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Abstract 

The most noted craft beer trends of 2015 and 2016 were sessionable and food 

product infused beers. This experiment aimed to examine these craft beer trends’ ability 

to lead to potential foodborne illness in beer by evaluating alcohol’s ability to reduce 

bacterial counts. In a two-part experiment, the ability for alcohol in a 3.2% ABV beer to 

kill spoilage bacteria on basil, then Salmonella was investigated. In the first part, aerobic 

plate counts of general bacterial growth on basil, beer, fresh basil beer, and two day aged 

basil beer were examined. Beer was able to reduce the bacterial growth found on basil. 

Two day aged basil beer had reduced growth when compared to fresh basil beer. In the 

second part, basil, sterile beer, unsterile beer, fresh basil beer, and two day aged basil 

beer were inoculated with 9.0 Log10 CFU of Salmonella Typhimurium 53647. Sterile and 

unsterile beer both significantly reduced Salmonella contamination. The results imply 

that aging beer reduces bacterial loads of food product infused beer and that beer is able 

to significantly reduce the growth of microbial contamination in 3.2% ABV beer, while 

foodborne illness in sessionable beer poses potential risk.
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CHAPTER I 

Introduction 

Although many argue that brewing developed before the first evidence of written 

language, the history of mass production brewing can be traced back with the 

development of society and modern day agriculture (Sinclair & Sinclair, 2010). The first 

evidence of beer agriculture and manufacturing in the Fertile Crescent, Mesopotamia, and 

Egypt points directly back to the development of grain-based fermented beverages by the 

ancient Chinese in 7000 BC (Meussdoerffer, 2009). This suggests that the development 

of agriculture and manufactured beer contributed to the development of the modern day 

beverage industry. More specifically, many different innovations such as irrigation 

systems, food preservatives, food packaging, pasteurization, transportation, and 

pesticides shaped today’s modern day food safety practices (IRS, 2015).   

In the United States (U.S.), government agencies such as the Occupational Safety 

and Health Administration (OSHA) and the Food and Drug Administration (FDA) ensure 

safety and sanitation through many regulations necessary to protect the general 

population’s health. Many of these regulations were developed in reaction to outbreaks of 

foodborne illness. As the modern U.S. food and beverage industry began to develop 

through the awareness of sanitary practices and the various governmental regulations, the 

tastes and desires of the nation shaped as well (Law, 2004 & Brewers Association, 2015). 

It is important to mention that from 1919 to 1933, Prohibition hindered and restricted 

growth of beer manufacturing, so many of the beer production regulations were created 

preventatively. The brewing industry in the U.S. shrunk to 44 brewing companies by the 

end of the 1970s due to effective marketing campaigns promoting light-adjunct lagers 
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(Brewers Association, 2015).  Though marketing campaigns had been effective through 

the 1970s, by the 1980s U.S. beer consumers began to yearn for flavors that more closely 

resembled beers in other countries (Brewers Association, 2015 & Hieronymus, 2016). 

Homebrewers started making these flavorful styles on their own and a few opened their 

own small breweries (Papazian, 2016). These small breweries became known as 

microbreweries, and eventually known as craft breweries, which have rapidly grown ever 

since (Brewers Association, 2015 & Papazian, 2016). As the craft beer industry continues 

to develop in the U.S., the need for continual research on craft beer trends in these 

establishments remain necessary.  

 

Objective of Study 

It is widely recognized, in both governmental and academic research, that there 

are many opportunities for foodborne illness developing in food production through 

failure to adequately sanitize facilities, wash product, and prevent cross contamination 

(De Jong et al., 2008, FDA, 2012, & Marriott & Gravani, 2006). Viruses and pathogens 

can survive and grow in beverage production facilities if there is an absence of effective 

food safety procedures. It is also recognized that sanitation in the process of alcohol 

production is vital to preventing faulty or harmful products (Goldammer, 2008). There is 

a notable gap when evaluating microorganism growth in beer with specifically less than 

5% alcohol by volume (ABV) (Goldammer, 2008 & Menz et al., 2010),  This research, 

based off current craft beer trends, aims to investigate if the lower alcohol content in 

sessionable beers is able to able to reduce or kill bacterial growth in a craft beer setting.  
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Justifications 

As the U.S. craft beer industry continues to grow, new trends to create unique, yet 

still traditional styles, take hold each year. The top two craft beer trends in the U.S. of 

2015 and predicted for 2016 are more sessionable (low ABV) and food product infused 

beers (Bernstein, 2015, Kopp, 2016, & Watson, 2016).  By lowering intrinsic hurdles that 

are natural in beer, bacterial contamination and foodborne illness becomes a potentially 

greater risk. With 9.4 million annual foodborne illness outbreaks in the U. S., there is 

continual need to prevent as many outbreaks as possible (CDC, 2015, Minnesota 

Department of Health, 2013, Scallan et al., 2011 & U.S. Department of Health and 

Human Services, 2014).  The basis of this preventative research is evaluate if sessionable 

beers are able reduce or kill bacterial contamination caused by food product infusion.  
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CHAPTER II 

Literature Review 

Sanitation and Cross Contamination 

It is recognized that proper sanitation, alongside washing food products, washing 

equipment, and mitigating cross contamination, can help prevent foodborne illness from 

viruses, pathogens and parasites that can be naturally found in food supply (Marriott & 

Gravani, 2006). Of the 36.4 million illnesses that are domestically acquired, 9.4 million 

have been proven to be foodborne, while cross contamination is one of the leading causes 

(CDC, 2015, Minnesota Department of Health, 2013, Scallan et al., 2011 & U.S. 

