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Abstract 

The human gut microbiome contains an abundance of microorganisms which 

could influence mental health as well as physical health. These microorganisms produce 

chemicals which affect the brain and the body in various ways. Probiotic bacteria and 

yeasts have been studied to determine effects they have on mice, rats, and humans to 

illustrate the importance these microorganisms on health. Studies have shown that adding 

beneficial microorganisms to the human diet can have positive effects on mental and 

physical health, to include lessening symptoms of depression and anxiety, lessen gastro-

intestinal inflammation, displacing pathogens, and improving immunomodulatory 

response.  A quantitative way to identify these microorganisms would be beneficial for 

future research and future use. Utilizing quantitative polymerase chain reaction, qPCR, to 

identify and quantify these probiotic microorganisms, and the data required to create 

assays and standard curves, it is possible to estimate the quantity of DNA of the 

associated bacteria from a sample. Methods, procedures, and materials were created or 

compiled for the purpose of growing the species, extracting the DNA, and amplifying the 

DNA via qPCR. These methods, procedures, materials, and the data and the standard 

curves created from qPCR were all compiled into a reference guide helpful in identifying 

and quantifying the bacteria important to human health in future endeavors.  

 

 

 

 



v 

 

Acknowledgments 

To my wife, thank you for the support, love, and the continued encouragement to achieve 

higher education. I am grateful for my boys who kept our home lighthearted during times 

of stretching and stress. I would like to express my sincerest appreciation to my faculty 

advisor Lt Col. Andrew Hoisington and my committee, for their guidance, support, and 

mentorship throughout the course of this effort.  I would, also, like to thank my sponsor, 

Air Force Research Laboratory, for seeing a need for this research. 

 

 
       David G. Leonard 

 

 

 



vi 

Table of Contents 

Page 

Abstract…………………………………………………………………………………...iv 

Acknowledgements……………………………………………………………………….v 

Table of Contents…………………………………………………………………………vi 

Chapter 1:  Introduction .......................................................................................................1 

Background ..........................................................................................................................1 

Problem Statement ...............................................................................................................2 

Research Objectives .............................................................................................................2 

Preview ................................................................................................................................3 

Bibliography ........................................................................................................................4 

Chapter 2: Literature Review of Microorganisms, Fermented Foods, and Health Benefits 5 

Chapter Overview ................................................................................................................5 

Publication Intention ............................................................................................................5 

Chapter 3: Quantitative PCR Assays to Identify and Quantify Lactobacillus and 

Bifidobacterium Species Which Affect Mental and Physical Health ................................30 

Chapter Overview ..............................................................................................................30 

Publication Intention ..........................................................................................................30 

Chapter 4: qPCR Data Sheets for Immunomodulatoy Bacteria .……...…………………56 

Chapter Overview ..............................................................................................................56 

Publication Intention ..........................................................................................................56 

Results……………………………………………………………………………………57 

Chapter 5: Conclusions and Recommendations ................................................................66 

Conclusions of Research ....................................................................................................66 

Significance of Research ....................................................................................................67 

Recommendations for Future Research .............................................................................67 

Bibliography ......................................................................................................................68 

Appendix A ........................................................................................................................69 

 



1 

DETECTION AND QUANTIFICATION OF BACTERIAL SPECIES 
IMPORTANT TO MENTAL AND PHYSICAL HEALTH  

 
Chapter 1:  Introduction 

Background 

Recently, a multitude of research has been conducted to understand the gut-brain 

axis, specifically the connection of the microbiome and its related compounds to physical 

performance, cognitive ability, and mental health. Through diet or supplement, numerous 

studies suggest these microorganisms produce a variety of chemicals that affect systemic 

inflammation, neuroinflammation, cognitive function, and emotional behavior [1]. 

Beyond the chemicals that affect mental and physical health, some microorganisms can 

effect serotonin production [2] or release dopamine [3]. Humans have existed and 

developed alongside these microorganisms to where a symbiosis exists [4]. A category of 

foods that has the potential to contain large quantities of these probiotic microorganisms 

is fermented food. Although humans have created fermented foods and beverages for 

thousands of years, people have changed their preference of preserving from fermentation 

to chemically preserving foods [5]. The change in preserving left many people without 

these foods and microorganisms in their typical diet. Due to the resurgence of home 

preserving and more traditional ways of preparing food, it is necessary to identify the 

microorganisms to which people may be exposed. Members within the various branches 

of the Department of Defense are exposed to multitudes of stressors, pathogens, and 

environments, all of which effect mental and physical readiness.  
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Problem Statement 

Despite advancement in research regarding the gut microbiome and the 

connection to mental and physical health, methods utilizing existing microbial tools to 

provide a comprehensive and accurate bacterial species level quantification of the 

potentially positive bacteria are missing.  The purpose of this research was to develop the 

methods and protocol for qPCR assays of multiple gut bacteria with species in the genera 

of Lactobacillus and Bifidobacterium.  

Research Objectives 

The end product of this thesis was to provide a reference guide to assist future 

research into these bacteria. In order to create this product, the following research 

objectives were accomplished. 

1) Identify microorganisms associated to be beneficial to human mental and 

physical health. 

