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ABSTRACT  

Meat is a highly perishable product and can become unfit for consumption in a 

short period of time if not properly handled.  It can also be hazardous to public health due 

to pathogen presence.  Much progress has been made in the beef processing industry over 

the past several years to monitor process control to ensure that food safety and quality 

hazards are minimized.  Microbial testing is important for monitoring product quality and 

safety and as a result, many sampling methods have been developed to evaluate the 

microbial quality of meat to provide microbiologically acceptable meat and meat 

products for the public. The purpose of this study was to evaluate the effectiveness of 

swabbing, rinsing, and grinding (followed by rinsing of the ground sample) as sampling 

methods for the recovery of indicator microorganisms on beef trimmings, and to 

determine which method is best suited to estimate the microbial numbers in beef 

trimmings.  A total of fifteen samples of beef trimmings were collected at Texas Tech 

Gordon Davis Meat Laboratory using the N60 technique under federal inspection. Each 

sample was subjected to multiple sequential samplings: three times for each sampling 

method.  A comparison was made between the first sampling and the total bacteria 

recovered by each method.  The first and the total aerobic counts obtained by the rinse 

and the grinding methods resulted in aerobic bacteria counts that were not significantly 

different (P > 0.05). However, swabbing yielded counts that were significantly lower (P 

< 0.05) than both rinsing and grinding. In respect to total coliforms, rinsing was not 

significantly different (P < 0.05) from either swabbing or grinding, yet swabbing 

recovered the least number of bacteria from the samples. Escherichia coli biotype I was 

below the detectable limit regardless of the sampling technique used. Within each 
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sampling method, the decline in aerobic bacteria counts due to multiple sequential 

sampling was calculated. Rinsing and grinding dropped significantly (P < 0.05) after the 

initial samplings, whereas swabbing did not (P > 0.05). Linear regression models were 

performed to observe the relationship among all possible pairs of sampling methods 

implemented in this study. Linear models showed strong relationships, with a coefficient 

of determination (r2) of 0.81 (swabbing vs grinding), 0.67 (swabbing vs rinsing), and 0.70 

(rinsing vs grinding).  Our findings suggest that although grinding resulted in the highest 

numerical recovery, the rinsing recovery was not significantly different. Therefore, any of 

these methods could be utilized to obtain a good representation of the number of bacteria 

in beef trimmings.  
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CHAPTER I                                                                                          

INTRODUCTION 

Spoilage and pathogenic microorganisms can be introduced into red meat from 

poor dressing procedures, fecal materials, gut contents, and hides. In addition, cross-

contamination can also occur from processing equipment, human contact, the structural 

components of the facility, and from carcass-to-carcass (5, 20). There is a general 

agreement among scientists that generic E. coli (E. coli, biotype I or simply E. coli) is the 

best indicator of fecal contamination on beef carcasses (13). The hygienic condition of a 

meat processing facility can be improved by developing and implementing a Hazard 

Analysis Critical Control Point (HACCP) plan with sound validation methods. Therefore, 

microbiological analysis of carcasses becomes important for validation of a HACCP plan 

(5). 

European Union (EU) Decision Escherichia coli /471/2001 requires the 

implementation of HACCP on meat and poultry slaughter and dressing operations. It 

states that hygienic performance shall be evaluated by enumeration of indicator 

microorganisms (aerobic count and Enterobacteriaceae counts) on the carcass at the end 

of the operation. The standards used to assess the hygienic performance should be 

completely based on the results acquired from destructive sampling methodologies such 

as coring, scrapping, and abrading (5). In 1996, the Food Safety and Inspection Service 

(FSIS) published a final rule making the implementation of HACCP plans as a part of a 

company’s control process mandatory in all inspected poultry and meat facilities in the 

United States(40).  Proper sampling and microbiological evaluation is important to 

validate HACCP plans.  In contrast to the EU standard, the FSIS requires a swab sample 

to be taken from carcass surfaces. 
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 Many sampling methods can be used to evaluate microbial safety and microbial 

quality. These methods can be categorized into two groups: destructive and non-

destructive (24). Each method has its pros and cons. Excision, being destructive, provides 

reliable results due to the efficient recovery of strongly attached bacteria. However, only 

a limited area can be sampled, processing is time-consuming, and skilled workers are 

required to properly collect the sample (5). In contrast, non-destructive sampling, such as 

swabbing, causes minor or no damage to the surface, larger areas can be sampled, and 

bacteria with uneven distribution and low colony forming units can be recovered. The 

disadvantage is that the results vary because only loosely attached bacteria are recovered 

(5).  

Many studies report the differences in efficacy among various sampling methods. 

Anderson et al (1) stated that post-slaughter enumeration of microorganisms is crucial for 

accurate evaluation of washing and/or sanitizing methods. Therefore, both swabbing and 

excision methods were used to evaluate washing and sanitizing methods on untreated 

half-carcass. The study indicated that there was a higher recovery via excision than 

swabbing, where swabbing recovered an average of 6 to16 % aerobic counts compared to 

the amounts recovered by excision. Similarly, the recovery of Generic Escherichia coli 

ranged from 5 to 12 % of the amount recovered by excision. Conversely, a high 

percentage of Enterobacteriaceae was recovered by swabbing (1). The efficacy of 

swabbing dropped even more after the half-carcasses were washed or washed and 

sanitized with 1.5% acetic acid at 14°C and 52°C. The percentage of aerobic bacteria 

recovered by swabbing comparing to excision ranged from 1 to 22 %(1).  Excision was 

reported to be a more effective and accurate method compared to swabbing (1, 11). 
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However, Gill and Jones found that the total aerobic bacteria recovered from carcass 

sides of pork and beef in packing plants were similar whether recovered by excision or 

swabbing with sponge or gauze. In addition, they reported that the more abrasive the 

swab, the more bacteria would be recovered (19).  While there have been studies to 

determine differences in sampling methods on carcasses, little information exists to 

determine the efficacy of various methods in sampling ground beef trim. 

The objective of this study was to evaluate of the recovery of indicator (aerobic 

bacteria, coliforms, and Escherichia coli biotype I) microorganisms on beef trimmings 

using three different methods: 1) swabbing, 2) rinsing, and 3) grinding. 