Department of Health and Human Services, 2014). The three most vital points to control 

food safety are from a biological, chemical, and physical agents (University of Rhode 

Island, 2016 & Valigra, 2013). Additionally, the best ways to prevent foodborne illness 

include proper personal hygiene, proper cleaning and sanitizing of all food contact 

surfaces and equipment, good basic housekeeping and maintenance, and food storage for 

the proper time at safe (Valigra, 2013). When sanitizing equipment, establishments 

should look to use “a chemical or heat to reduce the number of microorganisms or other 

contaminants to a level that is not harmful. The first step is cleaning; the second step is 

sanitizing (National Food Service Management Institute, 2009).”  

As previously mentioned, cross contamination is one of the leading causes of 

foodborne illness (CDC, 2015, Minnesota Department of Health, 2013 & U.S. 

Department of Health and Human Services, 2014). Cross contamination is the physical 

transfer of harmful bacteria, usually from raw food product’s contact with other food 

products, tools, or surfaces (Minnesota Department of Health, 2013).  By ensuring 
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sanitation, creating control points, establishing a steady schedule, keeping up with 

storage, and employee education cross contamination can be avoided (Carrera, 1996 & 

Roetker, 2005).  

HACCP. Bacterial transfer can be unseen to the naked eye, making it vital for 

food service establishments to implement proper sanitation procedures that work to avoid 

cross contamination. To ensure that food products meet quality and food safety standards 

legally, food production establishments can institute Good Manufacturing Practices 

(GMPs). These systems cover building, facility, and equipment maintenance while 

clearly define terms and expectations of production and process controls (FDA, 2004). 

Hazard Analysis Critical Control Point (HACCP) should be utilized to further assure food 

safety. HACCP plans are a management procedure which examines and controls all 

biological, chemical, and physical hazards (FDA, 2015). Because HACCP plans are often 

poorly implemented, utilized, or updated by the majority of food companies, many cross 

contamination issues arise (Mortimore & Wallace, 2013). A specific HACCP plan should 

be designed and applied to each stage of food production from receiving to distribution 

and consumption (Pierson, 2012). Although HACCP plans are not required for beverage 

production, they would be highly beneficial in order to reduce the risk of cross 

contamination. The creation and implementation of a HACCP plan are on the following 

page in Table 1 (Minnesota Department of Agriculture, 1998).  
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Table 1  

Hazard Analysis Critical Control Point Summary 

Step Principle Use 

1 Conduct a hazard 

analysis 

• Identify hazards present in process 

• Evaluate if the hazard is “reasonably likely to occur” 

• If it is likely to occur, list any preventative measures 

 

2 Identify Critical 

Control Points 

(CCPs) 

• Identify a point, step, or procedures that is controllable and can 

eliminated, prevented, or reduced to acceptable levels 

• Evaluate unique conditions in certain facility 

• CCPs include, but are not limited to freezing, cooking, 

smoking, acidification 

 

3 Establish Critical 

Limits for each 

CCP 

• Identify the maximum or minimum value to which a hazard 

must be controlled at to prevent, eliminate, or reduce to an 

acceptable level of occurrence 

• These are boundaries for safety of each CCP and are often 

specific numerical values 

 

4 Establish CCP 

monitoring 

procedures 

• Consists of observations of measurements to check that CCPs 

are under control 

• These tell you where a problem has occurred, track the 

system’s operations, identify dangerous trends, and provides 

written documentation of compliance 

• Must include who will monitor, what will be monitored, when 

it is done, and how it is done 

 

5 Establish 

corrective actions 
• These are procedures to follow once a failure to meet a critical 

limit occurs 

• Must determine the disposition of a non-complying product 

• Must correct the cause of non-compliance to prevent 

recurrence 

• Must show that the CCP is under control once again 

  

6 Establish 

recordkeeping 

procedures 

• Establish day-to-day “working” logs as a continual recording 

of information 

• Records include the HACCP plan itself and all supporting 

documentation 

• Includes records, including product codes, that document all 

daily monitoring, deviation and corrective action logs, as well as 

verification logs 

 

7 Establish 

verification 

procedures 

• Validates the plan’s adequacy in controlling the food safety 

hazards during analysis and ensures effective implementation 

• Should include initial validation, ongoing verification 

activities, reassessment of the plan, and reassessment of the 

hazard analysis 

Note. Adapted from “An Introduction to the 7 HACCP Steps,” by the Minnesota 

Department of Agriculture, Dairy and Food Inspection Division, Understanding How to 

Develop a HACCP Plan, 1998, p. 6-8.  
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Common Microorganisms and Outbreaks. The most common microorganisms 

that lead to foodborne illnesses are Norovirus, Salmonella spp., Clostridium perfringens, 

and Campylobacter spp. (Scallan et al., 2011). 

The most common pathogen, Norovirus, is an extremely contagious virus that 

stems from food and water by contact with contaminated surfaces (CDC, 2013).  

Prevention of an outbreak begins with simply proper handwashing, washing food 

products, and by following general sanitation procedures (CDC, 2013). Though alcohol-

based hand sanitizers have been found to aid in the removal of Norovirus, they are not as 

effective at removing Norovirus as proper handwashing with soap and water (Blaney et 

al., 2011). This information suggests that Norovirus is able to survive in low ABV beers 

because alcohol alone cannot. Norovirus has been identified as the most common cause 

of gastroenteritis in the world. Furthermore, “between 250 and 350 million Americans are 

estimated to suffer acute gastroenteritis annually, with 25% to 30% thought to be caused 

by foodborne illnesses” (McCabe-Sellers & Beattie, 2004). Usually transmitted through 

leafy greens, fresh fruits and shellfish, Norovirus in restaurants is spread mostly through 

ready-to-eat food handled with bare hands (CDC, 2013). This was an issue for Chipolte 

in 2015 after an outbreak of Norovirus effected 88 customers and employees, spread 

through their ready-to-eat menu items (Food Safety News, 2015). When brewing low 

ABV beers and infusing them with fresh, raw food products, the risk of cross 

contamination with Norovirus is potential.  

