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ABSTRACT 
 
Labellarte, G.M. Tolerance and Efficacy of a Probiotic Delivered in Capsule Form. MS 
in Biology, December 2014, 76pp. (M. Maher) 
 
Background: Probiotic supplements have shown benefit in increasing frequency and 
efficiency of bowel movements and some strains have shown to reduce serum glucose 
levels. Bacillus subtilis is used in fermentation of some foods for probiotic effects and 
may be useful in concentrated supplement form. 
Objectives: The objectives in this study were to determine if daily consumption of 
Bacillus subtilis is safe for human consumption and effective at increasing frequency and 
improving consistency of bowel movements and increasing beneficial gut microbes while 
reducing pathogenic ones. 
Design: The tolerance and efficacy of encapsulated Bacillus subtilis was assessed in an 
average 20-day double blind, randomized, and placebo controlled study. 
Results: Most blood parameters remained within normal ranges throughout; however, 
fasted serum glucose levels in the probiotic group (α ≤ 0.05; P = 0.012) were significantly 
reduced. There was a significant increase in the average number of bowel movements per 
day within the control group (α ≤ 0.05; P = 0.015). No significant differences presented 
in microbe colonization in either group by fecal plate colony counting or qPCR.  
Conclusion: Daily consumption of Bacillus subtilis can be recognized as safe, and could 
potentially be effective as a supplement for those with glucose intolerance and diabetes. 
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INTRODUCTION 
 

The gastrointestinal tract is a series of hollow organs responsible for nutrient 

digestion, utilization, and absorption, including in order: the mouth, pharynx, esophagus, 

stomach, small and large intestines, rectum, and anus (Johnstone 2014). The large 

intestines are colonized with 500 different species of bacteria, with 1011 cells/g in the 

cecum (Bengmark 1998 and Neish 2009) alone. The microflora that reside within the 

human gut generally fall into one of three different symbiotic categories: mutualistic 

(microbe benefits and host benefits: +/+), commensalistic (microbe benefits with no 

effect on the host: +/o or neither the microbe nor the host are affected: o/o), and 

pathogenic (the microbe benefits and the host is harmed: +/-) (Hooper 2001 and Neish 

2009). Mutualism and commensalism that occur between the host and the microorganism 

is poorly understood and defined.  

Gut commensals, such as probiotics, exhibit various beneficial effects for the host 

(Rolfe 2000). Probiotics are live microorganisms passing through or residing in the 

human gut with low or no pathogenicity and exhibit beneficial effects for the host 

(Bengmark 1998, Geier et al. 2007, Rauch and Lynch 2012, Rolfe 2000). Probiotic 

supplementation has shown positive results for relief of various ailments such as: 

antibiotic-associated diarrhea, constipation, allergies, and diabetes (Al-Salami et al. 2008, 

Fooks et al. 1999, Goldin and Gorbach 2008, Ranadheera et al. 2009, Rauch and Lynch 

2012, and Rolfe 2000). Probiotics have also exhibited protective properties by producing 

inhibitory substances, competitive inhibition of pathogenic bacteria, degrading toxin 
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receptors, and stimulating the immune system (Casula and Cutting 2002, Fooks et al. 

1999, Geier et al. 2007 and Rolfe 2000).  

Common probiotics are lactic acid producers such as Lactobacillus, 

Bifidobacterium, and Streptococcus due to their resistance to gastric acids, bile salts, and 

pancreatic enzymes (Rauch and Lynch 2010, and Rolfe 2000). Studies have shown that 

lactic acid bacteria are effective inhibitors of pathogenic, gram-negative, bacterial 

colonization (e.g. Salmonella typhimurium, Clostridium difficile, and Escherichia coli) in 

vitro (Rolfe 2000 and Bengmark 1998).   

Not all probiotics are lactic acid producers. Bacillus subtilis spores have been 

used as probiotics, competitive exclusion agents, and prophylactics for human and animal 

consumption (Casula & Cutting 2002). B. subtilis is a gram-positive, spore forming, rod-

shaped bacterium. Gram-positive bacteria contain peptidoglycan in the cell wall, which is 

responsible for the violet stain (Lim 1998). The purpose of this study is to determine the 

tolerance and efficacy of daily ingestion of one capsule containing approximately 1.9 x 

109 colony forming units (CFU)/capsule of B. subtilis. Tolerance is assessed through 

analysis of blood biomarkers within comprehensive clinical metabolic and liver panels, 

and immunoreactive C-reactive protein (CRP), a substance that reflects acute stress 

(Johnstone 2014). Tolerance was also assessed through a pre- and post- capsule 

consumption gastrointestinal symptom questionnaire. Efficacy was determined through 

blood biomarkers within comprehensive metabolic and lipid panels, bowel movement 

records, and pre- and post- capsule consumption fecal analyses, including plating; end-

point polymerase chain reaction (PCR) and gel electrophoresis; and quantitative Real-

Time polymerase chain reaction (qPCR) and gel electrophoresis. 
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METHODS AND MATERIALS 

Study Design 

Forty-one subjects were recruited for participation through print and local social 

media advertisements and signed the informed consent approved by the Institutional 

Review Board (IRB) for the Protection of Human Subjects, at the University of 

Wisconsin-La Crosse (Appendix A). This probiotic supplement study was performed in a 

randomized double-blind, placebo-controlled design with daily probiotic or placebo 

capsule intake by subjects for an average of 20 days (range of 15-23 days). Subjects were 

randomly assigned to probiotic supplement or placebo control groups (Table 1). Subject 

ages ranged from 19-42 years of age. One subject dropped out after two days of pill 

consumption, citing bothersome diarrhea. 

Table 1. Subject demographics for probiotic and control groups. 
  

Gender Probiotic Group Control Group Mean Age (years) 
Male 11 7 23.6 ± 5.3 

Female 10 13 22.5 ± 2.4 
Total 21 20 23.0 ± 3.9 

 
*Subject ages ranged from 19-42 years of age. One subject dropped out after two days of pill 
consumption. 
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Subject Dynamics 

Criteria for inclusion in the study were adult-age (≥ 18 years at time of 

participation), no reported illnesses at the time of recruitment, and no reported use of 

antibiotics for seven days prior to recruitment.  Subjects would be excluded if antibiotic 

use were reported at any point throughout the study.  

Prior to Capsule Consumption 

All subjects completed the provided gastrointestinal questionnaire to gauge initial 

gastrointestinal symptoms (Appendix B). At that time, subjects were each given a booklet 

containing: a copy of their informed consent, serving size of typical foods, food diary 

pages, Bristol stool charts (Appendix C) and bowel movement records. Subjects were 

instructed to utilize the serving size and Bristol stool charts to aid in food intake and 

bowel movement documentation, respectively.   

Blood Sample 

Trained phlebotomists used routine venipuncture procedures with serum 

separation tubes to collect blood samples from arm veins. Each subject provided a 12-

hour fasted blood sample of 15 mL. Blood was allowed to clot for 20 minutes at room 

temperature. The collection tubes were spun at 2,500 rpm for 15 minutes, which allowed 

for serum separation. The serum was poured off into two analysis tubes and sent to 

Gundersen Health System, La Crosse, WI, for clinical laboratory analysis of 

comprehensive metabolic, and lipid panels and C-reaction protein (CRP) (Table 2).  

Samples were analyzed using a Cobas 6000 (Roche/Hitachi, Indianapolis, IN) automated 

clinical chemistry and immunoassay system. 
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Table 2. Components of metabolic and lipid panels. 
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ALP = Alkaline Phosphatase, ALT = Alanine Transaminase, AST = Aspartate Transaminase, BUN = 
Blood Urea Nitrogen, HDL = High Density Lipoprotein, LDL = Low Density Lipoprotein, and CRP = C 
Reactive Protein 

Bowel Movement Sample 

Subjects were asked to refrain from consuming diuretics (including caffeine) and 

laxatives for this sample. All subjects provided his or her first natural bowel movement of 

the day in a FisherbrandTM Commode Specimen Collection System (Thermo Fisher 

Scientific, Catalog number: 02-544-208, Waltham, MA). Samples were transported from 

the subject’s home to the Health Science Center at the University of Wisconsin La Crosse 

campus in supplied bags, and were processed immediately upon arrival. At least three 

200 mg subsamples were placed in sterile 2 mL collection tubes and stored at -80oC until 

DNA extraction or plating was executed.  

