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et al., 2010) reported throughout this study. 

Diarrhea in 148 (78 
0.24 x 109 cfu daily for 5 No therapeutic impact on management of 

children (Durta et and 
days acute dehydrating diarrhea 

al., 2010) 70/group) . . * AddttJOnal deta.ls of these stud1es were not avaJJable for mdependent revtew . 

In a randomized, double-blind trial, Cui et al. (2004) investigated the safety and efficacy 
of B. coagulans in the treatment of acute and chronic diarrhea. In this trial 204 subject 
participated, 103 in the treatment group (51 with acute diarrhea and 52 with chronic diarrhea) 
and 101 in the control group (51 with acute diaiThea and 50 with chronic diarrhea). The 
treatment group received B. coagulans at a dose of 1 x 108 cfu, three times daily for 3-7 days 
(acute diarrhea) and 14-21 days (chronic diarrhea), while the control group received Golden 
Bifid (Bifidobacterium longum) tablets at a dose of 1 x 108 cfu three times daily for 3-7 days and 
14-21 days. No adverse reactions were found in either group. The results did not reveal any 
statistically 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 species is an effective agent in the treatment of acute and chronic diarrhea 
and that its efficacy and safety are similar to that of Golden Bifid tablets. 

3.2.2. Studies in Infants and Children 

In a prospective, double-blind, randomized trial, Chandra (2002) investigated the effects 
of B. coagulans on the incidence and severity of acute rotavirus diarrhea. In this 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 months. The infants were monitored for the 
number of episodes of rotavirus diarrhea, the duration of each episode and the general health of 
the infant (number of days ill per year). The administration of B. coagulans to the infants 
significantly decreased the number of episodes of rotavirus diarrhea and the duration of each 
episode, with a significant decrease in the number of days ill/year (13 days ill in the B. coagulans 
group vs. 35 in the control; p<O.Ol). No adverse effects related to the treatment of B. coagulans 
administration were reported. 

In a randomized, double-blind, placebo-controlled, cross-over trial, Labalestra et al. 
(2008) evaluated the effect of a combination of symethicone and B. coagulans (Colinox) on the 
gastric emptying time (GET) and relief of symptoms in infants with symptomatic 
gastroesophageal reflux (GER). In this sntdy, 19 consecutive children, younger than one year of 
age, (11 female, 8 male; mean age: 5.5 months) with symptomatic GER were given the 
combination as an oral solution as well as a placebo for seven days administered four times 
daily. The wash-out period was seven days. The final GET (min) was significantly (p < 0.05) 
shorter when the patient received the combination of symethicone and B. coagulans (125±20 
min) as compared to placebo (165±30 min). Furthermore a stronger improvement of the GER 
symptoms was detected following the combination treatment than with placebo (p < 0.01). No 
adverse effects were reported. 

In a randomized, double-blind, placebo-controlled trial, La Rosa et al. (2003) investigated 
the effects of B. coagulans and fructo-oligosaccharides (prebiotic/probiotic) preparation in the 
prevention of diarrhea due to antibiotics in childhood. A total of 120 children, with active 
infections requiring antibiotics, were enrolled in the study and received orally for 10 days either 
the probiotic/prebiotic preparation or a placebo (without prebiotic/probiotic). Children (n=60) in 
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the treatment group received a daily a mixture contammg B. coagulans and fructo­
oHgosaccharide (Floxin) at a dose of 5.5 x 108 cfu and 250 mg, respectively. The other group 
(n=60) received the placebo. The results of the study were recorded from the patients' diary and 
from follow-up clinical examinations. Of the 98 evaluable subjects, 7 J% in the group receiving 
the prebiotic/probiotic treatment had 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 prophylax is with the prebiotic/probiotic treatment significantly reduced the 
number of days and duration of events in children with antibiotic-induced diarrhea. 

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

3.3. Human Observation Summary 

In summary, orally administered B. coagulans passes through the stomach in its spore 
fo rm and germinates and multiplies rapidly in the intestine following adrninistra6on. Spores of 
B. coagulans were noted in feces for approximately seven days after discontinuation of its 
ingestion. In a prospective, randomized, control trial, administration of a B. coagulans 
preparation to children at a daily dose level of l x 108 spores for 12 months did not result in 
adverse effects. In another randomized, double-bl ind trial, oral administration of B. coagulans at 
a dose of 1 x 108 cfu, three times daily to acute and chronic diarrhea subjects did not reveal any 
adverse effects. Daily administration of 3.6 x 108 cfu B. coagulans spores for 12 weeks to 17 
patients with type IT hyperlipidemia was found to be safe. B. coagulans is considered as one of 
the most effective strains of probiotics in the prevention of diarrhea. B. coagulans exhibits a high 
degree of safety. 