Nontyphoidal Salmonella spp., is a common bacteria spread from animals to 

humans, person-to-person, through animal feed, and through the consumption of 

contaminated food (WHO, 2015). This is especially threatening to those with 
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compromised immune systems as it can survive in both dry and wet environments, while 

prevention of spread must be controlled in all parts of the food supply chain, including 

processing, manufacturing, and preparation (WHO, 2015). Salmonella is found in animal 

product, fresh produce, and even spices (FDA, 2012). Annually, there are about 1.2 

million illnesses and about 450 deaths associated with Salmonella in the U.S. (CDC, 

2015). In 2006, over 190 cases in two months were reported in this outbreak when 

multiple investigations began in over 21 states that found the source to be raw, large, 

round tomatoes from Ohio tomato fields. As this area had previously not been linked to 

any Salmonella outbreak, this study reveals the importance of spread prevention at all 

levels of food service production including restaurants (Behravesh et al., 2011). Because 

Salmonella is so common in natural food, especially leafy greens, it’s reasonable to 

believe that it could contaminate beer if infused with fresh produce, such as basil.  

Basil. Fresh produce, such as basil, has been associated with many foodborne 

illness outbreaks. In February 2004, two clusters of Cyclospora outbreaks in Illinois and 

Texas revealed basil and lettuce as sources (Outbreak Database, 2016). In February 2005, 

the FDA linked a multistate Cyclospora outbreak with 592 illnesses directly to basil 

imported from Peru (Outbreak Database, 2016). In June of 2005, the FDA was called into 

a New Haven, Connecticut restaurant to investigate an outbreak of Cyclospora presumed 

to link back to basil (Outbreak Database, 2016). In April 2014, the Lisy Corporation of 

Miami, Florida voluntarily recalled their sweet basil due to an FDA sampling that 

identified Salmonella (Food Safety News, 2014). Lastly, also in 2014, amongst an 18 

state outbreak of Salmonella, the CDC confirmed 11 due to contaminated raw, fresh basil 
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(CDC, 2014). It is important to note that 50 beers have been brewed with basil in the U.S. 

as of 2016 (“Basil beer,” n.d.). 

 

Brewery Sanitation and Cross Contamination 

Because breweries produce beer for public consumption, it’s clear to see that 

sanitation and the prevention of cross contamination are also an integral part of the 

brewing process. Brewery sanitation has been researched in the U.S. post-prohibition.  

Although ethanol, low pH, lox oxygen levels, hops, carbon dioxide, sulfur 

dioxide, lack of nutrients, and steps of the brewing process, such as mashing, boiling, 

pasteurizing, filtering, and bottle conditioning restrict most pathogenic activity in beer, 

there are a few notable microorganisms that are known cause spoilage (Vriesekoop et al., 

2012). While most microorganisms found in beer create quality issues which stem from 

the contamination of wort, they are also able to elevate the beer’s pH level, create 

ropiness, alter the fermentation cycle, and create acetification and acidification (Hui et 

al., 2003 & Vriesekoop et al., 2012). Proper sanitation in a brewery has the ability to 

halter each of these problems and there are two main ways to sanitize product or 

equipment: pasteurization and chemical sanitation (Hui et al., 2003).  

With pasteurization, beer is heated to destruct harmful microorganisms 

(Goldammer, 2008 & Hui et al., 2003).  There are two ways that breweries are able to 

pasteurize their beer- before packaging called flash pasteurization or after packaging 

called tunnel pasteurization (Goldammer, 2008). Typically, flash pasteurization is used 

for reduction of harmful microorganisms in bulk beer, like kegs, and tunnel 
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pasteurization is used for smaller packaged beers (Lea & Piggott, 2003).  Flash 

pasteurization is heating beer up to the range 71° C to 79° C for 15 to 60 seconds 

(Goldammer, 2008). Tunnel pasteurization is when packaged bottles are sprayed with hot 

water on a conveyor belt until the inner-bottle temperature meets the outer-water 

temperature to sterilize the beer and gradually cooled back down (Goldammer, 2008). 

Because pasteurization has extremely specific times and temperatures, a common quality 

problem is overheating which can cause unwanted effects on flavor and haziness in beer 

(Hui et al., 2003). When a brewery does not want to risk overheating product, they may 

choose to substitute pasteurization with filtration (Hui, Y. et al. 2003). Sterile filtration 

involves pushing beer through primary diatomaceous earth filters and cartridge 

membrane filters to trap microorganisms and clarify the beer (Goldammer, 2008).  

When sanitizing equipment, alkaline-based detergents, such as sodium hydroxide 

and sodium hydroxide/hypochlorite solutions, and acid-based detergents, such as 

phosphoric acid and nitric acid are utilized (Goldammer, 2008). Alkaline-based 

detergents, used to clean organic soils, are widely popular (Goldammer, 2008). These 

solutions cut fatty oils, fats, starches, proteins, starches, and carbohydrates while they 

dissolve proteinaceous materials, tannin deposits, and other organic matters (Goldammer, 

2008). Acid-based detergents are normally used in conjunction with alkaline detergents to 

clean beerstone, water scale, and aluminum oxide; they are the most effective way to 

clean an area heavy with bacteria (Goldammer, 2008).  

