
Assessing the Effect of Interventions on Pathogens and The Microbial Ecology of the 

Poultry Processing Chain by Microbial Profiling and the Phenotypic and Genotypic 

Characterization of Antimicrobial Resistance 

 

 

by 

 

Alejandra Ramirez-Hernandez, M.S. 

 

A Dissertation  

 

In 

 

Animal Science 

 

Submitted to the Graduate Faculty 

of Texas Tech University in 

Partial Fulfillment of 

the Requirements for 

the Degree of 

 

DOCTOR OF PHILOSOPHY 

 

Approved 

 

Marcos X. Sanchez-Plata, Ph.D. 

Chair of Committee 

 

Mindy M. Brashears, Ph.D. 

Co-chair of Committee 

 

Kendra Nightingale, Ph.D. 

 

Alejandro Echeverry, Ph.D. 

 

Michael San Francisco, Ph.D. 

 

 

Mark Sheridan 

Dean of the Graduate School 

 

 

May, 2019 

 



 

 

 

 

 

 

 

 

 

 

 

 

Copyright 2019, Alejandra Ramirez-Hernandez 



Texas Tech University, Alejandra Ramirez-Hernandez, May 2019 

ii 

 

ACKNOWLEDGMENTS 

 

 

I would like to express my most sincere thanks to the following: 

First and foremost, to my advisors, Dr. Mindy Brashears and Dr. Marcos 

Sanchez-Plata, thank you for believing in me and for all the opportunities received 

during the past years. I am beyond grateful for your valuable support, guidance, and 

encourage to become a stronger scientist and better student. 

To Drs. Kendra Nightingale, Alejandro Echeverry, and Michael San Francisco 

thank you for serving on my advisory committee. I thank each of you for your time, 

support, and intellectual input during my Ph.D. program. Thank you to Dr. Marie 

Bugarel, for her kind support with the whole genome analysis, and help with 

molecular methods. I also want to thank Dr. Kameswara Rao Kottapalli for assisting 

me with microbiome analysis; and a special thanks to Dr. John Rupnow for his 

unconditional support, valuable advice and for belief in my abilities to succeed as a 

young scientist. 

To my fellow graduate students, student assistants, and co-workers in our 

research group thank you for your help and time during my projects. I have special 

gratitude to Brenda Inestroza, Diana Ayala, Ilan Arvelo, Kathy Fermin, Andrea 

English and David Campos for their unconditional support, and friendship through this 

enjoyable experience. I am also grateful to my dear friends in Lubbock, thank you to 

David F. D'Croz-Baron and Diana Vargas for all the fun and unconditional friendship. 



Texas Tech University, Alejandra Ramirez-Hernandez, May 2019 

iii 

 

I thank you to Andrea Varon, Ana Karina Carrascal, Iliana Chamorro, and 

Francisco Garces for all their help, hard work, and assistance to conduct the research 

projects in Colombia. 

Last but not least, thank you to my parents, Fernando and Luz Marina for their 

endless love, support, and encouragement through this journey far from home. Thank 

you to my sister and brother-in-law, Natalia and Fredy, for encouraging to dream big. I 

also thank to Emilia for the blessings and happiness she has brought to my family. 

 



Texas Tech University, Alejandra Ramirez-Hernandez, May 2019 

iv 

 

TABLE OF CONTENTS 

 

ACKNOWLEDGMENTS .................................................................................... ii 

ABSTRACT ......................................................................................................... vii 

LIST OF TABLES ............................................................................................. viii 

LIST OF FIGURES .............................................................................................. x 

LIST OF ABBREVIATIONS ........................................................................... xiii 

I. REVIEW OF LITERATURE ........................................................................... 1 

Salmonella ......................................................................................................... 1 

Campylobacter .................................................................................................. 4 

Poultry-associated pathogens ............................................................................ 6 

Salmonella in poultry .................................................................................. 7 
Campylobacter in poultry ........................................................................... 8 

Poultry processing operations ......................................................................... 10 

Farming growing ....................................................................................... 12 
Transportation ........................................................................................... 15 

Slaughtering .............................................................................................. 15 
Scalding ..................................................................................................... 16 

Defeathering .............................................................................................. 17 
Evisceration ............................................................................................... 18 

Chilling ...................................................................................................... 19 
Cut-up ........................................................................................................ 21 
Products ..................................................................................................... 21 

Pathogen performance standards in poultry processing operations. ............... 22 

Antimicrobial interventions to reduce and control Salmonella and    

Campylobacter in the poultry industry ........................................................... 26 

Chlorine ..................................................................................................... 26 

Lactic acid ................................................................................................. 27 
Acidified sodium chlorite .......................................................................... 28 
Peroxyacetic acid ...................................................................................... 29 
Poultry processing interventions and formation of semicarbazide ........... 30 

Antimicrobial agents ....................................................................................... 31 

Antimicrobial resistance in bacteria. ............................................................... 33 

Antimicrobial resistance in poultry-associated pathogens .............................. 36 

Antimicrobial resistant of Salmonella ....................................................... 37 



Texas Tech University, Alejandra Ramirez-Hernandez, May 2019 

v 

 

Antimicrobial resistant of Campylobacter ................................................ 39 

Chicken Microbiome ....................................................................................... 40 

References ....................................................................................................... 42 

II. EFFICACY OF LACTIC ACID, LACTIC ACID-CITRIC-ACID              

BLENDS, AND PERACETIC ACID TO REDUCE SALMONELLA                    

ON CHICKEN PARTS UNDER SIMULATED COMMERCIAL                   

PROCESSING CONDITIONS .......................................................................... 56 

Summary ......................................................................................................... 56 

Introduction ..................................................................................................... 57 

Materials and Methods .................................................................................... 59 

Results ............................................................................................................. 64 

Discussion ....................................................................................................... 65 

Acknowledgments ........................................................................................... 69 

Tables and Figures .......................................................................................... 70 

References ....................................................................................................... 77 

III. MICROBIOME ANALYSIS, ANTIMICROBIAL RESISTANT             

PROFILES AND WHOLE GENOME SEQUENCING ANALYSIS                     

OF PATHOGENS ISOLATED FROM CHICKEN CARCASSES            

RINSATE SAMPLES COLLECTED AT DIFFERENT STAGES             

DURING PROCESSING ................................................................................... 80 

Summary ......................................................................................................... 80 

Introduction ..................................................................................................... 81 

Materials and Methods .................................................................................... 86 

Results ............................................................................................................. 94 

Discussion ..................................................................................................... 104 

Acknowledgments ......................................................................................... 111 

Tables and Figures ........................................................................................ 112 

References ..................................................................................................... 128 

IV. MICROBIOLOGICAL PROFILE OF THREE COMMERCIAL             

POULTRY PROCESSING PLANTS IN COLOMBIA ................................ 135 

Summary ....................................................................................................... 135 

Introduction ................................................................................................... 136 

Materials and Methods .................................................................................. 138 

Results ........................................................................................................... 142 



Texas Tech University, Alejandra Ramirez-Hernandez, May 2019 

vi 

 

Discussion ..................................................................................................... 144 

Tables and Figures ........................................................................................ 148 

References ..................................................................................................... 155 

V. PHENOTYPIC AND GENOTYPIC CHARACTERIZATION                         

OF ANTIMICROBIAL RESISTANCE SALMONELLA STRAINS         

ISOLATED FROM THREE POULTRY PROCESSING PLANTS                       

IN COLOMBIA ................................................................................................. 158 

Summary ....................................................................................................... 158 

Introduction ................................................................................................... 159 

Materials and Methods .................................................................................. 162 

Results ........................................................................................................... 166 

Discussion ..................................................................................................... 173 

Acknowledgments ......................................................................................... 179 

Tables and Figures ........................................................................................ 180 

References ..................................................................................................... 196 

 



Texas Tech University, Alejandra Ramirez-Hernandez, May 2019 

vii 

 

ABSTRACT 

 

Salmonella and Campylobacter continue to be major foodborne pathogens in 

the U.S. and poultry is one of the leading carriers of these bacteria. During the poultry 

processing operations, the risk of contamination by any pathogen might be present. 

Despite the constants effort to improve the food safety systems to control foodborne 

pathogens, the survival and antimicrobial resistance of poultry-associated pathogens 

are persistence through the processing. 

Antimicrobial resistance is a serious public and animal health problem. The 

use of antimicrobials in animal-food production has been an important factor in the 

emerge of antimicrobial resistant bacteria. Multi-drug resistance Salmonella and 

Campylobacter strains have been associated with multiple outbreaks liked to chicken 

meat and chicken meat products. Hence, microbial profiling can serve as an essential 

tool to identify pathogen sources and the effect of selective pressures in the poultry 

processing chain that is favoring the dissemination of resistant pathogens. 

This dissertation outlines the research conducted in four sections: 1) 

Evaluation of the efficacy of antimicrobials to reduce Salmonella on chicken parts 

under simulated commercial conditions, 2) Microbial profiling and antimicrobial 

resistance characterization of Salmonella strains isolated from chicken carcasses 

rinsate samples collected at different stages during processing, 3) Microbial profiling 

of three poultry processing plants, and 4) Phenotypic and genotypic characterization of 

Salmonella strains isolated from poultry processing plants in Colombia. 
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CHAPTER I 

REVIEW OF LITERATURE 

 

Salmonella 

Salmonella spp. is a facultative rod-shaped gram-negative bacterium that belongs 

to the family Enterobacteriaceae (D’Aoust and Maurer, 2007), and is a medically 

important pathogen for both humans and animals (Le Minor, 1991). Its main niche is the 

gastrointestinal tract of humans and animals (Le Minor, 1991), with an optimal growth 

temperature of 35-40°C, and extreme range from 2 and 54°C (Holt, 1994). The genus 

Salmonella is divided into two species, Salmonella enterica and Salmonella bongori. S. 

enterica is further divided into 6 subspecies, including S. enterica subsp. I (subsp. 

enterica), II (subsp. salamae), IIIa (subsp. arizonae), IIIb (subsp. diarizonae), IV (subsps. 

houtenae), and VI (subsp. indica) (Grimont and Weill, 2007). The Kauffman-White 

serotyping scheme currently divides Salmonella genus into 2,600 serotypes currently 

recognized within the genus based on their serological reactions to somatic 

lipopolysaccharide (O), flagellar (H) and capsular (Vi) antigens (Barrow and Methner, 

2013; Grimont and Weill, 2007).  Salmonella enterica subsp. enterica represent the 

majority with > 1,500 serotypes (Ranieri et al., 2013). 

These Salmonella serotypes can also be subdivided into three classes based on the 

host range types and clinical manifestations (Stevens et al., 2009; Uzzau et al., 2000). 1) 

host generalist (ubiquitous serotypes) include Salmonella Typhimurium and Salmonella 

Enteritidis that cause infections in human and animals, and the clinical manifestation are 

mainly self-limiting gastroenteritis. 2) host-adapted Salmonella, such as S. Dublin in 
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bovine and S. Choleraesuis in swine which results in systemic infections. 3) host-

restricted Salmonella associated with severe systemic infections in as single host, such as 

the case of S. Typhi and S. Paratyphi that cause enteric fever exclusively in humans, also 

S. Gallinarum causes typhoid in fowl and S. Abortusovis causes abortions in sheep 

(Barrow and Methner, 2013; Le Minor, 1991; Stevens et al., 2009; Uzzau et al., 2000). 

In Salmonella spp. unlike other foodborne pathogens, all the serovars are 

generally considered to be virulent, and they can initiate an infection. Major influences 

on general Salmonella virulence are motility, intimate attachment to host epithelium, and 

host invasion; also, Salmonella-containing vacuoles (SCV) within macrophages, and type 

III secretion systems (T3SS) (Marcus et al., 2000). Moreover, bacterial survival in the 

host appears to result from a delicate balance of many gene products acting at the correct 

time and location. These genes are found on plasmids or within the chromosome as units 

of virulence genes, or large cassettes composed of a series of genes and operons 

(pathogenicity islands) (Bowe et al., 1998; Marcus et al., 2000). 

In humans, Salmonella spp. is the primary cause of human infection, leading 

mainly to self-limiting gastroenteritis and diverse clinical manifestations (Ranieri et al., 

2013). However, complications of non-typhoidal salmonellosis can lead to a risk of 

septicemia and damage to other organs, especially in children under five years old, 

elderly and people with weakened immune systems (CDC, 2012). Symptoms of 

salmonellosis include diarrhea, vomiting, and fever with onset occurring 12 to 72 hours 

after initial contact with the infectious dose of the bacterium and may last between 4 and 

7 days (CDC, 2014) and in most cases is a self-limiting infection. Treatment, when 
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indicated is with antibiotics such as ciprofloxacin, cefotaxime and 

trimethoprim/sulfamethoxazole (Wen et al., 2017). 

 Scallan et al., 2011 reported that non-typhoidal Salmonella spp. was the leading 

causes of hospitalization and deaths, and the second one in a number of illnesses among 

31 major pathogens acquired in the U. S. from 2000-2008. The Centers for Disease 

Control and Prevention (CDC) estimates that about 1.2 million Salmonella human 

infections, 23,000 hospitalizations, 450 deaths, and approximately $365 million in direct 

medical cost annually in the U.S. However, this number is considered just a fraction, 

because most of are undiagnosed and unreported cases. It was estimated that for every 

case of Salmonella that is reported there are 29.3 cases underdiagnosed (Scallan et al., 

2011). 

The CDC has identified the top five serotypes that account for most of 

salmonellosis in the U.S.: Enteritidis (17%), Newport (10%), Typhimurium (9.8%), 

Javiana (5.8%) and 4,[5],12:i- (4.7%). Additionally, the CDC published in 2016 (CDC, 

2016) the national enteric disease surveillance, where identified that the incidence rate of 

infection with Salmonella overall have increased by 33% since 2001. The serotypes with 

higher increases rates of infection include 4,[5],12:i- (580% increase), Infantis (167% 

higher), Braenderup (138% higher), and Javiana (136% higher) (Figure 1.1). 

Similarly, in the European Union Salmonella is an important pathogen, over 

100,000 human cases, with an economic burden higher than EUR 3 billion (USD 3.75 

billion) a year. The top-most commonly reported serotypes in human cases acquired in 
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EU during 2016 were: S. Enteritis, S. Typhimurium, monophasic S. Typhimurium, S. 

Infantis and S. Derby. 

 

Figure 1.1 The incidence rate of culture-confirmed human Salmonella infection from 

1970- 2016 reported laboratory-based enteric disease surveillance published by CDC in 

2016. 

 

Campylobacter 

Campylobacter is a zoonotic pathogen member of the ɛ-proteobacteria. 

Campylobacter contains 27 species and 8 subspecies, where C. jejuni subsp. jejuni and C. 

coli are the most important human enteropathogens among Campylobacters. This 

bacterium carries a small genome that is a singular, circular chromosome of 1.59-1.77 

Mbp in size, with a GC content of 30%, and coding sequence of 94-94.3% that make it 

one of the densest bacterial genomes sequenced to date (Fouts et al., 2005; Gunter, 2016; 

Parkhill et al., 2000). Unlike other enteropathogenic bacteria, Campylobacter grows in a 
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limited microaerobic atmosphere (5% CO2, 10% O2, 85% N2) and temperatures of 40-

42°C and requires nutrient-rich media in vitro. C. jejuni and C. coli are well-known for 

their ability to colonize various animal hosts. Campylobacter is frequently isolated from 

the gastrointestinal tract of wild and domestic animals, and from surface waters. Among 

them, poultry has been identified as the main reservoir of this pathogen. 

Campylobacter lack of the enzymes glucokinase and phosphofructokinase require 

for the carbohydrate utilization in the Embden Meyerhof-Parnas (EMP) glycolysis 

pathway, hence is unable to utilize carbohydrates as a carbon source (Vegge et al., 2016). 

However, the presence of EMP pathways favors the anabolic generation of hexose 

phosphate via reverse reactions of gluconeogenesis (Parkhill et al., 2000; Velayudhan and 

Kelly, 2002). Henceforward, the primary carbon sources are the amino acids aspartate, 

glutamate, serine, and proline, also some organic acids, peptides, and intermediates of the 

citric acid cycle. Vegge et al, 2016 have identified in Campylobacter jejuni subsp. doylei 

and few C. Coli isolates present the Entner-Doudoroff (ED) pathway allowing the 

metabolism of glucose which confer a specific fitness advantage. 

Campylobacter is the cause of human campylobacteriosis, and in one of the 

leading foodborne pathogens worldwide. The main symptoms of campylobacteriosis are 

gastroenteritis with bloody or watery diarrhea, vomiting, abdominal cramps, and fever. 

Most people recover within a week; however, some infected people with Campylobacter 

can spread to the bloodstream and causes a life-threatening infection (CDC, 2017). 

Transmission of Campylobacter to humans occurs by the consumption and handling of 

contaminated foods, such as unpasteurized milk, uncooked poultry, surface waters, and 

others. During 2017, the Foodborne Diseases Active Surveillance Network (FoodNet) 
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identified in the United States, that the annual incidence of reported human 

Campylobacter infection cases was 19.2/100,000 population which is 10% higher than 

the incidence reported during 2014-2017. 

Source attribution and routes of transmission of Campylobacter to human has had 

limited value, due to the sporadic cases and rarely reported (Gunter, 2016; Wagenaar et 

al., 2013). Despite that Campylobacter presents a high plasticity genome and the frequent 

occurrence horizontal transfer of genetic material between strains had prevented for years 

to study the source attribution. In 2001, with the implementation of multilocus sequence 

typing (MLST), it was possible to target seven highly conserve housekeeping genes to 

associate strains with specific reservoirs, in particular with poultry, cattle, and 

environments. This approach has allowed identifying the origin of Campylobacter strains 

derived from human cases (McCarthy et al., 2007; Mughini Gras et al., 2012; Wilson et 

al., 2009). However, the implementation of this subtyping tool has some limitation like 

the costs for sampling, isolation, and typing and to some degree the level of certainty. 

Hence, whole genome sequencing is the new preferred approach for bacterial source 

attribution which provides highly strain selectively, and more discriminatory typing 

schemes at the comparable cost of MLST analysis. 

Poultry-associated pathogens 

Increased consumption of poultry meat has resulted in an increase of poultry-

associated foodborne illnesses. Salmonella spp. and Campylobacter spp. continue to be 

major foodborne pathogens in the U.S. and poultry is considered to be one of the main 

carrier of these bacteria (Jørgensen et al., 2002). Poultry and poultry meat products 

represent a significant share of the attribution sources of salmonellosis and 
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campylobacteriosis. Batz et al., 2012 reported the pathogen-food combination of 14 

major pathogens in the U.S. Poultry was ranked in first place base on the public health 

impact, cost of illness and the health-related quality of life loss after infection. 

Campylobacter spp. ranked fifth in the cost of illness; however, 70% of illnesses caused 

by this pathogen were attributed to poultry, consequently, Campylobacter-poultry was the 

highest ranked combination. Salmonella spp. on the other hands ranked fourth with the 

most significant burden of disease associated with the consumption of poultry products 

and complex foods. 

Salmonella in Poultry 

Salmonella spp. infections are a significant public health concern worldwide. The 

CDC estimates that about 1.2 million Salmonella human infections each year in the 

United States. Painter et a., 2013 reported that about 58% of all salmonellosis cases in the 

U. S. from 1997-2008 were related with consumption of poultry, within 85% explicitly 

associated with chicken meat products. The USDA-FSIS has estimated that out of the 

salmonellosis-poultry related cases, 81% are associated with chicken parts, 13% with 

whole chicken carcasses, and 6% with comminuted products (USDA, 2015a). 

Contamination of poultry of poultry meat products may occur through the 

production and processing chain, and important risk factors for contamination at each 

stage of the process have been identified (Heyndrickx et al., 2002). Pre-harvest 

interventions in the primary production are commonly implemented to minimize the 

prevalence of Salmonella.  At the hatchery vertical transmission of S. Enteritidis and S. 

Typhimurium from the parent flock to the day-old chicken is likely to occur (Bisgaard, 

1992; Limawongpranee et al., 1998). Likewise, risk factors for horizontal transmission at 
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the hatchery and farm are recognized (Rose et al., 2000); for instance; inadequate 

cleaning and disinfection of broiler rearing houses, contaminated feed and litter, and pest. 

Despite the constants efforts to improve the food safety systems to control 

foodborne pathogens, Salmonella spp. continues to be a serious health threat worldwide. 

Since 2013, nine outbreaks have been reported in the U.S. liked with poultry products. 

Recently, raw chicken products have been linked with multi-drug resistant S. Infantis that 

have infected 92 people in 29 states. Additionally, the foodborne illness source attribution 

estimates for 2016 was presented by the Interagency Food Safety Analytics Collaboration 

(IFSAC) in November 2018. Out of 1255 outbreaks in which confirmed food could be 

assigned to a single food category, 762 (61%) were caused by Salmonella; and the 

chicken was the second food category (12.7%) attributed to the outbreaks after seeded 

vegetables. 

Although there is not a perfect method available to prevent Salmonella from 

contaminating poultry meat products; multi-sequential interventions at farm level have 

been proposed as one of the successful approaches. Salmonella is to maintain 

Salmonella-free breeding flocks, Salmonella-free feeds and strict biosecurity practices at 

the farms. 

Campylobacter in poultry  

Poultry is well known to be the main reservoir for Campylobacter spp. Most 

studies have identified strong evidence that consumption of poultry and poultry products 

are the main risk factor of Campylobacter infections (Wingstrand et al., 2006). Illness 

associated with Campylobacter is estimated to be 1.3 million in the U.S. (CDC, 2013).  

C. jejuni and C. coli are the most frequently isolated Campylobacter strains from poultry; 
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both strains appear to have evolved to colonize avian gastrointestinal tract (CDC, 1999). 

C. jejuni colonizes the chicken gut, primarily the large blind ceca at the distal end of the 

gastrointestinal tract. Campylobacter can be transmitted horizontally through broiler 

flocks (fecal shedding and coprophagic). Although Campylobacter have been considered 

for decades a harmless commensal microorganism in the gastrointestinal tract of poultry; 

a recent study (Humphrey et al., 2014) found that C. jejuni infection in broilers 

compromises gut health, causing inflammation that lead to intestinal mucosal damage and 

diarrhea; consequently, affecting animal health and welfare. 

Campylobacter shed in feces from the gastrointestinal tract can survive for long 

periods in the environment. Survival is enhanced by cool, but nor freezing, moist and 

dark environment (WHO, 2009). During the slaughtering process, birds that were 

colonized with Campylobacter can easily contaminate the carcass surface in levels of 

over 1 x 106 CFU per carcass (EFSA, 2010). The contamination comes from gut tissue 

damage during the evisceration process, as well as fecal leakage and feathers solids 

(Jacobs-Reitsma et al., 2008). Critical stages such as scalding, defeathering and chilling 

can also favor cross-contamination from colonized birds to uncolonized birds. C. jejuni 

and C. coli do not multiply on poultry carcasses, but they can survive through the 

processing and retail conditions. These strains are highly sensitive to oxygen, low 

temperature, dehydration and chemicals, and the surviving rate will be depended from the 

initial level on the chicken carcasses and the intervention strategy applied during 

processing and handling (Gunter, 2016). 

Rosenquist et al., 2003 (Rosenquist et al., 2003) reported the correlation between 

the reduction of the Campylobacter counts on chicken carcass by 2 orders of magnitude 
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results in 30 folds reduction in human campylobacteriosis cases. In support with this 

study Nauta et al, 2008 suggest that the most effective strategy to control Campylobacter 

is on the chicken carcass at the processing plant rather than in birds’ flocks. Nevertheless, 

target control measures and mitigation strategies to reduce or minimize the prevalence 

and levels of Campylobacter in broilers and food products are of high priority. 

Additionally, the food safety authorities can target consumer advice to raise awareness of 

Campylobacter infection through consumption and handling of poultry meat. 

The IFSAC reported that Campylobacter caused 18% (221/1255) of foodborne 

outbreaks confirmed in the U.S. from 2012-2016. In which 47.5% were attributed to 

chicken and 8.9% to turkey. Hence, investigations designed to reduce illness from this 

pathogen need to target the food category with the majority of outbreaks associated with. 

Poultry processing operations 

Poultry processing involves converting live poultry in food products for human 

consumption (Sams, 1994). The main concern in poultry processing is safety and quality 

characteristics of the meat products. In term of safety, producers determined if their 

product is safe by the presence of pathogenic microorganisms at the final station; on the 

other hand, quality is associated with the presence of spoilage microorganisms that can 

compromise the physicochemical characteristics of the product (shorten shelf-life, off-

odor, change of color, etc.) (Knoop et al., 1970). 

Although most of the natural microflora related to poultry production are not 

pathogenetic to humans; during the processing, the risk of contamination by any 

pathogen might be present.  While muscles are sterile in healthy birds, a diverse group of 

microorganisms are hosted in the gastrointestinal tract, lungs, skin, and feathers, that can 
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cause contamination. The primary human pathogens associated with poultry are, 

Salmonella spp. and Campylobacter spp. The reservoir of these microorganisms is the 

gastrointestinal tract, and they can be quickly spread by cross-contamination from one 

bird to another bird during the evisceration or by leakage of the intestinal ingesta in the 

cut-up operations. Moreover, bacterial contamination may occur from the air, equipment 

surfaces, water and animal microbiota (Rouger et al., 2017). Figure 1.2 represents the 

successive steps of poultry slaughtering and the potential cross-contamination in each 

processing site.   

Most commercially processed poultry worldwide is processed in vertically 

integrated systems, in which the processor owns the hatchery and growing farms. These 

systems allow the producers to keep consistency in their product and to control the safety 

and quality performance from the farm to the processing plant (Sams, 1994). Chicken 

meat production is standard among most poultry processing establishments; however, the 

food safety programs, sanitary and cleaning operations, antimicrobial interventions and 

initial levels of Salmonella and Campylobacter differ among operations (Gonzales-Seda, 

2017; Wideman et al., 2012). 

Multiple steps during the processing and production of chicken meat where 

contamination could occur are described as following: 
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Figure 1.2 Main poultry processing sites and associated contamination routes with 

pathogens in chicken meat productions. (Adapted from (Bailey et al., 1987; Gonzales-

Seda, 2017; May, 1974; Rouger et al., 2017). 

 

Farming growing. Many pre-harvest practices can contribute to pathogens 

contamination during broilers production. There are six recognized sections: breeder 

flock and hatchery, growout house, breeding, feed, water, and transportation (Berghaus et 

al., 2013; Genigeorgis et al., 1986; Opara et al., 2018). The USDA-FSIS (USDA, 2015b) 

identified multiple factors that favor the exposure of young chickens to Salmonella spp. 

and Campylobacter spp. at the primary production stage. Among them, vertical 
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transmission through the egg from the breeder flock to chickens, transmission between 

birds during hatch and growout, water supply, bedding, feed, poor biosecurity practices, 

and inadequate pest control. 

Berghaus et al., 2013 estimated the prevalence and levels of Salmonella spp. and 

Campylobacter spp. in 55 commercial chicken flocks. Salmonella prevalence and levels 

were 13.6% (30/220) and 1.56 log MPN on fecal samples, and 22.7% (25/110) and 1.19 

log MPN on litter samples. Campylobacter spp. was detected at higher rates and numbers 

with 51.4% (113/220) and 5.89 log MPN on fecal samples and 23.6% (26/110) and 3.64 

log MPN in litter samples. They concluded that the prevalence of Salmonella in litter 

samples were significantly associated with Salmonella spp. on the chicken carcass in the 

processing operations. 

Because there is not an available pre-harvest intervention that can eliminate 

Salmonella and Campylobacter, the FSIS recommends a multi-hurdle approach to reduce 

and control the exposure to pathogens in production settings. Interventions that reduce 

the prevalence and levels of pathogens colonization in birds will minimize Salmonella 

and Campylobacter in birds presented at slaughter. The use of feed and water additives, 

enhanced cleaning and disinfection of growout house and transport coops, also the use of 

prebiotics and probiotics supplementation and good practices to control the moisture in 

the litter are some examples of the interventions and best practices recommended 

(Callaway et al., 2008; Cox and Pavic, 2010; Johny et al., 2009; Russell, 2010). 

The development of vaccines as a pre-harvest intervention in poultry productions 

have targeted the reduction of Salmonella spp. prevalence in chickens. Inactivated 
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(killed) and attenuated (live) Salmonella vaccines are commercially available (Foley et 

al., 2011) to reduce pathogen shedding and egg contamination in breeder layer and 

broiler farms. However, the majority of vaccines target only two human concern 

serotypes, Enteritidis and Typhimurium (EFSA, 2014). Dorea et al., 2010 reported a 15% 

reduction in Salmonella spp. prevalence in broilers coming from vaccinated breeders. A 

recent publication (Eeckhaut et al., 2018) presented a cross-protection against Salmonella 

Infantis by oral administration of bivalent Salmonella Enteritidis/Typhimurium vaccines 

to day-old chickens caused a decrease in spleen colonization by both pathogens. 

Moreover, thrice vaccination (at day 1, week 6 and 16) of laying hens with the bivalent 

vaccines showed to be effective in reducing caeca colonization of both serotype 

Enteritidis and Infantis. However, there is a need to develop new, alternative vaccines for 

poultry that are effective, safe, inexpensive, suitable for mass vaccination and able to 

induce immune responses in the presence of maternal antibodies (Meunier et al., 2016). 

Moreover, feed withdrawal is a standard management practice in commercial 

broiler production, that have shown to be crucial to reduce the levels of pathogens 

contamination during the evisceration process. Before the birds are loaded into crates for 

transportation, the proper application of feed withdrawal consists in 8 to 10 hours before 

processing, including the periods of transportation and holding at the plant (Cox and 

Pavic, 2010). The purpose of feed withdrawal to enhance the clearance of gastrointestinal 

tract and to reduce contamination of poultry carcasses (Byrd et al., 1998; May and Lott, 

1990). However, this process must be equilibrated because long periods of feed 

withdrawal will produce watery feces, which increases cross-contamination during 

processing (USDA, 2015b). 
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Transportation. Levels of contamination are increased during transport due to the 

extreme contact bird to bird and bird to crates, which have been in contact with other 

contaminated flocks. Time of transportation between 1 to 5 hours is recommended to 

avoid stress on birds (heat stress during summer and cold stress in winter) (Rostagno, 

2009; Sams, 1994) and to control the feed withdrawal periods. Studies in uninfected 

flocks have shown the coops as the main source of Salmonella spp. (Rigby et al., 1982). 

Shanmugasundaram et al., 2013 demonstrated that appropriate disinfection of poultry 

transport coops with heat and chlorine will successfully reduce cross-contamination with 

pathogens. At the arrival stage in the plant, the coops are mechanically/manually 

unloaded into conveyor belts to enter the plant for processing. Catching, transportation, 

and unloading may also induce carcass quality defects including bruises, scratches and 

broken bones. 

Slaughtering. At the processing plant, birds are hanged manually by their feet on a 

shackle conveyor line. Following, birds are stunned by electrical shock 

submerging the head in a saline solution charged with 20-40 mA and 30-60 VAC 

that cause unconsciousness in the animal before the slaughter (Sams, 1994). Then, 

the killing machine consists of a rotating circular blade that cuts the jugular veins 

and carotid arteries in the neck. After the killing step, birds remain hanging in the 

conveyor line allowing them to bleed 1 to 2 minutes before entering the scalding 

tank. 

Bacterial numbers are significantly higher when broilers are entering the plant. A 

previous study conducted by (Kotula and Pandya, 1995) showed a prevalence of 60-
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100% on the chicken carcass after slaughter site. Berghaus et al., 2013 reported the 

prevalence and enumeration of Salmonella spp. and Campylobacter spp. outside the 

plant. Overall, the percentage of Salmonella-positive samples was 46% (303/660) and 

3.44 log MPN; similarly, the percentage of Campylobacter spp. was 69% (452/658) and 

6.8 log MPN.  

Scalding. This process prepares carcasses for defeathering by breaking down the proteins 

that hold the feathers in place and opening up the feather follicles (USDA, 2015b). 

During scalding, broilers are submerged in a hot water tank to facilitate the feathers 

removal. There are two scalding methods that differ in the time and temperature of the 

water exposure and produce two different effects on the carcass (Owens and Sams, 

2010). Hard scalding is performed most frequently at 55 to 60°C for 30-75 seconds. It 

removes xanthophyll pigments from the skin and broilers tend to be pale and whitish in 

color. On the other hand, soft scalding is performed at 45 to 52°C for 90-120 seconds. It 

is characterized for leaving the waxy yellow pigment of xanthophyll from the feed and 

the broilers are yellowish in color (Sams, 1994; USDA, 2015b). Hard scalding is more 

detrimental to microbial growth compare with the soft scalding.  

Although the external surface of birds before scalding are highly contaminated, the 

continuous overflow of water and the introduction of fresh water, and the heat is intended 

to control and inactivate pathogens. Nevertheless, cross-contamination could be present 

in the scalding water tank during the processing day (Russell and Blake, 1994), since 

most birds are spiked with fecal material in the feathers, which lead to potential cross-

contamination of Salmonella-negative birds. Geornaras et al., 1997 showed that 



Texas Tech University, Alejandra Ramirez-Hernandez, May 2019 

 

 

17 

 

 

Salmonella spp. was recovered from 100% of skin and feather samples entering the scald 

tank. 

Hard scalding has been linked to reduced shelf-life in final products, due to the 

removal of the cuticle layer. Also, this method leads to higher attachment of Salmonella 

spp. to the skin surface (Kim et al., 1996), a consequence of the removal of the epidermis. 

Also, Bailey et al., 1987 presented that the cuticle-free and slightly denatured skin of 

hard-scalded carcasses serves a more suitable substrate for spoilage microorganisms 

including Pseudomonas spp. 

To overcome pathogens contamination in this step, the USDA-FSIS (USDA, 2015b) 

recommends the use of a bird brush and washer used prior to the scalding to remove 

some of the incoming dirt and fecal material. A novel approach is the use of multistage 

three-tank models that lower contamination in subsequent submersion units and can be 

set at different temperatures (Cason et al., 2000; Owens and Sams, 2010). The use of 

antimicrobials in this processing site is not commonly used; however, the USDA-FSIS, 

2018 provides a list of approved chemicals that can be applied in scald waters.  

Defeathering. This process is designed to remove feathers and the uppermost layer of the 

skin before evisceration (USDA, 2015b). Chickens are passed through rows of rotating 

rubber fingers that mechanically remove feather from the carcass. Cross-contamination of 

the chicken carcasses is very likely to occurs in this stage since the contact with 

contaminated rubber picking fingers and contaminated reused water. Several studies have 

shown that prevalence of Salmonella spp. and Campylobacter spp. increase on chicken 
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carcasses after passing through this site (Acuff et al., 1986; Berrang et al., 2000; Owens 

and Sams, 2010). 