Capsule Consumption 

Subjects were instructed to take the assigned capsule once per day, with or 

without food.  If a dose was missed, subjects were instructed to take two capsules the 

following day.  Recurring incidences of missed doses were to be reported to the project 
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leader; none were reported. Subjects were instructed to complete a daily food-intake 

record, which was to include any and all alcohol consumption throughout the course of 

the study. The probiotic capsules, provided by Deerland Enzymes Inc., Kennesaw, GA, 

contained approximately 1.9 x 109 colony forming units (CFU)/capsule of B. subtilis and 

the placebo capsules contained maltodextrin.  

Final Day of Capsule Consumption 

All subjects completed the provided gastrointestinal questionnaire to gauge final 

gastrointestinal symptoms (Appendix B).  At this time, subjects handed in their 

completed booklets and were given $100 compensation for participation and completion 

of the study. 

Blood Sample 

Blood was sampled and analyzed (Table 2) as previously described in the Prior to 

Capsule consumption section.    

Bowel Movement Sample 

Fecal samples were collected and analyzed as previously described in the Prior to 

Capsule consumption section.    

Statistical Analyses 

Statistical analysis using the general linear model and within subjects factor of 

time (pre- versus post- capsule consumption) and the between subjects factor of capsule 

type (probiotic versus placebo control group) was conducted with SPSS Version 21.0 

(IBM Corp., Armonk, NY).  Main effects of time and time by capsule interactions were 

considered significant at p<0.05. 
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Isolation of DNA from Stool for Pathogen Detection 

The protocol from QIAamp Fast DNA Stool Mini Kit was used to extract DNA 

from fecal samples (Qiagen, Catalog number: 51604, Valencia, CA). The fecal 

subsamples were transferred, on ice, to garnet bead tubes. Subsamples were then subject 

to homogenization with 1 mL InhibitEx buffer. The sample was heated for five min on a 

95°C heat block, vortexed for 15 sec, and then centrifuged at full speed for one min. 200 

µL of the supernatant was transferred to a clean 2 mL collecting tube, which contained 15 

µL of proteinase K; then 200 µL of AL buffer was added. The lysate was incubated for 

10 min on a 70°C heat block. After incubation, 200 µL of 100% ethanol was added and 

tubes were vortexed. 600 µl of the lysate was applied to the QIAamp spin column and 

centrifuged at full speed for 1 min. The filtrate was discarded; 500 µL of AW1 buffer was 

applied to the spin column, and centrifuged at full speed for 1 min. The filtrate was 

discarded; 500 µL of AW2 buffer was applied to the spin column, and centrifuged at full 

speed for 3 min. The filtrate was discarded and the column was subject to full-speed 

centrifugation for 3 min. A sterile 2 mL collecting tube was attached to the spin column; 

200 µL of ATE buffer was applied to the spin column. After 1-5 min of room 

temperature incubation, the column was subject to full-speed centrifugation. The filtrate 

contained the eluted DNA. The eluted DNA was aliquoted for further analysis. 

Spectrophotometry of Isolated DNA from Subject Samples 

A NanoDrop™ Lite Spectrophotometer (Thermo Fischer Scientific Inc., 

Waltham, MA) was used for basic nucleic acid measurements. Thermo Scientific 

suggested samples with “pure” dsDNA will have a concentration of ~50 ng/µl. Ratios of 

~1.5-2.0, yielded from A260/A280 nm, were accepted as “pure” samples for DNA.  
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Polymerase Chain Reaction (PCR) 

 End-point PCR was performed without normalized subject sample concentrations. 

A PCR master mix was made-up for each bacterial strain. The master mix contained: 

12.375 µL of sterile H2O, 5 µL of OneTaq® standard reaction buffer 5X (New England 

BioLabs® Inc., Lot#: 0011304, Ipswich, MA), 10 mM each of dNTPs (New England 

BioLabs® Inc., Lot #: 0701206, Ipswich, MA), 0.2 µL of OneTaq® hot start DNA 

polymerase (New England BioLabs® Inc., Lot# 007136, Ipswich, MA), and 1 µM 

forward and reverse primers of the designated bacterial strain (primers were provided by 

Deerland Enzymes Inc., Kennesaw, GA). 5 µL of template was added to individual PCR 

wells, in addition to 20 µL of the master mix above. PCR assays were set to 35 cycles, set 

to repeat with steps 2-4 (Table 3). PCR primer details and additional assay conditions are 

listed in Table 4.  

Table 3. PCR assay cycling conditions 
 
PCR Step Temperature (°C) Time (min) 
1. Initial Denaturation 94 0:30 
2. Denaturation 94 0:30 
3. Annealing See Table 4 0:30 
4. Elongation 68 0:30 
5. Final Elongation 68 5:00 
6. Cold Hold 16 ∞ 
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Table 4. Primer detail, product size, and annealing temperature information.  
 

Bacterial 
Strain 

F
 
R Primer Sequence (5' to 3') 

Size 
(bp) 

Annealing 
Temperature 

(°C) 

B. subtilis F AAGTCGAGCGGACAGATGG 595 56 
R CCAGTTTCCAATGACCCTCCCC 

E.coli F CAATTTTCGTGTCCCCTTCG 427 44 
R GTTAATGATAGTGTGTCGAAAC 

L. 
acidophilus 

F CAGCGATTTCCGCGGTTGGTTAAAT 280 56 
R AAAGTCCTTGTCACCTACCCATTCAATAAGG 

B. longum F TACGAAGCTCTGAAGCCGTACGCT 241 59 
R CCTTCTGAGCCTCGTCGCCCT 

S. 
typhimurium 

F AACAACGGCTCCGGTAATGAGATTG 311 51 
R ATGACAAACTCTTGATTCTGAAGATCG 

C.albicans F CGGAGATTTTCTCAATAAGGACCAC 658 51 
R AGTCAATCTCTGTCTCCCCTTGC 

	  
Microbial Positive Controls 

 B. subtilis, Escherichia coli, Lactobacillus acidophilus, Bifidobacterium longum, 

Salmonella typhimurium, and Candida albicans were cultured on selective media agar 

plates (Appendix D). Colonies were picked off of plates and inoculated in 15 mL of 

liquid medium and incubated in the shaker at 37°C overnight (all strains except for L. 

acidophilus and B. longum). L. acidophilus was placed in the 37°C incubator overnight. 

B. longum, generally classified as an obligate anaerobe, was difficult to grow in liquid 

media. Colonies of this strain were picked off of the plate, inoculated in phosphate buffer 

and subject to full-speed centrifugation to allow a pellet to form. 

Microbial DNA extraction. The UltraClean® Microbial DNA Isolation Kit was 

used to extract DNA from pure cultures (MO BIO Laboratories Inc., Carlsbad, CA). 1.8 

mL of microbial culture, or phosphate buffer for B. longum, was transferred to a 2 mL 

collection tube and centrifuged at full-speed for 30 sec. The supernatant was discarded. 

The pellet was re-suspended in 300 µL of MicroBead Solution and subject to pulse 
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vortexing for 15 sec. The re-suspended cells were transferred to a MicroBead tube, and 

50 µL of MD1 was added to this tube as well. The MicroBead tubes were incubated in a 

70°C heat block for 10 min, then secured horizontally and subject to full speed vortexing 

for 10 min. The MicroBead tubes were centrifuged at full-speed for 1 min, and the 

supernatant (~300-350 µL) was transferred to a clean 2 mL collection tube. 100 µL of 

MD2 was added to the supernatant, quickly vortexed, and centrifuged at full speed for 

one min. The supernatant (~400-450 µL) was transferred to a new 2 mL collecting tube, 

900 µL of MD3 was added, and the mixture was subject to pulse vortexing for 5 sec. 700 

µL of the lysate was applied to the Spin Filter and centrifuged at full speed for 30 sec. 

