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Abstract 

Soft-style fresh Hispanic cheeses like “queso fresco” are generally prepared 

through minimal processing and recent outbreaks have shown that they can be a vehicle 

of transmission of L. monocytogenes, Salmonella, and E. coli O157:H7. Currently there 

are no available treatments to reduce post-pasteurization contamination. The goal of this 

research was to identify effective queso fresco antimicrobial treatments using available 

Generally Recognized as Safe (GRAS) ingredients. These antimicrobial agents included 

nisin (Nisaplin®), caprylic acid, trans-cinnamaldehyde, monolaurin, carvacrol, eugenol, 

levulinic acid, orange-terpenes, d-limonene, eucalyptol, thymol, and clove essential oils. 

Batches of queso fresco were inoculated with mixtures of approximately 104 

CFU/g of different L. monocytogenes, Salmonella, or E. coli O157:H7 strains/serovars 

and treated with different combinations of antimicrobials. Twenty five strains of L. 

monocytogenes, 28 strains of S. enterica, and 24 strains of E. coli O157:H7 were tested. 

Inoculated queso fresco samples were stored at 4˚C or 8˚C for 3 weeks and the bacterial 

count was determined every other day by direct plating onto PALCAM, bismuth sulfate, 

or sorbitol MacConkey agar.  

All nisin and caprylic acid combinations were effective to decrease survival and 

growth of all L. monocytogenes and caused at least 4 log CFU/g reductions by the end of 

storage compared to controls. The levels of most strain mixtures were markedly reduced 

immediately after treatment and their numbers remained below 103 CFU/ g during the 

experiments. Combinations of nisin and caprylic acid were only effective to reduce at 

least 2 log CFU/g Salmonella and E. coli O157:H7 if the caprylic acid concentration was 

greater than 2 g/kg and 0.7 g/kg respectively. Treatments that included cinnamaldehyde 
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(1 to 2 g/kg) reduced Salmonella and E. coli O157:H7 counts almost 3 and 5 log CFU/g 

respectively.  

The combination of nisin, caprylic acid, and cinnamaldehyde was the only 

antimicrobial treatment able to noticeably inhibit the growth of L. monocytogenes, 

Salmonella, and E. coli O157:H7 in queso fresco. This combination was also tested to 

evaluate the impact on the quality and sensory attributes of the cheese.  For the quality 

and sensory analysis, treated cheese samples (sample A containing 0.5 g/kg nisin, 0.4 

g/kg caprylic acid, and 0.3 g/kg cinnamaldehyde, sample B containing 0.5 g/kg nisin, 0.4 

g/kg caprylic acid, and 0.6 g/kg cinnamaldehyde) were stored over a four week period 

and tested for lactic acid bacteria, aerobic plate count, and psychrotrophic plate counts.  

Treated queso fresco samples stored for 4 weeks had similar numbers of lactic acid 

bacteria, aerobic plate counts, and psychrotrophic plate counts to those of control 

samples.  These results indicated that the treatments had no effect on the growth of 

potential background spoilage microorganisms.  

A consumer liking test was used to evaluate sensory aspects of treated samples. A 

total of 4 samples were tested including control, treated sample A (0.5 g/kg nisin, 0.4 

g/kg caprylic acid, and 0.3 g/kg cinnamaldehyde), treated sample B (0.5 g/kg nisin, 0.4 

g/kg caprylic acid, and 0.6 g/kg cinnamaldehyde), and a commercial sample.  The cheese 

containing 0.6 g/kg of cinnamaldehyde was the least acceptable of all samples, including 

a commercial sample, and the control sample was rated highest for moderately liking. 

The panelists were able to note the presence of off-flavors in both treated samples 

without significant differences between them. All cheese samples, however, were rated 
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between the levels of dislike slightly and like moderately, indicating a certain level of 

liking for all cheese samples.  

The combination of nisin, caprylic acid, and cinnamaldehyde was able to control 

L. monocytogenes, Salmonella, and E. coli O157:H7 in queso fresco with relatively little 

impact on quality and sensory characteristics of the cheese. This antimicrobial 

combination could eventually be used to manufacture safer queso fresco. 
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Introduction 

According to the U.S. Census Bureau agency, the Hispanic population increased 

3.1% from 2008 to 2009, making Hispanics the fastest-growing minority group in the 

U.S. (26). The rapid growth of the Hispanic population in the United States, combined 

with the exposure of people to Hispanic culinary culture has resulted in a rapidly 

increasing demand for Hispanic cheeses. Safety measures to control pathogenic bacteria 

in the product, education measures to reduce production of Hispanic cheeses made from 

unpasteurized milk, and the establishment of a standard of identity to guide the 

production of queso fresco need to be implemented. 

Queso fresco is a soft Hispanic cheese that is manufactured with little or no starter 

culture and subsequently does not go through a fermentation or aging period.  Due to the 

absence of an aging period, the cheese is normally consumed within 14 days of 

manufacture (116).  Compositionally, fresh Hispanic cheeses are white, have relatively 

high moisture (>50%) and high pH (>5.8) (137). With near neutral pH, high moisture 

content and low salt concentration, fresh unripened Hispanic-style cheeses like queso 

fresco, are very susceptible to spoilage organisms and pathogenic bacteria (95). 

Improvements in the safety and quality of queso fresco need to be effective in inhibiting 

growth of pathogenic and spoilage organisms, while maintaining the properties and 

characteristics of this type of cheese. Treatments have to be included without major 

changes in pH, salt levels and moisture content. 

A food safety concern related to queso fresco results from the linkage of this 

cheese to several disease outbreaks associated mainly but not only with L. 

monocytogenes. Five of 11 cheese-associated outbreaks reported to the Centers for 
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Disease Control between 1973 and 1992 were associated with soft cheeses such as queso 

fresco (3). The first documented queso fresco outbreak happened in 1985, Los Angeles - 

CA, where L. monocytogenes contaminated queso fresco caused more than 140 listeriosis 

cases (96).  The risk of L. monocytogenes in Hispanic fresh cheeses is based on its 

ubiquitous occurrence in the environment of dairy plants and its ability to survive and 

grow on these products. In addition to listeriosis outbreaks, Hispanic cheeses have also 

been linked to infections caused by Salmonella, Campylobacter, E. coli and Brucella (35, 

41, 139). 

The goals of this research project involved developing a combination of Generally 

Recognized as Safe (GRAS) antimicrobial treatments to control several strains of L. 

monocytogenes, Salmonella, and E. coli O157:H7 in queso fresco.  GRAS food additives 

used in this study included nisin (Nisaplin®), caprylic acid, trans-cinnamaldehyde, 

monolaurin, carvacrol, eugenol, levulinic acid, orange-terpenes, d-limonene, eucalyptol, 

thymol, and clove essential oils.  Once the most effective combinations of antimicrobial 

additives were found, these combinations were tested to determine their effects on 

sensory attributes, quality and on shelf life of the cheese.  
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Literature Review 

1.1. Listeria monocytogenes 

1.1.1. Microorganism characteristics 
 
The genus Listeria belongs to the Clostridium sub-branch and includes 6 species. 

L. monocytogenes is the most common species associated with human listeriosis (102). L. 

monocytogenes is a Gram–positive, facultative anaerobe, non-spore-forming, motile, rod-

shaped, facultative bacterium. It is an intracellular pathogen that can cause both invasive 

and noninvasive gastrointestinal infections (listeriosis) in humans. This pathogen is 

catalase positive, oxidase negative, and β hemolysin positive (108). There are 13 

serotypes of L. monocytogenes, 1/2a, 1/2b, 1/2c, 3a, 3b, 3c, 4a, 4ab, 4b, 4c, 4d, 4, and 7. 

However, more than 90% of the human isolates belong to the serotypes 1/2a, 1/2b, and 4b 

(123). L. monocytogenes is one of the most virulent food borne pathogens with an 

associated death rate of 20% (104). Its virulence is a multifactorial property of several  

genes and their products (102).  

This pathogen can grow at refrigeration temperatures and can survive under a 

variety of stress conditions such as high salt concentrations and low pH (90). Because of 

its ability to grow at low temperatures, L. monocytogenes can reach infectious doses 

during the storage period of refrigerated food products, posing a hazard to consumers. 

The lower the temperature, the higher is the survival rate of L. monocytogenes in high-

salt environments, making cured meats a good environment for this pathogen (108). L. 

monocytogenes is able to survive at pH values between 3 and 5.2, a characteristic that can 

protect the organism in the acidic environment of the stomach, facilitating the access of 
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the intestinal tract for colonization (90). These characteristics and the ubiquitous 

distribution of L. monocytogenes in the environment makes this organism a main concern 

to the safety of foods that are consumed without re-heating like deli meats, cheeses and 

ready-to-eat foods.  Antimicrobial controls against Listeria are therefore needed in foods 

like queso fresco that relies almost entirely on refrigeration for preservation and for 

delaying pathogens from reaching infectious dose levels. 

The organism is also able to form biofilms, frequently found in food processing 

environments when sanitation practices are not properly applied. A biofilm consists of a 

community of microorganisms surrounded by polymeric substances that can protect the 

organisms against sanitizers and cleaning agents (37). L. monocytogenes can attach to 

glass and stainless steel, producing a sanitizer-resistant biofilm. These biofilms can be 

resistant to chlorine, iodine, acid anionic, and quaternary ammonium sanitizers (11). 

When biofilms are present they can be the source of ongoing contamination of the food 

products processed in that location. 

 

1.1.2. Microorganism sources 
 
The ability to survive stress conditions such as: refrigeration temperatures, low 

pH, and high salt content play a role in the organism’s survival in several types of 

environments. Listeria are widely distributed in nature and have been isolated from soil, 

vegetation, sewage, water, animal feed, fresh and frozen meat including poultry, 

slaughter house waste and in the feces of healthy animals including humans (36, 97, 140). 

Also, when animals become contaminated with the L. monocytogenes they can shed the 

organism in their feces and/or milk (62). 
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Microorganisms can exist in the environment either as planktonic cells or as 

communities in biofilms, where they are attached to a surface and enclosed in a matrix 

predominantly made up of polysaccharide material. Microbial biofilms have a decreased 

growth rate, increased production of exopolysaccharide, and an enhanced resistance to 

antimicrobial agents (37). Biofilms are a major concern in the food industry, where the 

surviving microflora from carcasses and other raw materials can contaminate equipment 

surfaces leading to contamination of products placed on these surfaces. 

In a longitudinal study made in a dry sausage plant, where a total of 1,029 swab 

samples were tested for the presence of L. monocytogenes, approximately 15% (58/383) 

of the surfaces in direct contact with meat and 13% (4/30) of the surfaces without any 

meat contact were contaminated by this pathogen. During processing, 26% (14/54) of 

surfaces and 51% (162/318) of equipment had positive swabs for L. monocytogenes 

(130). The presence of L. monocytogenes in food manufacturing environments can lead to 

post process contamination, a main concern to the food industry since L. monocytogenes 

is able to grow at refrigeration temperature, reaching infectious doses (62). 

 

1.1.3. Listeriosis 
 
Listeriosis is a relatively rare disease but recognized as a public health concern 

due its high fatality rate. The disease ranks amongst the most common causes of death 

related to foodborne illness, ranking second after salmonellosis (104). Listeriosis is an 

invasive disease caused by the ingestion of L. monocytogenes and can cause abortions, 

septicemia, and meningitis. The occurrence of the disease is influenced by the 

susceptibility of the host, the virulence of the organism, and the size of the inoculum (90). 
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The incubation period between exposure (consumption of contaminated foods) and onset 

of listeriosis varies between 1 day and 3 months, a fact that makes it difficult to relate 

Listeria to an outbreak (96). 

The infectious dose of L. monocytogenes depends on three major components: the 

environment (food matrix), the pathogen (virulence) and host susceptibility/immune 

status (102). The food matrix may affect the susceptibility to infection, including the 

pathogen’s ability to survive gastric acidity. The effects of the food matrix on 

neutralization of the stomach acid, decreasing transit time and inhibition of acid secretion 

can provide microenvironments that protect the organism (102). 

Listeriosis during pregnancy is particularly serious and it manifests as a severe 

systemic infection in unborn or newly delivered infants as well as a mild influenza-like 

disease in pregnant women. Infection can occur at any stage of pregnancy. In adults and 

juveniles, the main forms of the disease are central nervous system infections and/or 

septicemia. The majority of cases in adults and juveniles occur amongst the 

immunosuppressed, such as patients receiving steroid or cytotoxic therapy, patients with 

AIDS, diabetics, individuals with prosthetic heart valves or replacement joints and 

individuals with alcoholism or alcoholic liver disease (97, 102). 

 

1.2. Listeria monocytogenes association with food 

Many types of food products are associated with L. monocytogenes. Raw milk and 

dairy products like soft cheese, ice cream, and butter; meat products like frankfurters, 

sausages, and pates; fish products, and vegetables are some of the types of foods that 

have been associated with the transmission of this organism (10, 73, 82). During the 
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period of 1998 to 2002, L. monocytogenes was responsible for 11 reported foodborne 

diseases outbreaks, involving 256 cases and 38 deaths (25). 

In 1994, chocolate milk contaminated with L. monocytogenes was responsible for 

69 cases of listeriosis in the states of Wisconsin, Michigan and Illinois (41). Four years 

later, in 1998, 101 cases of listeriosis were linked to deli meats in 22 states, and again, in 

2002 contaminated turkey deli meat, caused 54 cases of food borne listeriosis in several 

states (41). Ready-to-eat fish and dairy products are often contaminated with L. 

monocytogenes. Jørgensen et al reported that L. monocytogenes was found in cold-

smoked fish 34–60% of the time, while the lowest prevalence was found in heat-treated 

and cured seafood (4–12%) (83). 

The first major L. monocytogenes outbreak linked to Hispanic cheeses occurred in 

1985 and was due to “queso fresco” made by Jalisco Products, Inc. in California (96). 

More than 98% of the 142 victims were either pregnant or had a preexisting condition 

when they became infected. The pathogen caused 93 pregnant women, fetuses and 

newborns to become ill. Of the 48 individuals who died as a result of the infection, thirty 

were fetuses or newborns, and 18 were immunocompromised adults (96). 

Results of bulk tank milk sampling surveys indicated that 6.5% of the raw milk 

supply in the U.S. contains Listeria species. These surveys have also shown that the 

levels in most samples are less than 10 CFU/ml (138). As pasteurization effectively 

destroys Listeria, the presence of these bacteria in finished products must likely be the 

result of post-pasteurization contamination from environmental sources in the dairy 

plants. 
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1.3.  Microbiological analysis of Listeria monocytogenes 

1.3.1. Detection of L. monocytogenes 
 
L. monocytogenes is an important food-borne pathogen and could be present in 

food, environmental and clinical samples. Microbiological identification traditionally 

involves culture methods based on selective enrichment and plating followed by 

characterization of Listeria spp. based on colony morphology, sugar fermentation and 

hemolytic properties. Widespread testing of food products and the environment is driven 

by the current U.S. regulation that outlines a zero tolerance standard for L. 

monocytogenes presence in RTE foods (136). 

Microbiological tests considered for approval by regulatory agencies must be able 

to detect 1 Listeria cell per 25 g of food (77). This sensitivity generally can only be 

achieved by using enrichment methods in which the organism is allowed to grow to a 

detectable level. It is important to note that Listeria cells are slow growing and can be 

rapidly out competed by other bacteria. Bacteriostatic agents, such as acriflavin and 

nalidixic acid that specifically act to suppress competing microflora, have been 

introduced into enrichment media or selective agar (65). These two agents are 

incorporated into most standard methods used to isolate Listeria from food and 

environmental samples. 

In the food industry, culture procedures are also used as reference methods for 

regulatory purposes and for validation of new technology. These methods are sensitive 

but time consuming, taking at least 5 to 6 days before results are available. Two of the 

most widely-used culture reference methods for detection of Listeria in all foods are the 

FDA’s Bacteriological and Analytical Method (BAM) and the International Organization 
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of Standards (ISO) 11290 method (77, 122). Both of these methods require enrichment of 

25 g of food in selective broth, designed to slow the growth of competing organisms, 

prior to plating on selective agar and biochemical identification of typical colonies.  

The BAM protocol provides the followings steps for isolation of L. 

monocytogenes: pre enrichment of food samples for 4 h at 30°C in buffered Listeria 

enrichment broth (BLEB) followed by the addition of antibiotics and continued 

incubation of the sample at 30°C for 48 h. This is followed by detection and isolation of 

the microorganism by streaking the incubated BLEB onto an approved selective isolation 

agar, such as modified Oxford media (MOX) or PALCAM (77). Selective media for this 

organism usually rely on the esculinase reaction based on beta-D-glucosidase activity to 

differentiate Listeria from other bacteria. Typical Listeria colonies appear black with a 

black zone in surrounding medium. These media also contain selective agents to inhibit 

the growth of most other organisms (12). 

Although selective agents are necessary to inhibit competitive organisms during 

enrichment, there have been reports of the harmful effects of selective agents on stressed 

or injured Listeria cells (54). The FDA BAM and ISO 11290 methods address this 

problem in different ways. In the FDA BAM method selective agents are added to the 

basal medium after 4 h incubation, allowing injured cells time to recover in a favorable 

environment. 

 

1.4. Salmonella 

1.4.1. Microorganism characteristics 
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The genus Salmonella belongs to the family Enterobacteriaceae, and includes 

two species; S. enterica and S. bongori (80). The genus Salmonella is extremely 

heterogeneous, comprising more than 2,400 serovars, of which several are major human 

pathogens (91). Most serovars belong to the S. enterica species which is subdivided into 

6 different subspecies.  

Historically, the different variants were given distinct species designation, which 

was later contested and led to the designation of a single species, S. enterica, with unique 

serotype designations. The etiologic agents of murine and human typhoid fever, 

Salmonella typhimurium and Salmonella typhi, respectively, became S. enterica serovar 

Typhimurium and serovar Typhi. S. typhimurium was named for its ability to cause a 

typhoid-like disease in mice, yet in humans it causes only gastroenteritis (91). 

Salmonella is the second most common cause of bacterial food borne illness in 

the United States of America accounting for approximately 1.34 million infections every 

year. At the same time, according to Mead et al., Salmonella is one of the leading causes 

of death by food borne illness, accounting for 31% of estimated cases (104). The 

infectious dose of this pathogen can be as small as 10 CFUs, a factor that contributes to 

its high virulence amongst food borne illness etiological agents (14). 

Salmonella are Gram-negative, rod shaped, facultative anaerobic bacteria that are 

able to utilize a wide range of organic substrates and  metabolize nutrients by both 

respiratory and fermentative pathways (108). Some Salmonella are also known to be 

resilient to temperature, growing at temperatures as high as 54°C and as low as 8°C. 

