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Summary/Abstract 

 Food safety efforts must consist of multidisciplinary activites, and one key activity 

is laboratory testing. With sample submissions from different stakeholders, the Kansas 

Department of Agriculture Laboratory is equipped to perform various regulatory testing 

on the samples, contributing to the food safety surveillance of the food supply. With 

respect to animal feeds, the levels of mycotoxins present are analyzed to determine 

whether or not the product is safe for animal consumption. If animals consume unsafe 

amounts of mycotoxins, both animal and human health can be impacted. If that 

intoxicated animal was consumed, humans are at risk for indirect exposure. In light of 

human health, foodborne pathogens are of great concern as well. Testing methods are 

imperative in order to detect possible contaminants in Kansas’ meat and poultry 

products. However, all testing and day-to-day practices would be meritless without 

some form of quality management system. Quality management systems, such as 

International Organization for Standardization/International Electrotechnical 

Commission 17025, ensure laboratories are performing competently and uniformly.  

 My main objectives were to obtain a better understanding of how a public health 

laboratory operates, as well as become more familiar with basic microbiological and 

chemical techniques related to food safety and quality. In attainment of my objectives, I 

helped perform sample extractions for mycotoxin testing of animal feeds, assisted with 

method verification of a microbiological testing platform in their Biosafety Level-2 lab, 

and learned about and applied their quality management system, International 

Organization for Standardization/International Electrotechnical Commission 

17025:2017.  

 

 

 

 

 

Subject Keywords: KDA; food safety; ISO 17025; mycotoxins; Salmonella; Listeria 
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Chapter 1 - Overview of The Relevance of 

Microbiological/Chemical Testing and Adhering to 

ISO/IEC17025-2017 

 The Kansas Department of Agriculture (KDA) was the first state department of 

agriculture established in the United States.1 The agency is “devoted to total support of 

agriculture in Kansas, working for the entire agriculture setting, including farmers, 

ranchers, food establishments, and agribusiness.”1 The KDA Laboratory (KDAL) is an 

integral program to the agency’s mission. This state-of-the-art laboratory seeks to 

establish, maintain, and improve analytical laboratory services for many sectors, 

including: Dairy, Meat and Poultry, Pesticide and Fertilizer, and Food Safety and 

Lodging Inspection programs.2  For my integrated learning experience, I assisted with 

method verification using the 3MTM Molecular Detection System (MDS) for Salmonella 

spp. and Listeria monocytogenes detection; testing of safety levels of mycotoxins in 

animal feed; and learned about the principles and applications of laboratory quality 

management systems, specifically ISO/IEC (International Organization for 

Standardization/International Electrotechnical Commission) 17025:2017, and its 

relevance to public health. 

 During the 3MTM MDS method verification, Salmonella spp. and Listeria 

monocytogenes were the two pathogens left to assist with verifying the method. Prior to 

my onboarding, the lab staff verified the detection methods for Escherichia coli 

O157:H7. The 3MTM molecular detection system is used for “rapid and specific detection 

of selected pathogens in enriched food and environmental samples.”5 The system 

operates by amplifying nucleic acid sequences using loop-mediated isothermal 

amplification and bioluminescence to identify the amplification.5 This detection method 
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is important to ensure the public is consuming safe, non-contaminated food products. 

The Centers for Disease Prevention and Control (CDC) reports Salmonella bacteria are 

the cause of approximately 1.35 million infections annually, with food being the primary 

source.7 Salmonellae are gram-negative, flagellated facultative anaerobes. If food 

contaminated with Salmonella is consumed, the bacteria are able to survive the acidic 

environment of the stomach and will infiltrate the mucosa of the intestines where 

endotoxins will be produced.8 The body’s inflammatory response to the invasion is what 

causes the typical symptoms of gastroenteritis. With Listeria monocytogenes, similar 

symptoms of foodborne illnesses are of concern but especially for immunocompromised 

or pregnant individuals. Listeria monocytogenes is a gram-positive, facultative 

intracellular rod.10 Due to its psychrotrophic nature, Listeria monocytogenes is capable 

of replicating at refrigerated temperatures, making it difficult for the food industry to 

mitigate.10 The detection of foodborne pathogens using the 3MTM MDS will aid KDAL 

with their surveillance efforts.  