Flow through was discarded and lysate application and centrifugation was repeated until 

all lysate was loaded onto the Spin Filter. 300 µL of MD4 was applied to the Spin Filter 

and centrifuged at full speed for 30 sec. Flow through was discarded. The Spin Filter was 

centrifuged at full speed, empty, for one min to ensure all residual MD4 solution was 

washed through the Spin Filter. The Spin Filter was placed in a new 2 mL collection tube 

and 50 µL of MD5 (elution buffer) was added and incubated at room temperature for up 

to five min. The Spin Filter was centrifuged at full speed for 1 min. 

Agarose Gel-Electrophoresis 

The relative product size was determined by comparing a visible product band to 

a 100 bp ladder (New England BioLabs® Inc., Catalog #: N3231S, Ipswich, MA) with the 

use of agarose gel electrophoresis. 20 µL of PCR product was combined with 2.5 µL of 

10X Orange G and loaded onto a 1% agarose gel and electrophoresed in 1X TAE buffer 

at 75 V for 1 hr. Ethidium bromide staining and UV transillumination allowed for 

visualization of the product. 
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Real-Time Polymerase Chain Reaction (qPCR) 

 The four bacterial strains selected for quantitative analyses were: B. subtilis, E. 

coli, L. acidophilus, and B. longum. All qPCR assays were performed on the CFX96 

Touch™ Real-Time PCR Detection System (Bio-Rad Laboratories Inc., Hercules, CA). 

10 µL of 2X DyNAmo ColorFlash SYBR Green (Thermo Fischer Scientific Inc., 

Waltham, MA, Lot#: 00195038; #F-416L) was combined with 1 µL of 0.5 µM forward 

and reverse primer (provided by Deerland Enzymes Inc., Kennesaw, GA) for bacterial 

strain-specific master mixes. 8 µL of the normalized template mixture, including 

standards, (50 ng/µL of template) was combined with the master mix for qPCR assays. 

Fecal Spiking for Standard Curve Samples  

All bacterial strains were cultured and serially diluted (1:10) in phosphate buffer 

(Appendix D). 100 µL of the serial dilutions were then plated to calculate the amount of 

colony forming units in the original sample (Table 5). The serial dilutions of respective 

bacterial strains were centrifuged at top speed for 5 min to form a pellet. Manufacturers’ 

information is provided in previous sections. The pellet was re-suspended in 1 mL of 

InhibitEX buffer and transferred to the garnet bead tube containing the fecal sample to be 

spiked. A non-subject volunteer provided the fecal samples used for standards. The 

standard protocol from QIAamp Fast DNA Stool Mini Kit was carried out for DNA 

extraction from spiked samples. The NanoDrop™ Lite Spectrophotometer was used for 

basic nucleic acid measurements. ATE buffer was used as the blank for 

spectrophotometer analysis. The standard samples were then normalized to have a final 

concentration of 50 ng/µL. 
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Standard Curve 

 Standard curve dilutions were performed in a serial 10-fold dilution manner. 

However, not all 10-fold dilutions were used for standard curve creation (Table 5). Some 

dilutions did not amplify during qPCR assays, and some spiked fecal samples had PCR 

inhibitors present in the sample. 

Table 5. Relative concentration of qPCR standard curve points.  
 
 B. subtilis* E. coli* L. acidophilus* B. longumΔ 

Standard 1 7.25x108 1.3x109 2.2x108 128 
Standard 2 7.25x107 1.3x108 2.2x107 12.8 
Standard 3 7.25x106 1.3x106 2.2x106 1.28 
Standard 4 7.25x104 1.3x105 2.2x104 0.128 
Standard 5 7.25x103 1.3x104 2.2x103 0.0128 
Standard 6 7.25x102 1.3x103 2.2x102 0.00128 
*CFU/mL unless otherwise noted 
Δ ng/µL 

Positive Control Samples 

 B. subtilis, E. coli, L. acidophilus, and B. longum were cultured on selective 

media agar plates (Appendix D). Colonies were picked off of plates and inoculated in 15 

mL of liquid medium and incubated in the shaker at 37°C overnight (all strains except for 

L. acidophilus and B. longum). L. acidophilus and B. longum, colonies of the respective 

strain, were picked off of the plate, inoculated in phosphate buffer and subjected to full-

speed centrifugation to allow a pellet to form prior to microbial DNA extraction. 

Microbial DNA extraction. The UltraClean® Microbial DNA Isolation Kit was 

used to extract DNA from pure cultures (MO BIO Laboratories Inc., Carlsbad, CA). 1.8 

mL of microbial culture, or phosphate buffer for L. acidophilus and B. longum, was 

transferred to a 2 mL collection tube and centrifuged at full-speed for 30 sec. The 

standard UltraClean® Microbial DNA Isolation Kit protocol was carried out for positive 

control pure culture extracted DNA.  
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Spectrophotometry. The NanoDrop™ Lite Spectrophotometer was used for 

basic nucleic acid measurements. Prior to sample absorbency reads, 1 µl of MD5 solution 

from the UltraClean® Microbial DNA Isolation Kit, was used as a blank. 1 µl of each 

sample, performed in triplicate, was used to determine the nucleic acid concentration at 

260 nm and purity with the 260/280 nm ratio. Thermo Scientific suggested samples with 

“pure” dsDNA will have a concentration of ~50ng/µl. Ratios of ~1.5-2.0, yielded from 

A260/A280 nm, are generally accepted as “pure” samples for DNA.  

Bifidobacterium longum standard curve. The standard curve for this strain was 

created with a pure bacterial culture instead of a spiked fecal sample. After the pure 

culture was extracted, with the use of the standard UltraClean® Microbial DNA Isolation 

Kit protocol, and the concentration of the sample was obtained, serial dilutions (1:10) 

were carried out to create a standard curve with units of ng/µL (Table 5).  

Normalization of Template Samples 

 All samples, including standards, were normalized to a concentration of 50 ng/µL 

by either diluting the sample with sterile water, or by concentrating the sample through 

DNA precipitation. 40X stock of sample buffer solution with yellow dye was added, with 

a final concentration of 1X, to each template sample to aid in pipet tracking. 

 DNA precipitation of impure samples. In order to normalize all DNA samples 

for downstream analysis, samples with a concentration less than 50 ng/µl were subject to 

precipitation to further purify the sample. All extracted DNA was combined into one 1.5 

mL conical tube. Sodium acetate (3M, pH 5.2) was added in a volume of one-tenth of the 

total volume of DNA sample. Two volumes of 100% ethanol were combined into the 

same tube. The sample was subject to a 15 sec pulse vortex followed by a 30 min 
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incubation at -20 °C. After incubation, the sample was centrifuged at full speed for 25 

min. The supernatant was poured off, and 250 µL of 70% ethanol was poured over the 

pellet. The sample was allowed to sit at room temperature for 2 min, in addition to re-

centrifugation to ensure a stable pellet. The supernatant was once again poured off and 

the tube was drained upside down for 2 min. The pellet was re-suspended in 50 µl of the 

elution buffer (ATE buffer) from the QIAamp Fast DNA Stool Mini Kit. The sample was 

re-analyzed with the Thermo Scientific NanoDrop™ Lite Spectrophotometer.  

Assay Conditions 

qPCR assays were repeated for 39 cycles, and set to repeat with steps 2-4, 

followed by melt curve analysis (Table 6). qPCR primer details and additional assay 

conditions are listed in Table 7. Plate details were entered with the use of the plate set-up 

wizard found in the CFX96 Touch™ manager program (Bio-Rad Laboratories, Inc., 

Hercules, CA). SYBR green only was selected for fluorescence scanning. The standard 

concentrations were entered in to allow for calculation of starting quantity (Sq) of all 

unknown samples. Positive controls (PC) and no template controls (NTC) were 

performed in duplicate for each assay. 

Table 6. qPCR assay cycling conditions. 
 
PCR Step Temperature (°C) Time (min) 
1. Initial Denaturation 95 7:00 
2. Denaturation 95 0:10 
3. Annealing See Table 7 0:30 
4. Elongation 68/72 0:30 
5. Melt Curve 60-98 20:00 
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Table 7. Primer detail and annealing/elongation temperature information.  
 