3.4. Antibiotic Susceptibility of Bacillus coagulans 

In order to assess the antibiotic susceptibility, a culture of B. coagulans strain 
(LactoSpore~ from Sabinsa was tested against a panel of antibiotics as described b~ Clincial 
Laboratory Standards Institute (CLSI, M07-A9, 2012). In this study, two LactoSpore finished 
products batches (0130027, 15 billion units/g and 0130042, 6 billion units/g) and LactoSpore® 
mother culture were studied. B. coagulans culture samples were tested by broth dilution method 
against nine antibiotics that included clindamycin, kanamycin, ampicillin, streptomycin, 
vancomycin, erythromycin, gentamycin, tetracycline and chloramphenicol. The results from 
these experiments are summarized in Table 4. The antibiotics tested showed a MIC range of 
0.0078 to 1 mg!L against all the samples tested. The results of these investigations suggest that 
B. coagulans MTCC 5856 was found to be sensitive to all the antibiotics tested as per EFSA 
guidelines (EFSA, 2012b). 
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T bl 4 M .. a e 1mmum n 1 1tory c oncentrah ons o nh 10ttcs gamst fA .b . . A . L acto s pore u tures 
Antibiotic tested Mother culture G130027 G l39042 

MIC (mg/L)* 

Clindamycin hydrochloride 0.0078 0.0078 0.0078 

Kanamycin sulphate 1.0 1.0 1.0 

Ampicillin sodium 0.062 0.031 0.031 

Streptomycin sulphate l.O 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 

Chloromphenicol 1.0 1.0 1.0 
. . .. *Mm1mum Inh1b1tory Concentration 

Moldenhauer et aJ. (1996) investigated the antimicrobial resistance of three species of 
Bacillus, including B. coagulans to thirty antimicrobial agents. In this study, Trypticase Soy 
Agar (TSA) plates were swabbed with 108 spores per rn1 suspension of B. coagulans A TCC 
51232, and then individual discs were impregnated with an antimicrobial agent dispensed onto 
the surface to determine a zone of inhibition of the growth of B. coagulans by the antibiotic. B. 
coagulans was found to be susceptible to 28 antibiotics tested in this study (Table 5). The results 
of this study suggest that B. coagulans is susceptible to commonly used antibiotics. 

Table 5. Minimum inhibitory concentrations and minimum zones of inhibition by 
. . B Ia ( d d f M ld h I 1996) antibtotics agamst . coagu ns a apte rom 0 en auer eta. 

Antimicrobial Agent Zone Diameter MIC 
Requirements for (J.tg /ml) 
Susceptibility (mm)* 

Amikacin (30J.tg) ~17 ~17 

Amoxicillin with Clavulanic Acid 
(20/lOJJg) 

~18 >40 

Ampicillin (I OJJg /25 J.tg) ~30 >50 

Aztreonam (30J.tg) ~26 28 

Bacitracin ( IOU) ~22 37 

Cefaclor (30J.tg) ~18 43 

Cefamandole (30J1g) ~18 47 

Cefazolin (30JJg) 2:18 >45 

Cefonicid (30J.tg) ~18 41 

Cefoperazone (75J.tg) ~21 46 

Cefoxitin (30 meg) ~18 48 

Ceftazidimc (30J.tg) 2:18 35 

Ceftizoxime (30J.tg) 2:20 >45 

Cefuroxime (30J.tg) 2:18 >45 

Cephalothin (30J1g) 2:18 >45 

Chloramphenicol (30J1g I 50 J.tg) <::18 33 
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Antimicrobial Agent Zone Diameter MIC 
Requirements for (f.lg /ml) 
Susceptibility (mm)* 

Clindamycin {21Jg) <!:21 38 

Erythromycin ( I51Jg) <!:21 34 

Gentamicin ( I O~Jg) <!:15 38 

Kanamycin (301Jg) <!:18 30 

Methicillin (51Jg) <!:14 43 

Nafcillin (1 jJ g) >13 35 

Nitrofurantoin ( IOO!Jg) <!:17 34 

Norfloxacin ( I OjJg) 2:17 32 

Ofloxacin (51Jg) <!:1 6 33 

Penicillin (10 U/ I U) <!:47 5 1 

Streptomycin (I OjJg) <!:15 33 

Su1famethizo1e (0.251Jg) ~16 4 1 

Tetracycline (51Jg) >19 36 
Ticarcillin/Ciavulanic Acid (75/1 OjJg) >20 5 1 

... 
*Data obtamed from BBL Sens1-D1SC package 1nsert; #Zones of mhJbltJOn greater than 
12 mrn in this S\udy were considered positive for susceptibility of B. coagulans to the 
corresponding antibiotic. 