 Another important topic for the safety of consumers and agriculture in Kansas is 

mycotoxins. Testing for mycotoxin levels in animal feeds is important for animal welfare, 

food safety, and public health. Exposure can occur in livestock by consumption of the 

infected feeds, and humans can have indirect exposure through consumption of infected 

animals.9 With an ever-growing population, and demand for sustainable food sources, the 

livestock industry depends on feedstuffs such as wheat; corn; soybeans; and their products, 

all of which have the potential to harbor mycotoxins.9  Mycotoxins are produced by 

filamentous fungi, typically those belonging to the genera Aspergillus, Penicillium, Alternaria, 

and Fusarium.3  Aflatoxins, fumonisins, ochratoxins, trichothecenes, and zearalenone 
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groups of mycotoxins are considered to be a safety and economic concern due to their high 

prevalence in feeds and known health effects on livestock.3  Mycotoxicosis can occur 

through ingestion, inhalation, skin-to-skin contact, or via the lymphatic system. Health 

effects vary in severity depending on the type of mycotoxin. Symptoms of mycotoxicosis 

include: weakened immunity, identifiable health problems, death, and action as allergens or 

irritants.9 Mycotoxins also pose health threats, both chronic and acute, if inhaled and 

introduced to the lymphatic system and blood stream.9 To mitigate exposure, KDAL 

analyzes samples of all types of feedstuffs to ensure the products being fed to livestock and 

other animals are safe for consumption.  

 While performing all testing and analyses, KDAL adheres to accredited 

laboratory systems management, ISO/IEC 17025:2017. ISO standards are 

internationally agreed upon by experts. ISO/IEC 17025 provides standardization for 

testing and calibration in laboratories.4 Under ISO/IEC 17025, KDAL is able to 

demonstrate that they operate competently and generate valid results.4 This ensures 

consumer confidence in their work at the state and federal level and creates legally 

defensible test results. My preceptor, Dr. Flowers, describes ISO accreditation by the 

following: “Being accredited to ISO/IEC 17025 means that an independent expert has 

visited our lab, evaluated our work first-hand, and is vouching for our ability to test in a 

consistent, competent manner that is free from outside influences.”6 ISO/IEC 17025 

protocols are the backbone of sample analyses at KDAL.  
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Chapter 2 - Learning Objectives and Project Description 

Throughout my time at KDAL, I participated in many activities, all promoting the 

attainment of my learning objectives. Depending on the day, I participated in general 

tasks such as attending section meetings, preparing microbiological media and 

chemical reagents, and contributing to the cleanliness of the laboratory sections. My 

main objective was to obtain a better understanding of how a public health laboratory 

operates and become more familiar with basic microbiological and chemical techniques 

for food safety and quality. Specific projects related to the achievement of the learning 

objective included:  

 

 Performing sample extractions for mycotoxin testing of animal feeds; 

 Assisting with method verification for food pathogen detection; and, 

 Learning and applying principles of ISO/IEC 17025 quality management 

system. 

 

During the determination of mycotoxins in animal feeds, I used high performance 

liquid chromatography tandem mass spectrometry (LC-MS/MS). To begin the 

procedure, the received samples were ground until a powder-like consistency was 

achieved in order to reduce particle size for better analysis of the sample. 2 ± 0.02 

grams were then added to centrifuge tubes along with 10 milliliters of extraction solution 

and placed in a wrist action shaker for 30 minutes to ensure the ground sample was 

fully saturated.11 After the shake cycle was complete, the samples were centrifuged; 

500 microliters of the supernatant were transferred into separate test tubes. In the new 

test tubes, another 500 microliters of ammonium formate were added and then 

vortexed.11 After the supernatant and ammonium formate were homogenized, the 

solution was poured into filtered syringes and dispensed into amber autosampler vials. 