Bacterial 
Strain 

F
 
R Primer Sequence (5' to 3') 

Annealing/Elongation 
Temperature (°C) 

B. subtilis F AAGTCGAGCGGACAGATGG 56/68 
R CCAGTTTCCAATGACCCTCCCC 

E.coli F CAATTTTCGTGTCCCCTTCG 61/68 
R GTTAATGATAGTGTGTCGAAAC 

L. acidophilus F CAGCGATTTCCGCGGTTGGTTAAAT 60/72 
R AAAGTCCTTGTCACCTACCCATTCAATAAGG 

B. longum F TACGAAGCTCTGAAGCCGTACGCT 70/68 
R CCTTCTGAGCCTCGTCGCCCT 

 
Agarose Gel-Electrophoresis 

The relative product size was determined by comparing a visible product band to 

a 100 bp ladder (New England BioLabs® Inc., Catalog #: N3231S) with the use of 

agarose gel electrophoresis. 20 µL of PCR product was combined with 2.5 µL of 10X 

Orange G and loaded onto a 1% agarose gel and electrophoresed in 1X TAE buffer at 75 

V for 1 hr. Ethidium bromide staining and UV transillumination allowed for visualization 

of the product. 

Fecal Plating 

 Approximately one-third of all fecal samples were used for fecal plating at UW-L, 

the rest were shipped to Kennesaw State University (KSU), Kennesaw Georgia for fecal 

plating, if there was an extra tube of fecal sample. At UW-L, the samples were serially 

diluted and 10-3 and 10-5 dilutions were plated. 1 mL of these two dilutions were spread 

on separate plates to allow growth of B. subtilis, E. coli, L. acidophilus, B. longum, and 

C. albicans. For selective media agar plate information and culture conditions, see 

Appendix D.   Similar procedures were followed at KSU, according to Deerland and 

KSU collaborators. 
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RESULTS 

Blood Analysis 

The only parameter of the comprehensive metabolic or lipid panels that were 

significantly affected by B. subtilis supplementation was glucose.  There was a significant 

time by capsule interaction in serum fasting glucose levels (alpha ≤ 0.05; P = 0.012) 

(Figure 1).  Paired T-test indicated a significant decrease in serum glucose in the 

probiotic group (alpha ≤ 0.05; P = 0.001), but no difference in the placebo group, from 

pre to post capsule consumption (Figure 2). Repeated measures analysis revealed serum 

total bilirubin, cholesterol, LDL, and triglyceride were all significantly increased from 

pre to post capsule consumption across both groups (alpha ≤ 0.05; P ≤ 0.024), with no 

significant time by capsule interactions (Figures 2 and 3). However, paired T-test 

analyses of total cholesterol and LDL indicated a significant increase in the control group 

(alpha ≤ 0.05; P ≤ 0.039), but no significant difference in the probiotic group, from pre to 

post capsule consumption. Paired T-tests of triglyceride indicated a significant increase in 

the probiotic group (alpha ≤ 0.05; P ≤ 0.042), but no significant difference in the control 

group, from pre to post capsule consumption.  There was a significant decrease in serum 

calcium levels from pre to post capsule consumption in both groups (alpha ≤ 0.05; P ≤ 

0.015), with no significant time by capsule interaction (Figure 4). There was no 

significant variation from the normal range of CRP by time or capsule (Figure 5).  
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Figure 1. BUN, Creatinine, Protein, Albumin, and Glucose: Values are expressed as 
mean ± standard error of the mean. 
†: significant difference with respect to time. 
††:	  significant time by capsule interaction, significant difference pre to post in probiotic group 
only by paired T-test. 
*BUN = Blood Urea Nitrogen 
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Figure 2. Lipid Panel: Values are expressed as mean ± standard error of the mean. 
†: no significant time by capsule interaction, but significant difference in pre to post in the 
placebo group only with paired T-test analysis. 
††:	  no significant time by capsule interaction, but significant difference pre to post in probiotic 
group only with paired T-test analysis. 
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Figure 3. Bilirubin, ALKP, AST, and ALT: Values are expressed as mean ± standard 
error of the mean. 
†: significant difference with respect to time. 
*ALP = Alkaline Phosphatase, ALT= Alanine Transaminase, and AST = Aspartate Transaminase 
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Figure 4. Electrolyte Panel: Values are expressed as mean ± standard error of the mean. 
†: significant difference with respect to time 
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Figure 5. C-Reactive Protein (CRP): Non-stressed range for CRP was defined as ≤ 0.8 
mg/dL by the Gundersen Health System clinical lab. 
 

Gastrointestinal Symptom Questionnaire 

While there were no significant differences in gastrointestinal questionnaire 

answers taken before and after (pre and post) capsule consumption between the probiotic 

and control groups, there were some notable variations between the two groups. 

Throughout the course of capsule consumption, the probiotic group reported a slight 

decrease in bothersome nausea and rumbling while the control group reported a slight 

increase in symptoms in these questions (Figure 6). Both groups reported feelings of 

incomplete bowel movements less often in the questionnaire taken before capsule 

consumption compared to in the same questionnaire taken after capsule consumption 

(Figure 7).  
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Figure 6. Answers to questions 1-8 on the gastrointestinal symptom questionnaire. For 
questions corresponding to the questionnaire, please refer to Appendix B. 
 

 
 
Figure 7. Answers to questions 9-15 on the gastrointestinal symptom questionnaire. For 
questions corresponding to the questionnaire, please refer to Appendix B. 
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Bowel Movement Records 

The control group had a significant increase in average bowel movements per day 

when compared to the probiotic group over the course of capsule consumption (alpha ≤ 

0.05; P = 0.015) (Figure 8). There was no significant difference in average daily stool 

type, as rated using the Bristol Stool chart, between groups throughout the course of 

capsule consumption (Figure 9). 

 

Figure 8. Average number of bowel movements per day between the probiotic and 
control groups. Subjects in the probiotic group had significantly more daily bowel 
movements (α ≤ 0.05; P = 0.015). 
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Figure 9. Average stool type per day between the probiotic and control groups. Stool 
types were based on the Bristol stool chart and did not change significantly in either 
group over time. 
 

Polymerase Chain Reaction (PCR) 

 PCR assays yielded minimal results for the presence of Bacillus subtilis, with 

only four subjects that presented with samples positive for B. subtilis, these were in post 

samples only and within the probiotic group (Figure 10).  More than half of subject 

samples, in both groups, had an absence of Escherichia coli (Figure 11). Most subjects 

tested positive for the presence of Lactobacillus acidophilus and Bifidobacterium longum 

in both groups (Figure 12 and Figure 13, respectively). More than half of subjects, in both 

groups, had an absence of Salmonella typhimurium and Candida albicans (Figure 14 and 

Figure 15, respectively). 
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Figure 10. PCR results for B. subtilis. 

 
 
 

 
Figure 11. PCR results for E. coli. 
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Figure 12. PCR results for L. acidophilus. 
 
 

 
Figure 13. PCR results for B. longum. 
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Figure 14. PCR results for S. typhimurium. 
 
 

 
Figure 15. PCR results for C. albicans. 
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Real-Time Polymerase Chain Reaction (qPCR) 

Bacillus subtilis 

B. subtilis standards of known starting quantity (Table 5) yielded a standard curve 

with an R2 value of 0.935 (Figure 16A). Samples with a Cq of 26 or greater were 

considered negative samples, as that is the Cq associated with the no template control 

(NTC) sample. The melt peak curves associated with this strain showed non-specific 

product formation (Figure 16B). Samples that yielded a melt peak of 80-82°C were 

considered positive samples. Subsequently, the B. subtilis primers yielded various 

product sizes when electrophoresed; the expected product size associated with the 

provided primers was 595 bp (Figure 17). Samples that showed products other than the 

expected size, were ruled out as positive samples (Figure 18). There was no significant 

difference between the probiotic and control groups pre- to post- capsule consumption. 

However, there was an upward trend of starting quantity in the probiotic group compared 

to the control group (Table 8).   
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Figure 16. B. subtilis standard curve (A), B. subtilis standard curve melt peak (B), and B. 
subtilis melt peak with all subject samples (C). This shows multiple products. 