' 

Farmer (2002) also reported the susceptibility of B. coagulans to commonly used 
antibiotic compound(s). In this investigation, antibiotic sensitivity of B. coagulans was studied 
using the Kirby-Bauer (counting colonies on plates) 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; gentamicin; oxacillin, rifampin; 
trimethoprim-sulfamethoxazole; vancomycin; and showed intermediate susceptibility to 
tetracycline. In the Vitek testing, B. coagulans was susceptible to: chloramphenicol; gentamicin 
(500 pg/ml); nitrofurantoin; norfloxacin; peniciJlin; streptomycin (2,000 1-lglml); vancomycin; 
and was resistant to 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 list 
of enzyme preparations used in food, FDA has stated that, "Insoluble glucose isomerase enzyme 
preparations are derived from recognized species of precisely classified, nonpathogenic, and 
nontoxicogenic microorganisms, including Streptomyces rubiginosus, Actinoplane missouriensis, 
Streptomyces olivaceus, Streptomyces olivochromogenes and Bacillus coagulans grown in a pure 
culture fermentation that produces no antibiotic" (FDA, 2001). 

3.5. Cytotoxicity 
In an attempt to determine the cytotoxic potential of B. coagulans 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 14579). The Vero cell cyotoxicity based assay 

Page 24 of 44 000034 



showed no swelling, rounding and disseminating of Vero ceiJs under microscope when incubated 
with 100 J.ll of supernatant of the B. coagulans from Sabinsa samples for 5 hours when compared 
with B. cereus ATCC 14579, thus showing the absence of cytotoxicity. 

In a Cell Viability MTT Assay, B. coagulans samples from Sabinsa were tested for 
viability along with positive control (B. cereus ATCC 14579). No significant viability reductions 
with respect to positive control were noted. The results of this study conftrm the absence of 
cytotoxicity of the B. coagulans. 

3.6. Virulence 

In an attempt to 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: hblC, nheA,nheB, nheC and cytK, along 
with positive control (Bacillus cereus A TCC 14579) (Hegde, 2013 ). The B. coagulans strain was 
analyzed for the enterotoxin genes according to the method of From et al. (2005). For this 
testing, primers were designed for all the 5 genes. Genomic DNA isolation was performed from 
the given bacterial cultures of LactoSpore® and Bacillus cereus ATCC 14579. The PCR 
conditions with the positive control were standardized and PCR amplification of the samples was 
undertaken with the 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 literature of any strain of B. coagulans being involved 
in a pathogenic or opportunistic illness since its isolation. In general, lactic acid-producing 
bacteria are recognized as non-pathogenic bacteria to human health (Fooks and Gibson, 2002; 
Doron and Gorbach, 2006). Naturally-occurring and probiotic lactic acid bacteria have an 
excellent safety profile, 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 has 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 dairy products. A critical review of 
pertinent studies and literature identified in searches conducted through online bibliographic 
retrieval systems, including PubMed, found no evidence of pathogenicity or toxicogenic effects 
of B. coagulans. 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. coagulans and pathogen, 
mycotoxin, toxigenic, infection or disease. 

Baneriee et al. ( 1998) reviewed the University of Maryland Cancer Center records during 
the period of January 1978 to June 1986 and identified B. coagulans as a cause of one case out 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 the twelve patients had clinically 
documented sites of infection at the time of the bacterernic episodes, but 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 clinical site of infection. Therefore, 
B. coagulans. is likely onJy an opportunistic bacteria, and as such, indicates that B. coagulans 
may only be opportunistic in a highly immunocompromised population, and would not be 
defined as virulent. In the published literature, no information was found concerning B. 
coagulans causing an infection following oral ingestion. 
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Donskey et al. (2001) investigated the effect of oral administration of B. coagulans on the 
density of vancomycin-resistant enterococci (VRE) in fecal matter in a mouse model. Male CF-1 
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; 1 x 10 cfu/mouse). Daily gavage of 8. coagulans (107 cfu), bacitracin, or 
normal sal ine (control) was performed from day 4 (one day after clindamycin was discontinued) 
through day 7. In comparison with saline controls, B. coagulans-treated mice bad significantly 
lower VRE (VanB- l) densities on days 8 and 11 (P=0.03). Undetectable levels of VRE in 35% 
of the B. coagulans treated mice were noted on day ll , while none of the 11 saline controls had 
undetectable levels. Four days of oral B. coagulans therapy resulted in a statistically significant 
reduction in the density of stool VRE in mice colonized with one VanB strain. All of the mice 
inoculated with B. coagulans had detectable levels of B. coagulans in their stool on day 8 and 
day 11 of the study. These results suggest that B. coagulans treatment reduces the colonization of 
some strains of VRE infection. 

