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Beef prime rib is a delicacy cooked at low temperatures for long period and
extended hot holding prior to consumption. Due to the potential survival and
outgrowth of foodborne pathogens, this process may pose a public health risk.
Considering an increase in the availability of non-intact beef, the microbial safety of
the preparation of prime rib from intact and mechanically tenderized beef was

evaluated.

In the first study, lethality of the prime rib (from intact and non-intact, blade
tenderized beef) cooking process to Salmonella spp. was evaluated. Boneless beef rib
eye was surface inoculated with a five-strain cocktail of Sa/monella spp. to obtain ca.
5.9 log CFU/g. The inoculated blade tenderized subprimals were passed with the fat
side facing the blades to prepare non-intact beef rib eye. The subprimals were seared
for 15 min at 260°C, cooked at 121°C to internal temperatures of either 37.8 or 48.9°C
and held at 60°C for up to 8 h. The searing of blade tenderized rib eye resulted in 0.63

log CFU/g reduction in Salmonella spp. and cooking to internal temperatures of 37.8



and 48.9°C resulted in 2.86 and 3.58 log CFU/g reduction in Salmonella spp.,
respectively. Subsequent holding of the blade tenderized prime rib at an oven
temperature of 60°C for 8 h resulted in an increase of 1.99 log CFU/g in Salmonella
spp. population. Thermal processing of intact rib eye resulted in 5.22 and 5.54 log
CFU/g reduction of Salmonella spp. population after cooking to 37.8 and 48.9°C
respectively. Subsequent holding at 60°C during 8 h resulted in an increase in

Salmonella spp. population of 1.07 and 0.44 log CFU/g, respectively.

In the second study, the growth of C. perfringens during hot holding and
cooling was evaluated. Ground rib eye was dispensed in 5-g pouches, inoculated to
obtain 2.5 spores/g of C. perfringens, and vacuum-packaged. C. perfringens spores
were heat activated and the pouches with the inoculated meat were held at 43 or 49°C.
Hot holding of inoculated rib eye resulted in germination and outgrowth of C.
perfringens spores by 6.5 and 6.05 log CFU/g. Abusive cooling of cooked prime rib
from 57.2 to 5°C within 6, 9, 12, and 15 h resulted in C. perfringens spore germination

and outgrowth by 0.2, 0.4, 0.8, and 2.2 log CFU/g respectively.

Use of non-intact rib eye can pose an enhanced risk of foodborne illness when
prime rib is cooked to low end point temperatures, held for extended periods of times

at these low temperatures, and cooled at slow rates.
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1. INTRODUCTION

Prime rib is a beef roast and is considered a high quality meal characterized for its
richness in flavor and juicy texture. Prime rib is typically cooked to rare to medium rare
temperatures. Traditionally, it is prepared by rubbing the meat with spices, followed by a
slow-cooking process with extended hot holding periods until it is served.

Meat and meat products such as prime rib, roast beef, corned beef, and similar
products are considered “potentially hazardous foods”. The Food and Drug
Administration of the United States (FDA) defines those as “foods that requires
time/temperature control for safety to limit pathogenic microorganism growth or toxin
formation (FDA 2009)”.

Meat from healthy animals is normally considered sterile. However, the external
surfaces of meat can be contaminated with foodborne pathogens and spoilage
microorganisms during slaughter and fabrication (Gill 1998, Gill 1979). Salmonella spp.
and Clostridium perfringens are foodborne pathogens that are normally associated with
meat and meat products and have been implicated in numerous foodborne illnesses. In
addition, if the meat is manipulated by mechanical tenderization, the surface
microorganisms can be translocated to the interior of the meat, requiring meat to be
cooked to higher end-point temperatures to assure safety.

While meat processors employ several antimicrobial interventions to reduce the
presence and/or levels of foodborne pathogens, safety of meat products prepared at

foodservice establishments relies on cooking as the primary method for control of



2
pathogens and spoilage organisms (Boles 2010, Marks 2010). Regardless of the time-

temperature schedule used during slow cooking, hot holding and cooling may present a
public health risk.

Subsequent to numerous salmonellosis outbreaks implicating roast beef, the Food
Safety and Inspection Service (FSIS) of the United States Department of Agriculture
(USDA) issued guidance for proper cooking of roast beef to reduce the risk of Salmonella
spp. in such products. However, these measures did not address the potential hazard from
C. perfringens (Roy et al. 1981).

Foodborne illness outbreaks implicating prime rib and similar products have been
reported since 1977 (Pace et al. 1976, Shapiro et al. 1999). Smith et al. (2006) reported
that between 1990 and 2003, 163 outbreaks and 6,111 foodborne illness cases have been
linked to beef products such as prime rib, roast beef and ground beef, in which E. coli
O157:H7, Campylobacter spp., Salmonella spp., Bacillus cereus, C. perfringens, and
Staphylococcus aureus have been implicated. Inappropriate hot holding of food is the
cause for a majority of these foodborne illness outbreaks.

Holding of food at temperatures of >60°C in warming units usually results in
reduction of vegetative foodborne pathogens such as Salmonella spp. However, if the
temperature is lowered to below 50°C for a few hours, potential germination and
outgrowth of spore formers such as C. perfringens can occur (ICMSF 1998).

The objectives of the research are to (i) characterize the searing, cooking, holding
and cooling of prime rib in restaurants; (ii) evaluate the destruction and/or survival of

Salmonella spp. during the thermal process (searing, cooking and holding); and (iii)
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evaluate the potential germination and outgrowth of C. perfringens during hot holding

and cooling of prime rib.



2. LITERATURE REVIEW

2.1 Clostridium perfringens

2.1.1 Characteristics of the organism

The genus Clostridium consists of a diverse group of bacteria that do not grow in
the presence of oxygen and have the ability to form heat-resistant endospores. Many of
these anaerobes are pathogenic to both humans and animals. Clostridium perfringens is a
prolific toxin-producing species within the clostridial group (Heredia and Labbe 2001).

C. perfringens is a Gram-positive, non-motile bacillus. Although it is considered
an anaerobe, it can tolerate moderate exposure to air (Montville and Matthews 2005). The
organism is mesophilic, with an optimum temperature for growth between 37°C and 45°C
and a minimum and maximum temperature for growth of 15°C and 50°C, respectively
(Jay et al. 2005, Juneja et al. 2007, Labbe 1989). Spores are cold resistant; food poisoning
can result if viable spores present in refrigerated or frozen foods germinate, outgrowth
and multiply when that food is warmed for serving, and if temperature abuse occurs
during holding or during slow cooking of such foods (McLane 2001). Optimal pH value
for C. perfringens growth is between 6.0 and 7.0, the pH range as many meat and poultry
products (Labbe 1992). The microorganism does not grow well below a water activity of

0.95 and 0.97 (Labbe 1992, Kang et al. 1969).
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The bacterium is divided into five different types (A-E) according to the range of

major toxins produced (o, P, €, and 1) (Mead et al. 1999, Juneja et al. 2010). C.
perfringens associated food poisoning and non-foodborne gastrointestinal diseases in
humans are typically caused by type A isolates capable of producing a 35-KDa protein
called C. perfringens enterotoxin or CPE (Huang et al. 2007). C. perfringens types C and
D also produce enterotoxin; however, there is no data implicating these strains in
foodborne illness (Heredia and Labbe 2001).

C. perfringens possesses attributes that contribute significantly to its ability to
cause foodborne illness (Heredia and Labbe 2001). These attributes include (1) a
ubiquitous distribution throughout the natural environment, giving it ample opportunity
to contaminate food; (2) the ability to form heat-resistant spores, allowing it to survive
incomplete cooking of food or improper sterilization; (3) the ability to grow quickly in
foods, allowing it to reach high levels necessary for food poisoning; and (4) the ability to
produce intestinally active enterotoxin, responsible for the characteristic gastrointestinal

symptoms of C. perfringens food poisoning.

2.1.2 Distribution

C. perfringens is ubiquitous in the environment and food-poisoning strains are
found in the soil, dust, raw ingredients such as spices used in food processing, and in
intestines of humans and animals (ICMSF 1996, Jay et al. 2005). The widespread
distribution of C. perfringens has been considered an important factor in its frequent

occurrence as an agent of foodborne illness (McLane 2001). Surveys of asymptomatic
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individuals show that this bacterium can be isolated from almost any stool sample, and is
usually present at population of < 4.0 log CFU/g except in the elderly, where it frequently
exceeds 4.0 log CFU/g (Armstrong et al. 1998).

