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Abstract

To evaluate the effect of extended post-harvest hanging time on pork sides and the
microbial shelf-life of fabricated steaks, aerobic plate count (APC), Enterobacteriaceae
(EB), yeast and mold populations, pH, and moisture content of pork sides hung for 21 days
at 0£1°C was determined. After hanging, blade steaks fabricated from these sides were
vacuum packaged, stored up to 35 days at 0£1°C, and evaluated for APC, EB, yeast and
mold populations, and pH. Carcass cooler temperature and percent relative humidity,
measured every hour during storage, averaged 0+1°C and 87.3% (66-100%), respectively.
Pork carcass surface moisture content declined (P < 0.05) from 65.1% on day 1 to 50.5%
on day 21. The carcass pH was similar (P > 0.05) at 5.88 on days 1, 7, and 14; however, by
day 21 the pH declined (P < 0.05) to 5.72. The flank, shoulder, and jowl were sampled on
pork carcasses. There was no day effect for carcass APC; however, there was a location
effect. The jowl had the highest (P < 0.05) APC with 1.21 log CFU/cm?. There was no
carcass location or day effect for EB or mold populations, but there was a carcass location
and day effect for yeast populations. The detection limit (DL) for EB and yeast and mold
populations on pork carcass samples (n = 240) was 0.06 and 0.41 log CFU/cm? for the
shoulder and flank, and jowl, respectively. For EB and mold populations, 98.8 and 97.9%
of carcass samples, respectively, were below the DL. For yeast populations, 37.5, 45.0, and
63.8% were above the DL for flank, shoulder, and jowl, respectively. On days 1, 7, 14, and
21, 60.0, 55.0, 53.3 and 26.6% were above the DL, respectively, for carcass yeast
populations; however, none were greater than 2.83 log CFU/cm?. The pH of pork steaks
was 5.69-5.89. There was a day effect for APC on pork steaks. The initial APC of steaks

was 1.61 log CFU/g, increasing (P < 0.05) to 5.06 log CFU/g on day 35. There was a day



effect for EB and mold populations; but not for yeast populations. The DL for EB and yeast
and mold populations on pork steaks (n = 102) was 0.70 log CFU/g. On days 0, 7, 14, 21,
28, and 35, the percent of EB populations above the DL on pork steaks were 0.0, 0.0, 23.5,
41.2,94.1, 41.2%, respectively, however, none of the steak samples exceeded 4.40 log
CFU/g. For mold populations, 100.0% of steaks were below the DL on days 0, 7, and 14.
On days 21, 28, and 35, 18, 24, and 12%, respectively, were above the DL. None of the
steak samples exceeded 2.68 log CFU/g for mold populations. For yeast populations, 56.8%
of pork steaks samples were above the DL, but none were greater than 3.69 log CFU/qg.
These results indicate that pork carcasses and vacuum packaged shoulder blade steaks
fabricated from these carcasses have acceptable quality for 21 and 35 days, respectively,

when stored at 0+1°C after harvest.
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Chapter 1 - Introduction

In the U.S., pork production has increased 60% during the last two decades (USDA-
NASS, 2016). In 2016, the number of hogs slaughtered in the U.S. averaged 118.2 million head
(USDA-NASS, 2017). In 2015, 11.1 billion kg of pork were commercially produced in the U.S.
This number was 7% higher compared to pork production in 2014 (NASS-USDA, 2016). The
2015 per capita consumption of pork was estimated to be 22.4 kg in the U.S. (USDA-ERS,
2016). Moreover, pork accounts for 40% of meat consumed around the world (USDA-FAS,
2015).

Meat is a highly perishable food due to its chemical structure that enhances bacterial
growth to significant levels, resulting in meat spoilage (Doulgeraki et al., 2012). Refrigeration is
used for preservation in the meat industry, and increases fresh meat shelf-life by depressing
molecular activity as well as slowing down chemical and biological processes (Lovatt, 2014).
The meat industry employs refrigeration to maintain the integrity of fresh meat and/or to reduce
the rate of microbial growth on the surfaces of pork carcasses (Cano-Mufioz, 1991). James
(2002) stated that storing meat at -1.5+0.5°C would prolong fresh meat shelf-life the longest. At
-1°C and 5°C, microbial spoilage activity is minimized, but spoilage microorganisms continue to
grow at a slow rate (Gill, 1997). Sebranek (2008) suggested pork carcasses be stored in chill
rooms with 85-90% relative humidity at 0-1°C.

Scientists define shelf-life as the length of time that a food product can be stored, with the
quality attributes remaining unchanged before deterioration occurs (Lulietto et al., 2015). Some
of the most common aerobic bacteria known to cause meat spoilage are Pseudomonas spp.,
Acinetobacter spp., and Moraxella spp. (Rossaint et al., 2015). Due to the ability of

Pseudomonas spp. to grow at a high rate under aerobic conditions, Gill and Mollin (1991)



identified this organism as the most significant spoilage organism in non-vacuum packaged meat
products. Furthermore, lactic acid bacteria grow under anaerobic conditions such as those found
with vacuum packaged meat (Gill, 1997). Jeremiah and Gibson (1997) demonstrated that pork
can be stored up to 9 weeks at -1.5°C when vacuum packaged. Pork is typically held at 4°C
throughout the marketing channels and some psycrothophic bacteria including Lactobacillus
spp., Pseudomonas spp., Alcaligenes-Enterobacter spp., Flavobacterium spp., Micrococcus spp.,
and Moraxella-Acinetobacter spp. can be present on pork (Kotula, 1987). The majority of
bacterial contamination in the slaughterhouse is derived from fecal material and animal hides
(Sofos, 1994; Gill, 1998). In addition, Lee et al. (2016) studied the effect of extended hanging
time on pork carcasses stored at 2+1°C and 80% relative humidity, and they concluded that after
40 d of hanging the quality of pork carcasses is unharmed. The objective of this study was to
examine the microbial quality of pork carcasses and vacuum packaged pork blade steaks

fabricated from these carcasses during extended post-harvest cold storage.



Review of Literature

Meat Refrigeration and Pork History

Throughout America’s history, several preservation methods have been used to store
meat. For example, salt was added to pork in barrels to increase fresh pork life (Aberle et al.,
2003). The use of ice cut from frozen ponds and rivers in New England was used to maintain the
freshness of meat which was stored underneath sawdust to prevent melting (Briley, 2004). In the
late 19th century, the use of compressors and refrigerants began to be used, and is considered the
beginning of mechanical refrigeration (USDA-FSIS, 2010).