3.7. Genomic Analysis 
In addition to the above described specific pathogenic gene analysis, the genetic 

assessment of safety was performed on the genome sequence using a systematic approach in 
which all emetic toxin genes, enterotoxin genes, antibiotic resistance genes and presence of 
plasmid were screened. The results from this study revealed that no emetic toxin genes, 
enterotoxin genes and antibiotic resistance genes were found in the B. coagulans MTCC 5856 
genome. The presence or production of enterotoxin was confirmed in in-vitro study using Vero 
cell line by MIT assay. Further, thephenotype of antibiotic resistance 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 IV. Additionally, the available evidence from 
published animal and human studies suggests that B. coagulans does not present significant risk 
following oral ingestion. In conclusion, the genomic analysis of B. coagulans provides no 
evidence that it could be harmful to human health following oral ingestion. 

4.SUMMARY 

Bacillus coagulans, first isolated and described in 1932, is a lactic acid producing 
bacteria with typical characteristics of both Lactobacillus and Bacillus genera. As B. coagulans 
forms a spore, it possesses high heat and acid resistance. In Nigeria, B. coagulans is used in a 
fermentation process for the production of a protein-rich food known as ugba. B. coagulans is 
used as a probiotic to maintain the ecological balance of the intestinal 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; 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 
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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 supports the conclusion that it is 
both nonpathogenic and nontoxicogenk in nature. The US FDA has 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) for the use of B. coagulans 
strain in conventional foods resulting in a daily intake of 9.38 x 1010 cfu/person/day. The 
available published animal and human scientific studies of B. coagulans further supports its 
safety and use by humans. The available information suggest that B. coagulans 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 chemical characteristics, B. coagulans has been characterized 
by genotypic analysis, including whole genome sequencing. In addition to these specific studies 
of B. coagulans spore preparation (LactoSpore®), the available information from published 
studies with other strains of B. coagulans further supports the safety. Available studies in rats 
show that B. coagulans spore preparation does not induce acute, subchronic, chronic, or 
reproductive toxicity following consumption of up to 2000 mglk.g bw/day (equivalent to 2.6 x 

1013 cfu/person/day) 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 feces 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. 
Similarly, oral administration of B. coagulans at a dose of 1 x 108 cfu, three times daily to acute 
and chronic diarrhea subjects did not reveaJ 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 stnuns. 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 studies 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 (LactoSpore ®) from its use as an added food ingredient from its intended uses at 
levels up to 2 x 109 cfu/serving 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 intended uses are 
compatible with current regulations, i.e., B. coagulans spore preparation (LactoSpore®) is used in 
specified foods (described in this document) and is produced according to current good 
manufacturing practices (cGMP). 

3 21 CFR § 170.3 Definitions. (h) Scientific procedures include those human, animal, analytical, and other scientific 
studies, whether published or unpublished, appropriate to establish the safety of a substance. 
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7. APPENDIX I 

Analytical data from five manufacturing lots 

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

G140202 G140307 G140373 G140482 G140483 
Appearance White-to-off- Complies Complies Complies Complies Complies 

white powder 
with mild 
characteristic 
odour 

Microscopy To be Comply Complies Complies Complies Complies Complies 
Solubility Slightly Complies Complies Complies Complies Complies 

soluble in 
water 

Loss on drying NMTS % w/w 0.30% w/w 0.60% w/w 2.34% w/w 0.38% w/w 1.21% w/w 
Bacillus coagulans NLT 15 X 1011 

17.31 X 16.37 X 17.90 X 109 18.15 X 109 17.80 X 109 

viable spore count spores/g l09spores/g l 09spores/g spores/g spores/g spores/g 
Other organisms NMTO.l X 106 0.0031 X lOb 0.00025 X 0.0012 X lOb 0.0001 X lOb 0.0001 X lOb 

cfu/g cfu/g 106 cfu/g cfu/g cfu/g cfu/g 
Lactic acid NLT 10 mJ of 13.4ml of 12.0ml of 12.0ml of 12.8ml of 12.6ml of 
producing capacity O.OSN NaOH 0.05NNaOH 0.05NNaOH 0.05NNaOH 0.05N NaOH 0.05NNaOH 

consumed consumed consumed consumed consumed consumed 
Sieve test Passes 

-20 mesh NLT 100% 100% 100% 100% 100% 100% 
-40 mesh NLT95% 100% 100% 100% 100% 100% 
-80 mesh NLT90% 93.10% 90.95% 90.07% 93.51% 96.38% 