Raw protein foods of animal origin are frequently contaminated with C.
perfringens. However, a large proportion of C. perfringens strains found in raw foods are
enterotoxin negative (Saito 1990, Labbe 1992).

C. perfringens is a common surface contaminant of beef; the organism is found
frequently in meats, generally resulting from fecal contamination of carcasses, from other
ingredients such as spices, or post-processing contamination (Juneja et al. 2010).
According to the U.S. Centers for Disease Control (CDC), the most common vehicles for
C. perfringens foodborne disease in the United States are meats (beef and poultry) (Olsen
et al. 2000).

In most instances, the actual cause of poisoning by C. perfringens is temperature
abuse of prepared foods. Small numbers of C. perfringens spores are often present after
cooking with germination, outgrowth, and multiplication to levels that can cause food

poisoning during improper or abusive cooling and storage of prepared foods.

2.1.3 C. perfringens food poisoning

C. perfringens is a common cause of foodborne disease in the United States
(Shandera et al. 1983, Labbe 1989). It is estimated that C. perfringens is the third most
frequent pathogen responsible for about one million of foodborne illnesses a year in the

U.S. (Scallan et al. 2011).
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Illnesses caused by C. perfringens are considered under-diagnosed (McLauchlin
and Grant 2007). Foodborne illness cases from C. perfringens are not routinely reported
because they usually appear as a mild illness. The number of reported cases is assumed to
be 10 times the average annual number of outbreak-related cases reported to Centers for
Disease Control and Prevention (Mead 1999, Scallan et al. 2011).

C. perfringens food poisoning occurs typically from the ingestion of >10° viable
vegetative cells of the organism (Labbe and Juneja 2002). The symptoms include
diarrhea, severe abdominal pain, and occasional vomiting (Heredia and Labbe 2001), and
begin 8-22 h after consumption of contaminated food. The illness is usually over within
24 h but less severe symptoms may persist in some individuals for 1 to 2 weeks (FDA
1992). Death is uncommon but has occurred in debilitated or sensitive populations, such
as young and the elderly (Heredia and Labbe 2001, Crouch and Golden 2005).

C. perfringens enterotoxin (CPE) has been shown to be the virulence factor for C.
perfringens type A food poisoning (Brynestad and Granum 2002). CPE is a single
polypeptide chain with a molecular weight of 3.5 kDa that binds to receptors on the target
epithelial cells (Brynestad and Granum 2002).

The enterotoxin is the only known C. perfringens toxin that is not secreted from
vegetative bacterial cells but is released during sporulation. Improved sporulation has
been demonstrated when cells are exposed to acidic environment such as in the human
stomach (Wrigley et al. 1995). Due to the acidic environment in the stomach many cells
die during the passage to the small intestine, thus large numbers of cells (>10°) need to be

ingested to cause illness (Labbe 1995). The spores of the organism survive initial cooking
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and strains that produce relatively heat resistant spores may survive in greater numbers.
The spores germinate and multiply during cooling and may produce illness after
ingestion, unless the food is re-heated to a temperature adequate to destroy vegetative

cells before serving (Shandera et al. 1983).

2.1.4 Outbreaks

Outbreaks of C. perfringens are associated with products that have been exposed
to inadequate temperatures to destroy the spores (Crouch and Golden 2005) and
subsequently temperature abused either during cooking or subsequent serving.
Incomplete cooking of food may not only fail to destroy C. perfringens spores in foods,
but can induce germination of C. perfringens spores (McClane 2001). Spores are
activated during heating resulting in germination and subsequent multiplication to high
levels if food containing the cells is (1) hot held for extended periods at insufficiently hot
temperatures, (2) improperly cooled, or (3) improperly stored (Crouch and Golden 2005).
Episodes of C. perfringens food poisoning occur throughout the year with no particular
seasonal prevalence. Outbreaks have followed meals prepared for large numbers of
people in schools, hospitals, factories, and restaurants (ICMSF 1996).

A typical example of an outbreak is presented by McLauchlin and Grant (2007).
In a psychiatric hospital, 170 patients were affected with diarrhea, resulting in three
deaths. Patients had eaten roast lamb, which had been cooked, stored at room temperature
for 20 h and served cold. The same type of C. perfringens was recovered from the lamb

dish, patient’s feces, and post-mortem samples.
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In the period between 1976 and 1980 the CDC received reports of 62 outbreaks of

foodborne disease due to C. perfringens in the United States, involving 4,093 individuals
(Shandera et al. 1983). In 2006, the largest outbreak with a known etiology and single
food commodity were attributed to baked chicken contaminated with C. perfringens (741
cases). In addition, prime rib served at a banquet facility was confirmed to be

contaminated with C. perfringens in which 32 people were affected (CDC 2006).

2.2 Salmonella spp.

2.2.1 Characteristics of the microorganism

Salmonella is a rod shaped, Gram negative, non-spore-forming bacterium that
belongs to the family Enterobacteriaceae. It is a facultative anaerobe; it produces acid
and gas from glucose, produces hydrogen sulfide, decarboxylates lysine, and reduces
nitrate to nitrite. Sa/monella is also oxidase negative, catalase positive with an optimal
growth temperature of 37°C (ICMSF 1996, Montville and Matthews 2005).

The genus Salmonella is composed of two species, S. enterica and S. bongori
(Anderson and Ziprin 2001, Montville and Matthews 2005). S. enterica is divided into six
subspecies differentiated by the genomic and biochemical relatedness, which are
normally referred to by using a Roman numeral and a name: enterica, salamae, arizonae,
diarizonae, houtenae, and indica (1, 11, Il1a, IIIb, IV, and VI respectively) (Montville and

Matthews 2005, Cooke et al. 2007).
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Salmonella has the ability to survive and adapt to extreme conditions such as low
levels of nutrients, and a wide spectrum of temperatures and pH values (D'Aoust 2001).
Some Salmonella serovars can grow at elevated temperatures of up to 54°C. Salmonella
spp. is not considered a psychrotroph; however, D'Aoust (1991) reported potential growth
of the microorganism at temperatures < 10°C. Hence, its ability to survive at refrigeration
temperatures is a possible concern during processing.

Although literature indicates that salmonellae are heat sensitive, several studies
have shown its resistance to high temperatures (McDonough 1968, Mackey and Derrick
1986, Podolak et al. 2010). Research indicates that thermal resistance of Salmonella
increases when the microorganism has been exposed to temperatures <50°C for 15 to 30

min (Mackey 1986).

2.2.2 Distribution

Salmonella are distributed worldwide and is associated with a broad variety of
foods. Its primary habitat is the intestinal tract of humans and animals, although it can be
found in other parts of animals. Due to their reservoirs and the intensive animal
husbandry, Salmonella can be easily spread and be present in a variety of environments.
Polluted water and raw materials of animal origin have been identified as vehicles to
spread these pathogens to processing environment and transmitting them to humans
(ICMSF 1996, D'Aoust 2001, Montville and Matthews 2005). Salmonella serotypes are
often reported in fresh produce, eggs, poultry products, and products from aquaculture

(Bell 2002).
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Meat and meat products have been identified as sources of contamination with
Salmonella (Alban et al. 2002; Abdunaser et al. 2009). Contamination occurs during
slaughter and failure of intervention measures can result in the transfer of
microorganisms to processed meats. Typically the occurrence of this bacterium indicates

lack of hygienic practices in the production and processing facilities.

2.2.3 Outbreaks

Over the years, Salmonella has caused the highest numbers of outbreaks and
illnesses. Salmonella is responsible for 3 billion human illnesses a year on a global scale
(Cooke et al. 2007). The CDC (2010) estimated that 1.4 million cases of salmonellosis
occur annually in the United States, of which approximately 40,000 are laboratory
confirmed and 400 leading to death. FoodNet statistics indicate that from 1996 to 2009,
the confirmed foodborne illness caused by Salmonella increased more than three times
(CDC 2010) (Fig. 1).

