1 x 108 cfu for 12 months did not result in any adverse effects. 
Similarl y, oral administration of B. coagulans at a dose of 1 x 108 cfu, three times daily to acute 
and chronic diarrhea s ubjects did not reveal any adverse effects. Daily oral administration of 3.6 
x 108 cfu of B. coagulans spores for 12 weeks to hyperlipidemic subjects was found to be safe. B. 
coagulans is considered to be one of the most effective and safe strains of probiotics for use in 
the prevention of diarrhea. 

The safety determination of B. coagulans spore preparation (LactoSpore®) is based on the 
totality of available evidence, including phenotypic and genotypic characterization, and animal 
and human studies, including those for other similar strains. The evidence of B. coagulans safety 
is supported by: 

• 	 Common use of products containing B. coagulans species. Use in the production of a 
traditional protein-rich food known as ugba. 

• 	 Complete characterization of the strain by phenotypic and genotypic means. No 
pathogenic and toxicogenic effects noted. 

• Susceptibility to antibiotics. 
• Available animal studies did not reveal any adverse effects of B. coagulans. 
• Transient nature of B. coagulans in the gastrointestinal tract without any bioaccumulation. 
• 	 No adverse effects noted in several human studies, including studies of up to one year 

duration and in susceptible groups (children). 
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• Corroboration of safety from stucties with substantially equivalent/similar strains 

In summary, on the basis of scientific procedures3 including knowledge of exposure from 
dietary supplement and food uses of B. coagulans, the consumption of B. coagulans spore 
preparation (LactoS pore®) from its use as an added food ingredient from its intended uses at 
levels up to 2 x 109 cfulserving in a variety of specified foods and resulting in an estimated daily 
intake of 36.4 x 109 cfu B. coagulans spores/day is considered safe. The in tended uses are 
compatible with current regulations, i.e., B. coagulans spore preparation (LactoS pore®) is used in 
specified foods (described in this document) and is produced according to current good 
manufacturing practices (cGMP). 

3 21 CFR §170.3 Defi nitions. (h) Scientific procedures include those human, animal, analytical, and other scientific 
studies, whether published or unpublished, appropriate to estab lish the safety of a substance. 

Page 28 of 44 

0 000 38 



\6) (6 

5. CONCLUSION 

Based on a critical evaluation of the publicly available data summarized above, the 
Expert Panel members whose signatures appear below, have individually and collectively 
concluded that a Bacillus coagulans preparation (LactoSpore~, meeting the specifications cited 
above, and when used at maximum use levels of up to 2 x 109 cfu/serving (reference amounts 
customarily consumed, 21 CFR §101.12) in specific foods (baked goods and baking mixes; 
beverages and beverage bases; breakfast cereals; chewing gum; coffee and tea; condiments and 
relishes; confections and frostings; dairy product analogs; fruit juices; frozen dairy desserts and 
mixes; fruit and water ices; gelatins, puddings, and fillings; grain products and pastas; hard 
candy; herbs, seeds, spices, seasonings, blends, extracts, and flavorings; jams and jellies; milk; 
milk products; nuts and nut products; plant protein products; processed fruits; processed 
vegetables and vegetable juices; snack foods; soft candy; soups and soup mixes; sugar; and sweet 
sauces, toppings, and syrups) when not otherwise precluded by a Standard of Identity as 
described in this dossier and resulting in estimated daily intake of 36.4 x 109 cfu B. coagulans 
spores/day is safe and "Generally Recognized As Safe" (GRAS) based on scientific procedures. 

It is also our opinion that other qualified and competent scientists reviewing the same 
publicly available toxicological and safety information would reach the same conclusion. 
Therefore, we have also concluded that the use of this B. coagulans preparation in the foods at 
the levels specified above is GRAS. 

Signatures 

Jo~ A.Thomas, Ph.D. , F.A.C.T., D.A.T.S. 