2) Develop, test, and verify methods by which to grow, quantify cells, and 

extract DNA of the beneficial microorganisms as well as primers and methods 

to create qPCR assays. 

3) Compile a reference guide containing all methods, materials, melt curves, 

amplification curves, and standard curves for each of the microorganisms 

chosen. 
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Preview 

Chapter 2, “Review of Microorganisms, Fermented Foods, and Health Benefits,” 

is a comprehensive review of current academic literature in regards to fermented foods 

and beverages, their associated microorganisms, and the possible health benefits 

conferred.  This article investigates the biological processes by which the microorganisms 

responsible for fermentation may convey benefits to individuals. Furthermore, various 

fermented foods are investigated to determine what effects they may have on health. 

Finally, Chapter 2 summarizes the microorganisms and associated effects on mental and 

physical health. The target journal for this paper is Journal of Food Science and 

Technology. 

Chapter 3, “Quantitative PCR Assays to Identify and Quantify Lactobacillus and 

Bifidobacterium Species Which Affect Mental and Physical Health,” provides details on 

the methods, materials, and procedure used to create the qPCR assays. Based on research 

in Chapter 2 and procurement time, nine bacteria with species in the genera of 

Lactobacillus and Bifidobacterium were grown and amplified.  All nine species were 

grown, DNA was extracted, and qPCR was performed in triplicate for each step. Upon 

completion of qPCR, standard curves and the corresponding equations were created. 

Finally, amplification curve plots, melt curve plots, and standard curve plots were 

compiled with all methods and materials to create a reference guide in the form of data 

sheets for future research. The target journal for this paper is Journal of DoD Research 

and Engineering. 

Chapter 4, “qPCR Data Sheets for Immunomodulatory Bacteria,” displays the end 

product from all the research in Chapter 2 and all the experimentation in Chapter 3. The 
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methods, materials, and procedures to recreate the various plots and data have been 

compiled and organized for future research or future application. Although the results are 

listed in Chapter 4, the analysis of the results is in Chapter 3. The target journal for this 

paper is Journal of DoD Research and Engineering. 
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Chapter 2: Literature Review of Microorganisms, Fermented Foods, and Health 

Benefits 

Chapter Overview: 

The purpose of this chapter is to provide a comprehensive review of current 

academic literature regarding fermented foods and beverages, their associated 

microorganisms, and their possible health benefits.  This article investigates the 

biological processes by which the microorganisms responsible for fermentation may 

convey benefits to individuals, specifically the chemicals, butyrate, GABA, serotonin, 

and dopamine. Furthermore, various fermented foods and beverages of the western diet 

are investigated to determine what effects they may have on health. Finally, studies on 

microorganisms and their associated effects on mental and physical health are 

investigated and summarized.  This chapter provides the basis of what microorganisms 

are selected for qPCR in Chapter 3. 

Publication Intention: 

Title: Health Benefits of Fermented Foods conferred by their Microorganisms 

Responsible 

Publication: Journal of Food Science and Technology 
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Abstract: 

Humans have been fermenting to create multitudes of other food and drink 

products for thousands of years. Fermented foods, via the microorganisms used to create 

them, provide benefits to the human microbiome. The microorganisms in the human gut 

influence mental health as well as physical health by production of chemicals which may 

affect the brain via transmission through multiple pathways including the vagus nerve. 

Transmission of chemicals by these methods could be the way microorganisms improve 

mood and lessen symptoms of depression and anxiety. A need has arisen in recent years 

to study the microorganisms responsible for fermented foods in the Western diet. 

Microorganisms have been studied in vitro, in vivo, and in humans to determine their 

effects on mental and physical health. A benefit of the fermentation process is the 

cultivation of these microorganisms, increasing the exposure of benefits to humans. 

Studies have shown that adding beneficial microorganisms to the human diet, like those 

found in fermented foods, can have positive effects on mental and physical health, to 

include lessening symptoms of depression and anxiety, lessen gastro-intestinal 

inflammation, displacing harmful microorganisms, and improving immunomodulatory 

response.   
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Introduction:  

For thousands of years, humans have fermented foods and beverages to preserve, 

alter the flavor, and provide health benefits.  From pickled vegetables and fruits, yogurt 

and cheese, to wine and beer, humans have experimented with fermenting a multitude of 

foods and beverages. Louis Pasteur was one of the first scientists to recognize the 

connection between microorganisms and their role in the fermentation process [1]. 

Fermentation is a biological process by which microorganisms, namely bacteria and 

yeast, consume sugars and carbohydrates to produce byproducts, such as alcohol, lactic 

acid, and carbon dioxide [2].  

Fermentation is vital to the production of cheese, yogurt, beer, wine, select bread, 

and certain sausages [3]. There is widespread consumption of these foods and a growing 

recognition of the potential health benefits of microorganisms on human health [4]. For 

example, milk fermented into cheese or yogurt decreases symptoms associated with 

lactose intolerance [4]. The foods and beverages created through fermentation have 

increased health benefits due in part to the microorganisms used in the process [5]. 