Typically, Salmonella outbreaks are associated with the consumption of
undercooked eggs, dairy products, raw produce, and vegetables products. In 1994, an
outbreak of Salmonella serotype Typhimurium occurred in Wisconsin (CDC 1995)
associated with eating contaminated undercooked ground beef. In addition, the CDC
reported in 2002 an outbreak with multidrug-resistant Salmonella Newport. In this
outbreak, ground beef was the vehicle for a confirmed multistate outbreak of Salmonella

Typhimurium in 2004 (CDC 2002 and 2006).



12

Two of the largest recorded outbreaks of salmonellosis occurred under unusual
conditions (Jay et al. 2005). The first one in 1994 was associated with ice cream
produced with milk that was cross-contaminated during transportation in a vehicle that
previously contained liquid eggs. This outbreak involved more than 224,000 individuals.
The second one, which occurred in 1985, affected approximately 200,000 people and was

caused by contaminated milk.
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Figure 1. Number of infections caused by Sa/monella. Adapted from CDC- FoodNet,
Facts and Figures. April, 2010.

2.2.4 Salmonellosis infection
Salmonellosis is associated with a wide variety of foods. Typically, products of

animal origin have been implicated as the main source of transmission. The disease is
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normally transmitted via oral route through the ingestion of contaminated food.
According to Bhunia (2008) 10° to 10" CFU/g are necessary to cause disease in humans;
although the infectious dose increases if consumed with liquid food that traverses the
stomach rapidly.

S. enterica serovar Typhi is responsible for causing typhoid fever. Common
symptoms include fever, flu-like symptoms, headaches, and chills. They may appear after
8 to 14 days after ingestion of the bacteria resulting in a clinical disease. The illness may
last for a few months if no antibiotic treatment is provided (Parry 2006). However,
Salmonella Typhi infections occur primarily through human-human and not zoonotic.

Non-typhoidal Salmonella serovars (NTS) are responsible for most foodborne
illness associated with Salmonella, causing self-limiting gastroenteritis (Molbak et al.
2006). The incubation period may depend on the dose of pathogen ingested and may
range from 5 h to 5 days with an onset of symptoms from 12 to 36 h (ICMSF 1996, Jay
et al. 2005). Symptoms usually include nausea, diarrhea, headache, fever, chills, and
myalgia that last 2 to 5 days. Some cases may lead to bacterimia, septicemia and death
(Ziprin and Hume 2001, ICMSF 1996).

A more recent concern relates to the emergence of drug-resistant Salmonella, due
to the increased use of antimicrobials in production and processing (Bailey et al. 2010).
Reports indicate that the organism is resistant to at least five drugs: ampicillin,

chloramphenicol, streptomycin, sulfonamides, and tetracycline (Helms et al. 2002).



14

2.3 Prime Rib Processing

2.3.1 Meat raw material

Boneless rib eye (Serratus dorsalis and Longissimus costarum muscles and
related intermuscular fat) is the cut traditionally used to prepare prime rib (Jones et al.
2004). Prime rib owes its name to the fact that a primal cut used has been graded USDA
Prime. USDA grades are based on nationally uniform federal standards of quality. The
USDA grades account for the amount and distribution of marbling in the muscle of the
rib eye to determine the quality grade (Hale et al. 2010). Prime grade is produced from
young, well-fed beef cattle, having abundant marbling (USDA 2008). From the 2005
National Beef Tenderness Survey, rib eye is one of the most tender beef cuts (Savell et al.
2006). Prime rib possesses an adequate amount of finely dispersed marbling within a
fine textured lean.

Given the quality of the subprimal, intact meat is commonly used. The National
Advisory Committee on Microbiological Criteria for Foods (NACMCF) has defined
intact beef steak as a cut of whole muscle(s) that has not been injected, mechanically
tenderized, or reconstructed (USDA-FSIS 1999, FDA 2009). Currently, any rib roast is
called “prime” regardless the USDA grade, and mechanically tenderized meat may be
used for the preparation of prime rib.

Raw meat is highly susceptible to contamination and growth of foodborne

pathogens. Microorganisms can contaminate the meat during production, processing, and
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handling, resulting in an illness if not properly cooked. Thus, interventions need to be

implemented to assure the safety of meat processed products.

2.3.2 Process

Prime rib is a delicacy prepared in full service restaurants. Prime rib preparation
consists of rubbing the exterior of the meat with spices, followed and then proceeds to
heat treatment. The beef is seared at high temperatures (202°C (400°F) to 260°C (500°F))
for a short time (15 to 30 min). This is a desirable step in cooking meats as it is intended
to retain the meat juices and hence contributes to flavor and color formation (Brown
2008). The rib eye is subsequently cooked in a convection oven at low temperatures to
achieve the desired level of doneness. The rib eye is normally cooked at temperatures
between 107 and 135°C (225 to 275°F) for 1.5 to 3 h (Fig. 2), to reach an internal
temperature of 38 to 60°C (100 to 140°F). The cooking time and temperature is based
according to the size of the rib and the desirable degree of doneness. The prime rib is
subsequently held hot before serving it to the customers. Typically, food service
establishments serve prime rib for dinner, and as it is prepared with a few hours of
anticipation, holding time may be extended up to 11 h. The leftovers portions are
normally stored under refrigeration for use them the following day either as prime rib
steaks or as the meat in prime rib sandwiches.

The low internal cooking temperatures, combined with long, low holding

temperatures and slow cooling may allow survival of vegetative and spore forming
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pathogens such as Salmonella spp. and germination, outgrowth and multiplication of

spore forming pathogens such as C. perfringens.

2.4 Mechanical tenderization of meats

Tenderness is an important quality factor valued by consumers of red meats
(Johnston et al. 1978). Over the years, several methods have been used to improve meat
tenderness. Mechanical tenderization is a method used as it is cost effective and retains
the nutritional value of the meat. The muscle is repeatedly penetrated with sharp needles
or blades to disrupt muscle fibers, improving tenderness without changing other attributes
of the meat (Hajmeer et al. 2000, Dominguez and Schaffner 2009).

Meat that has been processed using mechanical tenderization is considered as
non-intact meat. According to the USDA-FSIS, “non-intact beef products include beef
that has been injected with solutions, mechanically tenderized by needling, cubing,
frenching, or pounding devices, or reconstructed into formed entrees” (USDA-FSIS
1999). Non-intact beef used for the preparation of rib roasts refers to meat that has been
mechanically tenderized.

Blade or needle tenderization can translocate pathogens from the surface of intact
meat to the interior, requiring longer internal cooking temperatures to destroy these
microorganisms (Phebus et al. 2000, Luchansky et al. 2008, Dominguez and Schaffner
2009, Luchansky et al. 2009). Thus, application of antimicrobial interventions to
subprimals intended for the production of non-intact beef is necessary to minimize the

risk of microbial translocation to the interior of the meat.
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Research has shown that after cooking, the reduction of microorganisms inside of
mechanically tenderized meat is less than those on the surface when cooked at low
temperatures (Marsden et al. 2004). However, if the meat is cooked to the proper
temperature, destruction of pathogens and vegetative cells can be achieved (Juneja 2002,
Buffo and Holley 2006).

Outbreaks associated with non-intact mechanically tenderized meat have been
reported. In 2005 an outbreak associated with non-intact blade tenderized meat sold by
door-to-door venders was reported (Laine et al. 2005). Recently, in 2009 an outbreak due
to consumption of mechanically tenderized beef steaks resulted in a recall of 248,000
pounds of meat (Huang and Sheen 2010).

The traditional prime rib preparation process represents a public health concern
due to low internal temperatures achieved, long holding periods, and slow cooking when

non-intact meat is used.

2.5 Food Safety Regulations

Outbreaks associated with pathogens such as Salmonella and C. perfringens due
to inadequate cooking temperatures have been reported. The USDA-FSIS published
performance standards to assure food safety during the production of cooked beef, roast
beef, and cooked corned beef products. Performance standards are intended to facilitate
the industry in developing thermal processing schedules without the need to adhere to

safe harbors (USDA-FSIS, 1999).
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Specifically, USDA-FSIS compliance guidelines (Appendix A) specify that the

production of cooked beef, roast beef, corned beef, and similar ready-to-eat products
should follow a specific time-temperature combination to meet 6.5-log;o or 7.0-logo
reduction of Salmonella during cooking process (USDA-FSIS 1999). Similarly, the
compliance guideline for stabilization or cooling of heat-treated meat (Appendix B)
establishes the time frame in which cooked products should be cooled down to avoid no
more than 1-log growth of C. perfringens (FSIS 1999). Processors that are not able to
meet the compliance guidelines should validate their customized schedule to demonstrate
that they meet the performance standards.