(b)(6) 

t 
Stanley M. Tarka, Jr., Ph.D. Date 
(6) (6) 

Madhusudan G. Soni, Ph.D. , F.A.C.N., F.A.T.S. Date 
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7. APPENDIX I 

A nal ytical data from five manufacturin g lots 

Specifications of LactoSpore® from five different manufacturing batches 
Parameter Standa rd* Lot# 

G140202 
Lot# 
G140307 

Lot# 
Gl40373 

Lot# 
G140482 

Lot# 
G140483 

Appearance White-to-off­
white powder 
with mild 
characteristic 
odour 

Complies Complies Complies Complies Complies 

Microscopy Tobe Comply Compl ies CompJjes Complies Complies Complies 
Solubility Slightly 

soluble in 
water 

Complies Complies Complies Complies Complies 

Loss on drying NMT8% w/w 0.30% w/w 0.60% w/w 2 .34% w/w 0.38% w/w 1.2 1% w/w 
BaciUus coagulans 
viable spore count 

NLT 15 x 1001 

spores/g 
17.31 X 

109spores/g 
16.37 X 

109spores/g 
17.90 X l09 

spores/g 
!8.15 X 109 

spores/g 
I 7.80 X 109 

spores/g 
Other organisms NMTO.l X 106 

cfu/g 
0.0031 X 10° 
cfu/g 

0.00025 X 

LO~ cfu/g 
0.00 12 X 10° 
cfu/g 

0 .0001 X 10° 
cfu/g 

0.000 1 X l0° 
cfu/g 

Lactic acid 
producing capacity 

N LT 10 ml of 
0.05N NaOH 
consumed 

J3.4ml of 
O.OSNNaOH 
consumed 

12.0ml of 
O.OSN NaOH 
consumed 

12.0m1 of 
0.05N NaOH 
consumed 

12.8ml of 
0 .05N NaOH 
consumed 

12.6ml of 
0.05N NaOH 
consumed 

Sieve test Passes 
-20 mesh NLT 100% 100 % 100% 100% 100% 100% 
-40 mesh NLT95 % LOO % 100% 100% 100% 100% 
-80 mesh NLT90 % 93.10% 90.95% 90.07% 93.5 1 % 96.38% 

Heavy metals 
Arsenic NMTl ppm <0.2 ppm 0.38 ppm <0.2 ppm 0.27 ppm 0.33 ppm 
Lead NMT3ppm 0.45 ppm <0.2 ppm 0.25 ppm 0.44 ppm 0.44ppm 

Microbiological 
assays 

Yeast and Mold < 100 cfulg < 10 cfu/g < 10 cfulg < 10 cfu/g <10 c fu/g < 10 cfu/g 
Escherichia coli Negative Negative/ 1 Og Negative/lOg Negative/lOg Negative/l Og Negative/lOg 
Bile tolerant 
Gram negative 
bacteria 

,::: 10 CFU/g < 10 cfu/g <10 cfulg < 10 c fulg <1 0 cfu/g <10 cfu/g 

Staphylococcus 
aureus 

Negative Negative/JOg Negati ve/1 Og Negative/lOg Negative/1 Og Negative/1 Og 

Salmonella Negative Negative/IOg Negative/ LOg Negative/I Og Negative/JOg Negative/ LOg 
Pseudomonas 
aerul(inosa 

Negative Negative/lOg Negative/ lOg Negative/lOg Negati ve/] Og Negati veil Og 

*Standard specifications for marketed product 
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8. APPENDIX ll 

Phenotyping Study Report 

LactoSpore" 

PHENOTYPING STUDY 
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9. APPENDIX HI 


Gen otyping Stud y Report 

LactoSJlOre®Genoty11ing tudie 

In addition to the pheuotype characterization pe1fonned on LactoSpore~. the 16SrDNA 
studie~ have been canied out. 