Probiotics are associated with fermented foods but are not all encompassing. Through the 

consumption of fermented foods, microorganisms transit into the human digestive tract 

and produce a variety of chemicals that affect the gut and brain.  These chemicals affect 

mood, decrease inflammation, and act as an antidepressant [1]. The purpose of this paper 

is to review fermented food and beverage health benefits, investigate the associated 

microorganisms, and summarize potential biological processes by which microorganisms 

may confer benefits to individuals. 
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Biological Processes by which Microorganisms Confer Benefits  

The human gut microbiome is influenced by foods people consume [1]. 

Microbiota and the effect on the gut-brain axis is a more extensive topic than the purpose 

of this paper, but a simplified explanation is needed to understand the method in which 

these microorganisms “communicate” with the brain. Brain function and gut function 

influence each other through chemical signals [6]. This influence can be mental 

depression and intestinal inflammation [6] or finishing a satisfying meal and a release of 

dopamine [7]. The vagus nerve is the conduit in which the chemical signals transfer back 

and forth between internal organs and the brain [1]. Chemicals produced by 

microorganisms in the gut can be transported to the brain through penetration of the gut 

epithelial wall, absorption by enteric nerves, and then conducted via the vagus nerve. 

These chemicals can also be absorbed into the blood stream during natural digestive 

processes for transportation to the brain [6].  The gut microorganisms considered 

beneficial produce vitamins, organic acids, which may reduce more harmful bacteria, and 

reinforce the epithelial barrier of the intestinal lining [3]. The epithelial barrier along the 

intestinal wall prevents antigens from passing into the blood stream, preventing 

pathogens from infecting the brain and the rest of the body. These microorganisms can 

also produce chemicals that effect mood, mental health, and physical health. Butyrate, 

gamma-Aminobutyric acid (GABA), dopamine, and serotonin are some of the chemicals 

that are secreted by gut microorganisms that affect mental and physical health [1].  

Butyrate is a chemical that can penetrate the blood brain barrier, induce a positive mood, 

act as an antidepressant, as well as decrease inflammation [1]. Some species of 

Bifidobacterium have the ability to produce butyrate. Butyrate affects the gut by 
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increased cell proliferation and differentiation, improved epithelial barrier function, 

stimulation of mucin synthesis, and is an anti-inflammatory agent [8]. Positive changes to 

insulin sensitivity, cholesterol sensitivity and regulation of fluid and electrolyte uptake 

are affected by butyrate [8]. Butyrate may also be important in the prevention and 

treatment of diet induced obesity and colon cancers [8]. 

Gamma-Aminobutyric acid (GABA) is the main inhibitory neurotransmitter of 

the central nervous system. Species of Lactobacillus and Bifidobacterium in the human 

gut have the ability to produce GABA. This tranquilizing neurotransmitter has been 

studied as a way to treat inflammatory bowel disease (IBS) [1] and depression [56]. The 

use of GABA in the treatment of depression has been successful in patients who, 

previously, treatments have not worked [9]. Changes in GABA and GABA receptors 

have also been observed to effect mood disorders, anxiety disorders, ability to overcome 

fear, and changes in spatial working memory [9].  

Serotonin and dopamine are neurotransmitters whose level fluctuations are 

associated with changes in the intensity of the symptoms associated with anxiety and 

depression [10], [11]. Serotonin is used by the body to regulate the nervous system, the 

gastro-intestinal system, the cardiovascular system, the respiratory system, and mood 

[10]. The production of serotonin requires tryptophan, a chemical that Bifidobacteria 

infantis produces [12]. Dopamine is used to induce reward effects for certain actions, like 

the contentment felt after consuming a good meal [7], and is produced by some species of 

Bacillus that live in the gut [13] 
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Health benefits associated with fermented foods: 

In Western society, there has been both a resurgence of interest and a rising 

abundance of health benefit claims [14]. Yet, the pace of foundational academic research 

has lagged behind the commercial industry. Researchers have identified the need for in-

vitro, animal, and human studies on potential beneficial health impacts [14]-[16]. While 

there is not a consensus on the benefits, multiple fermented foods have been preliminarily 

studied to include yogurt and milk, kimchi and sauerkraut, wine, beer, kombucha, and 

pickled vegetables and fruits. 

Select microorganisms can utilize lactose as a substrate in yogurt and fermented 

milk, resulting in the proliferation of bacterial cells. Bacteria intentionally added for 

fermentation are often Lactobacillus bulgaricus and Streptococcus thermophiles, but 

other species of Lactobacillus and Bifidobacterium are used as well [15]. To ensure 

microbial consistency, the milk is sterilized before adding the desired microorganisms 

that convert the liquid into the intended product. There are multiple claims on the 

probiotic impacts of yogurt and milk. For example, a randomized, double blind study of 

64 men with type 2 diabetes mellitus, observed consumption of probiotic yogurt resulted 

in both antidiabetic and antioxidant outcomes compared to control [15]. In another 

probiotic milk drink study of 132 participants funded by Yakult, consumption of the 

drink improved the mood of subjects that were initially poor [16].  

Kimchi and sauerkraut are produced through the lactic fermentation of cabbage. 