Cross contamination in breweries is difficult to detect. Some bacteria in brewing 

yeast act so similar to cultured yeast that contamination often goes unnoticed by brewers 

(Lewis & Bamforth, 2006). These microorganisms can lead to both foodborne illness and 



11 

 

quality issues. On the other hand, some bacteria in wild yeasts act so different than 

others, that they actually become out-grown and eliminated (Lewis & Bamforth, 2006).   

From a quality control standpoint it is clear that specific carbonation, filtration, and 

packaging methods are advantageous for clean yeast versus wild yeast beers and need to 

be treated as critical control points for breweries to mitigate cross contamination (Mader, 

2015). Aside from keep breweries as clean and sanitary as possible, adenosine 

triphosphate (ATP) testing can be used in the beverage industry to test for living 

microorganism counts. More specifically, ATP is an energy molecule that is found in all 

living organisms and when it reacts with a liquid-stable reagent used in ATP testing, the 

living molecules emit light in proportion to the sample taken (“ATP bioluminescence,” 

1996). This is read through the use of a lumniometer which reads the light emitted. If 

utilized at breweries, ATP meter testing can reveal living organisms on equipment that 

can potentially lead to cross contamination (Roady, 2015). ATP meters are one of the 

most reliable ways to evaluate growth of beer spoilage microbes on surfaces (Storgårds, 

2000). 

The most common gram-positive bacteria found in a brewery are Lactobacillus 

and Pediococcus. With gram-positive bacteria, hop compounds create antibacterial 

activity and usually prevent the possibility of contamination (Sakamoto & Konings, 

2003). However, despite the antimicrobial hurdles found in beer, Lactobacillus is the 

most common microorganism accredited with beer spoilage. The higher the ethanol 

content, the lesser the chance of Lactobacillus spoilage (Vriesekoop et al., 2012). 

Lactobacillus is usually considered to be unwanted in a brewery, unless used with 

extreme care to create sour beers (Nummer, 2012). Lactobacillus frigidus, Lactobacillus 
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brevissimilis, and Lactobacillus brevis have all been identified as biogenic amine-

forming contaminants, which can be toxic to human health if found in beer (Goldammer, 

2008 & Storgårds, 2000). Usually these bacteria spread in the raw malts, hops, and yeasts 

through the method of brewing and storage (Storgårds, 2000). Though not common, 

biogenic amine in beer can affect neural transmitters in the central nervous system and 

interact negatively with the vascular system (Kalac & Krizek, 2003). The other most 

common bacteria that produces unwanted and off flavors in beer is Pediococcus. Though 

this is in the same family as Lactobacillus, Pediococcus damnosus only spoils beer 

through producing off flavors (Vriesekoop et al., 2012). These unwanted, buttery flavors 

come from the production of diacetyl (Gindreau, Walling, & Lonvaud-Funel, 2001). 

Between cross contamination with Pediococcus and Lactobacillus, 70% of beer spoilage 

incidents occur (Sakamoto & Konings, 2003). 

The other common bacteria found in beer include: Aerobacter (Klebsiella), 

Obesumbacterium and Zymomonas (Bokulich & Bamforth, 2013 & Kleyn & Hough, 

1971). Acetobacter creates ropiness, turbidity, vinegary off-flavor in beer (Goldammer, 

2008). Ropiness is when the beer becomes too viscous and pours an unexpected stream 

described as “oily” (Hayes, 2013). This happens when wort is exposed to oxygen and 

grows on the surface of beer during, “…wort at pitching and early fermentation, wort 

inadvertently aerated at racking, and cask-conditioned or open-fermented beers” 

(Goldammer, 2008). This bacteria reveals the common stages at which bacteria can enter 

and grow in beer. Obesumbacterium is nearly intolerant of ethanol and low pH but 

remains one of the main spoilers in beer due to improper sanitation, pitching yeast, and 

the wort cooling process (Maugueret & Walker, 2002 & Lewis & Bamforth, 2006). This 
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is one of the few spoilage bacteria that has been observed to survive fermentation as it 

separates yeast and continues into the next steps of fermentation (Lewis & Bamforth, 

2006). Though not common to survive the fermentation process, Obesumbacterium 

proteus will decrease the rate of fermentation and lead to a faulty product (Maugueret & 

Walker, 2002). This bacteria is also able to contribute to the formation of N-nitroso 

compounds during fermentation which can convert to nitrosamines and pose a potential 

health hazard (Maugueret & Walker, 2002). N-nitroso has been found to attribute to 

gastric cancer (Bruning-Fann & Kaneene, 1993). Finally, Zymomonas spp. is able to 

grow in up to 6% of ethanol and 3.5 to 7 pH. It has a set of primary metabolites and 

secondary metabolites in which the secondary metabolites pose a threat to health. The 

secondary metabolites in Zymomonas spp. are hydrogen sulfide and acetaldehyde which 

mainly thrive in cask-conditioned beers or develop in primed beers during the 

fermentation and packaging stage (Lewis & Bamforth, 2006 & Preedy & Watson, 2004). 

Because this bacteria is able to survive in beers with under 6% alcohol, this study aims to 

evaluate if it is possible for other microorganisms, specifically foodborne pathogens, to 

survive as well. 

 

Craft Beer 

 Despite beer drinking in the U.S. declining, craft beer production is growing. 