The Sabm~a probiotic strain #01 seut for the smdy wa~ labeled a SBC37-0 l This strain 
eathe1 cbarncterized as Bacill~ coagulaih by pbeuotypiug ~rudte, grow, optimally at 
3.,°C. 
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The genotyping result also confumed and identified the sttain as Bacillus coagulans with 
a homology of99. 5~o in consensu s with Bacillus coagulans ATC'C' .,0 50. 
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AOS.0579a_consensuss qu nc . fsta 
>Consensus for spec\ en AOS.OS79a 
GGAC~CGCT~GGCGTGCCTAATACATGCAAGTC~TG(GG~CCTTTT~CTTGCTTTTAAAAGGTTAGCGGC~ 
AC~T~GTAACACGlGGGCAACCTGCClCTAAGAlCGGGAl~CGCCGGGAAACCGGGGCtAAtACC~T~ 
TCCTCCGCATGGAG~GGAAAGACGG(llrfKGCTGTCACllACACAfGGGCCCGCGGCGCATTAGCTaGTTGGTGG
GGTAACGGCTCACCAAGGCAACGATGCGT.ACiCCGACCTG.t.GAGGGTG-4TCGGCCACATTGGGA,CIGAGAU.C.c;GC.CCAAA 
CTCCTACGCGAGGCAGCAGTAGGGAATCTTCCGCAATGGACC.AAAGTCTGACGGAGCAACGCCGCGTGAGTGAA~GGC 
CTrCGGGTCGlAMAC'rCTGTIGCCGG<iGAAGAACAAGTGCCGTTCGMCAGGGCGGC:GCCTTGACGGTACCCGGCCAGA 
AAGCCACGCCTAACTACCTGCCAGCAGCCGCGGTAATACGTACGTGG(AAGCGTTGTCCGGAATTAllGGGCGTAAAGCG
CGCGCAGGCGGCTfCTl AM.TCTGAiCTGAAATCTTCiCGGCTCAACC«AAGCG<iTCATTGGAAACT~GGCTTGAGT 
GCAGA.AGIIGGAGAGTGGAATTCCACG":'GTAGCGGTCAAATCCGTA(;A(OATGTG<OAGCAAC.ACCAGTGGCGAAGGCCCiCTC 
TCTGGTCTC'iTAACTGACGCTCi&GGCG<~GTGGGC.A~CAGGATTAGATACC:CTGGTAGTCCACCiCCGTMAC 
GATCOAGTGCTAAGT~AG4G<iGT'T"'"CCC.CCCTTTAGTC.CTGCAGCT MCGCAn AAGCACTCCGC.C~:oAGTACGGC 
CGCAACGCTGAAACTCAMGGAATTGACG(i(i(i(;(CCGCACAAGCGGTGGAGCATGTGGlTTMTTCGMGCAACGCGMG
AACCTTACCAGGTcnCA<.ATCCiCTGACCTCCCTGGAGACAGGGCCTTCCCCTTCGGGGGACAGAG1GACAGGTGGTGC 
ATGGTTCTCGTCACCTCGTGTCGTcataTGTTCiGGTTMGTC.CCGCAACGAGCGCMCCC'TiGAC(TTACTTGCCAGCA-r
TCAGTTGGGCACTClAM.GTGACTGCCGGTGACMACCGCAGGMGGTGGG<OATGACGlCMATCATCATGCCCCTTATG 
ACCTGGGCTACACACGlGCTACAATGGATGGTACMA~CTGCGAGACCGCG~AACCCAATC~~CCATT 
CCCAGTTCGGATTGCAGGCTGCAACCCGCCTGCATGAAGCtGCAAl(GCfA~TAATCGCG~I CAGCATGCCGCGGTGAA 
TACGTTCCCGGGCCTTGTACACACCGCCCGTC~CACCACGAG~GTTTGTAACACCCGAAGTCGGIGAGGTAACCTTTACG 
G•GCCAGCCGCCGAAGCTGGGACAGATGATTGGGGTG~CiTC 
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10. APPENDIX IV 

Whole Genome Sequencing ofBacillus coagula us MTCC 5856 (LactoSpore®) 

Report Attached separate ly (pages I to 11) 
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Data Anah:.,is 

J.t .U: ObjectiH of the proj«t: 

1 •'-''\hgnmcnt ll!;UIO't e"btmg reference sequence 
ti Prcscnl:c of plasmid sequences 
111 A~scncc.: I prc~cncc ofpreselected set ofgcncs / pathwa) Sdctincc.l b) SAM! labs 

2.0; Sama,lt d~taib: 
i. Samt)lf.'1 r«ehed from SA~fJ Labs: 23 July 2014 
ii. Sample \bipment details: Sample received ns a culture broth 

J.O: Sequencing platforms: Sequenced using lllurmna MtSeq . 