We hypothesized that grinding would yield more bacterial counts because a larger 

surface area will be exposed in comparison with rinsing and swabbing. Moreover, we 

hypothesized that due to subjecting the sample to multiple sampling will result in a 

decline in the number of bacteria until it becomes undetectable.    
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CHAPTER II                                                                                                        

REVIEW OF LITERATURE 

Indicator Microorganisms 

Introduction  

 The total numbers of indicator microorganisms present in food can be utilized to 

provide information about potential process failure, the hygienic and sanitary conditions 

in the facility, and contamination from the environment (33).  Testing for indicator 

microorganisms such as aerobic plate counts, coliforms, and generic E. coli is not only 

cost efficient but also time-saving, unlike testing for pathogenic bacteria like Salmonella, 

Campylobacter, and Listeria monocytogenes which can be costly (42). Indicator testing 

cannot substitute for specific pathogen testing and serves as a measure of process control 

rather than an indication of pathogen presence (33).  In many studies, it has been proven 

that there is not a sufficient correlation that can be established between the concentration 

of generic E. coli and the concentration of Salmonella or Campylobacter (27, 42). 

Therefore, generic E. coli concentration is not a sensible indicator for the concentration 

of a particular pathogen.  However, if generic E. coli is absent, then the likelihood of an 

enteric pathogen being present is less (42).  

Spoilage Indicators 

Indicator microorganisms can be employed as a part of the criteria for process 

control to address the quality of the product or the shelf-life of a certain food (33). Food 

is considered spoiled if its organoleptic qualities changed, and resulted in consumer 

reluctance from purchasing the product. Food spoilage occurs due to the growth of 

microorganisms and their enzymatic activity rather than an absolute number indicating 
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the total bacteria in food (6).  When assessing quality, the numbers over time are better 

indicators of quality/spoilage rather than the numbers obtained at a specific point in time. 

Many indicators have been used to monitor food quality. Some of these indicators are 

Acetobacter spp, Lactococcus lactis, and Bacillus spp in fresh cider, raw milk, and bread 

dough, respectively. Those indicator microorganisms are not the only causative of quality 

loss due to spoilage but are given as examples. In fact, there are many other indicators 

that contribute to spoilage because foods are environments that are rich in nutrients. The 

selection of certain microorganisms that are monitored is based on the assumption that it 

is most likely the cause of spoilage (33).  

 Microbial growth and metabolism can cause meat and meat product spoilage. 

Slaughtering and butchering introduces bacteria to meat. Few of the bacteria will be able 

to grow, and only some will spoil the meat. Commonly, gram-negative bacteria are the 

main cause of meat spoilage which is often characterized by the generation of sulfur-

containing products H2S, dimethylsulfide, and methylmercaptan, in addition to slime 

formation due to microbial growth (18). Refrigeration and aerobic environment favor the 

growth of members of Pseudomonas, Acinetobacter, Psychrobacter, and Moraxella 

genera because they have faster growth rates in such conditions as they are psychrophiles. 

Therefore, they are most likely to cause spoilage (18).   

Indicators of Pathogenicity  

  Testing for indicator microorganisms could be used to determine if a product was 

produced under conditions that favor hazardous microbial contamination. For instance, 

the presence of E. coli in drinking water is an indicator of possible fecal contamination 

and likely enteric pathogens (33). It has also been reported that samples of prefabricated 
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beef carcass that have high aerobic plate counts (APC) are probably positive for E. coli. 

The study concluded that the samples with ≥ 4 log CFU/cm2
 yielded 88% positive 

presence of E. coli (38). No Indicators can be used to absolutely evaluate food safety, but 

rather they should be used to measure process control. Indicators for food safety should 

meet many criteria as follows (33): 

o Easily detected by traditional methods 

o Recognized among other members of food flora  

o Established association with targeted pathogen 

o Present when the targeted pathogen is present 

o Indicator microorganisms’ cells correlate with the pathogenic cells  

o Growth requirements and rates are similar to the pathogen 

o The die-off rate correlates with the pathogen, preferably last a little bit long than the 

targeted pathogen  

o Absent or may exist in minimum numbers 

Buttiaux and Mossel added additional criteria for fecal indicators: they should 

specifically occur in an intestinal environment, be shed in high number in feces, resist 

external environment, and be detectable in low numbers (33). 

Commonly Used Indicator Microorganisms 

Aerobic Plate Count 

An aerobic plate count is a commonly used indicator microbial test. There are 

various applications for APC testing with the most common use being the estimation of 

the number of bacteria in the raw materials and prediction of the fulfillment of Good 
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Manufacturing Practices (GMP) or process control. APCs have been used to test drinking 

water, raw milk, and milk products (39). APCs have no indication value in foods that 

have a high initial bacterial count such as vegetable sprouts, which have approximately 

108 to 109 CFU, or yogurt and other fermented products. APCs cannot be used as a safety 

indicator as there is usually no correlation between APCs and pathogens or their toxins 

(39), however, APCs can be used as an indicator of quality and spoilage if it is measured 

over time.  

Many factors could potentially affect the accuracy of APCs. For example, nutrient 

deficiencies in the media could result in invisible colonies. Additionally, the presence or 

absence of oxygen, proper incubation time and temperature, cell injury, or the presence of 

substances that inhibit the cell growth can all impact the total counts. Sterilization failure 

and protection of sterilized equipment, media, and diluents could result in counts coming 

from the environment rather than the food. Inaccurate measurement of samples and 

dilutions could result in lab errors as well as performing any of the testing steps 

incorrectly, including uneven distribution of the sample in or on the medium, 

unsatisfactory working space that allows contamination, and inaccuracy in counting the 

colony (1).  In addition, there are various factors that limit the determination of pathogen 

presence such as an uneven distribution of bacteria over the sample, a low number of 

pathogen cells making it difficult to detect, and the limited number of specimens that can 

be obtained. As a result, there is no assurance that the pathogen is not present (3) but 

rather this indicates process control.  
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Coliform and E. coli 

In 1892, Schardinger presented the detection of fermentative gram-negative 

bacteria that are taxonomically and ecologically related to Salmonella typhi (28). This 

group, despite the fact it is not accurately defined, was used to determine the safety of 

water. It includes Escherichia, Enterobacter aerogenes, Klebsiella pneumoniae, 

Citrobacter freundii, and related types called Coli-aerogenes bacteria. The United States 

Public Health Services in 1914 altered its standard from detecting E. coli to detecting 

coliform because it was assumed they both had the same sanitary significance. Recently, 

the indicator group has been limited to species that are able to grow at elevated 

temperatures(41). 