These bacteria are also able to survive for extended periods in foods stored at freezing 

temperatures (68). Due to the low infectious dose of this organism and to its ability to 
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survive long exposure to low temperatures, contaminated food products that are 

consumed without re-heating, like queso fresco, can pose a hazard to consumers. 

The physiological adaptability of Salmonella spp is further demonstrated by their 

ability to grow at pH values ranging from 4.5 to 9.5, with an optimal pH for growth of 6.5 

to 7.5 (108). The quick adaptability of this organism to environments of high salinity and 

low pH creates a concern with respect to control in food matrices. Salmonella can also 

form biofilms on surfaces commonly used by the food industry (84), becoming more 

resistant to cleaning and sanitizing agents. Biofilms are a source of contamination to 

foods passing through the same processing line. 

 

1.4.2. Microorganism sources 
 

Salmonella spp. colonize a wide range of animal hosts and all the major livestock 

species (poultry, cattle, and swine) can become infected producing contaminated meat 

and other food products (110). Non-typhoid serotypes of Salmonella are found in the 

intestinal flora of a wide range of animal species and are transmitted from these animal 

reservoirs to humans primarily through consumption of animal origin foods. 

A study reported that live hogs and hog carcasses were 7.2% and 19% positive for 

the presence of Salmonella respectively (64). The explanation for the percentage 

difference was the mixing of animals in close quarters held in large numbers for a period 

of 12 to 48 hours before slaughter.  Bacteriological findings indicated that all hogs were 

heavily exposed to Salmonella infection. The drinking water for the hogs, for instance, 

was 75% positive for Salmonella (64). 
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Louis et al. indicated that shell eggs were commonly associated with Salmonella 

Enteritidis contamination, and that egg containing foods were identified as vehicles of 

many Salmonella food borne outbreaks (98).  In the 1980s, public health laboratories in 

Europe and the Americas reported a dramatic increase in the number of human S. 

Enteritidis infections (129).  While the vehicles of transmission have been identified, it is 

not clear why S. enteritidis became a food safety problem recently (118). 

Salmonella spp. is also associated with cattle and a study conducted by the USDA 

showed that 38% of cattle feedlots sampled and approximately 5.5% of the total samples 

were positive for Salmonella (61). Unpasteurized milk can also be a source of this 

microorganism. Villar et al found the pathogen in unpasteurized milk samples from a 

dairy implicated with an outbreak in early 1997, when an increase in the number 

salmonellosis cases amongst members of the Hispanic Population from Washington 

occurred (139). Salmonella Typhimurium was the causative agent and it was linked with 

consumption of unpasteurized, homemade queso fresco. 

 

1.4.3. Salmonellosis 
 

Nontyphoidal Salmonella are responsible for an estimated 1.4 million cases of 

gastrointestinal disease with 500 associated deaths in the United States, at a cost of $2.6 

billion dollars a year (134). The number of cases worldwide exceeds 100 million each 

year (114). With an estimated 582 annual deaths resulting from non-typhoidal 

salmonellosis this pathogen is the leading cause of foodborne infections with lethal 

outcome in the USA (104). 
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Salmonellosis occurs after the ingestion of contaminated food or water, and 

usually leads to a self-limiting enterocolitis. The disease is characterized by diarrhea, 

abdominal cramps, nausea, fever, vomiting, and headache lasting 7 to 10 days, followed 

by a longer period of subclinical fecal shedding (29). Infants, the elderly and 

immunocompromised individuals are at risk for serious systemic complications and death 

as a result of infection (29). 

The infectious dose of Salmonella is dependent on many factors: type of food 

carrier, the health condition of the host, and the specific serovar (13). The infectious dose 

can be as small as 10 CFU depending on the serovar (45, 88). The number of cells that an 

individual is exposed to influences the incubation period of the infection. Salmonella’s 

incubation period in most hosts ranges from 6 to 48 hours, however this period can be 

extended if the patient consumed less than 10³ cells (1). 

This pathogen can also cause typhoid fever; a serious condition characterized by 

fever, abdominal pain and watery diarrhea. Typhoid fever results from infections of 

Salmonella enterica serovar Typhi (44). The underlying cause of typhoid fever is the 

invasion of Salmonella cells to different organs which often leads to death (40). Typhoid 

fever is relatively rare in the USA (approximately 400 cases per year), but in developing 

countries it is estimated that more than 20 million people are infected (24). This disease 

has been largelly controlled in developed countries by sanitation and antibiotics. 

 

1.5. Salmonella association with food 

Foodborne Salmonella spp. is a leading cause of foodborne illness in the USA 

each year (104). The most common vehicles of transmission are meat, meat products, 
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eggs and egg products that contain Salmonella serovars because animals are infected or 

because fecal contamination occurs during processing (114). Contamination of raw milk 

with Salmonella is also not uncommon. One study estimated that 1.5-8.9% of raw milk 

samples contain Salmonella (43) keeping this pathogen on the list of major concerns for 

the dairy industry. In 1985 a very large Salmonella outbreak occurred in the United 

States, more than 16,000 people got sick with Salmonella (94). The case of the outbreak 

was cross-contamination between raw and pasteurized milk. 

In recent years,  in addition to animal foods an increasing number of 

salmonellosis outbreaks are occurring as a result of contaminated produce and other food 

products (57).  A large Salmonella outbreak occurred in 2008 affecting 1442 patients, the 

outbreak was associated with raw produce including tomatoes and jalapeno peppers. This 

outbreak was connected to a distributor and 2 farms, but the contamination mechanism 

was not determined (22). More recently (2008-2009), a large outbreak of Salmonella 

occurred in several states, the food linked to the infections was peanut butter and peanut 

butter containing products. At least 714 people were affected in this multistate outbreak 

(21). 

Salmonella continues to be one the leading causes of food borne illness in the 

USA due to its environmental ubiquity and prevalence in many sectors of the food chain. 

The use of appropriate hygienic procedures, like Good Manufacturing Practices and 

Hazard Analysis Critical Control Point system, during processing should reduce the 

likelihood of salmonellosis outbreaks associated with dairy foods (57). 
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1.6. Microbiological analysis of Salmonella 

1.6.1. Detection of Salmonella 
 

The isolation and detection of Salmonella is important and widely used for food, 

environmental and clinical samples. Identification traditionally involves culture methods 

based on selective enrichment and plating followed by characterization of Salmonella 

spp. based on biochemical slant reactions and serological tests. 

FDA bacteriological and analytical method (BAM) (4) outlines the following 

steps for isolation of Salmonella: pre-enrichment steps are used to increase the number of 

Salmonella cells and allow for recovery of injured cells; pre-enrichment broths are not 

selective, hence competitive organisms will also multiply. A selective enrichment is then 

used to inhibit the competitive organisms; most commonly used media is the tetrathionate 

(TT) broth, and Rappaport-Vassiliadis (RV) broth. Selective agents incorporated into 

enrichment media to isolate Samonella are: sodium tetrathionate, toxic to many bacteria 

but catalyzed by Salmonella; magnesium chloride, responsible for raising the osmotic 

pressure in the medium; and malachite green, which is inhibitory to organisms other than 

Salmonella (4). 

Isolation of the organism is done by streaking enrichment cultures onto selective-

differential agar plates. Media recommended is bismuth sulfite (BS) agar, Hektoen 

enteric (HE) agar, and xylose lysine desoxycholate (XLD) agar. Selective media for this 

organism usually rely on the production of H2S, product of the reaction catalyzed by 

desulfhydrase enzyme, which differentiates Salmonella from other bacteria (4). Typical 

Salmonella colonies appear black or dark in these media. 



 17

To confirm the presence of Salmonella, typical colonies are subjected to 

biochemical identification based on Salmonella ability to decarboxylate lysine, ferment 

glucose anaerobically, and produce H2S (145). Typical differential media used include 

lysine iron agar (LIA) and triple sugar iron agar (TSI) in the form of slants. Finally, tests 

based on somatic or flagellar antibody-antigen reactions can be used for serological 

identification (145). Traditional methods for detection of Salmonella are time consuming 

and final results are obtained after at least 4 days of labor. 

 

1.7. Escherichia coli 

1.7.1. Microorganism characteristics 
 

Escherichia coli are Gram-negative, non-sporeforming, facultative anaerobic 

bacteria that belong to the Enterobacteriaceae family. This bacterial species inhabits the 

normal gastrointestinal tract of humans, other mammals and birds. There are a number of 

different groups of E. coli that have been shown to cause various types of gastrointestinal 

infections. The six main types of E. coli are: enteropathogenic E. coli (EPEC), 

enterotoxigenic E. coli (ETEC), enteroinvasive E. coli (EIEC), diffusely-adhering E. coli 

(DAEC), enteroaggregative E. coli (EAEC), and enteroahemorrhagic E. coli (EHEC), the 

latter comprises the O157:H7 serovar. Most E. coli are inhabitants of the animal and 

human gastrointestinal tract, however serovar O157:H7 can cause serious food borne 

illness. E. coli O157:H7 isolates can be differentiated from other E. coli for not being 

capable of fermenting sorbitol, not being capable of producing glucuronidase enzyme, 

and for its inability to grow well at temperatures higher than 44.5°C (108). 
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E. coli O157 was first recognized as a pathogen in 1982, and is now known as an 

important cause of bloody diarrhea (hemorrhagic colitis) and renal failure (hemolytic 

uremic syndrome) in humans (55).  According to Mead et al, E. coli O157 is responsible 

for more than 73,000 cases of food borne illnesses per year in the USA (104). The 

pathogenicity of E. coli O157 is in part attributed to the production of Shiga-like toxins 

that are capable of injuring the tissues of the intestines, as well as other organs (6). The 

ability to successfully colonize the intestines makes this pathogen a concern to human 

health. E. coli O157 has the ability to intimately attach itself to epithelial cells with 

effacement of the underlying microvilli (126) creating lesions into the intestinal 

epithelium, the cause of the bloody diarrhea. 

The infectious dose of EHEC is very low, between 1 and 100 CFU, which is one 

of the lowest doses for an enteric pathogen (141). Approximately 8% of those infected 

with EHEC O157:H7 will develop hemolytic uremic syndrome (HUS) (70), characterized 

by microangiopathic hemolytic anemia, thrombocytopenia and renal insufficiency or 

failure. Diarrhea-associated HUS is largely responsible for mortality due to food borne 

illness caused by EHEC, resulting in death in almost 5% of infected individuals and 

frequent permanent renal injury at a rate of 25% (103). Children less than 5 years of age 

have a higher incidence of HUS. They express higher levels of the specific Gb3 receptor 

that Shiga toxins bind on the renal endothelial cells (128). 

 

1.7.2. Microorganism sources 
 

Cattle, especially young animals within herds, have been identified as a reservoir 

of E. coli O157:H7 (15). Hence, raw foods of bovine (animal) origin that goes through 
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fecal contamination during slaughter or milking procedures are likely to be vehicles of E. 

coli O157:H7. Several outbreaks of E. coli have been linked with the consumption of 

undercooked ground beef and unpasteurized milk (15, 142). A survey by Elder et al. 

estimated that the frequency of Escherichia coli O157:H7 or O157:nonmotile in feces 

and on hides within groups of fed cattle from single lots, presented for slaughter at meat 

processing plants in the Midwestern United States, was of 28% (91 of 327) and 11% (38 

of 355), respectively (58). 

Although the prevalence of E. coli O157 on cattle farms has been examined 

extensively, the relationship between this pathogen and farm type has rarely been 

established. Cobbaut et al. determined in a large sampling study that the overall farm 

prevalence of E. coli O157 in Belgium was 37.8% (68 of 180 farms) and that the highest 

prevalence was found on dairy cattle farms (61.2%, 30 of 49 farms) (34). The high 

prevalence of E. coli O157 on dairy cattle farms makes this pathogen a concern when it 

comes to safety of dairy products like queso fresco. 

1.7.3. E. coli O157:H7 infection 
 

Illness caused by E. coli O157:H7 is typically quite severe and can be expressed 

as three different manifestations. These include: hemorrhagic colitis, hemolytic uremic 

syndrome (HUS), or thrombotic thrombocytopenic purpura (TTP) (32, 55). Symptoms of 

hemorrhagic colitis begin with a sudden onset of severe abdominal pain followed within 

24 hours by watery diarrhea which later becomes grossly bloody (55). Typically there is 

little or no fever and the duration of illness is 2 to 9 days. Disease time of onset ranges 

from 3 to 9 days.  
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HUS, is a leading cause of acute renal failure in children and a major 

complication of enterohemorrhagic colitis (106). Patients usually have a triad of 

conditions which includes microangiopathic hemolytic anemia (intravascular coagulation 

of erythrocytes that results in mechanical damage of erythrocytes as they squeeze through 

abnormally narrow channels), thrombocytopenia (low circulating platelets), and acute 

nephropathy (kidney disorder) (128). Individuals with HUS frequently require dialysis 

and blood transfusions, and may develop central nervous system disease characterized by 

frequent seizures and coma which can lead to death (128). Patients with TTP exhibit 

clinical and pathologic characteristics similar to HUS, but central nervous system 

involvement is usually a major feature. Patients often develop blood clots in the brain and 

die (55). 

 

1.8. E. coli O157:H7 association with food 

 
Most outbreaks of E. coli O157:H7 infections have been caused by the 

consumption of contaminated ground beef (70), and foods of animal origin have been 

linked as the major sources of E. coli O157:H7 infections (15, 119). Surveys of retail, 

raw meats and poultry have found E. coli O157:H7 in 2-4% of ground beef, 1.5% of 

pork, 1.5% of poultry and 2% of lamb (56). In addition to ground beef, dairy products 

have also been linked to E. coli O157:H7 infections (115). In recent years, fresh produce 

has been a frequent vehicle for enterohemorrhagic infections and they are now considered 

to be the second main vehicle of infection after ground beef.  
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In 1982, the first E. coli O157:H7 outbreak was reported when 26 people were 

infected  in Oregon and the suspected food vehicle was ground beef (119).  From that 

year, several large outbreaks of E. coli affecting more than 200 people and linked with 

ground beef have occurred (119). Dairy products have also caused major outbreaks; in 

1986, 46 kids from a kindergarden in Ontario developed hemorrhagic colitis symptoms 

after drinking raw milk (55). Additionally, E. coli O157:H7 has also been linked to 

outbreaks caused by drinking and swimming water. In one of the largest outbreaks caused 

by this organism, more than 2,000 people were infected from municipal water in Canada 

in 2000 (2). 

 

1.9. Microbiological analysis of E. coli 

1.9.1. Detection of E. coli O157:H7 
 

Like L. monocytogenes and Salmonella, E. coli O157:H7 is an important food-

borne pathogen that is frequently tested in food, environmental and clinical samples. 

Identification involves culture methods based on selective enrichment, plating, 

immunomagnetic separation and it can be followed by identification of E. coli O157:H7 

using molecular methods. Foods generally contain low levels of E. coli O157:H7 cells 

and enrichment steps are required to increase the levels of the organism and allow for 

detection and isolation. Enrichment broths used for this organism are: buffered peptone 

water supplemented with 8 mg/L vancomycin, 10 mg/L cefsulodin, and 0.05 mg/L 

cefixime, modified EC broth (mEC with novobiocin), or mTSB with 20 mg/L novobiocin 

or 10 mg/L acriflavin (113). Since these media are selective for enteric bacteria and not 
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for E. coli specifically, selective media have been developed through the addition of 

antibiotics to isolate the organism (76).  

The official method of the USDA Food Safety and Inspection Service outlines the 

following steps for isolation of E. coli O157:H7: 25 g food samples are placed into mTSB 

enrichment broth and incubated at 42°C for 15 to 22 h. The enriched sample is screened 

for E. coli O157:H7 using lateral flow devices like RapidChek® (Strategic Diagnostics 

Inc.) or PCR-based procedures. If positive results are found, isolation procedures will be 

conducted as follows: 5 ml of enriched sample is filtrated through a 40 µm cell strainer 

and collected in a microcentrifuge tube containing an immunomagnetic bead suspension. 

Culture samples are rotated for 10 to 15 minutes, passed through a cell separation column 

attached to a magnet, collected into tubes, and spread plated onto Rainbow® agar plates 

(Biolog Inc.). The plates, incubated for 24 h at 35°C, will have black or gray colonies if 

E. coli O157:H7 was present in the sample. Typical E. coli O157:H7 colonies from 

Rainbow® agar plates are confirmed by using latex agglutination assays (135).  

 

1.10. Hispanic cheese overview 

According to the U.S. Census Bureau agency, the number of Hispanics living in 

the USA in 2009 was 48.4 million individuals (26). There was a 3.1% growth in the 

Hispanic population from 2008 to 2009, making this ethnic group the fastest-growing 

minority in the USA (26). The rapid increase of the Hispanic population in the United 

States combined with the exposure of consumers to Latin American culinary culture has 

resulted in a rapidly increasing demand for cheeses typical of those cultures. 
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The production of Hispanic cheeses comprises 2% of the total cheese output in 

the USA, which according to the USDA reached 10.1 billion lb in 2008 (133). Over the 

past years, the Hispanic cheese production in the USA increased from approximately 87 

million lb of cheese in 1998 to 195 million lb of cheese in 2008 (133). In the state of 

California alone, the consumption of queso fresco, has increased at an annual rate of 25% 

for the last several years (67).  

The rapid growth in the consumption of Hispanic cheeses demands 

implementation of safety measures to control pathogenic bacteria in the product, 

education measures to reduce production of Hispanic cheeses made from unpasteurized 

milk and the establishment of standards of identity to guide the production of queso 

fresco. It is important to note that the U.S. regulation in the Code of Federal Regulations 

(CFR) (28) states that “if dairy ingredients used in the manufacture of cheeses are not 

pasteurized, the cheese must be cured at more than 35°F for at least 60 days”, before 

consumption. Hispanic cheeses made from raw milk cannot be sold in the United States 

of America (28).  

 

1.10.1. Hispanic cheese description 
 

Hispanic cheeses are found throughout South and Central America, Mexico, and 

the Caribbean Islands. It is made from whole milk, part skim milk, or skim milk (121). 

Curd may be obtained by rennet activity or by the addition of food-grade acid, fruit 

juices, or yogurt (93). It has good slicing properties and possesses the ability to resist 

melting at frying temperatures (30). 
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Queso fresco is a soft Hispanic cheese that is manufactured with little or no starter 

culture and subsequently does not go through a fermentation period.  Due to the absence 

of an aging period, the cheese is normally consumed within 14 days of manufacture 

(116). Queso fresco products are typically white, have relatively high moisture (>50%) 

and high pH (5.8 to 6.1)  (137). The typical composition of queso fresco has the 

following parameters: 48 to 51% moisture, 18 to 22% fat, 19 to 22% protein and 2 to 3% 

salt (30). FDA does not specify any standard of identity for Hispanic cheeses, making it 

difficult to clearly identify product parameters, acceptable ingredients, and to have 

quality standardization (132). 