. tO: D1HA analy.,is tools: SeqQC ,2 2 1 
, Bo\\lle~-? I 0 2 , -.umtools-0 1.19 '. Ne\\bler \L 8 ' . 

PlasmidFinderl.2 ResFmd~r2 l'. RAS r 11 , 1-.:.AAS web server tRNAscan-SE-1 3 I RN 1\mmer­
161.211, nchi-hlao:t-2 2 26 · wcos-0 6-l and anuSMASJI .:: 01 
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Tnbh:: 1.0: Bio-Anal)ler profiles of libraries prepared for lllumioa MiSeq ~equencing: 
-

C nt rnn: lll lmfll1cJ 1\ltSc:q lthrary H 'U.\ ortmwl j or .H ?CJII<'Ilc mg. 

!Rct~r "SO 3543 L1brnl) pr~parauon repon rx.JI'' lor details) 
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Sample (Sacillus coagulam MTCC5856) 

-

- - . . __.( 

RawDataOC 

IJ' - - - - • - '-:=' 

,I . . 

., - - - • :..--:- •• -- -~- .J - = -= ~ 

-ldcnbfiCallon of tRNA (IRNAsean-1 3 1) 

-ldentJfathon of rRNA (RNAmmer1.2) 

-tdentJriCStion or Plasmd sequences (PiasmldFinder12) 

·ldenbfeallon of reslstence gelle$ (Resftndor2.1) 

-Annotations a.nd Pathways (RAST end KAAS web servers} 

-EmetiC toxtns (BlASTchected aoat.stAssembled conbgs) 

.Circular plot ~mg GC %. Coverage aod genes 

-ldenllfiCaiiOn or BacteBXt~gene dustErS (AntJSmash2.0) 

4.1 : Paired E nd Sequ e nci n2 Using rtlumina Cbemi~tr) und ana lys~ output : 

Standard fragment libraries represent a collect ton of regtons of 400-700 bp msen length obtatnt.!d from 
randomly fragmented genomtc ON/\ Indtvtdual singlc-strnnded mserts function as template molecules 
dun ng setwencmg T\\:0 ends of s uch m~erts are sequenced for a length of 300 nt each read •n a 30 I PE 
sequencing run lll umma chcmtstry detect~ bases usmg a sc!quendng by !:vnthe<;i~ npproach where n 
DNA pol) rnerase mscrts Ouorescent-mgged bases. corresponding to the template: mol~ulcs. Tht!' 
process ts earned out tn a masstvcly para llel mannt:r to ~:nabll: the seque ncing of mtll10ns of tnsert 
molecules stmultaneously 

~.u: \\hole •l'nomc equencine ~orkno" nd n l~si o cnie": 

Figure . l.O; The workflow followed for seqlli!ncing and analysis of row data 
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5.1: Ra\\ datn prorcsslng ond ()C 

A. The lllunllna MiSeq paired end ru\\ reads were qualtt\ checked us1ng Genol}pic PH Ltd , 
propnetal'} tMI ScqQC llluminu raw reads were processed h} tn-house script for Adapters and low 
quahh bases tnmmtng towards 3'-end 

Plntfnrm 	 Type of rcarf~; Tatat n•Jm ht•r of r.l\\ read rnt. I nurn1't' nfproe~ cd re.ad~ 

lllummo MiSeq 	 Pa1red end 903999•2= 1807998 893061•2 1786122 
(301bp max) (542.39:\fB bas~) ( 535.83 l\1 8 bases) 

~ 

Table2 0 St.altsttcs of Reads generated Total Data Sequenced ­ 542.39 MB 

B. 

r.r rr.rtt.:nt f:1tll : 

lllumma Mt5eq 46 74 

Table 3 0 GC content table ofsequenced proccc;sed data : 

c. 