Preventing feather buildup during the defeathering process and regular cleaning 

with the addition of antimicrobial solutions is recommended to minimize cross-

contamination (USDA, 2015). Chlorine, acetic acid, and hydrogen peroxide are among 

the antimicrobials used during defeathering. Berrang et al., 2011reported that carcasses 

treated with chlorine dioxide during the defeathering had significantly lower numbers of 

Campylobacter spp. and E. coli compared with carcasses treated with the water spray 

control. Similarly, Dickens and Whittemore, 1997 showed that the spray application of 

acetic acid reduces the counts of aerobic plate counts post-defeathering. 

Evisceration. In this point of the processing is where removal of the internal organs from 

the poultry carcass occurs in preparation for chilling. Evisceration includes multiple 

steps; starting by opening the body cavity, scooping out the viscera (lungs, 

gastrointestinal and reproductive organs), and harvesting edible viscera (heart, liver, 

gizzard). Post-mortem inspection is performed at this point to remove birds from the line 

that show signs of disease, which are considered “condemned” products by FSIS and 

cannot be further processes. Although in the U.S. fecal contamination may not be a 

reason for condemnation, birds will be required to be reprocessed in washing and 

trimming units; a process known as offline reprocessing (on-line reprocessing). 

Evisceration is considered a significant source of cross-contamination.  When 

intestines are ruptured by mechanical force, the fecal material is released and could 

contaminate other birds on-line (Byrd and McKee, 2005). Additionally, microbial 

contamination can occur when the viscera are not handled properly, or if employee 
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hygiene practices are not followed. Contamination of belts and equipment during 

evisceration have shown to increase through the day and represents a higher risk to birds 

processed later (Bailey et al., 1987). 

Sanitary dressing practices should be implemented through the process, to 

produce, clean safe and wholesome poultry products. Furthermore, a significant 

development in the poultry industry has been the incorporation of antimicrobial 

interventions applied directly on the carcass surface by shower, sprays, and dipping. 

Carcass rinses or sprays are shown to be effective for removing incidental contamination 

from the chicken carcass surfaces during evisceration (Buncic and Sofos, 2012). Smith et 

al., 2005 reported that chicken carcass treated in an inside-outside bird washer (IOBW) 

spray cabinet exhibited lower levels of contamination with Salmonella spp. 

Chilling. The objective in this point is to lower the temperature of eviscerated carcasses 

to inhibit the growth of both pathogenic and spoilage microorganisms and meet the 

regulatory requirements of 9 CFR 381.66(b) (3). The USDA requires that broiler carcass 

temperature must be reduced to 4.4°C (40°F) within 4 hours for carcasses under 4 lbs. 

(1.82 Kg), 6 hours for carcasses 4 to 8 lbs. (1.82- 3.62 Kg), and 8 hours for carcasses over 

8 lbs. (3.63 Kg) (Houston, 1985; USDA, 2014). 

Currently, there are two basic methods of carcass chilling; immersion-chilling 

(IC), which is mostly used in the US and air chilling (AC) which is most commonly used 

in Europe. During IC, birds coming from the final wash after evisceration are immersed 

in tanks with cold water flowing countercurrent to the direction of the birds, with an 

antimicrobial solution added to the water (typically used chlorine or peroxyacetic acid). 
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Even though chilling is not designed to clean the birds, it has been shown that the number 

of bacteria on the carcasses is also reduced and the shelf-life increased. However, this 

reduction is offset by a concurrent accumulation of bacteria in the water (Houston, 1985). 

IC increases the possibility of water retention up to 6 to 12% (Huezo et al., 2007). 

However, it acts as a rinsing site, and antimicrobial intervention applied in the chill water 

can help to reduce the levels of pathogenic bacteria. In the U.S. chlorine has been one of 

the most common antimicrobials used in chill water tanks for carcass decontamination; 

however, its effect decreases with increasing organic load and pH (Byrd and McKee, 

2005; Nagel et al., 2013). Peroxyacetic acid has been used to replace chlorine in some 

facilities and now is widely used in carcass rinses and chilling water stations with varied 

levels, with a maximum concentration of 2,000 ppm in aqueous solution (USDA, 2018). 

Factors contributing to the increase of microbial levels of the chilled carcass are 

bacterial contamination before entering the chiller tank, and the amount of water 

overflowed and replaced (Bailey et al., 1987). In the U.S. water is required to overflow at 

a rate of 0.5 gallons (1.89 L) for each broiler that enters the chiller to minimize microbial 

and solids accumulation (Bailey et al., 1987; Houston, 1985). However, during the day 

accumulation of organic load is likely to occur on the chiller tank causing either direct 

contamination or cross-contamination for Salmonella and Campylobacter. 

Studies have shown varying results when evaluating the chilling as a point of 

contamination. In general, in situations where Salmonella spp. and Campylobacter spp. 

are low, the likelihood of spreading Salmonella spp. and Campylobacter spp. to a 
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negative-carcasses may increase to the immersion chiller (Bailey et al., 1987; Gonzales-

Seda, 2017; Russell and Blake, 1994). 

On the other hand, the AC reduces carcass temperature without retaining extra 

water in the product. Carcasses are chilled by the application of cold air drafts in closed 

environments. Air-chilled birds have less chance of microbial cross-contamination from 

one bird to the next, also the absence of water immersion step reduces water retention. 

Air application has shown to be detrimental to Campylobacter spp., which are also very 

sensitive to drying conditions. Nevertheless, different studies have provided evidence that 

microbial contamination can also occur during AC (James et al., 2006; Mead et al., 

2000). Sanchez et al, 2002 observed no differences in the overall aerobic plate count for 

IC and AC chicken carcasses. However, psychotropic organisms were higher in IC than 

in AC. 

Cut-up. Sorting the broilers include all the selection steps to produce different products, 

including whole chicken carcasses, chicken parts (skin-less, skin-on) and deboned 

products. Aging is performed storing chicken carcasses in refrigeration for more than 4 

hours to allow rigor mortis and tenderization (Huezo et al., 2007). It is important to keep 

a low temperature of chicken products during this process to avoid microbial growth.  

Products. Final products could be the whole carcasses, parts, or meat could be separated 

and used in further processing products (marinated, seasoned, cooked, etc.). Cutting and 

deboning chicken carcasses have been identified as a critical step where contamination is 

very likely to occur. When the carcass is separated in parts manually, the intervention of 

experienced workers is required. However, the handling increases the probability of 
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cross-contamination, and the remaining digestive tract inside the carcass can be exposed 

during the chicken meat cuts. Bacterial contamination can occur from equipment 

surfaces, water, and animal microbiota; also, microorganism from the environment and 

air can contaminate chicken parts (Rouger et al., 2017; Vihavainen and Björkroth, 2010). 

The new baseline in poultry parts conducted by the USDA-FSIS indicates a 

national prevalence of 24% of Salmonella spp. and 21% of Campylobacter in chicken 

parts (USDA-FSIS, 2012). Because more than 85% of poultry meat in the United States 

is consumed as parts instead of whole carcasses, the FSIS efforts are to control pathogen 

prevalence in products that are most often purchased by consumers.  

Pathogen performance standards in poultry processing operations 

The USDA-FSIS have made a tremendous effort to establish better performance 

standards for poultry productions to promote better management practices to control food 

safety hazards. In 2015, the USDA-FSIS (USDA, 2015b) published the fourth edition of 

the compliance guideline for controlling Salmonella and Campylobacter in the poultry 

industry. This document includes the recommendation to pre-harvest and post-harvest 

production process to control and reduce poultry-associated pathogens. As expected, 

establishments should identify critical processing sites where contamination with these 

pathogens is likely to occur, also to design food safety systems to produce safer raw 

poultry products. 

The slaughter and further processing operations do not include a treatment 

intervention capable of destroying pathogens in raw products. Hence, under HACCP 

regulations, poultry processing establishments are required to have food safety systems in 
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place intended to control and reduce possible contamination hazards during the 

processing (USDA, 2015b) 

The implementation of the FSIS proposed performed standards are based on 

meeting the Healthy People 2020 (HP2020) initiate to reduce foodborne illnesses that are 

caused by Salmonella and Campylobacter. By the year 2020 the goals are to lower the 

incidence to 11.4 cases of Salmonella spp., and 8.5 cases of Campylobacter per 100,000 

population; to achieve 25% and 33% reduction in human illness attributed to these 

pathogens. The U.S. Department of Health and Human Services has identified that 

improving food safety-related practices in the poultry industry will significantly have an 

effect on the reduction of foodborne illnesses attributed to the consumption of chicken 

meat products. 

The collaborative efforts of different entities are of crucial importance to 

minimize the presence of poultry-associated pathogens in poultry meat products that help 

to reduce the incidence of human foodborne illnesses. Initiatives such as the FSIS 

Strategic Plan FY 2011-2016 (DHHS, 2016) and the Salmonella Action plan (USDA-

FSIS, 2013) released in 2013 are some examples of the comprehensive effort to develop 

strategies to better assess control of Salmonella in processing operations, and complete 

risk assessment programs for comminuted poultry products and poultry parts. 

Additionally, enhance Salmonella sampling and testing programs, using the latest 

scientific information available and account for emerging trends in foodborne illness.  

The concern from FSIS is that despite an overall prevalence below 7.5% for 

Salmonella spp. in whole carcasses after chilling, the new baseline in poultry parts 
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indicates a national prevalence of 28% of Salmonella spp. and 15.5% of Campylobacter 

in chicken parts (USDA-FSIS, 2012). Consequently, processors will need to demonstrate 

that their food safety programs will reduce Salmonella spp. to levels below eight positive 

samples in chicken parts for a moving window approach sampling program of 52 weeks 

(15.4%) (Table 1.1).  

Table 1.1 Salmonella and Campylobacter performance standards for poultry products. 

Adapted from FSIS Directive 10,250. 

Product 
Prevalence (%) 

Maximum Acceptable 

Percent Positives (%)* 
Performance Objective 

Salmonella Campylobacter Salmonella Campylobacter Salmonella Campylobacter 

Whole chicken 

carcass 
7.5 10.4 9.8 15.7 5 of 51 8 of 51 

Whole turkey 1.7 0.79 7.1 5.4 4 of 56 3 of 56 

Ground chicken 

(325g) 
49 3.4 25 1.9 13 of 52 1 of 52 

Ground turkey 

(325g) 
19.9 12 13.5 1.9 7 of 52 1 of 52 

Chicken parts 4 

lbs. portions 
28 15.5 15.4 7.7 8 of 52 4 of 52 

*Maximum percent positive samples for Salmonella and Campylobacter under the 

performance standards for young chicken and turkey carcasses listed in the FRN Docket 

No. FSIS 2014-0023 (2015). 

 

FSIS is using different category status to classify the poultry establishment that 

meets the pathogen reduction performance standards applied to chicken parts (USDA-

FSIS, 2018) (Table 1.2). The FSIS published the results for establishment aggregate 

categories for samples collection period July 2017 to September 2018; indicating that 

52% (96/186) of all establishments were in category 1, 27% (51/186) in category 2, and 

21% (39/186) in category 3 for young chicken carcasses samples. However, the 

performance for chicken parts was slightly different with 41% (122/300) of the 
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establishment in category 1, 28.6 (86/300) in category 2, and 31% (92/300) in category 3. 

FSIS will conduct Public Health Risk Evaluation focusing on establishment’s corrective 

action that is possibly resulting in food safety assessment. 

Table 1.2 Category determination based on the Salmonella performance during all 

completed 52-week moving window approach. 

Salmonella Performance Category 

Product class Category 1 Category 2 Category 3 

Young chicken carcasses 0- 4.9% > 4.9-9.8% >9.8% 

Young turkey carcasses 0- 3.5% >3.5-7.1% >7.1% 

Category 1: Consistent process control. Establishments that have achieved 50 percent or 

less of the Salmonella maximum allowable percent positive during. 

Category 2: Variable process control. Establishments that meet the Salmonella maximum 

allowable percent positive for all completed 52-week moving windows but have results 

greater than 50 percent of the maximum allowable percent positive 

Category 3: Highly variable process control. Establishments that have exceeded the 

Salmonella maximum allowable percent positive 

 

The USDA-FSIS announced on November 9 2018, a notice for ‘Changes to the 

Salmonella and Campylobacter Verification Testing Program: Revised Categorization 

and Follow-Up Sampling Procedure’ [Docket No. FSISI-2018-0043] to inform that the 

category status of each poultry establishment will be based on FSIS sample resulting 

during 52-week window ending the last Saturday of the previous month, instead of results 

during the last 13 completed 52-week windows. Additionally, the FSIS will update the 

individual establishments’ category status on its website on a monthly basis. The primary 

objective of these changes is to encourage sustain improvements in process control while 

still reflecting the current conditions in the poultry establishments. 
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Antimicrobial interventions to reduce and control Salmonella and Campylobacter in 

the poultry industry 

Currently, there is not a perfect antimicrobial intervention that can assure the 

control of pathogens contamination in chicken carcasses and chicken parts; however, it is 

evident that multiple applications of interventions throughout the processing line may be 

the right approach for better control of foodborne pathogens as a hurdle approach. 

Among potential interventions, blends of organic acid solutions have been considered and 

tested in poultry products with varied results. Lactic, citric and peracetic acid 

formulations have the potential of being successful in reducing pathogen prevalence and 

levels in poultry parts if applied in the cut-up and deboning room. 

Additionally, validation of the antimicrobials is extremely important because their 

efficacy is affected by the method of application, contact time, concentration, coverage 

and food surface (e.g. skin, meat, fat, bone). Treatment with antimicrobials can affect the 

organoleptic properties of the product; hence it is crucial to evaluate the quality 

parameters of chicken carcasses or chicken meat products after being treated with the 

antimicrobials. 

Chlorine. It is a highly active oxidizing agent that destroy the cellular activity of proteins 

(McDonnell and Russell, 1999). Gorseline et al, 1951 suggested the use of chlorine in 

poultry processing water, since then chlorine has been widely used to control spoilage 

and pathogenic bacteria (Lillard, 1979). Chlorine is allowed in a concentration of up 50 

ppm free available chlorine in spray and dip applications throughout the poultry 

processing operation (USDA, 2018). When sodium hypochlorite is added to water, it 

readily hydrolyzes to form hypochlorous acid (HOCl), which is the most antimicrobial 
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form of chlorine. However, chloride to be efficient, the pH of the water must remain in a 

range of 5.8 to 6.8 (Keener et al., 2004) increasing of the water pH and organic load will 

decrease its efficacy (Byrd and McKee, 2005; G. M. Nagel et al., 2013). Chlorination of 

the chiller water can result in the formation of trihalomethanes, primarily chloroform and 

other mutagenic compounds (Tsai et al., 1998). Hence, an alternative for chlorine is 

chlorine dioxide (ClO2); Lillard et al., 1979 reported that ClO2 is 7 times more effective 

than chlorine in controlling aerobic bacteria in the post-chill carcass. Similar results have 

been presented to reduce the prevalence of Salmonella in chicken carcasses (Thiessen et 

al., 1984; Villareal et al., 1990). Unlike chlorine, ClO2 has lower redox potential in 

aqueous solution and is less reactive and produce fewer by-products in water with a high 

organic load. 

Lactic acid. Lactic acid has become a commonly used organic acid in commercial 

practice to improve the bacterial safety and shelf life of poultry carcasses (Van Netten et 

al., 1994). The mode of action of lactic acid consists of the undissociated form that 

penetrates the cytoplasmic membrane, reducing intracellular pH and disrupting the outer 

membrane (Alakomi et al., 2005; Ray and Sandine, 1992). Application of aqueous 

solution of lactic acid is approved for decontamination of raw poultry carcasses, parts, 

giblets and ground poultry (not to exceed 5.0% when applied as a continuous spray or a 

dip). Lactic acid is also commonly used in blends of organic acids such as citric acid and 

acetic acid for spray or dip application on poultry carcasses with a maximum allowed 

concentration of 2.5% solution by weight (USDA, 2018). Killinger et al., 2010 reported 

that the reduction results reported with lactic acid treatments in poultry vary from 0.73 to 

2.2 and even more substantial logarithmic reductions. Rasschaert et al., 2013 reported a 
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significant reduction of Campylobacter counts on chicken carcasses immersed in 1.5% of 

lactic acid solution (pH 2.0); however, spraying the carcasses with lactic acid led to 

nonsignificant reductions. Moreover, there have been concerns about the color variation 

that may exist after lactic acid intervention on the final color of chicken products, 

potentially affecting consumer acceptability. 

Acidified sodium chlorite (ASC). ASC is an effective microbial control agent in 

meat products as well as a surface disinfectant and sanitizer (Kyungwha and 

Mustapha, 2004).  The antimicrobial effect is due to the acid content and 

antimicrobial properties of chlorine. The mode of action of ASC is due to the 

conversion of chlorite ions to chlorine dioxide that inhibits protein synthesis in the 

bacterial cell (Kyungwha and Mustapha, 2004; Villareal et al., 1990). When ASC- 

the product of NaClO2 acidification-comes into contact with organic matter, a 

number of oxychlorous antimicrobials intermediates are formed (Kemp et al., 

2000; Luchansky et al., 2006). ASC is approved to be used on poultry carcasses, 

parts and comminuted poultry products in the range of 500 – 1200 ppm (pH 2.3 to 

2.9). For pre-chiller and chiller applications the ASC solutions must be between 50 

– 150 ppm. Kemp et al., 2000 (Kemp et al., 2000) presented the efficacy of ASC 

for significantly reducing natural occurring microbial contamination on carcasses 

after 5-s dip in ASC 1,200 ppm; however, discoloration of the chicken skin was 

noticeable. Similarly, Oyarzabal et al., 2004 published that the prevalence of 
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Campylobacter spp. and E. coli was significantly reduced after post-chill 

application of 800 ppm ASC. 

Peroxyacetic acid (PAA). Peroxyacetic acid is produced by reacting acetic acid with 

hydrogen peroxide in the presence of sulphuric acid catalyst (Block, 1991). It is soluble 

in water and other polar solvents and exists in equilibrium between acetic acid, peracetic 

acid, water, and hydrogen peroxide. It is a weak acid with a pKa of 8.2; also, is 

characterized for its oxidizing potential greater than chlorine and hydrogen peroxide. The 

mode of action of PAA is denaturing proteins and lipoproteins disrupting the cell wall 

and cell membrane (Baldry and Fraser, 1998; Jolivet-gougeon et al., 2006). Additionally, 

it damages thiol (S-H) and sulfur (S-S) bonds. Intracellularly, the disruption of enzymes 

and proteins can impair the function of vital biochemical pathways, active transport 

across membranes and intercellular solute levels (Fraser et al., 1984). PAA has a broad 

spectrum of antimicrobial activity, degrades into non-toxic by-products and its activity 

continue in the presence of organic material (Kitis, 2004). However, the possible 

disadvantage of this antimicrobial is that the acetic acid (one of the by-products of 

degradation) can be broken down and used as a nutrient source for bacterial regrowth 

after disinfection (Donelli et al., 1998). 

PAA is the most common processing aid used to reduce and control microbial 

levels in poultry operations (McKee, 2011). It has been used to replace chlorine in some 

poultry processing facilities and is widely used in carcass rinses and chilling water 

stations with varied levels, with a maximum allowed concentration of 2,000 ppm in 

aqueous solution (USDA, 2018). PAA is now been used in chicken parts and trims 

applied as the spray, rinse and dip, with a maximum concentration of 400 ppm. Several 
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studies have reported the efficacy of PAA on reducing microbial load and prevalence of 

Salmonella and Campylobacter post-chilled chicken carcass (Bauermeister et al., 2008; 

Leblanc-Maridor et al., 2011; Nagel et al., 2013; Scott et al., 2015). 

Poultry processing interventions and formation of semicarbazide. There is an 

identified problem with a potential reaction product of antimicrobials when they are 

applied on poultry carcasses. A particular concern is the formation of semicarbazide 

(SEM). SEM is characteristic of a protein-bound side-chain metabolite of the banned 

veterinary antibiotic, nitrofurazone. Therefore, it is used as a marker to identify the usage 

of nitrofurazone (USDA-FSIS, 2018). Nitrofuran antibiotics were restricted in food-

producing animals and human treatments due to the potential carcinogenicity and 

mutagenicity of nitrofuran metabolites. However, the main concern recently is another 

source of SEM in chicken samples that are not linked to illegal use of the antibiotic 

(EFSA, 2005). FSIS published on November 9 2018, a study that indicates that 

processing interventions could be a key factor in the SEM formation during post-washing 

and chilling and in processed chicken parts. 

EFSA published in 2005, a risk assessment analysis related to the treatment of 

poultry carcasses with antimicrobials. In this report, it was identified that the application 

of active chlorine substances might interact with either organic matter in solution or 

protein and fat compounds in the carcasses giving rise to different reaction products; 

however, no detectable levels of SEM on the chicken carcass after treatment by 

immersion with ASC, PAA were identified. 

FSIS conducts routine monitoring on meat and poultry product to ensure they are 

free of harmful residues. However, after this investigation, it is essential to conduct 
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further research to determine all the potential factors (e.g. PAA/H2O2 concentration, 

water temperature, pH, organic matter in the chill water, fat, time of exposure, etc.) that 

favor the formation of SEM on chicken meat during the processing, and how this 

byproduct is affecting the survival and resistance profiles of poultry-associated pathogens 

after the antimicrobial interventions. 

 

Antimicrobial agents 

Antimicrobial agents used for bacterial infections are categorized based on the 

principal mechanism of action (Tenover and Georgia, 2006) (Table 1.3). 

β-lactam and glycopeptides antimicrobial classes work by inhibiting bacterial cell 

wall synthesis (Tenover and Georgia, 2006). β-lactams interfere with the enzymes 

required for the synthesis of peptidoglycan layer; glycopeptides binds to the D-alanine 

residues of the nascent peptidoglycan chain, preventing the cross-linking process of the 

cell wall synthesis (Mcmanus, 1997). On the other hand, the antimicrobial effect of 

macrolides, aminoglycosides, and tetracyclines is by binding the 30S subunit of the 

ribosome inhibiting protein synthesis; whereas chloramphenicol binds to the 50S subunit 

(Mcmanus, 1997; Neu, 1992). 

Since the early 1940s when penicillin become available to treat the bacterial 

infection, bacteria responded by manifesting various forms of resistance. Since then 

bacterial resistance to antimicrobials is a global public health concern. Bacterial 

resistance often results in treatment failure, prolonged hospitalization periods and 

increased mortality rates. 
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Table 1.3 Mechanisms of action of antibacterial agents. Adapted from Tenover, 2006.  

Mechanisms of action of antibacterial agents 

Interference with cell 

wall synthesis 

β-lactam: penicillin, cephalosporin, carbapenems, 

monobactam 

Glycopeptides: vancomycin, teicoplanin 

Protein synthesis 

inhibition 

Bind to 50S ribosomal subunit: macrolides, 

chloramphenicol, clindamycin, quinupristin-dalfopristin 

Bind to 30S ribosomal subunit: aminoglycosides, 

tetracyclines 

Bind to bacterial isoleucyl-tRNA synthetase: mupirocin 

Interference with nucleic 

acid synthesis 

Inhibit DNA synthesis: fluoroquinolones 

Inhibit RNA synthesis: rifampin 

Inhibition of metabolic 

pathways 
Sulfonamides, folic acid analogues 

Disruption of bacterial 

membrane structure 
Polymyxins, daptomycin 

 

The disruption of DNA synthesis is produced by fluoroquinolones causing lethal 

double-strand DNA breaks during DNA replication (Drlica and Zhaon, 1997). 

Sulfonamides and trimethoprim block the pathway for folic acid synthesis, disrupting 

DNA synthesis. Polymyxins antimicrobial agent cause disruption of bacterial membrane 

structure by increasing bacterial membrane permeability (Storm et al., 1997). 

 The World Health Organization (WHO) presents every two years a list of 

clinically important antimicrobial for human health, with the primary objective to 

improved management of the use of antimicrobials in food animals, to preserve the 

benefits of antimicrobial for people. Among the critically important antimicrobials listed 

the 3rd, 4th and 5th generation of cephalosporin, quinolones, macrolides, and ketolides.  

 

 

 



Texas Tech University, Alejandra Ramirez-Hernandez, May 2019 

 

 

33 

 

 

Table 1.4 Highest priority critically important antimicrobials. Adapted for Critical 

important antimicrobials for human Medicine, 5th Revision 2016 (WHO, 2017). 

Highest priority critically important antimicrobials 

Cephalosporins (3th, 4th 

and 5th generation) 

Are known to select for cephalosporin-resistant Salmonella 

and E. coli in animals 

One of few available therapies for serious Salmonella and E. 

coli infection in humans, especially in children 

Macrolides and 

ketolides 

Select for macrolide-resistant Campylobacter spp. in animals, 

especially C. jejuni in poultry 

Macrolides are one of few available therapies for serious 

Campylobacter infections 

Quinolone 

Are known to select for quinolone-resistant Salmonella and 

E. coli in animals 

One of few available therapies for serious Salmonella and E. 

coli infection in humans, especially in children 

Polymyxins 

Are known to select for plasmid-mediated polymyxin-

resistance E. coli in food animals. 

They are used for therapies of serious Enterobacteriaceae and 

P. aeruginosa multi-resistance infections in people 

 

Antimicrobial resistance in bacteria 

Since the early 1940s when penicillin become available to treat a bacterial 

infection, bacteria responded by manifesting various forms of resistance. Since then 

bacterial resistance to antimicrobials is a global public health concern. The resistance to a 

particular antimicrobial is the ability to resist the action of that antimicrobial as a result of 

inherent structural or functional characteristic (Blair et al., 2014). Some species of 

bacteria are innately resistant to one or more antimicrobial agents. Likewise, bacterial 

species can become resistant to all the members from the same antibacterial classes. 

However, bacteria can use two genetic strategies to adapt to antimicrobials 1) mutations 

in genes(s) associated with mechanisms of action of the antimicrobial; 2) acquisition of 

foreign DNA coding for resistance genes through horizontal gene transfer (Munita et al., 

2016). 
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There are several mechanisms of resistance, and they can be classified into four 

categories. 

Inactivation of antibiotics by hydrolysis. Some bacteria can prevent antimicrobials 

from entering the cell or altering their targets (Blair et al., 2014). Bacteria can destroy or 

modify antibiotics, hence resisting their action (Abraham and Chain, 1988). Different 

enzymes have been identified that degrade and modify antibiotics of different classes, 

and there are other that can degrade antibiotics within the same class. β-lactamases, for 

example, hydrolyze the B-lactam ring of antimicrobials from the β-lactam class. There 

are a wide variety of β-lactamases, which were active against the 1st generation of β-

lactam, now are followed by extended-spectrum β-lactamases (ESBLs) with the extended 

resistance to oxymino-cephalosporins (Johnson and Woodford, 2013). The CTX-M β-

lactamases are the most widespread enzymes; which exhibit powerful activity against 

cefotaxime and ceftriaxone, which has important implication in human infection 

treatment (Rossolini et al., 2008). Additionally, resistance can occur by the inactivation 

of antibiotic by transfer of a chemical group. Different chemical groups can be 

transferred, such as acyl, phosphate, nucleotidyl and ribitoyl groups. Aminoglycosides, in 

particular, are susceptible to modifications due to the large molecules with different 

hydroxyl and amide groups (Blair et al., 2014; Wright, 2005). 

Modification of targets. Modification to the antimicrobial’s cellular target can prevent 

the antimicrobial from biding to the target (decreasing the affinity of the antimicrobial). 

Also, protection of the targets is a relevant mechanism of resistance for several important 

antibiotics (Blair et al., 2014). For example, polymyxin-binding site can result in a lack of 

penetration to the outer membrane, thus conferring a protective effect for the cell 
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(Moffatt et al., 2010). Target site changes can result from a spontaneous mutation of a 

bacterial gene on the chromosome and selection in the presence of the antibiotic. 

Moreover, target changes by the acquisition of a gene homologues to the original target, 

such as the acquisition of mecA genes encoding methicillin resistance in methicillin-

resistance S. aureus. 

Decreased antimicrobial penetration. Many antimicrobials have their targets located in 

the cytoplasmic membrane; hence, the compounds penetrate the outer membrane (OM) 

and/or cytoplasmic membrane. Gram-negative bacteria are less permeable to many 

antimicrobials as the outer membrane for a permeability barrier. Reducing the 

permeability of the OM and limiting the antimicrobial entry is by the down-regulation of 

porins or by replacement of porins with more selective channels. Hydrophilic molecules 

such are β-lactam, tetracyclines and some fluoroquinolones are affected by changes in 

permeability of the OM (Munita et al., 2016; Pages et al., 2008). Reductions in porin 

expression can also contribute to the resistance of new antimicrobials such as 

carbapenems and cephalosporins (which resistance is by enzymatic degradation) (Blair et 

al., 2014). Among the best characterize porin-mediated antimicrobial resistance in 

Enterobacteriaceae are OmpF, OmpC, and PhoE. 

Efflux pumps. Efflux pumps actively transport antimicrobials out of the cell and 

contribute in the intrinsic resistance of Gram-negative bacteria. These complex 

machineries may be substrate-specific (tet gene for tetracycline) or with a broad substrate 

specificity (common in MDR bacteria). The genes encoding efflux pumps are either 

located in mobile genetic elements or in the chromosome. There five major families of 

efflux pumps: 1) the major facilitator superfamily (MFS), 2) the small multidrug 
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resistance family (SMR), 3) the resistance-nodulation-cell-division family (RND), 4) the 

APT-biding cassette family (ABC), and 5) the MDR and toxic compound extrusion 

family (MATE). One example of efflux-mediated resistance is the Tet efflux pump, 

which expels tetracycline antibiotics using proton exchange as the source of energy 

(Munita et al., 2016). 

Antimicrobial resistance in poultry-associated pathogens 

The use of antimicrobials in animal production has been an important factor in the 

emerge of antimicrobial resistance bacteria (Boeckel et al., 2015). Antibiotics are used 

for three primary reasons: 1) therapeutically, for treating existing disease conditions, 2) 

prophylactically, at subtherapeutic concentrations; 3) subtherapeutic levels for growth 

promotion. The U.S. Food and Drug Administration released two new non-binding 

documents (FDA, 2012; USDA, 2013), suggesting i) non-enforceable recommendations 

on the prudent and judicious use of antibiotics for those working with food-producing 

animals, ii) withdrawal of certain approved antibiotic production practices currently in 

use, and iii) licensed veterinary oversight for determining if antibiotic use in feed and/or 

water is appropriate for a given situation. It is expected that these guidelines will help to 

phase out the levels of antibiotics and other medically important drugs that are used under 

current production practices 

Recent developments in poultry production and management include the phasing 

out of several antimicrobial products, and the exploration of alternative immune-

promoting agents to minimize effects on yields and time from placement to market. Some 

of these agents are still necessary to treat a wide variety of infections in poultry as well as 

to control and prevent diseases (Aarestrup et al., 2008; Aarestrup and Wegener, 1999; 
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Catry et al., 2003). Available studies indicate that the overuse of antibiotics in animal 

production among other factors increases antibiotic resistant traits in pathogenic and 

commensal flora (Van Boeckel et al., 2015; Doyle et al., 2013); and therefore, novel 

approaches for production are being evaluated to minimize the development of suitable 

conditions for selection, spread, and persistence of antimicrobial resistant bacteria to 

humans (Zankari et al., 2017). However, changes in the production system carry several 

challenges for the poultry bacterial ecosystem. Short-term evident complications 

(mortality, yields, wet-litter conditions, disease susceptibility) as well as unknown 

consequences once the combined effect of pre- and post-harvest interventions are allowed 

to interact with pathogenic microorganisms. Therefore, these selective pressures 

combined with the compliance with the United States Department of Agriculture 

(USDA), Food Safety and Inspection System (FSIS) new performance standards have 

had an unknown effect on the chicken microbiome and antimicrobial resistance profiles 

of pathogens linked to such production systems and may have additional implications 

upon the exposure of pathogens to an array of antimicrobial interventions at different 

stages during processing. 

Antimicrobial resistant of Salmonella. The Centers for Disease Control and Prevention 

estimate about 1.2 million Salmonella human infections each year in the United States; 

and among them 100,000 (8%) present drug-resistance profiles (ceftriaxone, 

ciprofloxacin, or 5 or more drug classes); and 40 (0.004%) people die as a direct 

consequence of antibiotic-resistant Salmonella spp. (CDC, 2013). A special concern is 
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the merge of resistance to quinolones, fluoroquinolones and extended-spectrum 

cephalosporins (ceftiofur and ceftriaxone), but in the degree of MDR in Salmonella spp. 

The development of resistance in Salmonella to different antimicrobial agents is 

attributed to one or several mechanisms, such as the activation of antimicrobial efflux 

pumps, production of enzymes that inactivate antimicrobial agents, and modification of 

the antimicrobial targets (Sefton, 2002). One example is widespread of S. Typhimurium 

phage type DT104 resistance to five; ampicillin, chloramphenicol, streptomycin, 

sulphonamides, and tetracycline (ACSSuT) and with decreasing susceptibility to 

ciprofloxacin (Hur et al., 2012). The zoonotic nature of DT104 may be helped the 

acquisition of ACSSuT-resistance phenotype since this resistance included four out of 

five antimicrobial classes used in veterinary practices (Cloeckaerta and Chwarzb, 2001). 

The MDR region of DT104 termed is on the chromosome in a region called Salmonella 

genomic island 1 (SG1) (Hur et al., 2012; Mulvey et al., 2006). Additionally, a greater 

concern is that this region has been also found in other Salmonella serotypes (Agona, 

Albany, Meleagridis, Newport and Infantis) (Boyd et al., 2001; Doublet et al., 2003; 

Levings et al., 2006; Meunier et al., 2016) 

Quinolone resistance in Salmonella is caused by a mutation in the target enzyme, 

DNA gyrase (gryA and gyrB) and topoisomerase IV (parC and parE) (Karczmarczyk et 

al., 2010). Moreover, mechanisms such as increased activity of efflux pumps decreased 

permeability due to loss of porins and a variety of plasmid-mediated quinolone resistance 

(PMQR) mechanisms also contribute to resistance (Eaves et al., 2009; Piddock, 2002; 

Strahilevitz et al., 2009). However, fluoroquinolones resistance in S. Typhimurium is 

attributed to the AcrAB-TolC efflux mechanisms. Since fluoroquinolones are used for the 
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treatment of severe salmonellosis (ciprofloxacin), emerging resistance to this 

antimicrobial is of critical importance for public health (Hur et al., 2012). 

Antimicrobial resistant of Campylobacter. Illness associated with Campylobacter is 

estimated to be 1.3 million, with 310,000 cases associated with antibiotic-resistant strains 

(azithromycin or ciprofloxacin) causing the death of 28 people (CDC, 2013). Although 

most Campylobacter infections are self-limiting antibiotic treatment is required in severe 

cases. Fluoroquinolones (e.g., ciprofloxacin) and macrolides (e.g., erythromycin) are 

prescribed to treat the infection in adults (Gupta et al., 2004). The main concern is the 

increasing rate of fluoroquinolone-resistance Campylobacter infections in humans, and 

the growing prevalence of fluoroquinolone-resistance Campylobacter isolates from food 

animals, especially from poultry. Moreover, intrinsic resistance in C. jejuni and C. coli 

has been described against β-lactam, aminoglycosides, and macrolide. 