Food service establishments are exempt from inspection under USDA-FSIS
regulations, therefore local and county health departments have the regulatory authority
for inspecting these establishments based on regulations from the Food Code (FDA
2010).

The objectives of the research are to (i) characterize the prime rib preparation
(searing, cooking, holding and cooling) in restaurants; (ii) evaluate the destruction and/or
survival of Salmonella spp. during the thermal process (searing, cooking and holding);
and (ii1) evaluate the potential germination and outgrowth of C. perfringens spores during

holding and cooling of prime rib.
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3. MATERIALS AND METHODS

3.1 Survey in restaurants

Temperatures during the processing of prime rib were monitored in six local
restaurants. A type K thermocouple connected to a data logger (Model EL-USB-TC-
LCD, Lascar Electronics, UK) was inserted in the geometric center of the rib eye and the
recording was started once the meat was placed in the oven. At least three different
temperature profiles were recorded on different days and downloaded to a computer
through the data logger software. The product temperature was measured from the time
the meat was placed in the searing oven until it was served to the last of the customers for

the evening in the restaurant. The recorded temperature was plotted.

3.2 STUDY ONE. Survival of Salmonella spp. during thermal processing steps

used for the preparation of prime rib

3.2.1 Effect of searing process on the destruction of Salmonella spp. on surface of

intact subprimals

A preliminary experiment to assess the destruction of Salmonella spp. during

searing of the prime rib was conducted.
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Bacterial cocktail

Five Salmonella isolates MFS 248 (isolated from a pork processing plant), MFS
330 (isolated from a pork processing plant), MFS 3446 (isolated from pork), MFS 3447
(isolated from a pork sausage), and MFS 3448 (a clinical isolate), were used in the study.
Stock cultures were maintained in Tryptic Soy Broth (TSB; Bacto; Sparks, MD) with
50% Glycerol at -70 °C. The five strains from the stock cultures were thawed at room
temperature and 10 uL aliquots of each isolate was transferred separately to 10 ml of
TSB and incubated for 18 h at 35°C. Two subsequent transfers into fresh TSB were
performed and 20 ml bacterial cocktail was prepared by combining 4 ml from each strain
into a sterile centrifuge tubes. The five-serovar cocktail was centrifuged (Beckman; GS —
15R; Palo Alto, CA) at 6000 x g, for 10 min at 4°C and the supernatant discarded. The
cells in the pellet were resuspended to the original volume with 0.1% buffered peptone

water (PW; Difco; Sparks, MD), diluted in PW and used for inoculation of the rib eye.

Meat inoculation

Fresh boneless rib eye lip-on (NAMP 112A) was purchased from a local
wholesale store and stored under refrigeration at 1°C for up to 5 days. The meat was
placed fat side up on a grid and placed into a biohazard plastic bag for the inoculation.

The meat was surface inoculated on both fat and lean side using a spray nozzle with 10



22

ml of the five strains of Salmonella cocktail on each side. The inoculated meat was stored

at 4°C for 30 min to allow the attachment.

Searing of prime rib

Two searing temperatures 260°C and 204.4°C were evaluated to assess the
destruction of Salmonella spp. A standard consumer electric oven used for this
experiment was pre-heated to the corresponding temperature. To increase the humidity
inside of the oven, a stainless steel pan with water was placed in the lower part of the
oven and replaced as necessary. Thermocouples were inserted to the rib eye into (i) the
geometric center, (ii) surface of the fat side (ca. 0.5 cm from the surface), and (iii) surface
of lean side (ca. 0.5 cm from the surface) to continuously monitor the temperature during
searing (every 30 s). The meat was placed fat side up on the same grid used during the
inoculation, and seared individually at the corresponding temperature for 60 min.
Surface samples were obtained using a sterile, 7 cm diameter stainless-steel coring
device. Two samples were obtained from opposites sides of each of the lean and fat
surfaces at 15-minutes intervals (Fig. 3). The samples were placed in sterile filter
stomacher bags (Spiral Biothec, Bethesda, MD), and immersed in an ice water bath

immediately.
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Figure 3. Scheme of the surface samples taken every 15 min during searing.

Microbial analysis

Twenty ml of 0.1% PW was added to the samples and blended (Neutec; NR 1378
/ 471, Barcelona, Spain) for 2 min. Appropriate dilutions were plated in duplicate on a
non-selective medium Tryptic Soy Agar (TSA; Difco; Sparks, MD), and a selective
medium Xylose Lysine Deoxycholate Agar (XLD; Difco; Sparks, MD) and the plates

were incubated for 24 h at 35°C.
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3.2.2 Survival of Salmonella spp. during the thermal process of intact and non-intact
prime rib
Destruction and/or survival of Salmonella spp. during thermal processing for the
preparation of prime rib (searing, cooking, and holding) was evaluated. The experiments
were conducted at the USDA Agricultural Research Service Eastern Regional Research
Center (Wyndmoor, PA) following procedures for cocktail preparation, meat inoculation,

and mechanical tenderization described by Luchansky et al. (2009).

Bacterial cocktail

Salmonella spp. isolates and protocol for the cocktail preparation used for the
evaluation of the effect of searing on the destruction of Salmonella spp. on surface of

intact subprimals were used.

Meat inoculation

Boneless rib eye, lip-on (NAMP 112A) subprimals were purchased from a
wholesale distributor and stored under refrigeration at 4°C for up to 5 d. For each
replicate, three subprimals were inoculated, one to evaluate the translocation of
Salmonella spp. and the other two to evaluate the thermal destruction of Salmonella spp.
during the preparation of prime rib. Bags containing the meat were opened from one end
by cutting approximately one quarter of the seal, and the meat juices were allowed to
drain out. The meat was placed on a table in the original packaging fat side down until
inoculation. To achieve a high inoculation level, the 50 ml-Salmonella spp. cocktail was

applied dispensing it through the opening with a pipette to the fat side of the meat (Fig.
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4). The meat was gently massaged to facilitate distribution of the inoculum while the
meat remained in the same position. To allow for attachment, inoculated meat was stored

refrigerated at 4°C for ca. 30 min.

Figure 4. Inoculation of meat.

Mechanical tenderization

A blade tenderizer (Series TC 7000M, Ross Industries, Midland, VA) was used
for tenderizing the rib eye. The machine was equipped with two sets of blades, each one
containing 7 rows of 12 stainless-steel blades. The tenderizer belt advanced 3.6 cm at a
time, after which the 3 mm-wide blades descended and penetrated the meat until they
were within 2 mm of the belt, after which they immediately retracted. The inoculated

subprimals were passed through the machine fat side up (Fig. 5 — 6). The equipment was
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immediately sanitized after the process using hot water at 88°C followed by 400 ppm

quaternary ammonium detergent (BDD, Koch Supplies, Kansas City, MO). After blade
tenderization, the meat was placed on trays, covered with aluminum foil, and stored

overnight under refrigeration to allow bacterial attachment.

Effect of translocation

To evaluate the translocation of Sa/monella spp. after blade tenderization, six core
samples were obtained from an inoculated blade tenderized subprimal using an alcohol-
sanitized, cylindrical stainless-steel coring device. The device was inserted from the
surface to the bottom of the subprimal to extract a portion that represents the thickness of
the subprimal (ca. 8 cm). Each core sample was divided into segments, with the first
segment beginning at the surface of the meat (fat side) and the last segment ending at the
bottom (lean side) (Fig. 7). Segments 1 to 4 were 1 cm thick, and segments 5 and 6, were
2 cm thick. Salmonella spp. population was determined on each segment as described

below.

Searing, cooking, and holding of intact and non-intact subprimals

Temperatures/data collected from survey of the restaurants were used to select the
time-temperature schedules during preparation of prime rib. Intact and non-intact
(mechanically tenderized) subprimals were processed and evaluated independently on
different days. For the evaluation of intact meat, inoculated subprimals were removed

from their packages and carefully placed fat side up on a tray. The non-intact subprimals



Figure 6. Subprimal after mechanical tenderization.
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were left on the same tray in which they were placed after tenderization, and the

aluminum foil was removed.