The vials had pre-slit septum caps in order for the needle of the LC-MS/MS machine to 

extract the liquid.11 The autosampler tray containing the vials were placed in the Waters 

Acquity H-Class Plus Sample Manager FTN-H for sample analysis.11 This system 

detects aflatoxins and deoxynivalenol analytes. The results of each analyte are 
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calculated by the machine and illustrated graphically.11 Figures 2.1 and 2.2 illustrate 

some of the steps involved in sample preparation. 

 

   

 

Figure 2.1: Wrist Action Shaker 

Saturating the Ground Samples 

Figure 2.2: Loading the Autosampler 

Tray into the LC-MS/MS Machine 

 

With the second project, I assisted with verifying a detection method for 

Salmonella and Listeria monocytogenes in raw meat, poultry products, ready-to-eat 

(RTE) meat products, retail foods, outbreak samples, and environmental samples.12 To 

begin the detection, I assisted with sample preparation and enrichment. We first tested 

RTE samples, so 25 ± 1 gram of the product was obtained. The samples typically arrive 

as intact product from the meat and poultry department, so the samples have to be 

blended into smaller sizes in order to obtain a representative sample.12 The blended 

sample is then added to the appropriate enrichment media. For Salmonella, 225 ± 5 

milliliters of Buffered Peptone Water (ISO) is added, and for Listeria monocytogenes, 
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Demi-Fraser Broth.12 Next, the whirl-pak bag was placed in the stomacher for two 

minutes to wash any potential microbes into the enrichment broth.12 The samples 

prepared for Salmonella detection were incubated at 37 ± 1 ºC for 18-26 hours. When 

testing for Listeria monocytogenes, the incubation temperature is still 37 ± 1 ºC but for 

24-30 hours.12 During incubation, a set of control broths were made as well to ensure 

quality standards were met. These sets include: a blank, to ensure the media is sterile; 

a negative control, to confirm specificity; and a positive control, to prove sensitivity. 

Specificity refers to the test results that are truly negative, and sensitivity refers to the 

test results that are truly positive. 

 

Figure 2.3: Enriched Samples and QC Incubation 
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After incubation, 20 microliters are pipetted into the lysis tubes.12 Proceeding completed 

transfers, the lysis tubes are heated at 100 ± 1 ºC for 15 ± 1 minute.12 The solutions 

should turn from pink to yellow after the first heating point. Next, the lysis tubes are 

cooled on a chill block at 20-25 º for 5-10 minutes.12 The lysis tubes then reverted back 

to their original yellow color. Figure 2.4 from the 3MTM protocol review illustrates the 

color change between heating and cooling. 

    

 

Figure 2.4: Lysis Tubes During Heating and Cooling13 

 

After the lysis steps, I began the amplification process. To do so, 20 microliters of lysate 

were transferred into reagent tubes.12 The reagent tubes were loaded into the speed 

loader tray and placed in the detection machine to begin the MDS assay. The results 

were automatically analyzed by the computer system, and each sample was reported 

as a positive or a negative.12  
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Figure 2.5: Reagent Tubes Loaded into MDS Machine 

 

 The third project was to learn about and apply KDAL’s quality management 

system, ISO/IEC 17025. Dr. Flowers and I routinely met to discuss principles of ISO/IEC 

17025. Within the before mentioned projects, there were steps I had to complete prior to 

performing the analyses, this was due to the compliance of ISO/IEC 17025 standards. 

The steps included: 1, read the SOP; 2, observe a trained analyst perform the test; 3, 

perform the test under supervision of a trained analyst; 4, perform the test successfully 

to demonstrate capability, which included a document signed by the trained analyst and 

laboratory director for approval. In addition to only trained personnel performing 
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analyses, the SOPs themselves were riddled with practices rooted in ISO/IEC 

standards. Another example, from the beginning of sample receiving to sample 

disposal, a chain of custody record was required for all samples needing tested. This 

process was as specific as documenting the exact minute a sample was transferred 

from the other program inspectors to the laboratory analysts. Once the sample was 

received, it became the analysts’ responsibility to ensure that product was not 

compromised while at the laboratory. Their responsibility continues even after the 

Report of Analysis is reviewed and approved by a section supervisor and the laboratory 

director. That chain of custody ends when the sample is discarded, which can be 

retained for one month up to a year or more, depending on the type of sample or the 

severity of the case.  