 

1.10.2. Susceptibility of Hispanic cheeses to spoilage and food borne microorganisms  
 

To accomplish the right texture and flavor, the pH of the cheese, salt and moisture 

content have to be in a certain range. As discussed before, the pH of this cheese is usually 

not less than 5.9, the salt levels are considerably low (2%), and the moisture content is in 

the range of 50% (30). These type of cheeses are expected to have a shelf life of 

approximately 45 days under vacuum storage (67). With near neutral pH, high moisture 

content and low salt concentration, fresh unripened Hispanic-style cheeses like queso 

fresco, are very susceptible to spoilage organisms and pathogenic bacteria (95). 

Improvements in the safety and quality of queso fresco need to be effective in inhibiting 

growth of pathogenic and spoilage organisms, but maintaining the properties and 

characteristics of this type of cheese. Treatments have to be developed without major 

changes in pH, salt levels and moisture content. 
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1.10.3. Association of food borne pathogens with Hispanic cheeses 
 

In the event of a foodborne outbreak, the food implicated in the infections is often 

recalled from the market to prevent additional cases and to withdraw an adulterated 

product. Because of the adulteration laws, food recalls can also be triggered by detection 

of the presence of foodborne pathogens by microbiological testing, even in the absence of 

human cases. Dairy products, including queso fresco, were the most commonly recalled 

category of food products between 1993 and 1998 (143). 

With the exception of infant formulas, the Federal Food, Drug, and Cosmetic Act 

does not give the Food and Drug Administration (FDA) the authority to order a firm to 

recall a product. Manufacturers and distributors may undertake recalls of violative 

products voluntarily at any time based on their own findings or on the findings of FDA or 

State authorities. When a firm does not voluntarily initiate a recall, FDA may request in 

writing that a firm recall the product, but such action is reserved for situations involving 

very serious or life-threatening hazards (5). 

Five of 11 cheese-associated outbreaks reported to the Centers for Disease 

Control between 1973 and 1992 were associated with soft cheeses such as queso fresco 

(3). The first documented queso fresco outbreak happened in 1985, Los Angeles - CA, 

where Listeria contaminated queso fresco caused more than 140 people to became ill and 

34% of them died (96). The risk of L. monocytogenes in Hispanic fresh cheeses is based 

on its ubiquitous occurrence in the environment of dairy plants and its ability to survive 

and grow on these products. A longitudinal study reported that as many as 6% of cheese 

and 11% of environmental samples from Hispanic fresh cheese plants that used 

pasteurized milk were positive for L. monocytogenes (86). In addition to listeriosis 
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outbreaks, Hispanic cheeses have also been linked to infections caused by Salmonella, 

Campylobacter, E. coli O157:H7 and Brucella (35, 41, 139). Outbreaks and recalls 

related with queso fresco are summarized in Tables 1 and 2. 

 

 

Table 1. Foodborne outbreaks cases linked to consumption of queso fresco in the 

USA. 

Year Organism 
No. of cases 

(fatalities) 
Food vehicle Location Ref 

1985 L .monocytogenes 142 (48) Queso fresco and Cotija California (96) 

1997 Salmonella 110 (0) Mexican-style cheese California (35) 

1997 Salmonella 54 (0) Mexican-style cheese Washington (139) 

2000 L. monocytogenes 12 (0) 
Homemade  

Mexican-style cheese 
North Carolina (99) 

2003 L. monocytogenes 6 (1) Queso fresco Texas (66) 

2003 C. jejuni 11 (0) Queso fresco California (41) 

2004 L. monocytogenes 15 (3) Queso fresco Texas and 7 other states (66) 

2004 E. coli 3 (0) Queso fresco Washington (41) 

2005 L. monocytogenes 14 (n.a) Queso fresco Texas and 7 other states (66) 

2005 Brucella 2 (0) Queso fresco Texas (41) 

2006 L. monocytogenes 8 (0) Queso fresco Texas (66) 

2007 L. monocytogenes  5 (0) Queso fresco Texas (66) 

2007 Salmonella 4 (0) Queso fresco Pennsylvania (23) 

2009 C. jejuni 3 (0) Queso fresco Illinois (48) 
n.a not available 
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Table 2. Recent recalls of Queso fresco in the U.S. 

Year Organism Food vehicle/ Brand Location Ref 

2007 L. monocytogenes Hispanic white cheese/ Queseria Mexico New York (60) 

2009 L. monocytogenes Hispanic cheeses/ Torres Hillsdale Country Cheese Michigan (60) 

2009 L. monocytogenes Queso fresco/ Quesos Mi Pueblito New Jersey (60) 

2010 L. monocytogenes Queso fresco/ Del Bueno Washington (60) 

2010 S. aureus Queso Cotija/ Mexicali Cheese Corp. New York (60) 

2010 L. monocytogenes Queso Fresco/ Azteca Linda Corp. New York (60) 

 

 

1.11. Use of antimicrobial agents to control Listeria monocytogenes, Salmonella and 

E. coli O157:H7 in queso fresco 

Hispanic fresh cheeses are minimally processed and this limitation restricts the 

possibilities of applying antimicrobial strategies to the use of inhibitory ingredients or 

additives. Many food preservation systems, such as heat treatments and addition of 

chemical preservatives are used to reduce the risk of bacterial food poisoning and food 

spoilage. However, some of these systems can have undesired quality effects and their 

use is limited for products like fresh cheeses. Among antimicrobial interventions, the use 

of specific inhibitory compounds seems to be one of the few alternatives for queso fresco. 

The choice of antimicrobial agents is largely limited to ingredients already approved for 

use in foods and preferably under the GRAS category. The GRAS ingredients tested in 

this project are described below. 

 

1.11.1. Bacteriocins 
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1.11.1.1. Nisin  
 

Nisin is a low molecular weight bacteriocin produced by certain strains of 

Lactococcus lactis subsp, lactis (50). Bacteriocins are proteins or protein complexes with 

bactericidal activity directed against species that are usually closely related to the 

producer (127). Nisin was first discovered in the late 1920s and early 1930s when it was 

described as a toxic substance present in milk which affected the performance of cheese 

starter cultures (120). The commercial form of nisin used most commonly in food is 

Nisaplin from Danisco, Inc., a preparation that contains 2.5% nisin, NaCl (77.5%) and 

non-fat dried milk (12% protein and 6% carbohydrate) (38). This antimicrobial is very 

effective against Gram-positive bacteria such as L. monocytogenes and is known to 

inhibit bacterial sporulation, but it is largely inactive against Gram-negative bacteria, 

yeasts, and molds (17).  The concentration of nisin can influence its action against 

vegetative cells, being either bactericidal or bacteriostatic. Other factors involved with 

nisin effectiveness are bacteria concentration and physiological state of the bacteria (50). 

Nisin is fairly stable to high temperatures and can withstand prolonged heating at 115°C 

to 121°C if in acid pH. In the pH range 5 to 7, nisin becomes progressively less stable to 

heating and significant losses in activity are to be expected when heated at elevated 

temperatures (50). 

Bacteriocins inhibit target cells by forming pores in the membrane, depleting the 

trans-membrane potential and/or the pH gradient, resulting in the leakage of cellular 

materials (33). The nisin resistance of Gram-negative bacteria is caused by the protective 

outer membrane that functions as an efficient barrier against hydrophobic solutes (78). 

Some studies have, however, shown that combination of nisin with treatments such as 



 29

addition of chelators like EDTA, pulsed electric fields or reduction in water activity can 

make Gram-negative bacteria sensitive to nisin (50). EDTA and other chelating agents 

remove Mg2+ and Ca2+ ions from the Gram negative cell wall, which allows the release of 

phospholipid and lipoprotein. The loss of these two substances increases the permeability 

of the cell wall and allows antimicrobial agents to act on the cytoplasmic membrane (50). 

In foods, the effect of chelators can be greatly diminished due to preferential binding of 

the EDTA onto free divalent ions present in the matrix. 

Various studies have shown that initial reduction of Listeria numbers can be 

achieved by application of nisin in microbiological media, but the subsequent incubation 

of the media can be followed by growth to population levels that are eventually similar to 

those of the controls (107, 117). Similar effect was reported by Kamnetz (87) in queso 

fresco, an initial kill of 3 to 4 log CFU/g of Listeria was observed followed by the growth 

of the pathogen to numbers close to those of the control. Researchers indicated that 

resistance is due to fundamental changes occurring in bacterial cytoplasmic membrane 

structure and function as opposed to a resistance response involving nisin degradation 

(105). 

The use of nisin in ricotta cheese and queso fresco had been reported in the 

literature, in ricotta cheese, the level of 2.5 mg/L of nisin was effective in inhibiting the 

growth of L. monocytogenes (47), and in queso fresco the level of 0.5 g/kg of nisin in 

combination with caprylic acid was very effective in inhibiting the growth of L. 

monocytogenes during the 20 days of storage of the cheese (87). Under U.S. federal 

regulation, nisin has a Generally Recognized as Safe (GRAS) status and it is allowed in 

foods at a maximum level of 250 ppm (28). 



 30

1.11.2. Fatty acids 
 

1.11.2.1 Caprylic acid 
 

Caprylic acid, or octanoic acid, is an eight-carbon fatty acid naturally present in 

breast milk, bovine milk, and coconut oil (81). Under federal regulation, caprylic acid has 

GRAS status and it is allowed in cheese at levels of 0.04% (28). The exact mechanism of 

action of caprylic acid on bacteria is not known, however hypotheses have been 

suggested to explain the mode of antimicrobial activity of free fatty acids and their 

monoglycerides. Based on results of electron microscopic studies, monoglycerides were 

proposed to act as non-ionic surfactants that penetrate and get incorporated into bacterial 

plasma membrane altering membrane permeability (9). Although its mode of action is not 

yet fully understood, the antimicrobial effect of caprylic acid in food matrices was 

evaluated and reported. A study revealed that caprylic acid (50 mM) was effective in 

killing both E. coli O157:H7 and L. monocytogenes in milk stored at 4°C and 8°C  (109). 

However, the addition of caprylic acid significantly reduced the milk pH, that limited its 

application as an antimicrobial ingredient in fluid milk, but it could be used in cheese. 

Caprylic acid was tested as an antimicrobial against L. monocytogenes in queso 

fresco, and at levels of 1.46 and 2.91 g/kg, the growth of L. monocytogenes was inhibited, 

but caprylic acid was unsuccessful in achieving a reduction of the population.  The final 

counts of L. monocytogenes in the queso fresco samples treated with 1.46 g/kg and 2.91 

g/kg were respectively 2.3 log CFU/g and 3.5 log CFU/g lower than the control after 21 

days of storage (87). 
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1.11.2.2. Monolaurin 
 

A derivative of coconut, monolaurin is a mono-ester of lauric acid, known for its 

antimicrobial properties (85). In foods, it is approved for use as an emulsifying agent by 

the FDA (28). The inhibitory activity of monolaurin was investigated against 4 Bacillus 

species vegetative cells in milk at 37°C for 5 days. In the absence of monolaurin, the four 

strains grew and sporulated at the end of the exponential growth step and throughout the 

stationary phase. When monolaurin was present, a durable bacteriostatic effect followed 

by a regrowth level constantly lower than that of the control culture occurred, the 

sporulation was low and did not occur in one of the Bacillus species (100). Another study 

evaluated the use of monolaurin in combination with heat against L. monocytogenes 

biofilms and showed that adherent cells were destroyed by monolaurin combined with 

heating at 65°C for 5 minutes, demonstrating the usefulness of combining monolaurin 

and heat treatments to control L. monocytogenes biofilm problems in the food industry 

(112). No effect of monolaurin added to queso fresco inoculated with L. monocytogenes 

strains was observed as compared to controls incubated at 4°C (87). 

 

1.11.2.3. Levulinic Acid 
 

Levulinic acid, a short chain-fatty acid, is synthesized via degradation of hexose 

sugars by mineral acids and it can be potentially used as a polymer resin, plasticizer, 

textile dye, fuel extender, animal feed additive, and food antimicrobial agent (59). A 

study revealed that a concentration of 0.5% of levulinic acid was capable of reducing 

Salmonella and Escherichia coli O157:H7 number by 2 log CFU/ml within 20 min at 

21°C pure culture assays (146). Results from the same study also showed that treatment 
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of lettuce with a combination of 3% levulinic acid plus 1% sodium dodecyl sulfate for 20 

s reduced both Salmonella and E. coli O157:H7 populations by 6.7 log CFU/g on lettuce. 

In chicken wings, Salmonella and aerobic bacterial populations were reduced by 5 log 

CFU/g by treatment with 3% levulinic acid plus 2% sodium dodecyl sulfate for 1 min 

(146).  

 

1.11.3. Flavor compounds/Essential oils 

Essential oils are aromatic oily liquids obtained from plant material (flowers, 

buds, seeds, leaves, twigs, bark, herbs, wood, fruits and roots). They can be obtained by 

expression, fermentation, or extraction but the method of steam distillation is most 

commonly used for commercial production of essential oils (19). Essential oils have been 

used for their perfume and flavors since antiquity and have long been recognized for their 

antimicrobial properties (16, 71). An overview of the antimicrobial activity of essential 

oils used in this project is provided below. 

 

1.11.3.1. Cinnamaldehyde 
 

Cinnamaldehyde or trans-cinnamaldehyde is the main component of cinnamon 

flavor (Cinnamomum zeylandicum) (19) and it occurs naturally in the bark of cinnamon 

trees. Cinnamaldehyde has GRAS status and it’s classified as a flavoring substance and 

no usage levels are established by the FDA (27). The mode of action of trans-

cinnamaldehyde is still uncertain but studies discuss that the cytoplasmatic membrane is 

the target of this component (52). DiPasqua et al showed that the composition of 

unsaturated fatty acids from the cytoplasmatic membrane of bacterial cells changes 
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drastically when exposed to high levels of cinnamaldehyde suggesting that this 

compound acts on the membrane, altering its lipid profile and its structure (52). Gill et al 

evaluated the effect of ATP production after cells were exposed to cinnamaldehyde and 

results of the experiments clearly indicated that there is rapid inhibition of the energy 

metabolism of both L. monocytogenes and L. sakei when the cells are exposed to 

bactericidal concentrations of eugenol and cinnamaldehyde (69). 

In food matrices cinnamaldehyde was tested in cooked shrimp and alfafa seeds at 

concentrations of 0.15-0.3%, against Salmonella and Pseudomonas putida, showing 

satisfactory antimicrobial effects against both pathogens (19). The effect of 

cinnamaldehyde against bacteria of the dental plaque, caries, and periodontitis was also 

reported (53).  

 

1.11.3.2. d-Limonene 
 

Limonene is a terpene found in citrus rinds. Often used as a flavor compound, 

limonene has GRAS status and it’s classified as a synthetic flavoring substance; no usage 

levels are established by the FDA (27). The bactericidal activity of limonene was tested 

against E. coli, S. enterica, C. jejuni, and L. monocytogenes. The BA50 (percentage of the 

sample in the assay mixture that resulted in a 50% decrease in CFU relative to a buffer 

control) values were of: 0.67% against E. coli, S. enterica, and L. monocytogenes, and of 

0.35% for C. jejuni (63). 
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1.11.3.3. Eugenol 
 

Eugenol is the main component of clove  (Syzygium aromaticum) oil (19). The 

inhibitory effect of eugenol on growth and aflatoxin production by Aspergillus 

parasiticus was studied by Bullerman et al. (18).  Levels of the oil above 200 ppm 

completely inhibited mold growth, or permitted only a small amount of growth that never 

reached secondary metabolism and never produced aflatoxins. Eugenol was also tested 

against L. monocytogenes in cooked beef and cooked chicken breast by Hao et al. Results 

indicated that 0.1 ml spread over the surface of 25 g of chicken or beef was able to extend 

lag phase of growth and effectively reduce final populations of the organism (72). The 

mode of antibacterial action of eugenol seems to be related to its structure containing 

high percentage of phenolic compounds. It seems reasonable that their mechanism of 

action would be similar to other phenolics and this is generally considered to be the 

disturbance of the cytoplasmic membrane, disrupting the proton motive force, electron 

flow, active transport and coagulation of cell contents (51). 

 

1.11.3.4. Eucalyptol 
 

Essential oils of eucalyptus have been reported to inhibit a broad spectrum of 

microorganisms. In a study by Delaquis et al, eucalyptus fractions were effective 

inhibiting Pseudomonas fragi, E. coli O157:H7, Salmonella Typhimurium, L. 

monocytogenes, Staphylococcus aureus, and Saccharomyces cerevisiae at concentrations 

below 0.16% (vol/vol) (49). Another study that used agar well technique to measure 

zones of inhibition of essential oils against E. coli, Staphylococcus aureus, L. 

monocytogenes, Salmonella Enteritidis, and Campylobacter jejuni showed that eucalyptol 
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was one of the most effective antimicrobial, creating zones of inhibition of 5 to 10mm on 

the seeded agar plates (124). 

 

1.11.3.5. Orange Terpenes 
 

Orange terpenes are a combination of terpenes extracted from orange peels, like 

d-limonene, citronellal, linalool, and others (8). The antimicrobial properties of the citrus 

essences were tested on the strain S. cerevisiae in a study by Belleti at al. The growth of 

the yeast, both in liquid and in solid media, was monitored and the results obtained 

indicated that orange terpenes have antimicrobial properties against the yeast, especially 

when added directly to the liquid media (8). Orange terpenes and orange essence terpenes 

exhibited inhibitory activity against the Salmonella spp. on the disc diffusion assay 

reported in a study conducted by O’Bryan et al. According to the study, orange terpenes 

had MICs of 1% and the terpenes from orange essence, produced an MIC that ranged 

from 0.125% to 0.5% against the 11 Salmonella tested (111). Gas chromatography-mass 

spectrometry (GC/MS) analysis revealed that this orange essence oil was composed 

principally of d-limonene, 94% (111). 

 

1.11.3.6. Carvacrol 
 

Carvacrol is the main component of oregano (Origanum vulgare) (19). Carvacrol 

had antimicrobial activities against E. coli, S. aureus, L. monocytogenes, and Salmonella 

Typhimurium in broth (92). The same study reported that  Salmonella Typhimurium was 

inhibited in fish by concentrations of 0.5 to 3% of carvacrol (92). In semi skimmed milk, 
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concentrations of 2 to 3 mmol/l of carvacrol reduced final population of L. 

monocytogenes considerably (89). 