As it was mentioned in the antimicrobial resistance in Salmonella, 

fluoroquinolone resistance in Campylobacter in mediated by the mutation in the gryA 

gene encoding part of the GryA subunit of DNA gyrase (Wieczorek and Osek, 2013); as 

well as other mechanisms, including decreased outer membrane permeability (Charvalos 

et al., 1996), and the CmeABC MDR efflux pump have been identified. The CmeABC is 

the major efflux mechanisms that cause antimicrobial resistance to several antimicrobials 

(Lin et al., 2002). Additionally, resistance to tetracycline in Campylobacter is due to the 

presence of tet(O) gene, which is widely present in both human pathogens, C. jejuni and 

C. coli (Wieczorek and Osek, 2013). Campylobacter also exhibit intrinsic resistance to 

novobiocin, bacitracin, vancomycin, and polymyxin/colistin, apparently due to the 

absence of appropriate targets or low-affinity binding to targets (Iovine, 2013). 
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Campylobacter has a hypervariable genome, and considerable genomic plasticity 

that supports the emerge of antimicrobial resistance. Recently, a novel genomic island in 

Campylobacter coli isolated from chickens in China was discovered. This island encodes 

six aminoglycoside-modifying enzymes, and confer resistant to aminoglycoside family 

(Qin et al., 2012). 

Chicken microbiome 

The gastrointestinal tract (GIT) of chicken harbor multiple microbial communities 

(Yeoman et al., 2012), which represents co-evolution among the persistence microbes, 

genetic, immune, and metabolic interaction with the environment (Oakley et al., 2013). 

Disruption of the normal GIT microbiome can enable the proliferation of pathogens 

(Danzeisen et al., 2011). It has been suggested that maintaining a stable and healthy 

microbiome limit the colonization of pathogenic bacteria, such as Salmonella and 

Campylobacter (Brisbin et al., 2008; Pan and Yu, 2014). There have been several 

microbiome studies focusing in the analysis of chicken GIT microbiome (Oakley et al., 

2014, 2013; Thibodeau et al., 2013; Videnska et al., 2013; Wei et al., 2013; Yeoman et 

al., 2012), however, only a few studies have evaluated the microbial diversity of chicken 

carcasses and chicken processing environments (Handley et al., 2018; Kim et al., 2017). 

The identification of microbial communities changes in the microbiome of whole chicken 

carcasses and chicken parts during processing can provide insights into how different 

antimicrobial interventions and processes may select for a specific group of bacteria that 

may compromise product safety and quality (Buncic and Sofos, 2012). 

The use of 16S rRNA gene as a phylogenetic marker to determine bacterial 

composition and abundance have contributed significantly in the understanding of 
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microbial dynamics at taxonomic levels (Yeoman et al., 2012). However, with the 16S 

rRNA approach, it is not possible to identify microbial function within the community, a 

more complex analysis required the use of metagenomics, metatranscriptomic, and 

metabolmic, which offer the ability to understand the physiological roles of individual 

species (Yeoman et al., 2012). 
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CHAPTER II 

EFFICACY OF LACTIC ACID, LACTIC ACID-CITRIC-ACID 

BLENDS, AND PERACETIC ACID TO REDUCE SALMONELLA ON 

CHICKEN PARTS UNDER SIMULATED COMMERCIAL 

PROCESSING CONDITIONS 

 

Published  
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Summary 

 

The poultry processing industry has been undergoing a series of changes as it modifies 

processing practices to comply with new performance standards for chicken parts and 

comminuted poultry products. The regulatory approach encourages the use of 

intervention strategies to prevent and control foodborne pathogens in poultry products to 

improve food safety and protect public human health. Hence, studies were conducted to 

evaluate the efficacy of antimicrobial interventions for reducing Salmonella on inoculated 

chicken parts under simulated commercial processing conditions. Briefly, chicken pieces 

were inoculated by immersion with 6 log10 CFU/ml of rinse with a five-strains 

Salmonella cocktail and treated with organic acids and oxidizing agents by the use of a 

commercial rinsing conveyor belt. The first study evaluated the efficacy of spraying six 

different treatments (sterile water, lactic acid, acetic acid, buffered lactic acid, acetic acid 

in combination with lactic acid, and peroxyacetic acid) at two concentration levels on 

skin-on and skin-off chicken thighs at three different application temperatures. The 

second study used skinless chicken breasts to evaluate the antimicrobial efficacy of lactic 

acid and peroxyacetic acid. Moreover, color stability of treated and untreated chicken 

parts was assessed after the acid interventions. Results suggest that lactic acid and 
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buffered lactic acid were the treatments with higher reductions in Salmonella counts. 

Statistical significant differences between the control and plain water were identified for 

lactic acid at 5.11% and buffered lactic acid at 5.85% in both skin-on and skin-off 

chicken thighs. There was no significant effect in the intervention temperature of 

application in skin-on chicken thighs for any of the treatments. Similarly, lactic acid and 

peroxyacetic acid showed to be effective agents to elute Salmonella attachment on 

chicken breast.  

Keywords: Organic acids, Salmonella, Chicken parts, Interventions 

 

Introduction 

 

Salmonella causes more disease burden than any other foodborne pathogen, and 

according to FoodNet surveillance data, it is one of the few pathogens responsible for the 

foodborne illness that has not significantly declined over the past years in the U.S. The 

top 10 pathogen-food combinations in terms of annual disease burden were published by 

(Batz et al., 2011) Salmonella in poultry is ranked fourth, with a total of 221,045 illnesses 

with an estimated cost of $712,000 (2009 U.S. dollars), 4,159 hospitalizations and 81 

deaths. Hence, preventive strategies for controlling Salmonella is a priority aim for food 

producers and processors. 

On January 26th, 2015, USDA-FSIS published new performance standards to 

reduce Salmonella spp. and Campylobacter spp.in poultry products, using a preventive 

oriented approach based on scientific risk assessment. The new standards are focused not 

only in whole poultry carcasses sampled after the chilling process but also chicken and 

turkey parts in the cut-up and deboning room, as well as comminuted poultry derivatives. 



Texas Tech University, Alejandra Ramirez-Hernandez, May 2019 

 

 

58 

 

 

Because more than 85% of poultry meat in the United States is consumed as parts instead 

of whole carcasses, the FSIS efforts are to control pathogen prevalence in products that 

are most often purchased by consumers. The previous standards revised in July 2011, 

included Salmonella spp. and Campylobacter spp. prevalence in the whole carcass rinses 

collected at the end of the chilling processing step. However, the new standards include 

sampling for both pathogens at the end of the chilling line but also to include parts of 

both chicken and turkey meat sampled in the cut-up room. The concern from FSIS is that 

despite an overall prevalence below 7.5% for Salmonella spp. in whole carcasses after 

chilling, the new baseline in poultry parts indicates a national prevalence of 24% of 

Salmonella spp. and 21% of Campylobacter in chicken parts (USDA-FSIS, 2012). 

Consequently, processors will need to demonstrate that their food safety programs will 

reduce Salmonella spp. to levels below eight positive samples in chicken parts for a 

moving window approach sampling program of 52 weeks (15.4%) (Table 2.1). FSIS is 

using different category status to classify the poultry establishment that meets the 

pathogen reduction performance standards applied to chicken parts. 

  Alternatives to complement antimicrobial interventions in primary processing need 

to include potential interventions in the cut-up and deboning room so that the new standards 

are met. Among potential interventions, blends of organic acid solutions and oxidizing 

agents have been considered and tested in poultry products with varied results. Lactic, 

citric, and peroxyacetic acid formulations have the potential of being successful in reducing 

pathogen prevalence and levels in poultry parts if applied in the cut-up and deboning room. 

However, challenge studies with actual poultry pathogens in chicken parts are scarce. 

Reduction results reported with lactic acid treatments in poultry vary from 0.73 to 2.2 and 
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even more substantial logarithmic reductions (Killinger et al., 2010). Few studies have been 

conducted in simulated commercial processing conditions. Chlorine has been one of the 

most common antimicrobials used in poultry processing plants for carcass 

decontamination; however, its effect decreases with increasing organic load and pH (Byrd 

et al., 2005; Nagel et al., 2013). Peroxyacetic acid has been used to replace chlorine in 

some facilities and now is widely used in carcass rinses and chilling water stations with 

varied levels, with a maximum concentration of 2,000 ppm in aqueous solution (FSIS 

Directive 7120.1). 

Nevertheless, when these antimicrobials are used as decontamination strategies 

undesired color and texture effects of treated tissue, and off-flavor development can 

occur (Kross, 2004; Qiao et al., 2002). Color and uniformity of chicken skin and meat are 

important quality attributes that can be affected by the slaughtering and further processes. 

There have been concerns about the color variation that may exist after acid intervention 

and heat-exposed treatments on the final color of chicken products, potentially affecting 

consumer acceptability.  

The objective of this study was to evaluate the efficacy of commercially available 

lactic acid solutions, lactic acid-citric acid blends, and peroxyacetic acid formulations in 

reducing loads of Salmonella spp. in chicken parts when applied at different 

concentrations and solution temperatures. Additionally, to determine the color stability of 

chicken parts treated to identify color score changes after the acid intervention. 

 

Materials and Methods 
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Samples. Commercially processed bone-in, skin-on (with skin) and skin-off (without skin) 

chicken thighs were used with a weight 0.5 lbs. ± 4% (n= 1,080), and boneless skin-off 

chicken breasts 0.6 lbs. ± 5% (n= 108) were collected and procured fresh from a local 

grocery store in Lubbock, Texas. Samples were held in insulated containers at ≤ 4°C 

(39.2°F) and transported to the Pathogen Laboratory at Texas Tech University where they 

were processed for the study.   

 

Bacterial culture. A cocktail mixture of five strains of Salmonella spp. was used in this 

study; including, Salmonella Enteritidis ATCC 13076, Salmonella Typhimurium ATCC 

14028, Salmonella Typhimurium ATCC 13311, Salmonella Heidelberg ATCC 3347-1, 

and a wild-type Salmonella isolated from chicken thighs which were stored in the culture 

collection at Texas Tech University. Frozen cultures were activated with two successive 

passes in 9 ml of tryptic soy broth (TSB; Hardy Diagnostics, Santa Maria, CA) and 

incubated at 37°C for 12 h. Then, for each activated culture 1 ml of the stock inoculum was 

added to 100 ml of TSB and incubated in a shaking incubator for 12 h at 37°C. On the day 

of the study, the five 100-ml Salmonella cultures were combined to obtain an inoculation 

solution after thorough mixing. An inoculation solution was prepared by adding the 

Salmonella inoculum to 5 liters of sterile TSB. The concentration of the inoculation 

solution was determined by plating serial dilutions on xylose lysine desoxycholate agar 

(XLD; Hardy Diagnostics) and incubated for 24 h at 37°C. 
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Inoculation. Chicken thighs and chicken breasts were submerged into a 6 Log10 CFU/ml 

of a cocktail solution of the Salmonella strains for 30 secs and then placed onto racks with 

the skin side up to allow for attachment for 20 min.  

 

Organic Acid Treatments.  Three replications were performed on three different days. 

For each treatment replication, five chicken thighs with and without skin were subjected to 

the application and attachment of the Salmonella spp. cocktail, and then a spray treatment 

at three different temperatures: 21°C (70°F), 38°C (100°F), and 54°C (130°F). Four 

commercial organic acids were used in this study at the following concentrations: lactic 

acid (LA) (Corbion Purac FCC 88, Corbion Purac America, Lincolnshire, IL) solutions 

prepared at 2.84, and 5.11% v/v (pH 2.3); lactic acid-citric acid blend (LA+CA) (Corbion 

Purac CL21/80, Purac America, Lincolnshire, IL) solutions prepared at 2.0, and 2.5% v/v 

(pH 2.8); buffered lactic acid spray (BLA) (Corbion Purac Spray 80, Purac America, 

Lincolnshire, IL) solutions prepared at 3.25%, and 5.85% v/v (pH 3.0); and peroxyacetic 

acid  (PAA) (Peracet 15, CraftChem, Inc., Lawrenceville, GA) solution at 200 and 400 

ppm v/v (pH 7.5), all prepared according to manufacturer’s instructions, and heated to the 

specific temperature of application. Concentrations were selected based on commercially 

used levels and the maximum amount permitted in the processing of poultry products (FSIS 

Directive 7120.1). 

As a positive control, chicken thighs with and without skin were sampled after 

inoculation and attachment of the Salmonella spp. Cocktail; and as a negative control, 

chicken thighs with and without skin subjected to the application and attachment of the 

Salmonella spp. cocktail and then treated with the spray treatment with sterile water were 
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used. Concentrations and pH (Orion model 550 A, Thermo Fisher Scientific, Waltham, 

MA) of each intervention solution were evaluated right before application to determine 

intervention concentration and solution pH before treatment on the chicken samples.  The 

same protocol described above was followed for the second study. Chicken breasts were 

treated with LA and PAA; however, the concentration of PAA was increased to 800 ppm.  

All interventions were sprayed for 15 seconds in a commercially equivalent CHAD spray 

cabinet (Chad Co., Olathe, KS), equipped with four spray bars with six-nozzle and a 

conveyor belt system (Series 800, Intralox, Inc., Harasham, LA) in the TTU pathogen 

laboratory. The solution spray treated both sides of the chicken parts with nozzles located 

at 15.2 cm above and 5.1 cm below the chicken parts passing through the stainless-steel 

mesh conveyor belt with a flow rate for each nozzle of 0.421 l/min, and a pressure of 138 

kPa.  

 

Microbiological analysis. After treatment, the samples were transported to the food 

microbiology laboratory at Texas Tech University where they were placed in a stomaching 

bag with 99 ml of 0.1% peptone water (Becton Dickinson, Sparks, MD) and homogenized 

for 2 min by hand massaging (Killinger et al., 2010). Serial dilutions were made using 

buffered peptone water (BPW; Difco, Detroit, MI). Dilutions were spread plated onto XLD 

agar with a 14 ml layer trypticase soy agar (TSA; Becton Dickinson, Sparks, MD) overlay 

to recover surviving and injured cells (Brashears et al., 2001). The plates were incubated 

for 24 h at 37°C. Plates were manually enumerated, and bacterial populations were 

converted to Log10 CFU/ml per chicken part rinse prior to statistical analysis. 
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Color analysis. Separate sets of skin-on and skin-off chicken thighs, and skin-off breasts 

were prepared on each intervention treatments day as previously described. Chicken thighs 

(n=216) and chicken breasts (n=15) were subjected to color analysis L*, a*, b* (lightness, 

redness, yellowness) (Minolta Camara Company: Minolta Colorimeter 200b, Ltd., Osaka, 

Japan). Delta-E was calculated to determine the color differences between all coordinates 

tested based on the CIELAB system. 

𝛥𝐸∗ = √(𝐿𝑐
∗ − 𝐿𝑡

∗)2+ (𝑎𝑐
∗ − 𝑎𝑡

∗)2 + (𝑏𝑐
∗ − 𝑏𝑡

∗)2 

𝐿𝑐 = L∗ control mean score values of  lightness/darkness (chicken parts without acid treatment) 

𝐿𝑡 = L∗ treatment mean values of  lightness/darkness (chicken parts  treated with an acid treatment) 

𝑎𝑐 = a∗ control mean score  red/green axis (chicken parts without acid treatment) 

𝑎𝑡 = a∗ treatment mean score red/green axis (chicken parts  treated with acid treatment) 

𝑏𝑐 = b∗ control mean score  yellow/blue axis (chicken parts without acid treatment) 

𝑏𝑡 = b∗ treatment mean score yellow/blue axis (chicken parts  treated with acid treatment) 

 

 

Scanning Electron Microscopy. Chicken thigh skin and meat pieces were exanimated by 

scanning electron microscopy (SEM) following the protocol described by Thomas and 

McMeekin, 1980 (Thomas & McMeekin, 1980). Briefly, control and treated skin and meat 

pieces (~ 1 cm2) were fixed overnight at 4°C in glutaraldehyde solution (5% v/v), then 

pieces were rinsed in cold phosphate buffer, dehydrated in a graded ethanol series (30%-

100%) and critical point dryer. The dried skin pieces were glued on SEM stubs and coated 

with 27.0 nm of gold in a putter coating unit (SDC-050 Sputter Coater, BAL-TEC) and 

examined in a Hitachi S-4700 Field Emission Scanning Electron Microscope (FE-SEM). 

 

Statistical analysis. The studies were performed in triplicate.  All data were subjected to 

statistical analysis using GraphPad Prism 7.01 Trial Statistical software. The sample, 

treatment and day of treatment were fixed effects, while the replication was a random 
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effect. One-way ANOVA was performed followed by Dunnett’s multiple comparison test 

to analyze differences between every treatment means to a control mean. Tukey’s test 

was used to determine the difference between every treatment mean at different 

application temperatures. Similarly, two-way ANOVA followed by Dunnett’s multiple 

comparison test with 0.05 probability level was used to determine differences in the color 

parameters of chicken parts subjected to the acid interventions. 

 

Results 

 

Salmonella reductions on chicken thighs by acid interventions. Lactic acid at low and 

high concentrations and the buffered lactic acid at low concentration showed to be the 

most effective treatments to reduce bacterial levels on the chicken thighs when they were 

applied at 21°C. Higher reductions were observed in the skin-off samples at the same 

temperature. However, there were no significant differences when comparing among 

chicken sample types (P > 0.05). Similar results were observed at higher temperatures, at 

38°C additional to the LA and BLA, the combination of acetic acid and lactic acid 

showed a significant reduction in skin-on samples compared with the control. Overall, 

there were no statistical differences between the high and the low temperature of 

application. LA 5.11% and BLA 5.85% treatments presented the higher bacterial 

reduction compared with the control with log10 0.53 [95%CI: 0.26-0.79] and log10 0.59 

[95%CI: 0.35-0.87] reductions respectively in skin-on chicken thighs at 38°C; and in 

skin-off chicken thighs with log10 0.69 [95%CI: 0.26-0.79] and log10 0.66 [95%CI: 0.26-

0.79] reductions after LA 5.11% and BLA 5.84% applied at 21°C respectively. There 
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were no statistically significant differences between the skin-on and skin-off samples 

among acid treatments and treatment concentrations (Figure 2.1). 

 

Salmonella reductions on chicken breasts by acid interventions. In general, acid 

treatments were capable of reducing Salmonella populations on chicken breasts when 

compared to the control. Significant statistical differences were found in all treatments (P 

< 0.05). However, non-statistical differences between the acid treatments and water with 

a reduction of 0.46 Log10 CFU/ ml of chicken rinse [95% CI: 0.36-0.57] were identified 

in the study (Figure 2.2). 

 

Color Analysis of Treated Chicken Parts. There were no significant effects (P < 0.05) 

in the color parameters (L*, a*, b*) of chicken thighs treated with any of the acid 

treatments at the three different temperatures (Table 2.2). Similarly, no changes in color 

attributes were identified in chicken breasts after the acid treatment (Table 2.3). The 

delta-E values indicated the difference in the color scores with a value less than 10, which 

suggest that the change is perceived through close observations (range 1-2), and at a 

glance (range 3-10). Nevertheless, skin-off chicken thighs treated with PAA 400 pm 

presented and a slight increase in L* (lightness).  

 

Discussion 

 

A variety of post-harvest interventions have been implemented by the poultry 

processing industry to reduce the presence of pathogens, such as Salmonella and 

Campylobacter in the final product (Loretz et al., 2010). However, with the new 
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standards published by the USDA-FSIS for chicken parts, it is critical to identify 

potential interventions to meet the bacterial load reduction requirements. The goal of this 

study was to determine the effectiveness of commonly used organic acids blends applied 

by spraying to reduce Salmonella recovery in chicken thighs and chicken breasts in 

commercial-like settings.  

The application methods for decontamination of poultry carcasses in chicken 

processing facilities occurs mostly in the carcass rinse and water-chilling stations and by 

spray or drench after the chilling process (Chen et al., 2014). Organic acids such as lactic 

acid, and acetic acid have been widely used on chicken surfaces due to their availability, 

cost-effectiveness approach, ease of use, decontamination potential and generally 

recognized as a safe status. Trisodium phosphate, cetylpiridium chloride, citric acid, 

ozonated water, and hydrogen peroxide treatments, are alternative intervention options 

for carcass rinse or chill water with a variety of efficacy results against pathogens (Sohaib 

et al., 2016). The mode of action of lactic acid consists of the undissociated form that 

penetrates the cytoplasmic membrane, reducing intracellular pH and disrupting the outer 

membrane (Alakomi et al., 2005; Ray et al., 1992). Acetic acid causes cytoplasmic 

acidification that results in malfunction of energy and regulation parameters, 

accumulating free acid anion that kills or retards microbial growth (Sohaib et al., 2016). 

PAA, on the other hand, is an oxidizing agent that disrupts the sulfhydryl (-SH) and 

sulfur (-S-S) bonds of enzymes and cells walls (Baldry et al., 1998; Jolivet-Gougeon et 

al., 2006). The fact that lactic acid and peroxyacetic acid may elute Salmonella attached 

to skin and meat surfaces suggest that the attachment process is mediated by a 

physicochemical relationship with the collagen or mucopolysaccharides matrix between 
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the individual collagen fibrils present in the chicken skin (Thomas et al., 1981). 

Many bacterial species employ a survival strategy response to adverse 

environmental conditions, by entering to viable but nonculturable (VNC) state, which can 

retain their infectious and pathogenic potential (Jolivet-Gougeon et al., 2006). Previous 

studies have reported that Salmonella is capable of entering and recovering from the 

VNC stage after PAA treatment. There is little information about the effect of organic 

acid treatment and the ability of Salmonella to recover from a dormant persistent state 

after acid interventions. SEM micrographs (Figure 2.3) illustrate the bacterial attachment 

in skin and meat surfaces before and after the intervention of lactic acid and peroxyacetic 

acid. Changes in skin and meat microtopography can be caused by the exposure to 

commercial processing procedures and can have a significant influence on the 

contamination of carcasses by bacteria during the processing and recovery of 

microorganisms during sampling. 

During the chicken processing skin losses, the outer skin layer resulting in 

removing attached microorganisms, however, exposure to dermal skin tissue provide a 

new surface niche available for bacterial colonization during further processing (Thomas 

& McMeekin, 1980). Notably, after chilling, chicken skin swells, opening and exposing 

channels and crevices to contaminants present in the water, and because skin serves as a 

protective layer against bacteria, they can remain in it after treatment interventions (Tan 

et al., 2014). Chicken meat, on the other hand, presents a smoother and less hydrophobic 

microtopography, that similarly may protect bacteria from antimicrobials agents. Results 

obtained in this study showed higher Salmonella reduction in the chicken meat surfaces, 

but the SEM micrographs showed more bacteria attached to the muscle fibers than in the 
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chicken skin. It has been reported that bacteria can be entrapped in tissue crevices, which 

provide a level of protection against antimicrobial treatments (Lillard, 1986; Stivarius et 

al., 2002; Thomas & McMeekin, 1980). 

One crucial concern by food safety authorities has been the potential carryover of 

antimicrobial intervention residues to the chicken rinse used for bacterial sampling post 

chilling. In response, a new neutralizing buffered peptone water rinse for verification 

sampling has been proposed by USDA-FSIS; the goal of utilizing this rinsate solution is 

to reduce false negative results due to the active sanitizer carry over on the rinsate 

solution (Gamble et al., 2016; USDA-FISIS, 2016). In this study, chicken rinses were 

collected and processed within 1 hour after the intervention to minimize antimicrobial 

carryover and extended contact time with the sample; however future work will require 

the use a neutralizing agent to account for the potential carryover and enable the recovery 

of injured cells. 

The color of fresh chicken meat is an important quality attribute that can influence 

consumer purchasing decisions (Sanchez-Escalante et al., 2001). Changes in carcass 

appearance such as bleaching and darkening after treatment of organic acids have been 

reported (Bilgili et al., 1997). However, data collected in this study demonstrate that there 

is no significant treatment-related discoloration. Muscle pH and meat color are highly 

correlated, where higher pH causes darker than normal color ranges (Fletcher et al., 

1997). A variety of factors can alter the color parameters of chicken carcass and chicken 

parts during production and processing, such as environmental variables, field 

management practices, and stress factors (Gotardo et al., 2015). 
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These results suggest that lactic acid and buffered lactic acid achieved statistically 

significant reductions in Salmonella under the conditions evaluated in this study and may 

be an effective antimicrobial intervention in poultry parts applications. However, these 

reductions are relatively small and have minimal biological significance as a single 

intervention option. A multi-sequential applications approach may be recommendable to 

achieve higher reductions during the cutting and deboning processing stages. Moreover, 

the acid treatments do not affect physical properties such as color in skin-on and skin-off 

chicken parts. Further research must be conducted with other chicken parts to evaluate 

the effect of sequential interventions when applied with different or combined application 

methods such as drenching and immersion that could potentially enhance overall 

antimicrobial effectiveness. 
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Tables and Figures 

 

Table 2.1 Salmonella and Campylobacter performance standards for poultry products. 

Adapted from FSIS Directive 10,250. 

 

Product 
Prevalence (%) 

Maximum Acceptable Percent 

Positives (%)* 
Performance Objective 

Salmonella Campylobacter Salmonella Campylobacter Salmonella Campylobacter 

Whole chicken 

carcass 
7.5 10.4 9.8 15.7 5 of 51 8 of 51 

Whole turkey 1.7 0.79 7.1 5.4 4 of 56 3 of 56 

Ground 

chicken (325g) 
49 3.4 25 1.9 13 of 52 1 of 52 

Ground turkey 

(325g) 
19.9 12 13.5 1.9 7 of 52 1 of 52 

Chicken parts 

4 lbs. portions 
28  15.5 15.4 7.7 8 of 52 4 of 52 

* Maximum percent positive samples for Salmonella and Campylobacter under the 

performance standards for young chicken and turkey carcasses listed in the FSIS 

Directive 10,250.1. 
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Table 2.2  

 

A) Hunter-Lab color score means and standard deviation for skin-on chicken thighs (n=108). L* (lightness), a* (redness), b* 

(yellowness). The analysis was made with a two-way ANOVA followed by Dunnett’s multiple comparison test with 0.05 

probability level. 

 

Treatment 

Skin on 

70 °F 100 °F 130 °F 

L* a* b* ΔE L* a* b* ΔE L* a* b* ΔE 

Control 
89.25 ± 

3.18 

13.19 ± 

2.37 

32.87 ± 

1.22 
 89.25 ± 

3.18 

13.19 ± 

2.37 

32.87 ± 

1.22 
 89.25 ± 

3.18 

13.197 ± 

2.37 

32.87 ± 

1.22 
 

Water 
88.27 ± 

2.80 

14.56 ± 

4.47 

34.90 ± 

1.80 
2.63 

87.65 ± 

2.26 

10.18 ± 

1.90 

36.65 ± 

2.80 
3.68 

87.65 ± 

2.26 

10.185 ± 

1.90 

36.65 ± 

2.79 
5.09 

LA 2.84% 
86.18 ± 

4.37 

9.288± 

0.58 

31.6 ± 

1.99 
6.23 

91.20 ± 

1.88 

14.19 ± 

1.99 

36.34 ± 

2.70 
4.10 

84.89 ± 

1.24 

11.026 ± 

4.33 

31.33 ± 

0.93 
2.96 

LA 5.11% 
90.611± 

1.57 

11.71 ± 

2.44 

35.82 ± 

2.94 
3.56 

94.12 ± 

0.60 

11.03 ± 

1.96 

37.09 ± 

1.01 
3.18 

84.07 ± 

3.61 

13.798 ± 

1.80 

31.00 ± 

4.195 
5.10 

LA+CA 2.00% 
85.82 ± 

5.27 

12.69 ± 

0.99 

33.52 ± 

4.25 
3.96 

86.03 ± 

1.70 

12.18 ± 

1.66 

32.55 ± 

1.95 
3.39 

84.16 ± 

0.68 

12.49 ±  

0.77 

31.48 ± 

1.35 
5.52 

LA+CA 2.50% 
89.39 ± 

5.70 

14.419± 

3.46 

34.30 ± 

6.39 
1.88 

85.13 ± 

3.57 

9.97 ± 

1.99 

30.05 ± 

2.77 
5.93 

85.136 

± 3.57 

9.97 ±  

1.99 

30.05 ± 

2.77 
5.32 

BLA 3.35% 
81.11 ± 

8.36 

11.51 ± 

6.18 

33.28 ± 

2.16 
8.70 

87.03 ± 

1.21 

9.13 ± 

4.17 

37.39 ± 

4.15 
6.47 

88.509 

± 5.55 

7.46 ±  

1.68 

33.59 ± 

2.99 
5.82 

BLA 5.85% 
86.60 ± 

2.97 

12.34 ± 

0.92 

31.85 ± 

0.41 
2.96 

83.29 ± 

2.77 

11.23 ± 

1.04 

31.57 ± 

1.84 
6.40 

85.764 

± 1.77 

8.49 ±  

1.52 

29.62 ± 

0.96 
6.69 

PAA 200 ppm 
89.88 ± 

2.61 

14.94 ± 

1.38 

35.13 ± 

2.29 
2.37 

91.52 ± 

2.77 

13.73 ± 

2.69 

34.77 ± 

1.32 
3.00 

92.327 

± 1.29 

13.98 ±  

2.49 

35.12 ± 

1.10 
3.88 

PAA 400 ppm 
87.25 ± 

1.88 

11.47 ± 

2.23 

27.37 ± 

5.24 
6.10 

88.38 ± 

1.01 

15.59 ± 

2.08 

35.53 ± 

1.48 
3.68 

87.185 

± 3.62 

14.11 ±  

3.80 

32.31 ± 

2.90 
2.33 

L* lightness of color and ranges from black to white (0-100). 

a* indicate color directions: +a* is the red direction, -a* is the green direction,  

b* indicate color directions: +b* is the yellow direction, and -b* is the blue direction. 

ΔE Measure of difference between the control and treatment samples in a L*a*b* color space. 
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Table 2.2 Continued 

B) Hunter-Lab color score means and standard deviation in skin-off chicken thighs (n=108). L* (lightness), a* (redness), b* 

(yellowness). The analysis was made with a two-way ANOVA followed by Dunnett’s multiple comparison test with 0.05 

probability level. 
 

Treatment 

Skin off 

70°F 100°F 130°F 

L* a* b* ΔE L*   a*   b* ΔE L* a* b* ΔE 

Control 
62.53 ± 

6.60 

13.20 ± 

2.53 

22.38 ± 

2.60 

 
62.53 ± 

6.60 

13.20 ± 

2.53 

22.38 ± 

2.60 

 
62.53 ±  

6.60 

13.20 ±  

2.53 

22.38 ±  

2.60 

 

Water 
64.50 ± 

1.09 

11.74 ± 

1.51 

23.04 ± 

1.40 

2.53 59.53 ± 

4.78 

14.67 ± 

2.29 

20.12 ± 

0.80 

4.04 61.023 ± 

3.03 

14.02 ± 

5.97 

21.80 ± 

1.75 

1.82 

LA 2.84% 
65.80 ± 

5.07 

13.49 ± 

1.81 

25.86 ± 

2.08 

4.77 61.86 ± 

3.74 

12.45 ± 

3.54 

21.70 ± 

1.28 

1.23 66.22 ± 

5.14 

10.93 ± 

1.46 

21.76 ± 

0.86 

4.36 

LA 5.11% 
67.46 ± 

4.40 

10.18 ± 

1.68 

22.62 ± 

2.93 

5.79 74.50 ± 

10.93 

12.57 ± 

1.99 

28.28 ± 

4.31 

13.35 64.15 ± 

2.33 

17.73 ± 

5.00 

23.76 ± 

1.28 

3.65 

LA+CA 2.00% 
62.71 ± 

2.46 

12.10 ± 

2.36 

23.63 ± 

6.33 

5.79 53.72 ± 

0.46 

14.06 ± 

1.36 

17.98 ± 

2.25 

9.89 65.05 ± 

7.17 

13.14 ± 

1.19 

19.24 ± 

3.21 

4.03 

LA+CA 2.50% 
56.71 ± 

3.31 

14.46 ± 

3.94 

19.35 ± 

0.21 

1.89 68.05 ± 

9.69 

11.90 ± 

3.37 

24.74 ± 

5.32 

6.16 67.74 ± 

10.56 

13.66 ± 

4.13 

20.35 ± 

8.79 

5.61 

BLA 3.35% 
54.88 ± 

1.05 

5.76 ± 

0.57 

19.89 ± 

0.90 

10.97 70.10 ± 

3.26 

9.86 ± 

2.60 

23.73 ± 

0.71 

8.37 84.60 ± 

2.71 

14.33 ± 

2.04 

29.70 ± 

0.88 

3.04 

BLA 5.85% 
60.11 ± 

2.82 

13.59 ± 

2.58 

21.28 ± 

1.28 

2.70 65.42 ± 

3.80 

11.75 ± 

0.80 

22.32 ± 

1.38 

3.22 85.764 ± 

1.77 

8.498 ± 

1.52 

29.623 ± 

0.96 

3.65 

PAA 200 ppm 
60.55 ± 

0.20 

14.83 ± 

0.81 

21.01 ± 

1.94 

2.69 64.78 ± 

3.45 

12.66 ± 

1.46 

22.27 ± 

1.38 

2.31 64.15 ± 

2.33 

17.73 ± 

5.00 

23.76 ± 

1.28 

5.00 

PAA 400 ppm 
75.03 ± 

1.01 

13.91 ± 

1.40 

26.72 ± 

0.15 

13.25 61.28 ± 

6.04 

12.30 ± 

1.10 

21.48 ± 

1.53 

1.79 65.26 ± 

5.78 

14.96 ± 

2.65 

23.09 ± 

4.02 

3.33 

L* lightness of color and ranges from black to white (0-100). 

a* indicate color directions: +a* is the red direction, -a* is the green direction,  

b* indicate color directions: +b* is the yellow direction, and -b* is the blue direction. 

ΔE Measure of difference between the control and treatment samples in a L*a*b* color space based on the CIELAB system. 
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Table 2.3 Hunter-Lab color score means and 95% confidence interval of chicken breasts. L* (lightness), a* (redness), b* (yellowness). 

The analysis was made with a two-way ANOVA followed by Dunnett’s multiple comparison test with 0.05 probability level (n=18). 

 

Treatment L* a* b* ΔE 

Control 69.91 ± 3.3 6.02 ± 1.2 34.11 ± 1.7  

Water 68.50 ± 2.7 7.70 ± 1.1 33.38 ± 1.6 2.308 

PAA 400 ppm 67.44 ± 1.1 5.77 ± 1.8 30.46 ± 2.5 4.408 

PAA 800 ppm 74.33 ± 2.0 6.83 ± 1.1 35.47 ± 1.7 4.699 

LA 2.84% 71.80 ± 3.4 6.74 ± 1.1 34.44 ± 1.2 2.050 

LA 5.11% 69.93 ± 1.5 6.11 ± 1.4 32.48 ± 3.0 1.625 

L* lightness of color and ranges from black to white (0-100). 

a* indicate color directions: +a* is the red direction, -a* is the green direction,  

b* indicate color directions: +b* is the yellow direction, and -b* is the blue direction. 