GC Contert of Processed Reads 

• %ofA 
• %otT 

• %ofG 

•~otC 

• % of Noo-!'TGC 

F1gure.2.0. ATGC Composition of lllumina M1Seq processed data : 
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- -- -

~.lz Alignm\'111 J:UIR!\1 u vallubll• reference genom e: 

rite proccsst:d reads were aligned agamst the selected reference {ALASOOOOOOOO/ALASOl OOOOOO) 
genome (Bac1llus coagulans DSM I ATCC 7050) from NCB!. 13owt le2-2. I 0 program was used lor 
the alignment and coverage statistics were generated usmg Genotyp1c Proprietary scnpts. The reference 
contained 307 sequences with the total genome size of 3.018045 Mb The genome was covered w1th an 
average read depth of I 12 

-

..-.....~ - 'Total ~Ids 178411~ 

1194018 

668497 
3018045 

Ba. 1481 

83~94 

82.C962 
81 6431 

112. 131 

Table.4 O· Alignment statistics with relerence to Bac1ll11.\ ,·oaJ?,ulam genome 

(Refer "SO_J54J_Aiignment Assembly And Annotation Report .xis" for deta1ls) 

5.3: s emhl} or scqucnrell ecnumt· dara : 


Assembly of lllumma M1Seq data was earned out with Newbler 2 8, generating 169 conhgs w1th an 

NSO of 46.94Kb utllizmg -99% of re ads The scafTolds greater than lkb were selected for further 
analysts 

tool Newblcr:! I 
COiliiCII o.nnteo 168 
MDtmum CCinllglMGIII 1 WOIM 
loanlmUm CCinllg L8ngln 1007 

lw- Corotog !Ang!h 207:J70.t20!107T 

t.4ecll8n COnlla LIIIQIII 8717 

'aQI Conuga lAnciUl 30.04 ,.II 

laUI ~ ol Nan-ATGC O.ICI­ 0 

Perc.t~UQ~ o1 ~'ton-Aroc CWIIclers 0 
Conllgll •• 100 llp 169 
Oanl~ga .... 200 bp '&II 
COniJgs , • ~ llp 169 
CaltlQs > • 1 Kbp 1611 
Corlltgil .. 10 1(1>0 81 
eonug. •• 1 Ubp 0 
~v-. AeO.II 

GC Content Pttree~ 
Pt~renl A 27 30:222018&4 
P..cenl T ZG ~1'02J7308 

P- C 22 646II2S)171 
P.-cwcG 23'11302tmt 
Pertenl p, 0 

TOIIIIIWCII 
Ul«<,..,. 

runAI 

11811122 
17~ 

11711M 

~of,...,. Wled .,,. 

G·C" of the a$~eel Genome 

fable.5 0: StatistiCSofconllgs generated 
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Figure.) 0: GC% o f assembled Genome 
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Information of the plasmid identified (pSA 1308) 
rep

co
391
nt1g001~-
 1386

t-fE!P
99
 99

5.4:ldcntiflcnlion of l'ln mid . cquem.•c f~om the du ra : 

The procec;sed reads were aligned to the pMSRO plasmtd native to Bacillus coagulans DSM I - ATCC 
7050 fhcre were 0% reads aligned to tht: pla.smJd pMSRO (NCB I accessron ro NC 0 I 0853 I ) 
Presenc~ of other plasmtds was checked by PlasrmdFmdcr 1.2 
Chnp 'cge cbs dtu dkisen.rces'Piasmid.finderf) and both enterobacteriaceae as well as grom posttrve 
plasm1d databa~e \\'Cre selected. A!tsembled sequences were 8'' en as mpul r~p21"" (Acct..-sston 10 • 
AB154848 I) sequence was Identified \\1th 99°o sequence tdcntity. this contnbutes to 25°'o of the 
reterence plasmtd c;equences The sequence showmg simalarity was retneved 

Plomid Check 

Plas!!'ld 21 

Identity 
 9 
Quei)'/HSP(Number -- of matches in 

-
q_&Jery and subject s!_Cluenoe)__ 61996 

~ontig 10 of the assembled co!:!!!a_ ~ -
Position of the match '" the assembled conlla 

-- ---

Accession number of the subject sequence I AB254848 ., 
 -

­

Table 6 0 Detatls ofplasmad sequence Jdenttfied 


Refer ··ConllgOO 136_rc.:p21 _match_sequcncc.fa" for the fasta c;equence. 