 

1.12. Factors affecting the use of antimicrobial agents  

Antimicrobial agents are chosen based on several considerations: their efficacy in 

the selected food systems, cost of production, and consumer preferences in the event that 

off flavors are imparted in the food product. Microbial testing is one of the main methods 

for determining antimicrobial agent efficacy.  Researchers typically produce large 

populations of target organisms to determine their effect on growth and survival.  The 

effectiveness of the antimicrobial agent is assessed whether the antimicrobial compound 

is capable of inhibiting growth and reducing viable cell count.  It is the responsibility of 

the researcher to create criteria for the extent to which the growth must be controlled. As 

with most factors in the food industry, cost is always considered when implementing the 

use of a new antimicrobial agent.  Regardless of the efficacy of the antimicrobial agent, if 

the cost is above reasonable levels it simply cannot be used. 

If efficacy and cost are both acceptable for use in a food system, the antimicrobial 

agent can then be tested for consumer acceptance.  Without full acceptance of flavor, 

aesthetics and amount used by the consumer the final product may not be considered 

adequate.  Without consumer acceptance of a product, it ultimately will not be successful, 

and further options will need to be explored. When determining consumer approval, 

sensory panels are often used.  The product may be subjected to both likeability tests and 

comparative tests. The final consideration that must be made is whether or not the 

antimicrobial agent holds FDA GRAS status.  If so, it may be used so long as it falls 
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within the acceptable limit determined by the FDA.  In the event that these criteria are not 

met, other ingredients must be considered.   
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Chapter 2 
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Materials and Methods 

2.1. Bacterial strains 

The strains used for evaluating the antimicrobials are listed in Tables 3 to 5. 

These strains were obtained from different sources; most of the Listeria monocytogenes 

strains were provided by Dr. Martin Wiedmann and are part of the International Life 

Sciences Institute collection.  

Table 3.  Listeria monocytogenes strains used in this study and their origin. 
ID Ribotype Serotype Source 

R2 – 500 1042B 4b Mexican-style cheese, outbreak CDCa 2000 
N1 – 227 1044A 4b Hot dog, outbreak CDC 1998 
N3 – 031 1053A 1/2a Hot dog, sporadic case WHOb 1989 
J1 – 110 1038B 4b Mexican-style cheese outbreak, CDC 1985 

J1- 119 1038B 4b Human, Mexican-style cheese outbreak, 
CDC 1985 

R2 – 502 1051B 1/2b Chocolate milk, outbreak, CDC 1994 
N3 - 013 1042B 4b Food, epidemic, UK, pate, 1988 
J1 - 158 10142 4b Animal, goat 
J1 - 169 1052A 3b Human, sporadic 
J1 - 049 1042C 3c Human, sporadic 
C1 - 056 1030A 1/2a Human, sporadic 
J1 - 177 1051D 1/2b Human, sporadic 

M1 – 004 1039B NA Human, sporadic 
J2 - 020 1039C 1/2a Animal, cow 
J1 - 031 1059A 4a Human, sporadic 
J1 - 168 116-110-S2 4a Human, sporadic 
J2 - 031 1039E 1/2a Animal, cow 
R2 - 501 1042B 4b Human, epidemic, North Carolina,cheese, 2000 

NA ATCC 15313 NA Rabbit, Cambridge, England 
J1 - 094 116-1501-S4 1/2c Human, sporadic 

NA ATCC 51775 1/2a Cheese, Belgium 
NA H7762 4a Franks, Sara Lee Outbreak, 1998 
NA 2349 4a Environmental isolate, FSMLc 

NA 3528 4a Environmental isolate, FSML 
NA 2422 4a Environmental isolate, FSML 

J2 - 064 1052 1/2b Animal, cow 
a : Center for Disease Control and Prevention. 
b: World Health Organization 
c: Food Safety Microbiology Laboratory, University of Minnesota 
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Table 4.  Salmonella serovars and strains used in this study and their origin. 

Serovar Strain Source 
Typhimurium ATCC14028 ATCC 
Typhimurium UK1 FSMLa 

Typhimurium ATCC700408 ATCC 
Typhimurium E2009005811                   MDHb 
Typhimurium I758 FSML 
Typhimurium I503 FSML 
Typhimurium I740 FSML 
Typhimurium I600 FSML 
Typhimurium I649 FSML 
Typhimurium 3019907 FSML 
Typhimurium I536 FSML 
Typhimurium I526 FSML 
Montevideo 95573473 MDH 

St. Paul E2008001236 MDH 
Heidelberg FSIS10 FSISc 

Tennessee E2007000502 MDH 
Agona - FDA 

Newport AMO5104 CDCd 

Newport AMO5313 CDC 
Newport AMO7076 CDC 
Newport 2006036 CDC 
Newport B4442 CDC 
Newport AMO7073 CDC 

Enteriditis I823 n.a. 
Enteritidis 95657613 n.a. 
Enteriditis 2009505 n.a. 

a : Food Safety Microbiology Laboratory, University of Minnesota  
b: Minnesota Department of Health 
c: USDA, Food Safety and Inspection Services 
d: Centers for Disease Control and Prevention 
n.a.: Not available 
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Table 5.  E. coli O157:H7 strains used in this study and their origin. 

Strain Source 
ATCC 6058 ATCC 
ATCC43895 ATCC 

86-24 ARSa 

     EK-1      MSUb 

EK-27 MSU 
2029 ARS 

2028 ARS 
4489 ARS 
MAC ARS 

M4522 ARS 
M4489 ARS 

ATCC 43890 ATCC 
ATCC 33780 ATCC 

2321 ARS 
2079 ARS 
2309 ARS 
2324 ARS 
2255 ARS 
2026 ARS 
2257 ARS 
2027 ARS 
2030 ARS 
2336 ARS 
2266 ARS 

a : Agricultural Research Service’s Southern Plains Agricultural Research Center 
b: Microbial Evolution Laboratory, Michigan State University 

 

 

2.2. GRAS antimicrobial ingredients  

The antimicrobial ingredients used in this project included: nisin (N) (Nisaplin®, 

kindly provided by Rex Infanger from Danisco, Inc., Copenhagen, DK), caprylic acid 

(CA) (Sigma-Aldrich, Saint Louis, MO), trans-cinnamaldehyde (CN) (Sigma-Aldrich), 

levulinic acid (LA) (Acros Organics, New Jersey, NJ), monolaurin (ML) (TCI America, 

Portland, OR), carvacrol (CV) (Sigma-Aldrich), thymol (T) (Sigma-Aldrich), d-limonene 



 42

(L) (Sigma-Aldrich), eucalyptol (EC) (RoberteT, Piscataway, NJ), orange terpenes (OT) 

(RoberteT), and eugenol (E) (Sigma-Aldrich). 

 

2.3. Inoculum preparation   

Stock cultures were stored in glycerol at -55°C.  Working cultures were grown on 

tryptic soy agar (TSA) (Neogen Corp., Lansing, MI) at 37°C for 48 h.  One colony was 

picked from each plate, transferred to a tryptic soy broth (TSB) (Neogen Corp.) tube, and 

incubated at 37°C for 18 h.  After streaking each culture onto TSA slants and incubating 

at 37°C for 48 h, working cultures were stored at 4°C for no more than a month.  New 

culture slants were prepared each month.  For inoculation of curds, TSB tubes were 

inoculated individually with working cultures of each L. monocytogenes, Salmonella, or 

E. coli strain and incubated at 37°C for 18 h.  Aliquots of 2 mL culture samples from 

each bacterial strain were mixed, serially diluted and applied to 2.3 kg portions of cheese 

curds in order to obtain an initial count of approximately 104 CFU/g. From 4 to 6 strains 

of the same pathogen were used for inoculation. 

 

2.4. Cheese manufacture   

Approximately 110-L batches of milk were pasteurized for each experimental 

trial.  Non-fat dried milk (2%) was added to the milk before pasteurization.  Pasteurized 

milk was transferred to a sanitized vat and the temperature of milk was regulated to 

approximately 30 to 33°C.  Calcium chloride (0.02%) was mixed evenly into the milk.  

The milk was set by adding Chy-max® (0.01%) (CHR-Hansen, Milwaukee, WI) and 

allowing the curd to form for 30 min.  Cheese knives that produced ½ inches cubes were 
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used to cut the curds.  After cutting, the curds were stirred for 1 h and the temperature 

was raised to 35°C.  Whey was drained to about 50% from the original volume and the 

curds were salted (2% of milk).  The curds were bagged and transferred to a biosafety 

level 2 (BSL2) laboratory.  Antimicrobial treatments were added to 2.3 kg portions of 

cheese curds before inoculation and mixed for 2 min by hand in sealed bags.  Curds were 

molded and allowed to drain for 1 h and the resulting queso fresco portions were bagged 

and stored at 4 or 8°C for 20 days.  

 

2.5. Microbiological analysis 

During storage time, 11 g composite samples were taken from queso fresco pieces 

every 2 to 3 days for microbiological analysis. Samples were homogenized with 99 mL 

buffered peptone water (BPW) (Neogen Corp.), serially diluted 10-fold, and spread 

plated in duplicate on PALCAM (Neogen Corp.), bismuth sulfate (Neogen Corp.), or 

sorbitol MacConkey (Neogen Corp.) agar plates.  Plates were incubated at 12°C for 10 

days for Listeria, and at 37°C for 48 h for Salmonella and E. coli. Typical colonies were 

counted and the values were transformed into log CFU/g of cheese sample. The pH of 

samples was also measured directly using a pH electrode (Bechman Instruments, Inc., 

Fullerton, CA). The lower limit of detection was 10 CFU/g, when no plates had colonies 

at 10-1 dilution, a value of 10 CFU/g was assigned. Results showing error bars were the 

overall mean from at least 2 independent experiments. 

 

2.6. Microbiological quality analysis  
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Cheese was manufactured following the same protocol previously stated.  

However, the cheese remained in the pilot throughout the entire manufacturing and 

draining process since no inoculum was added.  During storage, 11 g composite samples 

were taken from queso fresco pieces every 3 days for microbiological analysis.  Samples 

were homogenized with 99 mL buffered peptone water (BPW), diluted, and spread plated 

onto MRS Lactobacilli agar and plate count agar (PCA) (Neogen Corp.)  MRS plates 

were incubated at 37°C for 24 h.  All colonies were counted as a lactic acid bacteria/total 

plate count.  PCA plates were incubated at 37°C for 24 h for total aerobic plate counts 

and at 8°C for 10 days for psychrotrophic plate counts.  The pH of samples was also 

measured directly on cheese samples using a pH electrode.  

 

2.7. Sensory Analysis 

The sensory work involving experimental design, recruitment of participants, 

preparation for tests, conduction of tests, and statistical analysis of results was performed 

by the Sensory Center staff at the University of Minnesota.  Researchers associated with 

the queso fresco project helped the Sensory Center staff in the preparation of test samples 

and on conducting the tests. 

 

2.7.1. Consumer test 
 

A total of 112 panelists were recruited for the consumer liking test from the e-

mail database of students and staff on the St. Paul campus of the University of 

Minnesota. Panelists had no food allergies and were consumers of queso fresco. 
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Participants were paid $10.00 for participating.  All recruiting and experimental 

procedures were approved by the University of Minnesota’s Institutional Review Board.  

 A total of 4 cheese samples were individually rated on a line scale for how much 

the panelist liked the sample.  The 4 cheese samples included a control, treated sample A 

(0.5 g/kg nisin, 0.4 g/kg caprylic acid, and 0.3 g/kg cinnamaldehyde), treated sample B 

(0.5 g/kg nisin, 0.4 g/kg caprylic acid, and 0.6 g/kg cinnamaldehyde), and a commercial 

(Supremo Queso Fresco, V & V Supremo Foods, Inc., Chicago, IL).  Samples were 

portioned into 1.5 cm cubes and served in 1.5 ounce clear soufflé cups with a lid.  

Samples were held in coolers until immediately prior to serving.  All samples were coded 

with random 3-digit numbers and given in balanced serving orders for order and 

carryover effects. Subjects tasted the samples and rated them for overall liking on labeled 

affective magnitude scales (Fig. 1). 

 

 

 

 

 

 

 

 

 

Figure 1.  Labeled affective magnitude scale used by panelists to rank the liking 

of queso fresco samples. 
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2.8. Statistical Methods 

The Statistics clinic staff at the University of Minnesota was consulted for this 

project and provided the appropriate code for the statistical analysis. 

2.8.1. Pathogenic bacteria counts 
 

The results for at least two independent experiments of each treatment were used 

to calculate the mean and standard deviation for each sampling day for each treatment.  

The average data points at each sampling time were plotted as a time course where the 

differences among control and treatment groups could be visualized.  Bacterial counts in 

the logarithm form were analyzed using the mixed model analysis of variance (R version 

2.11.1; The R foundation for Statistical Computing, Wien, AU).  For the analysis, the 

control was set at zero and the difference between the treatment and control was analyzed 

to determine if the treatment was significantly different than zero (p<0.05). Tests 

included whether or not the counts were different at day 11, whether or not the slope was 

different between the control and treatment, and whether or not the line was different in 

either way.  It was assumed that there were no significant differences between trials and it 

was also assumed that the variation was similar across treatments.   

 

2.8.2. Microbiological quality counts 
 

Mixed model analysis of variance was used in the same manner as the bacterial 

count analysis using R computer statistical software (R version 2.11.1; The R foundation 

for Statistical Computing). 
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2.8.3. Consumer test 

The distance from the Greatest Imaginable Disliking end of the rating scale was 

measured and mixed model analysis of variance (SAS Proc Mixed) was used to 

determine if the cheese samples differed in how well they were liked overall (SAS 

version 9.1; SAS Institute, Inc., Cary, North Carolina).  Liking was the dependent 

variable and product and judge were predictors.  Judge was a random effect.  We used 

contrasts to determine whether the differences in liking were statistically significant. 
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Chapter 3 
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Results 

3.1 Listeria monocytogenes antimicrobial treatments 

A series of queso fresco experiments were conducted to determine the 

antimicrobial effect of two caprylic acid (CA) concentrations (0.36 and 0.72 g/kg) in 

combination with nisin (0.5 g/kg). Experiments were conducted using different sets of 

strains to evaluate the consistency of effect among L. monocytogenes. At both levels of 

CA the detectable numbers of an initial group of strains were less than 100 CFU/g during 

the first 17 days, but the counts increased as much 3 log CFU/g on the last day of storage 

at 4°C. Compared to controls, in which active growth was observed, both treatments 

resulted in more than 5 log CFU/g reductions (Fig.2, Table 6). 

 

 

Figure 2. Effect of antimicrobial addition to queso fresco on the L. 

monocytogenes count during storage at 4ºC. N: nisaplin, CA: caprylic acid. Strains: DUP-

1030A, DUP-1042, DUP-1042C, DUP-1052A, DUP-10142 
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Table 6.  List of combination antimicrobial treatments used to inhibit L. 

monocytogenes in queso fresco and the statistical significance when the differences of L. 

monocytogenes counts were compared to untreated samples. 

Antimicrobial added 
per kg of curds 

# 
Indep. trials p-value 

Nisin (g/kg) Caprylic acid 
(g/kg) 

Cinnamaldehyde 
(g/kg)   

- - 0.3 2 0.0799 
- - 0.6 2 0.009 
- - 1.2 2 <0.0001 

0.4 0.4 - 3 <0.0001 
0.5 0.4 - 6 <0.0001 
0.5 0.4 0.3 2 <0.0001 
0.5 0.4 0.6 2 <0.0001 
0.5 0.76 - 5 <0.0001 

 

The effect of the combination of nisin and caprylic acid was tested with a second 

set of L. monocytogenes strains (Fig. 3). The count of L. monocytogenes in samples 

treated with 0.76 g/kg CA and 0.49 g/kg nisin ranged between 100 and 1,000 CFU/g 

during the entire experimental period. Treatments with low CA concentration (0.36 g/kg), 

and lower concentration of nisin (0.4 g/kg) also inhibited the growth of Listeria during 

most of the trial, but in the last week the count was slightly above 3 log CFU/g. In 

comparison to the previous experiment (Fig. 2) the results of this first trial with a new set 

of strains showed a smaller population reduction as the initial count remained very 

similar to the control.  
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Figure 3. Effect of antimicrobial addition to queso fresco on the L. 

monocytogenes count during storage at 4ºC. N: nisaplin, CA: caprylic acid. Strains: DUP-

1042B, DUP-10142, DUP-1052A, DUP-1042C, DUP-1030A 

 

A third pair of identical experiments was conducted with 5 additional L. 

monocytogenes ribotypes (Fig. 4). Despite that initial viable count reductions were 

observed with this particular set of strains, Listeria grew slowly in all treated samples and 

it reached a final count 4 and 3 log CFU/g at the lowest and highest antimicrobial 

concentrations, respectively.  Similar results were obtained with a fourth set of L. 

monocytogenes strains (Fig. 5). 
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Figure 4. Effect of antimicrobial addition to queso fresco on the L. 

monocytogenes count during storage at 4ºC. N: nisaplin, CA: caprylic acid. Strains: DUP-

1051D, DUP-1039B, 116-1501-S-4, DUP-1039C, DUP-1059A 

 

 

Figure 5. Effect of antimicrobial addition to queso fresco on the L. 

monocytogenes count during storage at 4ºC. N: nisaplin, CA: caprylic acid. Strains: 116-

110-S-2, DUP-1039E, DUP-1052, 51775, DUP-1042B 
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The effect of the combination of nisin and caprylic acid was tested with a fifth set 

of replicate experiments with a different mix of 6 L. monocytogenes strains (Fig. 6). The 

count of L. monocytogenes in treated samples grew from undetectable levels to 

approximately 4 log CFU/g during the experimental period. In comparison to the 

previous experiments, the initial count reached undetectable levels at time 0. Despite the 

differences observed among the five groups of strains, in all cases the reductions of L. 

monocytogenes count were more than 3 log CFU/g and statistically significant (Table 6). 

 

 

Figure 6. Effect of antimicrobial addition to queso fresco on the L. 

monocytogenes count during storage at 4ºC. N: nisaplin, CA: caprylic acid. Strains: 

ATCC 15313, H7762, 2349, 3528, 2422 
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The effect of trans-cinnamaldehyde (CN) alone and in combination with nisin and 

caprylic acid was tested against Listeria (Fig. 7). Different levels of CN (0.3, 0.6, 1.2 

g/kg) were compared to the nisin/ caprylic combination at concentrations within the 

regulatory level. All CN treatments inhibited growth, but only at a concentration of 1.2 

g/kg CN had comparable effects to the N/CA combination, including an immediate 

bactericidal effect similar with the one caused. With 0.6 g/kg of CN, the microbial counts 

were 2 log CFU/g lower than the control at the end of storage period.  

 

 

Figure 7. Effect of antimicrobial addition to queso fresco on the L. 

monocytogenes count during storage at 4ºC. N: nisaplin, CA: caprylic acid, CN: trans- 

cinnamaldehyde. Strains: DUP-1030A, DUP-1042, DUP-1042C, DUP-1052A, DUP-

10142 
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CN was tested in combination with N and CA, and little differences in bacterial 

counts of L. monocytogenes in queso fresco were observed compared with the treatment 

with only N and CA (Fig. 8). When CN was used at 0.6 g/kg in addition to N and CA (0.4 

g/kg) the count of the pathogen in treated samples was at least 4 log CFU/g lower than 

the control and at least 1 log CFU/g lower than the N/CA only combination. 