Coring device inserted from the surface through the bottom

Fat side - Inoculated %
(upwards)
S1

L s2

i ds5 |
S6

Segments (S)

Figure 7. Scheme of the coring sample.

Internal temperatures of the meat and the oven were monitored using type J
thermocouples (Omega Engineering Inc., Stamford, CT) connected individually to a six-
channel digital panel temperature indicator (model 500T, Doric Instruments, VAS
Engineering Inc., San Diego, CA) inserted in the geometric center of the meat, surface of
fat side, and inside of the ovens.

A sequence of steps and variables obtained from the survey of the restaurants was
used to evaluate Salmonella spp. destruction or survival during searing, cooking, and
holding of the subprimals. As the cooking was conducted to attain two different internal
temperatures (37.8 and 48.9°C), two subprimals were processed for each replicate of the

experiment (Fig. 8). The first step, searing, was conducted on a standard kitchen electric
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oven pre-heated to 260°C. Once the set temperature of the oven was attained, the two
subprimals were placed in the searing oven for 15 min. After searing, the subprimals
were placed in the cooking oven (Vulcan/Wolf Model VC4ED, Louisville, KY)
preheated to 135°C and cooked to internal temperatures of either 48.9°C or 37.8°C.
Following this, the meat was transferred to the holding oven (NFS, Ann Arbor, MI)
preheated to at 60°C and held up to 8 h.

The samples were obtained from each subprimal by slicing a portion of ca. 2 cm
from each end (steaks). Those steaks were divided into three strips, top, middle, and
bottom (Fig. 8) and referred to as the vertical location of the steak. Each strip was
weighed, and the internal temperature of each steak was recorded. After obtaining the
steaks, the remaining subprimals were placed immediately in the oven to continue the

corresponding thermal process.

Microbial analysis

Core or strip samples were combined with 50 ml or 200 ml of 0.1% PW,
respectively, blended for ca. 30 s (Magic Bullet, Homeland Housewares, LLC, Los
Angeles, CA), and transferred to sterile filter bags. Appropriate dilutions were spread-
plated in duplicate onto non-selective media Tryptic Soy Agar (TSA; Difco) and
selective media Xylose Lysine Deoxycholate Agar (XLD; Difco), and incubated for 24 h

at 35°C. Typical black colonies were counted as Salmonella spp.
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3.3 STUDY TWO. Germination and outgrowth of C. perfringens spores during

hot holding and cooling of prime rib

3.3.1 Bacterial cocktail

C. perfringens cocktail was prepared by combining three different enterotoxin
producing strains: NCTC 8238 (Hobbs serotype 2), NCTC 8239 (Hobbs serotype 3), and
NCTC 10240 (Hobbs serotype 13), to yield 2.5 log spores/g. Specific information about
these strains and preparation of the spores is reported elsewhere (Juneja 2004). The
strains used were previously harvested and maintained in refrigeration as stock cultures,

following the protocols described by Juneja et al. (1993).

3.3.2 Sample preparation and inoculation

Rib eye was obtained ground from the meat science lab at the Anima Science
Department, University of Nebraska-Lincoln, and stored under refrigeration at 1°C. Five
g of ground rib eye was aseptically weighed and dispensed into 2.5 by 5.0 in (6.35 by
12.7 cm) vacuum pouches (Prime Source, Kansas City, MO) (3-mil standard barrier
polyethylene-nylon bag with a water vapor transmission rate of 10 g/liter/m2/24 h at
37.8°C and 100% relative humidity and an oxygen transmission rate of 3,000
cm3/liter/m2/24 h at 23°C and 1 atm). The meat was inoculated with an aliquot of 100 pL.

of the 3-strain C. perfringens spore cocktail to obtain 2.5 log spores/g, and vacuum-
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sealed at 12 mbar (1.2 kPa) with a vacuum packaging machine (A300/H, Multivac,

Wolfertschwenden, Germany). The spore inoculum was distributed by hand massaging
and flattening the bags to obtain even distribution of the meat in the pouches. The
pouches were folded and placed in plastic racks to facilitate handling and improve heat
transfer. C. perfringens spores in the meat samples were activated at 75°C for 20 min in
a water bath (Isotemp 3013H, Fisher Scientific) and immersed in an ice-water bath for ca.

1 min.

3.3.3 Evaluation of hot holding

The pouches containing the inoculated rib eye were immersed in a water bath
(RTE 740, Thermo Neslab, Portsmouth, NH) previously set at 43°C or 49°C. Hot holding
evaluation was conducted separately at each temperature, for 10 h. Samples were
obtained at 2 h intervals from 0 to 10 h of holding and C. perfringens populations were

enumerated as described below.

3.3.4 Evaluation of cooling during storage of prime rib

Inoculated rib eye contained in pouches containing the heat activated C.
perfringens spores were exponentially cooled from 57.2°C to 5°C within 6, 9, 12, and 15
h (Fig. 9). Samples were obtained at: (i) start of the process (control samples); (ii) when
the temperature reached 27°C; (iii) after 6, 9 and 12 hours; and (iv) at the end of each

profile.
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Figure 9. Cooling profiles used to evaluate C. perfringens growth.

3.3.5 C. perfringens enumeration

The meat was aseptically transferred to filter stomacher bags (Spiral Biotec,
Bethesda, MD). Twenty ml of 0.1% buffered peptone water (PW; Difco; Sparks, MD),
was added and the samples were stomached (Neutec; NR 1378 / 471; Barcelona, Spain)
for 2 min. Serial decimal dilutions of the sample were prepared in 9 ml of PW. Duplicate
sets were pour plated using Tryptose Sulfite Cycloserine (TSC; Oxoid, Ltd., Basing-
stoke, UK) without egg yolk. Once the agar was solidified, it was overlaid with 8 to 10
ml of TSC and allowed to solidify. Plates were anaerobically incubated at 35°C for 24 h

in an anaerobic chamber (Bactron IV; Sheldon Laboratories, Cornelius, OR).
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3.4 Statistical analysis

A complete randomized split plot design was used. The preliminary experiment
(searing) and thermal processing evaluation of searing, cooking, and holding were carried
out in duplicate and a set of two independent samples was obtained each time. Hot
holding and cooling was conducted in triplicate with a sample for each time point. The
microbial data was log-transformed and analyzed using the Statistical Analysis System
SAS (SAS Institute, Inc., Cary, NY) version 9.2 (SAS, 2003). The significant differences
were determined at a = 0.05. All variables were analyzed using PROC MIXED of SAS
for analysis of variance (ANOVA), and least squares means were separated (F test,

p=<0.05) by using least significant differences generated by the PDIFF option.
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4. RESULTS AND DISCUSSION

4.1 Survey of restaurants

All the restaurants surveyed used rib eye, boneless, lip-on subprimal, of ca. 4.3 kg
weight (NAMP Foodservice cut 112A) for preparing prime rib. The rib eye portion
contains the longissimus dorsi, spinalis dorsi, complexus, and multifidus dorsi muscles,
and the lip consists of the serratus dorsalis and longissimus costarum muscles and related
intermuscular fat on the short plate side (NAMP 2007).

All restaurants followed similar steps of searing, cooking and holding (Table 1),
and cooked to rare and medium rare temperatures. Variations in time-temperature
schedule were observed, and were mostly related to differing in-house standards. Factors
such as equipment type, meat size, and personnel training also contributed to these
variations.

Searing is the first step in the preparation of prime rib; it is normally conducted at
an oven temperature between 204.4°C and 260°C for a period of 15 to 40 min.
Refrigerated subprimals are rubbed with spices and seasonings and placed in a preheated
convection or rotisserie oven. The main purpose was to quickly seal the surface of the
meat to retain the juices and keep the moisture of the meat inside. A minimal increase in
the internal temperature of the meat (1 to 12°C) was observed during the searing process.

The seared rib eye was transferred to a preheated convection oven, and cooked at

a low temperature for a long period of time. Cooking temperature varied by restaurant,
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from 107°C to 135°C and the rib eyes were cooked for 1.5 to 3 h. During this step, it was

common for all surveyed restaurants to stop the cooking process when the meat reached
an internal temperature of 48.9°C.