Heavy metals 
Arsenic NMT 1 ppm <0.2ppm 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 0.44 ppm 

Microbiological 
assays 

Yeast and Mold < 100 cfu/g <10 cfu/g <10 cfu/g <10 cfu/g <10 cfu/g <10 cfu/g 
Escherichia coli Negative Negative/lOg Negative/lOg Negative/lOg Negative/lOg Negative/JOg 
Bile tolerant :::; 10 CFU/g < 10 cfu/g <10 cfu/g <10 cfu/g <10 cfu/g <1 0 cfu/g 
Gram negative 
bacteria 
Staphylococcus Negative Negative/lOg Negati ve/1 Og Negative/lOg Negative/lOg Negative/ I Og 
au reus 
Salmonella Negative Negative/JOg Negati veil Og Negative/lOg Negative/lOg Negative/lOg 
Pseudomonas Negative Negative/lOg Negative/lOg Negative/lOg Negative/lOg Negative/lOg 
aeruf(inosa 

*Standard specifications for marketed product 
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8. APPENDIX II 

Phenotyping Study Report 

LactoSpore <~ 

PHENOTYPING STUDY 
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9. APPENDIX III 

Genotyping Study Report 

LactoSpore® Genotyping studies 

In addition to the phenotype characterization perfonned on LactoSpore®. the 16SrDNA 
studies have been canied out. 

The Sabinsa probiotic strain #01 sent for the study was labeled as SBC37-01. This straiu 
earlier characterized as Bacillus coagulaus by phenotyping studies grows optimally at 
37°C. 
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A08.0S79a_ConsensusSequence.fsta 
>Consensus for spec,~en A08.0S79~ 
GGACGAACGCTGG<GGCGTG<CTAATACATGCAAGTCGTGCGGACCTTTTAAAAGCTTGCTTTTAAAAGGTTAGCGGCGG 
ACGGGTGAGTAACACGTGGGCAACCTGCCTGTAAGATCGGGATAACGCCGGGAAACCGGGGCtAAtACCGGATAGTTTTT 
TCCTCCGCATGGAGGAAAAAGGAAAGACGGCTTYKGCTGTCACTTACAGATGGGCCCGCGGCGCATTAGCTaGTTGGTGG 
GGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACATTGGGACTGAGACACGGCCCAAA 
CTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGAAGAAGGC 
CTTCGGGTCGTAAAACTCTGTTGCCGGGGAAGAACAAGTGCCGTTCGAACAGGGCGGCGCCTTGACGGTACCCGGCCAGA 
AAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAAfTATTGGGCGTAAAGCG 
CGCGCAGGCGGCTTCTTAAGTCTGATGTGAAATCTTGCGGCTCAACCGCAAGCGGTCATTGGAAACTGGGAGGCTTGAGT 
GCAGAAGAGGAGAGTGGAATTCCACGTCTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCTC 
TCTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAAC 
GATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGGC 
CGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAG 
AACCTTACCAGGTCTTGACATCCTCTGACCTCCCTGGAGACAGGGCCTTCCCCTTCGGGGGACAGAGTGACAGGTGGTGC 
ATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGACCTTAGTTGCCAGCAT 
TCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATG 
ACCTGGG(TACACACGTGCTACAATGGATGGT~CAAAGGGCTGCGAGACCGCGAGGTTAAGCCAATCCCAGAAAACCATT 
CCCA~CGGATTGCAGGCTGCAACCCGCCTGCATGAAGCCGGAATCGCTAGTAATCGCCGATCAGCATGCCGCGGTGAA 
TACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGTGAGGTAACCTTTACG 
GAGCCAGCCGCCGAAGGTGGGACAGATGATTGGGGTGAAGTC 
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10. APPENDIX IV 

Whole Genome Sequencing of Bacillus coagulans MTCC 5856 (LactoSpore®) 

Report Attached separately (pages 1 to 11) 
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Data Analysis 

J .1'.0: O bjective of the project: 

' 1 Ahl:,rnment agamst ex1stmg reference sequence 
1i. Presence of plasmid sequences 
1i1. Absence presence of preselected set of genes /pathways defined by SAM I labs 

2.0: Sample deta ils: 
i. Samples received from SAMI Labs: 23 July 2014 
ii. Sample shipment deta ils: Sample rece1ved as a culture broth 

3.0: Sequencing platforms: Sequenced using lllumma M1Seq 

4.0: Data analysis tools: SeqQC v2 2 ', Bowt1e2-2 I 0 2
, samtools-0 I 19 Nev.bler \2 8 . 