Coliforms are members of the family Enterobacteriaceae which are aerobic and 

facultative anaerobic, gram-negative non-sporforming rods that ferment lactose 

producing gas and acid within 48 hours at 35°C and 32°C for dairy products. Some 

coliforms are found in feces and others exist naturally in soil or water. Fecal coliforms, 

on the other hand, are the bacteria that are separated from the coliform bacteria using 

elevated temperature. Both “coliform” and “fecal coliforms” have no taxonomic validity. 

Hence, fecal coliform meaning becomes clear when the testing methods and samples 

used are expressed (41). E. coli comply with the definition of coliforms, fecal coliforms, 

and Enterobacteriaceae, but further identification is needed by an IMViC (indole, methyl 

red, Voges-Proskauer, citrate utilization) pattern of + + - - or - + - - (29). 

 Enumeration of coliforms can be achieved using violet red bile agar (VRBA) 

combined with Brilliant Green Bile Broth (BGLB) and Gram staining for confirmation 

(10). VRBA, which is used to presumptively grow coliform, contains peptone to provide 
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carbon and nitrogen sources for general growth requirements, yeast extracts that supply 

vitamin B complex to induce the growth, and lactose. In addition, the VRBA is supplied 

with Bile salts and crystal violet to inhibit the growth of gram-positive bacteria, pH 

indicator, and agar which serves as a solidifying agent (34). To perform coliform 

enumeration, transfer two 1 ml aliquots from each dilution to petri dishes, and pour 10 ml 

of VRBA maintained at 48°C. Then, overlay with 5 ml of VRBA to prevent surface 

growth and spreading of the colonies. If injured cells are expected, overlay with tryptic 

soy agar for resuscitation, incubate at room temperature for two hours, and overlay again 

with VRBA. Invert the plates and incubate at 35°C for 18-25 hours. For confirmation that 

colonies are coliforms, obtain 10 representative colonies and transfer each to a BLGB 

tube. Incubate at 35°C and check for gas production at 24 and 48 hours. Gram staining 

should be performed to confirm that the gas was not caused by gram-positive bacteria 

(10).  

Escherichia coli 

History and Background  

 In 1885, the German pediatrician Dr. Theodore Escherichia described the 

Bacterium coli commune. Nowadays, it is known as Escherichia coli or E. coli as an 

abbreviation (10). Escherichia coli colonizes the intestines of humans and warm-blooded 

animals (33), and can cause disease in rare occasions. The chance of disease increases for 

immunocompromised hosts or when the barriers of the gastrointestinal tract are ruptured 

(22). Escherichia coli was recognized as foodborne pathogen in 1971; as result of 

approximately 400 cases for individuals who consumed imported cheeses that were 

contaminated with an enteroinvasive strain and became ill. Serologically, E. coli strains 
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are distinguished depending on surface antigens such as the O (somatic), H (flagella), and 

K (capsule) antigens. Identifying the O and H antigens enables determination of whether 

or not the strain is associated with diarrheal disease (33).  

 There are six profoundly studied categories of intestinal pathogenic E. coli. 

Enteropathogenic E. coli (EPEC) is the first pathotype to be described and is usually 

linked to diarrhea in infants, particularly in developing countries (33).  EPEC can cause 

attaching and effacing (A/E) lesion formation, a technique to target and infect intestinal 

tissue (21). Enterotoxigenic E. coli (ETEC) is also a causative of diarrhea in infants in 

developing countries as well as travelers’ diarrhea. This pathotype colonizes the small 

intestine and produces a heat-labile and heat-stable enterotoxin that provokes fluid 

accumulation and diarrhea (33). Diffuse-adhering E. coli (DAEC) is commonly 

associated with children’s diarrhea. DAEC risks increase between age 1 to 5 years. (33). 

Enteroinvasive E. coli (EIEC) causes non-bloody diarrhea in addition to dysentery, 

similar to what is caused by Shigella spp. EIEC invades the colon’s epithelial cells and 

multiplies within its cells, eventually causing the cell to die. The large plasmid (ca. 

140MDa) encodes several outer membrane proteins that assist cell invasion (33). 

Enteroaggregative (EAEC) is a causative of persistent diarrhea in infants and children in 

many countries across the world. This type of pathogenic E. coli is distinct from others 

due to its pattern of aggregative adherence which resembles stacked bricks (33). 

Enterohemorrhagic E. coli (EHEC) was recognized in 1982 as a pathogen due to its 

involvement in the outbreak of hemorrhagic colitis (33). EHEC has been associated with 

various types of food, including but not limited to: hamburger, unpasteurized milk, 
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lettuce, apple juice, and radish sprouts (27). The estimated number of cells required for 

infection in this group is <100 cells (27). 

Bacteriological Characteristics 

E. coli is a bacterium that is commonly found in the intestine of humans and 

animals. Some E. coli strains are pathogenic because they have the ability to produce 

toxins. The symptoms vary based on the strain and the individual's tolerance to the illness 

(9). The symptoms in humans can be diarrhea, hemorrhagic colitis (HC), or Hemolytic 

uremic syndrome (HUS)(26). The most vulnerable segments of the population are 

infants, children, and debilitated individuals. Shiga toxin producing E. coli (STECs) were 

given this name because of their ability to produce Shiga toxin 1 (stx1) and Shiga toxin 2 

(stx2). STECs share the same morphological qualities; they are gram-negative bacilli 

under Enterobacteriaceae family and Escherichia genus (9). 

The majority of E. coli grow at temperatures ranging from 10 to 46 °C with the 

exception of some STEC serotypes, which can grow in temperatures as low as 6.5°C in 

milk (23). Most E. coli O157:H7 are unable to grow effectively at temperatures ≥44.5 °C 

(33).  Furthermore, it was found that E. coli O157 strains are capable of growing at low 

temperatures (< 15°C) because they possess genetic mechanisms different from those of 

non-pathogenic E. coli.   

STECs commonly do not tolerate high temperatures, despite conditions of neutral 

pH and moderately high water activity. On the other hand, STEC E. coli O15:H7 show a 

capability of survival at a temperature that is lower than those suitable for growth. For 

instance, E. coli O157:H7 can survive for weeks or months in variety of products such as 
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meat, fruits, ice-cream, and yogurt under a freezing condition at -18 to -20 °C (9). 