The pre-cooked meat was transferred to a convection holding oven before serving
to the consumers. Holding oven temperatures were between 49°C and 71°C, depending
on the restaurant. Changes in the doneness of the meat were minimal during this step.
Holding times were not related to the preparation of the prime rib, but rather associated
with the planning process for each restaurant. Prime rib is typically served for dinner, and
in spite of that some restaurants prefer to start the preparation early in the morning. In
such cases, holding times could last up to 11 h (Figs. 10 to 15)

As in any food service operation, leftovers remain at the end of the day and are
stored under refrigeration at ca. 5°C, and used following day. The risk factor during this
activity is the cooling time from 48°C to 6.7°C, which can be up to 14 h (Fig. 16).

Potentially hazardous food relies on thermal processing treatments as a means to
control biological hazards when antimicrobial interventions intended to reduce the risk of
foodborne pathogens are not applied. Regulatory agencies (FDA and USDA) have
developed guidance that helps processors to establish thermal processing standards to
assure food safety. The FDA Food Code (2009) serves as a guide for food service
establishments on proper cooking and subsequent handling and recommends cooking
intact meat to a minimal internal temperature of 54.4°C for about 2 h, which is higher
than the established restaurant practices. In addition, the Food Code allows serving

undercooked intact beef if it has been cooked to a surface temperature of 63°C and color
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change is achieved (FDA 2009). Searing process achieved 63°C on the surface of the rib

eye but was only maintained for ca. 10 min at 204.4°C. On the other hand, holding
temperatures of 54.4°C are recommended for food served hot. A maximum of 4 h is
allowed for hot holding if the temperature of the meat is maintained at > 57°C (FDA

2009).

The meat processors should follow compliance guidelines for cooking and
stabilization or cooling (Appendix A and Appendix B), which cautions them to avoid the
use of slow-cooking methods (Ingham et al. 2004), and long cooling periods. The USDA
FSIS Compliance Guidelines For Meeting Lethality Performance Standards For Certain
Meat and Poultry Products (Appendix A) recommends cooking meat to a minimum of
54.4°C for 112 min similar to the Food Code. However, a main feature of the compliance
guidelines is the requirement that the cooking process needs to be able to reduce

Salmonella spp. population by 6.5 log CFU/g (USDA 1999).

Appendix B addresses stabilization of the cooling process to prevent growth of C.
perfringens in no more than 1-log. It requires that the product should not remain between
54.4 and 26.7°C for more than 1.5 h, nor between 27.6 and 4.4°C for more than 5 h
(USDA 1999). The internal meat temperature of the surveyed restaurants indicated that
4.5 h are needed to cool from the initial temperature of 26.7°C; and more than 9 h

between 27.6 and 4.4°C.



SEARING OUTSIDE COOKING HOLDING
RESTAURANT  Oven temp. Time Oven temp. Time End-point Oven temp. Time
(°C/°F) (min) (°C/°F) (h) (°C/°F) (°C/°F) (h)

Restaurant A 218 /425 20 107 /225 1.5-2h 48.9/120 60/ 140 4-9
Restaurant B 204 /400 20to 25 121/250 1.5-2h 48.9/120 48.9/120 5-11
Restaurant C 260 /500 30 to 45 121 /250 25-3h 48.9/120 71/160 1-5

(Rotisserie)
Restaurant D No searing No searing 121 /250 3h 48.9/120 60/ 140 1-4
Restaurant E 204 /400 15 to 20 132/270 2-25h 48.9/120 48.9/120 5-9
Restaurant F 260 /500 20to 25 135/275 1.5-2h 48.9/120 60/ 140 2-7

(Rotisserie)

Table 1. Parameters followed by restaurants to prepare Prime Rib.
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4.2 STUDY ONE. Survival of Salmonella spp. during thermal processing

steps used for the preparation of prime rib

4.2.1 Effect of searing process for reduction of Salmonella spp. on surface of
intact subprimals

Salmonella spp. population of ca. 6.54 log CFU/cm® on the surface of the
subprimals was achieved subsequent to inoculation. Regardless of the side (fat or
lean), searing at 260°C attained a greater reduction of Salmonella spp. compared to
204°C (p=0.05) (Fig. 17). Searing rib eye at 260°C for 60 min resulted in Sal/monella
spp. reductions of 5.27 log CFU/cm?, while lower reduction of 4.6 log CFU/cm” was
achieved at to the lower cooking temperature of 204°C.

Greater reduction (p<0.05) in Salmonella spp. was observed on the fat side at
each temperature as compared to the lean side, which was in direct contact with the
cooking tray (Fig. 18 — 19). Salmonella spp. reduction of 6.09 and 4.50 log CFU/cm®
were observed on the fat and lean side respectively at an oven temperature of 260°C,
whereas reductions of 5.94 and 3.38 log CFU/cm” were observed at 204°C on the fat
and lean sides, respectively.

The length of cooking also had an impact (p<0.05) on Salmonella spp.
reductions. Regardless of the temperature and side, the destruction of Salmonella spp.
was proportional to the searing time; the higher the temperature, the greater the

reduction. In spite of the fact that after 60 min, > 6 log CFU/cm’ of Salmonella spp.
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reduction was achieved, it is important to note that the typical searing time in

restaurants was ca. 30 min, which resulted in smaller reductions (3.32 log CFU/cm? at

260°C and 1.74 log CFU/cm? at 204°C) in Salmonella spp.
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4.2.2 Survival of Salmonella spp. during the thermal process of intact and non-

intact prime rib

Thermal Processing of Intact Prime Rib

Salmonella spp. populations of 6.02, 5.43, and 5.54 log CFU/g were achieved
on the top, middle and bottom slices of the rib eye. Since the inoculum was applied to
the surface of the intact rib eye, finding such levels of microbial load in the middle and
bottom strip indicates contamination of the non-inoculated surfaces by the knife from
steak surfaces during slicing. The steaks were sliced and sampled to allow comparison
to the non-intact rib eye and to mimic the portioning process in the restaurants.

While there is a low probability of pathogenic bacteria being present on or
migrating from the external surface to the interior of beef muscle, cuts of intact muscle
(steaks) should be safe if the external surfaces are exposed to temperatures sufficient
to effect a cooked color change (USDA, 1999).

Analysis of the thermal processing steps (searing, cooking, and holding for 2h)
revealed that in both, samples cooked to 37°C (Fig. 20), and to 48.9°C (Fig. 21) there
was a treatment effect (p<0.05) from the cooking temperature (Table 2 — 3). In
addition, a difference in Salmonella spp. reduction between the strips (top, middle and
bottom) was observed in both sets cooked to 37.8°C (p>0.05), compared to those

cooked to 48.9 °C (p<0.05).
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Table 2. Statistical comparisons based on P-values for steaks of prime rib cooked to
37.8°C. Means (log CFU/g of Salmonella spp.) at each processing step

Control Searing Cooking Holding (2h)
5.54 431 0.32 0.67
a a b b

Table 3. Statistical comparisons based on P-values for steaks cooked to 48.9°C. Means
(log CFU/g of Salmonella spp.) at each processing step

Control Searing Cooking Holding (2h)
5.54 4.19 0 0.83
a a b b

Searing achieved minimal destruction of Salmonella spp. (p>0.05) (1.35 log
CFU/g). Since both sets of samples (cooked to 37.8°C and 48.9°C) were seared prior
cooking following the same time and temperature variables, the reduction of
Salmonella spp. was similar. The set of samples cooked to 37°C attained reductions of
1.57, 1.00 and 1.10 log CFU/g in top, middle, and bottom strips, respectively after
searing. Samples cooked to 48.9°C, showed reductions by 1.46, 1.47, and 1.12 log
CFU/g in top, middle and bottom, respectively. After searing both sets of samples
(cooked to 37.8°C and 48.9°C), an increase of ca. 15°C of the internal temperature of

the rib eye was observed. Such increment is not sufficient to achieve destruction of the
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pathogen considering the fact that the rib eye cuts were at refrigeration temperature
previous to searing. Salmonella spp. reductions observed were most probably attained
due to the high temperature of the oven on the surface of the prime rib.

Cooking rib eye to an internal temperature of 37.8°C resulted in reduction
(p<0.05) of the Salmonella spp. population by 5.22 log CFU/g; however, subsequent
holding of the rib eye for 2 h resulted in an increase of 0.35 log CFU/g. This increase
in Salmonella spp. population was consistent with an increase in population of the
pathogen by 0.75 log CFU/g after 8 h of holding. After cooking to 48.9°C, no growth
of Salmonella spp. was observed (<1 log CFU/g) in the three strips. Nonetheless, after
2 h of holding, growth of Salmonella spp. by 0.33 1.05, 1.10 log CFU/g in the top,
middle and bottom, respectively, was observed. After the 8 h of holding, there was a
small reduction (p>0.05) in Salmonella spp.