ΔE Measure of difference between the control and treatment samples in a L*a*b* color space based on the CIELAB system
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Figure 2.1 Salmonella counts reported in Log10 CFU per mL of chicken thighs rinse 

collected from untreated controls, water, and chemical intervention treatments. Data 

within columns followed by the same letter are not statistically different according to 

One-way ANOVA followed by a Dunnett’s multiple comparison test. Statistically 
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significant effects between the control and treatment (P < 0.05) are indicated by the 

asterisk. 

 

 

Figure 2.2 Salmonella counts reported in Log10 CFU per mL of chicken breast rinses 

collected from untreated controls, water, and chemical intervention treatments. Data 

within columns followed by the same letter are not statistically different according to 

One-way ANOVA followed with a Dunnett’s multiple comparison test. Statistically 

significant effects between the control and treatment (P < 0.05) are indicated by the 

asterisk. 
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Figure 2.3 Representative micrographs (> X1000 magnification) of Salmonella cocktail 

strains adhered to the surface of chicken thigh skin and meat piece surfaces. (A). Control 

skin. (B). Treated LA 5.11% skin. (C). Treated PAA 400 ppm skin. (D). Control meat 

surface. (B). Treated LA 5.11% meat. (C). Treated PAA 400 ppm meat. 

 

 

 

 

 

 

 

 

 

 



Texas Tech University, Alejandra Ramirez-Hernandez, May 2019 

 

 

77 

 

References 

Alakomi, H.L., E. Skyttä, M. Saarela, T. Mattila-Sandholm, K. Latva-Kala, and I. M. 

Helander. 2005. Lactic acid permeabilizes gram-negative bacteria by disrupting the 

outer membrane. Apply Environmental Microbiology. 66:2001-2005. 

Baldry, M. G. C., and J. A. L. Fraser. 1998. Disinfection with peroxygens, p. 91-116. In 

K.R. Payne (ed.), Industrial biocides. Society of Chemical Industry by Wiley and 

Sons. London. 

Batz, M. B., S. Hoffmann, and J.G. Morris. 2011. Ranking the risk: The 10 pathogen-

food combinations with greatest burden on public health. Emerging Pathogens 

Institute, University of Florida. Gainesville, FL. 

Bilgili, S. F., D. E. Conner, J. L. Pinion, and K. C. Tamblyn. 1997. Broiler skin color as 

affected by organic acids: Influence of concentration and method of application. 

Poultry Science. 77:752-757. 

Brashears, M., A. Amezquita, and J. Stratton. 2001. Validation of methods used to 

recover Escherichia coli O157:H7 and Salmonella spp. subjected to stress 

conditions. Journal of Food Protection. 64:1466-1471. 

Byrd, J. A., and S. R. McKee. 2005. Improving slaughter and processing technologies. In 

G.C. Mead (ed.), Food Safety Control in the Poultry Industry. CRC Press LLC, Boca 

Raton, FL. 

Chen, X. I., L. J. Bauermeister, G. N. Hill, M. Singh, S. F. Bilgili, and S. R. Mckee. 

2014. Efficacy of various antimicrobials on reduction of Salmonella and 

Campylobacter and quality attributes of ground chicken obtained from poultry parts 

treated in a postchill decontamination tank. Journal of Food Protection. 77:1882-

1888. 

Fletcher, D. L., M. Qiao, and D. Smith. 1997. The relationship of broiler breast meat 

color and pH to shelf-life and odor development. Poultry Science. 76:1042-1046. 

Gamble, G. R., M. E. Berrang, R. J. Buhr, A. Hinton, D.V. Bourassa, J. J. Johnston, K. D. 

Ingram, E. S. Adams, and P. W. Feldner. 2016. Effect of simulated sanitizer 

carryover on recovery of Salmonella from broiler carcass rinsates. Journal of Food 

Protection. 79:710-714. 

Gotardo, L. R. M., P. B. Vieira, C. F. P. Marchini, M. R. B. de Mattos Nascimento, E. C. 

Antunes, R.C, Guimaraes, D. B. Bueno, and J.P.R.Santos. 2015. Cyclic heat stress in 

broilers and their effects on quality of chicken breast meat. Acta Sci Vet. 43:1325. 



Texas Tech University, Alejandra Ramirez-Hernandez, May 2019 

 

 

78 

 

Jolivet-gougeon, A., F. Sauvager, M. Bonnaure-mallet, R. R. Colwell, and M. Cormier. 

2006. Virulence of viable but nonculturable S. Typhimurium LT2 after peracetic acid 

treatment. International Journal of Food Microbiology.112:147-152. 

Killinger, K. M., A. Kannan, and A. I. Bary. 2010. Validation of a 2 percent lactic acid 

antimicrobial rinse for mobile poultry slaughter operations. Journal of Food 

Protection.  73:2079-2083. 

Kross, R. 2004. Methods for reducing meat discoloration. September 2004. U.S. Patent 

20040175476 A1. 

Lillard, H. S. 1986. Immersion, distribution of “attached” Salmonella Typhimurium cells 

between poultry skin and a surface film following water. Journal of Food Protection. 

49:449-454. 

Loretz, M., R. Stephan, and C. Zweifel. 2010. Antimicrobial activity of decontamination 

treatments for poultry carcasses: A literature survey. Food Control. 21:791-804. 

Nagel, G. M., C. L. Bauermeister, L. J. Bratcher, M. Singh, and S. R. McKee. 2013. 

Salmonella and Campylobacter reduction and quality characteristics of poultry 

carcasses treated with various antimicrobials in a post-chill immersion tank. 

International Journal of Food Microbiology. 165:281-286. 

Qiao, M., D. L. Fletcher, J. K. Northcutt, and D. P. Smith. 2002. The relationship 

between raw broiler breast meat colour and composition. Poultry Science. 81:422-

427. 

Ray, B., and W. E. Sandine. 1992. Acetic, propionic, and lactic acids of starter culture 

bacteria as biopreservatives. Boca Raton, FL. 

Sanchez-Escalante, A., D. Djenane, G. Torrescano, A. Beltran, and P. Roncales. 2001. 

The effects of ascorbic acid, taurine, carnosine and rosemary powder on colour and 

lipid stability of beef patties packaged in modified atmosphere. Meat Science. 

58:421-429. 

Sohaib, M., F. M. Anjum, M. S. Arshad, and U. U. Rahman. 2016. Postharvest 

intervention technologies for safety enhancement of meat and meat-based products; 

A critical review. Journal of Food Science and Technology. 53:19-30. 

Stivarius, M. R, F. W. Pohlman, K. S. McElyea, and A. L. Waldroup. 2002. Effects of 

hot water and lactic acid treatment of beef trimmings prior to grinding on microbial, 

instrumental color and sensory properties of ground beef during display. Meat 

Science. 60:327-334. 



Texas Tech University, Alejandra Ramirez-Hernandez, May 2019 

 

 

79 

 

Tan, S. M., S. M. Lee, and G. A. Dykes. 2014. Buffering effect of chicken skin and meat 

protects Salmonella enterica strains against hydrochloric acid but not organic acid 

treatment. Food Control. Elsevier Ltd 42:329-334. 

Thomas, C., and T. A. McMeekin. 1980. Contamination of broiler carcass skin during 

commercial processing procedures: An electron microscopy study. Apply 

Environmental Microbiology. 40:133-144. 

Thomas, C. J., and T. A. Mcmeekin. 1981. Attachment of Salmonella spp. to chicken 

muscle surfaces. Apply Environmental Microbiology. 42:130-134. 

U.S. Department of Agriculture, Food Safety and Inspection Service. 2011. New 

performance standards for Salmonella and Campylobacter in young chicken and 

turkey slaughter establishments: response to comments and announcement of 

implementation schedule. Docket FSIS-2010-0029. Fed. Regist. 76:15282-15290. 

U.S. Department of Agriculture, Food Safety Inspection System. 2012. The nationwide 

microbiological baseline data collection program: raw chicken parts survey. January 

2012-August 2012. Available at: 

https://www.fsis.usda.gov/shared/PDF/Baseline_Data_Raw_Chicken_Parts.pdf  

Accessed 2 November 2016. 

U.S. Department of Agriculture, Food Safety and Inspection Service. 2013. Salmonella 

and Campylobacter verification program for raw meat and poultry products. 

Directive 10250.1. U.S. Department of Agriculture, Food Safety and Inspection 

Service, Washington, DC. 

U.S. Department of Agriculture, Food Safety and Inspection Service. 2015. Changes to 

the Salmonella and Campylobacter verification testing program: proposed 

performance standards for Salmonella and Campylobacter in not-ready-to-eat 

comminuted chicken and turkey products and raw chicken parts and related agency 

verification procedures and other changes to agency sampling. 26 January 2015. 

Docket FSIS-2014-0023. Fed. Regist. 80:3940-3950 

U.S. Department of Agriculture, Food Safety Inspection System. 2016. New neutralizing 

buffered peptone water to replace current buffered peptone water for poultry 

verification sampling (FSIS Notice 41-16). June 2016. Washington DC. Available at 

http://www.fsis.usda.gov/wps/wcm/connect/2cb982e0-625c-483f-9f50-

6f24bc660f33/41-16.pdf?MOD=AJPERES Accessed 2 November 2016. 

U.S. Department of Agriculture, Food Safety and Inspection System. 2017. Safe and 

suitable ingredients used in the production of meat, poultry and egg products. 

Directive 7120.1 U.S. Department of Agriculture, Food Safety and Inspection. 

Washington, D.C. 

 

https://www.fsis.usda.gov/shared/PDF/Baseline_Data_Raw_Chicken_Parts.pdf


Texas Tech University, Alejandra Ramirez-Hernandez, May 2019 

 

 

80 

 

CHAPTER III 

MICROBIOME ANALYSIS, ANTIMICROBIAL RESISTANT 

PROFILES AND WHOLE GENOME SEQUENCING ANALYSIS OF 

PATHOGENS ISOLATED FROM CHICKEN CARCASSES 

RINSATE SAMPLES COLLECTED AT DIFFERENT STAGES 

DURING PROCESSING 

 

Summary 

 

Chicken carcasses and parts rinsates and 6 fecal samples were collected at different 

stages in a commercial poultry processing facility. Microbiological analysis was 

conducted to determine the levels of multiple indicator microorganisms and prevalence of 

Salmonella. Antibiotic susceptibility testing was conducted on Salmonella isolates to 

determine antimicrobial resistant (AMR) profiles. Whole genome sequencing (WGS) was 

performed for tracing isolates in the processing chain, serotyping and to determine 

genetic features associated with virulence and AMR in the bacterial genome. The overall 

contamination rate was 55% for Salmonella. Prevalence increased by 80% in chicken 

parts when compared with post-chiller carcass samples, suggesting possible cross-

contamination during the cutting and deboning processes. The levels of indicator 

organisms were reduced significantly from the pre-scalding to the parts processing sites 

by 3.22 log CFU/ml for aerobic plate count (APC), 3.92 log CFU/ml for E. coli, 3.70 log 

CFU/ml for coliforms, and 3.40 log CFU/ml for Enterobacteriaceae. The most frequent 

resistance in Salmonella was associated with tetracycline (98%, 49/50) and streptomycin 

(86%, 43/50). Some Salmonella isolates featured resistance to the cephems class of 

antibiotics (up to 15%). WGS analysis of Salmonella isolates identified nine different 

clonal populations distributed throughout the samples taken at different stages, including 
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five clonal attributed to the serotype Kentucky, one to Typhimurium, one to Meleagridis, 

one to the serotype 40:b:- of the subspecies salamae (II), and one to an undetermined 

serotype. The microbiome data indicate that bacterial composition changes through the 

processing sites. Samples at the arrival location were dominated by bacteria belonging to 

the phyla Firmicutes and Bacteriodetes, however, chicken rinsate samples from further 

processing sites were comprising mainly by Proteobacteria. At the genus levels, the most 

abundant taxonomic bacteria group were Pseudomonas and Pseudomonadacea family. 

This study provides insights into the microbial profiling, antibiotic resistance strains, and 

 microbiome composition of chicken rinsate samples during poultry processing. 

 

 Keywords: Antimicrobial resistance, Chicken processing, Salmonella, Whole genome 

sequencing. 

 

Introduction 

 

Poultry meat and products have been associated with cross-contamination of non-

typhoidal Salmonella spp. and Campylobacter spp. (Kim et al., 2017), these pathogens 

are the leading bacterial causes of foodborne illness in the U.S (Scallan et al., 2011). 

Therefore, risk management strategies applied to poultry production are considered to 

have the greatest potential for public health impact among foods consumed in the country 

(Batz et al., 2011). Despite constant efforts to improve poultry food safety systems; 

foodborne illness, and particularly cases associated with antimicrobial resistant 

pathogenic strains continue to be a serious health threat worldwide (Newell et al., 2010). 

The presence of antimicrobial resistant (AMR) pathogens in the poultry chain is a 
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significant concern for the industry, consumers, and regulators. However, mechanisms 

and selective pressures that could lead to the presence of AMR pathogens in poultry are 

not fully understood and significant research gaps in mechanisms and factors that 

contribute to the microbial resistant and transmission to animals and humans are still 

prominent. WGS profiling can serve as an important tool to identify pathogen sources 

and the effect of selective pressures on antimicrobial resistance in the poultry processing 

chain. 

The Centers for Disease Control and Prevention estimate about 1.2 million 

Salmonella human infections each year in the United States; and among them; 100,000 

(8%) present drug-resistance profiles (ceftriaxone, ciprofloxacin, or 5 or more drug 

classes); and 40 (0.004%) people die as a direct consequence of antibiotic-resistant 

Salmonella spp. (CDC, 2013). On the other hand, illness associated with Campylobacter 

is estimated to be 1.3 million, with 310,000 cases associated with antibiotic-resistant 

strains (azithromycin or ciprofloxacin) causing the death of 28 people (CDC, 2013). The 

potential presence of multi-resistance to antimicrobials in pathogens associated with 

poultry has motivated recent regulatory changes for the judicious use of antimicrobials in 

animal production and the control of this pathogen contamination during processing. 

Additionally, consumer pressure to remove antibiotics from the poultry supply chain has 

driven the industry to consider and implement a variety of antibiotic-free (ABF) 

production schemes aimed at satisfying these trends (FDA, 2012). 

The U.S. Food and Drug Administration released two new non-binding 

documents (FDA, 2012; USDA, 2013), suggesting i) non-enforceable recommendations 

on the prudent and judicious use of antibiotics for those working with food-producing 
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animals, ii) withdrawal of certain approved antibiotic production practices currently in 

use, and iii) licensed veterinary oversight for determining if antibiotic use in feed and/or 

water is appropriate for a given situation. It is expected that these guidelines will help to 

phase out the levels of antibiotics and other medically important drugs that are used under 

current production practices. Because of the voluntary implementation of these practices, 

it is critical, that producers, as well as veterinarians, understand the significance of their 

role when using these compounds, and it is imperative that education, training, and 

interventions on the prudent use of antibiotics is considered (Avorn et al., 2001; Teale & 

Moulin, 2012; Tollefson & Flynn, 2002). 

Recent developments in poultry production and management include the phasing 

out of several antimicrobial products, and the exploration of alternative immune-

promoting agents to minimize effects on yields and time from placement to market. Some 

of these agents are still necessary to treat a wide variety of infections in poultry as well as 

to control and prevent diseases (Aarestrup & Wegener, 2008; Aarestrup & Wegener 

1999; Acar & Röstel 2001; Catry et al., 2003). Available studies indicate that the overuse 

of antibiotics in animal production among other factors increases antibiotic resistant traits 

in pathogenic and commensal flora (Van Boeckel et al., 2015; Doyle et al., 2013); and 

therefore, novel approaches for production are being evaluated to minimize the 

development of suitable conditions for selection, spread, and persistence of antimicrobial 

resistant bacteria to humans (Zankari et al., 2017). However, changes in the production 

system carry several challenges for the poultry bacterial ecosystem, with short-term 

complications (mortality, yields, wet-litter conditions, disease susceptibility) as well as 

unknown consequences once the combined effect of pre- and post-harvest interventions 
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are allowed to interact with pathogenic microorganisms. Therefore, these selective 

pressures combined with the compliance with the United States Department of 

Agriculture (USDA), Food Safety and Inspection System (FSIS) new performance 

standards have had an unknown effect on the chicken microbiome and antimicrobial 

resistance profiles of pathogens linked to such production systems and may have 

additional implications upon the exposure of pathogens to an array of antimicrobial 

agents at different stages during processing. 

Several intervention strategies have been implemented in the production and 

processing of chicken meat and products to control pathogens and to comply with 

microbial performance standards. The application of strain-specific Salmonella vaccines 

in poultry is one of the main approaches to conventional production. Inactivated (killed) 

and attenuated (live) Salmonella vaccines are commercially available (Foley et al., 2011) 

to reduce pathogen shedding and egg contamination in breeder layer and broiler farms. 

However, the majority of vaccines target only two human concern strains S. Enteritidis 

and S. Typhimurium (EFSA, 2014). Hence, the immune response for these two 

Salmonella serotypes is directed to their surface antigens, and vaccination may not 

provide complete protection with other emerging strains present in the poultry system. 

The processing approaches, on the other hand, rely on good manufacturing practices, 

sanitation standards, process control and the application of antimicrobial interventions at 

key processing stages to decrease incoming microbial loads. Peracetic acid in 

combination with hydrogen peroxide (PAA) is the antimicrobial of preference in the 

carcass rinsing, pre-chiller and chiller tanks (Bauermeister et al., 2008; Nagel et al., 2013) 

to reduce potential pathogens in the carcass and comply with whole carcass processing 
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standards. Therefore, the use of vaccines in production and antimicrobial interventions 

during processing become additional selective pressure mechanisms to alter the microbial 

dynamics of poultry production and processing.  

On the other hand, the new-generation sequencing technologies have made 

possible to study bacterial diversity. The use of 16S rRNA gene as a phylogenetic marker 

to determine bacterial composition and abundance have contributed significantly in the 

understanding of microbial dynamics at taxonomic levels (Yeoman et al., 2012). The 

gastrointestinal tract (GIT) of chicken harbor multiple microbial communities (Yeoman 

et al., 2012), which represents co-evolution among the persistence microbes, genetic, 

immune, and metabolic interaction with the environment (Oakley et al., 2014). 

Disruption of the normal GIT microbiome can enable the proliferation of pathogens 

(Danzeisen et al., 2011). It has been suggested that maintaining a stable and healthy 

microbiome limit the colonization of pathogenic bacteria, such as Salmonella and 

Campylobacter (Brisbin et al., 2008; Pan & Yu, 2016). There have been several 

microbiome studies focusing in the analysis of chicken GIT microbiome (Oakley et al., 

2014; Oakley et al., 2014; Thibodeau et al., 2015; Videnska et al., 2013; Wei et al., 2013; 

Yeoman et al., 2012), however, only a few studies have evaluated the microbial diversity 

of chicken carcasses and chicken processing environments (Handley et al., 2018; Kim et 

al., 2017). The identification of microbial communities changes in the microbiome of 

whole chicken carcasses and chicken parts during processing can provide insights into 

how different antimicrobial interventions and processes may select for a specific group of 

bacteria that may compromise product safety and quality (Sofos et al., 2013). 
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The hypothesis of this study is that differences in the specific processing site in 

the poultry processing chain may account for the differences in microbial load, pathogens 

prevalence and phenotypic and genotypic characterization of AMR in Salmonella strains 

and the microbial profiles of chicken rinsate samples. The goal of this project was to 

determine the microbial loads and pathogenic prevalence profiles from primary 

production to final products that reach consumers on a commercial processing facility. In 

addition, this study evaluated the microbial diversity changes and the AMR resistance 

profiles of Salmonella strains recovered from fecal material and chicken carcass rinsates 

collected at different processing sites, while also conducted whole genome sequencing of 

isolated pathogens to identify the presence of antimicrobial resistance genes and establish 

a more comprehensive bio-mapping of specific strains and their potential sources in the 

poultry value chain. 

 

Materials and Methods 

 

Characteristics of the poultry processing plant. A commercial chicken processing 

facility located in southeast Georgia, U.S. was sampled in April 2017. This plant 

processes ~130,000 birds per day and runs two shifts of 8 hours per day, with an 

additional shift for cleaning and sanitation. Chickens subjected to commercial production 

practices were selected for this study and scheduled to be processed as the first lots each 

day of sampling. Vaccinated birds received an inactivated autogenous Salmonella 

vaccine at the breeder’s level (aids to the reduction of Salmonella Typhimurium and 

Salmonella Enteritidis), while no vaccine was applied to breeders in the unvaccinated 

group. Multi-sequential interventions used throughout the process included chlorinated 
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water (HOCl), and peracetic acid in combination with PAA. Nine processing sites within 

the plant were selected for sampling based on the likelihood of cross-contamination and 

potential effects of specific antimicrobial interventions (Figure 3.1), including: arrival, 

pre-scalding (HOCL 20-50 ppm), post-brush, post-scalding, post-evisceration, post-

intervention (PAA 90-120 ppm), pre-chiller (PAA 60 ppm; pH 9.0) post-chiller (PAA 60 

ppm; pH 9.0), and chicken parts. 

 

Chicken (carcass and parts) rinsate sample collection. A total of 110 chicken (carcass 

and parts) rinsates were collected at different processing sites throughout a normal day of 

processing. Chicken carcasses were selected at random and aseptically removed from the 

processing line with sterile gloves and placed in individual sterile poultry rinse bags 

(Nasco, Fort Atkinson, WI). Four hundred milliliters of sterile neutralizing buffered 

peptone water (nBPW; pH: 7.7; 8 g Buffered Peptone Water; BD, Detroit, MI. 5 g 

Sodium Carbonate; VWR Analytical, Radnor, PA. 2.8 g Lecithin; Alfa Aesar, Ward Hill, 

MA. 0.4 g Sodium Thiosulfate; VWR, Solon, OH) was added to each bag and carefully 

distributed by shaking vigorously for 1 min. Approximately 100 ml of the rinsate solution 

was aseptically transferred into a sterile screw-cap container and shipped overnight in an 

insulated cooler to the microbiology laboratory at Texas Tech University in Lubbock, 

TX. 

The nBPW was used to replace the BPW for poultry verification sampling 

programs, based on the USDA-FSIS Notice 41-16 (8 June 2016), and to reduce the effect 

of potential carryover of antimicrobial interventions into the rinsate sample (Gamble et 

al. 2016; USDA-FSIS 2016).  
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Two different lots were evaluated at the processing plant during the sampling; one 

of them contained broilers originated from vaccinated breeders (75 chicken rinsates and 3 

fecal samples) and the second one with broilers originated from non-vaccinated birds (35 

chicken rinsates and 3 fecal samples). This treatment difference was not accounted for the 

microbiological profile analysis, but we considered the difference when analyzing the 

AST and the WGS results to identify any potential effects of the vaccination regime in 

the AMR profiles and presence of antimicrobial resistance genes. 

 

Fecal samples collection. Fecal samples were pooled by aseptically collecting 

approximately 25 g of fresh feces from broiler chicken transport cages. A total of 6 

samples were collected in a 120-mL specimen container as soon as the chicken was 

removed from the cages. Samples were shipped overnight in an insulated cooler to the 

microbiology laboratory at Texas Tech University in Lubbock, TX. 

 

Microbiological analysis. Microbial analysis was performed based on the Microbiology 

Laboratory Guidebook: MLG 3.02 (Indicators microorganisms) MLG 4.09 (Salmonella), 

MLG 41.09 (Campylobacter) issued by the USDA-FSIS). 

 

Enumeration of indicator microorganisms. One milliliter aliquot of each chicken 

carcass rinsates was serially diluted (1:10) in sterile BPW (BD, Detroit). Each diluent (1 

ml) was plated in duplicate on APC, E. coli/Coliforms, and Enterobacteriaceae 

PetrifilmsTM (3M, St. Paul, MN), then incubated at 35 ± 1°C for 48 h or 35 ± 1°C for 24 

hours following manufacturers specifications. After incubation, total APC, E. coli, 
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Coliforms, and Enterobacteriaceae loads were calculated in Log CFU/ml of chicken 

rinsate and Log CFU/g of fecal matter based on manufacturer’s recommendations. 

 

Direct plating analysis of Campylobacter. One milliliter aliquot of chicken carcass 

rinsate was spread onto four Campy-Cefex selective media agar plates (0.25 ml per plate) 

pH 7.0 ± 0.2 (Acumedia, Lansing, MI) with 5% laked horse blood (Hemostat laboratory; 

Dixon, CA), and supplemented with cefoperazone (0.033 g/l; SR0183, Oxoid, 

Basingstoke, Hampshire, UK). Plates were incubated at 42 ± 1°C for 48 h under 

microaerophilic conditions (5% O2, 10% CO2, and 85% N2) using CampyGenTM 

(GasPack, Oxoid, Basingstoke, Hampshire, UK). After incubation, typical 

Campylobacter colonies appearing on Campy Cefex were counted and reported as Log 

CFU/ml of chicken rinsate. Up to 5 colonies from each plate were selected for further 

confirmation. 

 

Salmonella and Campylobacter detection and isolation. Each chicken carcass rinsate 

was divided for Salmonella and Campylobacter analysis. For Salmonella, 30 ml sample 

rinsate was transferred to 30 ml BPW in a sterile 24 oz (0.7 L) Whirl-Pak plastic bag and 

homogenized thoroughly for 2 min and then incubated at 37 ± 1°C for 24 hours. After 

incubation, pre-enriched samples were screened using BAX® real-time Salmonella PCR 

assay (DuPont Qualicon; Wilmington, DE). An aliquot of 0.5 ml of each enriched sample 

that tested BAX-presumptive positive were then transferred to 10 ml of tetrathionate (TT) 

broth (BD; Sparks, MD), and 0.1 ml were transferred into 10 ml modified rappaport-

vassiliadis (mRV) broth (BD; Sparks, MD), and incubated at 42 ± 1°C for and 37 ± 1°C 



Texas Tech University, Alejandra Ramirez-Hernandez, May 2019 

 

 

90 

 

for 24 hours, respectively. After incubation, tubes were vortexed, and one loopful (10 µl) 

of the enrichment culture was streaked on brilliant green (BG) agar (Acumedia; Lasing, 

MI) and xylose lysine tergitolTM 4 (XLT4) agar (EMD; Billerica, MA), and incubated at 

37 ± 1°C for 24 hours. Salmonella presumptive colonies were selected based on typical 

morphology and color. Finally, selected isolates were subjected to serological tests using 

a Wellcolex Colour Salmonella test (Remel; Lenexa, KS), following the manufacturer’s 

recommendations. 

For Campylobacter, a 30 ml sample rinsate fluid was transferred to 30 ml of 

double strength blood-free Bolton enrichment broth (2XBF-BEB) (CM098, Oxoid, 

Basingstoke, Hampshire, UK) with Bolton broth selective supplement (SR0183, Oxoid, 

Basingstoke, Hampshire, UK) into a sterile plastic bag. Samples were homogenized 

thoroughly for 2 min and then incubated at 42 ± 1°C for 48 h under microaerophilic 

conditions. Campylobacter jejuni/coli/lari were screened by BAX® real-time PCR assay 

(DuPont Qualicon, Wilmington, DE). Enriched samples that tested BAX- presumptive 

positive were then streaked onto CampyCefex and incubated at 42 ± 1°C for 48 h under 

microaerophilic conditions. After incubation, plates were examined for typical colonies. 

Suspect colonies (small, mucoid, grayish, flat colonies with irregular edges) were then 

confirmed using latex agglutination test kit (Scimedx Corporation, Deville, NJ, USA), 

and darting motility test was conducted using a phase contrast microscope (Nikon Eclipse 

80i microscope, Tokyo, Japan). 

 

Antimicrobial susceptibility test (AST). Recovered isolates of Salmonella were grown 

on TSA and incubated at 37 ± 1°C for 24 h. Then, for each sample one isolated colony 
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was transferred to blood agar (TSA with 5% of sheep blood) and incubated at 37 ± 1°C 

for 24 hours for Salmonella. The antimicrobial susceptibility test (AST) was conducted 

using an automated microdilution broth method based on the National Antimicrobial 

Resistance Monitoring System (NARMS) protocol for AMR analysis. The Salmonella 

(SensititreTM Gram-negative NARMS CMV3AGNF, Thermo Scientific, Waltham, MA) 

Sensititre susceptibility minimum inhibitory concentration (MIC) panel plates were used 

for susceptibility. MIC values for antibiotics were obtained and categorized as resistant, 

intermediate, or susceptible according to Clinical and Laboratory Standards Institute 

(CLSI) breakpoints (USDA, CLSI. 2016, M100S, Edition 26th). The resistance to 2 or 

more antimicrobials was categorized as multi-drug resistant (MDR).  An E. coli ATCC 

25922 strain was used for quality control. 

 

Whole genome sequencing (WGS). After overnight culture as described above, the 

genomic DNA was isolated from Salmonella strains using GenElute bacterial genomic 

DNA kit (Sigma-Aldrich, St. Louis, MO) and following manufacturer's 

recommendations. Purified DNA was quantified using fluorometric quantification (Qubit, 

Thermofisher, Waltham, MA) and adjusted to 0.20ng/μL. A total of 1ng of purified DNA 

was used to prepare libraries using the Nextera XT kit and set A of indexes (Illumina, 

San Diego, CA). The quality of the libraries was then evaluated on the gel using the 

TapeStation system (Agilent Technologies, Santa Clara, CA). Libraries of good quality 

were then quantified and pooled to equal quantity for sequencing using a 2x250bp 

cartridge and a MiSeq Reagent kit V2 (Illumina, San Diego, CA). 
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Bioinformatic analysis. Sequencing files with the fastq extension were used to perform 

contig assemblies using Spades (2). Assembled contigs files were then run into different 

pipelines available at the Center for Genomic Epidemiology website, including 

ResFinder 3.0 for the identification of acquired or intrinsically present antimicrobial 

resistance genes (Zankari et al., 2017), SeqSero 1.2 was used for predicts of the 

Salmonella serotype (Zhang et al., 2015), MLST 1.8 (MultiLocus Sequence Typing) 

(Larsen et al., 2012), PlasmidFinder 1.3 was used for the identification of plasmids 

(Carattoli et al., 2014), and SpeciesFinder 1.2 16s rRNA was used for based species 

identification (Larsen et al., 2014). A phylogenetic tree of all Salmonella isolates was 

generated using a CSI phylogeny 1.4 pipeline (Kaas et al., 2014). Finally, clonal 

populations were defined and attributed based on the phenotypic and genotypic 

characteristics of the strains. 

 

Bacterial 16S rRNA sequencing. Fecal and chicken rinsates collected through the 

processing chain were stored at -80°C for further microbiome analysis in the Center for 

Biotechnology and Genomics at Texas Tech University. Bacterial 16S rRNA sequencing 

protocol was followed by Reinoso et al, 2018. Briefly, fecal and rinsates DNA was 

extracted using a QIAmp Fast DNA Stool Mini Kit (Qiagen, Valencia, CA, USA) 

according to the manufacturer’s instruction. Fecal and rinsates DNA was sequenced using 

an Illumina Miseq desktop analyzer (Illumina, San Diego, CA, USA). A dual index 

paired-end sequencing strategy was used to prepare the samples for high throughput 

sequencing using a 2-step PCR approach according to the Illumina 16 S Metagenomic 

Sequencing library preparation protocol. The variable region V3 and V4 bacterial 16S 
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rRNA gene was amplified using universal bacterial primers set 341F (5´-

CCTACGGGNGGCWGCAG-3´) and 805R (5´-GACTACHVGGGTATCTAATCC-3´) 

that contained Illumine adaptors (Quast et al. 2013). Subsequent the PCR, the amplicon 

products were cleaned using AMPure XP beads (Beckman Coulter Inc) and eluted in 50 

µl of 10 mM Tris buffer (pH 8.5). Pooling of libraries was performed with a 5 µl aliquot 

of each 4 nM diluted library. The library pool with unique indices was run on the Agilent 

2200 tape station (Agilent Technologies, Santa Clara, CA, USA) in order to get a final 

size of the library pool. The final library concentration was determined by fluorometric 

quantification using Qubit 2.0. Sequencing was completed using the MiSeq Reagent Kit 

v3 (600-cycle) (Illumina) and the cartridge and reagents. Finally, samples were 

demultiplexed and FASTQ files were generated utilizing MiSeq reported software 

(Illumina). 

 

Bioinformatic analysis for 16S rRNA amplicon sequences. Quantitative insights into 

microbial ecology (QIIME, version 1.9.2) pipeline was used to calculate the species 

richness and diversity indices (Shannon, phylogenetic, and Chao1) to measure alpha 

diversity within the samples. Chimeric OTUS were discarded and then OTUs were 

subsequently normalized. Pairwise distances between microbial communities based in 

phylogenic relatedness of whole communities were calculated using UniFrac method 

(Lozupone & Knight, 2005). 

 

Statistical analysis. For microbial counts, a non-parametric test Kruskal-Wallis followed 

by pairwise multiple comparisons post hoc Conover’s test was used to determine the 
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significant difference in microbial load on fecal and rinsates samples collected at 

different processing sites. Counts in CFU/g and CFU/ml were log10 transformed prior 

statistical analysis. Prevalence of Salmonella and Campylobacter was assessed using a 

Chi-square test to determine the statistical relationship between the processing sites. 

AMR profiles of vaccinated and non-vaccinated birds were compared using Mann-

Whitney-Wilcoxon test. Analysis of variance (ANOVA) followed by Dunnett’s tests 

were used to compare the microbial diversity among processing sites at the Shannon 

diversity index. Statistics were performed using R Foundation for Statistical Computing 

Software (R version 3.5.0).  

 

Results 

 

Microbial profiles. Indicator load results are presented in Figure 3.2. From the initial 

bacterial load (pre-scalding) to the final process step evaluated (parts) the counts of 

indicator organisms decreased in APC from 7.66 to 4.44 Log CFU/ml (P < 0.0001); E. 

coli from 5.90 to 1.98 Log CFU/ml (P < 0.0005); coliforms from 5.90 to 2.20 Log 

CFU/ml (P < 0.0005), and Enterobacteriaceae from 5.50 to 2.04 Log CFU/ml (P < 

0.0002). On the other hand, Campylobacter levels decreased from the initial load of 4.17 

CFU/ml to <1.0 Log CFU/ml (P < 0.0001). Levels of APC and Enterobacteriaceae 

increased significantly from the post-chiller to the chicken parts process sampling site. 

APC counts in parts were 1.98 Log CFU/ml higher than in post-chiller carcass samples 

(P = 0.0039), similarly, Enterobacteriaceae counts were 1.59 Log CFU/ml higher (P = 

0.0037), suggesting possible cross-contamination during the cutting and deboning 

operations. 
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Salmonella and Campylobacter Prevalence. Table 3.1 shows the prevalence of 

Salmonella and Campylobacter recovered at nine processing sites during a typical 

processing day of operations. The overall prevalence of Salmonella was 55% (64/116; CI, 

48 to 67%), whereas, Campylobacter prevalence was 12.93% (15/116; CI, 0.76 to 

20.7%). Pre-scalding, brushes, post-scalding, and parts presented Salmonella 

contamination rates higher than 80% and in pre-chiller and chiller samples with 

prevalence lower than 10%. On the other hand, Campylobacter rates were not detectable 

for the processing sites pre-scalding, post-evisceration, pre-chiller, and post-chiller and 

there were no differences in Campylobacter prevalence within the processing sites. 