Therefore, many outbreaks have been attributed to the consumption of frozen ground 

beef patties contaminated with viable E.coli O157:H7(9). 

Bacteria commonly use stress resistance mechanisms as survival techniques. 

Many Escherichia coli survival studies have been done on O157:H7, but not much is 

known about other STECs. Most Enterohemorrhagic E. coli can grow between 7 and 46 

°C (14). However, during environmental stress, some strains become less 

thermosusceptible. During acid adaptation, bacteria’s thermotolerance increases by up-

regulating stress respond genes. Fats in food work as insulation against thermal 

inactivation (9).   

Many gastrointestinal pathogens can resist harsh acidic environments using 

different techniques. For instance, Vibrio cholera uses what is called an "assault tactic" 

which involves producing a high number of cells hoping some will survive the stomach 

acidity and enter the intestine. The pH that is required for the growth of 

Enterohemorrhagic E. Coli ranges from approximately 4.4 to 9.0 (14). This is 

considerably higher than the pH in the stomach, which is approximately 2.5 (12). Unlike 

Vibrio cholerae, E. coli uses three mechanisms to survive at as low of a pH as 2 for 

hours. These mechanisms are the glucose-repressed or oxidative acid resistant system 

(AR1), glutamate acid-resistance system (AR2), and arginine acid-resistance system 

(AR3) (12). 

Microbial Sampling Methods for Meat and Meat Contact Surfaces 

In 1930, developing and advancing carcass sampling methods began in earnest, 
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and the development of carcass sampling has been an ongoing progress for decades. 

Thus, a lot of sampling methods have been developed and assessed to assure providing 

the public with high-quality and safe meat and meat products (27). Microbial sampling 

methods are categorized into two groups: destructive and non-destructive (24). The first, 

destructive sampling methods, causes permanent damage to the specimen because they 

involve sample removal and maceration (24). Excision is one of the most effective 

sampling methods because it yields the highest bacterial recovery as compared to non-

destructive sampling techniques (1, 8, 11). Cossi et al (7) compared tissue excision with 

rinsing and superficial swabbing for the recovery of hygiene indicator microorganisms 

(Mesophilic aerobes, Enterobacteriaceae, Coliforms, and E.coli) on sixty retail chicken 

carcasses, and concluded that tissue excision provides higher bacterial counts than all 

nondestructive methods used in the study. However, tissue excision recovery was 

significantly higher than rinsing method for only coliforms and E. coli (7). Furthermore, 

Fliss et al (11) conducted a study on thirty ovine carcass to evaluate two sampling 

techniques which are skin excision (a destructive technique) and double moist swab and 

direct agar contact (nondestructive techniques). The study concluded that excised skin 

recovered higher bacterial count than other methods implemented (11). Although many 

studies have reported that excision provides more reliable and less variable bacterial 

counts than other sampling methods,  this type of sampling method is not desirable in the 

meat industry because it affects the commercial value (27) and is laborious (32). 

 The second category is non-destructive sampling. It includes but is not limited to: 

swabbing, rinsing, and direct agar contact. Swabbing methods have been developed over 

time to help enhance the recovery of bacteria (24). Lee and Fung (24) stated that Calcium 
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alginate swabs recover more microorganisms than cotton swabs because it dissolves in 

Ringer's solution or hexametaphosphate, thus releasing trapped microorganisms. Dorsa 

(8) observed that swabbing using cheesecloth for the recovery of bacteria from beef 

carcasses resulted in bacterial counts that are not significantly lower than excision. 

Seager et al (36) observed that the recovery of bacteria using five sequential sponging 

from beef carcasses range from 11.1 to 97.4%. In addition, it was noted that the largest 

proportion of bacteria was recovered by the first sponge of the five sequential sponging. 

FSIS Pathogen Reduction HACCP: Final Rule detailed the procedure of the sample 

collection from the cattle’ surface. First, all materials that are needed for the sample 

collection should be ready ahead of time to collect the samples effectively and in a timely 

manner. A sterile moistened sampling sponge (which usually come packaged in a sterile 

bag) will be used to sample the three locations on cattle’ carcass which includes; rump, 

flank, and brisket. Next, locate the rump and place the 100 cm2 with one hand onto the 

rump. Then, with the other hand wipe the delimited area for approximately 10 times 

vertically and 10 times horizontally (13). The pressure applied onto the sample should not 

be great to avoid damaging the sponge (16). The same procedure should be done for the 

flank and brisket. Then, the sponge should be placed back into its bag and the air should 

be expelled (13). Now the sample is ready to be shipped to the laboratory for microbial 

analysis.  

Rinsing is common nondestructive sampling technique for bacterial recovery 

from chicken or turkey carcasses. Rinsing the sample can be conducted either by 

immersing the sample in a sterile fluid or bringing the fluid into contact with the surface 

being tested. Rinsing enables sampling the entire surface of sample (24). Therefore, 
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rinsing will help reduce the error of non-uniform contamination. Cossi (7) found that the 

recovery of mesophilic aerobes and Enterobacteriaceae using tissue excision was not 

statistically superior to rinsing. Zhang et al  (43) reported that there was not significant 

difference between rinsing and excision techniques in the recovery of total viable counts 

from broiler carcasses. Rinsing can be performed by following FSIS Final Rule 

procedure for whole chicken carcass rinse sampling. The chicken carcass should be 

obtained after chiller at the end point of drip line. Place the carcass in sterile 3500 ml 

stomacher bag. Add 400 Buffered Peptone Water (BPW) while adding make sure 

portions of fluid is poured inside the carcass cavity. Close the bag tightly and start 

shaking in rocking motion thirty times, or approximately one minute. All surfaces interior 

and exterior should be rinsed. After removing the carcass rinse should be placed in 

another bag to prevent lockage, or minimum of 30 ml rinse can be poured in lack-proof 

container (13). Now the sample is ready to be shipped the laboratory for microbial 

analysis.   