(Forbes, 2015). The number of breweries, as a whole, in the U.S have rapidly grown (see 

Figure 1) since 1994 (Brewers Association, 2016). The most notable growth of craft 

breweries (see Figure 2) in the U.S. was from 2008, with 450 breweries, to 2015, with 

2,397 craft breweries (Brewers Association, 2016).  
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Figure 1. Number of breweries in the U.S. from 1873 to 2015. From “Historical U.S 

Brewery Count,” by Brewers Association, n.d.. Copyright 2016 by Brewers Association. 

Retrieved from https://www.brewersassociation.org/statistics/number-of-breweries/ 

 

 

Figure 2. Cumulative graph showing the number of regional breweries, microbreweries, 

and brewpubs from 1994 to 2015. From “U.S. Craft Brewery Count by Category,” by 

Brewers Association, n.d.. Copyright 2016 by Brewers Association. Retrieved from 

https://www.brewersassociation.org/statistics/number-of-breweries/ 

 

Craft beer trends. The two most noted trends of 2015 and predicted trends 2016 

are creating more sessionable beers and naturally flavored beers (Bernstein, 2015, Kopp, 

2016, & Watson, 2016). Craft beer communities such as Craftbeer.com, predict more 

session beers, lagers, and easy drinkers (Herz, 2016). The Brewers Association defines 
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sessionable beers as having 5.0% ABV or lower (2015). Many other styles of beer can 

also have an ABV as low as 0.5% (See Table 2). 

Original Gravity Magazine not only noted these lighter and session beers with less 

ABV, but also barrel aging with fruits, herbs, vegetables and roots (Kopp, 2016). Fruit 

infused beers are expected to boom in 2016 (Watson, 2016). Flavors like apple which 

mainly trended in 2015 were noted by the Business Insider (Taylor, 2015).  Wine 

Magazine even exclaimed that, “brewers are raiding the kitchen and creating a new breed 

of beer. Are you ready for a pint of pad thai?” (Bernstein, 2015). Uncorkd predicted 

plantains, black pepper, ginger, squash, and more (Thacker, 2015).  By lowering the 

alcohol content and infusing beer with fresh kitchen flavors, the opportunity arises for 

cross contamination to cause foodborne illness in a beer. 
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Table 2 

Beer Styles with a Potential Target ABV of 3.2% 

Beer Style Minimum ABV Maximum ABV 

Ordinary Bitter 3.00% 4.20% 

Scottish-Style Light Ale 2.80% 3.50% 

Sweet Stout or Cream Stout 3.20% 6.30% 

Berliner-Style Weisse 2.80% 3.40% 

German-Style Leichtes Weizen 2.50% 3.50% 

Belgian-Style Table Beer 0.50% 3.50% 

Grodziskie 2.70% 3.70% 

Chili Pepper Beer 2.50% 13.30% 

American-Style Fruit Beer 2.50% 12.00% 

Belgian-Style Fruit Beer 2.50% 12.00% 

Field Beer 2.50% 13.30% 

Pumpkin Beer 2.50% 12.00% 

Chocolate or Cocoa Beer 2.50% 12.00% 

Coffee Beer 2.50% 12.00% 

Herb and Spice Beer 2.50% 12.00% 

Specialty Beer 2.50% 25.00%+ 

Specialty Honey Beer 2.50% 12.00% 

Note. Adapted from “2015 Beer Style Guidelines,” by Brewers Association, 2015. 

Copyright 2016 by Brewers Association. Retrieved from 

https://www.brewersassociation.org/educational-publications/beer-styles/ 
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CHAPTER III 

Methodology 

Research Design 

Aerobic plate counts (APC) were performed to examine general aerobic bacterial 

growth on each the basil, beer, basil beer, and two-day aged basil beer. APC procedures 

are an approved method to count the level of microorganism presence in a certain product 

(Maturin & Peeler, 2001). The aerobic plate count procedures in this section were 

adapted from the Official Methods of Analysis (Latimer, 2012). To examine the 

reduction of pathogen growth in beer, each variable was inoculated with Salmonella 

Typhimurium 53647. This plating procedure was also adapted from Official Methods of 

Analysis (Latimer, 2012). Additionally, the variable inoculation method was adapted 

from Neal, et al. (2008). 

 

Sample Selection 

Alternate Universe, an alt beer made by 8th Wonder Brewery in Houston, Texas is 

4.7% alcohol by volume (ABV) with 26 international bittering units (IBUs) (“Alternate 

Universe,” 2016). Because of its initially low ABV and IBUs, this beer was chosen for 

this experiment. The sample beer was degassed and diluted to sessionable ranges of less 

than 5.0% ABV, with a targeted 3.2% ABV.  

There are many types of nontyphoidal Salmonella including Salmonella 

typhimurium, the second most common stereotype (Robinson, 2013). Salmonella 
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Typhimurium 53647, a nonpathogenic strain of Salmonella, is derived Salmonella 

enterica (ATCC, 2014). Salmonella enterica and Salmonella bongori are the two main 

species of Salmonella that are able to cause illness in humans through contamination of 

water, while Salmonella typhimurium is common in the U.S. (FDA, 2012). Salmonella 

was chosen because it has been associated with outbreaks in basil in the U.S. It requires 

high water activity environments and is able to grow with or without high levels of 

carbon dioxide (Lawley, 2013). Salmonella has a high D-value and high antibiotic 

resistance, which would have the lowest microbiological growth under these conditions 

compared to other bacteria (Stopforth et al., 2008). With such high temperatures required 

to kill Salmonella, this implies that it should be able to survive in a fermenting or bottle-

conditioning environment which occurs at room temperature. The rational is that if 

fermentation or bottle conditioning can kill Salmonella, it will be able to kill all other 

pathogens.  