 

Antimicrobial resistant phenotype. AST was conducted for 51 of the 63 Salmonella 

isolates recovered from both fecal material and chicken carcass rinsates (twelve isolated 

were not recovered for this analysis). The minimum inhibitory concentration of the 

antibiotic tested, and the number of resistance Salmonella strains is shown in Table 3.2. 

Overall, 98% (50/51) of Salmonella isolates presented resistance to at least one 

antimicrobial agent. Among resistance strains, 22% (12/50; CI, 12 to 35%) exhibited 

multi-drug resistance (MDR) profiles being resistant to equal or greater than three 

antibiotic agents (Table 3.3). Resistance to tetracycline 98% (49/50; CI, 88 to 99%), and 

streptomycin 86% (43/50; CI, 73 to 94%) represented the highest resistance prevalence 

among the Salmonella isolates evaluated.  

AMR profiles were not significantly different (P = 0.56). For Salmonella strains 

isolated from vaccinated birds, 97 % (35/36; CI, 86 to 99%) were resistant to at least one 
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antibiotic, and 11% (4/35; CI, 4.5% to 26%) presented MDR profiles; similarly, from the 

non-vaccinated lot 100% (15/15; CI, 81 to 100%) were resistant to at least one antibiotic, 

and 47% (7/15; CI, 25 to 70%) of Salmonella isolates showed MDR profiles. Although 

the difference was not significant between the groups, there are more MDR strains on 

non-vaccinated birds.  

 

Whole genome sequencing of Salmonella isolates. Salmonella isolates were fully 

characterized by whole genome sequence analysis. Overall, 9 different clonal populations 

were identified, based on the combined analysis of phylogeny (Figure 3.4), serotype, 

multi-locus sequence type (MLST), plasmid incompatibility type, phenotypic and 

genotypic AMR profiles (Table 3.4).  

Figure 3.4 presented the phylogenetic tree of all Salmonella strains based on the 

concatenated high-quality single nucleotide polymorphisms, performed using CSI 

phylogeny 1.4 pipeline (Center of Genomic Epidemiology website). S. Kentucky strains 

fell in either MLST ST-2132 or MLST ST-152 with cluster sets throughout the 

processing sites. Overall, there was no distinct clustering between the strains isolated 

from vaccinated and non-vaccinated chickens, except for the clonal population Ken3 that 

is only consistent of non-vaccinated birds. 

Five clonal populations were attributed to the serotype Kentucky, one to 

Typhimurium, one to Meleagridis, one to the serotype 40:b:- of the subspecies salamae 

(II), and one to an undetermined serotype. Out of the 51 Salmonella isolates evaluated, 

80% (41/51) belong to the S. Kentucky serotype. The most common clonal population 

was Ken2 with 49% (20/41) of the Kentucky strains, followed by Ken5, representing 
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46% (19/41). The clonal population Ken2 appeared to be divided into two sub-

populations differing mainly by the acquisition of the antimicrobial gene blaCMY-2 on an 

IncI1 plasmid. A total of five previously described sequence types were clearly identified, 

including ST-19, ST-152, ST-463, ST-471, and ST-2132. Moreover, the sequence type 

for the clonal S.e.2 was not identified and thus was named as unknown (Table 3.3). The 

unknown sequence type was defined by the allele combination of aroC-667, dnaN-53, 

hemD-54, hisD-60, purE-690, sucA-53, and thrA-589. Furthermore, it was not possible to 

define the serotype of the clonal S.e.2, that could be explained by the low sequencing 

coverage (27x) obtained for the sequencing of this strain.   

In addition, a total of five different plasmid incompatibility types were identified 

among the 50 Salmonella strains sequenced using PlasmidFinder 1.3 (Center of Genomic 

Epidemiology website), including IncA/C2, IncX1, IncI1, IncFIB, and IncFII. The IncX1 

type was the most prevalent one, present in 96% (47/50) of the strains and associated 

with 7 of the 9 characterized clonal populations. The IncFIB and IncFII incompatibility 

types were also highly frequent (90%; 45/50), and (92%; 46/50), respectively. 

Furthermore, the IncI1 plasmid was associated with the blaCMY-2 gene encoding for an 

AmpC beta-lactamase in two clonal populations, Mel1 and Ken2. Additionally, the 

IncA/C2 plasmid found in the clonal STM1 carries two antimicrobial resistance genes 

encoding for sulfonamides (sul2 gene) and tetracycline (tet(A) gene) resistance. 94% of 

the Salmonella strains harbored at least three AMR genes on their genome (strA, strB, 

and tet(B)). 
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Association of AMR phenotype and genotype. Results of the AMR phenotype and 

genotype are presented in Table 3.4. The tetB gene carried in the bacteria genome is 

associated with resistance to tetracycline, and there was a positive correlation when this 

gene was present with the phenotypical resistance (≥ 16 µg/ml) obtained with the AST. 

From the total of 8 clonal populations that showed resistance to tetracycline, only 3 did 

not present the tetB gene. Among the 3 tetB-negative clonal populations, the STM1 

presented the tetA plasmid-encoded gene which is also associated with resistance to 

tetracycline. Moreover, 5 out of 9 clonal populations displayed resistance to streptomycin 

(≥ 64 µg/ml), and the presence of the acquired resistance genes strA and strB, conferring 

resistance to the aminoglycoside antibiotic class. The presence of beta-lactamase genes 

(blaCMY-2) was identified in 3 clonal types, and it was associated with the resistance 

phenotype of amoxicillin-clavulanic acid (≥ 32 µg/ml). An exception was for the S. 

Meleagridis strain (clonal population Mel1) that was phenotypically pansusceptible 

despite the presence of the blaCMY-2 gene. 

 

Clonal populations distribution over the poultry processing chain. The distribution of 

the clonal populations along the processing chain is presented in Figure 3.3. Most 

importantly, 11% (4/35) and 53% (8/15) of the strains isolated from birds originating 

from- vaccinated and non-vaccinated breeders present an MDR profile, respectively. On 

birds originated from vaccinated breeders, the few strains isolated with MDR profiles 

were isolated throughout the processing chain, except at arrival and on chicken parts 

processing sites. On the other hand, MDR isolates were isolated all along the processing 

chain including arrival and chicken parts of birds originating from unvaccinated breeders. 
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More specifically, clonal Ken2 represent the highest risk for public health because of the 

presence of two plasmids carrying antimicrobial resistance genes, including one IncFII 

plasmid encoding for streptomycin resistance and one IncI1 plasmid encoding for beta-

lactam resistance. This clonal is present along the processing chain of vaccinated birds, 

from pre-scalding to post-evisceration, while it was only isolated at the beginning of the 

processing chain of bird originating from non-vaccinated counterparts.  

Finally, about the same proportion (20% and 13%, respectively) of the strains 

isolated from the originating from vaccinated and non-vaccinated breeders were isolated 

from chicken parts, respectively. Although there were some variations in the AMR 

phenotypes of the strains isolated from the two processing chains, there were no 

significant differences breeders them. Strains isolated from the chicken parts of the birds 

originating from vaccinated birds displayed resistance to one or two drugs, while the 

strains isolated from the parts of the birds originating from non-vaccinated breeders 

showed resistance to up to seven antibiotics. 

 

Microbial diversity of fecal and chicken rinsates samples through processing chain. 

The major bacteria at phylum and genus level among processing site samples collected 

from fecal and chicken rinsates samples are shown in Figure 3.5. 

Bacterial OTUs abundance at the phylum level. A total of nine phyla were 

identified at the arrival, pre-scalding, and post-scalding processing sites. Firmicutes (63% 

± 15) and Bacteroidetes (26% ± 12) were dominated in the fecal microbiota of chicken at 

the arrival station. However, rinsate samples from the pre-scalding and post-scalding 

were dominated by Proteobacteria (39% ± 15; 63% ± 10) and Firmicutes (42% ± 14; 28% 
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± 8). Similarly, seven phyla were presented at the post-intervention and post-evisceration 

sites, among them Proteobacteria (86% ± 18; 55% ± 7), Firmicutes (12% ± 16; 45% ± 6) 

and Actinobacteria (17% ± 4; 8% ±8) were the most abundant. Pre-chilling, post-chilling 

and parts processing sites were dominated with five bacterial phyla, where Proteobacteria 

(84% ± 12; 76% ± 18; 70% ± 5) and Firmicutes (8% ± 15; 22% ± 18; 27% ± 5) account 

for the 92%, 98% and 97% of the total phyla. There were statistically significant 

differences in the abundance of Firmicutes (P = 0.039) and Proteobacteria (P = 0.014) 

through the processing sites. However, the abundance of Acinetobacteria (P = 0.630) and 

Bacteroidetes (P = 0.868) did not change significantly.  

Bacterial OTUs abundance at the class level.  At the arrival location, seven 

taxonomy class were identified, comprising the 95% of the total bacterial abundance. The 

dominant class was Clostridia (36% ± 13%), followed by Bacteroidia (26% ± 12%) and 

Bacilli (25% ± 27%). Class distribution for the further processing sites was dominated by 

Gammaproteobacteria and Bacilli. As followed, pre-scalding (37% ± 15%; 30 ± 9), post-

scalding (63% ± 10%; 23 ± 7%), post-intervention (83% ± 16%; 12% ± 15%), post-

evisceration (55% ± 7%; 44% ± 6%), post-chilling (76% ± 18%; 21% ± 17%) and parts 

(70% ± 24%; 27% ± 6%). Results for the pre-chilling samples presented as well as the 

highest relative abundance of Gammaproteobacteria (84% ± 12%), following with 

Actinobacteria (8% ± 2%). There were no statistically significant differences (P = 0.336) 

in the bacterial class abundance among processing sites. 

Bacterial OTUs abundance at the order level. The top three orders that represent 

more than the 80% of total abundance in the arrival samples were Clostridiales (36% ± 

13%), Bacteroidales (26% ± 12%) and Lactobacillales (23% ± 27%). Contrastingly, 
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Pseudomonadales was the dominant bacterial genus in chicken rinsates of the following 

processing sites: Pre-scalding (25% ± 14%), post-scalding (53% ± 7%), post-evisceration 

(81% ± 17%), post-intervention (54% ± 7%), pre-chiller (78% ± 17%), post-chiller (78% 

± 18%), and parts (65% ± 3%). Interestingly, Lactobacillales abundance was unchanged 

through the processing, being the post-intervention site where higher levels (43% ± 6%) 

were indicated. There were no statistically significant differences in the abundance of 

Pseudomonadales (P = 0.4017). 

Bacterial OTUs abundance at the family level. At the taxonomic family level, 

bacteria with the higher abundance in fecal samples were Ruminococcaceae (16% ± 6%), 

Lactobacillaceae (15% ± 22%) and Rikenellaceae (12% ± 7%). Pseudomonadaceae 

family was the dominant bacteria family in the samples collected at the pre-scalding 

(23% ± 14%), post-scalding (49% ± 8%), pre-intervention (83% ± 19%), post-

evisceration (25% ± 20%), pre-chilling (78% ± 16%), post-chilling (73% ± 17%) and 

parts (69% ± 13%). Moraxellaceae and Carnobacteriaceae families comprised the 60% of 

the overall microbial distribution in the post-evisceration samples, and their presence at 

the other processing sites was minimum, except for samples from post-chilling that 

account for 20% of Carnobacteriaceae in the total abundance. There were statistically 

significant differences in the abundance of the bacterial family Moraxellaceae (P = 

0.00004) and Pseudomonadaceae (P = 0.00217) through the processing sites. 

Bacterial OTUs abundance at the genus level. Fecal samples were dominated for 

fourth bacteria genus, Lactobacillus (15% ± 21%), Clostridiales (undetermined genus) 

(13% ± 5.4%), Rikenellaceae (undetermined genus) (11% ± 7%), and Ruminococcacea 

(10% ± 3.5%). Samples for further processing site were characterized for the high levels 
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of the Pseudomonadacea family, especially with a not identify genera present in pre-

scalding (23 ± 14.3%), post- scalding (47% ± 7%), post-evisceration (24.5% ± 35%), 

post-intervention (39% ± 40%), and parts (14% ± 10%). Furthermore, Pseudomonas 

genus was dominant in post-intervention (44% ± 40), pre-chiller (71% ± 15%), post-

chiller (73% ± 17) and in chicken parts (49% ± 24%). There was no statistically 

significant difference in the abundance of Pseudomonadacea (undefined genus) (P = 

0.506), and Pseudomonas (P = 0.555) among the processing sites. 

 

Additionally, Alpha diversity through the chicken processing sites was analyzed 

using rarefaction curves of Chao1 and Observed_OTUs (Figure 3.6). These plots were 

organized in three groups: 1) fecal, pre-scalding, and post-scalding, 2) post-evisceration 

and post-intervention, 3) Pre-chilling, post-chilling, and parts. As expected fecal samples 

exhibited greater observed_OTUs and Chao1 numbers compared with pre-scalding and 

post-scalding. In the second group, surprising, the post-intervention samples presented 

higher numbers than post-eviscerating, although it was expected a reduction of the 

microbial richness after the washing intervention. The rinsate samples collected in 

chicken parts showed greater observed_OTUs numbers compared with pre-chiller and 

post-chiller, however, the chao1 numbers were similar among the processing sites. 

The beta diversity analysis was generated with the weighted and unweighted 

principal coordinate analysis PCoA UniFrac plots at the different processing sites (Figure 

3.7). These three-dimensional diagrams are used to show phylogenetic distance within 

samples of the same processing site and between samples of different processing sites. 

The unweighted UniFrac PCoA plots allowed us to identify distinct clusters of bacterial 
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composition that were more closely together in samples from each processing site. 

Nevertheless, there was no clustering in weighted PCoA UniFrac plots among the groups 

of processing sites. Additionally, an R-value was calculated for each group using the 

unweighted PCoA plots. An R-value close to 1 indicates that there was dissimilarity 

among the processing sites in each group and an R-value close to 0 meant no separation. 

Group 1 presented an R-value of 0.82, which indicates that there is significant 

dissimilarity among the processing sites (fecal, pre-scalding and post-scalding). On the 

other hand, the R-value for group 2 was 0.21 indicating no significant dissimilarity in the 

relative abundance of OTUs between post-evisceration and post-intervention. Finally, 

group 3 presented an R-value of 0.10 suggesting no detectable patterns of distinctive 

clustering among the rinsate samples from pre-chiller, post-chiller and parts. Moreover, 

the associated Shannon diversity scores were calculated and presented in Figure 3.8. As 

expected, samples at the arrival and pre-scalding locations presented a more diverse 

population and less diverse was identified as the chicken carcass past through the further 

processing sites. There was a statistically significant difference in the population richness 

(P > 0.0001; F= 7.195) among the processing sites and within the arrival and pre-scalding 

with the subsequent sites. 

Finally, an indicator species analysis was conducted to determine the bacterial 

OTUs that are significantly associated based on fidelity and relative abundance of 

organisms in each processing sites. Table 3.7 presents the phylum and genus that were 

exclusively found between processing sites and within groups. In total, 25 indicator 

species were identified in five processing sites, in which Firmicutes was the most 

common phyla. 
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Discussion 

 

During the slaughtering process, birds that have been colonized in production 

stages with Salmonella and Campylobacter can easily contaminate the carcass surface 

and cavity in levels over 4 log and 6 log CFU per carcass, respectively (Hartung et al., 

2010). In addition, birds carry background flora at variable levels that can be spread to 

the processing environments. It was observed in this study that the prevalence of both 

Salmonella and Campylobacter was reduced from the pre-scalding to the post-chiller 

stages, reductions that can be attributed to the sequential washes and antimicrobial 

interventions applied during evisceration and in the pre- and post-chiller tanks. However, 

Salmonella and Campylobacter prevalence in chicken parts was detected in 80% (12/15) 

and 13% (2/15) of the samples; percentages that exceed, at least for Salmonella; the 

USDA-FSIS performance standards which establish a maximum of 15.4% (8/52) and 

7.7% (4/52) of positive samples in chicken parts for Salmonella and Campylobacter, 

respectively (USDA, 2016). Similarly, Berghaus et al, 2013 presented the prevalence of 

Salmonella and Campylobacter through processing. In comparing samples of the whole 

chicken carcass at rehang to post-chilling, the Salmonella prevalence decreased from 

43% to 2.4%, and Campylobacter decreased from to 62% to 43.6%. Moreover, Handley 

et al 2017 reported the Salmonella prevalence in different stages during processing, 

where at the pre-scalding 40% of samples exhibited the Salmonella positive. 

On the other hand, the quantitative data obtained of indicator microorganisms 

decreased throughout the different processing sites, except for counts of APC and 

Enterobacteriaceae in chicken parts where the counts were significantly higher than in 
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previous stages (post-chiller). The population levels of APC, E. coli, Coliforms and 

Enterobacteriaceae were typical of the post-chill chicken carcass. Handley et al, 2018 

presented similar data of APC and Enterobacteriaceae counts for whole chicken carcass 

rinsates taken post chiller with a mean log 0.89 CFU/ml and 0.35 CFU/ml, respectively. 

Additionally, Zhang et al, 2011 reported the counts of indicator microorganisms during 

processing, with a log mean of 1.79 CFU/ml APC, 0.48 CFU/ml Coliforms and 0.75 

CFU/ml, and E. coli in whole chicken carcass post-chill with an intervention of 

chlorinated water (50-90 ppm). However, few in-plant studies have included the 

microbial analysis in chicken parts. Steininger, 2015 reported levels of APC (4.41 log 

CFU/ml), E. coli (2.72 log CFU/ml) and Coliforms (2.97) of chicken parts after a water 

spay. 

The high levels of contamination in chicken parts suggest that the opening, 

handling, and cutting of the chicken carcasses increases cross-contamination, and the 

increased surface area contributes to an overall prevalence increase of these pathogenic 

organisms. The contamination could be derived from different sources; for instance, gut 

tissue damage during the evisceration process, as well as fecal leakage and feather solids 

can increase cross-contamination on chicken carcasses (Jacobs-Reitsma et al., 2008). 

Critical stages such as scalding, defeathering and chilling can also favor cross-

contamination from colonized birds to uncolonized counterparts. Moreover, it is also 

possible that during the pre-chilling and post-chilling chicken carcasses retain water 

within the tissue that may be released upon the cutting room, consequently leading the 

contamination of chicken parts (Steininger, 2015). Nevertheless, the survival rate of 

microorganisms throughout the exposure to different processing conditions will depend 
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on the initial level of contamination of the incoming chicken carcasses and the effects of 

antimicrobial intervention strategies applied during processing and handling (Gunter, 

2016). 

In the present study, 84% of Salmonella isolates recovered from the chicken 

processing plant samples were identified with the serotype Kentucky and 98% of them 

were resistant to at least one antimicrobial agent. Salmonella enterica serovar Kentucky 

has been identified as the most commonly isolated Salmonella serotype from raw meat 

and poultry products (Berghaus et al., 2013; Foley et al., 2011; Shi et al., 2018). Although 

S. Kentucky has not been associated with human illness in the U.S. as other Salmonella 

serotypes (Shi et al., 2018), the National Enteric Disease Surveillance; Salmonella 

Annual Report, 2016 reported 1,016 culture-confirmed Salmonella Kentucky between 

2006-2016 in the United States (CDC, 2016). This genus can harbor multiple 

antimicrobial resistance genes (Dutil et al., 2010), and most of these genes that are 

located on plasmids can be easily transferred between and within bacterial species, and 

from different reservoirs to humans, this is part of the high plasticity of the genome. 

The 2015 National Antimicrobial Resistance Monitoring System integrated report 

under the implementation of the Pathogen Reduction Hazard Analysis and Critical 

Control Points (HACCP) final rule reported that from 361 S. Kentucky isolates collected 

from chicken samples, 11.6% exhibit a resistance to ceftriaxone, 9.7% to cefoxitin, and 

10.8% to ceftiofur; all categorized as third-generation cephalosporin (USDA, 2015). 

Similarly, to the findings in this study high-level resistance to tetracycline (67.3%; 

243/361) and streptomycin (82%; 296/361) were observed among the S. Kentucky 

isolates; the most common AMR phenotype. The resistance to these antibiotics has been 
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associated with the presence of the beta-lactamase genes, blaCMY-2, and blaCTX-M. The 

results obtained in this study, identified that 11 out of 55 Salmonella isolates were 

resistant to ceftriaxone, and within them, 10 isolates presented the blaCMY-2 gene, and one 

isolate presented the blaACT-16 gene. S. Kentucky isolates were found in different stages 

during processing where the clonal Ken2 and Ken5 were the most frequently isolated 

types. The implication of this findings is that chicken meat and products can be potential 

reservoirs to share multidrug resistance plasmids with pathogen agents of concern to 

public human health. 

The European Food Safety Authority (EFSA) and the European Centre for 

Prevention and Control (ECDC) published in February 2018 a summary report on 

antimicrobial resistance in zoonotic bacteria in seventeen countries in Europe (EFSA, 

2018). This report highlights that Salmonella isolates from chicken broilers, turkeys and 

their meat, presented a high resistance to ampicillin, (fluoro) quinolones, tetracyclines, 

and sulfonamides, but a low level of resistance to the third-generation of cephalosporins, 

extended-spectrum of β-lactam resistant- Class C chephalosporinases (ESBL-AmpC) and 

colistin. Among Salmonella serovars, S. Kentucky and S. Typhimurium were the most 

prevalent.  S. Kentucky exhibited resistance to ciprofloxacin which is used for the 

treatment of invasive salmonellosis in humans. Whereas, Campylobacter isolated from 

humans, chicken broilers, and chicken meat presented resistance to a high level of 

ciprofloxacin and tetracyclines. 

It has been reported that the implementation of serotype-specific vaccines in 

chicken production systems may not only increase the immunity to S. Enteritidis and S. 

Typhimurium but also might increase the prevalence of other non-targeted serotypes such 
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as S. Heidelberg and S. Kentucky (Brenner, 1998; Foley et al., 2011). Fricke et al, 2009 

reported that the emergence of Salmonella Kentucky in recent years in chicken 

production and processing systems could be also attributed to the acquisition of virulence 

plasmids from avian pathogenic E. coli, which is important for the colonization and 

virulence in poultry. Among these transferred virulence plasmids, ColV has been 

identified to harbor antimicrobial resistance genes, and to contribute to extraintestinal 

fitness. Although the presence of virulence plasmid ColV was not identified in the S. 

Kentucky isolates using with the typing of plasmids tool, the potential for environmental 

selection between bacteria species can support the persistence of S. Kentucky and AMR 

in the isolates evaluated in this study. 

WGS is a tool that among other benefits, has the potential to predict antimicrobial 

resistance phenotypes by looking for the presence of resistance genes and mutations that 

encode for resistance on either the bacterial genome or on plasmids. Nevertheless, 

Ellington et al, 2017 published a scientific perspective reviewing the European 

Committee on Antimicrobial Susceptibility Testing (EUCAST) report, suggesting that the 

use of the WGS-based approach to infer antimicrobial susceptibility lacks supportable 

evidence to guide clinical decision making. Moreover, the authors reported that the use of 

WGS to accurately predict resistance needs to account for the genetic variation that 

contributes to the increase of emerging antimicrobial resistant bacteria and resistance 

mechanisms. Nevertheless, fingerprinting pathogens with WGS as a food safety 

management tool to control their sources and evaluate interventions may be more specific 

to finding adequate multi-sequential intervention protocols for pathogen control. Long-

term tracing of pathogen-positive samples in the processing chain combined with WGS 
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may provide a way to generate strain-specific programs for specific production systems. 

However, more integrated studies are needed to consider differences in production lots 

and practices in commercial settings. 

The new advances of DNA sequencing technologies have guided the scientific 

community to explore the population of microorganisms to obtain a more complete 

understanding of the chicken microbiome dynamics and their contribution with animal 

health, performance, and safety. Assessing the chicken carcass microbiome during the 

processing can help researchers and industry experts to better develop products and, 

formulate intervention strategies (Handley et al., 2018; Hunter et al., 2009). In this study, 

the microbiome of chicken rinsate samples through the processing chain was analyzed to 

identified shifts in the abundance of microbial communities. Firmicutes and 

Bacteroidetes were the dominated phylum at the arrival site, however, the composition of 

the microbiome changed in the subsequent processing sites where Proteobacteria was the 

most abundance phyla. These results were expected in fecal samples since the bacterial 

phylum Firmicutes is recognized to be the predominant phyla in the chicken crops, 

gizzard, small intestine and cecum (Pan & Yu, 2014; Wei et al., 2013). The high 

abundance of Bacteroidetes at the arrival, pre-scalding, and post-scalding sites have been 

associated with farm environments and litter contamination instead of intestinal-

associated contamination (since it is pre-evisceration) (Rothrock et al., 2016). In contrast, 

Kim et al, 2017 analyzed the microbial composition of chicken rinsates during chicken 

processing, where Firmicutes were the predominant bacteria group, while the abundance 

of Proteobacteria decreased as processing progressed. At the genus level, 

Paenibacillaceae, Bacillus, and Clostridium after post-chill chicken samples treated with 



Texas Tech University, Alejandra Ramirez-Hernandez, May 2019 

 

 

110 

 

PAA 775 ppm. Contrary to the findings obtained in the current study, pre-chill, post-chill 

and parts rinsate samples were dominated by the genus Pseudomonas. 

Recent microbiome analyses have been conducted on different poultry samples 

such as litter, carcass weeps, and processing water (Oakley et al., 2013; Pan & Yu, 2014; 

Rothrock et al., 2016). Rothrock et al, 2016 assessed the microbiome of scalder and 

chiller tank waters during a typical processing day. At the phylum levels dominance of 

Proteobacteria and Firmicutes (> 50%) was stable during the day. However, at the genus 

level, the microbial diversity was more dynamic, with an abundance of spoilage-related 

(Actinobacteria, Pseudomonadaceae, and Pseudomonas) and pathogenic bacteria 

(Enterobacteriaceae). Litter microbiota has shown to influence the gut microbiome since 

chickens continuously take up microorganisms from the litter, mostly intestinal bacterial 

from chicken excreta (Pan & Yu, 2014). 

The birds that were sampled at the commercial poultry processing plant were 

raised in lots under conventional chicken production practices, meaning that sub-

therapeutic levels of antibiotics are administrated for growth promoting proposes and that 

therapeutic levels can be used to treat diseases. Because the chicken GIT microbiome is 

well known to play an important role in host health and nutrition (Oakley et al., 2014), 

the addition of antibiotics to feed has shown various changes within the microbial 

community and diversity. Danzeisen et al, 2011 suggested that the administration of sub-

therapeutic level of antibiotics significantly reduce the relative abundance of Firmicutes 

and increase in Proteobacteria, phylum associated with pathogenic and spoilage bacteria. 

Hence, developing alternative strategies to replace antibiotics from animal production 
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will require to evaluate their effects on the modulation of the GIT microbiome, especially 

by foodborne pathogens. 

Monitoring the occurrence of AMR on pathogens and understanding the chicken 

microbiome in poultry production and processing settings can provide new opportunities 

to target reduction of colonization of foodborne pathogens, as well as promote diet to 

maintain a healthy community of microbes. The complementary utilization of new 

sequencing technologies, such as WGS and 16s rRNA gene sequencing can serve as 

adequate methodologies to trace back specific bacteria clonal populations in the 

processing chain and to target the reduction of pathogenic and spoilage microorganisms 

in poultry meat products. A greater understanding of genetic diversity and antimicrobial 

resistance is granted to be explored to assess the future process. 
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Tables and Figures 

 

Table 3.1 Prevalence of Salmonella and Campylobacter recovered from fecal material 

and chicken carcass rinsates collected at different processing sites in a commercial 

processing facility. 

 

Process site 

Salmonella Campylobacter 

No. samples 

positive (% 

positive) 

95% CI 

No. samples 

positive (% 

positive) 

95% CI 

Fecal material          

Arrival 4/6 (67) 24 - 94 6/6 (100) 54 - 100 

Chicken carcass rinse         

Pre-scalding 15/15 (100)ac 74 - 100 0/15 (0)a 0 - 25 

Brushes 5/5 (100)ac 46 - 100 1/5 (20)a 0.10 - 70 

Post-scalding 13/15 (87)ac 58 - 98 5/15 (33)a 0.13 - 61 

Post- evisceration 7/15 (47)abc 22 - 73 0/15 (0)a 0 - 25 

Post-intervention 7/15 (47)abc 22 - 73 1/15 (7)a 0.34 - 34 

Pre-chiller 1/15 (7)b 0.34 - 34 0/15 (0)a 0 - 25 

Chiller 0/15 (0)bd 0 - 25 0/15 (0)a 0 - 25 

Parts 12/15 (80)c 51 - 94 2/15 (13)a 0.23 - 42 
a,b,c,d Prevalence that are followed by different superscripts are statistical different 

(Comparison between processing sites). 
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Table 3.2 The minimal inhibitory concentration of Salmonella isolates recovered from 

different processing sites (n = 51). 

 

Antimicrobial 

Class 

Antimicrobial 

Agent 
Abbreviation 

Test 

range 

Resistant 

Breakpoint 

(µg / ml) 

 Resistant 

Aminoglycosides 
Gentamicin GEN 0.25 - 16 ≥ 16 0% (0/50) 

Streptomycin STR 2 - 64 ≥ 64 78% (39/50) 

Aminopenicillins Ampicillin AMP 1 - 32 ≥ 32 22% (11/50) 

β-Lactam/β-

Lactamase 

Inhibitor 

Combinations 

Amoxicillin-

Clavulanic Acid 
AUG 

1/0.5 - 

32/16 
≥ 32 24% (12/50) 

Cephems 

Ceftiofur TIO 0.12 - 8 ≥ 8 20% (10/50) 

Ceftriaxone AXO 0.25 - 64 ≥ 4 22% (11/50) 

Cefoxitin FOX 0.5 - 32 ≥ 32 24% (12/50) 

Folate Pathway 

Inhibitors 

Sulfisoxazole FIS 16 - 256 ≥ 512 0% (0/50) 

Trimethoprim-

Sulfamethoxazole 
SXT 

0.12/2.38 

- 4/76 
≥ 4 0% (0/50) 

Phenicols Chloramphenicol CHL 2 - 32 ≥ 32 0% (0/50) 

Quinolones 
Ciprofloxacin CIP 0.015 - 4  ≥ 1 0% (0/50) 

Nalidixic acid NAL 0.5 - 32 ≥ 32 0% (0/50) 

Tetracyclines Tetracycline TET 32 - 4 ≥ 16 96% (48/50) 

Macrolides Azithromycin AZI 0.12 - 8 ≥ 16 4% (2/50) 
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Table 3.3 Resistant phenotypes for the Salmonella isolates recovered from a poultry plant during a typical processing day. 

 

Resistant Phenotypes 
No.  isolates (% of total) 

Vaccinated Processing sites (n) Non-vaccinated Processing sites (n) 

TET 

 Pre-scalding (n = 1)   

3(8.4) Post-intervention (n=1) 0 (0)  

 Parts (n=1)   

STR, TET 25 (69) 

Pre-scalding (n= 6) 

7 (48) 

Arrival (n =1) 

Post-brush (n=4) Pre-scalding (n= 4) 

Post-scalding (n= 5) Post-scalding (n= 4) 

Post-intervention (n= 6) Post-evisceration (n= 2) 

Post-evisceration (n= 3) Pre-chiller (n= 1) 

Parts (n = 6) Parts (n= 3) 

FIS, TET 2 (5.5) Arrival (n= 2) 0 (0)   

STR, TET, AUG, AMP, FOX, AXO 0 (0)  1(7) Post-evisceration (n =1) 

STR, TET, AUG, AMP, FOX, TIO, 

AXO* 
4 (11) 

Pre-scalding (n= 2) 

8 (53) 

Arrival (n =1) 

Post-brush (n=1) Pre-scalding (n= 2) 

Post-evisceration (n= 1) Post-evisceration (n= 2) 

  Parts (n= 3) 

*Multi-drug resistance phenotype (resistance to equal or higher than three antibiotic agents) 

Antimicrobial agents:  

STR: Streptomycin; TET: Tetracycline; GEN: Gentamicin; AZI: Azithromycin; AUG: Amoxicillin/Clavulanic; AMP: Ampicillin; 

FOX: Cefoxitin; AXO: Ceftriaxone; TIO: Ceftiofur. 

Percentages of the total were calculated by dividing the number of isolates that presented the particular MDR phenotype by the 

number of isolates. 
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Table 3.4 Phenotypic and genotypic characteristics of the defined clonal populations. 

 

Clonal 

ID 
n Serotype AMR phenotype 

AMR genes 

on 

chromosome 

AMR genes 

on plasmid 

Plasmid 

incompatibility 

type carrying 

AMR genes 

Plasmid 

incompatibility 

types 

MLST 

STM1 2 Typhimurium TET / sul2, tet(A) IncA/C2 / ST-19 

Ken1 1 Kentucky TET /  /  /  IncX1, IncI1 ST-152 

Ken2** 14 Kentucky STR TET tet(B) strA, strB IncFII 
IncX1, IncFIB, 

IncI1 
ST-152 

 6  
AUG AMP FOX TIO 

AXO STR TET 
tet(B) 

strA, strB, 

blaCMY-2 

IncFII 

IncI1 
IncX1, IncFIB ST-152 

Ken3# 4 Kentucky 
AUG AMP FOX TIO 

AXO STR TET 

tet(B), 

blaCMY-2 
strA, strB IncFII 

IncX1, IncFIB, 

IncI1 
ST-2132 

Ken4 1 Kentucky STR TET tet(B) strA, strB IncFII IncX1 ST-152 

Ken5 19 Kentucky STR TET tet(B) strA, strB IncFII IncX1, IncFIB ST-2132 

Mel1 1 Meleagridis Pan-Susceptible fosA blaCMY-2 IncI1 IncX1 ST-463 

S.e.1 1 S.II 40:b:- TET  / / / / ST-471 

S.e.2 1 N.D. 
AUG AMP FOX TIO 

AXO STR TET 
tet(B) strA, strB IncFII 

IncX1, IncI1, 

IncFIB 
Unknown 

*AMR phenotype using SensititreTM Gram-negative NARMS CMV3AGNF. S.e.: Salmonella enterica; N.D: non-identified using 

SeqSero pipeline; AUG: amoxicillin-clavulanic acid; AMP: ampicillin; AZI: Azithromycin; FOX: cefoxitin; AXO: ceftriaxone; TIO: 

Ceftriaxone; CHL: Chloramphenicol; NAL: Nalidixic acid; STR: streptomycin; TET: tetracycline. MLST: multi-locus sequence type. 
**: Two sub-populations are mixed within Ken2 population. Both sub-populations seem to differ mainly due to the acquisition of beta-

lactam resistance gene on the IncI1 plasmid. #: Strains belonging to this clonal were isolated from birds originating from non-

vaccinated breeders. Colors on the AMR phenotype and AMR gene represent the resistance to an antimicrobial agent: Red: 

tetracycline; Blue: aminoglycoside; Green: beta-lactam. 
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Table 3.5 OTUs abundance at the phylum level among fecal and chicken carcass rinsates 

throughout processing sites. 