Refrigeration is defined as "the process of removing heat from an object™ and chilling as
"cooling an object to a temperature above its freezing temperature” (Lovatt, 2014). These terms
are commonly used for preservation in the meat industry, and increase fresh meat shelf-life by
depressing molecular activity as well as slowing down chemical and biological processes
(Lovatt, 2014). In addition, refrigeration is used as the air-chilling system in meat plants to help
maintain processing areas at low temperatures to delay microbial growth (Lovatt, 2014). Several
authors have recommended temperatures to maintain refrigerated meat. For example, Gill and
Newton (1978) reported that keeping meat between -1°C and 5°C can slow down bacterial
proliferation. James (2002) stated that storing meat at -1.5+0.5°C would prolong meat shelf-life
the longest. The USDA-FSIS (2010) published a food safety information guide indicating that
most foods will be protected if maintained at temperatures of 4.4°C or less. Berk (2013)
suggested using chilling in the range of 0-8°C. Alternatively, pork carcasses and cuts are to be
stored at -1.5 to 0°C and 90-95% relative humidity for up to 10-14 days (International Institute of

Refrigeration, 1967 and 1971).
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Hernando de Soto is credited with bringing the first 13 hogs to the U.S., introducing them
in Tampa Bay, Florida in 1539, which subsequently led to a rapid spread of hogs across the
country (USDA-FSIS, 2013). In the 1800°s, the city of Cincinnati, Ohio, also known as
“Porkopolis”, became the center for slaughtering and packing pigs each year (Hurley, 1981). In
the U.S., pork production has increased 60% during the last two decades (USDA-NASS, 2016).
In 2016, the number of hogs slaughtered in the U.S. averaged 118.2 million head (USDA-NASS,
2017). In 2015, 11.1 billion kg of pork were commercially produced in the U.S. This number
was 7% higher compared to pork production in 2014 (USDA-NASS, 2016). In 2016, the
livestock slaughter summary reported that 60% of pork establishments had a production capacity
of up to 999 head of hogs per year, representing less than 1% of the total hogs harvested in the
U.S. (USDA-NASS, 2017). Pork, after poultry and beef, is the third largest meat commodity
produced in the U.S. (USDA-ERS, 2017). The 2015 per capita consumption of pork was
estimated to be 22.4 kg in the U.S. (USDA-ERS, 2016). Moreover, pork accounts for 40% of
meat consumed around the world (USDA-FAS, 2015). Fresh pork, at the retail level, represents
25% of meat sales; however, a majority of the commercial pork supply is used by the meat

industry for processing meats (Wright et al., 2005).

Storage Temperature

Chilling can be described as the application of temperatures in the range of 0-8°C to meat
(Berk, 2013). The meat industry employs refrigeration to maintain the integrity of fresh meat
and/or to prevent microorganisms from growing at a high growth rate on the surface of pork
carcasses (Cano-Mufioz, 1991). At all stages of distribution and at retail, maintaining meat at a

low temperature is necessary to prolong shelf-life. The muscles of healthy animals are naturally
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sterile; however, carcass meat may be in contact with bacteria during the harvest process,
resulting in cross-contamination (Chung et al., 1989; Gill et al., 1998). After harvest, carcasses
must be chilled rapidly to prevent the growth of spoilage and pathogenic microorganisms (Gill,
2000). According to Mallikarjunan and Mittal (1995), there are four factors that meat processors
should take into consideration to efficiently manage carcass chilling: 1) following required
regulations; 2) diminishing carcass mass loss; 3) prevent cold-shortening; and 4) control chilling
time to maximize throughput. Ultimately, these criteria can help to control bacterial growth.

In the U.S., there are no official regulations specifying the time/temperature that pork
carcasses must undergo after harvest; however, the USDA-FSIS (1995) recommends the deep
muscle (approx. 15 cm) reach an internal temperature of 10°C and 7.2°C at 24 h and 36 h after
slaughter, respectively, and that the carcass surface be cooled down to 10°C in 5 h and 4.4°C in
24 h. As aresult, the lag phase of bacteria can be extended, thus reducing the microbial
population on the carcass (Vanderzant et al., 1985). This is important because an abuse of
temperature can lead to an increase of the internal temperature of the carcass due to pre-rigor
activity (Gill, 2000). Post-harvest chilling procedures are important to minimize growth of
spoilage and pathogenic bacteria (Gill, 1998). At -1°C and 5°C, microbial spoilage activity is
minimized, but spoilage microorganisms continue to grow at a slow rate. (Gill, 1997).
Nevertheless, temperature abuse occurs even if the initial bacterial load on meat is low, and off-
odor development could occur (Kotula, 1987). Temperatures near the freezing point have the
potential to kill bacteria because of the effect of ice crystal formation on the cell structure
resulting in damage to the bacterial cell membrane (Mazur, 1966).

Bacteria cells are damaged by the cold shock promoted by accelerated chilling (EI-Kest

and Marth, 1992). Freezing temperatures favors pork carcass quality because of the carcass size



which can undergo rigor faster, resulting in no negative impact due to cold shortening or
toughening of muscle (Murray, 1995). To date, the pork industry employs various chilling
systems to commercially chill pork carcasses: conventional (1° C), spray-chilling (1-5 ° C), and
blast-freezing (-20° C to -40° C) (Huff-Lonergan and Page, 2010). Nychas et al. (1988) stated
that 10% of the bacteria population adapt to changing conditions (temperature) and can adapt
their metabolism to survive. Pork carcass temperature is reduced to avoid pale, soft, and
exudative (PSE) product (Milligan et al., 1998; Savell et al., 2005). Chilling decelerates the
growth of bacteria; however, it cannot ameliorate product quality, thus, the integrity of raw
material during chilling depends on the initial microbial quality (Berk, 2013). Refrigeration can
restrict approximately 10% of the total microflora growth during storage (Lulietto et al., 2015).
Sebranek (2008) suggested pork carcasses be stored in chill rooms with 85-90% relative
humidity at 0-1°C. These ranges are usually employed in the pork industry to hold carcasses
prior to fabrication. Lee et al. (1985) found that pork held at 0°C had a shorter shelf-life (14 to 28
days) than pork held at -4°C which had less microbial growth and maintained its quality
attributes during 49 days of storage. Lee et al. (1985) concluded that lower storage temperatures

are more efficacious.