Traditionally in Korea, naturally occurring lactic acid bacteria such as Lactobacillus 

plantarum, Lactobacillus brevis, Pediococcus cerevisiae, Streptococcus faecalis, and 

Leuconostoc mesenteroides ferment Napa cabbage into Kimchi [17]. Traditional German 
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sauerkraut is also produced utilizing naturally occurring lactic acid bacteria, L. 

mesenteroides, Leuconostoc fallax, L. plantarum, and L. brevis to ferment white cabbage. 

Although it is common to use naturally occurring bacteria, industrial processes have 

noted improved quality by the addition of Lactococcus lactis, Pediococcus dextrinicus, 

Lactobacillus sakei, L. plantarum, Lactobacillus casei, and Lactobacillus curvatus [18]. 

The process is similar to create kimchi and sauerkraut, only with variations on spices and 

accompanying ingredients. In one study, 22 participants demonstrated a significant 

correlation between a diet including fermented kimchi and decreased body fat, improved 

blood pressure, decreased fasting insulin levels, decreased fasting glucose levels, and 

decreased total cholesterol levels over a diet containing non-fermented kimchi [17]. 

Fermented kimchi was also shown to have an anti-obesity effect in mice fed a high fat 

diet. Lower levels of serum insulin, serum leptin, and epididymal fat were observed 

compared to the mice that consumed only a high fat diet [19]. Sauerkraut demonstrated 

anti-inflammatory effects, through the increased production of nitric oxide production 

inhibitors, as well as antioxidant effects in murine macrophages compared to non-

fermented cabbage [20]. 

Wine is a produced from the fermentation of fruit juice, most popularly grapes. 

The microorganism used in the production of wine is the yeast, Saccharomyces 

cerevisiae. Researchers attempted to determine the link between red wine consumption 

and lipopolysaccharide serum concentrations, which is associated with liver disease. The 

study concluded that while consumption of red wine does not directly reduce post meal 

lipopolysaccharide serum concentrations, it does increase the abundance of 

Bifidobacterium and Prevotella, which may in-turn lower lipopolysaccharide serum 
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concentrations [21]. Studies in moderate consumption of wine have also shown that is 

beneficial to the cardiovascular system [22]. Benefits to cardiovascular health were 

shown in a study on concentrations of inflammatory markers four hours after the 

consumption of wine. In addition, a significant correlation was demonstrated between 

wine consumption and the reduction of factors associated with the development of 

atherosclerosis such as blood pressure, plasma glucose, and LDL-cholesterol, [23]. In a 

longitudinal study on the connection between alcohol consumption and depression, 

13,619 university graduate students were administered biennial surveys about personal 

alcohol consumption and depression. Results showed a U-shaped correlation between 

alcohol consumption, primarily wine, and depression. Out of the four categories of 

alcohol consumption (none, minimal, moderate, heavy), moderate consumption displayed 

the lowest risk of depression [24]. 

Beer is produced from the fermentation of cereal grains and water. The yeasts 

used are Saccharomyces pastorianus and S. cerevisiae, depending on the type of beer 

brewed. A study on moderate beer consumption showed a protective effect on the 

cardiovascular system through the bolstering of the atheroprotective profile of HDL, 

which lessened cholesterol build up [25]. The association between change in HDL levels 

and alcohol consumption was also demonstrated in a longitudinal study of 71,379 

members of the Kailuan community in Tangshan City, China. That study illustrated 

moderate beer consumption was associated with lowering total cholesterol over light, 

heavy, or no consumption [26].  

Kombucha is an effervescent sweet tea beverage that has been brewed in China 

for over 2000 years [27]. The fermentation process uses a symbiotic culture of bacteria 
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and yeast to convert the sugars and tea into B-vitamins, gluconic acid, acetic acid, 

fructose, and trace amounts of alcohol.  Acetic acid bacteria, Acetobacter and 

Gluconacetobacter, are the majority of the bacteria active during the fermentation 

process, but Lactobacillus and other microorganisms can be found as well [27]. Multiple 

reviews denote health benefits such as anti-carcinogenic and anti-diabetic effects, 

treatments for gastric ulcers, high cholesterol, and liver detoxification for kombucha [27]-

[29]. Studies demonstrated that kombucha conferred anti-microbial properties, in-vitro 

[30], and prevented weight loss in diabetic rats [31] and mice [32].  

Pickled vegetables and fruit are created by soaking in a brine, a vinegar, or by 

fermentation for the purpose lowering the pH to limit bacterial growth to select species. 