 

# OTU ID Arrival  
Pre- 

scalding 

Post- 

scalding 

Post-

evisceration 

Post-

intervention 

Pre-

chiller 

Post-

chiller 
Parts 

Firmicutes 62% 42% 28% 44% 12% 8% 21% 27% 

Proteobacteria 4% 38% 63% 55% 86% 84% 76% 70% 

Bacteroidetes 26% 17% 8% 0% 1% 0% 0% 0% 

Actinobacteria 5% 2% 1% 0% 1% 8% 2% 3% 

Other 2% 0% 0% 1% 0% 0% 0% 0% 

 

 

Table 3.6 Summary of Illumina MiSeq read lengths Shannon diversity index calculated with the 

average of relative species abundance at each processing site. 

 

Processing site Read Length Shannon SD 

Fecal 5000 5.80 3.64 

Pre-scalding 5000 3.40 2.56 

Post-scalding 5000 0.95 1.12 

Post-intervention 5000 0.09 0.47 

Post-evisceration 5000 0.24 0.10 

Pre-chiller 5000 0.32 0.07 

Post-chiller 5000 0.32 0.07 

Parts 5000 0.23 0.13 
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Table 3.7 Indicator species analysis of processing sites. 

 

Processing site Phylum Genus P-value 

Fecal Firmicutes Dehalobacterium 1.00E-04 

Fecal Firmicutes Blautia 1.00E-04 

Fecal Firmicutes Anaerotruncus 1.00E-04 

Fecal Firmicutes Gracilibacter 4.00E-04 

Fecal Firmicutes Coprobacillus 4.00E-04 

Fecal Firmicutes Ruminococcus 6.00E-04 

Pre-scalding Firmicutes Other 1.00E-04 

Pre-scalding Firmicutes Alkalibacterium 1.00E-04 

Pre-scalding Firmicutes Facklamia 1.00E-04 

Pre-scalding Firmicutes Peptostreptococcus 1.00E-04 

Pre-scalding Firmicutes Natronobacillus 2.00E-04 

Pre-scalding Firmicutes Lactococcus 2.00E-04 

Pre-scalding Proteobacteria Candidatus 2.00E-04 

Pre-scalding [Thermi] Deinococcus 1.00E-04 

Post-scalding Firmicutes Exiguobacterium 1.00E-04 

Post-scalding Firmicutes Virgibacillus 3.00E-04 

Post-scalding Firmicutes Aneurinibacillus 3.00E-04 

Post-scalding Firmicutes Other 3.00E-04 

Post-scalding Firmicutes Bacillus 5.00E-04 

Post-scalding Proteobacteria Acinetobacter 1.00E-04 

Post-scalding Proteobacteria Other 2.00E-04 

Post-chiller Bacteroidetes Flavobacterium 1.07E-02 

Post-chiller Firmicutes Carnobacterium 1.95E-02 

Parts Bacteroidetes Butyricimonas 1.00E-04 

Parts Bacteroidetes Parabacteroides 2.00E-04 

Indicator species analysis determines bacteria OTUs that are significantly associated (P < 0.05) 

based on fidelity (exclusivity) and relativity abundance of the organisms in each processing site. 
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Figure 3.1 Processing sites including in the sampling: Fecal material: A. Arrival; Whole chicken 

carcass rinses: B. Pre-scalding; C. Brushes; D. Post-scalding; F. Post-intervention; G. Post-

evisceration; H. Pre-chiller; I. Chiller; Chicken parts: J. Parts. 

IOBW: Inside Outside Body Wash; OLR: On-line Reprocessing.
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Figure 3.2 Microbial count means and 95% CIs for chicken carcass and chicken part samples 

were taken from a commercial poultry processing plant calculated in Log (CFU/g) for arrival and 

Log (CFU/ml of chicken rinsate) for different process sites. Conditions of antimicrobial 

intervention are indicated in the graph. Chlorinated water (20-50 ppm) is used in the scalder 

tank, and the combination of peracetic acid and hydrogen peroxide (PAA) (60 ppm) is used in 

the pre-chilling and chilling tanks. Comparisons were made for each microorganism within the 

different processing sites. Columns with different letters a, b, c, d are significantly different 

according to a non-parametric Kruskal-Wallis followed pairwise multiple comparison post hoc 

Conover’s test at P < 0.05. 
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Figure 3.3 The distribution of the clonal populations along the processing chains for birds 

originating from vaccinated and non-vaccinated breeders.
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Figure 3.4 Phylogenetic tree of Salmonella strains defined by the concatenated alignment of the high-quality single nucleotide 

polymorphisms (SNPs). The number indicates node point. The description in the column represents the identified MLST type, 

serotype, the processing site where the isolate was recovered and the GenBank accession numbers.

 

 

 

 

 

 

Ken1

Ken2

Ken3

Ken4

Ken5

Ken6

Ken7

S.e.1

S.e.2

Melt1

STM1

Clones

MLST Processing site Accession Number

ST-152 Pre-scalding PRJNA485756

ST-152 Pre-chiller PRJNA486002

ST-152 Pre-scalding PRJNA485520

ST-152 Pre-scalding PRJNA485757

ST-152 Post-brush PRJNA485787

ST-152 Post-scalding PRJNA485787

ST-152 Pre-scalding PRJNA486056

ST-152 Post-evisceration PRJNA486007

ST-152 Post-brush PRJNA485771

ST-152 Pre-scalding PRJNA485755

ST-152 Post-brush PRJNA485783

ST-152 Pre-scalding PRJNA486037

ST-152 Post-brush PRJNA485778

ST-152 Pre-scalding PRJNA485765

ST-152 Pre-scalding PRJNA486055

ST-152 Post-evisceration PRJNA486004

ST-152 Post-scalding PRJNA485794

ST-152 Arrival PRJNA485515

ST-152 Post-scalding PRJNA485790

ST-152 Post-scalding PRJNA485766

STM1 Arrival PRJNA485505

STM1 Pre-scalding PRJNA485767

Unknown Pre-scalding PRJNA486038

ST-471 Pre-scalding PRJNA485763

ST-19 Post-brush PRJNA485784

ST-152 Arrival PRJNA485514

ST-2132 Post-evisceration PRJNA486043

ST-2132 Parts PRJNA486045

ST-2132 Post-evisceration PRJNA485995

ST-2132 Parts PRJNA486048

ST-2132 Parts PRJNA486051

ST-2132 Parts PRJNA486053

ST-2132 Post-intervention PRJNA485983

ST-2132 Pre-scalding PRJNA485759

ST-2132 Parts PRJNA486049

ST-2132 Parts PRJNA486046

ST-2132 Post-evisceration PRJNA485973

ST-152 Post-scalding PRJNA485954

ST-2132 Post-intervention PRJNA485770

ST-2132 Post-scalding PRJNA485971

ST-2132 Parts PRJNA486044

ST-2132 Post-scalding PRJNA485952

ST-2132 Post-intervention PRJNA485992

ST-2132 Post-scalding PRJNA485965

ST-2132 Post-intervention PRJNA485988

ST-2132 Post-intervention PRJNA485990

ST-2132 Post-scalding PRJNA485959

ST-2132 Parts PRJNA486052

ST-2132 Post-intervention PRJNA485993

ST-2132 Parts PRJNA486054

MLST Serotype Processing site Accession

ST-152 Kentucky Pre-scalding QUXM00000000

ST-152 Kentucky Pre-chiller QUYM00000000

ST-152 Kentucky Pre-scalding QVXH01000000 

ST-152 Kentucky Pre-scalding QUXN00000000

ST-152 Kentucky Post-brush QVIJ00000000

ST-152 Kentucky Post-scalding QUXX00000000

ST-152 Kentucky Pre-scalding QUZC00000000

ST-152 Kentucky Post-evisceration QUYO00000000

ST-152 Kentucky Post-brush QUXT00000000

ST-152 Kentucky Pre-scalding QUXL00000000

ST-152 Kentucky Post-brush QUXV00000000

ST-152 Kentucky Pre-scalding QUYP00000000

ST-152 Kentucky Post-brush QUXU00000000

ST-152 Kentucky Pre-scalding QUXQ00000000

ST-152 Kentucky Pre-scalding QUZB00000000

ST-152 Kentucky Post-evisceration QUYN00000000

ST-152 Kentucky Post-scalding QUXZ00000000

ST-152 Kentucky Arrival QVXG00000000

ST-152 Kentucky Post-scalding QUXY00000000

ST-152 Kentucky Post-scalding QUXR00000000

STM1 Typhimurium Arrival QVXE01000000

STM1 Typhimurium Pre-scalding QUXS00000000

Unknown ND Pre-scalding QUYQ00000000

ST-471 S.II 40:b:- Pre-scalding QUXP00000000

ST-19 Meleagridis Post-brush QUXW00000000

ST-152 Kentucky Arrival QVXF00000000

ST-2132 Kentucky Post-evisceration QUYR00000000

ST-2132 Kentucky Parts QUYT00000000

ST-2132 Kentucky Post-evisceration QUYL00000000

ST-2132 Kentucky Parts QUYV00000000

ST-2132 Kentucky Parts QUYX00000000

ST-2132 Kentucky Parts QUYZ00000000

ST-2132 Kentucky Post-intervention QUYG00000000

ST-2132 Kentucky Pre-scalding QUXO00000000

ST-2132 Kentucky Parts QUYW00000000

ST-2132 Kentucky Parts QUYU00000000

ST-2132 Kentucky Post-evisceration QUYF00000000

ST-152 Kentucky Post-scalding QUYB00000000

ST-2132 Kentucky Post-intervention QXXO00000000

ST-2132 Kentucky Post-scalding QUYE00000000

ST-2132 Kentucky Parts QUYS00000000

ST-2132 Kentucky Post-scalding QUYA00000000

ST-2132 Kentucky Post-intervention QUYJ00000000

ST-2132 Kentucky Post-scalding QUYD00000000

ST-2132 Kentucky Post-intervention QUYH00000000

ST-2132 Kentucky Post-intervention QUYI00000000

ST-2132 Kentucky Post-scalding QUYC00000000

ST-2132 Kentucky Parts QUYY00000000

ST-2132 Kentucky Post-intervention QUYK00000000

ST-2132 Kentucky Parts QUZA00000000

Ken1

Ken2

Ken3

S.e.1

S.e.2

Melt1

STM1

Clones

MLST Serotype Processing site Accession

ST-152 Kentucky Pre-scalding QUXM01000000

ST-152 Kentucky Pre-chiller QUYM01000000

ST-152 Kentucky Pre-scalding QVXH01000000

ST-152 Kentucky Pre-scalding QUXN01000000

ST-152 Kentucky Post-brush QVIJ01000000

ST-152 Kentucky Post-scalding QUXX01000000

ST-152 Kentucky Pre-scalding QUZC01000000

ST-152 Kentucky Post-evisceration QUYO01000000

ST-152 Kentucky Post-brush QUXT01000000

ST-152 Kentucky Pre-scalding QUXL01000000 

ST-152 Kentucky Post-brush QUXV01000000

ST-152 Kentucky Pre-scalding QUYP01000000

ST-152 Kentucky Post-brush QUXU01000000

ST-152 Kentucky Pre-scalding QUXQ01000000

ST-152 Kentucky Pre-scalding QUZB01000000

ST-152 Kentucky Post-evisceration QUYN01000000

ST-152 Kentucky Post-scalding QUXZ01000000

ST-152 Kentucky Arrival QUVXG01000000

ST-152 Kentucky Post-scalding QUXY01000000

ST-152 Kentucky Post-scalding QUXR01000000

STM1 Thyphimurium Arrival QVXE01000000

STM1 Thyphimurium Pre-scalding QUXS01000000

Unknown ND Pre-scalding QUYQ01000000

ST-471 S.II 40:b:- Pre-scalding QUXP01000000

ST-19 Meleagridis Post-brush QUXW01000000

ST-152 Kentucky Arrival QUYR01000000

ST-2132 Kentucky Post-evisceration QUYR01000000

ST-2132 Kentucky Parts QUYT01000000

ST-2132 Kentucky Post-evisceration QUYL01000000

ST-2132 Kentucky Parts QUYV01000000

ST-2132 Kentucky Parts QUYX01000000

ST-2132 Kentucky Parts QUYZ01000000

ST-2132 Kentucky Post-intervetion QUYG01000000

ST-2132 Kentucky Pre-scalding QUXO01000000

ST-2132 Kentucky Parts QUYW01000000

ST-2132 Kentucky Parts QUYU01000000

ST-2132 Kentucky Post-evisceration QUYF01000000

St-152 Kentucky Post-scalding QUYB01000000

ST-2132 Kentucky Post-intervetion QXXO01000000

ST-2132 Kentucky Post-scalding QUYE01000000

ST-2132 Kentucky Parts QUYS01000000

ST-2132 Kentucky Post-scalding QUYA01000000

ST-2132 Kentucky Post-intervetion QUYJ01000000

ST-2132 Kentucky Post-scalding QUYD01000000

ST-2132 Kentucky Post-intervetion QUYH01000000

ST-2132 Kentucky Post-intervetion QUYI01000000

ST-2132 Kentucky Post-scalding QUYC01000000

ST-2132 Kentucky Parts QUYY01000000

ST-2132 Kentucky Post-intervetion QUYK01000000

ST-2132 Kentucky Parts QUZA01000000

Ken1

Ken2

Ken2**

Ken3

Ken4

Ken5

STM1

S.e.1

S.e.2

Mel1

Clonal populations

Ken2 

Ken4 

Ken4 
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Figure 3.5 Relative abundance of major bacteria among different processing sites in 

chicken carcass and chicken parts rinsate samples. A) At phylum level, B) At Order level, 

C) At the Class level, D) At the Family level, E) At the Genus level. 
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Figure 3.6 Alpha diversity analysis through the chicken processing sites. Rarefaction 

curves of (A) Chao1, and (B) Observed_OTUs. Chao1 rarefaction curve presents the 

measure of richness within a community at each processing site. Operational Taxonomic 

Unit (OTU) rarefaction curves indicate the number of observed OUT’s versus the length 

of the sequence read at each processing site. 

 

 

 

A) Chao1 B) Observed_OTUs 
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Figure 3.7 Beta diversity analysis through chicken processing sites. (A) Weighted and (B) 

unweighted UniFrac PCoA plots. The weighted PCoA UniFrac plot quantitatively 

measured the relative abundance of OTU’s among a processing site. The unweighted 

PCoA UniFrac plot represents the qualitative representation of phylogenetic distance 

based on the presence/absence of OTU’s among samples in a processing site. 

 

A) Weighted UniFrac PCoA 

plot 

B) Unweighted UniFrac PCoA 

A)  plot 
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Figure 3.8 Shannon diversity thought the chicken processing site. Columns with different 

letters a, b are significantly different according to one-way ANOVA followed by 

Dunnett’s multiple comparisons test at P < 0.05. Mean of Shannon diversity index is 

presented by the + symbol. 
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CHAPTER IV 

MICROBIOLOGICAL PROFILE OF THREE COMMERCIAL 

POULTRY PROCESSING PLANTS IN COLOMBIA 

 

Published 

Journal of Food Protection, Vol. 80, No. 12, 2017, Pages 1980-1986 

 

Summary 

 

Poultry meat production in Colombia has significant growth potential to fulfill national 

demands and to become an important global exporter. Entering export markets requires 

compliance with international food safety standards and the support of a rigorous national 

inspection system. To support the development of national standards, information about 

the microbiological profiles of poultry operations is needed, and no official 

microbiological baseline is currently available. A total of 480 chicken carcass rinsate and 

64 fecal samples were collected at different process sites from three commercial poultry 

processing establishments located in different regions of Colombia. Samples were 

analyzed to determine the prevalence of Salmonella and the levels of Escherichia coli in 

the chicken rinsate. Six steps were selected for sampling in the slaughter, evisceration, 

and chilling processes. The overall Salmonella prevalence after water immersion chilling 

at the three establishments was 12.5% (73 of 584 samples). E. coli levels were 1.2 to 2.2 

log CFU/ml (mean, 1.65 log CFU/ml) after the chilling process. Significant differences 

(P ˂ 0.05) were found for E. coli levels among the processing sites at the three 

establishments; however, there were no significant differences in the distribution of 

Salmonella-positive samples through the sites at each plant. These results can be used as 
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reference data for microorganisms in chicken meat facilities in Colombia and will help 

the poultry industry and regulators in the design of new prevention programs and food 

safety management systems. 

Keywords: Colombia; Escherichia coli; Microbial profile; Poultry; Salmonella 

 

Introduction 

 

The Colombian poultry industry has grown considerably in the past decade as a 

result of increased consumer demand for higher quality, more varied, and safer protein 

sources. This steady growth has opened opportunities for Colombian poultry meat to 

enter international markets as long as sanitary measures comply with global and country-

specific standards.  

 To support this process, the National Institute for Food and Drug Surveillance in 

Colombia (Instituto Nacional de Vigilancia de Medicamentos y Alimentos) has been 

working on a regulatory framework that will mirror some of the components of the food 

safety control system created by the U.S. Department of Agriculture, Food Safety and 

Inspection Service (FSIS). Colombian decree 1500, published in May 2007 (Leon et al., 

2007) includes a series of prerequisite sanitary conditions for poultry processing 

operations, antemortem and postmortem inspection components, and a requirement to 

implement sanitation standard operating procedures and hazard analysis and critical 

control point (HACCP) food safety management systems with verifiable voluntary 

microbial standards (Conlon, 2015). Facilities were required to comply with these 

measures by August 2016 and therefore have gone through a process of capacity building 
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and significant infrastructure modifications in recent years. The Colombian inspection 

service has also undergone a significant process of modernization and training for its 

personnel to enable verification of the implementation of the regulation by the proposed 

compliance date (Conlon, 2015). However, microbial performance standards for 

compliance have not been included in the regulation, leading o the processing facilities 

the responsibility for demonstrating the level of control of their food safety systems. An 

official microbial baseline data source to be utilized as a reference for poultry processors 

has not been published, despite several efforts aimed at completing it. Some estimates of 

pathogen prevalence and indicator levels in Colombian poultry at retail have been made, 

but no comprehensive national baseline or in-plant reference data are currently available 

for poultry during processing. Therefore, information on microbial levels throughout the 

poultry processing chain from representative geographical locations in Colombia is 

needed so processors can measure their performance and compare their data to national 

and international reference sources.  

Poultry operations in Colombia are conventional, with a high degree of vertical 

integration that has allowed major operations to reduce production costs and compete 

internationally for export markets. Most natural microflora related to poultry production 

are not pathogenic to humans (del Rio et al., 2007); however, as in other countries, 

pathogenic organisms such as Salmonella and Campylobacter spp. are the key target 

organisms for control in these operations. During production and processing, the risk of 

contamination by any of these pathogens is significant, because any item that contacts a 

single bird might cause contamination, and any item that touches more than one bird 

might create cross-contamination (May, 1974).  
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Food safety management programs along the poultry processing chain are 

required to support the implementation of recent regulatory requirements in Colombia. 

However, no official microbial baseline or peer-reviewed reports are available on the 

prevalence of major poultry-associated pathogens and the levels of indicator organisms in 

chicken carcasses and parts at various stages of processing representative of the local 

conditions and processing practices. The primary objective of this study was to collect 

samples at different stages of production from three commercial chicken processing 

facilities located in representative geographical regions of Colombia to establish 

reference microbial profiles for Salmonella prevalence and Escherichia coli levels during 

commercial processing of chickens. 

 

Materials and Methods 

 

Characteristics of poultry processing facilities. Three processing establishments were 

selected for this study. Plant A is located in the central region of Colombia at an elevation 

of 2,207.10 m and an average temperature of 15 °C. This plant processes 42,000 birds per 

day and runs two shifts of 8 h/day. Plant B is located in the southern region, at 995.79 m 

and an average of 24 °C, processes 183,000 birds per day and runs two shifts of 8 h/day. 

Plant C is located in the northern region, at 33.82 m and an average of 28 °C, processes 

55,000 birds per day and runs two shifts of 8 h/day. Each establishment has unique 

characteristics regarding of elevation, temperature range throughout the year, and 

production capacity. A summary of these variables is provided in Figure 4.1. All 

establishments utilize 10 and 50 ppm of sodium hypochlorite (NaOCl) as a chemical 
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intervention in the immersion chiller tank but no major chemical interventions in other 

processing steps. The full process line includes reception, hanging, stunning, slaughter, 

bleeding, scalding, defeathering, rehanging, automatic evisceration, inspection, carcass 

rinsate, inside-outside bird washer, pre-chilling (15 min at 12 °C with recycled water 

from the chilling stage), and the chilling (45 to 60 min at 0 °C, with chlorine 

intervention). Final products can be packaged and sold as fresh or frozen whole 

carcasses, and some of the carcasses are cut for sale as chicken parts. 

 

Experimental design. Three commercial chicken processing facilities from 

geographically distinct regions of Colombia known for high levels of poultry production 

were selected for this study (Fig. 1). Plants A, B, and C represented the central, southern, 

and northern regions of Colombia, respectively. A cross-sectional study was carried out 

in 2015 between April and May for plant C, and between October and November for 

plants A and B. The prevalence of Salmonella and the levels of E. coli in chicken rinsate 

samples collected at various processing sites were evaluated. A total of 480 chicken 

carcasses and 64 fresh chicken fecal samples (24 samples from six sites in plant A, 40 

samples from six sites in plant B, and 40 samples from five sites in plant C) were 

collected at various times during the two consecutive months of poultry production 

operations on two processing days per week. Sampling sites throughout the processing 

line were selected based on major operations with the potential to affect microbial loads. 

Samples were collected after scalding, after defeathering, after evisceration, after 

prechilling and after chilling. Additional variables such as weather effects, regional 
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differences, and intraflock, interflock, and interfarm variability were not controlled for in 

the sampling design. 

 

Chicken rinsate sample collection at various processing steps. Chicken carcass rinsate 

samples were collected at sites in all three establishments participating in this study 

according to the FSIS method MLG 4.08 (USDA, 2015). At specific processing steps, 

chicken carcasses selected at random were removed with sterile gloves from the 

processing line and placed in individual sterile poultry stomacher bags (Nasco, Fort 

Atkinson, WI). Four hundred milliliters of buffered peptone water (BPW; BD, Detroit, 

MI) was added to each bag and carefully distributed by shaking vigorously for 1 min. 

Approximately 100 ml of the rinsate solution was aseptically transferred into a sterile 

screw-top container and shipped to a contract laboratory by an overnight delivery service. 

The temperature of the received samples was recorded, and only samples at 2.5 to 5 °C 

were accepted for microbiological analysis. In plant B, which processes more than 

100,000 birds per day, samples were collected randomly between plant work shifts 1 and 

2 to better account for the distribution of carcasses between shifts. 

 

Fecal sample collection. Fecal samples were pooled by aseptically collecting 

approximately 100 g of fresh feces from the cages used to transport the broiler chickens 

to the slaughter plants. A 100-ml specimen container (n= 64) was used to collect each 

sample as soon as the chickens were removed from the cages. Samples were cooled and 

shipped under refrigeration to a contract laboratory for microbial analysis. 
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Chicken rinsate sample collection at various times at each processing step in plant B. To 

estimate the cumulative effect of bacterial organisms during a complete work shift, 

additional whole chicken carcass samples were collected and analyzed for E. coli levels 

at five processing steps (after scalding, after defeathering, after evisceration, after pre-

chilling, and after chilling) at five time periods (0, 2.5, 5, 8, and 11 h) after the initiation 

of the slaughter process in plant B. Samples were collected only at plant B for this 

component of the study. 

 

Microbiological analysis. Fecal samples were diluted 1:9 (w/v) with BPW and placed in 

a stomacher and homogenized for 1 min at 230 rpm. Samples (100 ml) of each carcass 

rinsate and the fecal fluids were collected into sealed containers, further serially diluted 

(1:10) in BPW, and used to determine E. coli levels. Samples were processed in duplicate 

by transferring 1 ml of the corresponding dilution to E. coli–coliform Petrifilm plates 

(3MTM, St. Paul, MN), which were incubated at 35°C for 24 h following method AOAC 

998.08 (Tortorello, 2003). Salmonella prevalence was evaluated using a molecular 

detection system (MSD100, 3MTM) with method AOAC 2013.09 (2) following the 

manufacturer’s instructions. The BPW ISO enrichment medium (3MTM) was prewarmed 

to 37 ± 1 °C for 24 h and then aseptically combined with each carcass rinsate or fecal 

sample at 1:10 dilution. Samples were homogenized thoroughly for 2 min and incubated 

at 37 ± 1 °C for 24 h. Enriched samples were transferred to lysis tubes and heated at 100 

± 1 °C for 15 min. Lysates from each sample were transferred to a reagent tube, loaded 

into a molecular detection speed loader tray (3MTM), and then analyzed using molecular 

detection software (3MTM). Samples positive for Salmonella were then cultured using 
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conventional method NTC 4574 (INVIMA, 2007). Enriched samples were grown in 

xylose lysine desoxycholate agar (Hardy Diagnostics, Santa Maria, CA) and brilliant 

green sulfa agar (Difco, BD) and incubated at 37 ± 1 °C for 24 h. Isolates with typical 

Salmonella morphology were confirmed by agglutination using a Poly-O (A and Vi) 

antiserum test (Difco, BD). 

 

Statistical analysis. A one-way analysis of variance (ANOVA) followed by Sidak’s 

multiple comparison test (P ˂ 0.05) was used to determine the significance of differences 

between the samples collected at various processing sites for each establishment and 

between establishments. A two-way ANOVA was used to determine the main effect and 

the interaction of E. coli counts at different hours during a day of processing. Counts in 

CFU/g and CFU/ml were log10 transformed prior to the statistical analysis. Prevalence of 

Salmonella was assessed using a Chi-square test to determine the statistical relationship 

between the processing sites. 

 

Results 

 

Salmonella prevalence. Salmonella was recovered from chicken rinsates and fecal 

samples at various processing sites (Table 5.1). Chicken rinsate samples from plant A had 

no detectable Salmonella. In plant B, there were no statistically significant differences in 

the Salmonella prevalence within processing sites (P = 0.89). However, Salmonella-

positive samples increased after prechilling and was 27.5% (confidence interval [CI], 

15.14 to 44.13%) after evisceration (Table 5.1). Similarly, plant C presented no 
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significant differences within the processing sites (P = 0.25). Nevertheless, it was 

identified that in plants B and C, Salmonella prevalence after chilling was 12.5% (CI, 4.7 

to 27.6%) and 17.5% (CI, 7.9 to 33.4%), respectively. For plants A, B, and C, the overall 

Salmonella prevalence was 0% (0 of 144 samples), 21.2% (51 of 240 samples), and 11% 

(22 of 200 samples), respectively, during the 2 months of this study. The Salmonella 

prevalence for all chicken samples at the three slaughtering plants was 12.5% (73 of 584 

samples; CI, 9.98 to 15.52%). 

 

E. coli levels. E. coli levels at the six processing sites for each establishment are 

presented in Figure 4.2 and Table 4.2. The analysis of variance in each processing plant 

showed that there is a statistical significantly different in plant A (P < 0.0001, F= 43.57, 

Dfn= 5, Dfd=115) and plant B (P <0.0001, F= 115.5, Dfn=5, Dfd= 199) within the 

processing sites. E. coli levels at plants A and B were significantly different from those at 

plant C after the scalding and defeathering steps, and levels at all plants were 

significantly different from each other (P ˂ 0.05) at the last sampling location (after 

chilling). Plant C had the lowest levels at all processing sites compared with the other 

plants and there were no significant differences within the processing sites (P = 0.1817, 

F= 1.59, Dfn= 4, Dfd= 112) (Table 4.2). Of the 584 total samples tested, 69 (11.8%) had 

E. coli levels below the limit of detection of 10 CFU/ml. of the remaining 478 samples, 

196 (41%) had an E. coli levels of 103 to 104 CFU/ml of rinsate (Table 4.3). 

 

Cumulative evaluation of E. coli levels during a full work shift, plant B. Additional 

data were collected in plant B, which had the highest poultry production volume of the 
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three plants included in this study. Samples for E. coli analysis were collected at each of 

five processing sites at five times during a single work shift: 0, 2.5, 5, 8, and 11 h after the 

initiation of the production process. Results obtained for the first process site (after 

scalding) indicated significant differences (P ˂ 0.05) between the samples at the initial 

sampling times at 0 and 2.5 h, and those at the later times, 8 and 11 h, after continuous 

processing (Table 4.4). In general, no significant differences (P ˃ 0.05) in E. coli levels 

were found at the other sampling times and the subsequent processing sites. 

 

Discussion 

 

The results of this study provide reference data for Salmonella prevalence and E. 

coli levels at various chicken processing steps in plants in three representative regions of 

Colombia. Results differed between and within each participating poultry processing 

plant, possibly because each plant was unique based on such variables as location, 

weather, altitude, production levels, infrastructure, processing step variables, utilization 

of antimicrobial interventions, flocks processed, and farm infrastructure. Hence, these 

results must be carefully considered before they are utilized as a representative microbial 

profile reference source to support food safety management programs. Each plant can use 

the information to identify potentially important processing steps for controlling 

foodborne pathogens and hygiene indicators during operations.  

The overall prevalence of Salmonella in the whole carcass rinsate samples 

obtained after the chilling process was 12.5%. This prevalence is comparable to that in 

similar studies conducted in Costa Rica (10%) (Rivera-Perez et al., 2014), Brazil (10%) 
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(Brizio and Prentice., 2015), and Canada (16.9%) (CFIA, 2016) but higher than the 

prevalence in the United States (3.7%) (USDA, 2014), the United Kingdom (3.6%) 

(Hald, 2011), and Denmark (0%) (Hald, 2011). However, the variability between 

facilities and regions is significant even in countries with high Salmonella prevalence. 

These high prevalence levels probably resulted from intestinal tearing during evisceration 

and cross-contamination during scalding, defeathering, and chilling, and any single point 

of contact can be enough to spread bacteria to chicken carcasses and the plant 

environment (Fries, 2002). No Salmonella was found in samples from plant A. Because 

various factors can affect Salmonella detection, these results cannot be solely attributed 

to the elevation of the facility. Even though recent studies have indicated an effect of 

geolocation, average temperature, and annual precipitation on the prevalence of 

pathogenic microorganisms in poultry (Jiang et al., 2015), this experiment was not 

designed to elucidate these relationships. 

The facilities evaluated in this study rely on chlorine to control bacterial 

contamination on carcasses and in processing water because of its low cost, safety, and 

ease of use in the processing plant. Nevertheless, chlorine pH and concentration and the 

quality of the incoming water can affect the antimicrobial efficacy of chlorine on chicken 

carcasses (Northcutt et al., 2007) and therefore could explain the variable results obtained 

in these processing plants. Proper use of chlorine in immersion chilling tanks or as a 

rinsing step is effective for reducing Salmonella prevalence (Fabrizio et al., 2002; 

Morrison and Fleet, 1985).  

The chilling process is one of the most critical steps for microbial control during 

poultry processing. The primary objective of chilling is to inhibit pathogen growth by 
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lowering the temperature of the carcass to reduce the overall risk of foodborne disease 

(Tompkin, 1980). Antimicrobial interventions can be applied directly to the surface of 

whole carcasses and parts by showers, sprays, and dipping solutions; however, extensive 

bird-to-bird contact can spread pathogens in the chiller by cross-contamination (Jimenez 

et al 2002). Based on the results obtained from this study, the application of chlorine (˃10 

ppm) in the chilling process as performed at plants A and B may have affected E. coli 

levels. However, in plant C no significant reductions in these levels were found after the 

application of the same antimicrobial intervention at the same processing step.  

In this study, an additional objective to evaluate the change in E. coli levels 

during a processing shift. Samples were collected at various processing steps at various 

times during the full work shift at plant B. The variability in the data indicates an overall 

trend for increasing E. coli levels, but the differences were not significant when 

comparing early and late sampling times for the same processing step. The continuous 

overflow of water and the introduction of clean and fresh water plus the other stress 

conditions such heat and acid during processing appeared to prevent accumulation of 

bacteria at the various processing steps (Bailey et al., 1987; Sanchez et al., 2002). 

Colombia’s economy is the third largest in Central and South America. Poultry is 

one of the economic activities that grown steadily in the past 50 years (Diaz, 2014). 

Colombia also is one of the fastest growing markets, with a growth of 82.14% between 

2000 and 2010 in total U.S.-Colombia agricultural trade (exports and imports) (Evans and 

Ballen, 2012). The Trade Promotion Agreement between these two countries went into 

effect in May 2012 (USDA, 2012). This agreement includes the opening of the 

Colombian market to U.S. poultry exports with a 27.040 ton3 duty-free access to 



Texas Tech University, Alejandra Ramirez-Hernandez, May 2019 

 

 

 

147 

 

 

Colombia of fresh, chilled, frozen, and processed chicken leg quarters with a 4% annual 

growth over 18 years. The National Federation of Poultry Farmers in Colombia had 

incentivized the implementation of HACCP programs in slaughter poultry establishments 

as a voluntary measure to improve food safety around the country and as a way to assist 

in securing the equivalency of inspection approval to reciprocate the exchange of poultry 

products between these countries. The development and implementation of food safety 

management programs in the Colombian poultry industry require the availability of 

comparison data that could help processors in benchmarking their operations to identify 

intervention needs and improve the safety of chicken meat. Although this study does not 

provide complete baseline data for the whole industry in Colombia, these data provide 

reference information for comparative purposes and can be used for the continuous 

improvement of food safety efforts in the Colombian poultry industry. 
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Tables and Figures  

 

Table 4.1 Prevalence of Salmonella spp. recovered from chicken samples collected at 

various locations in processing plants. 

 

Process Location 

No. of samples positive/no. tested (% positive)a 

Plant A Plant B Plant C Mean 

(n= 144) (n= 240) (n= 200) (n= 584) 

Fecal Material (before 

slaughter) 

Chicken carcass 

rinsate 

0/24  8/40 (20) N/A* 8/64 (12.5) 

    After scalding 0/24  8/40 (20) 7/40 (17.5) 15/104 (14.4) 

    After defeathering 0/24  8/40 (20) 2/40 (5) 10/104 (9.6) 

    After evisceration  0/24  11/40 (27.5) 2/40 (5)  13/104 (12.5) 

    After pre-chilling 0/24  9/40 (22.5) 6/40 (15) 15/104 (14.4) 

    After chilling 0/24  7/40 (17.5) 5/40 (12.5) 12/104 (11.5) 
a Results represent the data collected during two consecutive months on two sampling 

days per week. Plant A, n= 3 per day; plant B, n= 5 per day; plant C, n= 5 per day. In 

plant A, no samples were positive for Salmonella during this study. NA, not applicable 

because sampling at this process location was not included. Limit of detection was ˂1%. 
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Table 4.2 Escherichia coli recovered from chicken carcass rinsates at various sampling 

locations in each processing plant. 

