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Abstract 
 

Due to the major public health problem of illnesses caused by foodborne 

pathogens, an efficient disinfecting method is needed during food processing.  In an 

experiment to determine the effectiveness of antimicrobial agents, two disinfectants, 

trichloromelamine (TCM) and ozone, were compared.  Samples of beef were separately 

inoculated with Escherichia coli and coliforms, Salmonella typhimurium, and 

Campylobacter jejuni.  Infected meat samples were each sprayed with TCM and ozone to 

kill the bacteria.  After incubation, meat samples were either swabbed or bacteria on the 

meat were rubbed off into sterile deionized water.  Dilutions of collected bacterial 

samples were plated for counting.  Beef samples infected with E. coli and coliforms 

treated with TCM had an 82.3% decrease in coliforms and a 98.2% decrease in E. coli, 

while ozone did not kill the bacteria.  Beef samples infected with S. typhimurium showed 

a 61.3% decrease in pathogens when treated with ozone and no decrease when treated 

with TCM.  Samples infected with C. jejuni showed a 100% decrease when treated with 

TCM and a 68.5% decrease when treated with ozone.  Conflicting results made it difficult 

to determine which antimicrobial is best, although TCM may be more effective, so 

further testing is necessary. 
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Introduction and Significance 

 Foodborne diseases are an important public health problem.  The actual reporting 

of foodborne and waterborne diseases in the United States began over 60 years ago when 

diseases began presenting themselves with high morbidity and mortality (Olsen, 2000).  

Outbreaks of disease can often be traced back to foodborne or waterborne sources.  

Surveillance for disease outbreaks is important in preventing and controlling diseases.  

By investigating outbreaks, control measures in food production can be placed to reduce 

contamination by foodborne pathogens (Olsen, 2000).  Surveillance of outbreaks is also 

critical in identifying new and emerging pathogens, and it allows epidemiologists to 

monitor trends so they can improve food safety measures (Olsen, 2000).   

The production of meat is an important industry for many consumers.  Various 

meat producers have to address a high demand for meat, and it is important for each of 

these producers to make sure the meat they are selling is safe for human consumption. 

Several instances of foodborne diseases have been reported in the United States.  A total 

of 2,423 outbreaks of foodborne disease was reported during 1988-1992 (Bean, 1996).  

From these outbreaks, 77,373 people became ill, and 79% of the outbreaks and 90% of 

the cases were caused by bacterial pathogens (Bean, 1996).  In the United States, the 

estimated costs of foodborne diseases range from 4.8 to 23 billion dollars (McClelland, 

2001).  An outbreak may be a result of contaminated meat or other food, and it can cause 

high morbidity and/or mortality depending on the severity of the contaminating pathogen.  

During the meat processing procedure, meat can be decontaminated by using 

antimicrobial agents to kill any potential pathogens.  There are a variety of different types 

of antimicrobials that can kill pathogens.  
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 In this study, trichloromelamine (TCM), a common disinfectant used to treat 

meat, and ozone, a more consumer friendly and less expensive disinfectant, were tested 

for their antimicrobial effects.  Ozone seems to produce fewer carcinogenic by-products 

than chlorinated products (Fiessinger, 2007).  TCM is typically very effective at killing 

potential pathogens if the chlorine content is high enough.  There have been several 

studies showing that ozone is also sufficient for killing bacteria.  The purpose of this 

study was to determine how effective these antimicrobials were through the 

contamination and treatment of beef samples.  Results could then help determine the best 

method for treating meat. 
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Literature Review 

Trichloromelamine (TCM) 

 Trichloromelamine, C3H3N6Cl3 (Figure #1), is a disinfectant and a sanitizer 

(Iofina, 2009).  It has several uses: either direct or indirect food uses or non-food uses.  It 

can be used as an antimicrobial disinfectant on hard surfaces, and it can also be used as a 

fruit and vegetable wash (EPA, 2005).  Human health risks associated with this product 

are extremely low.  Acute and chronic dietary risk assessments have been conducted, and 

acute risk estimates for the exposed population subgroup of children were found to be 

31.6%.  Chronic risk estimates for the general U.S. population were found to be less than 

10%, and for children, less than 54%.  These results were below the Environmental 

Protection Agency’s level of concern for the United States population (EPA, 2005).  