PlasmiCiFinderl .2 , ResFinder2.1 ·, RAST ', KAAS web server , tRNAscan-SE-1 3.1 RNAmmer-
1.2' ·. ncb1-blast-2 2. 26-~. ·• c1rcos-O 64 and anttSMASH 2 0 · 
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Table 1.0: Bio-Analyzer profiles of libraries prepared for lllumioa MiSeq sequencing: 

Comme11 11/umma A,!ISeq library was opllmal for sequencmg. 

(Refer "S0_3543_Library preparation repon.pdf' for details) 
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4.1: Paired End Sequencing Using lllumina Chemistry and analysis output: 

Standard fragment libraries represent a collection of regions of 400-700 bp msert length obtamed from 
randomly fragmented genomic DNA lndividual single-stranded inserts function as template molecules 
during sequencmg. Two ends of such inserts are sequenced for a length of 300 nt each read m a 30 I PF 
sequencing run. lllumma chemistry detects bases usmg a sequencmg by synthesis approach where a 
DNA polymerase inserts fluorescent-tagged bases correspondmg to the template molecules. Th1s 
process IS earned out in a massively parallel manner to enable the scquencmg of m1lllons of insert 
molecules stmultaneously. 

S.U: \\hole Genome eq uencing "orkflow and analysis men ie": 

Sample (Bacillus coagulans MTCC58S8) 

Figure. 1 O· The workflow followed for sequencing and analysis of raw data 
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~.I : R1m data 11rorcssing and QC 

A.The lllumma MiSeq pa1red end raw reads were quality checked using Genotyp•c Pvt Ltd. 
propnetary tool ScqQC lllumma raw reads were processed by m-house scnpt for Adapters and low 
quality bases trimming towards 3'-end 

Platform 

Illumina MiScq 

T~ 11e of read\ 1Total nu;hcr of r:" rcadc; TTor~l numbe-r of processed read\ -

Paired end 1903999*2= 1807998 893061*2 I 786122 
(301bp max) (542.39MB bases) (535.83 M B bases) 

Table2 0 : StatiStiCS of Reads generated Total Data Sequenced= 542.39 MB 

B. 

c. 

Page 4 of 11 

rc;c content table: 

Jllumma MiSeq 

fGc% 
46 74 

Table.3.0: GC content table of sequenced processed data . 

GC Coote.- of Processed Reads 

8 %otA 
8 %otT 

• %otG 

•%of C 

8 % of N<n-ATGC 

Figure.2.0· ATGC CompositiOn of lllumina MiSeq processed data · 
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5.2: Alignment agnin!;t O\'ailablc reference genome: 

The processed reads were al1gned aga1nst the selected reference (ALASOOOOOOOO/ALAS01000000) 
genome (Bacillus coagulans DSM I ATCC 7050) from NCBI. Bowt1e2-2.1 0 program was used for 
the alignment and coverage statistics were generated using Genotyptc Proprietary scnpts. The reference 
contamed 307 sequences with the total genome s1ze of 3.018045 Mb The genome was covered with an 
average read depth of 1 12. 

~ --- --
1194011 

66 8497 

3018045 

25t9981 

11.1481 

84.3293 

83.~94 

n 62.4982 

h 81 8431 

112.1345 

Table 4 0 Alignment statistics with reference to BacJ/Iu.\ c:ouJZulans genome 

(Refer "SO _3543_Aiignment Assembly And_Annotation Report xis" for deta1ls) 

5.3: Asscmhl} of sequenced gcnumc data : 

Assembly of lllumma M1Seq data was carried out with Newbler 2.8, generatmg 169 conttgs with an 
N50 of 46 94Kb utilizing 99% of reads. The scaffolds greater than I kb were selected for further 
analys1s 

Aaumblv tool Newbler2.1 
cOI'IIiiiS Gelwa!ed 1&11 
Mullnl.m ContiO Ulngll\ 1 OO.OIM 
Mlntm\.m Con!IQ Lanalh 1007 