 

Process Location 

E. coli Log10 (CFU/ml)a 

Plant A Plant B Plant C Mean 

(n= 144) (n= 240) (n= 200) (n= 584) 

Fecal Material (Before slaughter) 5.72A TNTC NA 5.72 

Chicken carcass rinsate 

   After Scalding 

 

5.05A X 

 

2.68A Y 

 

1.52A Z 

 

3.08 

   After Defeathering 5.32A X 3.16B Y 1.08A Z 3.19 

   After Evisceration  3.79B X   2.84AB Y 1.17A Z 2.60 

   After Prechilling 3.05BC X 1.60C Y 1.28A Y 1.98 

   After Chilling 2.21CD X 1.58C Y 1.16A Z 1.65 
a Results represent the data collected during two consecutive months on two sampling 

days per week. Plant A, n= 3 per day; plant B, n= 5 per day; plant C, n= 5 per day. 

TNTC, too numerous to count (15 to 150 total colonies in 20-cm2 Petrifilm plate area). 

NA, not applicable because sampling at this process location was not included. Within a 

column (comparison between processing sites), means followed by different letters A, B, C, 

or D are significantly different according to an ANOVA and Sidak’s multiple comparison 

tests at P ˂ 0.05. Within a row (comparison between plants) means followed by different 

letters X, Y, or Z are significantly different. 

 

 



Texas Tech University, Alejandra Ramirez-Hernandez, May 2019 

 

 

150 

 

 

Table 4.3 Distribution of E. coli in processing plants. 

  No. of positive samples       

Level (log CFU/ml of rinsate) at 

process location 

Plant A 

(n= 144) 

Plant B 

(n= 240) 

Plant C 

(n= 200) 

Mean    

(n= 584) 

 % of total 

(n= 584)  

Total no. positive 

(n= 584) 

Total % positive 

(n= 584) 

Before slaughter (fecal material)            

   <10 0 0 

NAa 

0 0 0 0 

   10-100 0 3 3 0.5 3 0.5 

   100-1,000 0 0 0 0 3 0.5 

   1,000-10,000 0 0 0 0 3 0.5 

   10,000-100,000 6 0 6 1 9 1.5 

   100,000-1.000,000 6 0 6 1 15 2.6 

   >1.000,000 12 0 12 2.1 27 4.6 

   TNTCb 0 37 37 6.3 64 11 

After scalding        

<10 0 0 23 23 3.9 87 14.9 

   10-100 0 8 13 21 3.6 108 18.5 

   100-1,000 0 15 4 19 3.3 127 21.7 

   1,000-10,000 14 17 0 31 5.3 158 27.1 

   10,000-100,000 8 0 0 8 1.4 166 28.4 

   100,000-1.000,000 2 0 0 2 0.3 168 28.8 

    >1.000,000 0 0 0 0 0 168 28.8 

    TNTC 0 0 0 0 0 168 28.8 

After defeathering        

<10 0 0 28 28 4.8 196 33.6 

   10-100 0 3 9 12 2.1 208 35.6 

   100-1,000 0 7 3 10 1.7 218 37.3 

   1,000-10,000 2 30 0 32 5.5 250 42.8 

   10,000-100,000 7 0 0 7 1.2 257 44 

   100,000-1.000,000 9 0 0 9 1.5 266 45.5 
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Table 4.3 Continued 
 

       

    >1.000,000 6 0 0 6 1 272 46.6 

   TNTC 0 0 0 0 0 272 46.6 

After evisceration        

<10 0 0 26 26 4.5 298 51 

   10-100 0 2 12 14 2.4 312 53.4 

   100-1,000 3 24 2 29 5 341 58.4 

   1,000-10,000 13 14 0 27 4.6 368 63 

   10,000-100,000  7 0 0 7 1.2 375 64.2 

   100,000-1.000,000 1 0 0 1 0.2 376 64.4 

    >1.000,000 0 0 0 0 0 376 64.4 

    TNTC 0 0 0 0 0 376 64.4 

After prechilling        

<10 0 0 22 22 3.8 398 68.2 

   10-100 3 30 18 51 8.7 449 76.9 

   100-1,000 12 10 0 22 3.8 471 80.7 

   1,000-10,000 4 0 0 4 0.7 475 81.3 

   10,000-100,000 5 0 0 5 0.9 480 82.2 

   100,000-1.000,000 0 0 0 0 0 480 82.2 

    >1.000,000 0 0 0 0 0 480 82.2 

    TNTC 0 0 0 0 0 480 82.2 

After chilling        

<10 0 0 21 21 3.6 501 85.8 

   10-100 9 31 16 56 9.6 557 95.4 

   100-1,000 12 8 3 23 3.9 580 99.3 

   1,000-10,000 3 1 0 4 0.7 584 100 

   10,000-100,000 0 0 0 0 0 584 100 

  100,000-1.000,000 0 0 0 0 0 584 100 

   >1.000,000 0 0 0 0 0 584 100 

   TNTC 0 0 0 0 0 584 100 
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a NA, not applicable because sampling at this process location was not included. 

b TNTC, too numerous to count. 

 

 

Table 4.4 E. coli populations recovered in plant B from chicken carcass rinsate at various sampling locations at five sampling times 

during a processing shifta. 

 

  E. coli (log CFU/ml) at sampling time: 

Process location  
0:00  2:30  5:00  8:00  11:00 

Mean  95% CI  Mean  95% CI  Mean  95% CI  Mean  95% CI  Mean  95% CI 

After scalding  2.76ab 2.1-3.4  2.39a 2.0-2.8  2.31ab 1.7-3.0  2.67a 2.2-3.2  3.28b 3.0-3.6 

After defeathering  3.06a 2.7-3.4  3.31a 3.0-3.6  3.00a 2.2-3.8  3.19a 2.9-3.5  3.25a 3.1-3.4 

After evisceration  2.70a 2.2-3.1  2.85a 2.5-3.3  2.88a 2.6-3.2  2.73a 2.2-3.1  3.11a 2.7-3.5 

After prechilling  1.42a 0.9-2.0  1.72a 1.3-2.1  1.75a 1.3-2.2  1.59a 1.1-2.0  1.52a 1.2-1.9 

After chilling  1.74a 1.4-2.1   1.61a 1.1-2.1   1.55a 1.0-2.0   1.75a 1.1-2.5   1.27a 1.0-1.5 
a Within a row (comparison between sampling times at individual location), means followed by different letters are significantly 

different. Results represent the data collected during two consecutive months on two sampling days per week, n = 40 for each process 

location. 
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*Data estimated of precipitation of two consecutive months when samples were collected 

(IDEAM, 2015) 

 

Figure 4.1 Geographical location and profile of the three poultry processing facilities 

evaluated in this study. IDEAM, Instituto de Hidrología, Meteorología y Estudios 

Ambientales, Bogotá, Colombia. 

 

 

 

 

 

 

A Central 2207.1 15 28 400 42,000 10 ppm

B South 995.79 24 58 1,100 183,000 10 ppm

C North 33.82 28 105 600 55,000 35 ppm

NaOCl 

concentration 

chiller

Temperature (◦C)Plant Region Elevation (m)
Average 

precipitation (mm)*

No. of 

employees

Birds/day 

processed
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Figure 4.2 Escherichia coli (Log CFU/ml) levels recovered from chicken carcass rinsate 

by each processing plant at various sampling locations. Within columns, means with 95% 

confidence interval, followed by the same letter are not statistically different according to 

ANOVA and Sidak’s test multiple comparison tests at the 0.05 probability level. 

**Undetermined counts. Counts reported as too numerous to count (TNTC). N/A means 

that sampling at this process location point was not included. 
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CHAPTER V 

PHENOTYPIC AND GENOTYPIC CHARACTERIZATION OF 

ANTIMICROBIAL RESISTANCE SALMONELLA STRAINS 

ISOLATED FROM THREE POULTRY PROCESSING PLANTS IN 

COLOMBIA 

 

Summary 

 

Colombia is a developing country that is moving toward compliance with 

international performance standards to control foodborne pathogens in meat and poultry 

productions. After the proposed Decree 1500 in 2007, the poultry industry has 

implemented several changes and measures in the chicken processing to improve the 

sanitary operations and to control the prevalence of poultry-associated pathogens. 

However, there is not an official microbial baseline or in-plant microbial profile reference 

data currently available for the mayor foodborne pathogens thought the chicken 

processing value chains. Hence, this research was aimed to study the microbial profiles 

through the processing, and the antimicrobial resistance profiles of Salmonella isolates in 

poultry processing plants in Colombia. In total, 300 samples (270 chicken carcass rinsates 

and 30 fecal samples) were collected through the processing in three chicken processing 

establishments. Prevalence of Salmonella and Campylobacter and levels of 

Enterobacteriaceae were assessed in seven processing sites (arrival, pre-scalding, post-

scalding, post-IOBW, pre-chiller, post-chiller and parts). Additionally, the phenotypic 

and genotypic characterization of antimicrobial resistance Salmonella isolates were 

evaluated using a broth microdilution method and whole genome sequencing. Overall, 

the prevalence of Salmonella and Campylobacter in each establishment were: 77% and 

70% for plant A, 58% and 98% in plant B, and 80% and 73% in plant C. The mean levels 
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of Enterobacteriaceae in the whole chicken and chicken parts rinsates were: 5.03 Log 

CFU/ml for plant A, 5.74 log CFU/ml for plant B, and 6.41 log CFU/ml for plant C. 

Significant reductions were identified in the counts of post-chilling rinsate samples, 

however, increased levels were identified in chicken parts. High levels of antimicrobial 

resistance were found from Salmonella strains isolated from all three plants. Plant C 

presented the highest Salmonella MDR (91%) profile between the processing plants. 

Resistance to chloramphenicol, nalidixic acid and tetracycline were the most common 

among isolates. Genotypic characterization of the Salmonella isolates indicated a variety 

of AMR genes that were positive correlated with the phenotypical resistance. In total 7 

clonal populations were identified in the establishments through the processing sites, 

including five clonal attributed to the serotype Infantis, one clonal to the serotype 

Typhimurium and Javiana serotype. 

Keywords: Microbial profile, chicken processing, antimicrobial resistance, Colombia 

 

Introduction 

 

The poultry industry in Colombia has growth steady in the last ten years, favored 

for the investment in new processing technologies, genetic selection, good agricultural 

and manufacturing practices and harmonization with the international standards. 

Additionally, Colombian producers have implemented biosecurity measures to prevent 

the dissemination of Newcastle and Salmonellosis to meet the demands of national and 

international chains (Procolombia, 2016). In 2014, the National Administrative 

Department of Statistics (DANE) in collaboration with the National Federation of Poultry 

Producers of Colombia (FENAVI) presented the numbers on the valorization of the 
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poultry sector in Colombia, which offered to be 14.8 billion Colombian pesos (4.79 

million U.S. Dollars), a record value in the poultry industry. 

The ministry of agriculture and rural development together with the ministry of 

health and social protection, established the Decree 1500 in 2007 to work toward the 

improvement of the food safety programs in the meat and poultry sectors. This decree has 

been updated in the past years, and in 2016 the national government implemented the last 

phase of the sanitary laws (Decree 1500 of 2007, Decree 2270 of 2012, and Decree 1282 

of 2016), which target the reduction of foodborne illness and the food safety programs in 

meat and poultry productions. These updated decrees establish the new microbiological 

verification programs of the official inspection system for meat and meat products. 

In Colombia the chicken production is concentrated in four Departments: 

Cundinamarca, Santander, Valle, and Antioquia; together provide third quarters of the 

total production in the country (MADR-DANE, 2002). The poultry processing plants in 

Colombia are classified into two categories: industrial plants and special plants. The first 

one produces more than 3,000 birds/day, while the second presented a lower capacity. 

The industrial plants compromise 97% of the total production volume (Diaz, 2014). 

There are 142 authorized chicken slaughtering establishments in the country. In 2016, ten 

plants were closed because they did not meet the requirements of the Decree 1500. 49% 

of the poultry processing establishments compliant with the general sanitary operations  

The National Health Institute (NHI) of Colombia reported 9781 cases of 

foodborne illness related to 679 outbreaks occurred in 2016 (INS, 2016). The morbidity 

rate due to foodborne outbreaks has also been estimated to be 8.0 cases per 100,000 

population. The capital city, Bogota, presented the higher numbers of cases and outbreaks 
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(INS, 2017). The main bacteria associated with reported human infection cases are 

coagulase-positive Staphylococci, E. coli, and Salmonella spp. (Soto-Valera et al., 2016). 

Although there is not national document that collects the information of all the 

monitoring programs established in the processing plants, the National Institute of Food 

and Drug Surveillance (INVIMA) and FENAVI initiated a national data collection of the 

prevalence of Salmonella and Campylobacter in chicken carcasses, and the common 

serovars found in processing environments. However, this information has not been yet 

published. Additionally, the NHI and the Ministry of Social Protection issued a food 

safety risk profiles for Salmonella (MPS-UERIA, 2011), and Campylobacter (MPS-INS, 

2013) associated with whole chicken carcasses and chicken parts, due to the increased 

number of foodborne illnesses in the country. These documents presented a detailed 

analysis of the risk factors associated with poultry production and processing in 

Colombia. Also, they identified the lack of microbial profiling, pathogens serotyping, and 

antimicrobial resistance surveillance to design science-based approaches to control and 

reduce foodborne pathogens in the poultry industry.  

The rapid growth of the poultry production industry in Colombia has raised 

several food safety issues including the emerge of antimicrobial resistance (AMR) 

bacteria. The Colombian Integrated Program for Antimicrobial Resistance Surveillance 

(COIPARS) was initiated in 2013 as a pilot project on poultry farms, slaughterhouses and 

retail market with the primary objective to address the public health concerns about 

resistance originated for the use of antimicrobials in animal productions (Donado-Godoy 

et al., 2015). 
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Hence, the main objectives of this study were to determine the microbial profile, 

during chicken processing operations to assess pathogen prevalence, Enterobacteriaceae 

levels, and to evaluate phenotypic and genotypic characterization of antimicrobial 

resistance Salmonella strains. 

 

Materials and Methods 

 

Characteristics of poultry processing plant. Three commercial poultry processing 

establishments were sampled between July-October 2017. A summary of the locations 

and characteristics of each plant is presented in Figure 5.1. Plant A is located in the 

Department of Cundinamarca in the central region of the country at an elevation of 2,600 

m a.s.l. an average temperature of 13°C. This plant processes 60,000 birds per day and 

with an automatic evisceration process. Plant B is located in the Department of Antioquia 

in the northwestern region of the country at an elevation of 1,750 m a.s.l. an average of 

22°C. This plant processes 90,000 birds per day and with a semi-automatic evisceration 

process. Plant C is located in the Department of Meta in the east-central region of the 

country at an elevation of 452 m a.s.l. an average temperature of 26°C. This plant 

processes 55,000 birds per day and with an automatic evisceration process. All 

establishments utilize 1.0 ppm hypochlorous acid (HClO) as a chemical intervention in 

the immersion chiller tank and tap water for washers and drench applications. They run 

two shifts of 8 h/day for 5 days per week.  

 The broiler chickens that were processed in the poultry establishments were fed 

with a diet based on maize and supplement with salinomycin and narasin as a 

coccidiostat. Subtherapeutic levels of antibiotics such as enramycin, avilamycin, 



Texas Tech University, Alejandra Ramirez-Hernandez, May 2019 

 

163 

 

bacitracin, and chlorhydroxyquinoline were added in the poultry feed as a growth 

promoter. Therapeutic levels of chlortetracycline, tiamulin, and tilmicosin. 

 

Experimental design. In total 270 chicken rinsate and 30 fecal samples were collected in 

the three establishments (100 samples from seven sites in each plant). The processing 

sites were selected based on the production line at the processing plants. Samples were 

collected at the arrival station, pre-scalding (after bleeding and before entering the 

scalding tank), post-scalding (immediately after exiting the scalder tank), post-IOBW 

(inside outside body wash), pre-chiller (before entering to the pre-chiller tank), post-

chiller (immediately after exiting the immersion chill tank), and parts. Plant C did not 

have the chicken cut-up and deboning room installed. Hence, post-defeathering samples 

were collected instead of the chicken parts. The prevalence of Salmonella and 

Campylobacter and the levels of Enterobacteriaceae in chicken rinsate were evaluated 

for all the samples collected. 

 

Chicken carcass rinsate sample collection. Whole chicken carcass and chicken parts 

rinsates were collected at different processing sites in all three processing plants, 

according to the FSIS method MLG 4.08 (USDA, 2015). Further description is presented 

in Chapter IV in the section of materials and methods. After collection samples were kept 

at 5◦C and send them overnight to the Department of Microbiology at the Universidad 

Javeriana in Bogota, Colombia. 
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Fecal sample collection. For plant A, fecal samples were pooled by aseptically collecting 

approximately 25 g from arriving cages (n=10) into a sterile sampling bag (Whirl-Pak; 

Nasco, Fort Atkinson, WI). For plant B and C, fecal samples were extracted aseptically 

from cloaca of individual chickens (n= 10) into a sterile sampling bag. Samples were kept 

5◦C and shipped together with the rinsate samples. 

 

Microbiological analysis. The microbiological analysis was conducted at the food 

microbiology laboratory in the Department of Microbiology at the Universidad Javeriana 

in Bogota, Colombia.  

Salmonella and Campylobacter detection and isolation. Salmonella and 

Campylobacter prevalence were evaluated using molecular detection system (MSD100, 

3M) with method AOAC 2013, following manufacturer’s instructions. Briefly, for 

Salmonella detection (MDA2SAL96- 3MTM molecular detection assay 2-Salmonella; St. 

Paul, MN), 30 ml of rinsate were mixed with 30 ml of double strength BPW; fecal 

samples were diluted 1:9, and then all samples were homogenized thoroughly for 2 min 

and incubated at 37 ± 1 °C for 24 h. After that, enriched samples were transferred to lysis 

tubes and heated at 100 ± 1 °C for 15 min. Lysates from each sample were transferred to 

a reagent tube, loaded into a molecular detection speed loader tray (3MTM), and analyzed 

using molecular detection software. Presumptive positive samples were then cultured 

based on the Microbiology Laboratory Guidebook MLG 4.09 (Salmonella) except for the 

selective-differential agar plates, hektoen enteric agar was used instead of xylose-lysine 

tergitol 4 (XLT4). Similarly, Campylobacter detection (MDA2CAM96-3MTM molecular 

detection assay 2-Campylobacter; St. Paul, MN) was conducted using 30 ml of chicken 
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rinsate mixed with 30 ml of CE250 (3MTM) Campylobacter enrichment broth, fecal 

samples were diluted 1:9, and then all samples were homogenized thoroughly for 2 min 

and incubated at 42 ± 1 °C for 48 h. Lysates from each sample were then treated as 

described above for Salmonella detection. Presumptive positive samples were then 

cultured based on the Microbiology Laboratory Guidebook MLG 41.09 (Campylobacter). 

Enumeration of Enterobacteriaceae. Dilutions prepared for Salmonella detection 

were used to quantify the levels of Enterobacteriaceae in the chicken carcass, chicken 

parts, and fecal samples, following the MLG 3.02 (indicator microorganism). Further, 

serially diluted (1:10) in BPW were done, and 1 ml of the corresponding dilution was 

transferred onto Enterobacteriaceae Petrifilm plates (3MTM, St. Paul, MN), which were 

incubated at 35◦C for 24 h following, following manufacturer’s instructions. 

 

Antimicrobial susceptibility test (AST). AST was conducted for confirmed Salmonella 

isolates. The procedure is described in Chapter III in the section of material and methods. 

 

Whole genome sequencing (WGS). Confirmed Salmonella strains were sequenced 

following the methodology explained in Chapter III in the section of material and 

methods. WGS analysis was conducted as part of the GenomeTrakr Project: Texas 

Department of States Health Services (SRA study: SRP059203, Bioproject: 

PRJNA284276). 

 

Statistical analysis. Prevalence of Salmonella and Campylobacter was assessed using a 

Chi-square test to determine the statistical relationship between the processing sites. 
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Enterobacteriaceae counts were analyzed with a non-parametric test Kruskal-Wallis 

followed pairwise multiple comparisons post hoc Conover’s tests to identify the 

significant difference in microbial load on fecal and rinsates samples collected in 

different processing sites. AMR profiles of Salmonella isolates were evaluated using 

Mann-Whitney-Wilcoxon test. 

 

Results 

 

Salmonella and Campylobacter prevalence. Salmonella and Campylobacter were 

recovered from chicken rinsate, chicken parts and fecal samples at different processing 

sites (Table 5.1). The overall prevalence of Salmonella and Campylobacter in each plant 

were: Plant A, 77% (77/100; CI, 68 to 84%) and 70% (70/100; CI, 60 to 78%); Plant B, 

58% (58/100; CI, 48 to 67%)  and 98% (98/100; CI, 93 to 99%) and Plant C, 80% 

(80/100; CI, 71 to 87%) and 73% (73/100; CI, 63 to 80%). 

Plant A. The prevalence of Salmonella was unchanged from the processing sites 

of post-IOBW to parts with 100% (CI, 80-100%) of presumptive positive samples. 

However, samples from the pre-scalding site exhibited different prevalence compared 

with the subsequent processing sites (P = 0.001). Similarly, the presence of 

Campylobacter was detected in more than 50% of the samples; chicken parts showed 

60% (6/15; CI, 42 to 85%) of prevalence, and there were no statistically significant 

differences between the processing sites (P = 0.53).  

Plant B. Presented different profile; Salmonella was detected at different levels 

throughout the process. After pre-chilling the prevalence was 47% (7/15; CI, 25 to 70%) 

and higher level of contamination was detected in chicken parts with 80% (13/15; CI, 62 
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to 96%) of presumptive positive samples; however, there were no significant differences 

among the processing sites (P = 0.17). Whereas Campylobacter was detected in more 

than 90% of the samples, there were no statistically significant differences between the 

processing sites (P= 0.30). Chicken parts prevalence was of 93% (14/15; CI, 70 to 99%).  

Plant C. Presented 80% (12/15; CI, 55-93) of Salmonella and 47% (7/15; CI, 25-

70) of Campylobacter positive samples at the post-chilling site, with no statistical 

differences between processing sites (P = 0.29 and P = 0.31).  

 

Enterobacteriaceae levels. Enterobacteriaceae levels are presented in Figure 5.2.  

 Plant A. Fecal samples at the arrival location presented a mean of 8.85 log CFU/g 

(CI, 8.51 to 9.19 log CFU/g). From the first processing site evaluated (pre-scalding) to 

the final process (parts) counts of Enterobacteriaceae differ in 0.24 log CFU/ml, and 

there were no statistically significant differences (P = 0.33). However, there was a 

significant difference between Enterobacteriaceae levels in the pre-chilling compare with 

parts (P = 0.003). 

Plant B. Fecal samples at the arrival location presented a mean of 6.90 log CFU/g 

(CI, 6.51 to 7.29 log CFU/g). There was a significant reduction (P < 0.00001) of 3.76 log 

CFU/ml from the processing sites of pre-scalding to parts. In the say way, the pre-chiller 

and post-chiller counts presented significant differences with a P = 0.017. Nevertheless, 

there was no statistically significant difference between the final stages of pre-chiller and 

parts (P = 0.29). 

Plant C. Fecal samples at the arrival location presented a mean of 9.30 log CFU/g 

(CI, 8.47 to 10.1 log CFU/g). Similarly, to plant B, there was a significant reduction in 
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the Enterobacteriaceae counts from the pre-scalding (8.21 log CFU/ml) to parts (3.83 log 

CFU/ml). There is a significant difference between the levels in the pre-chiller and post-

chiller with a P = 0.01; however, there were no differences comparing the levels in the 

post-chiller and parts (P = 0.21). 

 

Antimicrobial resistant phenotype of Salmonella recovered isolates. A total of 115 

Salmonella isolates from different processing sites were tested for resistance to fourteen 

antimicrobial agents using the Trek Sensititre broth microdilution method. The 

antimicrobial patterns for all the isolates are presented in Table 5.2. 

Plant A. Out of the 77 presumptive Salmonella-positive samples, 50 isolates were 

recovered for AST. Overall, 94% (47/50; CI, 84 to 98%) of isolates exhibited resistance 

to at least one antimicrobial agent. Among resistance strains, 47% (22/47; CI, 34 to 62%) 

presented multi-drug resistance (MDR) profiles being resistant to equal or greater than 

three antibiotic agents. Among the MDR strains, the highest rates of resistance were to 

cefoxitin 70% (33/47; CI, 56 to 81%), and amoxicillin/clavulanic acid 40% (19/47; CI, 28 

to 55%). All isolates were susceptible to ciprofloxacin, sulfisoxazole, and gentamicin. 

Plant B. Out of the 58 presumptive Salmonella-positive samples, 30 isolates were 

recovered for AST. Overall, 96% (29/30; CI, 83 to 99%) of the isolates exhibited 

resistance to at least one antimicrobial agent. Among them, 77% (23/30; CI, 59 to 88) 

showed to be MDR. The highest levels of resistance were presented for the 

antimicrobials, tetracycline 62% (18/29; CI, 44 to 77%), nalidixic acid 58% (17/29; CI, 

40 to 74%), 55% (16/29; CI, 37 to 71%) trimethoprim/sulfamethoxazole and 
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streptomycin 55% (16/29; CI, 37 to 71%). Susceptibility to ciprofloxacin and 

sulfisoxazole was observed across all isolates. 

Plant C. Out of the 80 presumptive Salmonella-positive samples, 50 isolates were 

recovered for AST. Overall, 100% (50/50; CI, 91 to 100%) were resistant to at least one 

antimicrobial. High rates of MDR profiles (92%, 46/50; CI, 81 to 97%) were observed 

among the Salmonella isolates. The highest rates of resistance were to chloramphenicol 

(92%; 46/50; CI, 81 to 97%), nalidixic acid (90%; 45/50; CI, 78 to 96%), and tetracycline 

(88%; 44/50; CI, 76 to 94%). All isolates were susceptible to sulfisoxazole and 

ciprofloxacin, and only one isolate was resistance to amoxicillin/clavulanic acid 

(2%;1/50; CI, 0.39 to 10%). 

 

Whole genome sequencing of Salmonella isolates. Salmonella isolates were fully 

characterized by whole genome sequence analysis. Out of 50 Salmonella isolates from 

plant A, 12 of them were confirmed as S. Infantis. The remaining isolates were 

contaminated with Citrobacter spp. and Citrobacter wekmanii, although there were 

identified as Salmonella enterica but with < 80% identity. Similarly, ten isolates from 

plant B were sequenced (24 more isolates are being sequenced, but the results will not be 

included in this chapter). Three of them were identified as S. Typhimurium and 

correspond from samples at the pre-scalding site. As well as in plant A, seven isolates 

were contaminated with Proteus mirabilis and Citrobacter spp. Out of 44 isolates 

sequenced from plant C, 34 were identified with the serotype Infantis and two as Javiana. 

The clonal populations were identified, based on the combined analysis of phylogeny, 

serotype, multi-locus sequence type (MLST), plasmid incompatibility type, phenotype 
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and genotype AMR profiles (Table 5.3, 5.4 and 5.5). In total two previously described 

sequence types were identified, ST-32 and ST-19. 

 Figures 5.3, 5.4 and 5.5 presented the phylogenetic trees of all Salmonella strains 

recovered from processing plants A, B and C. Phylogenetic trees were created based on 

the concatenated high-quality single nucleotide polymorphisms, performed using CSI 

phylogeny 1.4 pipeline (Center of Genomic Epidemiology website).  

Plant A. In total two clonal populations were attributed to the serotype Infantis. 

The most common clonal was Inf1 (12/14; 86%). Although all presented the same 

sequence type (ST-32) they differed in the AMR profiles. The most common AMR 

phenotype was the resistance to Cefoxitin (8/14; 57%), and the resistance range from one 

to seven antimicrobial agents. One strain classified in the clonal population Inf2 

presented resistance to four antimicrobial classes (CHL, NAL, TET, and SXT) and unlike 

the other clonal presented the qnrB19 gene identified as quinolone-resistance 

(ciprofloxacin and nalidixic acid) in Salmonella strains. On the other hand, five out of 10 

strains in the clonal population Inf1 harbors two additional genes: blaCTX-M65 gene 

associated with resistance to beta-lactam antibiotics, fosA3 gene identified a fosfomycin 

resistance gene fosA3. Also, IncFIB and IncFII incompatibility type were encoded in one 

strain; however, they were not associated with the encoding of AMR genes on plasmid. 

Inf2 presented dfrA1 and dfrA12 gene which is identified as trimethoprim-resistance 

(integron-encoded dihydrofolate reductase), and also a lincosamide resistance gene 

Inu(G). All strains presented aminoglycosides and aminoglycoside transferase genes 

(aph(4)-la, aadA1, aa(6')-laa, aac(3)-IVa) which confer resistance to streptomycin and 
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spectinomycin. A chromosomal point mutation was present in all isolates in gryA genes, 

the primary cause of quinolone resistance. 

Plant B. One clonal population was characterized among the serotype 

Typhimurium. One strain was identified as potential monophasic variant Typhimurium 

with the antigenic structure 4:i:-. These strains were isolated from samples collected at 

the pre-scalding site. Also, all three presented multidrug resistance profile and harbored 

several AMR genes to the following antimicrobial agents: tetracycline, aminoglycoside, 

quinolone, fosfomycin, lincosamide, trimethoprim, and sulfonamide. It was identified 

that one of the strains presented the same AMR profile of the emerging multidrug 

resistance S. Typhimurium DT104. 

 Plant C. Two clonal populations were attributed to the serotypes Infantis and 

Javiana. All Infantis strains were classified in the clonal population Inf 3 (32/34; 94%), 

which presented the sequence type (ST-32). This population was characterized for the 

AMR profile of six and seven antimicrobial agents (AMP, AXO, TIO, CHL, NAL, TET/ 

AMP, AZI, AXO, TIO, CHL, NAL, TET). All strains classified in the clonal Inf3 

presented the following AMR genes: aadA1, aph(4')-laa, aac(3)-Iva, blaCTX-M-65,  fosA3, 

florR, sul1, tet(A), also few strains harbored the aph(3')-la, and  fosA genes. The second 

clone was named Jav1 (2/34; 6%) with the sequence type ST-which presented an AMR 

phenotype of seven antimicrobials (AMP, AZI, AXO, TIO, CHL, NAL, TET), and only 

one AMR gene (qnrB19) was identified in the bacterial genome. There were not plasmids 

incompatibility type identified on the bacterial genome. A chromosomal point mutation 

(gryA genes) was presented in all Salmonella Infantis strains. 
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Association of AMR phenotype and genotype. Results of the AMR phenotype and 

genotype are presented in tables 5.3, 5.4, and 5.5. There was a positive correlation 

between the presence of antimicrobial genes and the phenotypical resistance profile of 

some Salmonella strains. 

Plant A. The tet(A) gene is associated with the resistance to tetracycline. This 

gene was carried in the bacteria genome of eleven Salmonella strains (12/14; 86%), but 

there was a correlation only in four strains when this gene was present with the 

phenotypic resistance to tetracycline (≥ 16 µg/ml). Moreover, the presence of dfrA14 

gene was associated with the resistance of trimethoprim-sulfamethoxazole (≥ 4 µg/ml) in 

five (5/14; 36%) of Salmonella strains. The blaCTX-M-65 gene was presented in six strains 

(6/14; 43%), however, only four of them, existed an association with the phenotypical 

resistance profile to beta-lactam antimicrobials (amoxicillin and ampicillin/clavulanic 

acid, ≥ 32 µg/ml). 

Plant B. The beta-lactamase genes blaTEM-1B and blaOXA-2 were present in all three 

isolates, and there was a positive correlation with the phenotypical resistance to 

amoxicillin and ampicillin/clavulanic acid. Similarly, there were an association with the 

presence of aminoglycoside genes (aadA17, aac(6')-laa, aadA1, aph(3')-la, aadA2, 

aac(3)-Iid) and the resistance to streptomycin (≥ 64 µg/ml) and gentamycin (≥ 16 µg/ml). 

Additionally, two strains displayed resistance to azithromycin (≥ 16 µg/ml) and it was 

mediated by the macrolide-resistance mph and mph(B) genes containing in the bacterial 

genome. One strain carried the cmlA1 gene which confers resistance to phenicol 

antibiotic class, and it was positively related with the chloramphenicol resistance (≥ 32 

µg/ml) exhibited in the phenotypic analysis. 
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Plant C. The blaCTX-M-65 gene was detected at high frequency (30/34; 88%), and it 

was positively associated with 100% of the strains that exhibited the resistance phenotype 

to beta-lactams antibiotics (≥ 32 µg/ml). Similarly, the tet(A) gene was harbored in 32 

strains (32/34; 94%), and its presence was linked with the tetracycline resistance 

phenotype in 31 strains (31/32; 97%). The presence of florR gene is typically associated 

with intrinsic resistance to phenicol antibiotic class. Out the 34 strains, 29 harbors the 

florR gene and 28 (28/29; 97%) of them showed resistance to chloramphenicol (≥ 32 

µg/ml). Two strains clustered as S.e.1 carry the qnrB19 gene, and it was related with the 

phenotypic resistance to quinolone antibiotic family, in this case with nalidixic acid ≥ 32 

µg/ml). 

 

Discussion 

 

In this study, the prevalence of the main two poultry-associated pathogens was 

assessed during the processing. Salmonella and Campylobacter were detected at high 

rates throughout the processing, including after the chilling operation with a prevalence 

of 100%, 47% and 87% for Salmonella and 60%, 100% and100% for Campylobacter, 

respectively for plants A, B and C. It could be inferred that the application of 10 ppm of 

HClO is not sufficient to reduce the microbial load on the chicken carcasses. In addition, 

for chloride to be efficient, the pH of the water must remain in a range of 5.8 to 6.8 

(Keener et al., 2004), increasing of the water pH and organic load will decrease its 

efficacy (Byrd and McKee, 2005; Nagel et al., 2013). The poultry processing plants that 

were sampling, measure the pH and chloride concentration in the first shift of the 

processing; moreover, they use counterflow immersion chillers, to move toward the 
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chicken carcasses to the cleanest water. However, during the day accumulation of organic 

load is likely to occur on the chiller tank causing either direct contamination or cross-

contamination for Salmonella and Campylobacter (Smith et al., 2003; Thomson et al., 

1979). 

On the other hand, the levels of Enterobacteriaceae were quantified through the 

processing. Overall, there were significant reductions in the counts of Enterobacteriaceae 

from the pre-scalding to the post-chilling sites. However, in the plant A samples from 

chicken parts exhibited higher levels of Enterobacteriaceae than in previous stages (post-

chiller. In the process of cutting the chicken carcass to parts, it usually requires the 

intervention of experienced workers, where the handling and manipulation increased the 

chances for cross-contamination. Bacterial contamination can occur from equipment 

surfaces, water, and animal microbiota; also, microorganism from the environment and 

air can contaminate chicken parts (Rouger et al., 2017; Vihavainen and Björkroth, 2010). 