TCM comes as a white to cream colored powder, and it is stable under normal conditions 

for one year (Iofina, 2009).  It is an EPA registered active ingredient (Iofina, 2009).  

TCM also has a tolerance exemption as an antimicrobial pesticide when its concentration 

does not exceed 200 ppm when applied to food processing utensils and tools (EPA, 

2005). 

 

Figure #1.  TCM Structure.  Trichloromelamine (TCM) consists of a ring of nitrogen 

atoms along with chlorine (Sigma-Aldrich, 2011). 



 

7 

Ozone 

 Ozone, O3 (Figure #2), is a strong oxidant and a disinfecting agent.  It has 

bactericidal effects in both Gram-positive and Gram-negative bacteria as well as spores 

(Guzel-Seydim, 2003).  Ozone has numerous applications in the food industry as it can be 

used to treat fruits and vegetables as well as other food products.  When treating fruits 

and vegetables, ozone has been found to increase the shelf life of the products (Guzel-

Seydim, 2003).  Ozone decomposes quickly, and therefore, when applied to food 

products, it leaves no residues (Guzel-Seydim, 2003).  When ozone is used for treatment 

of food products, it is generated on-site since it quickly decomposes (Khadre, 2006).   

Ozone inactivates microbial agents by reacting with intracellular enzymes, cell 

envelope components, spore coats, viral capsids, and/or nucleic material of the microbe 

(Khadre, 2006).  Ozone has been found to be suitable for decontaminating equipment, 

food-contact surfaces, produce, and processing environment (Khadre, 2006).  Studies 

have shown that ozone has been effective in reducing Escherichia coli O157:H7 that was 

contaminating lettuce and carrot produce (Singh, 2002).  There have also been studies 

that show that ozone treatments with doses below 10 mg/L were not effective in killing 

natural microbes on produce surfaces (Wei, 2007).  Ozone is a strong antimicrobial agent 

that has high reactivity, penetrability, and spontaneous decomposition into a non-toxic 

product (O2), but success to inactivate contaminating microbes on meat, poultry, fish, and 

other foods has had mixed results (Kim, 1999). 
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Figure #2.  Structure of ozone.  Ozone is a molecule consisting of three oxygen atoms 

(McClain Ozone). 

 

Escherichia coli O157:H7 

 Escherichia coli O157:H7 is a bacterium capable of causing severe diarrheal 

disease in humans (O’Brien, 2003).  This bacterium was first identified as a human 

pathogen in 1982 when the United States had outbreaks of severe abdominal cramps and 

bloody diarrhea (Alhelfi, 2012).  E. coli is an important cause of hemolytic uremic 

syndrome along with infectious diarrhea.  Hemolytic uremic syndrome develops in 

approximately 15% of North American children infected with E. coli O157:H7 (Wong, 

2000).  This syndrome, believed to be brought about by E. coli Shiga toxins, presents 

with signs of thrombocytopenia, neuropathy, and hemolytic anemia (Wong, 2000).  

Enterohemorrhagic E. coli (EHEC) serotype O157:H7 belongs to the Shiga toxin-

producing E. coli group (Jenke, 2012).   

Infections with these bacteria are major public health threats that require 

significant resources for control and prevention.  Direct or indirect exposure to human or 

bovine feces is a typical method of transmission (Keene, 1997).  This bacterium has also 

been isolated from other animal feces including horses, sheep, and retail meat including 
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pork and poultry (Keene, 1997).  Cattle are suspected to be the major source of pathogen 

contamination by fecal matter on food (Besser, 1997).  Most cases of outbreaks can be 

traced back to contaminated food of animal origin (Jenke, 2012). 

 

Coliforms 

 Coliforms are described as aerobic and facultative anaerobic, Gram-negative, 

non-spore-forming, rod shaped bacteria that ferment lactose with gas and acid formation.  

They also grow into a red colony with a metallic sheen on an Endo-type medium 

containing lactose, and they have been found to have β-D-galactosidase-positive 

reactions (Rompre, 2001).  The definition of coliform bacteria may differ among 

countries or organizations that monitor microbiological regulations (Rompre, 2011).  