<Refer ..SO 3543 Plasmid Check ahg.nmcntt'(t" to VIC\\ the ahgnment and 
··~o 'l'\43 Plnsmu.l_Chl~.ckxls"') 
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'' ilh -s" opuon wh1ch us~ default 
were tdentified ustng RNAmmer-1 2 

~'7: ld ncificot on r lltl\ 

~.~1 c.cn onotation nd taeorlfiattion nr P th u.)s: 

'I he asscmbleu sequences were uploaded to RAS'I scncr and annotated using Bacillus coaguJans 
\ICC 7050 as reference l· ntrics mvohcd m fPS Bwsvnthetsc pathWD).l> wa~ tdent1l1ed from tht 
lUlnotaiJon column rctneved from the RAS 'I server along with lipotctchoic acids KJ\AS server wa'i 
Ust!d for path\\8) tdentaticattun wllh assembled ~cquenct.~ as input Among thl! 98 Ct"'nllg.c; ~Q95 prulem 
functions and 40 functional pnthwa~·c; haw been prcdtcted 

(Refer "SO 3543 Ahgnrnent Assembly And A11notati<ln Report xJs" tor detuils and refer 
":-;o 3543 co111parison \\ath toxms sdcn111ied from J>,uhwa\' Rcp!.m xis" for details l 

~.(•: ldeotlflcnlion of resb•Utnct.> genes: 

Rl!sfindt:r2 1 (http 'tgl.' chl> dtu dk · scrvices/Re~fi inder l was used to tdcnttt)· drug resistance gcne!i tn 
the assembled sequences. Rcsfmdl!r2 . 1 chcch for resistance genes for Aminoghcustdc Bcta-lactam , 
Fluoroqwnolonc. fosfomyctn, I ustd1c Actd. Ml S - Mocroltde-l.rncosamtde-Str«:pLogruminB 
Nmotmtdazolc, Phemcol, Rifamp1cm. Sulphonamtde. Tetracyclme I nmethoprim and Glycopeptide 
98° o Sl.!(.fUI!nce 1denntv and 60% CO\I!nlgc was used as threshold for the 1dcntificauon 
In d r eJ h b I . d . Iere were no reststance genes t cnll 1 ml e actena stram unng ana vsts 
Resistance _against Result 
Amanoglycoside No reststance genes found 
Beta-lactam No resistance genes found 
Fluoroqumolone No res1stance genes found 
Fosfomycin No resistance genes found 
Fus1dlc Acid No res1stance genes found 
MLS - Macrohda-Lincosamtde-StreptograminB No resistance genes found 
Nttrolmtdazole No reststance genes found 
Phenlcol No resistance genes found 
Rifamptctn No resistance genes found 
Sulphonamtde No reststance genes found 
Tetracycline No resistance genes found 
Tnmethopnm No raststanca genes found 

GIYCOf?SPhde No resistance genes found 

I able. 8 0 R~ststance genes found usmg ResFmdcr2 . 1 

(Refer ·· , c) 3543 Rcstsmncc Cht.-ck xis~ for details .) 
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~ 
rRNA 