In spite of the reductions of Salmonella spp. populations observed, cooking
temperatures used by the restaurants surveyed may not achieve > 6.5 log CFU/g
reductions in Salmonella spp. as required by USDA-FSIS performance standards
(Appendix A). While Salmonella spp. reductions to below the detection limit was
observed subsequent to cooking, viable cells were recovered during holding,
indicating survival of a small population of the cells. Blankenship (1978) reported
that Salmonella spp. was recovered from roast beef cooked to an internal temperature
of 57.2°C. The author recommended cooking roast beef to an internal temperature of
62.8°C that has to be achieved in all parts of the roast in order to obtain a salmonellae-

free product if a high inoculum is used. In addition, injection of steam either during
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the beginning or ending the cooking process, also contributes to de destruction of
Salmonella in beef roasts (Blankenship 1980).

Increase in thermal resistance of Salmonella after exposure to elevated
temperatures (heat shock) has been reported. Ilungo and Steven (1997) observed that
exposing Salmonella to a heat shock at 42°C for 60 min raise the D-values at 52, 54,
and 56°C. Similarly, Mackey and Derrick (2008) reported that heat shock at 48°C for
30 min increases thermal resistance of Salmonella Thompson at a temperature of
54°C.

Holding of prime rib cooked to internal temperatures of 37.8°C and 48.9°C at
60°C for up to 8 h did not affect Salmonella spp. populations. In addition, when the
thermal process of both sets of samples (subprimals cooked to 37.8°C and 48.9°C
respectively) were compared, a similar trend in survival of Salmonella spp. was
observed (Fig. 22); therefore, no statistical difference was found over the thermal

processing steps of searing, cooking, and 2 h-holding.

Effect of Translocation on subprimals

Salmonella spp. population of ca. 5.96 log CFU/g was achieved on the surface
(fat side) of the subprimals subsequent to inoculation. Translocation of the
microorganism to the interior of the tenderized muscle was observed. Approximately
3.12% of the surface Salmonella spp. population was recovered from segments two

through six of the rib eye subsequent to blade tenderization (Table 4).
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Recovery of Salmonella spp. was different between the segments (p<0.05).
Salmonella spp. populations of 2.77 and 3.33 log CFU/g were observed in the
segments three and four respectively, the location of the geometric center of the steak,
equivalent to 0.29%. Blade tenderization resulted in Salmonella spp. translocation of
4.24 log CFU/g vertically to the bottom of the prime rib. In segments five and six, an
increase (0.59 and 1.90%, respectively) in Salmonella spp. population was observed as
compared to the segments one through four (Fig. 23).

Disruption of meat tissues represents a major food safety concern, especially
when the meat is undercooked (Laury et al. 2009). The effect of bacterial
translocation has been reported (Sporing 1999, Phebus et al. 2000, Marsden et al.
2004, Huang et al. 2007, Luchansky et al. 2008 and 2009). Phebus et al. (2000)
reported that blade tenderization carries 3 - 4% of surface contamination to the center
of the subprimals, regardless of the initial level of surface contamination. The
translocation of microorganisms throughout the muscle after mechanical tenderization
is due to physical forces (blade insertion), and the rate of microbial displacement can
be affected by factors such us blade shape, muscle structure, product temperature, and
fat content (Thippareddi et al. 2000).

Gradual decrease in Salmonella spp. was observed from the surface of the rib
eye to a point beyond the midpoint of the meat’s thickness (segments one through
four), after which an increase was observed (segments five and six). Possible
explanations for this are: (i) the tips of the blades may be carrying bacteria that, due to

being pressed between the blade surface and the meat tissue as the blade cuts through,
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are not being deposited on the meat tissue, but are rather being transported. Once
the blade reverses direction and begins to pull away from the meat, these cells become
dislodged from the surface of the blade and therefore stay near the bottom of the
blade’s traveling path; (ii) juices from the inoculated surface (inoculated fat side)
might have migrated to the bottom of the subprimal, carrying bacteria with them.

This trend of internalization of the microorganism has been reported by others
using similar sampling methodology (Luchansky et al. 2008, 2009). In both studies,
Luchansky et al. used blade tenderized subprimals inoculated on the fat side with a
single pass of the blades. Luchansky et al. (2008) reported a translocation of 0.03 and
1.72% respectively to segments 5 and 6. Similar rates of translocation (0.10 and
0.82%) were observed in the same segments in the subsequent study (Luchansky et al.
2009). Findings in the present study agree with results from previous research and
indicate that preventive measures and intervention strategies must be used when
mechanical tenderization is applied to subprimals that are destined for the production

of non-intact beef products.

Table 4. Level of Salmonella spp. recovered at different segments of the core samples.

Segment log CFU/g % Std Dev
1 5.96 100 0.26
2 3.49 0.34 0.65
3 3.33 0.23 0.45
4 2.77 0.06 0.57
5 3.73 0.59 1.13
6 4.24 1.90 0.65
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Figure 23. Degree of translocation of Salmonella spp. through the interior of the meat
in non-intact blade tenderized rib eye.

Thermal processing of Non-Intact Prime Rib

Salmonella spp. populations of 5.73, 4.8, and 4.73 log CFU/g were achieved
on the surface, middle and bottom surfaces, respectively, of the rib eye subsequent to
inoculation. Searing the blade tenderized prime rib for 15 min at 260°C, resulted in

Salmonella spp. population reductions (p>0.05) by ca. 0.63 log CFU/g.
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Subprimals cooked to a target temperature of 37.8°C showed a significant
difference in bacterial growth between treatments (searing, cooking, and holding for
2h) (p<0.05) (Table 5) and the vertical location of the sample as well (top, middle, and
bottom) (Fig. 24).

Cooking of the rib eye to an internal temperature of 37.8°C resulted in a 2.86
log CFU/g (p<0.05) reduction of Salmonella spp. in the three vertical strips, and
subsequent growth of 1.72 log CFU/g was observed during the 2 h holding period
(p<0.05). Survival of Salmonella spp. was observed (p>0.05) during the subsequent
holding of the prime rib for 2, 4, 6 and 8 h.

Analyses corresponding to samples cooked to a target temperature of 48.9°C
indicate that there is a significant difference in bacterial growth between treatments
(searing, cooking, and holding for 2h) (Table 6), and no significant difference in the
location of the samples (top, middle, and bottom) nor in the interaction between the
treatments and the location (Fig. 25). Cooking of rib eye to an internal temperature of
48.9°C, resulted in reductions of 3.58 log CFU/g of Salmonella spp. (p<0.05). This
higher reduction lead to a lower Salmonella spp. population prior to holding, and
holding for 2 h did not result in an increase (0.74 log CFU/g).

The two sets of samples were compared to evaluate differences between the
subprimals that were seared, cooked to 37.8°C, and subsequently held for up to 2 h,
and those that were seared, cooked to 48.9°C, and held for up to 2 h (Fig. 26).
Differences (p<0.05) in Salmonella spp. survival were observed between the cooking

temperatures, with averages of 1.86 and 0.49 log CFU/g after cooking to 37.8 and
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48.9°C, respectively. Similarly, holding the subprimals cooked to the two different
target temperatures for up to 8 h showed a significant difference (p<0.05) in
Salmonella spp. populations. After 8 h of holding, prime rib cooked to 37.8°C had a
bacterial load of 3.62 log CFU/g, compared to of 0.90 log CFU/g in prime rib cooked

to an internal temperature of 48.9°C.

Table 5. Statistical comparisons based on P-values for steaks cooked at 37.8°C. Means
(log CFU/g of Salmonella spp.) at each processing step.

Control Searing Cooking Holding (2h)
5.09 4.72 1.86 3.58
a a b c

Table 6. Statistical comparisons based on P-values for steaks cooked at 48.9°C. Means
(log CFU/g of Salmonella spp.) at each processing step.