Shelf-life of Meat

Meat is a highly-perishable food due to its chemical structure that enhances bacterial
growth to significant levels, resulting in meat spoilage (Doulgeraki et al., 2012). Scientists define
shelf-life as the length of time that a food product can be stored, with the quality attributes
remaining unchanged before deterioration occurs (Lulietto et al., 2015). There are a number of

intrinsic and extrinsic elements that have an impact on the shelf-life of meat. Intrinsic factors



include pH, nutrient content of the meat, redox potential, naturally occurring and added
antimicrobials, water activity and moisture and fat content. Extrinsic factors include storage
temperature, type of packaging, relative humidity, light intensity and wavelength, atmospheric
gas composition, and processing, storage, distribution, and display characteristics. (Nychas et al.,
2008; Remenant et al., 2015).

In addition, meat has a high moisture content at 75%, and a protein and lipid content of
19 and 3%, respectively (Davies and Board, 1998). Meat is also a source of low molecular
weight components such as carbohydrates, lactate, and amino acids (Dainty et al., 1975; Dave
and Ghaly, 2011). Carbohydrates are found in low concentrations in meat around 1.2% (Nychas
et al., 1998). A review published by Nychas et al. (1988) discussed the importance of the role of
glucose, which increases the metabolism of spoilage bacteria primarily on fresh meats held at 2-

7°C under aerobic conditions.

Meat Spoilage

Despite the use of refrigeration, preservatives or innovative technologies, 25% of the
food produced worldwide is discarded because of spoilage (Gram et al., 2002; Cenci-Goga et al.,
2014). Aerobic bacteria are considered the primary group of organisms responsible for spoilage
(Adams and Huffman, 1972). Spoilage is present when organoleptic properties are lost and
bacterial degradation of amino acids triggers slime formation and off-flavor development on the
meat surface (Gill, 1997). Off-odors are formed when growth reaches 108 log CFU/cm?, resulting
in an unmarketable and unacceptable product for consumers (Gill, 1982; Ellis and Goodacre,
2001). An article published by the USDA-FSIS (2010) stated that low levels of spoilage bacteria

will not cause an acute illness. In other words, consumers may not find spoiled food very



palatable; however, if consumed, consumers will likely not get sick. Meat spoilage represents
primarily a quality concern rather than a safety issue. However, one study reported that protein
and lipid decomposition may lead to health issues (Shamberger et al., 1974). Kotula (1987)
stated that spoilage bacteria can be a useful tool for consumers to help them identify off-odors or
slime formation which can be used as quality indicators of fresh pork. Otherwise, consumers
would be susceptible to consuming meat undergoing a process of decomposition produced by
spoilage bacteria.

Some of the most common aerobic bacteria known to cause meat spoilage are
Pseudomonas spp., Acinetobacter spp., and Moraxella spp. (Rossaint et al., 2015). Due to the
ability of Pseudomonas spp. to grow at a high rate under aerobic conditions, Gill and Mollin
(1991) identified this organism as the most significant spoilage organism. Nychas et al. (1988)
indicated that green discoloration in meat results from sulfide produced by Shewanella
putrefaciens at 2-7°C under aerobic conditions. Additionally, S. putrefaciens is one of the
microorganisms responsible for spoilage affecting chill-stored and vacuum packaged meat
(Doulgeraki et al., 2012). Psychotropic Pseudomonas survive at temperatures below 0°C and are
competitive due to a high growth rate that overgrows other bacteria in fresh meat under aerobic
conditions (Egan and Roberts, 1987). Storage conditions dictate the number of days of shelf-life
before meat exhibits spoilage signs (Garcia-Lopex et al., 1998). Spoilage bacteria are normally
found on the carcass surface (Gill et al., 1976). Gill and Newton (1980) demonstrated that
spoilage bacteria grow similarly on adipose tissue and muscle tissue. However, Blickstad and
Molin (1983) demonstrated that fat surfaces on meat have a higher pH than muscle tissue,
increasing the likelihood for some microorganisms (Alteromonas putrefaciens, B. thermosphacta

and Aeromonas) to grow. Low molecular weight soluble components such as glucose and amino



acids are depleted by aerobic and anaerobic bacteria. Spoilage bacteria have the ability to
metabolize glucose (< 1mg/g), a low molecular weight component of meat, for growth.

When Pseudomonas reaches 108 log CFU/cm? and depletes glucose, the breakdown of
amino acids increases leading to ammonia production (Ingram and Dainty, 1971). Additionally,
some types of psychotrophic Enterobacteriaceae can grow at < 4°C under aerobic conditions on
pork and lamb with a pH > 6 (Grau, 1981; Blickstad and Molin, 1983; Dainty and Mackey,

1992).

Anaerobic Packaging

In the meat industry, packaging is primarily used to prolong product shelf-life by
removing oxygen, that consequently slows chemical oxidation and bacterial growth. Jeremiah
and Gibson (1997) demonstrated that pork can be stored up to 9 weeks at -1.5°C when vacuum
packaged. Furthermore, lactic acid bacteria grow under anaerobic conditions such as those found
with vacuum packaged meat (Gill, 1997). A study in Finland reported that psychrotrophic strains
of lactic acid bacteria were responsible for producing ropy filaments, or slime in vacuum
packaged meats (Korkeala et al., 1988). Additionally, the surface of under vacuum packaged
pork will turn into a faded green caused by Leuconostoc, Lactobacillus spp., and Alteromonas,
which can occur at low bacterial numbers (Kotula, 1987). Gram-positive bacteria can resist the
heat impact when chilling due to a thick bylayer that surrounds them as opposed to the thin

membrane found in gram-negative bacteria (Breidenstein et al., 1994).