 Another application of ISO/IEC 17025 principles I experienced during my APE 

was the preparation for an external audit to occur in September. Being accredited under 

ISO/IEC 17025, KDAL has annual audits performed by a third-party auditor to remove 

any possible bias. Through discussion with Dr. Flowers, I learned this third body is 

through ANAB (ANSI National Accreditation Board), who is recognized by the 

International Laboratory Accreditation Cooperation Mutual Recognition Arrangement 

(ILAC MRA). Dr. Flowers referred to this tiered system as a “chain of trust.” She 

furthered explained the purpose of the audit is to verify KDAL is upholding the 

necessary practices within each laboratory section in order to maintain their 

accreditation.  

 I was able to apply the knowledge I gained about ISO/IEC 17025 principles by 

updating the microbiology and dairy section’s media preparation cards. While attending 
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a quality assurance meeting, the analysts discovered the current media preparation 

cards were inaccurate, resulting in the issuing of a corrective action. Their solution was 

to revise the cards to reflect the most up-to-date information, and I volunteered to help 

with this task. 

 

 

 

 

 

 

 

 

Figure 2.6: Updated Media Preparation Recipe Card 

 

In total, there were about 60 recipe cards I reviewed to ensure the correct information 

was printed on the cards. By doing so, this assured the analysts the correct ratio of 

ingredients was being used to make their microbiological media, preventing further 

quality assurance issues to arise.  

  

Nutrient Agar  
 1000 mL Di Water  

 8 g Nutrient Broth 

 15 g Agar 
 

- Heat to boil with agitation for 1 minute 

- Dispense 10 mL into 60 large test tubes  

- Autoclave tubes and leftover agar in flask for 15 min at 121˚C 

- Tilt tubes immediately after removal from autoclave 

- Cool flask to 45-50˚C and pour ~20 mL per plate 
 

Shelf Life: Refrigerated up to 3 months             pH=6.8±0.2 

QC: Gram + control – L. innocua; Gram - Control – E. coli 
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Chapter 3 - Discussion 

 My time spent at KDAL brought many lessons learned and a deeper appreciation 

for food safety surveillance. Regulatory laboratories are an invaluable link in the food 

safety chain. The other programs at the Kansas Department of Agriculture rely on KDAL 

to report accurate, reputable data in order to enforce food safety laws or react to a 

noncompliant finding.  

 The feed section of the laboratory offers this surveillance service for animal 

feedstuffs through many different analyses. The one test I was able to assist with was 

determining the levels of mycotoxins present in animal feeds. By performing this 

analysis, KDAL is able to determine which samples, if any, are out of compliance and 

unsafe for animal consumption. After reporting their findings to the necessary program, 

a “stop sale” is ordered to prevent animals from eating contaminated feeds. Should an 

animal intended for human consumption become intoxicated, it becomes a public health 

risk if that animal carcass enters the food supply. 

 Assisting with a method verification demonstrated KDAL’s dedication to continual 

improvement. Although their previous method detection system was adequate, they saw 

the benefits of updating their machine to promote efficiency and cost effectiveness. 

Now, they are able to report meat and poultry sample results faster. If a positive result 

was found, the KDA Meat and Poultry program would be able to act on the 

nonconformance much more quickly, possibly preventing a foodborne illness outbreak. 

 Overall, the reliability and credibility of their test results would not be possible 

without the implementation of a quality management system, in this case, ISO/IEC 

17025. Their compliance to ISO/IEC 17025 principles enables them to maintain 
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accreditation, but most importantly assures their customers the data they produce are 

provided competently, confidently, and accurately. Food safety is a complex problem 

with multiple stakeholders and sources of threats. My integrated learning experience 

reinforced the concept that preventing foodborne illness is not a matter of one threat, 

but rather an effort from all invested to do their part towards mitigation.   
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Chapter 4 - Competencies  