Control Searing Cooking Holding (2h)
5.09 4.07 0.5 1.24
a a b b

The processing parameters (time-temperatures) used in this study were based
on a survey of local restaurants. Searing, regardless of the oven temperature used,
resulted in minimal reductions in Salmonella spp. population in intact or non-intact rib
eye. Prior to thermal processing, subprimals were stored under in refrigeration, and
during searing at 260°C for 15 min, the mean internal temperature at the geometric
center of the rib eye was ca. 13.3°C, a temperature at which reductions are not likely

to be achieved in non-intact beef.
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Cooking of non-intact rib eye to an end point temperature of 48.9°C resulted
in a greater reduction of Salmonella spp. (3.58 log CFU/g) as compared to cooking to
an end point temperature of 37.8°C (2.86 log CFU/g). Johnston et al. (1978) reported
Salmonella survival in mechanically tenderized roasts cooked in an oven to an internal
temperature of 54.4°C. Salmonella spp. survival was observed in both the surface and
core samples, indicating that such a temperature represents a public health problem.

The relationship between internal cooking temperature and the resulting
microbial reduction affected survival and further growth of Salmonella spp., which
was evident after 2 h of holding. The average of the internal temperatures monitored
during the 8 h of holding, indicated that the subprimals cooked to 37.8°C remained at
ca. 42.8°C, and those cooked to 48.9°F were at ca. 46.1°C. Survival of Salmonella
spp. during preparation of roast beef was related to the location of the microorganism,
and the heating process applied (Doyle and Mazzota 1999).

Marsden et al. (2001) reported that at an internal temperature of 43.3 and
48.9°C, followed by 1 h holding at 48.9°C, resulted in a considerable reduction in
numbers of Salmonella spp. (4.54 and 4.80 log CFU/g) population. In a later report on
blade tenderized beef rounds, Marsden et al. (2004) stated that reductions in
Salmonella of 2.73 log CFU/g were achieved in mechanically tenderized steaks that
were cooked at a target internal temperature of 48.9°C.

The thermal process of mechanically tenderized prime rib subprimals that were
seared, cooked to 48.9°C, and held for 8 h, resulted in a reduction of 5.08 log CFU/g

of Salmonella spp. population, whereas those that were seared, cooked to 37.8°F, and
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held for 8 h, resulted in a 2.26 log CFU/g reduction. Thus, the prime rib cooking

process is not adequate to assure the safety of non-intact prime rib.

4.3 STUDY TWO. Germination and outgrowth of C. perfringens spores during

hot holding and cooling of prime rib

4.3.1 Evaluation of hot holding

C. perfringens spore population of ca. 1.97 log CFU/g was achieved
subsequent to inoculation. Holding of inoculated ground rib eye at 43°C, resulted in an
increase of C. perfringens to 1.9, 5.3, 6.1, 6.5, and 6.5 log CFU/g of after 2, 4, 6, 8 and
10 h of holding, respectively (Table 7). Similarly, at a holding temperature of 49°C,
the C. perfringens increase was 6.05 log CFU/g after 10 h with a consistent gradual
increase during holding (Table 7; Fig. 27).

The optimal temperature for C. perfringens reported in literature is between 43
to 45°C; however, it may be able to multiply at temperatures up to 50°C(R. Labbe,
Clostridium perfringens Gastroenteritis 1992). Roy et al. (1981) described the active
growth of this pathogen at 37, 41, 45, and 49°C, along with the thermal inactivation of
the bacteria. In their study they concluded that in a roast cooked to 55°C, at a rate of

6°C/h an increase of 3.5 log of C. perfringens is expected.
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where cooked to 37.9°C.
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Figure 25. Survival of Salmonella spp. during the steps used for thermal processing of non-intact rib eye when samples

where cooked to 48.9°C.
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between both set of samples, cooked to 37.8 °C and 48.9 °C.
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Table 7. Increase of C. perfringens during 10 h of holding at 43 and 49°C. Log CFU/g
at different sampling time.

Holding time 43°C 49°C
(h)
2 1.9 1.4
4 53 4.2
6 6.1 59
8 6.5 6.0
10 6.5 6.0

C. perfringens is an ubiquitous microorganism, and is prevalent in food
products (Hall and Angelotti 1965). Spores present in the meat can be heat activated
during cooking (Walker 1975), resulting in germination and outgrowth to a dangerous
levels during hot holding of prime rib. Standard processing of prime rib in the
restaurants during hot holding utilizes temperatures within the growth range optimal

for C. perfringens representing an imminent public health concern.

4.3.2 Evaluation of cooling during storage of prime rib

An increase of C. perfringens population was observed in all exponential
cooling rates of rib eye from 54.4°C to 5°C within 6, 9, 12, and 15 h (Fig. 27).
However, statistical analysis revealed a significant (p<0.05) C. perfringens increase of
2.2 log CFU/g during exponential cooling of rib eye within 15 h, whereas cooling
within 6, 9, and 12 h resulted in a minimal increase of C. perfringens population (< 0.8

log CFU/g).
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Figure 27. Growth of C. perfringens during hot holding of rib eye at 43°C and 49°C.
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This finding indicates that the rate of cooling has an impact on the
microbiological safety of the prime rib, and therefore restaurants need to be aware of
monitoring the temperatures of their coolers as well as the internal temperature of the
prime rib during cooling.

A greater increase in C. perfringens population of 1.1 log in 1.5 h, and 3.6 log
in 3 h was reported during cooling of cooked uncured beef from 54.4°C to 27°C.
Similarly, Doyle (2002) found that a rapid increase of C. perfringens population at a
slow cooling rates (5 and 7.5°C per hour) occurs; however, an appreciable growth was
not observed when cooling from 54.4 to 7.2°C takes 15 h.

This finding indicates that the rate of cooling has an impact on the food safety
of the prime rib. Considering that refrigerated leftovers are to be used the following
day for serving to consumers, there is an imminent risk of outbreaks that need to be
prevented. Thus, restaurants need to be aware of monitoring temperatures of their cool

rooms as well as the internal temperature of the prime rib during this process.
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5. CONCLUSIONS

Based on the surveys conducted, restaurants are not following the local and
state regulations for the preparation of prime rib. Those regulations include 2009 Food
Code specifications and USDA compliance guidelines for lethality and stabilization
(cooling heat-treated meat).

Searing of intact rib eye for 45 min in a kitchen oven at 260 or 204°C attained
a surface meat temperature of ca. 63°C, and changes color of the meat as specified in
the US FDA Food Code (2009). Searing of rib eye resulted in Sal/monella spp.
reduction on the surface of 4.61 and 3.25 log CFU/cm’, respectively. Searing of rib
eye does not meet the USDA-FSIS (1999) performance standards for the reduction of
Salmonella spp. as 6.5 log CFU/g was not achieved

The thermal process for preparation of prime rib from either intact meat or
non-intact (mechanically tenderized) rib eye is not sufficient to meet the lethality
performance standards of the USDA-FSIS (1999). Searing of prime rib in a kitchen
oven at 260°C followed by cooking to either 37.9 or 48.9°C achieved a Salmonella
spp. reduction of ca. 5 log CFU/g in intact meat. The same processing variables
applied to mechanically tenderized prime rib achieved lower Salmonella spp.
reductions (3.23 and 4.59 log CFU/g, respectively) due to the translocation of the

pathogen to the interior of the meat. Therefore, use of non-intact meat requires
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additional antimicrobial interventions prior to mechanical tenderization to minimize
the risk of Salmonella spp. from prime rib.

Regardless of the type of meat and the thermal processes applied, holding
prime rib at 60°C allowed the growth of Salmonella spp. Although the increase in
Salmonella spp. population is low, extended periods of holding make the finished
product unsafe for consumption.

C. perfringens spore germination and outgrowth was observed during hot
holding of prime rib at 43 and 49°C; holding at these temperatures is not adequate to
assure food safety as > 6 log CFU/g increase of C. perfringens population was
observed within 6 h. Cooling of prime rib resulted in C. perfringens spore germination
and outgrowth by 1 log CFU/g from 57.2 to 5°C during 6, 9, or 12 h. However,
extending the cooling time to 15 h resulted in C. perfringens spore germination and
outgrowth by 2.2 log CFU/g.

To prevent repeated violations by food service establishments and reduce the
risk of foodborne illness outbreaks from prime rib, regulatory agencies, through the
state and local health departments, should encourage validation of the prime rib
preparation process and similar products, and request a food safety variance along

with a HACCP plan from the establishments.
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