Legislation

According to the Livestock Slaughter Summary, 99.3% of the total of hogs produced in
the U.S. were harvested in establishments overseen by the USDA (USDA-NASS, 2016). The
USDA-FSIS is the government agency responsible for overseeing that establishments follow
Good Manufacturing Practices (GMP’s) and Hazard Analysis and Critical Control Point
(HACCP) plans. The USDA-FSIS pathogen reduction rule (USDA-FSIS, 1996) states that pork
products must be tested for Salmonella with no more than 6 positive samples out of 55.
Additionally, Sanitation Standard Operating Procedures (SSOP’s) must be in place to ensure the
cleanliness of the establishments. Having good hygiene practices can help prevent foodborne
illness (USDA-FSIS, 1996). Scallan et al. (2011) reported 47.8 million people suffer from
foodborne illness each year. There are numerous interventions used in the pork packing industry
to reduce pathogen contamination on pork carcasses. One example is using a hot water wash

cabinet that sprays carcasses with hot water (Jensen and Unnevehr, 1999).

Microbiological Background

Pork is normally held at < 4°C throughout marketing channels. Psychrotrophic bacteria
including Lactobacillus spp., Pseudomonas spp., Alcaligenes-Enterobacter spp., Flavobacterium
spp., Micrococcus spp., and Moraxella-Acinetobacter spp., can be present on pork (Kotula,
1987). Moreover, pathogenic bacteria such as Bacillus cereus, Campylobacter jejuni,
Clostridium botulinum, Clostridium prefringens, Salmonella spp., Staphylococcus aureus, and
Yersinia eneterolitica could be present on meat (Kotula, 1987), as well as Aeromonas hydrophila
and Aeromonas sobria (Buchanan and Palumba, 1985). Ray and Bhunia (2013) reported that

meat products may have an initial bacterial population of approximately 107 to 10° log CFU/g,
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which is made up of a diversity of microbial species. Similarly, Mackey and Roberts (1993)
found a bacterial population of 10 to 10*log CFU/cm? on pork carcasses prior to entering the
hotbox, with Enterobacteriaceae, coliforms, and E. coli being present. Initially, meat carries two
types of microorganisms: mesophilic and cold-tolerant bacteria. Cold-tolerant bacteria are
capable of growing at low temperatures and are broken up into two groups, psychrophiles and
psychrotrophs (Eddy, 1960). Psychrotrophs are of great interest in fresh meats due to their ability
to grow at 7°C or less (Kraft, 1992).

The majority of bacterial contamination at harvest is derived from fecal material and
animal hides (Sofos, 1994; Gill, 1998). Jensen and Unnevehr (1999) indicated that carcass
contamination occurs during pork processing at the evisceration step and during chilling. As a
result, bacteria can enter the food supply chain, resulting in economic losses. For this reason,
effective sanitation procedures are of utmost importance to minimize pathogenic microorganisms
in food (Buzby et al., 1996).

Some studies have shown the prevalence of Salmonella on hogs entering the slaughter
facility (Wilkins et al., 2010; Blagojevic et al., 2011). Additionally, Rossel (2009) stated that the
skin of hogs is an important source of contamination at the stunning step. Blagojevic et al. (2011)
reported a 28-40% incidence level of Salmonella on the skin of hogs. Another study indicated
that sows, nursery swine, and grower-finisher hogs were positive for Salmonella with an
incidence level of 51, 32, and 38%, respectively (Wilkins et al., 2010).

Microorganisms can produce biofilms to use as a protective layer on joints, walls, floors
surfaces, or on equipment. Biofilms protect bacteria to be resistant to washing and cold
environments (Fenlon et al., 1996; Wong, 1998). Pseudomonas have been shown to develop a

strong attachment to equipment surfaces in refrigerated rooms (Newton et al., 1978; Nortje et al.,
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1990). The composition of psychrotrophic flora exhibits seasonal variation (Blaise and
Armstrong, 1973). According to Hald and Andersen (2001), the microbial population on pork
carcasses may increase if the outdoor ambient temperature becomes warmer, leading to a higher
risk of contamination on pork carcass during processing. Yeast and mold populations can survive
on the dried surface of a carcass at < 0.95 water activity under aerobic conditions (VVan-Netten et

al., 1995).

pH
The measurement of hydrogen ions in a meat product is defined as pH (Heinz and

Hautzinger, 2007). After harvest, muscle is converted to meat and lactic acid is built up leading
to a pH decline from 7.0-7.2 to 5.5-5.7 (Voyle, 1974; Heinz and Hautzinger, 2007). Muscle pH
can vary from carcass to carcass as well as in different muscles within the same carcass (Gill and
Newton, 1978). Meat surface pH may differ from muscle pH due to microbial growth (Leet and
Locker, 1973). The optimal pH range for microbial growth is 5.5-6.5 (Buncic et al., 2014). Rey
et al. (1976) demonstrated that psychrotrophic bacteria could grow on pork at pH 5.8 and 6.2.
During cold storage, bacterial populations may increase on meat, producing proteases or
proteinases that will consequently degrade protein, which can result in pH decline (Agunbiade et
al., 2010). The pH on pork loins was 5.66 after an extended hanging period for up to 40 days at

2+1°C and 80% relative humidity (Lee et al., 2016).

Moisture

During the initial hours of chilling after harvest, the pork carcass surface starts to dry off,

resulting in a water activity decline to < 0.95 (Grau, 1979). Scott (1936) demonstrated that water
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evaporation from the meat surface is critical in inhibiting bacterial growth. Gill (2000) indicated
that a carcass surface can lose water content during storage at chilling temperatures, which
contributes to the safety and shelf-life of a carcass. However, Nottingham (1982) reported that
the composition of aerobic bacteria on carcasses during chilling did not vary due to dehydration
on meat surfaces. Drying can reduce carcass weight, resulting in economic losses (Bailey, 1986).
A relative humidity range between 85 and 95% is recommended in chilling rooms (Heinz and

Hautzinger, 2007; Sebranek, 2008).