When pickling by fermentation, the desired bacteria outcompete other present 

microorganisms due to resistance to low pH, high salt concentrations, and high alcohol 

concentrations [33]. The primary bacterial genera associated in the pickling of vegetables 

and fruit is Lactobacillus, which are naturally occurring on vegetables and fruit. During 

the fermentation pickling process, nutritional quality and digestibility are enhanced, while 

toxins and anti-nutritional compounds are lowered [33]. A study, utilizing mass 

spectrometry, was performed to determine the quantity of bioactive peptides in raw, 

acidified, and fermented pickled cucumbers. They discovered the quantity of peptides is 

greater in fermented cucumbers than in either raw or acidified cucumbers [34].  
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Microorganisms Associated with Fermentation  

Due to similar processes of fermentation, the foods and beverages noted 

previously contain many of the same microorganisms. For example, Bifidobacterium, 

Lactobacillus, S. thermophilus, and S. cerevisiae are present in fermented foods and may 

have positive effects on human physical and mental health [1]. Studies on the 

consumption of foods containing these microorganisms, reduced gastro-intestinal 

inflammation [35]-[37], decreased symptoms of depression and anxiety [38]-[42], 

increased cognitive function [43], improved immunomodulatory response [44]-[45], and 

boosted overall mood [12], [13], [46]-[48]. A summary of some of the microorganisms 

associated with fermentation and their benefits are illustrated in Table 1.  
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Table 1. Associated Health Benefits of Select Microorganisms used in Fermentation 
Microorganisms Benefits  Reference 

Bifidobacterium bifidum 
reduction in functional gastrointestinal disorders, 
reduced psychological stress 

[35] 

Bifidobacterium breve 

prevent the growth of E. coli and Candida albicans, 
alleviates symptoms of diarrhea, lower anxiety levels 
in mice that were bred to be anxious, improve 
cognitive function, lower depression 

[1], [38], 
[43] 

Bifidobacteria infantis increases serotonin production [12] 

Bifidobacterium lactis 
improve symptoms of irritable bowel syndrome and 
improve mood when used with other psychobiotics 

[1], [46] 

Bifidobacterium longum 

anti-inflammatory, lower cholesterol, antioxidant, 
reduction anxiety, cortisol levels, depression, 
improvement of cognition and coping skills, 
antidepressant effect 

[1], [39], 
[40] 

Lactobacillus acidophilus 
reduction in stress and fatigue effects, potential in 
stabilizing and fortifying the gastrointestinal system 
against disease and infection 

[36], [37] 

Lactobacillus brevis anti-inflammatory, alleviate symptoms of IBS [1], [49] 

Lactobacillus casei 
some effect on combating some of the issues 
associated with chronic fatigue syndrome 

[41] 

Lactobacillus helveticus 

lower blood pressure in those with hypertension, 
prevent anxiety and cognitive impairment, prevent 
inflammation and anxiety from a high fat diet, and 
fight pathogens, remove allergens, and enhance 
absorption of nutrients  

[50]-[53] 

Lactobacillus lactis improves mood  [47] 

Lactobacillus paracasei 
contracted common cold less, exhibited cold 
symptoms for shorter amount of time, effects on 
positive mood 

[48] 

Lactobacillus planetarium 
bolsters immune activity and improved stress 
management 

[44], [45] 

Lactobacillus reuteri anti-inflammatory, insulin modulation [54], [55] 

Lactobacillus rhamnosus GG fewer symptoms of depression and anxiety [42] 

Saccharomyces cerevisiae anti-stress, anti-fatigue [56] 

Streptococcus thermophilus treats diarrhea symptoms, increases healthy gut flora [37] 

Weisselia koreensis OK1-6 counteracts effects of high fat diet [19] 
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The Bifidobacterium genera of bacteria are found in fermented food, either 

through natural occurrence or being added to aid the fermentation process.  Studies have 

shown that it has positive effects on mental and physical health. Bifidobacterium bifidum, 

commonly detected in yogurts and fermented milk products, has been investigated as a 

potential probiotic in promotion of health [1]. In an open label study of 37 patients with 

functional gastrointestinal disorders, participants were administered fermented milk 

containing B. bifidum for four weeks. Upon conclusion of the study, the researchers 

correlated consumption of B. bifidum to a reduction of functional gastrointestinal 

disorders and reduced psychological stress [35]. Another species of Bifidobacterium, 

Bifidobacterium breve, can also be found in fermented milk drinks [1].  B. breve 

demonstrated that it prevents the growth of Escherichia coli and Candida albicans, which 

reduced symptoms associated with diarrhea [1]. B. breve also lowered the anxiety and 

depression symptoms in people diagnosed with schizophrenia [38] and in an Alzheimer’s 

disease mouse model, increased cognitive function [43]. Bifidobacterium lactis, can also 

be found in fermented milk drinks and yogurts. B. lactis can decrease bloating symptoms 

associated with irritable bowel syndrome [46]. Bifidobacterium longum, can be found in 

yogurts and fermented milk drinks. B. longum in the human gut may lower cholesterol, 

have antioxidant properties, reduce anxiety, and reduce depression [1]. Consumption of 

B. longum was demonstrated beneficial in the management of stress by score changes of 

three questionnaires taken after a social stressor inducing game [39].  B. longum was 

administered to swimmers in a double-blind study and the results gathered from blood 

serum and saliva showed a decrease in anti-inflammatory cytokine IL-1ra, improved 

cognition, and self-reported faster physical recovery [40].  
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The Lactobacillus genera of lactic acid bacteria can also be found in fermented 

food. Lactobacillus acidophilus is in fermented milk drinks, kimchi, sauerkraut, and 

yogurt. A study examined chronic fatigue syndrome via a forced swim test observed rats 

who consumed L. acidophilus had a reduction in stress and fatigue effects [36]. L. 