A 
 
 
 
 
 
 
 
 
 
 
 
 
 
B 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
C 
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Figure 17. 1% Agarose gel of qPCR B. subtilis products.  Expected product size 595 bp. 
*Arrows indicate 500 bp product size (100 bp DNA ladder, New England BioLabs® Inc.)  
SCBSX = Standard Curve B. subtilis; PC = Positive Control; NTC = No Template Control; CG-X = 
Control Group Pre Sample; CG-XP = Control Group Post Sample; PG-X = Probiotic Group Pre Sample; 
PG-XP = Probiotic Group Post Sample. 
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Figure 18. qPCR results for B. subtilis.  
 
 
 
Table 8. Starting quantity for selected bacterial strains. Values are expressed as mean ± 
standard error of the mean. 
 

 
Probiotic Group Control Group 

 

Starting 
Quantitypre 

Starting 
Quantitypost 

Starting 
Quantitypre 

Starting 
Quantitypost 

B.  
subtilis  

4.72x105  1.95x106    7.64x105 6.12x105 
± 5.95x104 ± 9.07x105 ± 1.30x105 ± 1.28x105 

E. 
coli  

1.09x106  2.88x108    2.16x106 3.08x106 
± 3.65x105 ± 1.78x108 ± 1.23x106 ± 1.99x106 

L. 
acidophilus 

5.15x105   3.33x105   2.34x105 2.45x105 
± 2.09x105 ± 1.65x105 ± 7.19x104 ± 1.24x105 

B. 
longum Δ 

3.91x1010   1.12x108   9.61x1011 1.96x109 
± 3.91x1010 ± 1.12x108 ±7.32x1011 ± 1.93x109 

*CFU/mL unless otherwise noted 
Δ ng/µL 
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Escherichia coli 

 E. coli standards of known starting quantity (Table 5) yielded a standard curve 

with an R2 value of 0.922 (Figure 19A). Samples with a Cq of 32.67 or greater were ruled 

out as positive samples, as that is the Cq associated with the NTC sample. The melt peak 

curves associated with this strain showed product formation between 82 and 85°C (Figure 

19B). Subsequently, the E. coli primers yielded an expected product size of 427 bp after 

electrophoresis (Figure 20). Samples with products other than the expected size were 

ruled out as positive samples (Figure 21). There was no significant difference between 

the probiotic and control groups pre- to post- capsule consumption. However, there was 

an upward trend of starting quantity in the probiotic group compared to the control group 

(Table 8).   
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Figure 19. E. coli standard curve (A) and E. coli standard curve melt peak (B). 
 
 

A 

B 
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Figure 20. 1% Agarose gel of qPCR E. coli products. Expected product size of 427 bp. 
*Arrows indicate 500 bp product size (100 bp DNA ladder, New England BioLabs® Inc.)  
SCEX = Standard Curve E. coli; PC = Positive Control; NTC = No Template Control; CG-X = Control 
Group Pre Sample; CG-XP = Control Group Post Sample; PG-X = Probiotic Group Pre Sample; PG-XP = 
Probiotic Group Post Sample. 
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Figure 21. qPCR results for E. coli.  
 
Lactobacillus acidophilus 

L. acidophilus standards of known starting quantity (Table 5) yielded a standard 

curve with an R2 value of 0.948 (Figure 22A). Samples with a Cq of 25.54 or greater 

were ruled out as positive samples, as that is the Cq associated with the NTC sample. The 

melt peak curves associated with this strain showed product formation between 78 and 

81°C (Figure 22B). Subsequently, the L. acidophilus primers yielded an expected product 

size of 280 bp after electrophoresis (Figure 23). Samples with products other than the 

expected size were ruled out as positive samples (Figure 24). There was no significant 

difference between the probiotic and control groups pre- to post- capsule consumption. 

However, there was relatively lower starting quantity in the post-capsule consumption 

sample within probiotic group (Table 8).   
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Figure 22. L. acidophilus standard curve (A) and L. acidophilus standard curve melt peak 
(B). 
 
 
 
 
 
 

A 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B 
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Figure 23. 1% Agarose gel of qPCR L. acidophilus products. Expected product size 280 
bp. 
*Arrows indicate 500 bp product size (100 bp DNA ladder, New England BioLabs® Inc.)  
SCLAX = Standard Curve L. acidophilus; PC = Positive Control; NTC = No Template Control; CG-X = 
Control Group Pre Sample; CG-XP = Control Group Post Sample; PG-X = Probiotic Group Pre Sample; 
PG-XP = Probiotic Group Post Sample. 
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Figure 24. qPCR results for L. acidophilus.  
 
Bifidobacterium longum 

B. longum standards of known starting quantity (Table 5) yielded a standard curve 

with an R2 value of 0.943 (Figure 25A). Samples with a Cq of 30.71 or greater were ruled 

out as positive samples, as that is the Cq associated with the NTC sample. The melt peak 

curves associated with this strain showed product formation between 78 and 87°C (Figure 

25B). Subsequently, the B. longum primers yielded an expected product size of 241 bp 

after electrophoresis (Figure 26). Samples with products other than the expected size 

were ruled out as positive samples (Figure 27). There was no significant difference 

between the probiotic and control groups pre- to post- capsule consumption. There was 

relatively lower starting quantity in the post-capsule consumption sample within both 

groups (Table 8).   



	   39	  

	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  

Figure 25. B. longum standard curve (A) and B. longum standard curve melt peak (B).	  
	  
	  
	  
	  
	  
	   	  
 

A 

B 
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Figure 26. 1% Agarose gel of qPCR B. longum products. Expected product size of 241 
bp. 
*Arrows indicate 500 bp product size (100 bp or 1 kb DNA ladder, New England BioLabs® Inc.)  
SCBLX = Standard Curve B. longum; PC = Positive Control; NTC = No Template Control; CG-X = 
Control Group Pre Sample; CG-XP = Control Group Post Sample; PG-X = Probiotic Group Pre Sample; 
PG-XP = Probiotic Group Post Sample. 
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Figure	  27.	  qPCR	  results	  for	  B.	  longum.	  	  
	  

Fecal Plate Counts 

Fecal plate counts in table 9 revealed no significant effect of time or time by 

capsule interaction with any of the five bacterial strains plated (α ≤ 0.05). There was a 

nearly significant time by capsule interaction with B. subtilis when comparing fecal plate 

counts (P = 0.08). However, after a paired T-test analysis, there was no significant 

difference pre- to post capsule consumption within the probiotic group for B. subtilis 

fecal plate counts (α ≤ 0.05; P = 0.247).  

Table 9. Fecal Plate Counts for Selected Bacterial Strains.  
 

 
Probiotic Group Control Group 

 

Fecal Plate 
Countspre 

Fecal Plate 
Countspost 

Fecal Plate 
Countspre 

Fecal Plate 
Countspost 

B.  
subtilis  

1.3x108  2.4x108    3.4x108 1.2x106 
 ± 1.1x108 ± 1.5x108 ± 2.3x108  ± 5.9x105 

E. 
coli  

6.8x106  3.3x106    6.1x106 1.2x106 
± 5.0x106 ± 2.6x106 ± 3.4x106 ± 5.0x106 

L. 
acidophilus 

3.2x105   9.7x105   2.0x106 3.2x105 
± 1.5x105 ± 4.9x105 ± 1.2x106 ± 1.4x105 

B. 
longum Δ 

4.5x106   1.2x108   5.4x106 2.2x106 
± 1.6x106 ± 1.1x108 ±4.0x106 ± 9.0x105 

C. 1.3x103   9.7x105   4.2x103 3.4x105 
albicans ± 8.9x102 ± 9.7x105 ±2.2x103 ± 3.3x105 

Values are expressed as mean ± standard error of the mean. 
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DISCUSSION 

Limitations of the Study 

The study population was predominantly a convenience sample of forty college students, 

who were willing to provide stool and blood samples, fill out detailed diet and stool 

records, and complete the GI questionnaire before and after (pre and post) capsule 

consumption for a $100 honorarium.  The study was conducted near the end of the spring 

semester and had to be cut shorter than planned due to a brief delay in the supplement 

arrival to the UW-L researchers.  College student dietary habits are notoriously irregular, 

but can be especially so near the end of an academic unit (quarter or semester), when 

schedules and stress levels change due to final exam week.  One subject completed only 

the diet record and did not submit a completed stool record; one other subject completed 

only the stool record and did not submit a completed diet record.  Other subjects 

submitted completed diet and stool records for at least 16 days of capsule consumption.  