Sampling Method

The International Organization for Standardization (1SO-17604, 2015) defines the
microbiological methods used at harvest establishments to detect and enumerate microorganisms
on the surface of harvested animal carcasses. Meat processing establishments have two sampling
methods available: swabbing and excision. Several authors have worked together to compare
these two methods for carcass sampling (Gill et al., 1988; Dorsa et al., 1997; Bolton, 2003;
Pepperell et al., 2005). Gill et al. (1988) found that the excision method obtained significantly
higher bacterial counts from the surface of the carcasses in comparison to the other
nondestructive method. The swab method has been scientifically validated for microbiological
work on meat; however, when using the excision method some pathogenic microorganisms such
as E. coli 0157:H7 and Salmonella spp., can be difficult to detect on the carcass surface. This is
due to non-uniform distribution of these microorganisms and the small size sampling area,
typically about 20 cm? per carcass, which is an important limitation (Bolton, 2003). Overall, the
excision method is used by the meat industry as the reference method (Dorsa et al., 1997,

Pepperell et al., 2005).
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The objective of this study was to evaluate the effect of extended post-harvest hanging
time on pork sides and the subsequent microbial shelf-life of pork shoulder steaks fabricated

from these pork carcasses.
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Materials and Methods

Study Design

This experiment consisted of evaluating the microbial quality of pork carcass sides
(n = 20), harvested on two different days, during extended post-harvest hanging time of 21 d at
0+1°C and 87.3% relative humidity. These chilled carcasses were fabricated and the microbial
shelf-life of pork shoulder blade steaks (n = 17) was evaluated during vacuum packaged storage
for up to 35 d at 0+1°C. Pork carcasses were sampled to determine aerobic plate count (APC),
Enterobacteriaceae (EB), and yeast and mold populationson d 1, 7, 14, and 21 post-harvest. In
addition, surface pH and surface moisture content of pork sides while hanging were determined
at each storage time. Each pork carcass surface pH was taken from the carcass shoulder muscle
in two different spots as duplicate readings. After 21 d of hanging, because three pork carcasses
were used for another project, only 17 pork shoulders were available to fabricate into six 2.54 cm
thick pork shoulder blade steaks. Vacuum packaged pork blade steaks were evaluated for APC,
EB, and yeast and mold populations and plated in duplicate on 0, 7, 14, 21, 28, and 35 d of

refrigerated storage. Additionally, surface pH was determined at each sampling time.

Microbiological Sampling of Pork Carcasses

Hogs, weighing approximately 130 kg (n = 20), were obtained from the Kansas State
University (KSU) Research Swine Center, and harvested on two different days. Hogs were
harvested at the KSU Meats Laboratory (Manhattan, KS) in October (n = 8) and February
(n =12) using an approved USDA protocol. Hogs were rendered unconscious using electrical
stunning (400 V for 15 s), and were immediately exsanguinated. The processing of hogs included

scalding, dehairing, singeing, lymph node removal, bunging, evisceration, and carcass splitting.
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After splitting, carcass sides were trimmed for zero tolerance (free of feces and ingesta). In
addition, a hot water intervention ranging from 77 to 94°C was applied using a hose nozzle held
20 cm away from the pork carcasses and were sprayed for approximately 23 s at 35 PSI. Before
entering the carcass cooler, the right sides (skin-on) were weighed and labeled (left sides were
fabricated and used for other research project), then hung in a carcass cooler for up to 21 d.

The carcass cooler temperature and percent relative humidity were measured every hour during
the hanging period using a data logger (Model TM320, Dickson™, Addison, IL), and averaged
0+1°C and 87.3% (range 66-100%), respectively.

Pork carcass sampling took place after 24 h (1 d), 7, 14, and 21 d after harvest. Aerobic
plate count, EB populations, yeast and mold populations, pH, and moisture content were
determined on each pork side. Three anatomical locations (flank, shoulder, and jowl)
were selected for microbiological sampling. At each location, four coring areas were randomly
assigned for each sampling day. Two sterilized stainless-steel meat coring devices were used to
delineate the sampling area: a 21.6 cm? core for flank and shoulder locations and a 9.6 cm? core
for the jowl location (Figure 1). Microbiological samples (n = 240) were excised from the
surface of pork carcasses. After coring, the outlined piece of pork was aseptically excised to a
depth of 1.5+0.5 mm, using a sterile scalpel. After excising each sample, sterilization of scalpel
and tweezers occurred using 70% alcohol and then flaming the implements. Following excision,
meat sample cores were placed into sterile plastic bags (Whirl-Pak® bags, Nasco®, Fort
Atkinson, WI) containing 50 ml of sterile 0.1% peptone water (Bacto; Flankin Lakes, NJ). At the
end of each sampling occasion, samples were immediately transported to the KSU Meat

Microbiology Laboratory for microbiological analysis.
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Shoulder

Figure 1. Carcass sampling locations on a pork carcass and core size used at each location.

Microbiological Analysis of Pork Shoulder Blade Steaks

After the 20 right sides of pork carcasses had been sampled over the 21-day hanging
period, pork butt shoulders (n = 17) were separated from the carcasses (carcass numbers 6, 7, and
8 were removed from the vacuum packaged steak portion of the study and utilized for another
research project). Pork shoulders (Figure 2) were cut into six 2.54 cm thick blade steaks using a

Biro™ saw (Model 3334, Marblehead, Ohio) that was sterilized between samples using a hot
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water (82°C) wash. Pork shoulder blade steaks from each carcass were vacuum packaged in
36x41 cm pouches (Prime Source Vacuum Pouches, 3 mil Nylon/PE, Koch Supplies, Kansas
City, MO), which had an oxygen transmission rate of 3.5 g/645.16 cm?/24 h at 21°C and 0.6
0/645.16 cm?/24 h at 0°C, and a water vapor transmission rate of 0.6 cc /645.16 cm?/24 h at 37.8
°C. The samples were vacuum packaged using a Multivac Vacuum Package Machine (Model C
500, Lagny Sur Marne, France), vertically stacked back to back into a corrugated box and then
stored at 0+1°C for up to 35 d. Blade steaks were analyzed on 0, 7, 14, 21, 28, and 35 d and were
randomly assigned within each shoulder unit for each sampling day. On each sampling occasion,
vacuum bags were aseptically opened. A sterile scalpel excised 25 g of surface meat from each
pork blade steak, which was placed into a sterile plastic bag (Whirl-Pak® bags, Nasco®, Fort

Atkinson, WI) with 225 ml of 0.1% peptone water (Bacto; Flankin Lakes, NJ).

Figure 2. Pork shoulders were cut into six 2.54 cm thick steaks and randomly assigned for each
vacuum packaged storage day.
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Determination of pH

To determine the pH of pork carcasses and pork shoulder blade steaks, a calibrated pH
probe (Model FC232, Hanna Instruments Inc.™, Woonsocket, RI) with a pH meter (Model HI
99163, Hanna Instruments Inc.™, Woonsocket, RI) was calibrated using pH 4.0 and pH 7.0
buffer solutions (Hanna Instruments Inc.™, Woonsocket, RI).