Most coliforms are found present within fecal waste since they are commonly found in 

large numbers in the intestinal flora of humans and other warm-blooded animals 

(Rompre, 2001).  Since coliforms are detected in higher concentrations than other 

pathogenic bacteria, they can be used as indicators of the potential presence of entero-

pathogens such as E. coli O157:H7 (Rompre, 2001).  The detection of coliforms is based 

on specific enzymatic activity, and there are various commercial tests available for use.   

The SimPlate Total Plate Count (TPC) test can be used to detect coliforms and other 

bacteria like E. coli O157:H7 (Townsend, 1998a).  The SimPlate TPC detects quantities 

of total bacterial concentration in food after being incubated for 24 hours (Townsend, 

1998b).  It has been found to be suitable for detecting and quantifying foodborne bacteria 

(Townsend, 1998b).  
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Campylobacter jejuni 

 Campylobacter jejuni is a bacterium that can commonly cause human infection by 

the consumption of contaminated food (Parkhill, 1999).  The Campylobacter species are 

Gram-negative bacilli with a spiral or curved shape (Allos, 2001).  Campylobacter 

bacteria are motile and can colonize human intestines to cause an inflammatory 

enterocolitis (Parkhill, 1999).  In particular, C. jejuni is an important cause of acute 

diarrheal illness throughout the world (Black, 1988).  It wasn’t until 1957 that 

Campylobacter species were identified as a cause of diarrheal illness in humans (Allos, 

2001).  This bacterium has been previously isolated in the stool of 4%-14% of people 

with diarrheal illness and in less than 1% of asymptomatic people (Black, 1988).  

Infections with C. jejuni are the leading causes of bacterial gastroenteritis (Altekruse, 

1999).  It is estimated that in the United States there are 2.1 to 2.4 million cases of human 

campylobacteriosis that occur each year (Altekruse, 1999).  Raw poultry is a major 

source of foodborne contamination with Campylobacter jejuni (Lay, 2010).  In order to 

prevent illness, safe handling of raw poultry in the kitchen as well as pathogen reduction 

during poultry processing is necessary (Altekruse, 1998).   

 

Salmonella typhimurium 

 Salmonella are gram-negative, nonspore-forming, facultative anaerobic bacilli 

that are usually motile (Ekperigin, 1998).  The Salmonella genus is divided into two 

species including S. enterica and S. bongori.  These species can be further subdivided 

into serovars, including S. enterica serovar Typhimurium, also known as Salmonella 

typhimurium, (McClelland, 2001).  S. typhimurium is an important cause of 
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gastroenteritis in humans, and it can also be found in many other mammalian species 

(McClelland, 2001).  This bacterium is a facultative intracellular pathogen that can cause 

diarrhea (Fields, 1986).  In the United States, Salmonella causes an estimated 1.4 million 

illnesses a year (Dechet, 2006).  In 2002, S. typhimurium caused 22% of Salmonella 

infections.  S. typhimurium is the most common of the Salmonella serotypes (Dechet, 

2006).  There have been outbreaks of S. typhimurium disease associated with 

contaminated dairy products or beef.  This suggests that cattle may be a reservoir for the 

disease (Dechet, 2006).  All food animals are susceptible to becoming infected with 

Salmonella, and they may or may not develop salmonellosis.  However, infected animals 

can become carriers and serve as a source of infection for other animals and humans 

(Ekperigin, 1998). 
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Methodology 

Method #1: 

 Sample Preparation.  Three round cores of meat were removed from beef cuts 

with the use of a stainless steel corer.  The corer was sterilized in boiling water before 

and in between each use.  All three cores of meat were also sterilized by using tongs and 

placing each sample, one at a time, in boiling water for 10 seconds each.  After 

sterilization, each core of meat was cut in half with a sterilized knife on a cutting board 

that had also been sterilized with boiling water (Figure #3).  Meat cores were then ready 

to be inoculated with common foodborne pathogens. 

 

Figure #3.  Beef core preparation.  Beef cores sterilized in boiling water were cut in half 

using sterilized utensils. 

 

 Inoculum Preparation.  Fecal material from horses was collected and prepared for 

coliform and E. coli O157:H7 inoculation.  11 grams of fecal material was added to a 

dilution bottle containing 99 mL sterile deionized water.  The solution was inverted 

multiple times to ensure a homogenous mixture.  The process of serial dilution was used 
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to dilute the bacterial and coliform population for inoculation.  From the first dilution 

bottle containing the initial fecal sample (101, 102 inoculum), 1 mL was transferred to a 

second dilution bottle.  The bottle was inverted multiple times for a homogenous mixture.  