ss:rRNA-----t 5s rRNA 

-----1 5s rRNA 
5s rRNA 
Ss rRNA 

-----t 23s_rANA 
~~~~~------------~2~3~s-rRNA 

16s rRNA 
____16~RNA 

'I able I 0.0, Auributes or rRNA conttgs tdenttlied 

(Refer ·· !) 3543 tRNA rRNA_Rcpon .l\IS.. for dclatl s 

S.H: t m r ti Co in hknlinc lion: 

The gene \\Crc collected from Htcmture !'hared . Nucleotide sequl!nccs were dO\\Oiooded from NCBI. 
NucleothJc blast was done: using emetic nucleot ide "' qucnccli U!i dawha.\C and asc.cmbled contigs as 
qucf') ' lltc blast 1.hd not yield any hit 

lRct\.: r .. SO 3543 l·mettc Toxm Protcin_Rcpon xis'' for (ktml s ) 
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5. : { 1radar plol d ~mblrd conllg : 

GC cont~nt ami coverage for the contigs was calculated l .ocauon of predtcted and annotated g~nes 
were retrieved and plotted usinf! the assembled contigs as the: ref(!rencc usmg Ctrcos vO lH 

Figure.4 0 C1rcos plot 

The outennost track contains the contl g m followed by conugs tn blue AT11 a m red. OC0 'o m green. 
coverage m black nnd the mnermost tmck contams the genes idcm1fied based on the1r locanon on tlle 
assembled comigs 

Refer "S<J _3543 C. reo Pl(l l ct;~nd :rxtf' and rcter ··"o .. ~43 ( IH:os_ linage png' fo r rn\\ image. 
"''-IU 3<t43_Clrc:os fllllt ppt .. contams lhc ppl version of the pdf file. 
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-- - -

5.10: ldcntific1nion uf Ba tcriocm gt.-nc dusters: 

Tht! a.<;~embled scaffolds were given as tnput to anti::O,MASH 2 01~ . .. anuSMASH tdcntifics secondary 
mewbohtc!~ from genome sequence "Whole-genome Pf·AM analysis··. "Suhclustcr Blast analysis'', 
"Gene Cluster Blast analyst"' ·•smCOG analysts for funct1onal predtclton and phylogeneuc analysts of 
g~nes opnons were selected Furth~r the follm\lng 24 gene clusters were selected for analysis 

"poh·ketidcl> (type 1). pol} keudc" (type II), pol}keudes (type ltl). heterocyst glycohpid-likc puly~ctidcs, 
nonnbosomal pepttdt!.. terpen~. lanttbtottcs, bactenoctns, beta.-lactams. ammoglycostdes I 
amtnOC}Cittols. amrnocownanns, stderophores.. ectomcs. butyrolactoneq, mdoles nucleoside~. 
phosphoglvcohptds. mclamns ohgo~cchandcs. furans. homosenne lactone!~ thiopcpudes. phena.~ines. 
and others.. 

AnttSMASH identified 4 bacteriocin gene clwaers based on the location and order of g~ne~ present in 
the assembled contlgs. 

Cluster ~ Type I From I To 

Ttte tollow•ng dusters are rrom record contfgOOOOL· 

Cluster 1 LBacteriocin J..!_ _I 5388 
~~'- -

The rotlowlng clusters are from record contigOOOlS 
-

Cluster 2 IBactenoctn T tss83 =1 288~0= 
The following clusters are from record conbg00154: 

-
Cluster 3 	 - - I Bacteriocin [1 !' us? -
The following dusters are from record conttgOOl 56: 

-
Cluster 4 	 IBacterioc1n [1 lll38 .'1able 12.0 Bactenocm gene cluster\ tdenuficd 

Ref~r 'l3actl'n ucm clustcr_ReadMc l'\1 .. for mstruct1 ons on vtcwtng the results and ··conttgOOOO I ;r1p" 

tor the result.... 

SeqQC RaJn Mugasunango.lam Krtshna Mohan, Vasanthan Ja)akumar. Mohamed Ashack M, 
Kaplla G and Vtdya NaranJan Raptd Qualitv Control of Next Gencmtion ')cquence Data 2013 