 

 

Figure 8. Effect of antimicrobial addition to queso fresco on the L. 

monocytogenes count during storage at 4ºC. N: nisaplin, CA: caprylic acid, CN: trans-

cinnamaldehyde. Strains: DUP-1030A, DUP-1042, DUP-1042C, DUP-1052A, DUP-

10142 
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3.2 Salmonella antimicrobial treatments 

Combinations of nisin and caprylic acid were tested against strains of Salmonella. 

In anticipation of the lack of effect of nisin against Gram-negative bacteria, treatments 

with higher concentrations of caprylic acid as well as with other inhibitors were included. 

The only treatment that transiently inhibited the growth of Salmonella during the first 

week was a concentration of 3.27 g/kg CA (Fig. 9). In all cases the final count was from 

2 to 3 log CFU/g greater than at the start of the experiment after 12 days at 12ºC.  

 

 

Figure 9. Effect of antimicrobial addition to queso fresco on the Salmonella count 

during storage at 12ºC. N: nisaplin, CA: caprylic acid, LA: levulinic acid. Strains: S. 

Typhimurium ATCC14028, S. Typhimurium UK1, S. Newport B4442, S. Enteriditis 

2009595, S. Tennessee E2007000502, S. Agona. 
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In experiments conducted at 4ºC, N/CA treatments with the lowest concentration 

of CA (0.72 g/kg) had no difference compared to controls, but when its level was 1.42 

g/kg, a reduction in the Salmonella count of 1 log CFU/g was observed by the end of the 

experiment (Fig. 10). A concentration of 3.27 g/kg CA caused a decline of viability of 4 

log CFU/g, but at that concentration the impact on flavor would be extremely 

detrimental. The addition of levulinic acid (LA) to the nisin and caprylic acid treatment 

had little effect on the viability of Salmonella. 

 

 

Figure 10. Effect of antimicrobial addition to queso fresco on the Salmonella 

count during storage at 4ºC. N: nisaplin, CA: caprylic acid, LA: levulinic acid. Strains: S. 

Newport B4442, S. Enteritidis 2009595, S. Montevideo, S. Tennessee, S. Agona 
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Several essential oils reported to have antimicrobials effects in the literature were 

tested against Salmonella. The cheese in this experiment was stored at 12°C. None of the 

essential oils, except for CN, had significant inhibitory effect against this pathogen (Fig. 

11). 

 

Figure 11. Effect of antimicrobial addition to queso fresco on the Salmonella 

count during storage at 12ºC.  N: nisin, T: thymol, CN: trans-cinnamaldehyde, L: d-

limonene, E: eugenol, EC: eucalyptol, OT: orange terpenes, C: clove. Strains: S. Newport 

B4442, S. Enteritidis 2009595, S. Typhimurium ATCC 14028, S. Typhimurium UK1, S. 

Tennessee, S. Agona. 

 

Eugenol, alone and in combination with N/CA were used to continue the 

screening of GRAS ingredients against Salmonella. As shown in Fig. 12, the only 

treatments that caused any reduction were those that contained CN.  
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Figure 12 Effect of antimicrobial addition to queso fresco on the Salmonella 

count during storage at 8ºC. E: eugenol, N: nisin, CN: trans-cinnamaldehyde, Strains: S. 

Newport B4442, S. Enteritidis 2009595, S. Typhimurium ATCC 14028, S. Typhimurium 

UK1, S. Tennessee, S. Agona. 

 

A difference of 4 log CFU/g was observed when compared to the positive control 

for the highest concentration of CN (2.5 g/Kg) (Fig. 13). Differences of at least 2 log 

CFU/g were observed when using smaller concentrations of CN. The combination of N 

with CN tested in this experiment did not enhance the antimicrobial effect of CN alone. 
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Figure 13. Effect of antimicrobial addition to queso fresco on the Salmonella 

count during storage at 8ºC. N: nisaplin, CN: trans-cinnamaldehyde. Strains: S. Newport 

B4442, S. Enteritidis 2009595, S. Typhimurium ATCC 14028, S. Typhimurium UK1, S. 

Tennessee, S. Agona. 

 

Carvacrol and monolaurin alone or in combination with nisin and cinnamaldehyde 

were also evaluated as antimicrobial GRAS ingredients against Salmonella. Treatments 

with 4 g/kg carvacrol or 0.4 g/kg monolaurin had no effect on growth (Fig 14). Inhibition 

of this pathogenic bacterium was only accomplished if CN was included and no 

additional or synergistic effects were observed against Salmonella. 
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Figure 14. Effect of antimicrobial addition to queso fresco on the Salmonella 

count during storage at 8ºC. N: nisaplin, CN: trans-cinnamaldehyde, CV: carvacrol, ML: 

monolaurin. Strains: S. Newport B4442, S. Enteritidis 2009595, S. Typhimurium ATCC 

14028, S. Typhimurium UK1, S. Tennessee, S. Agona. 

 

Cinnamaldehyde testing continued against additional Salmonella strains. The 

effect of the antimicrobial ingredient were consistent for all three sets of strains tested 

(Fig. 15, 16, and 17). Differences of at least 2 log CFU/g were observed when using 

lower concentrations of cinnamaldehyde (0.3 g/kg), and of 4 log/CFU were observed 

when using the higher concentrations of cinnamaldehyde (1.2 g/kg), when compared to 

the controls. 
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Figure 15. Effect of trans-cinnamaldehyde (CN) addition to queso fresco on the 

Salmonella count during storage at 8ºC. Strains: S. Newport B4442, S. Enteritidis 

2009595, S. Typhimurium ATCC 14028, S. Typhimurium UK1, S. Tennessee, S. Agona. 

 

 

Figure 16. Effect of trans-cinnamaldehyde (CN)  addition to queso fresco on the 

Salmonella count during storage at 8ºC. Strains: S. Newport AMO7076, S. Enteritidis 

95657613, S. Typhimurium ATCC700408, S. Typhimurium E2009005811, Saintpaul. 
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Figure 17. Effect of trans-cinnamaldehyde (CN) addition to queso fresco on the 

Salmonella count during storage at 8ºC. CN: cinnamaldehyde. Strains: S. Newport 

AMO5104, S. Newport AMO5313, S. Enteritidis 2009595, S. Typhimurium 3019907, S. 

Typhimurium I758. 

 

The combination of N/CA was tested against different sets of Salmonella strains 

in cheese stored at 8°C (Fig. 18 and 19). It was clear that the antimicrobial combination, 

at concentrations within regulatory levels, had no significant antimicrobial activity 

against Salmonella. Only if CA was used at 0.7 g/kg and 1.6 g/kg, inhibitions of 1 and 2 

log CFU/g were observed, respectively. Addition of 0.3g/kg or greater CN to the N/CA 

combination resulted in almost complete growth inhibition. 
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Figure 18. Effect of antimicrobial addition to queso fresco on the Salmonella 

count during storage at 8ºC. N: nisaplin, CN: trans-cinnamaldehyde, CA: caprylic acid. 

Strains: S. Newport B4442, S. Enteritidis 2009595, S. Typhimurium ATCC 14028, S. 

Typhimurium UK1, S. Tennessee, S. Agona. 
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Figure 19. Effect of antimicrobial addition to queso fresco on the Salmonella 

count during storage at 8ºC. N: nisaplin, CN: trans-cinnamaldehyde, CA: caprylic acid. 

Strains: S. Newport AMO7076, S. Enteritidis 95657613, S. Typhimurium ATCC700408, 

S. Typhimurium E2009005811, S. Saintpaul. 

 

A series of queso fresco experiments were conducted to evaluate the antimicrobial 

effects of the combination of N (0.5 g/kg), CA (0.36 g/kg) and CN at two different levels 

(0.3, 0.6 g/kg), against 4 different sets of Salmonella strains (Fig.20 A, B, C, and D). In 

all cases the count of Salmonella did not increase more than 1.5 log CFU/g and the final 

populations were always less than 6 log CFU/g as a result of the treatments. Some set of 

strains were slightly more susceptible to the treatments than others, in Figure  20 D, the 

inhibition was of at least 2 log CFU/g and 3 log CFU/g at 0.3 and 0.6 g/kg of CN, 

respectively.  Among all the different antimicrobial GRAS ingredients tested against 
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Salmonella serovars, only those that included CN had statistically significant differences 

compared to their respective controls (Table 7). 

 

 

 

Figure 20. Effect of addition of combinations of nisin, caprylic acid and trans-

cinnamaldehyide to queso fresco on the count of different strains of Salmonella during 

storage at 8ºC.  N: nisin, CA: caprylic acid, CN: cinnamaldehyde. Strains: A: S. Newport 

AMO7076, S. Enteritidis 95657613, S. Typhimurium ATCC700408, S. Typhimurium 

E2009005811, S. Saintpaul. B: S. Newport AMO5104, S. Newport AMO5313, S. 

Heidelberg, S. Typhimurium I758, S. Typhimurium 3019907. C: S. Newport AMO7073, 

S. Newport 2006033, S. Montevideo, S. Typhimurium I503, S. Typhimurium I526. D: S. 

Typhimurium I740, S. Typhimurium I536, S. Typhimurium I649, S. Typhimurium I600, 

S. Enteriditis I823. 
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Table 7.  List of combination antimicrobial treatments used to inhibit Salmonella 

in queso, their corresponding concentration and statistical significance when the 

differences of Salmonella counts were compared to untreated samples. 

Antimicrobial compound added 
per kg of curds 

# 
Indep. 
trials 

p-value 

Na 

(g/kg) 
CAa 

(g/kg) 
CNa 

(g/kg) 
MLa 

(g/kg) 
CVa 

(g/kg) 
Ea 

(g/kg) 
ECa 

(g/kg) 
La 

(g/kg) 
LAa 

(g/kg)   

- - 0.3 - - - - - - 4 <0.0001 
- - 0.6 - - - - - - 4 <0.0001 

0.5 - 0.6 - - - - - - 1 <0.0001 
- - 1.0 0.5 - - - - - 1 <0.0001 
- - 1.2 - - - - - - 4 <0.0001 

0.5 - 1.2 - - - - - - 1 <0.0001 
- - 2.5 - - - - - - 1 <0.0001 
- - 3.0 - - - - - - 1 <0.0001 

0.5 - 0.5 - 0.5 - - - - 1 <0.0001 
- - - - 1.0 - - - - 1 0.5549 
- - 1.0 - 1.0 - - - - 1 <0.0001 
- - - - 4.0 - - - - 1 0.6485 
- - - - - 1.2 - - - 1 0.6753 
- - 0.6 - - 1.2 - - - 1 0.0001 

0.5 - 0.6 - - 1.2 - - - 1 <0.0001 
0.5 - - - - 1.2 - - - 1 0.9727 
- - - - - 2.5 - - - 1 0.4572 
- - - - - 3.0 - - - 1 0.7791 
- - - - - - 3.0 - - 1 0.8326 
- - - - - - - 3.0 - 1 0.8739 
- - - 0.5 - - - - - 1 0.8089 

0.5 0.4 - - - - - - - 3 0.7337 
0.5 0.4 0.3 - - - - - - 6 <0.0001 
0.5 0.4 0.6 - - - - - - 6 <0.0001 
0.5 0.4 1.2 - - - - - - 2 <0.0001 
0.5 0.4 - - - - - - 0.6 1 0.6064 
0.5 0.4 - - - - - - 2.3 1 0.0858 
0.5 0.7 - - - - - - - 4 0.3474 
0.5 0.7 - - - - - - 2.3 1 0.1507 
0.5 1.4 - - - - - - - 2 0.0002 
0.5 3.3 - - - - - - - 2 <0.0001 
0.5 - - - - - - - - 1 0.4628 

a - N = nisin, CA = caprylic acid, CN = cinnamaldehyde, ML = monolaurin, CV = 

carvacrol, E = eugenol, EC = eucalyptol, L = d-limonene, LA = levulinic acid. 
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3.3 E. coli O157:H7 antimicrobial treatments 

Treatments with N and CA; nisin, caprylic acid, and levulinic acid or eugenol, 

were tested against E. coli O157:H7. Combinations of nisin and caprylic acid did not 

inhibit initial growth, but after 6 days the cell count remained unchanged and by the end 

of the experiment differences of at least 2 log CFU/g were observed compared to 

controls. Levulinic acid did not have detectable antimicrobial properties against E. coli. 

 

 

Figure 21. Effect of antimicrobial addition to queso fresco on the E. coli count 

during storage at 8ºC. N: nisin, CA: caprylic acid. Strains:  6058, ATCC 43895, 86-24, 

EK-1, EK-27. 

 

Similar to Salmonella, the CN treatments caused marked growth inhibition and 

even cell count reductions by more than 4 log CFU/g (compared to the positive control) 
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when tested against E. coli O157:H7. Reductions of at least 5 log CFU/g were observed 

when using 2 g/kg of CN and of at least 3 log CFU/g when using the lower 

concentrations. Nisin did not have additional or synergistic effects against E. coli. 

Monolaurin, eugenol, and carvacrol alone did not cause any reduction in the bacterial 

counts throughout the experiment. 

 

 

Figure 22. Effect of antimicrobial addition to queso fresco on the E. coli 

O157:H7 count during storage at 8ºC. N: nisin, CA: caprylic acid, CN: cinnamaldehyde, 

CV: carvacrol, ML: monolaurin, E: eugenol. Strains: 6058, ATCC 43895, 86-24, EK-1, 

EK-27. 
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A series of queso fresco experiments using the N,  N (0.5 g/kg), CA (0.36 g/kg) 

and CN at two different levels (0.3, 0.6 g/kg) were also conducted against different sets 

of E. coli O157:H7 strains (Fig.23 A, B, C, and D).   

 

 

 

 

 

Figure 23. Effect of addition of combinations of nisin, caprylic acid and trans-

cinnamaldehyide to queso fresco on the count of different strains of E. coli O157:H7 

during storage at 8ºC. N: nisin, CA: caprylic acid, CN: cinnamaldehyde. Strains: A: 

2027, 2336, M4489, 2321, M4522. B: 2324, MAC, 2257, 2026, 2255. C: 2029, 43890, 

2030, 2079, 2028, D: 33780, 4477 (86-24), 2309, 4489, 2266. 
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Similar to Salmonella, E. coli O157:H7 growth was inhibited by 1 log CFU/g 

when CN was used at a concentration of 0.3 g/kg, and by at least 3 log CFU/g at 0.6 g/kg 

compared to controls.  The latter concentration virtually stopped any growth during the 

experiments. The antimicrobial combinations had consistent effects in the different sets 

of E. coli strains. The effect of the combinations of the N, CA and CN were statistically 

significant compared to controls of E. coli O157:H7 experiments (Table 8), as determined 

for Salmonella. However, treatments with N and CA were also significantly different.  

 

Table 8.  List of combination antimicrobial treatments used to inhibit E. coli 

O157:H7 in queso fresco, their corresponding concentration and statistical significance 

when the differences of E. coli counts were compared to untreated samples. 

Antimicrobial compound added 
per kg of curds 

# 
Indep. 
trials 

p-value 

Na 
(g/kg) 

CAa 
(g/kg) 

CNa 

(g/kg) 
CVa 

(g/kg) 
Ea 

(g/kg) 
MLa 

(g/kg) 
LAa 

(g/kg)   

- - 0.5 - - - - 1 <0.0001 
0.5 - 0.5 - - - - 1 <0.0001 
- - 1.0 - - - - 2 <0.0001 
- - 2.0 - - - - 2 <0.0001 
- - - 2.0 - - - 1 0.7943 
- - - - 1.0 - - 1 0.9268 
- - - - - 0.5 - 1 0.9839 

0.5 0.4 - - - - - 2 <0.0001 
0.5 0.4 0.3 - - - - 6 <0.0001 
0.5 0.4 0.6 - - - - 6 <0.0001 
0.5 0.4 - - - - 0.5 1 <0.0001 
0.5 0.7 - - - - - 2 <0.0001 
0.5 1.5 - - - - - 2 <0.0001 

a – N = nisin, CA = caprylic acid, CN = cinnamaldehyde, CV = carvacrol, E = 

eugenol,  ML = monolaurin, LA = levulinic acid. 
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3.4. Evaluation of natural queso fresco bacteria 

 
After completing the series of experiments evaluating the antimicrobial effect of 

GRAS ingredients, the selected combinations were further tested to determine their 

impact on naturally present bacteria and assess their relevance in shelf life of queso 

fresco. None of the treatments completely inhibited the growth of lactic acid bacteria, 

aerobic organisms and psychrotrophic bacteria throughout the 32 days of storage at 4°C 

(Fig. 24 A, B, and C), and only the combination with higher concentration of CN had any 

significant effect in delaying growth (p<0.05).   

 Aerobic organisms, enumerated as total plate count, were inhibited by the 

combination with higher level of CN at least by 1 log CFU/g only until the 20th day of 

storage. Lactic acid bacteria count was inhibited by 1 log CFU/g, compared to the 

control, with 0.6 g/kg CN throughout the 32 days of storage. 
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Figure 24.  Effect of antimicrobial addition to queso fresco on the lactic acid 

bacteria count (A), total plate count (B), and psycrotrophic count (C) during storage at 

4ºC. N: nisin, CA: caprylic acid, CN: cinnamaldehyde. 
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Table 9.   Antimicrobial treatment effect on the aerobic bacteria, lactic acid 

bacteria, and psychrotrophic bacteria plate count of queso fresco stored at 4°C for 32 

days and the corresponding statistical significance of the comparison of the treated 

microbial count to the untreated microbial count.  Treatment A: nisin 0.5 g/kg, caprylic 

acid 0.4 g/kg, cinnamaldehyde 0.3 g/kg; Treatment B: nisin 0.5 g/kg, caprylic acid 0.4 

g/kg, cinnamaldehyde 0.6 g/kg. 

Treatment Bacterial count p-value 
A LABa 0.0016 
B LABa <0.0001 
A TPCb 0.2613 
B TPCb 0.0027 
A PSYc 0.1300 
B PSYc 0.0051 

a – Lactic acid bacteria 
b- Total plate count 
c – Psychrotrophic count 

 

3.5. Sensory evaluation 

The control sample was rated higher for overall liking than all other samples, and 

higher for flavor liking than treatment with 0.3CN (N (0.5 g/kg), CA (0.4 g/kg), CN (0.3 

g/kg)) and 0.6CN (N (0.5 g/kg), CA (0.4 g/kg), CN (0.6 g/kg)) (Table 10, Figures 25A 

and 25B). The treatment with 0.6 g/kg of cinnamaldehyde had the lowest rating for 

overall liking and flavor liking (Table 10, Figures 25A and 25B).  Mean scores for 

texture liking were highest for the control sample, but did not differ significantly between 

the remaining samples (Table 10).  Mean scores for off flavor were highest for treatments 

with 0.3 g/kg  and 0.6 g/kg of cinnamaldehyde (Table 10, Figure 25C).  