From the second dilution bottle (103, 104), 1 mL was transferred to a third dilution bottle.  

This procedure was repeated for a fourth and fifth dilution bottle while inverting the 

bottles in between each transfer to mix the solution.  From each of the third, fourth, and 

fifth dilution bottles, 10 mL of solution was transferred to a vial with coliform powder, 

mixed and then poured over a SimPlate.  SimPlates were incubated at 34.4 °C for two 

days. 

 Inoculation of Beef Samples.  Each beef sample was separately inoculated with 1 

mL of solution from the second dilution bottle (103 inoculum).  For each core, the 1 mL 

of inoculum was added drop-wise over the inside surface of one half of the core (Figure 

#4).  The drops were spread evenly on the surface of the meat, and for the control sample, 

the remaining core half was immediately placed on top of the inoculated half to cover the 

sample.  The cores were closed together to provide an anaerobic environment for growth.  

The other two cores were sprayed with antimicrobials after inoculation and before they 

were closed together: inoculation followed the same procedure as done with the control 

sample, but one core was sprayed and soaked in trichloromelamine (TCM) before being 

closed.  The third meat core was sprayed and soaked in ozone before the core halves were 

closed together. 
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Figure #4.  Inoculation of beef.  Prepared inoculum was added drop-wise to the inside of 

one half of the beef core.  Inoculum was spread evenly over the surface of the core half. 

 

 Storage of Beef Samples.  After each of the meat samples had been inoculated and 

closed, each core was placed in a sterile Styrofoam tray using tongs sterilized in boiling 

water.  Each tray was placed in an 8” x 12” plastic bag being careful not to let the bag 

touch the meat samples (Figure #6).  The ends of the bag were folded over to close the 

bag and each sample was stored at 38 °F for five days. 

 Testing of Microbial Levels on Beef Samples.  After storage, trays containing the 

meat samples were removed from the bags, and sterilized tongs were used to open the 

core halves.  A sterile cotton swab, moistened in sterile deionized water and squeezed of 

excess liquid, was rolled over the surface of one core half that had been sprayed with 

ozone (Figure #5).  After swabbing, the tip of the swab was broken off into a dilution 

bottle with sterile deionized water.  Swabbing was performed twice on both core halves 
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for ozone.  The swabbing procedure was also performed twice on each core half for the 

control beef sample and for the sample sprayed with TCM.  Each samples swabs were 

placed in separate dilution bottles.  Tongs used to open each of the samples were 

sterilized in between each sample.  Dilution bottles were inverted multiple times for a 

homogenous mixture.  Each dilution bottle for the TCM, ozone, and control samples was 

diluted to a second dilution bottle by transferring 1 mL of the solution from the first to a 

second bottle.  Only the control sample was further diluted to a third dilution bottle after 

the second bottle was inverted.  Each dilution bottle was used to transfer 10 mL of 

solution to a coliform vial of blue powder for SimPlate counting.  The mixed solution in 

the coliform vial was poured over a SimPlate for each sample, and SimPlates were 

incubated at 34 °C for two days.  

 

Figure #5.  Swabbing of beef.  A sterile cotton swab that had been moistened in sterile 

deionized water was rolled over the surface of each core half to collect any bacteria. 
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Method #2: 

 Sample Preparation.  Meat cores were prepared for pathogen inoculation with the 

same procedure in Method #1. 

 Inoculum Preparation.  Campylobacter jejuni was provided in a vial for 

inoculation of beef samples.  The C. jejuni sample was further diluted for testing of 

inoculum concentration.  Serial dilution was performed by transferring 1 mL from the 

initial vial into a dilution bottle with sterile water.  The solution was homogenized and 

another 1 mL was further transferred from that dilution bottle to a second bottle and 

homogenized.  From the first dilution bottle, 1 mL (101) and 0.1 mL (102) were each 

transferred to separate MHB agar plates and spread over the surfaces with a sterilized 

spreader.  For the second dilution bottle, this process was repeated with 1 mL (103) and 

0.1 mL (104) of solution spread on separate plates.  The plates were incubated for two 

days at 34 °C. 