 

Data Collection 

Beer preparation. To lower the alcohol content of the sample beer, the 

conversion equation of V1*C1 = V2* C2 was used where V1 was unknown, C1 was the 

known 4.7% ABV, V2 was the target of 1000 mL, and C2 was the target of 3.2% ABV. 

To change the ABV from 4.7% to 3.2%, 680.851 mL of beer needed to be diluted with 

319.149 mL distilled water. For the most optimal results, the beer was first degassed by 

placing it on a mixer (VWR VMS-C7) in a 1500 mL sterilized beaker for 30 minutes, 

then diluted with the distilled water. For each trial, the 1000 mL of prepared beer was 

split into two sterilized 500 mL media bottles. For the plating portion of the experiment, 
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beer was sterilized using an autoclave (Sanyo MLS-3781) to mimic a pasteurization 

process. 

Basil beer preparation. To create the basil beer used in the experiment, 500 mL 

beer, 5 g basil, and 4.405 g dextrose corn sugar were mixed to mimic practices commonly 

used in craft breweries when fermenting or bottle conditioning beer. To ensure a 

thorough mix, this basil beer was placed in a stomacher bag and mixer (AEX Labratore) 

for 120 seconds. This basil beer was used in each trial for the fresh basil beer aerobic 

plate counts, then aged for two days to examine any change during the secondary 

fermenting or bottle conditioning process. 

Aerobic plate counts. Trials were prepared in triplicate. In each of the trials, 

three samples of beer, basil, basil beer, and two-day aged basil beer were serially diluted 

seven times and plated, including the initial dilution. To perform aerobic plate counts 

(APCs) for each variable, three sterilized 150 mL beakers were filled with 90 mL peptone 

(0.1%). 10 mL of each variable were then added, with the exception of basil where 10 g 

was added instead, and this was then placed in the mixer (AEX Labratore) for 120 

seconds. 1 mL of these initial dilutions were then plated on 3M Petrifilm for APCs 

labelled as dilution zero. Six sequential dilutions of each variable were then performed by 

placing 1 mL of the previous dilution into a sterilized test tube filled with 9 mL peptone 

(0.1%) and placing 1 mL of each dilution onto 3M Petrifilm for APCs representing a 1/10 

reduction. Each of these dilutions were then placed into an incubator (Fisher Scientific) 

held at 37°C. After 36 to 48 hours of incubation, the basil, beer, basil beer, and two day 

aged basil beer APC colony forming units (CFU) were enumerated under a colony 

counter (Leica Quebec Darkfield). 
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Inoculum preparation. The Salmonella cocktail was prepared over three days. 1 

mL Salmonella Typhimurium 53647 was subcultured and transferred for two consecutive 

days in 9 mL Sigma-Aldrich Tryptic Soy Broth (TSB) in an incubator (Fisher Scientific) 

held at 37°C for 24 hours.  

 Sample preparation and inoculation. The sample beer was examined both 

sterile and unsterile to mimic the pasteurization process. To sterilize sample beer, the 

beer was prepared as previously mentioned and sterilized in an autoclave (Sanyo MLS-

3781). The sterile beer, unsterile beer, basil beer, and two day aged basil beer were 

individually measured into 10 mL portions in stomacher bags. 1 mL of the Salmonella 

cocktail and 90 mL peptone (0.1%) were added to each bag then placed into a mixer 

(AEX Labratore) for 120 seconds to ensure through inoculation. For basil preparation, 

bruised, cut, or decaying leaves were removed. The basil was then randomly distributed 

into 10 g portions in individual stomacher bags, and 1 mL of the Salmonella cocktail was 

added to each bag. Each bag was then mixed using an approved method of shaking by 

hand for 30 seconds from side to side to prevent spillage and ensure even coating. 90 mL 

peptone (0.1%) was then added to each bag and placed into a mixer (AEX Labratore) for 

120 seconds to ensure through inoculation. 

Plating. Trials were prepared in triplicate. In each of the trials, three samples of 

inoculated sterile beer, unsterile beer, basil, basil beer, and two-day aged basil beer were 

serially diluted seven times and spread plated, including the initial dilution. 1 mL of the 

initial dilutions were spread plated on prepared Sigma-Aldrich Tryptic Soy Agar (TSA) 

labelled as dilution zero. Six sequential dilutions of each variable were then performed by 

placing 1 mL of the previous dilution into a sterilized test tube filled with 9 mL peptone 
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(0.1%) and spread plating 1 mL of each dilution onto TSA representing a 1/10 reduction. 

The control, Salmonella¸ was spread plated using 0.1 mL for each dilution. Each of these 

dilutions were then placed into an incubator (Fisher Scientific) held at 37°C. After 36 to 

48 hours, the inoculated basil, sterile beer, unsterile beer, basil beer, and two day aged 

basil beer CFU were enumerated using a colony counter (Leica Quebec Darkfield). 