 



 

Table 10: Mean (n = 112) product ratings for overall liking, flavor liking, texture 

liking, and off flavor. Subjects rated liking attribute

on a 20 point scale (0 = none; 20 = extremely).

 

Attribute Control

Overall liking 79

Flavor liking 78

Texture Liking 78

Off flavor 3.4

*means within a row with the same letter 
different 

 

Figure 25. Mean ratings of queso fresco samples for

liking (0-120), and C: off flavor
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(n = 112) product ratings for overall liking, flavor liking, texture 

liking, and off flavor. Subjects rated liking attributes on 120 point scales 

on a 20 point scale (0 = none; 20 = extremely). 

Product 

Control Commercial 0.3 CN 0.6 CN 

79a 73b 64c 58d 2.54

78a 74a 60b 54c 2.61

78a 69b 70b 68b 1.89

3.4c 5.6b 7.9a 8.9a 3.72

*means within a row with the same letter superscript are not significantly 

 

Mean ratings of queso fresco samples for A: overall liking (0

off flavor (0-20). Error bars represent standard errors

0.3CINN 0.6CINN

0

10

20

30

40

50

60

70

80

90

Commercial Control 0.3 CN

0.3 CN 0.6 CN

1 

Legend
 

1: Like moderately 
2: Like slightly 
3: Neutral 
4: Dislike slightly 

2 
3 

B 

4 

75

(n = 112) product ratings for overall liking, flavor liking, texture 

s on 120 point scales  and off flavor 

Model effects 

F p-value 

2.54 <0.0001 

2.61 <0.0001 

1.89 <0.0001 

3.72 <0.0001 

superscript are not significantly 

 

(0-120), B: flavor 

Error bars represent standard errors, n=112. 

0.3 CN 0.6 CN

Legend 

 

4 

2 

1 

3 



 76

3.6. Financial feasibility 

As mentioned earlier, cost is critical when assessing the use of a new 

antimicrobial agent.  The cost of nisin (Nisaplin®, Danisco, Inc.) is $356/ kg, the cost of 

caprylic acid (Sigma-AldrichTM) is $73.00 / kg, and the cost of cinnamaldehyde (Sigma- 

AldrichTM) is $48.00 /kg.  The added cost for 100 kg of curd for the combination of 0.5 

g/kg nisin, 0.4 g/kg of caprylic acid, and 0.3 to 0.6 g/kg of cinnamaldehyde would be 

from $22.16 to $23.6.   

Considering that the loss of whey, responsible not only for loss of product weight 

but also for loss of antimicrobials during the manufacture of cheese, is of approximately 

40%, the additional cost per kg of finished product could be as high as $0.31 per kg. The 

current retail price of queso fresco is of around $13.2 per kg, hence, the potential impact 

of the use of these antimicrobials would be of almost 3%. 
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Chapter 4 
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Discussion 

4.1. Antimicrobial effect evaluation 

The main goal of this study was to identify effective combinations of GRAS 

antimicrobial treatments to inactivate or inhibit the growth of L. monocytogenes, 

Salmonella, and E. coli O157:H7 in queso fresco. In order to accomplish this goal 

different antimicrobial agents were tested against these pathogens in a queso fresco 

matrix and a combination treatment composed of nisin, caprylic acid, and 

cinnamaldehyde was chosen as the most effective treatment to control these pathogenic 

bacteria.   

The combination of nisin and caprylic acid was previously tested by Kamnetz 

(87), with the goal of developing antimicrobial treatments to control L. monocytogenes in 

queso fresco. In that study, the combination of nisin (0.5 g/kg) and caprylic acid (0.73 to 

1.46 g/kg) was able to inhibit Listeria during the 20 day storage time by at least 5 log 

CFU/g compared to the controls, and in some cases to reduce the pathogen count below 

detection levels. According to that study, it appeared that the combination of nisin and 

caprylic acid was effective as the nisin reduced the initial count of L. monocytogenes and 

caprylic acid caused a strong growth inhibition throughout the storage period. The 

organoleptic properties of the combination was tested by panelists (n=67) in a sensory 

test using a liking scale, the panelists did not  find the treated cheese to be unacceptable 

(87). No other studies to date have reported the use of a combination of nisin and caprylic 

acid to control the growth of pathogenic bacteria in queso fresco. Based on Kamnetz 

study, the nisin/caprylic acid combination was used as the starting point for this project. 
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That study had already evaluated several other compound such as sodium lactate, 

postassium diacetate, monolaurin among other ingredients, which had little effect 

inhiniting Listeria growth. An initial goal was to test concentrations of caprylic acid 

within the regulatory levels (0.5 g/kg for nisin and 0.4 g/kg for caprylic acid), and to find 

a combination that would also be effective against the Gram negative pathogens, 

Salmonella and E. coli O157:H7. 

The combination of nisin and caprylic acid applied to cheese at concentrations 

within regulatory levels was effective against all strains of Listeria tested in this project. 

However, there was a distinction in the way different sets of strains behaved throughout 

the 20 days of storage time. Some strains were more resistant to nisin as the treatment did 

not significantly reduce numbers initially. Figures 2 and 4 show two different sets of 

strains that were not initially resistant to the antimicrobial combination, at time zero the 

counts were reduced by at least 2 log CFU/g (compared to the controls). In figure 3, the 

same effect was not observed, this particular set of strains were reduced by only 1 log 

CFU/g initially.  A second type of resistance occurred towards the end of storage time, 

when some strains began to increase in number for as much as 4 log CFU/g (Fig. 4 and 

5). One possible explanation for growth towards the end of the storage period could be 

the slow adaptation of Listeria cells to the presence of caprylic acid.  

Resistance of Listeria to nisin has been observed in other studies; according to 

Davies et al. (46) and Crandal et al. (39), the development of resistance is related to 

physiological changes in the bacterial cell membrane. Mazzota et al. discussed the fact 

that a lower C15:C17 fatty acid ratio in the membrane makes it more rigid and increases 

the cell tolerance to nisin (101). Though most research shows that changes in cell 
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membrane composition accounts for resistance, some mutants are capable of producing 

an enzyme, nisinase, which degrades nisin (79). 

The combination of nisin and caprylic acid had almost no effect against 

Salmonella in queso fresco. The combination of nisin (0.5 g/kg) and caprylic acid only 

had significant effects against Salmonella when caprylic acid was used at levels greater 

than 1.5 g/kg. The inability of nisin to attack Gram negative bacteria is well documented 

in the literature and is due to the protective outer membrane of this type of 

microorganism.  The outer membrane acts as a penetration barrier against hydrophobic 

molecules (75). Nisin, as a hydrophobic macromolecule, is unable to cross the outer 

membrane and reach its target, the cell membrane. 

 Attempts to overcome this barrier have been extensively  studied and reported; 

the use of chelator agents like EDTA have proven effective to disrupt the outer 

membrane protection allowing nisin to reach the cell membrane (42, 125). Stevens et al. 

evaluated the inhibitory activity of nisin in combination with EDTA, against Salmonella 

species; after a 1 h exposure to 50 µg of nisin per ml and 20 mM of EDTA at 37°C, a 3 to 

6 log-cycle reduction in population was observed with the species tested. Treatment with 

disodium EDTA or nisin alone produced no significant inhibition of Salmonella species 

(125). However, as chelator agents act as a membrane’s cation binder, they are non-

specific and efficacy would be disrupted by the many cations available in the cheese 

matrix. The use of chelators in dairy products to enhance the effect of nisin is largely 

limited by the high concentration of calcium which would neutralize the chelator effect.  

E. coli O157:H7 was slightly more susceptible to the nisin and caprylic acid 

antimicrobial combination as the counts of this microbe were reduced by at least 2.5 log 
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CFU/g when exposed to nisin (0.5 g/kg) and caprylic acid at 0.72 g/kg. The use of 

caprylic acid at this level is not, however, approved by FDA regulations. To overcome 

Salmonella’s and E. coli’s resistance to the primary antimicrobial combination of this 

project, alternative antimicrobials, used alone and in combination with nisin and caprylic 

acid were tested against these microorganisms.  

Cinnamaldehyde was selected in this study based on previous reports 

demonstrating its effectiveness in controlling food borne pathogenic bacteria. On a study 

by Helander et al. trans-cinnamaldehyde was tested for its inhibitory activity against 

Escherichia coli O157:H7 and Salmonella Typhimurium. At concentrations of 1 to 3 

mM, trans-cinnamaldehyde was capable of inhibiting both pathogens (74). In addition, a 

study by Friedman et al. that evaluated 23 oil compounds against Campylobacter jejuni, 

E. coli O157:H7, L. monocytogenes, and S. enterica showed that cinnamaldehyde was 

one of the most effective oil compounds against the pathogens tested (63).  In this study, 

treatment of queso fresco samples with 1.2 g/kg cinnamaldehyde had antimicrobial 

effects against Listeria, in queso fresco, comparable with the combination of nisin and 

caprylic. However, unlike nisin, cinnamaldehyde did not reduce the initial bacterial count 

of Listeria, and at this level, the antimicrobial would be detrimental to the organoleptic 

aspects of queso fresco. Lower levels of cinnamaldehyde alone (0.3 g/kg and 0.6 g/kg) 

were not capable of inhibiting the growth of Listeria, but had inhibitory effects of at least 

1.5 log CFU/g against Salmonella, and of at least 2 logs CFU/g against E. coli O157:H7. 

In a study by Yamazaki et al, plant-derived essential oil components in 

combination with nisin and diglycerol fatty acid esters were investigated for their 

antibacterial activity against L. monocytogenes (144). A combined anti-listerial effect was 
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observed between nisin and the essential oils carvacrol, thymol, and eugenol. Moreover, 

the addition of diglycerol monolaurate as a third preservative factor led to further 

combined anti-listerial activities between the essential oil constituents and nisin even at 

lower, sub-lethal concentrations. The results from that study suggest that nisin and 

diglycerol monolaurate could be used in combination to enhance the anti-listerial activity 

of essential oils, allowing for an overall reduction in dosage and therefore a preservation 

of organoleptic characteristics. 

Cava et al., described the antimicrobial activity of the essential oil of cinnamon 

bark against L. monocytogenes Scott A in semi-skimmed milk incubated at 7°C for 14 

days and at 35°C for 24 h (20). The minimum inhibitory concentration of cinnamon bark 

essential oil was of 500 ppm when milk was incubated at 7°C for 14 days and of 1,000 

ppm when the milk was incubated at 35°C for 24 h. Few studies have been dedicated to 

test cinnamon essential oils or trans-cinnamaldehyde against Listeria in dairy matrices. 

The results of the present study suggest that studies evaluating trans-cinnamaldehyde as a 

less expensive antimicrobial option than nisin should be conducted, especially in foods 

which the cinnamon flavor would be acceptable to consumers.  

Cinnamaldehyde was the only antimicrobial found in this study that was able to 

inhibit growth of both Salmonella and E. coli. Against Salmonella, cinnamaldehyde at all 

levels tested (0.3 g/kg to 3 g/kg) had significant antimicrobial effects. When 

cinnamaldehyde was used at the level of 1.2 g/kg or higher, even bactericidal effects were 

observed. Cinnamaldehyde was also able to inhibit E. coli O157:H7 by at least 2 log 

CFU/kg and by at least 5 log CFU/kg when used at 0.3 and 2 g/kg respectively. 
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Cinnamaldehyde started to inhibit Salmonella and E. coli O157:H7 at 

approximately the 2nd day of storage of the cheese, extending the lag phase of the 

pathogens in treated samples, as the control continued to grow. The different sets of 

strains of Salmonella and E. coli behaved consistently when exposed to cinnamaldehyde. 

It is important to note that the testing of antimicrobials against these 2 pathogens was 

done initially at three different temperatures, 4°C, 8°C, and 12°C. After evaluating the 

growth curves of the pathogens it was decided that queso fresco should be kept at 8°C 

throughout the 20 days of storage. At this setting, both Salmonella and E. coli were able 

to grow, facilitating comparison of treatments against controls. It is important to consider 

that the ideal storage temperature for this cheese is of 4°C. Therefore, under proper 

storage conditions these pathogens cannot grow and no effect on growth can be observed. 

Very few researchers have evaluated the effect of cinnamaldehyde against 

foodborne pathogens in a food matrix instead of in a buffer system. It is important to use 

different food matrices when testing antimicrobials against foodborne pathogens since 

food constituents like fat, protein, and minerals can interfere with the antimicrobial’s 

activity, and/or act as protection to pathogens. A study conducted by Baskaran et al. 

investigated the antimicrobial effect of low concentrations of cinnamaldehyde on E. coli 

O157:H7 in apple juice and apple cider (7). Using similar techniques to the ones used in 

this project, a five-strain mixture of E. coli O157:H7 was inoculated into apple juice or 

cider at the level of 6.0 log CFU/ml, followed by the addition of cinnamaldehyde at 3 

different levels: 0.025%, 0.075%, and 0.125%. The bacterial counts of treatment samples 

and controls were determined during 21 days. The antimicrobial compound at the 

concentrations of 0.125% and 0.075% was effective in inhibiting E. coli O157:H7 in both 
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apple juice and apple cider decreasing the pathogen counts in the juice and cider to 

undetectable levels on days 3 and 5, respectively.  

The ability of nisin and caprylic acid to stop the growth of Listeria, and the ability 

of cinnamaldehyde to inhibit growth of Salmonella and E. coli O157:H7 resulted in a 

treatment that could inhibit the growth all 3 pathogens in queso fresco.  This is the first 

study involving the use of the combination of nisin, caprylic acid, and cinnamaldehyde in 

queso fresco or in other food matrices to control the growth of pathogenic bacteria. The 

selected combination of antimicrobials was tested using 2 levels of cinnamaldehyde, (0.3, 

0.6 g/kg), against several strains. The combination containing 0.6 g/kg of 

cinnamaldehyde was more effective, however due to concerns about how consumers 

would perceive the organoleptic characteristics of cheese with cinnamaldehyde added to 

it, a second combination with half of the cinnamaldehyde concentration added to cheese 

(0.3 g/kg) was kept as the lower level in which the antimicrobial exhibited activity 

against the bacteria without compromising flavor as much as the higher level treatment. 

L. monocytogenes was inhibited by the combination of nisin, caprylic acid, and 

cinnamaldehyde to the same extent as it was inhibited by the combination of nisin and 

caprylic acid only. No synergistic effects between the nisin/caprylic acid combination and 

cinnamaldehyde occurred. The combination reduced Salmonella and E. coli O157:H7 

counts by at least 1 log CFU/g when used at the level of 0.3 g/kg and at least by 2 log 

CFU/g when used at the level of 0.6 g/kg. It is interesting to point out that when 

cinnamaldehyde was used at the level of 1.2 g/kg in previous experiments against 

Salmonella, a difference of only 1 log CFU/g compared to the treatment with 0.3 g/kg 
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level was detected, indicating that the organism is susceptible to this antimicrobial only 

up to certain levels. 

 

4.2. Evaluation of selected treatments on quality of queso fresco 

 
The effect of the antimicrobial agents on queso fresco’s natural flora was 

investigated in this study. Lactic acid bacteria, aerobic bacteria, and psychrotrophic 

bacteria were enumerated for both control and treated cheese samples.  The combination 

was able to inhibit lactic acid bacteria by only 1 log CFU/g at the end of the 32 day 

storage period. The combination with higher level of cinnamaldehyde (0.6 g/kg) was able 

to keep the aerobic bacteria count at least 1 log CFU/g below control levels until the 20th 

day of storage, however bacterial counts leveled up and were comparable to those of the 

control at the end of storage. No inhibitory effects were seen against psychrotrophic 

bacteria.  

A study by Kamnetz et al. evaluated the effects of combinations of nisin (0.5 

g/kg) and caprylic acid (0.7 to 1.5 g/kg) on natural flora of queso fresco. Results from 

that study indicated that the nisin/caprylic acid combination slowed growth for all 

bacterial indicators evaluated that included total plate count, lactic acid bacteria, and 

psychrotrophic bacteria (87). A possible explanation for the different results found 

between that work and this study could be the higher level of caprylic acid used by 

Kamnetz et al. and/or differences on the natural microbial flora of the cheese. A study by 

Torres-Llanez et al. indicated that the natural microbial flora of queso fresco made of 

pasteurized milk is composed mainly of Lactococcus lactis ssp. lactis, Enterococcus 
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faecium and Lactobacillus casei, however the flora can vary according to the milk 

source’s (131). 

Consumer ‘liking’ tests performed with an untrained panel revealed that the 

addition of antimicrobial combinations on cheese samples had a noticeable effect on how 

well participants liked the cheese. The cheese containing 0.6 g/kg of cinnamaldehyde was 

the least acceptable of all samples, including a commercial sample, and the control 

sample was rated highest for liking of all samples tested. The panelists were able to note 

the presence of off-flavors in both treated samples without significant differences 

between them. Commercial and control samples were rated between the levels of like 

slightly and like moderately, 0.3 g/kg cinnamaldehyde treated sample was rated between 

the level of neutral and like slightly, and 0.6 g/kg cinnamaldehyde treated sample was 

rated between dislike slightly and neutral in the liking scale. When comparing untreated 

sample with treated sample’s levels of liking, one can argue that the dislike effect might 

not be significant since levels of liking of untreated samples were also low.  

A similar effect was seen in the Kamnetz et al. study where queso fresco samples 

were rated for liking on a 120 points magnitude scale by panelists. Results from that 

study indicated that all samples (commercial, control, and treatment samples) were rated 

between neutral and like moderately (87). A third study by Clark et al. also reported 

similar levels of liking when evaluating level of saltiness in queso fresco; all samples 

including controls were rated between neutral to like moderately (31). The effect of lower 

liking ratings for queso fresco samples could be attributed to the fact that this type of 

cheese is not usually consumed as is, but as a garnish in Hispanic dishes. 
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Conclusions 

  
Queso fresco has been linked with several outbreaks of foodborne disease and 

recalls in the past few years. Pathogens commonly associated with this type of cheese are 

Listeria monocytogenes, Salmonella enterica, and Escherichia coli O157:H7, organisms 

that are considered highly virulent food pathogens in the U.S. 

Queso fresco is minimally processed creating a limitation of what type of methods 

can be used to decrease or prevent its microbial contamination. The use of food 

preservation systems, such as heat treatments and addition of chemical preservatives can 

bring undesired quality effects to products like fresh cheeses. The addition of effective 

GRAS antimicrobials ingredients in the formulation of queso fresco have the potential of 

increasing safety, and furthermore consumer’s trust in this particular food item without 

major detriments to queso fresco’s quality and sensory attributes. 