 Student Attainment of MPH Foundational Competencies  

Table 5.1 Summary of MPH Foundational Competencies 

Number and Competency Description 

2 
Evidence-based Approaches to Public 

Health 

Select quantitative and qualitative data 

collection methods appropriate for a given 

public health context 

3 
Evidence-based Approaches to Public 

Health 

Analyze quantitative and qualitative data 

using biostatistics, informatics, computer-

based programming and software, as 

appropriate 

4 
Evidence-based Approaches to Public 

Health 

Interpret results of data analysis for public 

health research, policy, or practice 

12 Policy in Public Health 

Discuss multiple dimensions of the policy-

making process, including the roles of ethics 

and evidence 

11 
Planning and Management to Promote 

Health 

Select methods to evaluate public health 

programs 

21 Interprofessional Practice 
Perform effectively on interprofessional 

teams 

 
Competency 2 – Quantitative and qualitative data collection methods were 

selected based on the appropriateness for a given public health context. The selection 

process was dependent on which analysis was being performed. During the detection of 

mycotoxins in animal feed, data were collected using LC-MS/MS to produce results for 

the analyst to interpret. When assisting with the method verification for detection of 

Salmonella spp. and Listeria monocytogenes using 3MTM MDS, this method of data 

collection was selected because of its efficiency and affordability. 
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Competency 3 – After the data were collected, analyses were performed using 

software programs that incorporated informatics, as well as biostatistics. While 

determining the levels of mycotoxins in animal feed by LC-MS/MS, MassLynxTM 

software provided the analysis of the data collected from the feed samples. The method 

for detecting Salmonella spp. and Listeria monocytogenes used the 3MTM MDS 

program, whereas the old detection method utilized Hygiena’s BAX System Q7. 

Competency 4 – This competency was achieved by interpreting and reporting the 

analysis results to the other programs at KDA that requested the sample testing. After 

the results were reported, that program would take action when necessary to ensure 

consumer protection and public safety. 

Competency 11 – Prior to purchasing a new PCR machine, KDAL used 

Hygiena’s BAX System Q7. They discovered replacing their old method with a detection 

method for foodborne pathogens from 3MTM would offer more efficiency and 

affordability, so I assisted with verifying the 3MTM MDS method during my ILE. Selecting 

this new method allowed KDAL to better serve the other public health programs at KDA. 

Competency 12 – The ISO/IEC 17025 quality management system provided me 

with safety training necessary for each laboratory skill. Studying ISO/IEC 17025 allowed 

me the opportunity to practice safe laboratory techniques in order to promote accurate 

and credible test results.  

Competency 21 – I was able to perform effectively on interprofessional teams in 

the day-to-day work environment at KDAL. More specifically, multiple analysts reference 

the same SOP during testing, and I was successful at adhering to the same SOP while 

working alongside other analysts to obtain the same test results. 
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 Student Attainment of MPH Emphasis Area Competencies 

Table 5.2 Summary of MPH Emphasis Area Competencies 

MPH Emphasis Area: Food Safety and Biosecurity 

Number and Competency Description 

1 Food safety and biosecurity 
Evaluate solutions appropriate for different 
food safety, biosecurity, and defense issues 
in the food production continuum. 

2 Threats to the food system 

Examine specific threats to the food system 
and scientifically investigate how each can be 
prevented, controlled, and/or mitigated in the 
food production system. 

3 Food safety laws and regulations 
Differentiate key U.S. food safety regulatory 
bodies and their unique legislative 
authorities, missions, and jurisdictions 

4 
Food safety policy and global food 
system 

Analyze and distinguish how food safety and 
governmental biosecurity policies, 
globalization, and international trade 
cooperation influence public health. 

5 Multidisciplinary leadership 

Contrast the food safety and biosecurity 
technical needs of different stake holders and 
make judgements as to the appropriate 
methods of collaboration. 

 

Competency 1 – Food Safety and Biosecurity – Through samples received by the 

different programs at KDA, the KDAL is the “investigative link” in the metaphorical 

regulatory chain for food safety and biosecurity. The testing performed on food products 

provides the other KDA programs (i.e. the Food Safety & Lodging or Meat & Poultry 

programs) with information necessary to promote food safety and better biosecurity. 