An attempt was made to measure the pH of eight pork carcasses using the slurry prepared
for microbial sampling with 0.1% peptone water. Due to the buffering characteristics of the
peptone water solution, the resulting pH values were 6.5-7.0. A direct pH probe method was
used instead to measure the pH of the remaining carcasses. Only pH readings made using the
direct pH probe (n = 12) are reported. These pH readings were taken by inserting the pH probe
1.5 cm deep at a 45° angle into the shoulder muscle of the pork carcasses. The pH probe was
inserted at two locations, one on each side of core taken for microbial sampling, to obtain
duplicate readings. To measure the pH of pork blade steaks, the pH probe was inserted into the

steak in two locations on the side not used for microbiological sampling.

Moisture Analysis

The moisture content of the pork carcass surface was determined using a 9.6 cm?
stainless-steel corer to excise approximately 5 g of meat surface adjacent to the microbiological
sample core taken from the shoulder of the carcass. Moisture content was measured at each
storage time. Due to the small size of sample, the meat core was manually chopped using a
scalpel for 2 min for moisture determination. After chopping the sample thoroughly, moisture
content was determined in the KSU Analytical Laboratory using a SMART system 5 (CEM

Corp., NC) procedure for moisture analysis (AOAC Official Method 2008.06).
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Carcass and Steak Sample Preparation and Bacterial Enumeration

Excised pork carcass and blade steak sample tissue in 50 and 225 ml of 0.1% peptone
water, respectively, were homogenized for 60 s using a blender (AES Chemunex™, Model
AESAP1064. Bruz, France). Serial dilutions of this homogenate were prepared using 9 ml of
0.1% peptone water, and plated in duplicate on Petrifilm™ (3M, St. Paul, MN, USA) to
enumerate APC, EB, and yeast and mold populations. Aerobic plate count plates were incubated
at 35+2°C for 48+2 h, EB plates at 35+2°C for 24+2 h, and yeast and mold plates at 25+2°C for
3-5 d. After incubation, colonies were enumerated according to manufacturer’s instructions, and
then counts were calculated and transformed logarithmically to be reported as log CFU/cm? for
carcass data and log CFU/g for blade steak data. Additionally, the detection limit of the

microbiological samples was calculated as follows:

(Solvent)
(Sampling Area)

+ 2 (Duplicate) = x = log(x) = Detection Limit

1. Flank and shoulder:

2. JOWI.
2 /m . g . ) . g /Cm

3. Blade Steaks:

250 ml
25¢g

+ 2 CFU/ml = 5.00 = log(5.00) = 0.70log CFU/g
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Statistical Design

For this study, all data were analyzed using SAS version 9.4 (SAS Inst. Inc., Cary, NC),
and all pairwise treatment comparisons were performed using Fisher’s protected least significant
difference (LSD). For pork carcass sides, APC was analyzed using a randomized complete block
design in Proc MIXED. Carcass was considered to be the blocking factor in the model. Location,
day, and location by day were used as fixed effects and day was treated as a repeated measure.
Similarly, moisture and pH were analyzed as repeated measures over time. Because the majority
of observations for EB, and yeast and mold were below the detection limit (DL) in the pork
carcass and steak data sets, these variables were analyzed as binary responses (1 = above DL and
0 = below DL) in Proc FREQ. For the pork blade steaks, APC was analyzed in Proc MIXED and
day was analyzed as a repeated measure and used as a fixed effect.

For the harvest day analyses, APC was analyzed assuming a split-plot design with harvest
day as the whole-plot treatment factor, carcass sampling location as the subplot treatment factor,
and day of sampling treated as a repeated measure. Carcass was considered the whole-plot
experimental unit and an individual location within a carcass was assumed to a sub-plot
experimental unit. The corresponding linear mixed model was fit in Proc MIXED with harvest
day, carcass sampling location, day of sampling, and all two- and three-way interactions as fixed
effects, carcass nested within harvest day as a random effect. The SAS codes are presented in

Appendix A.
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Results and Discussion

Pork Carcass
pH
There was a sampling day main effect (P = 0.0257) for pork carcass pH. As shown in

Figure 3 and Appendix Table B.1, carcass pH was similar (P > 0.05) at 5.84-5.88 ond 1, 7, and
14; however, by d 21 the pH declined (P < 0.05) to 5.72. A statistical difference for pH for d 21
was found; however, a minor difference of < 0.12 units may not have much effect on microbial
growth (DeGeer et al., 2009). The recommended pH in pork carcasses at 24 h after slaughter is
5.7t0 6.1 (PIC, 2016). In this study the pH ranged from 5.72 to 5.88. Very few studies have
evaluated the extended hanging time on pork carcasses. Recently, Lee et al. (2016) found a final
pH of 5.66 on the left sides of pork carcasses after being hung for 40 d at 2+1°C and 80%

relative humidity.

Moisture Content
There was a sampling day main effect (P < 0.01) on pork carcass moisture content
(Figure 4 and Appendix Table B.1). The initial moisture content of the pork carcasses was
65.1%. On d 7, the moisture content decreased (P < 0.05) by 6.5%. On d 14, the moisture content
was 6.6% dryer (P <0.05) than on d 7. The moisture content of the surface of pork carcasses
declined (P <0.05) to 50.5% on d 21, which was the lowest (P < 0.05) moisture content. As
expected, air exposure on a carcass in a cooler may result in a dried-meat surface (Campbell et

al., 2001).
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Microbiological

For APC, there was no carcass sampling location by day interaction (P = 0.55). There
was no sampling day effect (P = 0.55); however, there were effects due to sample location (P =
0.0055). The jowl had the highest (P < 0.05) APC population with 1.21 log CFU/cm? compared
to the flank and shoulder with 0.77 and 0.76 log CFU/cm?, respectively (Figure 5 and Appendix
B.2). The APC populations for each day are shown in Appendix B.3. Jowl had higher APC
populations and a higher proportion of yeast populations above the DL than flank and shoulder
likely due to water accumulation on the front quarter after the hot water wash, as well as the pork
carcasses handling that generally occurs on the same area. Overall, APC populations remained
very low throughout the post-harvest extended hanging time. One study found initial populations
for APC in a range between 2.50 to 3.00 log CFU/cm? on pork carcasses before entering the
cooler at the polishing step (Gill et al., 1995). Additionally, Lee et al. (2016) looked at the effect
of extended hanging of pork carcasses stored at 2+1°C after 40 days of cold storage and reported
4.96 log CFU/g for APC populations on the pork loin after fabrication on d 40.