 Inoculation of Beef Samples. Each beef sample was separately inoculated with 1 

mL of the provided sample of C. jejuni.  For each core, the 1 mL of inoculum was added 

to each meat core half according to the same procedure in Method #1.  After inoculation, 

two of the cores were separately sprayed, one with TCM and one with ozone.  The 

control sample was not sprayed with any disinfectants.  Again, each of the cores was 

closed together to provide an anaerobic environment for growth. 

 Storage of Beef Samples.  Meat cores were stored according to the same 

procedure in Method #1 (Figure #6). 
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Figure #6.  Storage of beef.  Beef samples were closed together and trays were placed in 

an 8” x 12” plastic bag.  Bag ends were folded over, and beef was stored at 38 °F. 

 

 Testing of Microbial Levels on Beef Samples. After storage, trays containing the 

meat samples were removed, and sterilized tongs were used to transfer the cores to new 

sterile bags.  The sterile tongs were used to open the cores and flip the cores inside out so 

that the infected area of the meat was exposed.  100 mL of sterile deionized water was 

added to each bag containing a meat core.  The meat cores were rubbed together in the 

water to wash off any pathogens into solution.  For each of the three samples (control, 

ozone, and TCM) 0.1 mL (101) of solution was transferred from the bag to an MHB agar 

plate and spread over the surface with a sterile spreader.  From each bag, 11 mL was 

transferred to separate dilution bottles and homogenized.  From the first dilution bottle 

0.1 mL (102) was transferred to MHB agar and spread.  A second dilution for each 

sample was performed.  This was done by transferring 11 mL from the first dilution 

bottle to another dilution bottle and inverting it to make a homogenized solution.  These 
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dilutions for each sample were used to transfer 0.1 mL (103) each to an MHB plate.  Each 

of the samples were plated in duplicate and then incubated for two days at 34 °C. 

 

Method #3: 

 Sample Preparation.  Meat cores were prepared for pathogen inoculation with the 

same procedure in Method #1. 

 Inoculum Preparation.  Salmonella typhimurium was provided in a turbid 

Trypticase Soy broth.  The bacterial sample was diluted via serial dilution into three 

dilution bottles by transferring 1 mL of sample to the dilution bottle, homogenizing the 

mixture, and then repeating this for the next two dilutions.  Inoculum concentration was 

tested by plating the diluted bacterial samples on Trypticase Soy agar.  Sterile plates were 

labeled 101 through 106, and 1 mL (101) and 0.1 mL (102) from the first dilution bottle 

was added to the plates respectively.  This was repeated for the second dilution bottle 

(103 and 104) and the third dilution bottle (105 and 106).  Each of the plates were covered 

with Trypticase Soy agar, swirled to mix the bacteria and the agar, and placed in the 

incubator for two days at 34 °C.  The first dilution was used for actual inoculation of beef 

samples. 

Inoculation of Beef Samples. Each beef sample was separately inoculated with 1 

mL of the first dilution bottle (101) of S. typhimurium.  For each core, the 1 mL of 

inoculum was added to each meat core half according to the same procedure in Method 

#1.  After inoculation, two of the cores were separately sprayed, one with TCM and one 

with ozone while the control sample was not sprayed.  After inoculation and disinfectant 
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spraying, each of the cores was closed together to provide an anaerobic environment for 

growth. 

Storage of Beef Samples.  Meat cores were stored according to the same 

procedure in Method #1 (Figure #6). 

Testing of Microbial Levels on Beef Samples.  After storage, trays containing the 

meat samples were removed, and sterilized tongs were used to transfer the cores to new 

sterile bags.  The sterile tongs were used to flip the cores inside out, as done in Method 

#2, and 100 mL of sterile deionized water was added to each bag.  The meat cores were 

rubbed together to wash any pathogens into solution.  For each of the three samples 

(control, ozone, and TCM) 1 mL (100) of solution was transferred from the bag to a 

sterile plate.  From each bag, 11 mL was transferred to separate dilution bottles and 

homogenized.  From the first dilution bottle 1 mL (101) and 0.1 mL (102) were 

transferred to separate plates (Figure #7).  A second dilution for each sample was 

performed by transferring 1 mL from the first dilution bottle to another dilution bottle and 

inverting it to make a homogenized solution.  This procedure for serial dilution was 

followed for a total of four dilutions (up to 108).  The plating procedure for the first 

dilution bottle was repeated for the other three dilutions.  Each of the samples was plated 

in duplicate.  Trypticase Soy agar was added to each plate, the plates were swirled, and 

then incubated for two days at 34 °C. 
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Figure #7.  Plating Salmonella dilutions.  From each dilution of Salmonella 0.1 mL and 1 

mL were transferred to separate plates.  Agar was added and plates were stored at 34 °C. 