There was no way to verify the accuracy of these self-reports given the resources 

available for this study and so results are purely dependent on subjects’ honesty and 

ability to follow the detailed directions that were given.  Variations in alcohol intake 

common in this population may affect parameters assessed.   Diet records confirm that 

significant variation of alcohol intake existed within our subject population, ranging from 

zero intake in 14 subjects (9 control and 5 probiotic) throughout the study. Twenty-six 

subjects (11 control and 15 probiotic) had varied intake up to one subject having 16 

reported drinking incidences with an average of 4.5 drinks per incidence.   Increased 



	   43	  

levels of alcohol consumption may lead to variations, from person to person, in baseline 

microbiota present (Mutlu et al. 2012). 

Even though fecal subsamples were taken in triplicate, one third of these samples 

were lost due to a power outage of unclear duration to freezers that kept both fecal 

samples and extracted DNA from fecal samples.  In addition, about one third of the 

subject fecal samples were shipped off to Kennesaw, Georgia for fecal plating. Not 

enough fecal subsamples were saved, and the ones that were saved were subject to non-

deliberate freeze-thaw, which may have reduced bacterial fecal plate counts, fragmented 

remaining cells and allowed for degradation of DNA. The Qiagen kit used to extract 

DNA from fecal samples was not as efficient as hoped and the beading process, though 

suggested to increase yield, may have resulted in fragmented DNA samples (Claassen et 

al. 2013, Ferrand et al. 2014, and Yu and Morrison 2004).   

Blood Parameters 

 The blood parameters examined were expected to remain the same throughout the 

course of the study. The only exceptions to this hypothesis were serum glucose and 

triglycerides, which had a significant increase and decrease, respectively, in the probiotic 

group at the post- compared to pre- consumption measurement. Though the probiotic 

group average serum fasting glucose levels were higher prior to capsule consumption, 

they were still in the normal range for fasting serum glucose for healthy individuals. 1-

Deoxynojirimycin (DNJ) is a compound isolated from B. subtilis that, when fed to bovine 

calves, improved diabetic conditions by improving insulin sensitivity (Lee et al. 2013). In 

addition, freeze-dried cultures of L. acidophilus, B. lactic, and L. rhamnosus were 

administered, by gavage twice daily for three days, to male Wistar rats. The delivered 
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probiotics led to reduced blood glucose levels by up to 2-fold in rats with elevated 

glucose levels.   

Bowel Movement Records 
 

 There was a significant increase in the average number of bowel movements per 

day within the control group. In addition, no significant difference in either group for 

bowel movement type was seen. The use of probiotics may alleviate symptoms 

associated with antibiotic-associated diarrhea, traveler’s diarrhea, and symptoms 

associated with irritable bowel syndrome (Hong et al. 2005, Jain and Chaudhary 2014, 

Saarela et al. 2000, and Schrezenmeir and de Vrese 2001, Saarela et al. 2000). Bowel 

movement types can be associated with ease of excretion, in addition to efficient 

elimination of waste material. There was a small, but not significant difference in bowel 

movement type between the probiotic, averaging a softer, smoother type 4, and control 

group, averaging a slightly harder, lumpier type 3, throughout the course of the study 

(Figure 9).  

Polymerase Chain Reaction and Real-Time Polymerase Chain Reaction 
 

 End-point PCR and qPCR analyses showed no significant differences after 

capsule consumption in either group. However, there were discrepancies between results 

between assays. Not surprisingly, qPCR analysis indicated more subjects with positive 

samples containing bacterial strains tested over end-point PCR analysis. Real-Time PCR 

is more sensitive and analyzes DNA concentrations as the assay is being performed, 

whereas PCR results are analyzed after the assay is completed. In addition, subject 

samples used in end-point PCR were not normalized to have a final reaction 

concentration of 50 ng/µL. More than half of subject samples had double or triple that 
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concentration, which could have resulted in inhibition of the PCR reaction. The melt peak 

curve obtained with B. subtilis strains showed multiple product sizes, indicating that the 

primers used pick up 5 different strains of Bacillus: B. atrophaeus, B. licheniformis, B. 

amyloliquefaciens, B. pumilus, and B. subtilis (Wattiau et al. 2001).  

Fecal Plate Counts 

Fecal plate counts correlated with qPCR data. The only bacterial strain analyzed 

that trended toward significant time by capsule interaction was B. subtilis. Even though 

nutrient specific agar plates were used to grow specific strains, other strains are capable 

of growing and contaminating these plates. B. cereus agar base plates were used to grow 

B. subtilis. Both strains showed growth during the fecal plate process. MacConkey agar 

was used for E. coli growth and is selective for gram-negative bacteria and lactose 

fermenters (i.e. Escherichia, klebsiella, Enterobacteri, etc.). Rogosa SL agar was used for 

L. acidophilus growth and is specific for Lactobacilli growth, but non-specific for a 

particular strain. Liver veal agar is selective for anaerobic bacteria and fastidious aerobic 

pathogens and was used for B.longum growth. DRBC agar is selective and was used for 

Candida. There is no way to tell apart some strains from others (i.e. L. acidophilus and L. 

casei) with the fecal plating method (Reichert-Schwillinsky et al. 2009). This may lead to 

counter-to-counter discrepancies, thus the fecal plating method is not a specific enough 

method for reliable quantitative analysis of microbial fecal make-up for some strains. 
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CONCLUSION 

Daily ingestion of one capsule containing approximately 1.9 x 109 colony forming 

units (CFU)/capsule of B. subtilis was well tolerated in healthy young adults consuming 

their usual and variable diets, as reflected by blood levels of important biomarkers.  

Markers of systemic acceptance, such as CRP and liver enzymes, remained within 

acceptable ranges and gastrointestinal symptoms and bowel habits, if anything, improved 

with probiotic capsule consumption.  Though this study did not support a beneficial effect 

of this probiotic on lipid profile in this healthy largely normolipidemic population, there 

could still be beneficial effects, as demonstrated in some studies, in a hyperlipidemic 

population.  Total cholesterol and LDL increased in both groups, which may have been a 

reflection of poor eating habits nearing the end of the semester, but did increase less in 

the probiotic group.  Triglycerides increased in both groups as well, but increased moreso 

in the probiotic group.  Finally, consumption of B. subtilis in the manner described 

herein, may improve glucose tolerance, corroborating the findings of non-human animal 

in vivo and in vitro studies by Al-Salami et al. (2008) and Lee et al. (2013), respectively.  

This probiotic may be a useful and safe dietary supplement for those with, or at risk for, 

metabolic syndrome and diabetes mellitus, barring some unforeseen interaction of the 

probiotic with these disease states.  Daily consumption of the B. subtilis probiotic 

supplement did not have any significant effect on gut microflora measured prior to and 

after capsule consumption. Future studies may include: increased trial length, with more  
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diet and alcohol intake control, increased fecal sample number and amount saved, and 

increased numbers of subjects.	  
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Tolerance and Effectiveness of a Probiotic (Versus Placebo) Delivered in Capsule 
Form Instead of in Food 

I have been informed that the purpose of this research is to study the tolerance and 
effectiveness of a specific probiotic in capsule form versus the fermented food(s) in 
which it is typically consumed. A probiotic is a bacteria or mix of bacteria that may be 
naturally found in the human gastrointestinal system, usually in the large intestine (also 
known as the colon). Probiotics are used to make or are added to common foods such as 
yogurt. Eating probiotics can help increase the population of good (non-pathogenic) 
bacteria making it harder for bad (pathogenic) bacteria to establish colonies in the colon. 
My participation in this study will involve five trips to the Health Science Center (HSC) 
on the UW-L campus as follows: 
 

1.  1st trip: I will review and discuss this informed consent with the researchers and if 
I give informed consent to participate in the study, I will fill out a brief health 
history and gastrointestinal symptoms questionnaire, after which, I will be 
informed if I will or will not be eligible to participate in the rest of the study. If 
eligible, I will sign up for additional days 

2. 2nd trip: I will arrive fasted (having not consumed anything other than water) and 
provide a 15 milliliter (about 3 teaspoons) blood sample drawn from a vein in my 
arm by an experienced technician (phlebotomist). I will be given instructions and a 
container to collect a stool sample. I will also be given a snack to eat before I 
leave.  