The DL for EB and yeast and mold populations on pork carcass samples (n = 240) was
0.06 and 0.41 log CFU/cm?for the shoulder and flank, and jowl, respectively. The total number
of samples from a carcass was 12 on each sampling day with 4 samples obtained from each
location (flank, shoulder, and jowl). There was no carcass location (P = 0.77) or day (P = 1.00)
effect for EB or mold populations. For EB and mold populations, 98.8 and 97.9% of carcass
samples, respectively, were below the DL. There was a carcass location (P = 0.0029) and day (P
< 0.01) effect for yeast populations. For all post-harvest extended hanging time points, 37.5% of
pork carcass samples from the flank were above the DL for yeast populations (Table 1). The

proportion of pork carcass samples above the DL for the shoulder was similar (P = 0.42) to the
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flank with 45.0%. For the jowl, the percent of samples above the DL was the highest (P < 0.05)
among all sampling locations with 63.8%, increasing by 41 and 31%, compared to the flank and
shoulder, respectively. The proportion of pork carcass samples above the DL ond 1, 7, and 14
were similar (P > 0.05) with 60.0, 55.0, and 53.3% above the DL, respectively (Table 2).
Conversely, on the last day of cooler storage, the percent of samples above the DL decreased by
51% on d 21 for yeast populations. Additionally, none of the carcass samples had yeast
populations greater than 2.83 log CFU/cm?. Ahnstrom et al. (2006) reported that yeast
populations increased during extended cold storage. Yeast populations are known to survive on
dried-carcasses surface at water activity values of < 0.95 under aerobic conditions (Van-Netten et
al., 1995). In this study, however, pork carcasses samples had fewer (P < 0.05) yeast populations

below the DL on d 21 compared to days 1, 7, and 14.

Figure 3. Hanging pork carcass side (n = 12) pH during cooler storage at 0£1°C and 87.3%
relative humidity for up to 21 days.
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Figure 4. Hanging pork carcass side (n = 20) moisture content during cooler storage at 0+1°C
and 87.3% relative humidity for up to 21 days.
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Figure 5. Aerobic plate counts population by sample location of hanging pork carcass
sides (n = 20) during cooler storage at 0+1°C and 87.3% relative humidity for up to 21
days.
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Table 1. The number of yeast populations by sample location above the detection limit
(DL)* of hanging pork carcass sides (n = 20) stored at 0+1°C and 87.3% relative humidity
for up to 21 days.

Sample Location

Flank Shoulder Jowl Total?
Below DL 502 442 2gP 123
Above DL 308 362 51P 117
Total? 80 80 80 240

Flank and shoulder DL= 0.06 logio CFU/cm?; Jowl DL = 0.41 logio CFU/cm?,
ZNumber of samples pooled from all sampling days.
b Number within a row with different superscripts differ (P < 0.05).

Table 2. The number of yeast populations above the detection limit (DL)* of hanging pork
carcass sides (n = 20) stored at 0+1°C and 87.3% relative humidity for up to 21 days.

Days of Storage
1 7 14 21 Total?
Below DL 242 272 282 44b 123
Above DL 362 332 308 16 117
Total? 60 60 60 60 240

Flank and shoulder DL= 0.06 logio CFU/cm?; Jowl DL = 0.41 logio CFU/cm?.
2Number of samples pooled from flank, shoulder, and jowl.
BbNumber within a row with different superscripts differ (P < 0.05).
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Pork Shoulder Blade Steaks

pH

There was a sampling day main effect (P < 0.05) for pH. Figure 6 and Appendix Table
B.4 shows the pH of pork shoulder blade steaks. The pH was similar (P > 0.05) on d 0 and 7 at
5.73 and 5.78, respectively; however, on d 14 the pH increased (P < 0.05) to 5.89. On d 21, the
pH declined (P < 0.05) to 5.7, and remained constant (P > 0.05) through d 28; however, the final
pH on d 35 decreased (P < 0.05) to 5.69. Although the pork steaks pH varied throughout the
storage time, pH on d 0 was similar to pH on d 35. These variations in pH may be due to
numerous factors: The pH of muscle can vary among carcasses (Gill and Newton, 1978) as well
as in different muscles within the same carcass (Topel, 1960). Additionally, the pH probe may
have been inserted to contact fat surfaces which have higher pH than muscle tissue (Blickstad
and Molin, 1983), resulting in pH differences when sampling. These pH readings did not agree
with the results reported by Yang (2012) who found that vacuum packaged pork chop pH
slightly increased during 50 d storage period at 1 °C. Similarly, Zhao et al. (2015), reported that
pH on vacuum-packaged chilled pork increased (P <0.05) from 5.72ond 0to 5.99 on d 21 in

pork cuts stored at 0° C.

Microbiological
There was a day effect (P < 0.05) for APC on pork shoulder blade steaks (Figure 7 and
Appendix Table B.5). The initial APC population was 1.61 log CFU/g. On d 7, APC populations
declined to 1.18 log CFU/g, then increased to 2.44 log CFU/g (P <0.05) on d 14. On d 14 and
21, aerobic plate counts were similar (P > 0.05); however, there was a 1.50 and 1.89 log CFU/g

increase (P < 0.05) on APC population on d 28 and 35, respectively. On d 35, APC populations
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reached 5.06 log CFU/g. As expected, APC populations increased as the cooler storage time was
extended, which is in agreement with other studies (Mayr et al., 2003; Zhao et al., 2015). Holley
et al. (2004) conducted a similar study in which boneless pork loins were stored at -1.7+£1°C, and
APC populations reached 5.78 log CFU/cm? on d 56.