Aven~Qe Coollo Lanalh 20 737 0 t 2& i07 7 
Meol8n ContJg lenatll 8717 
lbl.-~length • ~.04 $4e 
lotll Number of Nan-A TOC cr.IICteB 0 
P•c.nlliQI of Narw\TGC Characters 0 
ContiQa >= 100 llP 1811 
ConiiQI .. • 200 llP 1119 
ConUgs ... ~ bp 188 
Conllot >• 1 Kbp Ifill 
c:otliiiil >- 10 Kbp 81 
COoiiQI >: 1 Mbp 0 
~value .c&IWI 

GCCont.nt Percentage 
Peount A 2730222111~ 

P..c.m T :ze :1370237368 
P•c.nt C 22~116 
P~G 23 49!1D217,71 
PetC*ll N 0 

Table.5 0: Statisttcs of cont1gs generated 
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lbtliiiUIIS 1788122 
UUCI,_. 17~ 

numA! 177111M 

%of i'Mdsuled .,,,. 
G·C CK of the assembled G.nome 

Figure.3 0: GC% of assembled Genome 

1 Perc en~ A 

I P~n:Kil T 
1 PercentC 

I PerctrM G 

I Percenl N 

000059 



5.4:ldentificntion of Plasmid Sequences from the data: 

The processed reads were aligned to the pMSRO plasmid native to Bacillus coagulans DSM I = ATCC 
7050. There were 0% reads aligned to the plasmid pMSRO (NC131 access1on m· NC 010853.1) 
Presence of other plasmids was checked by Plasm1dFmder 1 2 
(http://cge.cbs dtu dklsemces!PiasmldFmder/) and both enterobacteriaceae as well as gram pos1Uve 
plasm1d data bast: were selected. Assembled sequences were given as mput. .. rep21" (AccessiOn ID -
AB254848 I) sequence was identified w1th 99% sequence identity, th1s contributes to 25°'o of the 
reference plasm1d sequences The sequence showmg s1m1larity was retneved 

Plasmid Check -
Plasmid rep21 
Identity 999 
_Query/HSP~umber of matches in query and subJect sequence) 9961996 -
Contig ID of the assembled contig contlg00136 
Position of the match 1n the assembled conllg 391 1386 
Information of the plasmid 1dent1fied rep(pSA 1308) 
Accession number of the subJect sequence AB2548481 

Table:6.0. Details of plasmid sequence identified 

Refer ··contig00136_rcp21 _match sequence. fa" for the fasta sequence. 

(Refer "SO 3543 Plasmid Check ahgnmcnt.txt" to view the alignment and 
"SO 3'\43 Plasmid Chcck.xls") 
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5.5: Gene Annotation nod ldcntlficntion of Pnth\\S)S: 

1 he assembled sequences were uploaded to RAST server and annotated using Bacillus coagulans 
1\ ICC 7050 as reference Lntnes mvolvcd m r~Ps B10synthctic pathways was tdenttfied from the 
annotation column retneved from the RJ\S'I server along with ltpotetchoic acids. KAJ\S server was 
used for pathway tdenttficatton wtth assembled sequences as mput. Among the 98 conttgs 3995 protem 
functtons and 40 functiOnal pathways have been predtctcd 

(Refer .. SO 3543 A lignment Assembly And A nnotation Repon xis" tor details and refer 
"SO 3543 comparison \\ith toxms identi fied from Pathway_Rcpon.x ls" lor details ) 

5.(,: ldentificntion of resistance gene : 

RcsFinder2. I (http ,'cge.cbs dtu dk scrvtces Resfo'inder) was used to tdentif) drug resistance genes m 
the assembled sequences Resfmder2. 1 checks for reststance genes for Ammoglycostdc. Bcta-lactarn 
Fluoroqumolonc. fosfomycm, T ustdtc J\ctd. MLS - Macroltde-Iincosarmde-StreptograminB. 
Natroimtdazole, Phemcol, Rtfamptctn, Sulphonamide. Tetracyclmc. J rrmethopnm and Glycopeptide 
98°·o sequence tdenttt}' and 60° o coverage was used as threshold for the 1denttficatton 
lh . d fid h b I . d . I ere were no res1stance genes t enll te m t e actena stram unng analySIS 
Resistance _against Result 
AminOQiycoside No reststance genes found 
Beta-lactam No reststance genes found 
Fluoroquinolone No reststance genes found 
Fosfomyctn No res1stance genes found 
Fusidic Ac1d No reststance genes found 
MLS - Macrolide-lincosamide-StreptograminB No resistance genes found 
Nttrotmtdazole No resistance genes found 
Phentcol No resistance genes found 
Rtfamptctn No res1stance genes found 
Sulphonamtde No reststance genes found 
Tetracycltne No reststance genes found 
Trimethopnm No reststance genes found 

_Glycopeptide No resistance genes found . 
Table 8.0 Res•stance genes found usmg ResFmdcr2.1 

(Refer ··so 3543 Resistance Chcck.xls" for details.) 