3. 3rd trip (soon after the 2nd trip) I will bring my stool sample in the container the 
researchers provided and I will be given a 30 day supply of probiotic or placebo 
capsules. I will not be told which I was given until the study is over. I will be 
instructed how and when to take the capsules over the next 30 days. I will also a 
diet (food and drink) record packet to complete daily as instructed.  

4. 4th trip: (approximately 30 days after the 3rd trip) I will arrive fasted (having not 
consumed anything other than water) and provide a 15 milliliter (about 3 
teaspoons) blood sample drawn from a vein in my arm by an experienced 
technician (phlebotomist). I will be given instructions and a container to collect a 
stool sample. I will turn in my diet record and complete another gastrointestinal 
symptom questionnaire at this visit.  

5. 5th trip: I will bring my stool sample in the container the researchers provided and 
I may accept their gift ($100 gift card) of appreciation to me for my participation.  
 

I realize that my participation in this study is voluntary though if I the study, I may accept 
a gift of appreciation for my participation. I may also learn something about the 
effectiveness and tolerance of a dietary supplement after the conclusion of the study. The 
results of this study may be published in scientific journals or presented at professional 
meetings. However, no personal information about me will be linked to my data and data 
will be presented in group form only. I realize that I may withdraw from this study at any 
time, for any reason. I realize that the researchers want me to contact them by email or 
phone with any questions or concerns I have before, during, and after the study. 
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Should an adverse reaction to the supplement (probiotic or placebo) occur, it should be 
reported immediately to the researcher and a medical professional at the Health Science 
Center will be consulted if necessary, or, if severe, emergency (911) care should be 
requested. In the unlikely event that any injury or illness occurs as a result of this 
research, the Board of Regents of the University of Wisconsin System, and the University 
of Wisconsin-La Crosse, their officers, agents and employees, do not automatically 
provide reimbursement for medical care or other compensation. Payment for treatment of 
any injury or illness must be provided by the subject or subject’s third party payer, such 
as health insurer or Medicare. If an injury or illness occurs in the course of research, or 
for more information, I should notify the investigator in charge. I have been informed that 
I am not waiving any rights that may have for injury resulting from negligence of any 
person or the institution. 

Questions regarding the study procedures may be directed to Peg Maher, PhD, RD (608-
785- 6967 or 608-498-1542) Department of Biology, 1725 State St, La Crosse, WI 
54601. Questions regarding the protection of human subjects may be addressed to 
irb@uwlax.edu. 

Participant’s Signature: ___________________________________________ 
Date:___________  

Researcher’s Signature:____________________________________________ 
Date:___________ 

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  



	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

APPENDIX B 
 

GASTROINTESTINAL SYMPTOM QUESTIONNAIRE PRESENTED TO AND 

COMPLETED BY ALL SUBJECTS PRIOR TO THEIR FIRST AND AFTER THEIR 

LAST CAPSULE CONSUMPTION 
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Question 1 2 3 4 5 
Have you been bothered by pain or 
discomfort in the upper abdomen or 
the pit of the stomach during the last 
4 weeks? 

None of 
the time 

Less than 
7 days 

7-14 
days  

More than 
14 days 

All of 
the time 

Have you been bothered by nausea 
during the past 4 weeks? 

None of 
the time 

Less than 
7 days 

7-14 
days  

More than 
14 days 

All of 
the time 

Have you been bothered by 
rumbling in your stomach during the 
past 4 weeks? 

None of 
the time 

Less than 
7 days 

7-14 
days  

More than 
14 days 

All of 
the time 

Has your stomach felt bloated 
during the past 4 weeks? 

None of 
the time 

Less than 
7 days 

7-14 
days  

More than 
14 days 

All of 
the time 

Have you been bothered by diarrhea 
during the past 4 weeks? 

None of 
the time 

Less than 
7 days 

7-14 
days  

More than 
14 days 

All of 
the time 

When going on the toilet, have you 
had the sensation of not completely 
emptying your bowels during the 
past 4 weeks?  

None of 
the time 

Less than 
7 days 

7-14 
days  

More than 
14 days 

All of 
the time 

Have you been bothered by hunger 
pains during the last 4 weeks? 

None of 
the time 

Less than 
7 days 

7-14 
days  

More than 
14 days 

All of 
the time 

Have you been bothered by low 
energy level during the past 4 
weeks? 

None of 
the time 

Less than 
7 days 

7-14 
days  

More than 
14 days 

All of 
the time 

Have you been bothered by 
headaches during the past 4 weeks? 

None of 
the time 

Less than 
7 days 

7-14 
days  

More than 
14 days 

All of 
the time 

Have you had food cravings in the 
last 4 weeks? 

None of 
the time 

Less than 
7 days 

7-14 
days  

More than 
14 days 

All of 
the time 

Have you had a loss of appetite 
during the past 4 weeks? 

None of 
the time 

Less than 
7 days 

7-14 
days  

More than 
14 days 

All of 
the time 

Overall, How is your health? Excellent Good Fair Poor Terrible 

How much physical pain have you 
had during the past 4 weeks? None A Little Some A good 

deal 
Very 
much 

I am comfortable Strongly 
disagree 

Somewhat 
disagree 

Neither 
agree 
nor 

disagree 

Somewhat 
agree 

Strongly 
agree 

I am as healthy as anybody I know Strongly 
disagree 

Somewhat 
disagree 

Neither 
agree 
nor 

disagree 

Somewhat 
agree 

Strongly 
agree 

	  



	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

APPENDIX C 
 

BRISTOL STOOL CHART 
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Bristol Stool Chart utilized by subjects in this study (Lewis and Heaton 1997). 
	  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX D 
 

SELECTIVE MEDIA AND CULTURE CONDITIONS FOR BACTERIAL STRAINS 
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Bacillus subtilis 
Agar Name: Bacillus cereus agar base (Catalog #: 7442, Lot#: 106685) 
Company: Neogen Corporation, Accumedia, Lansing, MI 
Agar Ingredients: 41 g B. cereus agar, 950 mL DIH2O, after autoclaving: 50 mL egg 
yolk emulsion and 10 mL polymyxin B 
Incubation: Aerobic conditions, 37° C overnight (12-24 hrs) 
Selective for: Bacillus cereus (blue colonies with halo) and Bacillus subtilis (cream to 
yellow colonies)  
 
Escherichia coli 
Agar Name: MacConkey Agar (Catalog #: C6132, Lot#: 12332) 
Company: Hardy Diagnostics, Criterion, Santa Maria, CA 
Agar Ingredients: 50 g MacConkey agar, 1L DIH2O, autoclave 
Incubation: Aerobic conditions, 37°C overnight (12-24 hrs) 
Selective for: Gram-negative bacteria, lactose fermenters (i.e. Escherichia, Klebsiella, 
Enterobacter, Hafnia, and Citrobacter) appear pink, non-lactose fermenters (i.e. 
SalmonellaI) appear colorless. 
 