Another common, non-destructive sampling method is replicate organism 

detection and counting, which is commonly referred to as RODAC (24). This method 

uses a solidified nutrient agar that can be used to examine sample surface and provide 

quantitative data (41). A benefit of this method is that it is easy to perform: simply press 

the agar onto the surface of the sample and then incubate it. The downside of RODAC 

sampling method is the difficulty of using it on surfaces that are creviced. Surfaces with 

high microbial burden will result in overgrowth, thus it should be used on surfaces that 

have been cleaned and sanitized prior to sampling (41).  
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Detection and Analysis of Foodborne Pathogens: 

Introduction 

 Microorganisms can be detected visually, biochemically, immunologically, or 

genetically. The detection can be before the enrichment, which is quantitative or after the 

enrichment, which is qualitative (25). Microbiological analysis is an important 

component of food safety management. Authorities and food industry operators have 

used microorganism analysis to monitor the trends analyses to detect emerging risks, in 

addition to compliance testing for defining microbiological criterion or to assess the 

performance of management’s strategies based on Hazard Analysis Critical Control 

Points (HACCP) (21). Analytical methods can be standardized, such the International 

Organization for Standardization (ISO) methods, which are known as reference methods. 

The standardized methods usually involve classical culture methods using selective liquid 

or selective solid culture media in order to grow, isolate, or enumerate the targeted 

microorganism and also suppress the background microflora (21).   

Standardized methods for microbiological analysis have been developed by 

experts and decided upon by international consensus. Furthermore, standardized methods 

are open access so that information on how to reproduce them is available to all, along 

with multiple suppliers that can provide the composition of a culture. These traditional 

methods are still in use by regulatory agencies and recognized as the “gold standards” for 

examination of food. Hence, it is well accepted. The downside of these methods is that 

they require a considerable amount of effort and time to be performed and need a large 

volume of media and reagents. Furthermore, additional operational and data collection 

time is needed. These inconveniences triggered the desire to develop more rapid methods 
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that are derived from the "gold standard." Rapid methods are defined as methods or 

systems that minimize the amount of time needed to acquire the microbiological results 

(21).  

3M Petrifilm ™: 

 3M Petrifilm is a very useful rapid detection method that is derived from 

standardized traditional methods. As an alternative to laborious and time-consuming 

traditional methods, Petrifilms were developed to be easily and efficiently implemented 

in production facility (2). Comparison has been made between standard methods and 

petrifilms for the enumeration of the aerobic flora and coliforms in many types of food, 

including dairy products, meat, poultry, vegetable, seafood, and other foods. The study 

concluded that there is a good correlation between the standard aerobic colony count 

method and the petrifilm aerobic plate count  (r = 0.989), as well as between standard 

Violet Red bile Agar method and the petrifilm coliform count plate (r = 0.872) (2). Also, 

The American Public Health Association (AOAC) has recognized the Petrifilm plate 

method as a valid method for microbial measurement in pasteurized and raw milk (31). 

Since there are many types of 3M Petrifilms plates, the ingredients vary based on 

the targeted microorganisms.  The aerobic count plate petrifilm is made of a cold-water-

soluble gelling agent, standard methods nutrients, and 2,3,5-triphenyltertazolium chloride 

(TTC), an indicator that colors bacterial colonies red (30). On the other hand, coliform 

count plates petrifilms basically share the same ingredients except they have Violet Red 

Bile (VRB) nutrients, and the glucuronidase indicator (BCIG) which helps the formation 

of blue precipitate around the colony (17).  
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Polymerase Chain Reaction (PRC):  

 PCR is an in vitro method that increases the specific DNA sequence numbers in a 

certain sample. As a result, many copies of the DNA sequence are generated which then 

can be used in a hybridization reaction (41). The method achieves the amplification of the 

targeted DNA sequence by alternating high and low temperature cycles. The cycle is 

comprised of three steps. First, denaturation of the DNA to separate strands at high 

temperature (70-100 °C).  Second, two oligonucleotide primers, each specifically 

targeting a region of the DNA, are added (41). The primers are typically 20-30 

nucleotides in length (25). The primers anneal at the low temperature, usually between 37 

to 55 °C. Each primer is homologous to either the left (5') or the right (3') sequence. The 

primers mark the ends of the den segments to be duplicated (41). The primers are 

extended by the DNA polymerase to generate two new DNA strands which are 

homologous to the original ones. The polymerase is thermostable to prevent the 

denaturation during the heat cycle, hence, there is no need to add new polymerase after 

each cycle. The amplification of approximately 105 can be archived with 20 to 30 cycles. 

After the amplification, hybridization reactions are performed to detect the DNA’s 

segment(s) (41). 

N60 Sampling Methods 

 The Food Safety and Inspection Service (FSIS) developed a guideline for testing 

 six non-O157:H7 (O26, O45, O103, O111, O121, and O145) combined with O157:H7 

using the N60 method for sample collection for beef manufacturing trimming. The 

objectives of N60 testing are to assure the effectiveness of dressing operations and 
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interventions in a harvest facility, and to help make decisions when developing a Hazard 

Analysis and Critical Control Points (HACCP) plan.  According to the USDA (15), there 

are four key terms in the N60 sampling collection methods that should be understood and 

defined before collection. Lot size: 5 combo bins each containing 2000-pound trim 

(10000 pound total). The number of slices: 12 slices from each combo bin (60 total). 

The slices should be acquired from the exterior surface of the product because it is a 

potential area of contamination with STECs. Slice size: a slice should be 1/8 in thickness 

and 6.25 in weight. Sample size: 375 grams should be the weight after compositing the 

60 slices (15).   

 The N60 sampling method is a straight forward procedure as described by the 

USDA: randomly collect twelve 6.25 g, 1/8th inch thick slices from each combo bin. This 

will help collecting as many slices from the carcass surface as possible. If for any 

circumstances, there are less than 5 combo bins, sixty slices should still be obtained from 

the available combos. For example, if there are 3 combo bins available, 20 slices should 

be obtained from each combo bin. If there are only 2 combo bins available, 30 slices 

should be obtained from each combo bin, and so forth. Then, combine the slices for every 

lot, which then will be referred to as a composite sample. After collecting the samples, 

they should be stored at 7-10 °C (44-50 °F) and should be sent to the laboratory to be 

analyzed no later than 24 hours after collection. The sample must be mixed before 

selecting the material to be analyzed. Even though some procedures enable the analysis 

of the whole 375g, sub-samples (75g) can be made to be examined individually. Enrich 

sub-samples to assure the growth of STEC cells. Analyze sub-samples for the presence of 
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STEC. If there is a positive result, any possible sources of contamination should be 

investigated (15).   

 Establishments that utilize N60 sampling methods usually define a lot as 5 

combo bins. N60 is designed to detect as low as 5% contamination within a lot. 