In Colombia, few studies have investigated the prevalence of foodborne 

pathogens through the processing. Most researchers have focused on retail market 

scenarios (Donado-Godoy et al., 2012; Donado-Godoy et al., 2015; Karczmarczyk et al., 

2010). However, Ramirez-Hernandez et al., 2017 reported the prevalence of Salmonella 

in three poultry processing establishments, with a maximum overall rate of 21.2% 

(51/240 samples) in an establishment located in the Department of Valle; additionally, 

the numbers of presumptive Salmonella-positive samples after chilling were lower (< 

18%) compare with the results obtained in this study. Differences in the food safety 

programs and manufacturing practices implemented among the processing plants and 
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other variables such as geolocation and seasonality could explain the different levels of 

indicator microorganism and rates of Salmonella on the chicken carcasses. 

The Decree 1500 established Salmonella spp. as microorganism to verify 

performance standards in processing facilities. As well as, generic E. coli is considered as 

indicator microorganisms to check the control process and the procedures of cleaning and 

sanitation. However, these measures are conducted only in the post chilling operation, 

and there is not monitoring before and after this site. The cut-up and deboning processing 

room have shown to be the most critical steps for cross-contamination of chicken meat. 

Because the chicken parts, comminuted chicken, and seasoned chicken parts have 

become one of the emerging products in Colombia, it is crucial to assess also the levels 

and prevalence of indicator microorganisms and pathogens to design appropriate 

strategies to ensure product safety before packing.  

AMR has become a global public health concern in both in the field of human and 

animal health (Ciorba et al., 2015). Improper use of antibiotics in animal production and 

human medicine has shown to be the source attribution that sustains the emerging of 

AMR bacteria (Dutil et al., 2010; Laxminarayan et al., 2016; McEwen and Fedorka-Cray, 

2002). Antimicrobial resistance of poultry-associated pathogens in Colombia is a new 

field of study that has gained more attention for associated government institutions and 

research groups in universities. Donado-Godoy et al., 2015 is one of the pioneers under 

the COIPARS pilot project established in 2013. They reported that 23% (139/600) of the 

carcass rinsates collected at the post-chilling sites in different processing plants in 

Colombia were positive for Salmonella. Among these isolates, high levels of resistance 

were presented to ampicillin (64%, 84/132), cefotaxime (57%, 75/132), ceftiofur (58%, 
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72/125) and ciprofloxacin (85%, 111/131). In the same way, Campylobacter spp. was 

detected in 36% (215/600) of the samples. Isolates exhibited resistance to ciprofloxacin 

(92%, 70/76) and tetracycline (93%, 71/76). The resistance to nalidixic acid could be 

attributed to the use of chlohydroxyquinoline (quinolone class) in the feed to promote the 

healthy growth of the chickens. 

Results obtained in this work on the characterization of AMR indicated high rates 

of MDR profiles among Salmonella isolates. Besides, there was a positive association in 

some strains with the presence of resistance genes in the bacterial genome with the 

phenotypical resistance to the antimicrobial agents included in the CMV3AGNF panel. 

These results were expected because there are several mechanisms of antimicrobial 

resistance in bacteria, and there is no always an association with a specific gene. 

Moreover, such mechanisms of resistance can be naturally occurring or by the acquisition 

of transferable genetic elements (i.e. plasmids or resistance gene encoding integrons).  

Also, cross-resistance to antimicrobials can occur when resistance to different 

members of a group of chemical-related components and/or have the same or similar 

mechanism of action (Sefton, 2002; Sosa et al., 2010). In this research, cross-resistance 

was observed on beta-lactams and aminoglycosides. The presence of blaCTX-M-65 was 

associated with the resistance to two antimicrobials agents, amoxicillin and 

ampicillin/clavulanic acid; also, the resistance to streptomycin and gentamicin was linked 

with the presence of aminoglycoside transferase genes.  

More extensively research work has been conducted on the antimicrobial 

resistance bacteria from retail chicken meat in Colombia. Donado-Godoy et al., 2015 

reported high levels of resistance to tilmicosin (100%, 51/51) and nalidixic acid (66%, 
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34/51) among Salmonella isolates recovered from retail chicken carcasses in Bogota. 

Another study conducted by the same group (Donado-Godoy et al., 2014), reported the 

AMR profiles of 378 Salmonella isolates from chicken carcass available in wet markets, 

supermarkets and independent markets, collected in six different Departments. 94% 

(354/378) of the isolates were resistant to at least one antimicrobial. High levels of 

resistance were identified for nalidixic acid (70%) tetracycline (57%), streptomycin 

(67%), and trimethoprim-sulfamethoxazole (54%). Also, 59% presented an MDR 

phenotype with resistance to 6 to15 antimicrobial agents. 

Previously published work reported that S. Paratyphi B dT+ and S. Heidelberg 

were the most prevalent serotypes isolated from farms and retail meat samples in 

Colombia during 2008 and 2009 (Donado-Godoy et al., 2014). In our research conducted 

in 2017, the serotypes Infantis and Typhimurium were the most commonly isolated from 

chicken carcass and chicken parts rinsates. It is important to highlight that this is the first 

study conducted in Colombia that integrates characterization to AMR phenotypes and 

genotypes of Salmonella isolates recovered from poultry processing plants. Nevertheless, 

further studies are necessary for identifying emerging serotypes of Salmonella and the 

routes of dissemination to improve prevention and control methods in poultry processing 

operations. 

S. Infantis has emerged as one of the most common serovar causing human 

salmonellosis in Europe (Hindermann et al., 2017) and the States (Marder et al., 2018). 

Recently, in the United States, an outbreak of MDR S. Infantis strain linked to raw 

chicken products have infected 92 people in 29 states; 21 of them are hospitalized, and no 

deaths have been reported. The outbreak strain was identified in samples from raw 
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chicken products from 58 slaughter and processing establishments, and from live 

chickens. The increasing prevalence of S. Infantis has been characterized by the MDR 

profiles and the harboring of MDR genes, such as the extended-spectrum β-lactamases 

(ESBLs) (Tate et al., 2017). Of the ESBL enzymes, the CTX-family is the most widely 

reported. Before 2014, blaCTX-M-65 gene had only been described in E. coli isolates from a 

patient it the United States. The closely related MDR of Infantis have disseminated 

among broiler population and associated with animal production environments, 

eventually being spread into the food chain and potentially into humans (Hindermann et 

al., 2017; Nógrády et al., 2012). 

The WGS analysis using ResFinder confirmed the presence of the blaCTX-M-65 in 

31 (31/40; 77%) S. Infantis isolated from the poultry processing plants in Colombia. All 

the blaCTX-M-65- positive isolates carried other resistance genes to aminoglycoside, 

fosfomycin, phenicol, sulphonamide, tetracyclines, and trimethoprim. Our results of the 

phenotypic and genotypic characterization of S. Infantis correlate with the profiles of 

strains isolated from chicken broilers and human cases in Switzerland (Hindermann et al., 

2017), Great Britain (Burke et al., 2014), Italy (Franco et al., 2015), United States (Tate 

et al., 2017), and Ecuador (Cartelle-Gestal et al., 2016). 

The national poultry sector is facing a variety of challenges motivated by the 

emerging of fast and dynamic markets that demand better quality, safety, and diversified 

products. Hence, data collected at different stages throughout the chicken processing 

value-chain can help to support the implementation for science-based risk management 

options focused on proven mitigation stages for pathogen control, while ensuring 

microbial safety in chicken meat products. 
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Tables and Figures 

 

Table 5.1 Prevalence of Salmonella and Campylobacter recovered from chicken samples 

collected at different processing sites. 

 

Plant A 

Processing site 

Salmonella Campylobacter 

No. sample positive 

(% positive) 
95% CI 

No. sample positive 

(% positive) 
95% CI 

Fecal material         

Fecal 1/10 (10) 1.7- 40 9/10 (90) 60- 98 

Chicken carcass rinse       

Pre-scalding 2/15 (13)a 3.7- 37 11/15 (73)a 48- 89 

Post-scalding 14/15 (93)b 70- 99 8/15 (53)a 30- 75 

Post-IOBW 15/15 (100)b 80- 100 14/15 (93)a 70- 99 

Pre-chiller 15/15 (100)b 80- 100 9/15 (60)a 36- 80 

Post-chiller 15/15 (100)b 80- 100 9/15 (60)a 36- 80 

Parts 15/15 (100)b 80- 100 10/15 (67)a 42- 85 

 

 

Plant B 

Processing site 

Salmonella Campylobacter 

No. sample positive 

(% positive) 
95% CI 

No. sample positive 

(% positive) 
95% CI 

Fecal material         

Fecal 0/1 (10) 0- 27 10/10 (100) 72- 100 

Chicken carcass rinse         

Pre-scalding 12/15 (80)a 55- 93 15/15 (100)a 80- 100 

Post-scalding 8/15 (53)a 30- 75 14/15 (93)a 70- 99 

Post-IOBW 6/15 (40)a 20- 65 15/15 (100)a 80- 100 

Pre-chiller 12/15 (80)a 80- 100 15/15 (100)a 80- 100 

Post-chiller 7/15 (47)a 25- 70 15/15 (100)a 80- 100 

Parts 13/15 (87)a 62- 96 14/15 (93)a 70- 99 
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Table 5.1 Continued 

 

Plant C 

Processing site 

Salmonella Campylobacter 

No. sample positive 

(% positive) 
95% CI 

No. sample positive 

(% positive) 
95% CI 

Fecal material     

Fecal 4/10 (40) 17- 69 5/10 (50) 24- 76 

Chicken carcass rinse     

Pre-scalding 12/15 (80)a 55- 93 13/15 (87)a 62- 96 

Post-scalding 15/15 (100)a 80- 100 11/15 (73)a 48- 89 

Post-defeathering 13/15 (87)a 62- 96 8/15 (53)a 30- 75 

Post-IOBW 11/15 (73)a 48- 89 14/15 (93)a 70- 99 

Pre-chiller 13/15 (87)a 62- 96 15/15 (100)a 80- 100 

Post-chiller 12/15 (80)a 55- 93 7/15 (47)a 25- 70 
a,b Prevalence that is followed by different superscripts are statistical different 

(Comparison between processing sites). 
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Table 5.2 The resistance of Salmonella isolates recovered from the chicken rinsates and 

fecal samples. A) Plant A, B) Plant B, and C) Plant C. 

 

A) Plant A 

Resistance profile Processing site Antimicrobials 

Resistance 1 ≤ 2                   

(n=25) Post-scalding AUG        

  Post-scalding FOX        

  Post-IOBW FOX        

  Pre-chiller FOX        

  Pre-chiller FOX        

  Post-chiller FOX        

  Parts FOX        

  Parts FOX        

  Parts FOX        

  Parts FOX        

  Parts FOX        

  Parts FOX        

  Post-IOBW FOX AUG       

  Post-IOBW FOX AZI       

  Post-IOBW FOX STR       

  Pre-chiller FOX AUG       

  Pre-chiller FOX AUG       

  Pre-chiller FOX AUG       

  Post-chiller FOX AUG       

  Post-chiller FOX AUG       

  Post-chiller FOX AUG       

  Parts FOX AUG       

  Parts FOX AUG       

  Parts FOX STR       

  Parts FOX STR       

Resistance ≥ 3 < 6           

(n=15) Post-scalding AUG AZI FOX      

  Post-scalding AUG AZI FOX      

  Post-IOBW AUG AZI FOX      

  Pre-chiller AUG STR FOX      

  Pre-chiller CHL STR FOX      

  Pre-chiller AUG AZI FOX      

  Parts CHL SXT TET      

  Parts AUG STR FOX      

  Parts AUG STR FOX      

  Post-IOBW AUG AZI AMP TET     

  Post-IOBW AUG AZI AMP TET     

  Post-IOBW CHL SXT NAL TET     

  Pre-chiller CHL SXT NAL TET     
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Table 5.2 Continued 

  

  Post-chiller CHL SXT STR TET     

  Post-chiller CHL SXT STR TET     

  Pre-chiller CHL SXT FOX TET STR    

Resistance ≥ 6 < 8           

(n=6) Pre-chiller CHL SXT AMP TET STR NAL   

  Post-IOBW CHL SXT FOX TET STR NAL AZI  

  Pre-chiller CHL SXT AMP TET STR AXO TIO  

  Pre-chiller CHL SXT AMP TET NAL AXO TIO  

  Post-chiller CHL SXT AMP TET NAL AXO TIO  

  Parts CHL SXT AMP TET NAL AXO TIO  

 

B) Plant B 

Resistance profile Processing site Antimicrobials 

Resistance 1 ≤ 2                   

(n=6) Pre-scalding FOX               

  Pre-scalding NAL               

  Post-chiller NAL               

  Pre-chiller NAL TIO             

  Parts NAL TIO             

  Parts NAL TIO             

Resistance ≥ 3 < 6                   

(n=15) Pre-scalding NAL TET STR           

  Pre-scalding NAL TIO STR           

  Post-IOBW TET AZI STR           

  Pre-scalding AUG AZI AMP FOX         

  Pre-scalding NAL TET STR SXT         

  Parts CHL AZI STR SXT         

  Post-IOBW AUG TET AMP FOX         

  Pre-chiller GEN AZI STR TET         

  Pre-chiller GEN AZI STR TET         

  Pre-chiller GEN AZI STR TET         

  Pre-chiller GEN AZI STR TET         

  Pre-chiller NAL AZI TIO TET         

  Post-scalding NAL AZI STR TET SXT       

  Post-scalding NAL AMP STR TET SXT       

  Pre-scalding GEN AZI AMP AUG NAL       

Resistance ≥ 6 < 8                   

(n=6) Post-scalding GEN CHL AMP STR TET SXT     

  Pre-scalding GEN CHL AMP STR TET SXT     

  Parts NAL CHL AMP TIO TET SXT     

  Pre-scalding GEN AZI AMP AUG NAL STR SXT   

  Pre-scalding GEN CHL AMP FOX STR TET SXT   

  Pre-scalding AUG AXO AMP FOX TIO NAL SXT   
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Table 5.2 Continued 

 

Resistance ≥ 8                   

(n=3) Post-scalding AUG AXO AMP FOX TIO NAL STR SXT 

  Post-IOBW AUG AXO AMP FOX TIO NAL STR SXT 

  Post-IOBW AUG AXO AMP FOX TIO NAL STR SXT 

 

C) Plant C 

Resistance profile Processing site Antimicrobials 

Resistance 1 ≤ 2                     

(n=4) Post-scalding NAL                 

 Post-scalding FOX                 

  Post- IOBW FOX                 

  Post-IOBW NAL                 

Resistance ≥ 3 < 6                     

(n=3) Post-scalding FOX CHL AMP             
  Post-IOBW FOX CHL TET             
  Post-chiller FOX CHL NAL TET SXT         

Resistance ≥ 6 < 8                     

(n=36) Arrival AMP TIO AXO CHL NAL TET       

 Arrival AMP TIO AXO CHL NAL TET     

 Arrival AMP TIO AXO CHL NAL TET     

 Arrival AMP TIO AXO CHL NAL TET     
  Post-scalding AMP TIO AXO CHL NAL TET       

  

Post-

defeathering AMP AZI CHL NAL TET SXT       

  

Post-

defeathering AMP TIO AXO CHL NAL TET       

  

Post-

defeathering AMP TIO AXO CHL NAL TET       

  

Post-

defeathering AMP TIO AXO CHL NAL TET       

  
Post-

defeathering AMP TIO AXO CHL NAL TET       

  Post-IOBW AMP TIO AXO CHL NAL TET       

  Pre-chiller AMP TIO AXO CHL NAL TET       

  Pre-chiller AMP TIO AXO CHL NAL TET       

  Post-chiller AMP TIO AXO CHL NAL TET       

  Post-chiller AMP TIO AXO CHL NAL TET       

  Post-chiller AMP TIO AXO CHL NAL TET       

  Pre-scalding AMP AZI TIO AXO CHL NAL TET     

  Pre-scalding AMP AZI TIO AXO CHL NAL TET     

  Pre-scalding AMP AZI TIO AXO CHL NAL TET     

  Pre-scalding AMP AZI TIO AXO CHL NAL TET     

  Pre-scalding AMP AZI TIO AXO CHL NAL TET     

  Post-scalding AMP AZI TIO AXO CHL NAL TET     
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Table 5.2 Continued 

 

  Post-scalding AMP AZI TIO AXO CHL NAL TET     

  Post-scalding AMP AZI TIO AXO CHL NAL TET     

  Post-scalding AMP AZI TIO AXO CHL NAL TET     

 Post-scalding AMP AZI TIO AXO CHL NAL TET   

 Post-scalding AMP AZI TIO AXO CHL NAL TET   

  

Post-

defeathering AMP AZI TIO AXO CHL NAL TET     

  
Post-

defeathering AMP STR TIO AXO CHL NAL TET     

  Post-IOBW AMP AZI TIO AXO CHL NAL TET     

  Post-IOBW AMP AZI TIO AXO CHL NAL TET     

  Post-IOBW AMP AZI TIO AXO CHL NAL TET     

  Post-IOBW AMP AZI TIO AXO CHL NAL TET     

  Pre-chiller AMP AZI TIO AXO CHL NAL TET     

  Pre-chiller AMP AZI TIO AXO CHL NAL TET     

  Post-chiller AMP AZI TIO AXO CHL NAL TET     

Resistance ≥ 8                     

(n=7) Pre-scalding AMP AZI TIO AXO CHL GEN NAL TET 

  Post-scalding AMP AZI FOX TIO AXO CHL NAL TET 

  

Post-

defeathering AMP AZI TIO AXO CHL GEN NAL TET 

  

Post-

defeathering AMP AZI TIO AXO CHL NAL STR TET 

  Pre-chiller AMP AZI TIO AXO CHL NAL STR TET 

  Post-chiller AMP AZI TIO AXO CHL NAL STR TET 

  Pre-scalding AMP  AZI TIO AXO CHL NAL FOX TET AUG 

Antimicrobial agents:  

AUG: amoxicillin/clavulanic acid; AMP: Ampicillin; AZI: Azithromycin; FOX: 

Cefoxitin; AXO: Ceftriaxone; TIO: Ceftiofur; CHL; Chloramphenicol; GEN: 

Gentamicin; NAL: Nalidixic acid, STR: Streptomycin; TET: Tetracycline; SXT: 

Trimethoprim/sulfamethoxazol
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Table 5.3 Phenotypic and genotypic characterization of Salmonella strains in plant A. (n=14) 

 

Site Serotype Clonal AMR phenotype* AMR genes of different antimicrobial classes 
Plasmid 

incompatibility 
MLST 

Post-

IOBW 
Infantis Inf2 CHL,NAL,TET,SXT 

aph(4)-la, aadA1, aadA2, aa(6')-laa,aac(3)-IVa, sul1,dfrA14, 

dfrA12,tet(A),qnrB19 
- ST-32 

Post-

IOBW 
Infantis Inf1 

AZI, FOX, CHL,NAL, 

STR,TET, SXT 
aph(4)-la, aadA1, aa(6')-laa,aac(3)-IVa,sul1, dfrA14, tet(A) - ST-32 

Pre-chiller Infantis Inf2 AUG, FOX 
aph(4)-la, aadA1, aa(6')-laa,aac(3)-IVa,sul1,dfrA14, dfrA1, 

tet(A), tet(J),Inu(G) 
- ST-32 

Pre-chiller Infantis Inf1 AZI,CHL,NAL,TET, SXT aph(4)-la, aadA1, aa(6')-laa,aac(3)-IVa,sul1,dfrA14, tet(A) - ST-32 

Pre-chiller Infantis Inf1 FOX 
aph(4)-la, aadA1, aa(6')-laa,aac(3)-IVa, aac(3)-laa,sul1, dfrA14, 

tet(A),blaCTX-M-65,fosA3 
- ST-32 

Pre-chiller Infantis Inf1 
AMP, AXO, TIO, CHL, 

NAL, TET, SXT 

aph(4)-la, aadA1, aa(6')-laa,aac(3)-IVa, aac(3)-laa,blaCTX-M-65, 

florR ,fosA3,fosA7,Inu(G) 
IncFIB, IncFII ST-32 

Pre-chiller Infantis Inf1 FOX,CHL,NAL, 
aph(4)-la, aadA1, aa(6')-laa,aac(3)-IVa, aac(3)-laa,sul1, dfrA14, 

tet(A),blaCTX-M-65,fosA3 
- ST-32 

Pre-chiller Infantis Inf1 
AMP,AXO,TIO,CHL,NAL,

TET,SXT 

aph(4)-la, aadA1,aac(3)-IVa, aac(3)-laa,blaCTX-M-65,fosA3, 

florR,sul1,tet(A) 
- ST-32 

Post-

chiller  
Infantis Inf1 FOX aph(4)-la, aadA1, aa(6')-laa,aac(3)-IVa,sul1,dfrA14, tet(A)  - ST-32 

Post-

chiller  
Infantis Inf1 CHL,NAL,TET,SXT aph(4)-la,aadA1, aac(3)-IV, sul1 ,dfrA14 ,tet(A), florR - ST-32 

Parts Infantis Inf1 FOX aph(4)-la, aadA1, aa(6')-laa,aac(3)-IVa,sul1,dfrA14, tet(A) - ST-32 

Parts Infantis Inf1 AUG, FOX 
aph(4)-la, aadA1, aa(6')-laa,aac(3)-IVa, aac(3)-laa,sul1, dfrA14, 

tet(A),blaCTX-M-65,florR, fosA3 
- ST-32 

Parts Infantis Inf1 FOX 
aph(4)-la, aadA1, aa(6')-laa,aac(3)-IVa, aac(3)-laa,sul1, dfrA14, 

tet(A) 
- ST-32 

Parts Infantis Inf1 
AMP,AXO,TIO,CHL,NAL,

TET,SXT 

aph(4)-la, aadA1, aa(6')-laa,aac(3)-IVa, aac(3)-laa,sul1, dfrA14, 

tet(A),blaCTX-M-65,florR, fosA3 
- ST-32 

*AMR phenotype using SensititreTM Gram-negative NARMS CMV3AGNF. Antimicrobial agents: AUG: amoxicillin-clavulanic acid; 

AMP: ampicillin; AZI: Azithromycin; FOX: cefoxitin; AXO: ceftriaxone; TIO: Ceftriaxone; CHL: Chloramphenicol; NAL: Nalidixic 

acid; STR: streptomycin; TET: tetracycline; SXT: Trimethoprim/sulfamethoxazole. 
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MLST: multi-locus sequence type. Colors on the AMR phenotype and AMR gene represent the resistance to an antimicrobial agent: 

Red: tetracycline; Blue: aminoglycoside; Green: beta-lactam; Yellow: trimethoprim; Purple: phenicol; Dark red: macrolide. 

 

 

Table 5.4 Phenotypic and genotypic characterization of Salmonella strains in plant B. (n= 3) 

 

Site Serotype Clonal AMR phenotype* Acquired AMR genes of different antimicrobial classes 
Plasmid 

incompatibility 
MLST 

Pre-

scalding 

Monophasic 

Typhimurium 
STM1 AUG,AMP,AZI,FOX 

aac(6')-laa,aph(3')-la,aadA1,aadA2,aac(3)-lld,blaTEM-1B, blaOXA-2, 

qnrB19,mph,Inu(F),cmlA1, sul1,sul2,sul3, tet(M),dfrA29, dfrA12 

IncA/C2  

IncFIB 
ST-19 

Pre-

scalding 
Typhimurium STM1 

AUG,AMP,AZI,GEN, 

NAL,STR,SXT 

aadA17,aac(6')-laa,aadA1,aph(3')-la,aadA2,aac(3)-Iid,blaOXA-2, 

blaTEM-1B, qnrB19,Inu(F),mph(B),cmlA1, sul1,sul2,sul3, tet(A), 

tet(M),dfrA29,dfrA12 

IncA/C2  

IncFIB 
ST-19 

Pre-

scalding 
Typhimurium STM1 

AMP,CHL,GEN,STR, 

TET,SXT 

aac(6')-laa,aph(3')-la,aadA1,aadA2,aac(3)-lld,blaTEM-1B, blaOXA-2, 

qnrB19,mph,Inu(F),cmlA1,sul1,sul2 ,sul3, tet(M),dfrA29, dfrA12  

IncA/C2 

IncFIB 
ST-19 

*AMR phenotype using SensititreTM Gram-negative NARMS CMV3AGNF. Antimicrobial agents: AUG: amoxicillin-clavulanic acid; 

AMP: ampicillin; AZI: Azithromycin; FOX: cefoxitin; AXO: ceftriaxone; TIO: Ceftriaxone; CHL: Chloramphenicol; GEN: 

Gentamicin; NAL: Nalidixic acid; STR: streptomycin; TET: tetracycline; SXT: Trimethoprim/sulfamethoxazole. 

MLST: multi-locus sequence type. Colors on the AMR phenotype and AMR gene represent the resistance to an antimicrobial agent: 

Red: tetracycline; Blue: aminoglycoside; Green: beta-lactam; Yellow: trimethoprim; Purple: phenicol; Light blue: quinolone; Pink: 

macrolide. 
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Table 5.5 Phenotypic and genotypic characterization of Salmonella strains in plant C. (n= 34) 

 

Site Serotype Clonal AMR phenotype* 
Acquired antimicrobial resistance genes of different 

antimicrobial classes** 

Plasmid 

incompatibility 
MLST 

Arrival Infantis Inf3 
AMP,AXO,TIO,CHL,NAL,

TET 

aph(3')-la,aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65, fosA3, 

florR,sul1,tet(A) 
- ST-32 

Arrival Infantis Inf3 
AMP,AXO,TIO,CHL,NAL,

TET 

aph(3')-la,aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65, fosA3, 

florR,sul1,tet(A) 
- ST-32 

Arrival Infantis Inf3 
AMP,AXO,TIO,CHL,NAL,

TET 

aph(3')-la,aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65, fosA3, 

florR,sul1,tet(A) 
- ST-32 

Arrival Infantis Inf3 
AMP,AXO,TIO,CHL,NAL,

TET 

aph(3')-la,aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65, blaCTX-M, 

fosA3,florR,sul1,tet(A) 
- ST-32 

Pre-scalding Javiana Jav1 
AMP,AZI,AXO,TIO,CHL, 

NAL,TET 
qnrB19 - ST-1675 

Pre-scalding Infantis Inf3 
AMP,AXO,TIO,AZI,CHL, 

NAL,TET 

aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65,fosA3,florR, sul1, 

tet(A) 
- ST-32 

Pre-scalding Infantis Inf3 
AMP,AXO,TIO,AZI,CHL, 

NAL,TET 

aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65, fosA3,florR, sul1, 

tet(A) 
- ST-32 

Pre-scalding Infantis Inf3 
AMP,AXO,TIO,AZI,CHL, 

GEN,NAL,TET 

aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65, fosA3,florR, sul1, 

tet(A) 
- ST-32 

Pre-scalding Infantis Inf3 
AMP,AXO,TIO,AZI,CHL, 

GEN,NAL,TET 

aph(3')-la,aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65, blaCTX-M, 

fosA3,florR,sul1,tet(A) 
- ST-32 

Pre-scalding Javiana Jav1 
AUG,AMP,AZI,FOX,AXO,

TIO,CHL,NAL,TET 
qnrB19 - ST-1675 

Pre-scalding Infantis Inf3 
AMP,AXO,TIO,AZI,CHL, 

NAL,TET 

aph(3')-la,aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65, fosA3, 

florR,sul1,tet(A) 
- ST-32 

Pre-scalding Infantis Inf3 
AMP,AXO,TIO,CHL,NAL,

TET 

aac(6')-laa,aph(3')-la,aadA1,aph(4)-la,aac(3)-IVa, blaCTXM65, 

fosA3,sul1,tet(A) 
- ST-32 

Post-scalding Infantis Inf3 
AMP,AXO,TIO,FOX,AZI, 

CHL,NAL,TET 

aac(6')-laa,aph(3')-la,aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65, 

fosA3,sul1,tet(A) 
- ST-32 

Post-scalding Infantis Inf3 
AMP,AXO,TIO,AZI,CHL, 

NAL,TET 

aph(3')-la,aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65, fosA3, 

florR, sul1,tet(A) 
- ST-32 

Post-scalding Infantis Inf3 
AMP,AXO,TIO,CHL,NAL,

TET 

aph(3')-la,aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65 ,blaCTX-M, 

fosA3,florR,sul1,tet(A) 
- ST-32 

Post-scalding Infantis Inf3 
AMP,AXO,TIO,AZI,CHL, 

NAL,TET 

aph(3')-la,aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65, blaCTX-M, 

fosA3,florR,sul1,tet(A) 
- ST-32 

Post-scalding Infantis Inf3 
AMP,AXO,TIO,AZI,CHL, 

NAL,TET 

aph(3')-la,aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65, blaCTX-M, 

fosA3,florR,sul1,tet(A) 
- ST-32 
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Table 5.5 Continued   

Site Serotype Clonal AMR phenotype* 
Acquired antimicrobial resistance genes of different 

antimicrobial classes** 

Plasmid 

incompatibility 
MLST 

Post-scalding Infantis Inf3 
AMP,AXO,TIO,AZI,CHL, 

NAL,TET 

aph(3')-la,aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65, fosA3, 

florR,sul1,tet(A) 
- ST-32 

Post-scalding Infantis Inf3 
AMP,AXO,TIO,AZI,CHL, 

NAL,TET 

aph(3')-la,aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65, fosA3, 

florR,sul1,tet(A) 
- ST-32 

Post-scalding Infantis Inf3 NAL 
aph(3')-la,aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65, fosA3, 

florR,sul1,tet(A) 
- ST-32 

Post-scalding Infantis Inf3 
AMP,AXO,TIO,AZI,CHL, 

NAL,TET 

aph(3')-la,aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65, fosA3, 

florR,sul1,tet(A) 
- ST-32 

Post-scalding Infantis Inf3 
AMP,AXO,TIO,CHL,NAL,

TET 

aph(3')-la,aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65, fosA3, 

florR,sul1,tet(A) 
- ST-32 

Post-

defeathering 
Infantis Inf3 

AMP,AXO,TIO,AZI,CHL, 

NAL,STR,TET 

aph(3')-la,aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65, fosA3, 

florR,sul1,tet(A) 
- ST-32 

Post-

defeathering 
Infantis Inf3 

AMP,AXO,TIO,AZI,CHL, 

NAL,TET 

aph(3')-la,aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65, fosA3, 

florR,sul1,tet(A) 
- ST-32 

Post-

defeathering 
Infantis Inf4 

AMP,AXO,TIO,CHL,NAL,

TET 

aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65,fosA3, florR, sul1, 

tet(A) 
- ST-32 

Post-

defeathering 
Infantis Inf4 

AMP,AXO,TIO,CHL,NAL,

TET 

aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65,fosA3,florR, sul1, 

tet(A) 
- ST-32 

Post-

defeathering 
Infantis Inf4 

AMP,AXO,TIO,CHL, 

NAL,TET 

aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65,fosA3, florR, sul1, 

tet(A) 
- ST-32 

Post-

defeathering 
Infantis Inf4 

AMP,AXO,TIO,AZI,CHL, 

GEN,NAL,TET 

aph(3')-la,aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65, fosA3, 

florR,sul1,tet(A) 
- ST-32 

Post-

defeathering 
Infantis Inf4 

AMP,AXO,TIO,CHL,NAL,

TET 

aph(3')-la,aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65, fosA3, 

florR,sul1,tet(A) 
- ST-32 

Post-

defeathering 
Infantis Inf4 

AMP,AXO,TIO,CHL,NAL,

TET 

aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65,fosA3,florR, sul1, 

tet(A) 
- ST-32 

Post-

defeathering 
Infantis Inf3 

AMP,AXO,TIO,CHL,NAL,

STR,TET 

aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65,fosA3, florR, sul1, 

tet(A) 
- ST-32 

Post-IOBW Infantis Inf3 
AMP,AXO,TIO,AZI,CHL, 

NAL,TET 

aph(3')-la,aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65,fosA,  

fosA3,florR,sul1,tet(A)  
- ST-32 

Post-chiller Infantis Inf5 FOX,CHL,NAL,TET aadA1,aph(4)-la,aac(3)-IVa,fosA3,florR,sul1,tet(A) - ST-32 

Post-chiller Infantis Inf4 
AMP,AXO,TIO,CHL,NAL,

TET 

aadA1,aph(4)-la,aac(3)-IVa,blaCTX-M-65,fosA3, florR, sul1, 

tet(A) 
 ST-32 
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*AMR phenotype using SensititreTM Gram-negative NARMS CMV3AGNF. Antimicrobial agents: AUG: amoxicillin-clavulanic acid; 

AMP: ampicillin; AZI: Azithromycin; FOX: cefoxitin; AXO: ceftriaxone; TIO: Ceftriaxone; CHL: Chloramphenicol; NAL: Nalidixic 

acid; STR: streptomycin; TET: tetracycline; SXT: Trimethoprim/sulfamethoxazole. 

S.e.: Salmonella enterica. MLST: multi-locus sequence type. Colors on the AMR phenotype and AMR gene represent the resistance to 

an antimicrobial agent: Red: tetracycline; Blue: aminoglycoside; Green: beta-lactam; Yellow: trimethoprim; Purple: phenicol; Dark 

red: quinolone. 
** Information about the AMR genotypes for each strain were obtained from the NCBI Pathogen Detection database of the National 

Center for Biotechnology Information. (GenomeTrakr Project: Texas Department of States Health Services, SRA study: SRP059203, 

Bioproject: PRJNA284276)
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Figure 5.1 Geographical location and profile of the three poultry processing facilities 

included in this study. 
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Figure 5.2 Enterobacteriaceae (Log CFU/ml for chicken rinsates; Log CFU/g for fecal 

samples) levels recovered from the chicken carcass, chicken parts and fecal samples 

by each processing plant at the different processing site. Columns with different letters 
a, b, c, d are significantly different according to a non-parametric Kruskal-Wallis 

followed pairwise multiple comparison post hoc Conover’s test at P < 0.05. 
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Figure 5.3 Phylogenetic tree of Salmonella strains isolated from Plant A defined by 

the concatenated alignment of the high-quality single nucleotide polymorphisms 

(SNPs). The number indicates node point. The description in the column represents 

the identified MLST type, serotype, the processing site where the isolate was 

recovered. (Two strains classified in the clonal population Inf1 are missing in this tree, 

data to be completed). 
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Figure 5.4 Phylogenetic tree of Salmonella strains isolated from Plant B defined by the 

concatenated alignment of the high-quality single nucleotide polymorphisms (SNPs). 

The number indicates node point. The description in the column represents the 

identified MLST type, serotype, the processing site where the isolate was recovered. 
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Figure 5.5 Phylogenetic tree of Salmonella strains isolated from Plant C defined by the concatenated alignment of the high-quality 

single nucleotide polymorphisms (SNPs). The number indicates node point. The description in the column represents the identified 

MLST type, serotype, the processing site where the isolate was recovered.
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