 

Data Analysis 

Upon completion of APC and plating enumeration, an average of colony forming 

units (CFU) in each dilution of each variable were converted to Log 10 values and the 

geometric means were determined. Because the Salmonella was plated at 0.1 mL, it was 

then multiplied by 10, using an approved method, making it comparable to each other 

variable plated at 1 mL (Zhu, 2008) ANOVA testing was run on each variable compared 

to the controls of beer and Salmonella. Once the ANOVA testing was performed, 

correlation of any variables exceeding the significance level were reported.  
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CHAPTER IV 

Results 

Two experiments were conducted to determine if the alcohol contained in beer 

could reduce or kill aerobic bacteria or Salmonella. APC were utilized to examine general 

bacterial contamination in basil, beer, basil beer, and two-day aged basil beer. Next, basil, 

sterile beer, unsterile beer, basil beer, and two-day aged basil beer were then inoculated 

with Salmonella Typhimurium 53647 and plated to examine microbial reduction. For the 

APC data analysis, ANOVA testing was run to look for significant differences in general 

bacterial contamination of each variable. The ANOVA test revealed that contamination 

between basil, beer, basil beer, and two-day aged basil beer was statistically significant 

using the F-value at the 0.001 level (see Table 3). 

Table 3 

ANOVA Test between Basil, Beer, Basil Beer, and Two-Day Aged Basil Beer 

Source 

Sum of 

Squares df 

Mean 

Square F Significance 

Between Groups 25.358 3 8.453 18.313 0.000* 

* Significant at the 0.001 level.       

After running the Welch and the Brown-Forsythe robust tests, the F value 

confirmed that the results of the ANOVA test were robust at the 0.001 level. 

Furthermore, the Levene test was below 0.01 which indicated that the homogeneity 

variance was violated and the Tamhane posthoc test was chosen to examine the mean 

differences (see Table 4). The Tamhane posthoc test showed that basil had a significant 

difference when compared with the beer, basil beer, and two-day aged basil beer. This 
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was expected because of the large bacterial contamination on the basil. Furthermore, the 

beer and basil beer had a significant difference. Between the beer and the two-day basil 

beer, the lower level of bacterial growth suggested that overtime the beer will reduce 

bacterial contamination. 

Table 4 

Multiple Comparisons of ANOVA Testing- Tamhane Posthoc Test 

Source Mean Difference Std. Error 

Basil x Beer 2.25493* 0.3095 

Basil x Basil Beer 1.18706* 0.32041 

Basil x Two-Day Aged Basil Beer 1.75051* 0.42723 

Beer x Basil Beer -1.06786* 0.15038 

Beer x Two-Day Aged Basil Beer -5.0442 0.32012 

Basil Beer x Two-Day Aged Basil Beer 0.56344 0.33068 

* Significant at the 0.05 level.   

Plate samples of the inoculated basil, basil beer, and two-day aged basil beer, had 

bacterial swarming (see Figure 3, 4, & 5). Gram staining was conducted on the bacteria, 

which was identified as Gram-positive. Because of the reduction of variables, ANOVA 

testing was run to look for a significant difference in only Salmonella, inoculated sterile 

beer, and inoculated unsterile beer. The ANOVA test showed that contamination between 

these variables was significant at the 0.001 level using the F value (see Table 5). After 

running the Welch and Brown-Forsythe robust tests, the F value confirmed that the 

results were robust at the 0.001 level. The Levene test was 0.817, above 0.05, which 

indicated homogeneity of variance. The Tukey posthoc test was chosen to examine the 
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homogeneity and showed that there was significant difference in both the sterile and 

unsterile beer when compared Salmonella (see Table 6). This suggests that the alcohol 

content will help reduce Salmonella to a safe level. There was an insignificant difference 

between the sterile and unsterile beer. 

 

Figure 3. Swarming bacteria on basil. 
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Figure 4. Swarming bacteria on basil beer. 

 

 

Figure 5. Swarming bacteria on two-day aged basil beer. 
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Table 5 

ANOVA Test between Salmonella, Inoculated Sterile Beer, and Inoculated Unsterile Basil 

Beer 

Source 

Sum of 

Squares df 

Mean 

Square F Significance 

Between Groups 10.231 2 5.116 26.190 0.000* 

* Significant at the 0.01 level. 

   

Table 6 

Multiple Comparisons of ANOVA Testing- Tukey Postoc Test 

Source 

Mean 

Difference 

Std. 

Error 

Salmonella x Unsterile Beer 1.97133* 0.29464 

Salmonella x Sterile Beer 2.01628* 0.29464 

Unsterile Beer x Sterile Beer 0.04495 0.20834 

* The mean difference is significant at the 0.05 level. 
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CHAPTER V 

Discussion 

 In this experiment, the ability for alcohol in a 3.2% ABV beer to kill spoilage 

bacteria as well as Salmonella was investigated. The experiment began with APC testing 

using 3M Petrifilm to evaluate general bacterial growth on basil, beer, basil beer, and 

two-day aged basil beer. Next, spread plating was performed by inoculating basil, sterile 

beer, unsterile beer, basil beer, and two-day aged basil beer with Salmonella 

Typhimurium 53647 to examine the ability to grow in each variable. 

 Despite the large levels of initial bacterial growth on basil, beer was able to 

reduce the growth to a non-detectable limit on 3M Petrifilm. When comparing the beer to 

the basil beer, there were significant differences on APC. Initial aerobic bacterial growth 

on basil and beer was 2.37 mean Log10 CFU/g and 0.12 mean Log10 CFU/mL, 

respectively. When comparing the basil beer to the two-day aged basil beer, microbial 

loads were reduced. This signaled that the beer was able to lower general bacterial 

contamination overtime (Figure 6 & Table 7). Aerobic bacterial contamination was 

reduced in basil beer by 1.07 mean Log10 CFU/mL and 1.63 mean Log10 CFU/mL in two-

day aged basil beer.  