acidophilus aids in the protection of the gastrointestinal system against disease and 

infection through production of lactic acid and other organic acids [37]. L. brevis, can be 

found in bread, pickles, kimchi, sauerkraut and fermented milk drinks [1]. In a 

randomized, double-blind study to determine the interaction between L. brevis and 

symptoms of irritable bowel syndrome, individuals who took L. brevis had higher serum 

anti-inflammatory cytokines and decreased abdominal pain compared to the placebo 

group [49].  Another Lactobacillus bacterium, L. casei is found in yogurt and cheeses. A 

randomized, double-blind study investigating the effects of L. casei strain Shirota on 

chronic fatigue syndrome (CFS) was conducted on 39 patients. CFS symptoms include 

persistent fatigue, cognitive dysfunction, headaches, anxiety, and depression [41]. The 

study showed that L. casei Shirota affected some of the issues associated with CFS 

through changes in Beck Depression Inventory and Beck Anxiety Inventory scores 

associated with a decrease in anxiety over the course of the study [41]. Lactobacillus 

helveticus, formerly known as Lactobacillus delbrueckii (bulgaricus), can be found in 

cheeses and fermented milk drinks [1]. L. helveticus prevented anxiety and cognitive 

impairment in rats [50], [51], prevented inflammation and anxiety that stem from a high 

fat diet [52], inhibited the growth of pathogens, and enhanced absorption of nutrients in 

mice [53]. L. lactis, can be found in cheeses, and fermented milk drinks [1] and is known 

to improve mood when given in combination with other types of healthy gut bacteria 
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[47]. Lactobacillus paracasei, can be found in fermented milk drinks, wine, some 

sausages, and some cheeses. In a randomized, double-blind study involving the 

susceptibility to the common cold, it was noted that subjects who took a supplement 

containing L. paracasei, were diagnosed with the common cold less often, where during 

the 12 week intervention, 61.4% of the placebo group reported occurrence of a cold, 53% 

of those taking the L. paracasei supplement reported occurrence of a cold.  Additionally, 

the participants administered L. paracasei and did get a cold, had reduced severity of 

symptoms compared to individuals who did not take the supplement [48]. Researchers 

also noted a positive mood lasting longer for the L. paracasei participants in comparison 

to the placebo group [48]. L. plantarum, can be found in some sausages, sauerkraut, 

pickles, and kimchi. L. plantarum was found to be beneficial to natural killer cells whose 

function is to destroy virally-infected cells assist and with other immune responses [45]. 

In a double-blind study involving 171 subjects with natural killer cell counts less than 

50%, it was found that the subjects who consumed the yogurt with L. plantarum 

HOKKAIDO showed an increase in natural killer cell activity and showed lower stress 

markers [44]. The yogurt containing L. plantarum HOKKAIDO may help with immune 

activity and with decrease the biological markers associated with stress. Another 

Lactobacillus microorganism, Lactobacillus reuteri, has shown promise in effecting 

insulin and c-peptide secretions, important to people who have issues with sugar 

regulation [54]. L. reuteri also has anti-inflammatory properties demonstrated in vivo and 

in vitro [55]. L. rhamnosus, can be found in fermented milk drinks as well as fermented 

oatmeal. In a double-bind study of postpartum depression in 423 women, it was found 

that the women who took the supplement containing L. rhamnosus during and after 
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pregnancy exhibited fewer symptoms of depression and anxiety than those taking the 

placebo [42].  The combined views of these studies indicate that Lactobacillus has 

promise as a probiotic to benefit human physical and mental health. 

There are other bacteria and yeasts commonly used to ferment food and drink to 

which health effects are not as well studied. For example, S. cerevisiae is yeast that can 

be found in wine, beer, bread, or in supplement form. A study on the anti-stress and anti-

fatigue effects of S. cerevisiae was performed on rats who consumed fermented rice bran. 

The study showed a correlation between the consumption of the fermented rice bran and 

anti-stress by the change in weight of the spleen, thyroid, thymus, and adrenal gland over 

the control. It also showed anti-fatigue effects over the control with extended 

performance times during the swim test [56]. S. thermophilus, is bacteria that can be 

found in yogurts, cheeses, and fermented milk drinks. S. thermophilus has shown 

beneficial in treating diarrhea and has a secondary benefit of increasing other healthy 

microorganisms, such as Bifidobacterium [37]. 

Beneficial microorganisms may work more efficiently as a community. When 

Bifidobacterium and Lactobacillus species were administered orally in a multispecies 

probiotic, a study demonstrated improved mood, as illustrated by changes in MRI 

measures [57]. The same study also noted positive changes in behavioral scores on self-

reported assessments to include LEIDS-r questionnaire [57], Positive and Negative 

Affect Schedule, Symptoms Checklist 90, Allgemine Depressionsskala [57]. Similar 

results were observed in another study which measured changes in mood via LEIDS-r 

questionnaire [58]. 