 

Potency Test for Antimicrobials: 

 For every day that ozone was used, a new solution was obtained and tested with a 

meter to check the oxidation-reduction potential (Figure #8).  The higher the oxidation-

reduction potential of the ozone, the better it should be at killing pathogens (Figure #9). 
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Figure #8.  Ozone machine.  This machine was used to generate fresh ozone every day 

ozone was used. 

 

 

Figure #9.  Oxidation-Reduction Potential (ORP) Meter.  After ozone was generated, the 

ORP meter was used to determine the oxidation-reduction potential of the ozone.   
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 Trichloromelamine was tested with chlorine test strips by spraying the strips with 

the solution and comparing the color change to the colors provided on the test vial.  Only 

TCM solutions that appeared to have a 200 ppm reading were used for treatment.  

Titration of differing TCM solutions was also performed to determine the amount of 

chlorine available in the solutions (Figure #10).  One packet of powdered TCM (2.36 g) 

when mixed with a gallon of water should provide 18% chlorine and 100 ppm.  Three 

separate solutions of TCM were prepared and titrated (see Appendix A).  One solution 

contained one packet of powdered TCM per gallon of water, the second solution 

contained two packets of TCM per gallon of water, and the third solution contained three 

packets per gallon. 

 

Figure #10.  Titration Apparatus.  Each solution of differing TCM concentrations were 

titrated to determine the available chorine. 
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Results 

Method #1:  

 Initial SimPlate testing during inoculum preparation found the coliform count to 

be 2.9 x 108 and the E. coli count to be 7.6 x 107.  After dilution and meat sample 

inoculation and incubation, SimPlate results (see Appendix B) were read for the control, 

ozone, and TCM samples (Figure #11).  Control coliform count was found to be 2.0 x 103 

and E. coli was also 2.0 x 103.  Ozone treatment coliform and E. coli counts were also 

both 2.0 x 103 (Figure #12 and #13).  TCM treatment coliform count was found to be 

3.54 x 102, a 82.3% decrease in coliforms (Figure #12), and E. coli was 3.6 x 101, a 

98.2% decrease (Figure #13).   

 

Figure #11.  SimPlate Testing.  SimPlates were observed for E. coli and coliform 

contamination.  Pink wells are positive for coliforms.  Under UV light, fluorescent wells 

are positive for E. coli contamination (Appendix B). 
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Figure #12.  Percent prevalence of coliforms that were killed after treatment with either  

       TCM or ozone. 

 

 

Figure #13.  Percent prevalence of Escherichia coli bacteria that were killed after   

       treatment with either TCM or ozone. 
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Method #2: 

 Testing of C. jejuni inoculum on MHB agar revealed that the inoculum 

concentration used was 1.3 x 104.  Meat sample infection and disinfection results showed 

that the control concentration was 2.0 x 103.  The ozone disinfection decreased the 

amount of bacteria to 6.3 x 102, a 68.5% decrease in pathogens (Figure #14).  With the 

TCM disinfection no bacteria were detected with a 100% decrease in pathogens (Figure 

#14). 

 

Figure #14.  Percent prevalence of Campylobacter jejuni bacteria that were killed after  

       treatment with either TCM or ozone. 

 

Method #3: 

 Testing of S. typhimurium inoculum with Trypticase Soy ager revealed that the 

initial inoculum concentration used was 1.2 x 108.  Meat sample infection and 

disinfection results indicated that the concentration of the control sample was 1.28 x 104.  

The ozone disinfection final concentration was 4.95 x 103, a 61.3% decrease in 
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pathogens, while the TCM disinfection concentration was 1.29 x 104, a 0% decrease in 

pathogens (Figure #15). 