During my time in the laboratory, the Food Safety & Lodging (FS&L) program submitted 

environmental swabs from a food manufacturing company for detection of foodborne 

pathogens on food-contact surfaces. Through this surveillance testing, KDAL was able 

to report the results back to FS&L to evaluate appropriate solutions for food safety and 

biosecurity at the food manufacturer.  
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Competency 2 – Threats to the Food System – Although KDAL evaluates various 

types of threats to the food system, my focus during my ILE related to food system 

threats were foodborne pathogens and mycotoxin levels. The detection of foodborne 

pathogens in the food samples received provided information on whether or not a 

pathogen was present in samples from food production facilities. With these results, 

KDA is able to offer risk assessments and preventive actions to producers. When 

determining the levels of mycotoxins present, this information is useful for producers to 

evaluate where threats may exist in their production processes.  

Competency 3 – Food Safety Laws and Regulations – Many U.S. food safety 

laws and regulations are abided by during analyses at KDAL. The overarching 

regulatory body for almost all tests performed at KDAL is their quality management 

system that complies with ISO/IEC 17025:2017. Through ISO/IEC 17025, the lab is able 

to carry out KDA’s mission of ensuring a safe food supply and providing consumer 

protection by providing scientifically sound, high quality analytical services to ensure 

KDA meets the demands of its customers14 For testing of foodborne pathogens, 

regulations from FDA and USDA are utilized depending on the product sample. 

Regulations from the National Grain and Feed Association under FDA are followed 

when determining mycotoxin levels, as well as guidelines from AAFCO for quality 

assurance and control and AOAC International.11  

Competency 4 –  Food Safety Policy and the Global Food System – This 

competency was achieved when learning and applying principles from ISO/IEC 17025-

17. ISO/IEC accreditation enables KDAL to assure consumers they are producing 

consistent and unbiased data because the results provided are audited by a third-party. 
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KDAL is confident their efforts towards food safety and biosecurity are standardized on 

a global level since they are accredited by an international organization. 

Competency 5 – Multidisciplinary Leadership – Collaboration with various 

stakeholders occurs continually at KDAL in order to communicate technical needs for 

promoting food safety and biosecurity. The other programs at KDA communicate often 

with the laboratory in order to address their needs. For example, the FS&L program will 

request specific tests on food samples depending on what food safety threat is of 

concern. The Dairy and Feed Safety program also communicates its testing needs to 

KDAL when feedstuffs or dairy products need analyzed for the sake of biosecurity and 

food safety. Prior to my onboarding, KDAL collaborated with the USDA to validate 

detection methods using the 3MTM MDS for e. Coli O157:H7 and STECs.   
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Appendix 

Appendix 1: Determination of Mycotoxins in Animal Feed by LC-

MS/MS KDA’s SOP 
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Appendix 2: Media Recipe Cards 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mBPWp 
 500 mL DI Water 

 21.05 g BPW w/Pyruvate  
 

- Mix to dissolve (heat if necessary) 

- Dispense 225 mL into 500 mL bottles 

- Autoclave 15 min at 121 ˚C 

- Cool to 45-50°C 

- Aseptically add 1 vial of the rehydrated ACV Supplement 
 

Shelf Life: Refrigerated up to 3 months                        pH=7.2±0.2 

QC: Pos. Control – E. coli w/ACV supp.; Neg. Control – E. coli 

O157:H7 w/AVC supp. 

Demi-Fraser Broth 
 

 1000 mL DI Water 

 55 g Demi-Fraser Broth Base 

 

- Mix to dissolve 

- Dispense 225 mL into bottles 

- Autoclave 15 min at 121˚C 

- Cool to room temperature 

- Aseptically add 2.25 mL Fraser Broth Supplement (Ref: BP0220010) 

to each bottle 

 

Shelf Life: Refrigerated up to 3 months                  pH=7.2±0.2 

QC: Pos. Control – L. mono; Neg. Control – E. coli 25922 
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Appendix 3: Meat & Poultry Sample Record 
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Appendix 4: 3MTM MDS Run Report for Salmonella spp. Method 
Verification 
  

 