5.7: ldenlificotion of eRN A nd rRNA genes: 

82 tRNA genes were identified using tRNAscan-Sf-1 3 l wtth "-s" oplton v.htch uses default 
parameters and 10 rRNA genes were 1dent1fied usmg RNAmmer-1.2 
(http./1\w~\\ c·h~ dtu dk/scn ice-.. RNAmmt.:r ) 

number of sequences ~69 J t 
number of bases tested (one strandL 3504549 
~r of bases tested (both ~rands) 70090gB _ 
~~edtcted tRNA 82 __ 
Table.9 0 Summaf) of identtfied tRNA contigs 
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cont!_[00009-=-----­
contig00074 
contl 001 11 
con_!!g0001 7 

~NA 
S~rRNA 

conttQ900.;:;..30;;___ _______ --l....;;.;::..:..:...:.:...::.~-l 
conttg00036 _ 

. conttg00111 
conti 001.;.;:2::.::0:..__ _______ -+-=~:...:.: 

contt 00154 
contt 00156 

Table. 1 0.0. Attributes of rRNA conttgs tdentified. 

(Refer "S0_3543_tRNA rRNA_ Report.xls'' for detruls. 

5.8: Emetic to1\in identification: 

The genes were collected from !Jtcrature shared Nucleotide sequences were downloaded from NCBI 
Nucleotide blast was done using emetic nucleotide sequences as database and assembled contigs as 
query The blast did not yteld any hit 

(Refer "SO _3543 Emet1c 'J'oxin_ Protcin Rcport .xls" for details) 
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5.9: < irculnr plot of os em bled contigs: 

GC content and co,erage for the conttgs was calculated Locatton of prcdtcted and annotated genes 
were retncved and planed usmg the assembled contigs as the reference usmg Ctrcos \0 64 

Figure.4 0 Ctrcos plot 

The outermost track contamc; the conttg I D followed by conttgs in blue. A TO-o m red, GC0/o in green, 
CO\erage m black and the mnermost track contams the genes tdenttfied based on thetr locatton on the 
assembled conttgs 

Refer "S0_3543_Circos Plot l !!gcnd.pdf' and refer "~0 J'i43 C ~c os Image png" for raw image 
··~o J543_Ctrcos Plot ppt'' contains the ppt versiOn of the pdf file. 
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S. t 0: Identification of Bacteriocin gene clustfrs: 

The assembled scaffolds were gt\en as mput to anttSMASH 2 o·• '" anttSMASH tdentifies secondal)' 
metabolites from genome sequence. "Whole-genome PI·AM analysts", "Subcluster Blast analysts", 
"Gene Cluster Blast analysts' ' . "smCOG analysts for functional predtctton and phylogenettc analysis of 
genes·· opt10ns were selected Further. the followmg 24 gene clusters were selected for analysts 

"polykettdcs (type I). polykcttdes (type II), polykcttdcs (type Ill). heterocyst glycolipid-like polykettdes, 
nonnbosomal pepttdes. terpenes. lanttbtottcs, bactenocms, beta-lactams, ammoglycostdes I 
ammocychtols, ammocoumanns, stderophores, cctomcs. butyrolactones. mdoles. nucleosides, 
phosphoglycohptds. melanms, oligosacchandes, furans, homoserine lactoncs, thiopeptldes. phenazmes. 
and others·· 

AnttSMASH tdenttficd 4 bactcnocm gene clusters based on the locatton and order of genes present in 
the assembled contlgs 

Cluster _, Type I From To 

The following clusters are from record contlgOOOOl : 
~-

r 1 
-

] 5388 
--

Cluster 1 Bacterioctn 

The followmg clusters are from record conttgOOOlS : 

l Bacteriocin = T2881o 
-

Cluster 2 118583 -
The following clusters are from record contlg00154: 

=rl 11157 
-

Cluster 3 I Bacteriocin 
~- - - -

The following clusters are from record conttg00156: 
f----- J 1 11138 

-
Cluster 4 1 Bacteriocin 
fable 12.0: 13actenocm gene clusters tdcnttficd 

Refer "Bacteriocin cluster ReadMc.txt'' for mstructJons on vtewmg the results and "cont igOOOOI.ttp" 
for the results 
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