 



22 

Conclusion 

Studies performed utilizing in-vitro models, animal subjects, or human subjects 

demonstrated the benefits theses microorganisms can convey. Fermented foods, the 

microorganisms they contain, and the chemicals produced by those microorganisms are 

beneficial to those who consume them.  Fermented food, as the delivery method of 

providing probiotic microorganisms to the human gut microbiome, has shown to have 

positive effects on test subjects, but similar effects were shown with the administration of 

probiotic supplements. The benefit to utilizing food as the delivery method would be the 

abundance of and readily availability of fermented foods and beverages in the Western 

diet. Additional studies into fermented foods should provide more insight to further 

examine and expand how microorganisms affect mental and physical health. The need to 

identify and quantify the microorganisms associated with fermented foods exists. The 

benefits of adding these probiotic microorganisms to treatments can only be justified 

once enough clinical trials exist to demonstrate effectiveness.    
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Standard Curves 

slope:-4.26 Y-Intercept:12.1956 R²:0.78 Eff%:71.689 
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Melt Curve (Derivative Reporter) 
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Melt Curve (Normalized Reporter) 
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Results Table 
 

Well 
 

Sample 
 

Target 
 

Task 
 

Qty 
 

 

 

 

 

Mean 

 
 

 

 
Qty Mean  Qty SD 

 
Tm1 

 
Tm2 

 
Tm3 

B2 LGG LGG S 1.000 13.084 12.785 0.462  78.646   

B3 LGG LGG S 1.000 UND. 12.785 0.462  61.385 77.987  

B4 LGG LGG S 1.000 12.967 12.785 0.462  78.646   

B5 LGG LGG S 0.100 15.903 15.861 0.301  78.514   

B6 LGG LGG S 0.100 15.568 15.861 0.301  78.514   

B7 LGG LGG S 0.100 15.833 15.861 0.301  78.514   

B8 LGG LGG S 0.010 24.138 20.522 2.646  78.382   

B9 LGG LGG S 0.010 23.882 20.522 2.646  78.382   

B10 LGG LGG S 0.010 23.756 20.522 2.646  78.382   

B11 LGG LGG S 0.001 31.415 25.725 4.535  78.250   

B12 LGG LGG S 0.001 31.229 25.725 4.535  78.250   

B13 LGG LGG S 0.001 30.923 25.725 4.535  78.250   

B14 LGG LGG S 0.000 UND. 28.627 4.240  77.987 69.422 93.271 

B15 LGG LGG S 0.000 34.946 28.627 4.240  77.987   

B16 LGG LGG S 0.000 UND. 28.627 4.240  61.253   

B17 Blank LGG U  UND. 37.231  0.000 61.385   

B18 Blank LGG U  UND. 37.231  0.000 61.253   

B19 Blank LGG U  UND. 37.231  0.000 61.253 89.713  

H2 LGG LGG S 1.000 UND. 12.785 0.462  61.253   

H3 LGG LGG S 1.000 UND. 12.785 0.462  61.517   

H4 LGG LGG S 1.000 UND. 12.785 0.462  61.385   

H5 LGG LGG S 0.100 15.926 15.861 0.301  78.646   

H6 LGG LGG S 0.100 UND. 15.861 0.301  61.253   

H7 LGG LGG S 0.100 15.617 15.861 0.301  78.514   

H8 LGG LGG S 0.010 17.899 20.522 2.646  78.514   

H9 LGG LGG S 0.010 18.516 20.522 2.646  78.514   

H10 LGG LGG S 0.010 18.745 20.522 2.646  78.514   

H11 LGG LGG S 0.001 22.519 25.725 4.535  78.382   

H12 LGG LGG S 0.001 22.259 25.725 4.535  78.250   

Task Legends: S = Standard, N = NTC, U = Unknown, UND. = Undetermined 
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Well 
 

Sample 
 

Target 
 

Task 
 

Qty 
 

 

 

 

 

Mean 

 
 

 

 
Qty Mean  Qty SD 

 
Tm1 

 
Tm2 

 
Tm3 

H13 LGG LGG S 0.001 22.546 25.725 4.535  78.382   

H14 LGG LGG S 0.000 25.954 28.627 4.240  78.250   

H15 LGG LGG S 0.000 UND. 28.627 4.240  61.517   

H16 LGG LGG S 0.000 UND. 28.627 4.240  61.385   

H17 Blank LGG U  UND. 37.231  0.000 61.649   

H18 Blank LGG U  UND. 37.231  0.000 61.385   

H19 Blank LGG U  UND. 37.231  0.000 61.517   

O2 LGG LGG S 1.000 11.972 12.785 0.462  78.514   

O3 LGG LGG S 1.000 12.857 12.785 0.462  78.514   

O4 LGG LGG S 1.000 13.042 12.785 0.462  78.514   

O5 LGG LGG S 0.100 16.476 15.861 0.301  78.514   

O6 LGG LGG S 0.100 15.566 15.861 0.301  78.514   

O7 LGG LGG S 0.100 15.997 15.861 0.301  78.514   

O8 LGG LGG S 0.010 20.491 20.522 2.646  78.514   

O9 LGG LGG S 0.010 18.614 20.522 2.646  78.382   

O10 LGG LGG S 0.010 18.652 20.522 2.646  78.382   

O11 LGG LGG S 0.001 22.977 25.725 4.535  78.382   

O12 LGG LGG S 0.001 UND. 25.725 4.535  61.517 93.271 87.869 

O13 LGG LGG S 0.001 21.936 25.725 4.535  78.250   

O14 LGG LGG S 0.000 UND. 28.627 4.240  61.385   

O15 LGG LGG S 0.000 27.143 28.627 4.240  78.382   

O16 LGG LGG S 0.000 26.466 28.627 4.240  78.382   

O17 Blank LGG U  UND. 37.231  0.000 61.780 90.636  

O18 Blank LGG U  UND. 37.231  0.000 61.253   

O19 Blank LGG U 0.000 37.231 37.231  0.000 77.855   

Task Legends: S = Standard, N = NTC, U = Unknown, UND. = Undetermined 
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QC Summary 
 