The current study evaluated the possibility of controlling L. monocytogenes, 

Salmonella, and E. coli O157:H7 in queso fresco through the application of GRAS 

antimicrobial ingredients. The combination of nisin, caprylic acid, and cinnamaldehyde 

was found to be the most effective treatment to control these pathogens when applied to 

queso fresco in this study.  At a nisin concentration of 0.5 g/kg combined with 0.4 g/kg of 

caprylic acid and cinnamaldehyde (0.3 to 0.6 g/kg), an inhibition of at least 4 log CFU/g 

of L. monocytogenes population, and 1 log CFU/g of Salmonella, and E. coli O157:H7 

was seen at the end of the 20 days storage period of the cheese for all pathogen’s strains 

tested. Furthermore, the selected treatments were also tested on quality and sensory 

attributes of the cheese. Lactic acid bacteria, aerobic bacteria, and psychrotrophic bacteria 



 89

were enumerated for both control and treated cheese samples with the goal of evaluating 

if any changes in the natural flora of the cheese would occur. The treatments had very 

little effect on the natural flora of queso fresco, and therefore it can be concluded that the 

treatments would not significantly affect the shelf-life of queso fresco. A liking sensory 

test was performed by a panel composed of 120 untrained panelists, screened as 

consumers of queso fresco. All samples, including controls were rated between the levels 

of dislike slightly and like slightly. As discussed previously, other queso fresco liking 

sensory studies had similar results corroborating to the fact that, maybe, a liking test 

using cubes of queso fresco as samples might not be the best option to evaluate sensory 

properties of a cheese that is usually consumed as a garnish in dishes. The sensory data 

from this study however, indicated that the treated samples were still acceptable to the 

consumers, supporting the future use of the combination of nisin, caprylic acid, and 

cinnamaldehyde to control pathogenic bacteria in queso fresco. 

Considering the results obtained from this study and the 3% financial impact of 

the use of these antimicrobials in the final price of the cheese, the combination of nisin, 

caprylic acid, and cinnamaldehyde appears to be an effective and economically feasible 

treatment to control the growth of Listeria monocytogenes, Salmonella, and E. coli 

O157:H7 in queso fresco. Further studies should focus on understanding the mode-of-

action of GRAS ingredients against food-borne pathogens, finding ways to overcome 

resistance, and optimizing usage levels of such substances. 
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Appendix 

7.1. Listeria counts 
 
Table 11: Log CFU/g counts of L. monocytogenes figures. 

 Listeria 1 (Fig. 2) Listeria 2 (Fig. 3) 
Day control control 

0 3.147937 2.922937 2.717945 2.426435 
2 2.986425 2.761425 2.393035 2.406737 
4 3.451189 3.226189 2.231528 2.132928 
6 4.268683 4.043683 2.20618 2.235345 
8 5.930408 5.705408 2.319514 2.003959 
11 7.43696 7.21196 2.367799 2.847259 
14 7.292975 7.067975 2.727346 2.90759 
17 7.678844 7.453844 3.001277 3.415532 
20 8.306596 8.081596 3.336759 3.521846 

Day N(0.5)+CA(0.4) N(0.5)+CA(0.4) 
0 1.30103 1.07603 2.972883 3.041425 
2 1.30103 1.07603 2.536903 2.423737 
4 1.30103 1.07603 2.465128 2.149852 
6 1.30103 1.07603 2.11115 2.39218 
8 1.30103 1.07603 1.997686 2.318464 
11 1.30103 1.07603 2.037773 2.615735 
14 1.96214 1.73714 1.866197 2.60861 
17 1.26317 1.03817 1.30103 2.994369 
20 3.674099 3.449099 1.573064 3.340729 

Day N(0.5)+CA(0.76) N(0.5)+CA(0.76) 
0 1.30103 1.07603 2.845118 3.093097 
2 1.690106 1.07603 2.287155 2.430391 
4 1.30103 1.07603 2.331162 1.981516 
6 1.30103 1.07603 2.135561 2.32041 
8 1.30103 1.07603 2.2478 2.331256 
11 1.311625 1.07603 1.845098 2.255273 
14 1.765739 1.07603 2.351215 3.208686 
17 1.30103 0.925515 2.869549 3.098143 
20 2.392665 3.113781 3.117815 2.132409 

Day   N(0.4)+CA(0.4) 
0   2.868737 3.099825 
2   2.520862 2.595829 
4   2.208686 2.394416 
6   2.271126 2.103467 
8   2.394416 2.649475 
11   2.210802 2.930289 
14   2.764715 3.781057 
17   2.925751 2.90759 
20   2.451273 4.370947 
   2.868737 3.099825 
 Listeria 3 (Fig. 4) Listeria 4 (Fig. 5) 

Day control control 
0 4.342807 4.225807 4.26046 4.192807 
2 4.631472 4.481472 5.280025 4.481472 
4 6.181333 6.451233 6.097961 6.031333 
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6 7.197753 7.047753 7.066014 7.047753 
8 8.045573 7.798573 7.695118 7.895573 
11 8.551601 8.401323 8.365327 8.401601 
14 8.457974 8.307974 8.459078 8.307974 
17 8.551875 8.501875 8.710229 8.401875 
20 8.681241 8.531241 8.642103 8.531241 

Day N(0.5)+CA(0.4) N(0.5)+CA(0.4) 
0 1.826075 2.547783 1.769194652 1.426849 
2 1.451273 0.845098 1.48695838 1.767267 
4 1.732245 1.397592 1.578568795 1.499783 
6 2.950743 1.667126 2.734991817 3.073984 
8 3.461606 2.060024 2.632881508 2.778924 
11 3.431884 4.66898 3.511715309 3.039306 
14 4.126911 3.202066 3.792152762 4.06918 
17 4.498694 3.929288 4.396202773 4.436224 
20 5.02 3.137298 4.829318556 5.13 

Day N(0.5)+CA(0.76) N(0.5)+CA(0.76) 
0 1.801247 2.495954 1.774133 1.75487 
2 1.175124 1.079181 0.573064 1.286436 
4 2.271686 1.138231 0.573064 1.658404 
6 1.804477 2.171645 1.543891 2.360551 
8 2.378447 3.657452 1.351215 3.214522 
11 3.221397 3.077045 3.239059 2.609227 
14 3.499168 1.90309 1.96214 3.873312 
17 3.696736 4.148596 2.397592 3.701775 
20 4.066556 2.775969 2.976493 3.937407 

Day N(0.4)+CA(0.4) N(0.4)+CA(0.4) 
0 2.057872 2.339141 1.468257 1.716003 
2 2.109058 1.154815 0.690106 0.96214 
4 2.656442 1.138231 0.30103 1.767584 
6 2.909409 1.079181 1.452628 2.158027 
8 3.441438 1.210802 1.138231 3.244637 
11 4.131658 1.30103 3.001169 3.699926 
14 4.10459 1.573064 1.934616 3.882699 
17 4.512492 2.258598 2.747356 4.297362 
20 4.7 2.609268 2.75554 4.59 
 Listeria 5 (Fig. 6) Listeria 6 (Fig. 7) 

Day control control 
0 3.998673 4.022018 3.881094994 3.729974 
2 5.550255 5.557977 4.400438924 4.540329 
4 7.240075 7.486705 4.752523343 5.003029 
6 8.171112 8.200601 5.308219901 5.303628 
8 8.441345 8.405163 6.408634564 6.233504 
11 8.50726 8.713986 6.146026085 6.164947 
14 8.230449 8.367799 6.757719666 6.124504 
17 8.367799 8.551731 7.28692841 7.200577 
20 8.210802 7.866197 7.299061564 7.344785 

Day N(0.5)+CA(0.4) CN(0.3) 
0 0.573064 0.96214 3.54066285 3.775974 
2 0.573064 1.871912 3.883444263 3.939519 
4 0.821726 0.30103 3.976913659 4.08636 
6 4.295075 2.503981 4.046585421 3.992111 
8 1.851818 3.516737 4.427286609 4.342423 
11 4.491099 4.803978 5.125446538 5.0086 
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14 4.996578 2.953275 5.323368458 4.431364 
17 5.884257 4.468799 6.252499653 5.721811 
20 5.249328 5.276869 6.218100413 5.635484 

Day N(0.5)+CA(0.76) CN(0.6) 
0 0.573064 0.845098 3.682316766 3.614897 
2 1.499783 1.230449 3.682734632 3.755875 
4 0.96214 2.352992 3.680712806 3.716003 
6 2.018693 3.505527 3.79984549 3.70927 
8 3.181458 2.030236 3.630512417 3.30103 
11 1.30103 3.36287 4.109057593 4.431364 
14 1.30103 3.532816 3.926209496 3.845098 
17 3.493162 5.553251 5.013470814 5.181844 
20 3.54372 5.746348 5.517794909 5.604226 

Day   CN(1.2) 
0   3.04800287 3.472756 
2   3.641582745 3.623249 
4   3.609254624 3.568202 
6   3.311334922 3.029384 
8   3.162798876 2.568202 
11   3.769653496 3.940516 
14   3.279588102 3.222716 
17   3.903303297 4.33385 
20   4.425400897 4.782616 

Day   N(0.5)+CA(0.4) 
0   2.964556 2.792392 
2   2.786436 2.30103 
4   2.786436 2.30103 
6   2.902546 2.755875 
8   3.220957 3.260071 
11   3.758234 3.906874 
14   3.564303 3.546543 
17   4.369302 4.401745 
20   4.79195 4.421933 
 Listeria 7 (Fig. 8)   

Day control   
0 3.881095 3.729974   
2 4.400439 4.540329   
4 4.752523 5.003029   
6 5.30822 5.303628   
8 6.408635 6.233504   
11 6.146026 6.164947   
14 6.75772 6.124504   
17 7.286928 7.200577   
20 7.299062 7.344785   

Day N(0.5)+CA(0.4)   
0 2.964556 3.775974   
2 2.786436 3.939519   
4 2.786436 4.08636   
6 2.902546 3.992111   
8 3.220957 4.342423   
11 3.758234 5.0086   
14 3.564303 4.431364   
17 4.369302 5.721811   
20 4.79195 5.635484   
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Day N(0.5)+CA(0.4)+CN(0.3)   
0 3.472756 3.179825   
2 3.623249 3.423956   
4 3.568202 3.496977   
6 3.029384 3.039084   
8 2.568202 2.725126   
11 3.940516 3.865508   
14 3.222716 3.391031   
17 4.33385 4.329485   
20 4.782616 4.795408   

Day N(0.5)+CA(0.4)+CN(0.6)   
0 2.91203 2.431364   
2 2.780551 2.30103   
4 3.144348 3.079181   
6 3.001924 2.755875   
8 2.767584 2.431364   
11 2.984452 3.029384   
14 2.184608 1.30103   
17 3.711134 3.696356   
20 3.612189 3.103804   

 
 

7.2. Salmonella counts 
 
Table 12: Log CFU/g counts of Salmonella figures. 

 Salmonella (Fig. 9) Salmonella (Fig. 10) Salmonella (Fig. 11) Salmonella (Fig. 
12) 

Day control control control control 
0 4.977268 4.936485 4.111263 5.042182 
2 5.610676 5.946298 4.672098 5.922725 
4 6.115276 5.910888 4.623249 6.007321 
6 5.399325 5.37564 4.342423 6.026125 
8 7.045641 5.280932 5.301464 6.365102 

11 8.203908 5.230449 6.33686 6.70408 
14 8.157125 5.275566 7.763428 6.66764 
17 8.436352 4.669626 8.190892 7.216694 
20 8.67817 4.718482 8.775974 7.409933 

Day N(0.5)+CA(0.4) N(0.5)+CA(0.72) N(0.5)+T(1) E(1.2) 
0 4.724446 5.148736 4.303628 4.527888 
2 5.466895 5.933999 4.826075 5.470116 
4 5.560386 5.568202 3.30103 5.713491 
6 6.104922 5.573684 4.079181 5.998695 
8 7.013209 5.112189 5.199206 6.111604 

11 7.836751 4.573064 7 6.224513 
14 8.091729 4.079181 8.130334 6.412796 
17 8.43045 3.690106 8.33385 7.048053 
20 8.432727 3.37564 8.749736 7.136721 

Day N(0.5)+CA(0.72) N(0.5)+CA(1.42) CN(3) E(2.5) 
0 4.739431 5.015158 3.687529 4.598462 
2 4.827786 5.986194 3.30103 5.296007 
4 5.349757 5.09376 4.986772 5.873321 
6 5.399529 4.845098 3.30103 5.540329 
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8 6.711763 4.588624 2.30103 5.929545 
11 7.667802 4.30103 4.411114 6.31876 
14 8.08554 3.573064 6.401401 6.498586 
17 8.280932 3.30103 5.845098 6.779596 
20 8.58187 3.037773 7.857332 6.986772 

Day N(0.5)+CA(3.27) N(0.5)+CA(3.27) L(3) E(1.2)+N(0.5) 
0 4.634296 3.167167 4.2284 4.89487 
2 4.568413 1.30103 4.50515 5.437275 
4 4.817769 2.801247 4.342423 6.241048 
6 4.468257 2.851388 4.755875 6.215373 
8 5.358394 2.455312 5.574263 6.354705 

11 7.138355 1.96214 6.420286 6.494036 
14 7.511346 2.09376 8.077368 6.620344 
17 7.815925 1.573064 8.288249 7.335859 
20 7.694051 1.30103 8.887617 7.44248 

Day N(0.5)+CA(0.4)+LA(
0.6) 

N(0.5)+CA(0.72)+LA(
2.3) E(3) E(1.2)+CN(0.6) 

0 4.786147 4.87786 2.672098 4.658202 
2 4.900505 4.765739 3.30103 5.022016 
4 5.600071 4.96214 4.230449 5.260071 
6 5.693414 4.690106 3.30103 5.434569 
8 6.683319 5.068265 6 5.581374 

11 7.632256 4.690106 6.388634 5.728178 
14 7.959399 5.083126 7.752048 5.480007 
17 8.175937 4.5642 8.192289 5.487138 
20 8.32041 3.573684 8.824126 5.514548 

Day N(0.5)+CA(0.4)+LA(
2.3)  EC(3) E(1.2)+CN(0.6)+N(

0.5) 
0 4.567614  4.09237 4.595165 
2 4.809421  4.792392 5.097604 
4 5.316494  5.049218 5.235528 
6 5.418254  4.623249 5.909556 
8 6.653501  5.232234 5.602653 

11 7.188235  6.26998 5.295749 
14 7.340729  8.118926 4.886491 
17 7.955951  8.332842 5.294466 
20 7.82704  8.717671 4.913814 

Day   OT(2)+C(2)  
0   4.363988  
2   4.672098  
4   4.963788  
6   4.342423  
8   5.40432  

11   7.082785  
14   7.841985  
17   8.157457  
20   8.804139  

     
 Salmonella (Fig. 13) Salmonella (Fig. 14) Salmonella (Fig. 15) 

Day control control control 
0 5.042182 4.377852 4.278067 4.377852 
2 5.922725 5.313234 5.405176 5.313234 
4 6.007321 6.076276 6.374748 6.076276 
6 6.026125 6.260071 6.534026 6.260071 
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8 6.365102 6.721811 6.564666 6.721811 
11 6.70408 6.609594 6.753583 6.609594 
14 6.66764 6.989895 7.057666 6.989895 
17 7.216694 7.099335 7.124504 7.099335 
20 7.409933 6.068186 7.142076 6.068186 

Day CN(0.3) CV(1) CN(0.3) 
0 4.437275 4.365862 4.143639 4.43409 
2 5.005181 5.498586 4.817565 4.593286 
4 4.664642 6.465383 5.365488 4.521138 
6 5.009451 6.980912 5.152288 3.755875 
8 5.610913 6.749736 4.963788 4.181844 

11 6.212376 7.087071 5.029384 4.247973 
14 5.44248 6.920123 4.50515 4.840106 
17 5.152288 7.201943 5.029384 4.635484 
20 5.222716 6.418301 5.260071 3.716003 

Day CN(0.6) CV(4) CN(0.6) 
0 4.385964 4.31534 4.005181 4.435685 
2 4.721811 5.359266 4.721811 4.604226 
4 4.457882 6.186674 4.963788 4.514548 
6 4.881955 6.570543 5.029384 4.068186 
8 5.02322 6.830589 4.792392 3.079181 

11 5.164485 7.034227 4.431364 3.568202 
14 4.886491 6.97174 4.623249 3.672098 
17 5.029384 7.030195 4.230449 4.222716 
20 4.755875 6.927883 4.136721 2.845098 

Day CN(1.2) CV(1)+CN(1) CN(1.2) 
0 4.410271 4.219323 4.065206 4.430881 
2 4.678518 4.898725 4.717671 3.963788 
4 4.222716 4.705008 4.50515 3.568202 
6 4.887617 4.283301 4.342423 2.30103 
8 4.917995 4.103804 4.431364 3.028452 

11 4.948373 4.546543 4.079181 3.755875 
14 4.079181 4.049218 3.845098 3.50515 
17 3.845098 4.120574 3.30103 3.722335 
20 3.845098 4.570543 3.826075 3.939519 

Day CN(2.5) CV(0.5)+CN(0.5)+N(0.
5)   

0 4.447468 4.371437   
2 4.167317 5.188084   
4 3.939519 5.374748   
6 3.672098 5.487138   
8 3.729267 5.222716   

11 3.786436 4.886491   
14 3.30103 5.650308   
17 3.30103 5.088845   
20 3.30103 5.103804   

Day CN(0.6)+N(0.5) ML(0.5)   
0 4.528531 4.306854   
2 4.593286 5.43329   
4 4.609594 6.21801   
6 4.33646 6.721811   
8 4.591802 6.879096   

11 4.847145 7.032216   
14 4.857332 6.721811   
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17 4.50515 7.070776   
20 3.30103 6.31597   

Day CN(1.2)+N(0.5) CN(1)+ML(0.5)   
0 4.557748 4.199206   
2 4.582063 4.392697   
4 4.326336 4.755875   
6 4.598791 5.079181   
8 4.584286 4.30103   

11 4.569782 4.346353   
14 3.845098 4.678518   
17 3.30103 3.431364   
20 3.845098 3.342423   

     
     
 Salmonella (Fig. 16) Salmonella (Fig. 17) Salmonella (Fig. 18) 

Day control control control 
0 4.311118 4.348694 4.522972 4.729974 
2 5.375115 5.647089 5.038223 5.038223 
4 6.383815 6.721811 5.107864 5.129368 
6 6.783189 7.161967 5.661196 5.864511 
8 6.840106 7.210051 5.794037 5.909556 