(manuscript under preparauun) 

2, 	 Langmead B. Trapndl C. Pop M. Salzberg SL Ultrafast and memory-c!ffictcnt ahgnmcnt of 
short DNA !'cqul!nces to the: humaJ'l genome Genome Btol I0 R25 

3 	 Li 11 , Iland.,akcr 13 . W) sol\cr A I ennell T , Ruan J . llomer N . Manh G.• Ahecasrs G , 
Durbtn R and 1000 Genome ProJect Data Processmg Subgroup (2009) 1he Sequence 
aiJgnmenvmap (SAM) formal and SAMtools Bioinrormattcs. 25. 2078-9 

4 	 Newblcr2 8 ht!P- .1 '' ww.454 £Om.product.Jal)plysis-soth\are.. 
5 	 Plasmrdl·mdr!r and pMJ..S'I in sthco detectton and typtng or plasmids Caranoh A, Lankan E. 

Garcia-Femandez A Volb\- larsen M. Lund 0. Vtlla L. Aarestrup PM. Hasman II Antumcrob. 
Agent~ Chemother ~014 Apnl28th 

6. 	 ldenuficahon of acqutred antim icrobial r~tstance gl!ncs Lankan 1·, Hasman H. Cosentmo S. 
Vestergaard M. Rasmussen S Lund 0. Aarestrup t M, Larsen MY J Anttmicrob Chemother 
2012 Jul TO. 
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7. 	 'J he RA!:; I Server Rap1d Annot.auons usmg Subsystem-; T.:chnolog~ AziL RK.. Banels D. Scsi 
AA. DeJongh M. 0 1S1 T. Ed·wards RA. Formsma K. Uerdes S. Glass EM. Kubat M. Meyer F. 
Olsen GJ Olson R. Osterman AL. Overbeek RA McNeil LK. Paannann D. PaCZJan 1 . Parrdlo 
B Pw.ch GD. Rc1ch C. Ste,ens R. Vassteva 0 . Vonstcm V. Wilke A. 7agmtlo 0 OMC 
Genom 1cs. 2008 

8 	 The SEFD nnd the Raptd Annotation of microbial genome.c; usang Subsystems Technology 
(RAST) Ovcrbeel.. R Olson R, Pusch GD. Olsen GJ Daw. JJ, Dtsz T, &!wards RA. (ierde~ S. 
Partello B. ShukJn M. Vonstein Y Wattnm AR. Xu1 F Stevens R NuclelC: l\c1ds Re:o 2014 

9 	 Monya, Y . ltoh. M Okuda. S . Yosht7.awa, A , and Kanehisa, M : KAAS an au tom atic 
g~nome annotation and pathway rcconstructmn server NucleJc Ac•ds Res 35, W 182-W 185 
(2007) 

10 Ftchanl. GA. and Burks. C (1991) '' ldtmltfymg potcnuaJ LRN/\ !!,>encs m gcnom1c DNA 
sequences'' , J Mol Bioi , 220. 659-671 

II [dd), S R and Durbm, R (1994) "RNA sequence anal~sts usi ng co-.anance models", Nucl 
AtldS Res . 22. 2079-2088 

12 l agesen K Hallm PF, Redland !--, St:erfeldt I Ill. Rogne~ T Ussery DW RNammer· cons1stent 
nnnotauon of rRNA genes m genomtc lil!quenccs Nucletc Actds Res 2007 Apr 22. 

13, AltschuL S. Gtsh. W Miller, W. Myers. E, L1pman, D (October 1990) "Baste local alignment 
s~arch tool" Journal of Molecular Biology 215 (3 ). 403 -410 do1 : 10 I0 16/S0022­
2836(05 )80360· 2 PM I0 223 1712 

14 	 h.r7ywmsk1 M ct al Ctrcos an Information Ae<>thelic for Comparative Genmmcs (,coomc Res 
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15 	anuSMASH 2 0 a versatile plaHorm for genome mtnmg of secondar) metabolite 
produceh.Kai Blin., Mamtx I[ Medema. Damval Kazempour. Michael A Fischbach. Rainer 
Breitling, Eriko fakano, & Tilmann Weber Nuclcrc Actdc; Research (2013 ), d<ll . 
10 l OQ3 nGrlgkt449 

16 	 anuSMASll Rapad idenli fica lion. annot:ltion and analysts of secondary melabohte b10synth~!-rS 
gene clusters Mnrn1x H. Medema. Ka1 Blin. Peter Ct mermanc tc , Vtctor de Jager, Pt<llr 
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