Lactobacillus acidophilus 
Agar Name: Rogosa SL Agar (Product#: R1148) 
Company: Sigma-Aldrich, St. Louis, MO 
Agar Ingredients: 75 g Rogosa agar, 1L DIH2O, 1.33 mL glacial acetic acid, DO NOT 
AUTOCLAVE 
Incubation: Anaerobic chamber with GasPak™ EZ, 37°C 2-3 days (48-72 hrs) 
*GasPak™ EZ Anaerobe Container System Sachets with Indicator (BD, Catalog#: 26001) 
Selective for: Lactobacillus species appear white to cream in color 
 
Bifidobacterium longum 
Agar Name: Liver Veal Agar 500G (Catalog#: 259100) 
Company: Becton Dickinson & Company (BD), Franklin Lakes, NJ 
Agar Ingredients: 97 g liver veal agar, 10 g lactose, 5 g sodium propionate, 500 mg 
lithium chloride, 400 mg L-cysteine, 20 mg sodium lauryl sulfate, 1L DIH2O, autoclave 
Incubation: Anaerobic chamber with GasPak™ EZ, 37°C 2-3 days (48-72 hrs) 
*GasPak™ EZ Anaerobe Container System Sachets with Indicator (BD, Catalog#: 26001) 
Selective for: Anaerobic bacteria (i.e. Bifidobacterium) appear white to cream colored 
and Fastidious aerobic pathogens (i.e. Neisseria meningitides) 
 
Candida albicans  
Agar Name: DRBC agar (Catalog#: 7591, Lot#: 106023) 
Company: Neogen Corporation, Accumedia, Lansing, MI 
Agar Ingredients: 31.6 g DRBC agar, 1L DIH2O, autoclave 
Incubation: Aerobic conditions, 25°C 2-7 days (approximately 96 hrs) 
 Selective for: Yeast (i.e. Candida) appear pink  
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Gastrointestinal System 

 The gastrointestinal (GI or digestive) tract contains a series of hollow organs 

responsible for nutrient digestion, utilization, and absorption. The mouth, pharynx, 

esophagus, stomach, small intestine, large intestine (colon), rectum and anus are the 

specialized organs of the GI tract.  A food mass moving through the GI tract is initially 

called a bolus, after mixing with gastric juices it is called chyme, and then finally, what is 

left after movement through the colon is referred to as feces.  Along the GI tract route 

nutrients in food, but also bacteria in food, will be subject to neutral and acidic conditions 

and various digestive enzymes. 

The large intestine consists of the cecum and ascending, transverse, descending 

and sigmoid portions of the colon and is a major site of salts and water absorption and 

reabsorption.  The large intestine is also the most prominent portion of the 

gastrointestinal system for bacterial colonization with 500 different species of bacteria, 

and 1011 cells/g in the cecum (Bengmark 1998 and Neish 2009). The microbiota are often 

referred to as “the forgotten organ” due to the diverse beneficial roles of microbes in fiber 

digestion, vitamin production, inhibition of pathogenic colonization, and immune 

function (Neish 2009 and Johnstone et al 2014). 

Human Gut Microbiota 

 In the womb, the human gut is completely sterile and immediately colonized after 

birth (Neish 2009). Microbiome composition not only varies from person to person but it 

also varies throughout one’s lifetime depending on genetics, ethnicity, age, weight, 

health, medication use, etc (Cani and Delzenne 2009 and Marco and Tachon 2013). The 

microflora that reside within the human gut generally fall into three different relationship 
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categories: symbiotic (+/+), commensalism (+/o or o/o), and pathogenic (+/-) (Hooper 

2001 and Neish 2009). Symbiosis and commensalism that occur between the host and the 

microorganism is poorly understood and defined. For the purposes of this review, these 

relationships will be used interchangeably.  

Bacterial species within the three portions of the large intestine differs due to 

varying conditions and nutrient availability. For example, the proximal colon has more 

abundant bacterial populations due to high substrate availability. In addition, the 

proximal colon has a more acidic environment, and a more rapid transit than that of the 

distal colon. The distal colon has a lower concentration of available substrates and a more 

neutral pH, resulting in slower bacterial growth at this location (Fooks et al. 1999). Most 

human-endogenous bacterial species are located in the large intestine are anaerobic in 

nature and represented by Bacteroidetes and Firmicutes (Fooks et al. 1999, Ley et al. 

2006, Marco & Tachon 2013, Mutlu et al. 2012, and Neish 2009).  

 Gastrointestinal microbiota flourish and aid in digestion and nutrient absorption 

by degrading and fermenting various foodstuffs, such as dietary fiber, cellulose, 

oligosaccharides, proteins, peptides, etc., into short chain fatty acids (SCFAs) (Fooks et 

al. 1999, Rauch and Lynch 2012, Salminen et al. 1998, and Wong et al. 2006). Prominent 

SCFA end products include acetate, butyrate, and propionate (Fooks et al. 1999, Rauch 

and Lynch 2012).  The absorption of the produced SCFAs is an efficient process 

associated with enhanced sodium absorption and bicarbonate excretion (Wong et al. 

2006). Acetate is absorbed and transported to the liver to aid primarily in cholesterol 

synthesis. Propionate, once absorbed, acts as both a substrate and an inhibitor of 

gluconeogenesis. Butyrate, which is preferentially used over acetate and propionate, 
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plays a role in regulation of cell proliferation and differentiation (Salminen et al. 1998 

and Wong et al. 2006). Gut commensals, such as probiotics, exhibit other beneficial 

effects for the host (Rolfe 2000).  

Probiotics 

Probiotics are live microorganisms residing in the human gut with low or no 

pathogenicity and exhibit beneficial effects for the host (Bengmark 1998, Geier et al. 

2007, Rauch and Lynch 2012, and Rolfe 2000). Common products containing probiotic 

bacteria include dietary supplements and foodstuffs such as fermented dairy products, 

sauerkraut, and salami. Probiotic supplementation has shown positive results for relief of 

various ailments such as: antibiotic associated diarrhea, constipation, allergies, and 

diabetes (Al-Salami et al. 2008, Fooks et al. 1999, Goldin and Gorbach 2008, Ranadheera 

et al. 2009, Rauch and Lynch 2012, and Rolfe 2000). Probiotics have also exhibited 

protective properties.  

The reduction and prevention of pathogenic colonization by Salmonella 

typhimurium, Shigella, Clostridium difficile, Campylobacter jejuni, Escherichia coli, etc. 

has been a trademark of probiotic supplementation, though the mechanism by which this 

occurs is poorly understood (Bengmark, 1998). The production of inhibitory substances 

such as organic acids, hydrogen peroxide and bacteriocins inhibits both gram-positive 

and gram-negative bacteria. These substances reduce viable cell counts in addition to 

affecting pathogenic metabolism or toxin production. Viable options for pathogenic 

inhibition consist of competitive inhibition by blocking adhesion sites or by competing 

for similar nutrients.  Degradation of toxin receptors on the intestinal mucosa may also be 

a mechanism of action for host protection. Finally, it is thought that probiotics may also 
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play a role in immune system stimulation (indicated for instance, by increased C-reactive 

protein) (Casula and Cutting 2002, Fooks et al. 1999, Geier et al. 2007, and Rolfe 2000).  

Probiotic supplements can contain one or more different bacterial strains that 

exert different effects on the human gut (Rolfe 2000). Common probiotic strains are 

lactic acid producers such as Lactobacillus, Bifidobacterium, and Streptococcus due to 

their resistance to gastric acids, bile salts, and pancreatic enzymes (Rauch and Lynch 

2010, and Rolfe 2000). Studies have shown that lactic acid bacteria are effective 

inhibitors of pathogenic, gram-negative, bacterial colonization (e.g. Salmonella 

typhimurium, Clostridium difficile, and Escherichia coli) in vitro (Rolfe 2000) 

(Bengmark 1998).   

Not all probiotic supplements are lactic acid producers. Bacillus subtilis spores 

have been used as probiotics, competitive exclusion agents, and prophylactics for human 

and animal consumption (Casula and Cutting 2002). Bacillus subtilis is a gram-positive, 

spore forming, rod-shaped bacterium. Gram-positive bacteria contain peptidoglycan in 

the cell wall, which is responsible for the violet stain (Lim 1998). Under nutrient limiting 

conditions, Bacillus and Clostridium can form resistant dormant endospores to 

environmental stressors and nutrient deprivation, making this bacteria a viable option for 

a probiotic supplement (Lim 1998). B. subtilis have the potential to suppress all aspects 

of Escherichia coli 078:K80 infection in chick models (Casula and Cutting 2002).  

The purpose of this study is to determine the tolerance and efficacy of B. subtilis 

as a probiotic supplement. Tolerance will be analyzed through various blood parameters 

covered in comprehensive metabolic, liver, and lipid panels, in addition to C reactive 

protein (CRP) levels. Gastrointestinal symptom questionnaires will be filled out by 
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subjects prior to and after capsule consumption, as well as completing daily food diaries 

and bowel movement records throughout the course of the study. Efficacy will be 

determined with the use of polymerase chain reaction (PCR) and real-time polymerase 

chain reaction (qPCR) assays to determine presence and quantity of gut microbes in fecal 

samples. Fecal smears on microbial specific agar plates will also assist in determining the 

efficacy of the supplement.  
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