Contamination below the five percent is not easily identified. All combo bins that test 

positive must be sent to cooking, and all combo bins that test negative should be directed 

to grinding. If higher detection level is desired within a combo bin, FSIS recommends 

decreasing the lot size from 5 combo bins to only 1. Thus, all 60 slices will be acquired 

from one combo bin instead of 12 slices. Decreasing the lot size would consequently 

increase analysis expenses. However, reducing the costs is possible by utilizing Wet-

Pooling of samples. This technique involves enriching each N60 sample individually and 

then pooling aliquots from each enrichment. Pooled aliquots will be then a representative 

of the five N60 (15). 

Providing foods that are microbiologically acceptable is of great importance due 

to public health concerns. Scientists have been concerned with the detection and 

enumeration of microorganisms on foods and environment for decades. Many sampling 

methods have been developed to evaluate the microbial condition of a sample. Generally, 

sampling methods can be categorized into two groups. First, the destructive methods, 

which involve sample removal, such as coring, scrubbing, and abrading. Second, the non-

destructive methods, which cause minor or no damage to the sample at all. Non-

destructive includes swabbing, rinsing, and direct agar contact. Despite the variations of 

sampling methods, there are several factors that should be considered when selecting any 

of these methods, such as the type of sample, the expected levels of bacteria, expected 
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presence of bactericidal components, environmental condition, and precision and 

accuracy required. 
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CHAPTER III                                                                                               

MATERIALS AND METHODS 

Introduction  

 The primary sources of microbial contamination of carcasses are an animal’s hide, 

hair, hooves and gastrointestinal tract (29, 38). The number and type of microorganisms 

present can be utilized to evaluate the safety and the quality of the product. There are 

many factors that assist in determining the safety of food such as the presence or absence 

of the pathogen or its toxin, the number of pathogens, and the efficacy of control or 

destruction step (33). Indicator microorganisms may be used to indicate the quality of 

food, or a potential presence of pathogens, a sanitation failure, or a process failure (39).  

Some of the most frequently used indicators for food and water are aerobic plate count, 

coliforms, and E. coli (39).  

 Many sampling techniques can be used to evaluate the quality and safety of food 

which involve the recovery of indicator microorganisms. The sampling techniques are 

grouped into two categories: destructive and nondestructive methods. The first, 

destructive methods, include techniques such as coring, scrubbing, and abrading (37). 

These methods involve sample removal, hence, they are not desirable in the food industry 

for several reasons such as lowering the value of the product, demanding skillful labor to 

perform, and being time consuming (4). The nondestructive methods include techniques 

such as swabbing, RODAC, and rinsing (24). Many studies have been conducted to 

evaluate the effectiveness of destructive and nondestructive methods, and most of them 

have concluded that excision, which is destructive method, is the most effective due to 

the higher recovery of bacteria (4). However, other studies reported that modification of 

existing sampling methods, may help increase its efficiency in comparison to excision. 
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For instance, swabbing with abrasive materials may increase the recovery to be as 

effective as excision (4).  The drawback to the excision method is the destruction of the 

product which can be expensive. 

 FSIS developed a guide to help beef slaughter/fabrication establishments with 

testing for Shiga toxin producing E. coli or virulence markers using the N60 sample 

collection for beef trimmings (15). This collection method involves gathering 12 slices 

each from five combo bins, which represents the lot size, to provide 95% confidence of 

detecting 5% of potential contamination in a single lot (15). This procedure minimizes 

the risk of releasing the product that is contaminated with pathogens.   

This study was conducted to evaluate the recovery of indicator (aerobic bacteria, 

coliforms, and Escherichia coli biotype I) microorganisms on beef trimmings using three 

different methods: 1) swabbing, 2) rinsing, and 3) grinding. Our hypothesis was that 

grinding of the sample would result in higher bacterial recovery because a lager surface 

area will be exposed in comparison to rinsing and swabbing; rinsing would recover more 

bacteria than swabbing. Furthermore, subjecting the specimen to multiple sequential 

sampling will result in a decline in the bacteria recovered until it becomes undetectable. 
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Methods 

Sample Collection 

 For each replication, five samples were collected from a beef fabrication 

establishment using the N60 technique under federal inspection, and transferred to the 

food safety lab located in the Experimental Sciences building at Texas Tech University, 

and stored in a cooler at 4°C to be processed no later than 24 hours after collection. The 

N60 Technique basically involves collection of 12 meat slices from each combo bins 

which will add up to 60 slices. Usually, lot size defined as five combo bins that each 

contain about 2000-pound of trims. However, if the lot size is less than five combo bins, 

the 60 slices will be obtained from the available combo bins.  

Swab Sampling  

 Each package of the N60 samples was aseptically opened using a sterile scissor, 

which was sanitized using 95% ethanol and flaming technique and placed on trays that 

were covered with labeled aluminum foil. A 100 cm2 template was placed on top of each 

sample. EZ Reach™ sterile sponges pre-hydrated with 25 ml Buffered peptone water 

(BPW) were used for swabbing. The sponge was squeezed inside its bag before swabbing 

the area to remove the excess liquid. The delimited area was swabbed in horizontal and 

vertical motion from left to right and from top to bottom. The sponge was then put back 

in its bag, and the sponge's stick was removed by turning it clockwise. This process was 

replicated three times in the same manner. The swabs were then stomached at 230 RPM 

for 30 seconds (Stomacher® 400 circulator). Serial 10- fold dilutions were performed in 

BPW 9 ml tubes for each swab. Appropriate dilutions were plated on 3M Petrifilm™ 
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Aerobic Count Plates (APC Petrifilm) and 3M Petrifilm™ E. coli/Coliform Count Plates 

(E. coli/Coliform Petrifilm). E. coli / Coliform petrifilms were stacked in groups with no 

more than 20 plates in each group and incubated at 36°C ±1°C for 24 hours. Then, the 

colonies were counted and recorded, and the same process was done again after a total of 

48 hours of incubation. The APC petrifilms were stacked in groups with no more than 20 

plates in each group and incubated at 36°C ±1°C for 48 hours. After the incubation time, 

the colonies were counted using a 3M Petrifilm™ Plate Reader and recorded. 