One half of the variables in the spread plating experiment were innumerable 

because of an unknown Gram-positive swarming bacteria that compromised the basil, 

basil beer, and two-day aged basil beer. Each variable with swarming bacteria had basil 

in them; the sterile and unsterile beer had no evident swarming bacteria. It was concluded 

that basil was the source of unknown bacterial contamination due to the amount of 
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general aerobic bacterial growth observed in the APC. Despite the reduction of variables, 

valuable results suggest that both sterile and unsterile beer can reduce Salmonella 

significantly. When sterile and unsterile basil beers were compared directly, there were 

no significant differences (Figure 7 & Table 8). Salmonella contamination was reduced in 

unsterile beer and sterile beer by 1.97 mean Log10 CFU/mL and 2.02 mean Log10 

CFU/mL, respectively.  

General aerobic bacterial contamination and Salmonella were reduced in 3.2% 

ABV beer. If craft breweries were to create sessionable, food product infused beers, the 

possibility for foodborne contamination exists. With a significant reduction in general 

aerobic bacteria from beer to fresh and two-day aged basil beer, the APC results suggest 

that craft breweries should age or bottle condition these beers to reduce aerobic microbial 

loads. This is reflected in the difference of bacterial contamination of two-day aged basil 

beer and fresh basil beer; the mean difference of bacterial contamination from basil was 

reduced in two-day aged beer compared to fresh basil beer by 0.56 mean Log10 CFU/mL. 

The plating study suggests that with sterilization or pasteurization of beer, the ability for 

Salmonella to grow is slightly reduced when examining the mean difference of 0.04 mean 

Log10 CFU/mL between sterile and unsterile beer. More importantly, this study suggests 

that 2.5% ABV may not be enough and shows that when craft breweries infuse their beer 

with food product, the stronger the ABV, the better. As mentioned in earlier chapters, 

American fruit beers, herb and spice beers, and any other specialty beers should have a 

minimum of 2.5% ABV (Brewers Association, 2016). Microbial loads were reduced only 

99% during plating and Salmonella survived in both sterile and unsterile beer. 
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A common assumption is that intrinsic hurdles, such as alcohol content, will 

reduce or kill bacterial growth, though this has been proven to be untrue. In 2005, it was 

assumed that the pH of oranges would inhibit the growth of Salmonella in freshly 

squeezed orange juice. This safety assumption was found to be untrue when 14 people 

became ill from the consumption of Orchid Island Juice (Outbreak Database, 2016). In 

2008, another similar assumption caused foodborne illness outbreaks in salsa. 17 people 

fell ill at a California restaurant because pH alone was not enough to prevent Salmonella 

growth (Outbreak Database, 2016). This safety assumption is confirmed once again to be 

untrue with the growth of Salmonella in the 3.2% ABV beer.  

 
Figure 6. Mean Log of CFU on aerobic plate counts. Error bars are +/- 1.0 unit standard 

deviation, per variable. 
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Table 7 

Descriptive Statistics- Aerobic Plate Counts 

Source Mean Std. Deviation 

Basil  2.3748 0.88955 

Beer 0.1199 0.26616 

Basil Beer 1.1878 0.36427 

Two Day Basil Beer 0.6243 0.92273 

 

 

Figure 7. Mean Log of CFU on spread plating. Error bars are +/- 1.0 unit standard 

deviation, per variable. 
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Table 8 

Descriptive Statistics- Spread Plating 

Source Mean Std. Deviation 

Salmonella 9.0018 0.40851 

Unsterile Beer 7.0305 0.32622 

Sterile Beer 6.9856 0.53976 

 

Limitations. This experiment had limited results because of the Gram-positive 

swarming bacteria found on the basil on the inoculated basil, basil beer, and two-day 

aged basil beer. This reduced the amount of results specifically pertaining to the bottle-

conditioning procedures where basil beer was made and aged for two days. Additionally, 

this experiment utilized only alt bier; many other styles with different ABVs and IBUs 

would be useful to examine in an effort to create a bacterially safe standard incorporating 

specific intrinsic hurdles such as IBUs. Finally, only one purveyor of beer was utilized- 

beer from 8th Wonder Brewery. Further studies could be conducted to see what results 

would be yielded from different breweries. 

Conclusion. A 3.2% ABV beer reduced general aerobic bacterial contamination 

and Salmonella. If sessionable beers are directly contaminated with Salmonella, or other 

bacteria from food product infusion, the possibility for foodborne illness exists. This 

research implies that craft breweries should increase the ABV of their food product 

infused sessionable beers, implement HACCP plans, and age or bottle condition their 

food product infused beers in hopes to reduce bacterial contamination. 
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With craft breweries aiming to create unique beers that grasp the attention of the 

growing industry, risks should be evaluated. Craft breweries should continually work to 

prevent the possibility of foodborne illness. Though sessionable beers have not posed a 

threat of foodborne illness outbreaks alone, when they’re also food product infused, the 

risk becomes possible. The best practice for craft breweries is to implement HACCP 

plans. When HACCP plans are put into place, they must be properly utilized in order to 

be effective. The Salmonella outbreak in 2005 associated with orange juice is just one of 

the many cases of foodborne illness outbreaks that highlight this importance (Outbreak 

Database, 2016). Craft breweries should also age or bottle condition their food product 

infused beers in hopes to reduce bacterial contamination over time. Keeping up with 

current research will also help craft breweries, as it will allow them to continually 

evaluate risks. Further academic research should look to examine modern craft brewery 

trends, especially with sessionable beers, because lower ABV beers also lower the 

intrinsic hurdles for microbial growth (Vriesekoop et al., 2012). 
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