Total Wells 384 Processed Wells 54 Targets Used 1 

Well Setup 54 Flagged Wells 41 Samples Used 2 
 

Flag Description Frequency Locations 

AMPNC Amplification in negative control 0  

BADROX Bad passive reference signal 0  

BLFAIL Baseline algorithm failed 0  

CTFAIL 
 

 0  

DRNMIN Define acceptable delta Rn 0  

EXPFAIL Exponential algorithm failed 19 B3, B14, B16, B17, B18, B19, H2, H3, H4, 
H6, H15, H16, H17, H18, H19, O12, O14, 
O17, O18 

HIGHSD High standard deviation in 
replicate group 

21 B8, B9, B10, B11, B12, B13, B15, H8, H9, 
H10, H11, H12, H13, H14, O8, O9, O10, 
O11, O13, O15, O16 

NOAMP No amplification 4 B14, H2, H16, O12 

NOISE Noise higher than others in plate 0  

NOSIGNAL No signal in well 0  

OFFSCALE Fluorescence is offscale 0  

OUTLIERRG Outlier in replicate group 1 O2 

PRFDROP Passive reference signal 0  

PRFLOW Low passive reference signal 0  

SPIKE Noise spikes 0  

THOLDFAIL Thresholding algorithm failed 0  
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TC Protocol 
 

 

Block Type 

Sample Volume 

Cover Temperature 

PCR Filter Set 

384-Well Block 

10.0 
105.0 

m1,x1 m2,x2 m3,x3 m4,x4 m5,x5 

Run Mode 
Melt Curve Ramp 
Filter Set 

Standard 

m1,x1 m4,x4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Stage No. of Repetitions Starting Cycle Auto Delta Enabled 

Hold Stage 1 1 false 

Cycling Stage 50 1 false 

Melt Curve Stage 1 1 false 

Thermal Protocol Details 
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Step Hold Stage 
 

Collection 
Flag 

Ramp 
Rate 

Ramp Rate 
Unit 

Temperature 
Hold 
Time 

Auto Delta 
Temperature 

Auto Delta Hold 
Time 

 
Disabled 

 
1.6 

DEGREES_ 
PER_SECO 

ND 

 
50.0 

 
120 

 
0.0 

 
0 

 

Step Hold Stage 
 

Collection 
Flag 

Ramp 
Rate 

Ramp Rate 
Unit 

Temperature 
Hold 
Time 

Auto Delta 
Temperature 

Auto Delta Hold 
Time 

 
Disabled 

 
1.6 

DEGREES_ 
PER_SECO 

ND 

 
95.0 

 
120 

 
0.0 

 
0 

 

Step Cycling Stage 
 

Collection 
Flag 

Ramp 
Rate 

Ramp Rate 
Unit 

Temperature 
Hold 
Time 

Auto Delta 
Temperature 

Auto Delta Hold 
Time 

 
Disabled 

 
1.6 

DEGREES_ 
PER_SECO 

ND 

 
95.0 

 
15 

 
0.0 

 
0 

 

Step Cycling Stage 
 

Collection 
Flag 

Ramp 
Rate 

Ramp Rate 
Unit 

Temperature 
Hold 
Time 

Auto Delta 
Temperature 

Auto Delta Hold 
Time 

 
Enabled 

 
1.6 

DEGREES_ 
PER_SECO 

ND 

 
60.0 

 
60 

 
0.0 

 
0 

 

Step Melt Curve Stage 
 

Collection 
Flag 

Ramp 
Rate 

Ramp Rate 
Unit 

Temperature 
Hold 
Time 

Auto Delta 
Temperature 

Auto Delta Hold 
Time 

 
Disabled 

 
1.6 

DEGREES_ 
PER_SECO 

ND 

 
95.0 

 
15 

 
0.0 

 
0 

 

Step Melt Curve Stage 
 

Collection 
Flag 

Ramp 
Rate 

Ramp Rate 
Unit 

Temperature 
Hold 
Time 

Auto Delta 
Temperature 

Auto Delta Hold 
Time 

 
Disabled 

 
1.6 

DEGREES_ 
PER_SECO 

ND 

 
60.0 

 
60 

 
0.0 

 
0 

 

Step Melt Curve Stage 
 

Collection 
Flag 

Ramp 
Rate 

Ramp Rate 
Unit 

Temperature 
Hold 
Time 

Auto Delta 
Temperature 

Auto Delta Hold 
Time 

Disabled 0.05 DEGREES_ 95.0 15 0.0 0 
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