Rinse sampling  

 In a separate location from the area that had been swabbed, 25 grams from each 

N60 samples were acquired using forceps and scissors, which were sanitized using 95% 

ethanol and flaming techniques, and placed in a 55oz Whirl pack bag. A volume of 225 

ml of BPW was added to each sample. The samples were stomached at 230 RPM for 2 

minutes, and serial 10- fold dilutions in BPW 9 ml tubes were performed. Then, the 

enrichments were drained out of Whirl pack bags, and the meat pieces were transferred 

aseptically using forceps to another set of Whirl pack bags, and again 225 ml of BPW 

was added to each sample. The samples then underwent stomaching at 230 RPM for 2 

minutes, and serial dilutions were performed. This process was repeated for a total of 

three times. Appropriate dilutions were plated onto APC and E. coli /coliform petrifilms 

and incubated at 36°C ±1°C. APC petrifilms were counted after 48 hours, whereas E. 

coli/coliform petrifilms were counted two times at 24 and 48 hours.  

Ground sampling  

For each N60 sample, 100 grams of the N60 sample were collected aseptically, 
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 using forceps sanitized with 95% ethanol flaming technique into Cabela’s® Deluxe meat 

grinder to be ground. Between each grinding, the grinder was disassembled, cleaned, and 

sanitized to avoid cross contamination. The trim was acquired from the area that had not 

been swabbed. A total of 25 grams of the ground sample was placed into a Whirl pack 

bag. The samples then were diluted with 225ml BPW, stomached at 230 RPM for 2 

minutes, and serial 10- fold dilutions were performed. Then, the enrichments were 

drained out of Whirl pack bags, and the ground meat was transferred aseptically using a 

spatula to another set of Whirl pack bags, and again 225 ml of BPW was added to each 

sample. Appropriate dilutions were plated onto APC Petrifilm and E. coli/coliform, 

which then underwent an incubation period of 24 hours and 48 hours at 36°C ±1°C. After 

the incubation time, the colonies were counted and recorded. The process was repeated 

three times in total. 

Analysis of data 

 All bacterial counts were transformed to log value and an ANOVA was 

performed using RStudio (version 1.0.44). Significant differences were set at the 5% 

level (P < 0.05) unless otherwise stated. Pearson product moment correlation coefficients 

were calculated to identify the relationship between the sampling techniques 

implemented using RStudio (version 1.0.44). In addition, simple linear regressions were 

computed and graphed using Microsoft Excel (2016).  
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Results   

The first enumerations obtained from the beef trimmings using swabbing, rinsing 

and grinding are presented in Table 1. There was no significant difference (P > 0.05) in 

the numbers of aerobic bacteria recovered when comparing rinsing of the whole sample 

to grinding and rinsing of the sample. However, aerobic bacteria recovered by swabbing 

was significantly lower (P < 0.05) than both rinsing of the whole sample and grinding 

then rinsing.   

The decline in the bacterial numbers recovered as a result of subjecting each 

sample of beef trimming to multiple sequential samplings is presented in Table 2. The 

sequential sampling using rinsing and grinding techniques resulted in a significant 

decline (P < 0.05) in the number of bacteria recovered. However, the bacterial recovery 

when using the swabbing technique was not significantly different (P > 0.05) for each of 

the three repetitions. Therefore, the decrease in bacterial number was not significant (P > 

0.05) indicating much bacteria remained on the surface of the sample.  

The total aerobic bacteria (adding all bacterial counts together from all samplings) 

and coliforms recovered from the beef trimmings by swabbing, rinsing, and grinding are 

presented in Table 3. Regarding aerobic bacteria, there was no significant difference (P > 

0.05) between rinsing of the whole piece and grinding and then rinsing.  Nevertheless, 

swabbing was significantly lower (P < 0.05) than rinsing and grinding as we observed 

when we compared just the initial sample. In respect to total coliform counts, rinsing was 

not significantly different (P > 0.05) from either swabbing or grinding, yet swabbing was 

significantly lower (P < 0.05) than grinding. 
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The correlation coefficient was calculated to measure the strength and the 

direction of a linear relationship among the methods. The correlations were 0.90, 0.82, 

and 0.83 for swab vs grind, swab vs rinse, and rinse vs grind, respectively (Figure 1, 2 

and 3).  Simple linear regression was performed to examine the relationship between the 

first recovery of all possible pairs of the three sampling methods, the results of which is 

illustrated in Table 4.  First, a linear model was computed to examine the relationship 

between swabbing and grinding and resulted in r2 of 0.81. This means that our model is 

able to explain 81 % of the variation of response variable (Grinding Log CFU/g). The 

samples subjected to grinding and then rinsing had approximately 1.47 log more bacteria 

than the samples that were swabbed. The predicted recovery of grinding was 1.47 + 0.8X 

where X is the bacterial recovery obtained by swabbing (Figure 1). Second, a linear 

model was performed to evaluate the relationship between swabbing and rinsing and 

resulted in r2 of 0.67 indicating the percentage of variation of the response variable 

(Rinsing Log CFU/g) explained by our model. Rinsing of the whole piece had 

approximately 1.16 log more bacteria than swabbing of the whole piece. The predicted 

recovery of rinsing was 1.16 + 0.93X where X is the number of aerobic bacteria obtained 

by swabbing (Figure 2). Finally, the linear model between rinsing and grinding recovery 

resulted in r2 of 0.70 which indicated that 70 % of the response variation is explained by 

the linear model. The predicted recovery or grinding was 1.07+ 0.66X where X is the 

number of bacteria recovered by rinsing (Figure 3).  
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Table 1 Aerobic bacteria counts obtained from the first enumeration from N60 samples (n = 

15) using swab, rinse, and grind.  

 Aerobic bacteria 

Sampling method Log10 CFU SEM1 

Swab the surface (100 cm2) 1.9a 0.18 

Rinse the entire piece (g) 3.0b 0.21 

Grind and then rinse (g) 3.0b 0.16 
1Standard Error of the Mean 

Different superscripts within the column denote statistical differences (P < 0.05). 

Collection frequency Sampling method Mean of log counts SEM1 

1st Swab (100 cm2) 1.9a 0.19 

2nd Swab (100 cm2) 1.7a 0.16 

3rd Swab (100 cm2) 1.7a 0.24 
 

   

1st Rinse (g) 3.0a 0.22 

2nd Rinse (g) 2.2ab 0.23 

3rd Rinse (g) 1.7bc 0.20 
 

   

1st Grind (g) 3.0a 0.17 

2nd Grind (g) 2.3bc 0.17 

3rd Grind (g) 1.8c 0.20 

Table 2. Aerobic bacteria plate count recovered from N60 beef trimmings (n=15) as a result of 

repeated sampling using swab, rinse and grind. 