11 6.887617 7.29048 6.736965 6.952792 
14 7.130977 7.452093 6.425274 6.120574 
17 7.158965 7.301464 6.834025 6.906874 
20 7.126131 8.064458 7.022983 7.2284 

Day CN(0.3) CN(0.3) N(0.5)+CA(0.4) 
0 3.895975 4.292699 4.45074 4.691965 
2 4.786751 5.167908 4.758957 4.775974 
4 5.0086 5.31597 5.203188 5.170848 
6 5.049218 5.029384 5.08357 5.374748 
8 5.271842 5.426511 5.723474 5.741939 

11 5.209515 6.042182 6.409851 6.401401 
14 5.181844 5.814248 5.803406 5.079181 
17 5.434569 6.225826 6.305085 6.152288 
20 5.843233 6.088845 6.70578 6.890421 

Day CN(0.6) CN(0.6) N(0.5)+CA(0.7) 
0 3.932981 4.238548 4.503402 4.810904 
2 4.996512 4.945469 5.016185 4.870404 
4 5.103804 5.068186 5.192449 5.068928 
6 5.0086 4.826075 5.463362 5.534026 
8 4.986772 4.913814 5.593251 5.598791 

11 4.623249 4.792392 5.994956 5.741939 
14 5.181844 4.568202 5.804151 5.33646 
17 4.623249 4.230449 6.156896 5.833784 
20 4.998695 4.625312 6.283174 6.164947 

Day CN(1.2) CN(1.2) N(0.5)+CA(1.6) 
0 3.779596 4.2398 4.543827 4.614897 
2 4.772322 4.914872 4.818138 4.745855 
4 4.50515 4.913814 4.871792 4.820858 
6 4.431364 4.431364 4.721585 5.0086 
8 4.230449 3.845098 4.652396 4.886491 

11 3.845098 4.079181 5.089286 5.409933 
14 3.845098 3.30103 4.823907 4.913814 
17 3.845098 4.079181 5.298927 5.418301 
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20 3.342423 3.913814 5.418682 5.687529 
Day   N(0.5)+CA(0.4)+CN(0.3) 

0   4.391036 4.546543 
2   4.478406 4.374748 
4   4.490986 4.733999 
6   4.689734 4.986772 
8   4.356283 4.826075 

11   4.837999 5.494155 
14   4.158404 4.230449 
17   5.229771 5.552668 
20   4.765637 5.247973 

Day   N(0.5)+CA(0.4)+CN(0.6) 
0   4.608984 4.85248 
2   4.374361 4.356026 
4   4.177285 4.305351 
6   4.033907 3.845098 
8   4.185903 4.342423 

11   4.181241 4.079181 
14   4.082771 4.079181 
17   4.223113 4.342423 
20   4.265995 4.568202 

Day   N(0.5)+CA(0.4)+CN(1.2) 
0   4.558899 4.659916 
2   4.190323 3.886491 
4   4.17253 4.33646 
6   4.029213 4.342423 
8   3.675124 3.845098 

11   3.917528 4.079181 
14   3.792166 4.079181 
17   3.40309 3.30103 
20   3.59376 3.845098 

     
     

 Salmonella (Fig. 19) Salmonella (Fig. 20A) Salmonella (Fig. 
20B) 

Day control control control 
0 4.643098 4.884795 4.540329 4.669317 
2 4.715798 4.401401 5.106191 4.365488 
4 5.549727 5.385964 6.193681 6.318481 
6 5.843112 5.998695 6.895975 7.111263 
8 5.328667 4.755875 6.943 7.233504 

11 6.5059 6.21801 7.52763 7.97635 
14 6.497826 6.326336 7.434569 7.987666 
17 6.87273 6.914872 7.540329 8.090611 
20 7.161712 7.467904 7.552668 7.906874 

Day N(0.5)+CA(0.4) N(0.5)+CA(0.4)+CN(
0.3) 

N(0.5)+CA(0.4)+C
N(0.3) 

0 4.535193 4.620136 4.604226 4.614897 
2 4.679599 4.305351 4.540329 4.721811 
4 5.126577 5.289366 5.222716 5.635484 
6 5.939801 5.964731 5.222716 5.33646 
8 5.797767 5.733999 5.753583 6.107888 

11 6.339707 6.185259 6.024075 6.175222 
14 6.156607 5.826075 6.079904 6.384174 
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17 6.64849 6.587711 6.192289 6.393926 
20 6.933812 7.193681 5.957607 6.38507 

Day N(0.5)+CA(0.7) N(0.5)+CA(0.4)+CN(
0.6) 

N(0.5)+CA(0.4)+C
N(0.6) 

0 4.28339 4.810904 4.546543 4.843233 
2 4.671787 4.260071 4.729974 4.678518 
4 4.997695 5.490239 5.209515 5.222716 
6 5.874924 6.203305 4.826075 5.294466 
8 5.790983 5.983175 5.409933 5.401401 

11 6.129844 6.09237 5.152288 5.79379 
14 5.932966 5.431364 5.645422 6.142076 
17 6.477071 6.52763 5.614897 6.393048 
20 6.966273 7.467164 5.790285 6.158965 

Day N(0.5)+CA(1.6)   
0 4.440704 4.480007   
2 3.886491 2.845098   
4 4.794902 4.705008   
6 4.780157 4.568202   
8 5.048566 5.209515   

11 5.301233 5.576341   
14 4.730704 4.230449   
17 5.46586 5.717671   
20 5.817979 6.338855   

Day N(0.5)+CA(0.4)+CN(0.3)   
0 4.659859 4.893207   
2 3.953275 3.50515   
4 4.536647 4.593286   
6 4.488953 4.431364   
8 5.02825 5.222716   

11 5.088196 5.365488   
14 4.427881 4.230449   
17 5.413802 5.609594   
20 5.5304 6.400883   

Day N(0.5)+CA(0.4)+CN(0.6)   
0 4.453663 4.635484   
2 3.675511 3.230449   
4 3.973815 4.44248   
6 4.351603 4.431364   
8 4.172589 4.431364   

11 4.701938 5.120574   
14 4.175511 4.230449   
17 4.227346 4.568202   
20 4.722522 5.209515   

Day N(0.5)+CA(0.4)+CN(1.2)   
0 4.548019 4.873321   
2 3.280551 2.30103   
4 3.9777 4.450249   
6 3.684608 3.30103   
8 3.486564 3.30103   

11 4.305011 4.623249   
14 3.87564 4.079181   
17 3.823691 4.079181   
20 4.027307 4.623249   
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 Salmonella (Fig. 20C) Salmonella (Fig. 20D)   
Day control control   

0 4.494155 4.374748   
2 5.346744 5.090611   
4 6.284882 6.18949   
6 6.950365 6.895975   
8 7.142076 7.180986   

11 7.764923 7.804139   
14 7.79379 7.935507   
17 7.983175 8.170848   
20 7.817565 8.038223   

Day N(0.5)+CA(0.4)+CN(
0.3) 

N(0.5)+CA(0.4)+CN(0.
3) 

  

0 4.757396 4.540329   
2 4.783189 4.52763   
4 5.487138 4.672098   
6 5.757396 4.672098   
8 5.721811 5.120574   

11 5.959995 5.659916   
14 6.03623 5.582063   
17 6.302547 5.925312   
20 6.179552 5.721811   

Day N(0.5)+CA(0.4)+CN(
0.6) 

N(0.5)+CA(0.4)+CN(0.
6) 

  

0 4.687529 4.326336   
2 4.598791 4.136721   
4 4.939519 4.230449   
6 5.120574 4.342423   
8 5.068186 4.230449   

11 5.247973 5.797268   
14 5.687529 5.326336   
17 4.716003 5.418301   

20 5.836957 4.913814   
 

7.3. E. coli counts 
 
Table 13: Log CFU/g counts of E. coli figures. 

 E.coli (Fig. 21) E.coli (Fig. 22) 
Day control control 

0 4.430881 5.053846 5.053846 4.430881 
2 5.444357 6.249687 6.249687 5.444357 
4 6.124504 6.034227 6.034227 6.124504 
6 6.199206 6.258158 6.258158 6.199206 
8 6.955207 7.180986 7.180986 6.955207 

11 7.111263 6.895975 6.895975 7.111263 
14 7.344785 6.912222 6.912222 7.344785 
17 7.925312 6.864511 6.864511 7.925312 
20 7.947924 7.065206 7.065206 7.947924 

Day N(0.5)+CA(0.4) CN(0.5) 
0 4.436481 4.978637 4.901458 4.876493 
2 5.407731 5.375115 4.761176 4.645115 
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4 5.849419 6.034227 4.392697 5.034984 
6 5.901458 6.106191 4.120574 4.106543 
8 5.673942 6.457882 4.501059 4.498257 

11 5.664642 6.514548 3.857332 3.093648 
14 5.534026 6.409933 4.103804 3.825847 
17 5.587711 6.181844 3.568202 3.276478 
20 4.986772 6.068186 3.568202 3.739874 

Day N(0.5)+CA(0.72) CN(1) 
0 4.418633 4.901458 4.864511 4.962369 
2 5.250908 5.963788 4.635484 4.640481 
4 5.901458 6.046105 4.383815 3.672098 
6 5.994317 6.088845 4.152288 3.230449 
8 5.881955 6.480007 4.0086 3.913814 

11 5.683047 6.31597 3.431364 2.845098 
14 5.820858 6.418301 3.230449 2.30103 
17 5.664642 6.480007 3.230449 2.845098 
20 5.540329 6.136721 2.30103 2.30100 

Day N(0.5)+CA(1.5) CN(2) 
0 4.481729 4.836957 4.962369 4.864511 
2 4.925312 5.318481 4.640481 4.635484 
4 5.587711 5.472756 3.672098 4.383815 
6 5.44248 5.501059 3.230449 4.152288 
8 5.570543 6.015779 3.913814 4.0086 

11 5.392697 5.673942 2.845098 3.431364 
14 5.392697 5.757396 2.30103 3.230449 
17 5.068186 5.326336 2.845098 3.230449 
20 5.079181 5.521138 2.30103 2.30103 

Day N(0.5)+CA(0.4)+LA(0.5) CN(0.5)+N(0.5)+CA(0.4) 
0 4.307924 4.901458 4.85248 4.983784 
2 5.241048 4.761176 4.678518 4.873547 
4 5.849419 4.392697 4.598791 4.983744 
6 5.849419 4.120574 4.392697 4.364899 
8 5.873321 4.501059 4.235528 4.235674 

11 5.691965 5.857332 4.181844 3.857332 
14 5.609594 5.103804 3.857332 4.009364 
17 5.514548 5.568202 4.1959 3.983534 
20 5.079181 5.576802 3.886491 3.762839 

Day E(1) (Shown on Fig. 22) CN(0.5)+N(0.5) 
0 4.363988 - 4.843233 4.604691 
2 5.530456 - 4.932981 4.52124 
4 6.195069 - 4.625312 4.664336 
6 6.453624 - 4.326336 4.256151 
8 6.864511 - 4.401401 4.814929 

11 7.090611 - 4.120574 4.940016 
14 8.113943 - 3.792392 4.350908 
17 7.401401 - 4.0086 4.595029 
20 7.867467 - 3.939519 3.812712 

Day   CV(2) 
0   5.142076 4.836957 
2   5.94939 5.318481 
4   6.102777 5.472756 
6   6.248464 5.501059 
8   6.879096 6.015779 

11   6.893207 6.673942 
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14   6.659916 6.757396 
17   6.768638 6.326336 
20   6.640481 6.521138 

Day   ML(0.5) 
0   5.009451 4.742364 
2   6.117271 5.847022 
4   6.161967 5.989089 
6   6.461198 6.228682 
8   6.895975 7.068096 

11   7.05576 6.788331 
14   6.70927 6.695941 
17   6.922725 6.334111 
20   7.01157 6.623847 

     
     
 E.coli (Fig. 23A) E.coli (Fig. 23B) E.coli (Fig. 23C) E.coli (Fig. 23D) 

Day control control control control 
0 4.843233 4.772322 4.820858 4.870404 
2 5.049993 5.007321 5.127753 5.088845 
4 5.969416 6.107888 6.107888 5.888845 
6 6.537016 6.759041 6.310693 6.30103 
8 7.167729 7.146748 7.038223 7.135769 

11 7.414248 7.25248 7.064731 7.09379 
14 7.164947 7.459563 7.129368 7.161452 
17 7.01368 7.374451 7.870404 7.294174 
20 7.761176 7.620136 7.753583 7.849419 

Day N(0.5)+CA(0.4)+CN(
0.3) 

N(0.5)+CA(0.4)+C
N(0.3) 

N(0.5)+CA(0.4)+CN(0
.3) 

N(0.5)+CA(0.4)+CN(0
.3) 

0 4.645422 4.717671 4.901458 4.487138 
2 4.582063 4.457882 5.009451 4.614897 
4 5.783189 5.130428 5.564666 5.717671 
6 5.261739 5.154424 6.244772 6.024694 
8 5.861534 5.810904 6.909556 6.184795 

11 5.779596 5.761176 6.775974 6.297268 
14 6.026125 5.983175 6.007321 6.178637 
17 6.01157 5.85248 6.764923 6.246543 
20 6.109594 6.480007 6.709933 6.239519 

Day N(0.5)+CA(0.4)+CN(
0.6) 

N(0.5)+CA(0.4)+C
N(0.6) 

N(0.5)+CA(0.4)+CN(0
.6) 

N(0.5)+CA(0.4)+CN(0
.6) 

0 4.678518 4.745855 4.757396 4.564666 
2 4.392697 4.534026 4.659916 4.487138 
4 4.386772 4.401401 5.247973 4.716003 
6 4.000868 4.210051 5.155943 4.16643 
8 4.790285 4.333999 5.678518 4.678518 

11 4.678518 4.453583 5.635484 4.369317 
14 4.632981 4.309556 5.305351 4.000868 
17 4.721138 4.572322 5.260071 4.564666 
20 4.383301 4.507856 5.826075 4.761176 
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7.4. Quality counts 
 
Table 14: Log CFU/g counts of Lactic Acid Bacteria, Total Plate Count, and 
Psychrotrophic figures. 

 LAB (Fig. 24A) TPC (Fig. 24B) 
Day control control 

0 3.260071 3.260071 3.383815 3.470355 
2 3.50515 3.72255 3.792392 4.046178 
4 3.342423 3.743184 4.392697 4.534521 
6 3.672098 3.999534 4.775974 4.894097 
8 3.886491 4.197612 5.140508 5.173747 

11 3.807535 4.286104 5.049993 5.299993 
14 4.969416 5.33369 6.562531 6.632706 
17 5.179552 5.471252 7.323665 7.229729 
20 5.040207 5.378329 7.386856 7.258472 
23 5.917506 6.04597 8.044148 7.961483 
26 6.088845 6.104706 8.09237 7.946241 
29 6.534026 6.335016 7.737987 7.707215 
32 6.790285 6.561044 7.873321 7.8876 

Day N(0.5)+CA(0.4)+CN(0.3) N(0.5)+CA(0.4)+CN(0.3) 
0 2.230449 2.506952 2.716003 2.939401 
2 2.845098 3.118703 3.079181 3.380211 
4 2.30103 2.771233 3.755875 3.875788 
6 2.30103 2.849311 3.672098 3.992272 
8 2.30103 2.920672 4.392697 4.576461 

11 1.845098 2.539636 4.645422 4.965395 
14 2.30103 3.001723 5.049218 5.276315 
17 3.50515 3.964468 7.081476 7.007795 
20 4.700704 4.736802 7.042182 7.018617 
23 5.733999 5.608112 7.038223 7.175595 
26 6.300378 5.995079 7.810904 7.714806 
29 7.185259 6.629891 7.950365 7.862471 
32 7.210051 6.56335 7.96708 7.798926 

Day N(0.5)+CA(0.4)+CN(0.6) N(0.5)+CA(0.4)+CN(0.6) 
0 2.230449 2.521011 2.342423 2.671796 
2 2.30103 2.495568 2.845098 3.15087 
4 2.30103 2.61394 2.30103 2.909272 
6 2.30103 2.617823 2.30103 2.891933 
8 2.30103 2.965174 3.50515 3.896094 

11 1.845098 2.459081 4.383815 4.611478 
14 2.845098 3.405413 4.079181 4.602098 
17 2.30103 3.033385 4.30103 4.87547 
20 2.845098 3.491664 5.716003 5.970502 
23 4.50515 4.840137 7.170848 7.264772 
26 5.152288 5.199822 7.401401 7.462406 
29 5.230449 5.15129 7.521138 7.650409 
32 5.568202 5.302439 7.181844 7.370887 

     
 PSY (Fig. 24C)   

Day control   
0 1.845098 2.289636   
2 2.845098 3.331395   
4 4.305351 4.610824   
6 4.922725 5.091605   
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8 5.107888 5.190946   
11 4.28713 4.891856   
14 6.257679 6.565114   
17 7.46938 7.503952   
20 7.629613 7.633737   
23 8.276921 8.235506   
26 8.17667 8.296287   
29 8.138934 8.279376   
32 8.170848 8.307554   

Day N(0.5)+CA(0.4)+CN(0.3)   
0 1.30103 1.687047   
2 3.50515 3.674323   
4 2.30103 2.940407   
6 3.230449 3.716133   
8 4.501059 4.55166   

11 4.337858 4.90887   
14 4.864511 5.51342   
17 7.587935 7.58624   
20 7.246006 7.347493   
23 7.178113 7.480299   
26 7.992111 8.246446   
29 8.111263 8.312823   
32 8.111263 8.26594   

Day N(0.5)+CA(0.4)+CN(0.6)   
0 2.079181 2.134643   
2 3.079181 3.238387   
4 2.845098 3.430845   
6 2.30103 2.889605   
8 3.230449 3.515465   

11 4.516139 4.962198   
14 3.755875 4.485323   
17 5.623249 6.091911   
20 6.861534 7.031139   
23 7.173769 7.443358   
26 8.094122 8.282175   
29 8.11294 8.288267   
32 8.087071 8.253699   
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7.5. Sensory ranges 
 
Table 15: Sensory ranges of overall liking, liking of flavor, and off-flavor. 
 

Sensory attribute (scale range) Product Range 

Overall liking (0-120) 

Commercial 13.1 - 113.4 
Control 12.7 - 111.9 
Treat. 1 11.9 - 113.4 
Treat. 2 4.1 - 105.2 

Liking of flavor (0-120) 

Commercial 12.3 - 104.8 
Control 12.1 - 114.4 
Treat. 1 11.1 - 114.6 
Treat. 2 3.9 - 109.6 

Off-flavor (0-20) 

Commercial 0 - 18.7 
Control 0 - 19.7 
Treat. 1 0 - 19.9 
Treat. 2 0 - 19.6 
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