 

Figure #15.  Percent prevalence of Salmonella typhimurium bacteria that were killed after 

        treatment with either TCM or ozone. 

 

Potency Tests for Antimicrobials: 

 Each time the ozone was checked its oxidation-reduction potential ranged 

between 650 mV and 800 mV. Chlorine test strips for TCM often appeared to be around 

200 ppm.  However, some TCM solution mixtures appeared to be between 100 and 200 

ppm.  Titration results found that for one packet of powdered TCM per gallon of water 

there was 5.7% chlorine.  For two packets of powdered TCM per gallon of water there 

was 15.3% chlorine, and for three packets per gallon of water there was 22.0% chlorine. 
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Analysis and Conclusions 

 With foodborne diseases being such an important health problem, it is necessary 

to find an effective method for producers to sanitize their products.  While disinfecting 

the products so that no pathogens can be transmitted is the main concern for producers 

(and the public), it is also preferred that the sanitizing solution is cost efficient and 

consumer friendly as well.  By comparing the effectiveness of two differing disinfectant 

solutions, one can determine which product would be better to use for production 

purposes. 

 Trichloromelamine has been shown to work as a food sanitizer (Iofina, 2009).  

Results from the TCM portion of this study are conflicting.  In the first treatment of 

coliforms and E. coli, TCM was effective at decreasing the coliforms by 82% and the E. 

coli bacteria by 98%.  TCM was also effective in killing C. jejuni since no bacteria were 

detected after the treatment.  However, in the Salmonella typhimurium test, the TCM did 

not decrease the pathogen count at all.  Perhaps the TCM solution tested appeared to be at 

200 ppm, when in actuality it may have had lower chlorine content than it should have.  

The titration results also showed that the chlorine contents were not as high as they 

should be.  Another explanation for the differing results may be that TCM is more 

effective on certain types of bacteria than others.  It appeared to be extremely effective 

for all other bacteria used aside from the Salmonella.   

 Ozone is another disinfectant that has been shown to be great for use as a 

decontaminating agent (Khadre, 2006).  Results for the ozone portion of this study were 

also somewhat conflicting.  When used to treat E. coli and coliforms, the ozone seemed 

to have no effect on killing the pathogens.  When treating C. jejuni there was a 68% 
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decrease in the bacteria, and when treating S. typhimurium there was a 61% decrease.  

Although the oxidation-reduction potential of the ozone was always above 650 mV, there 

was not a huge decrease in the amount of bacteria as was expected.  Perhaps, like TCM, 

ozone may only be effective at killing certain types of bacteria.  Unlike other studies, this 

study has found that ozone was ineffective at killing the common pathogen E. coli and 

coliforms. 

 Although both results for TCM and for ozone are conflicting and unclear, one 

might assume that TCM would be more effective at killing foodborne pathogens than 

ozone.  Since there was a sharper decrease in the amount of bacteria than when the ozone 

was used to treat contamination, TCM may be the better option for producers wanting to 

disinfect their meat products.  However, more studies need to be done to confirm the 

effectiveness of TCM and ozone since the results were so skewed.  Also, further testing 

of chlorine content in TCM and effectiveness should be looked into more.  If there is a 

correlation between the amount of chlorine in the solution and the bacteria that are killed, 

there may be an explanation for why not all the bacteria were killed by TCM in some of 

the trials.  With a disease prevalence of 46% campylobacteriosis, 28% salmonellosis, and 

5% E. coli O157:H7 in 1996, proper food preparation is highly important (Altekruse, 

1999).  In order to ensure the safety of the public, the best products for killing pathogens 

need to be used, and more studies on antimicrobial effectiveness need to be performed. 
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Appendix A 

Titration Procedure 

1. Add powdered TCM to 1 gallon of water. 

2. Start with 100 mL of product. 

3. Add 2.5 mL of acetic acid glacial. 

4. Add 1.6 grams of potassium iodide. 

5. Swirl for 1 minute. 

6. Place in dark for 5 minutes. 

7. Add starch indicator until blue. 

8. Add sodium thiosulfate (0.1 normal) until clear. 

9. Total the use of sodium thiosulfate x 0.1 x 0.35495 x 100 = % available chlorine. 
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Appendix B 

SimPlate Normal Counting Range 
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