1Standard Error of the Mean 

Different superscripts within column denote statistical differences (P < 0.05). 
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1Standard Error of the Mean 

Generic E.coli counts were not below the detection limits (< 10 CFU/ml). 

Different superscripts within the column denote statistical differences (P < 0.05). 

 

 

1β1 indicates the slope 

2β0 Indicates the intercept  

 

 

 

 

 

 

 

 

 

 

Table 3. Total aerobic bacteria and coliforms recovered from set of N60 (n=15) samples 

using swab, rinse, and grind sampled 3 consecutive times. Totals were determined by adding 

the total recovered in each sampling together. 

 Aerobic bacteria   Coliform 

Sampling method Log10 CFU SEM1 
 Log10 CFU SEM1 

Swab the surface (100 cm2) 2.3a 0.18  0.1a 0.09 

Rinse the entire piece (g) 3.1b 0.22  0.4ab 0.20 

Grind and then rinse (g) 3.1b 0.17   0.9b 0.19 

Table 4. The relationship between the first recovery of all pairs of sampling methods (swab, 

rinse, and grind). 

Sampling methods r r2 β1
1 CI P.Value β0

2 CI P.Value 

Swab vs Grind 0.9 0.81 0.80 0.58 - 1.03 <0.05 1.47 1.0 - 1.94 < 0.05 

Swab vs Rinse 0.82 0.67 0.93 0.55 - 1.32 <0.05 1.16 0.36 - 1.95 <0.05 

Rinse vs Grind 0.83 0.70 0.66 0.40 - 0.91 <0.05 1.07 0.28 - 1.87 < 0.05 
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Figure 1. The relationship swabbing and grinding for aerobic bacteria recovery from N60 beef trimmings.  

 

 

 

 

Figure 2. The relationship between swabbing and rinsing methods for the recovery of aerobic bacteria from 

N60 beef trimmings. 
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Figure 3. The relationship between grinding and rinsing for the recovery of aerobic bacteria counts from 

N60 beef trimmings. 
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Discussion  

There is significant variation among sampling methods to recover indicator 

bacteria from beef samples.  In this study, swabbing is the least effective means to 

recover bacteria and if the surface is swabbed consecutive times in the same area, there is 

a good chance that the same amount of bacteria will be recovered the second and third 

time.  Rinsing of either the whole piece of the sample or grinding and then rinsing the 

whole piece resulted in improved bacterial recovery with no differences between the two 

methods.  The effectiveness of recovering aerobic bacteria and coliforms was highest 

when using grinding and rinsing and least by swabbing. Swabbing yielded lower bacterial 

counts than any type of method used in this study, likely because swabbing recovers only 

part of the microflora (1); Reid et al (35) stated that the nature of the swabbing technique 

supports the two-way transfer of bacteria from hide to swab and from swab to hide which 

can occur simultaneously during swabbing. It could be assumed that the bacterial 

distribution after swabbing would be 50% on the hide and 50% on the sponge if the 

differences of attachment affinity between swab and hide were omitted. Thus, no more 

than 50% bacterial recovery would have been expected. This also could have occurred 

during the swabbing of the beef trims in this study. Additionally, fat in trims may fill the 

pores of the swab which then could result in lowering the bacterial recovery (36). Many 

studies that compared swabbing with other sampling techniques such as rinsing and 

excision found swabbing to be the least effective method (1, 8, 19).  Grinding of beef 

trimmings increases the surface area exposed to the diluent, which could have been the 

reason it showed superior bacterial recovery. However, rinsing resulted in counts that are 

not significantly different than grinding, probably because most of the bacteria are 
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located on the exterior surface of that meat especially when it is still intact, like the beef 

trims.  

  As expected, the first sampling recovered the highest number of bacteria in all 

three sampling methods used in this study. This could be because bacteria are found in 

the top layer of meat are not firmly attached. Then, after one sampling is performed and 

again multiple times, the recovery decreases either because bacteria attachment is 

stronger or there is difficulty reaching deep areas of the meat in the case of swabbing.  

Despite the variation of the effectiveness in each sampling methods, the ability to 

implement any of these methods commercially would be a crucial factor to determine 

which one should be used. In this study, swabbing was less time-consuming and easier to 

perform, however, our results indicate that swabbing recovered around one tenth of what 

rinsing or grinding followed by rinsing recovered. In addition, grinding the sample, as the 

results show, did not add much to the recovery of indicators. The time needed for the 

grind be cleaned and sanitized for each sample to be processed was also far greater, 

making this method further complicated. Rinsing the whole pieces of beef trims would be 

the ideal method among those studied when assessing the microbiological condition of 

beef trims as it recovers more bacteria than swabbing and requires less time to perform in 

comparison to grinding.  

While swabbing recovered fewer bacterial cells, it still plays an important role in 

process control because it is a non-destructive and non-invasive method.  Consistency is 

the key to proper interpretation of results.  It is important that the samples collected and 

reviewed over time are compared to results from samples collected in the same manner in 

order to make informed decisions about process control.  It is also critical that each 
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laboratory has written guidelines for sample collection that are followed in order to 

achieve consistency from day to day. 
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Conclusion  

 The comparison that was conducted between sampling methods (swabbing, 

rinsing, and grinding) used in this study showed that grinding and rinsing recovered a 

higher number of bacteria than swabbing. Implementing rinsing or grinding would give a 

better representation of bacteria on beef trims than swabbing. However, rinsing is less 

laborious compared to grinding because the grinder needs to be disassembled and cleaned 

and sanitized with each sample to avoid cross contamination. It is important to keep in 

mind that despite the low recovery of swabbing, it is still valid method, and FSIS has 

described the swabbing process in detail in their final rule of Pathogen Reduction; Hazard 

Analysis and Critical Control Point (HACCP) systems. After using the swabs, it would be 

beneficial for them to undergo grinding and then enumeration. This process would enable 

us to evaluate how much bacteria the swab retains, and most importantly, if the swab 

materials can be modified to enhance its ability to release the bacteria and provide a more 

accurate quantification of the bacteria present on the beef trims. 
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Figure 4. Flowchart chart diagram shows the swab sampling process for N60 beef trims 
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Figure 5. Flowchart chart diagram shows the rinse sampling process for N60 beef trims 
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Figure 6. Flowchart chart diagram shows the grind sampling process for N60 beef trims 