There was a day effect (P < 0.05) for EB and mold populations on pork shoulder steaks;
but there was not a day effect (P > 0.05) for yeast populations. The DL for EB and yeast and
mold populations on pork shoulder blade steak samples (n = 102) was 0.70 log CFU/qg. It is
noteworthy that the 3M method for EB enumeration only tests for presumptive positive samples.
Results are reported in Table 3. On d 0 and 7, the percent of samples above the DL for EB
populations was 0.0% (P > 0.05), which were similar (P > 0.05) to d 14 which proportion of EB
populations above the DL was 23.5%. The percent of presumptive positive samples above the
DL was 41.2% for EB populations on d 21, and was greater (P < 0.05) than d 0 and 7, but was
not different (P > 0.05) than d 14. There was an increase (P < 0.05) for the EB populations on
pork steaks at d 28. This sample day was the greatest (94.1%) for EB populations above the DL.
On d 35, however, the EB populations above the DL declined (P < 0.05) to 41.2%. This EB
population decrease at the last day of storage is in agreement with a recent study by Zhao et al.
(2015) who evaluated the percentages of the primary microbiological flora on pork cuts stored at
0°C for up to 21 d. Zhao et al. (2015) reported that the EB population represented 4.70% of the
total microbiological flora on d 7 and increased to 21.63% at day 14. On d 21, however, EB
population decreased to 6.50%.

For all sampling days, none of the pork steak samples exceeded 4.40 log CFU/g for EB.
Other studies have reported EB growth in pork under refrigeration temperatures. Mayr et al.

(2003) reported that EB can grow in pork under vacuum package conditions when stored at 4°C.
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In this study, the initial bacterial counts of EB was 3.56 log CFU/g, and increased (P < 0.05) to
4.02 log CFU/g after 11 d of cold storage. Another study conducted by Ariyapitipun et al. (1999)
showed a similar trend, in which the EB population increased gradually from 1 log CFU/cm? at
day 0 to 4.8 log CFU/cm? at day 56 in vacuum-packaged beef stored at 4°C. Enterobacteriaceae
species that can grow in vacuum-packed meat at temperatures between 0 and 10°C, are Serratia
liquefaciens and Hafnia spp. (Labadie, 1999). Research conducted by Brightwell et al. (2007) in
New Zealand studied the effect of Hafnia, Enterobacter, Serratia, Rahnella, and Ewingella,
which belong to the EB family, after being inoculated on fresh lamb. They found these bacteria
were responsible for the blown pack spoilage of vacuum-packaged lamb stored at 4°C for 21 d.
Mold populations on pork shoulder steaks (Table 4 and Appendix Table B.6), were not
different (P >0.05) ond 0, 7, and 14 with 100.0% of pork steaks below the DL. However, on d
21, 28, and 35, 18, 24, and 12%, respectively, were above the DL for mold populations. None of
the steak samples exceeded 2.68 log CFU/g for mold populations. Even though a day effect was
reported using a pairwise comparison for mold populations, SAS did not detect any statistical
differences (P = 0.1026) between days due to the low sample number. For yeast populations,
56.8% of pork steaks samples pooled over 35 days of storage were above the DL, but none were

greater than 3.69 log CFU/g (Appendix Table B.7).
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Figure 4. Pork shoulder blade steak (n = 12) pH during cooler storage at 0+1°C for up to 35
days.
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Figure 5. Aerobic plate count populations of pork shoulder blade steaks (n = 17)
during cooler storage at 0+1°C for up to 35 days.
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Table 3. The number of presumptive positive Enterobacteriaceae (EB) populations above the detection
limit (DL)* of pork shoulder blade steaks (n = 17) stored at 0+1°C for up to 35 days.

Sampling Days

0 7 14 21 28 35 Total?
Below DL 172 172 132 10° 1€ 7 65
Above DL 02 02 43b 7P 16° 10P 37
Total? 17 17 17 17 17 17 102

DL =0.70 logio CFU/g.
ZNumber of samples measured.
e Number within a row with different superscripts differ (P < 0.05).

Table 4. The number of mold populations above the detection limit (DL)* of pork shoulder blade steaks
(n =17) stored at 0£1°C for up to 35 days.

Sampling Days

0 7 14 21 28 35 Total?
Below DL 17 17 17 14 13 15 93
Above DL 0 0 0 3 4 2 9
Total? 17 17 17 17 17 17 102

DL =0.70 logio CFU/g.
ZNumber of samples measured.
abeNumber within a row with different superscripts differ (P < 0.05).
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Harvest Day

The comparison between harvest days of pork carcasses is shown in Figure 8 and
Appendix Table B.8. There was a harvest day main effect (P = 0.0297) for APC. Overall, pork
carcasses samples collected from the October harvest day had a higher (P < 0.05) APC
population than pork carcasses harvested in February with 1.12 and 0.78 log CFU/cm?,
respectively, resulting in a 0.34 log CFU/cm? difference.

There was a harvest day by sampling day interaction (P < 0.019) for pork shoulder blade
steaks (Figure 9 and Appendix Table B.9). On d 0 and 7 of sampling, the October and February
harvest days had similar (P > 0.05) APC populations; however, from 7 d onward, all sampling
days for the October and February harvest days differed (P < 0.05). On d 14, the carcass APC
population was 0.71 log CFU/cm? higher (P < 0.05) for the October harvest than when harvested
in February. Similarly, carcasses harvested in October had higher (P <0.05) APC populations on
d 21 and 28 of hanging than those harvested in February by more than 1.50 log CFU/cm?. The
largest log difference between October and February occurred on d 35 with the APC population
being 2.89 log CFU/cm? higher in October.

There are several factors that may have led to APC populations being higher in October
than in February. Pork carcasses from both harvest days were utilized for several activities while
hanging in the cooler. It was difficult to keep track of when the carcasses were pulled from the
cooler to a classroom. Additionally, the hot water wash used during harvest ranged from 77°C to
94°C, and this variation can lead to a change in the microflora of a pork carcasses surface (Gill et
al., 1995). According to the National Weather Service (2017), the average temperature in
October 2016 and February 2017 when pork harvest occurred, was 16.5°C and 6°C, respectively.

Hald and Andersen (2001) indicated microbial populations on pork carcasses may increase if the
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outdoor ambient temperature becomes warmer, leading to a higher risk of contamination of pork

carcass during processing.

Figure 6. Aerobic plate count populations pooled from the flank, shoulder, and jowl of pork
carcasses harvested on two separate production days and hung up to 21 days at 0£1°C and
87.3% relative humidity.
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Figure 7. Aerobic plate count populations of pork shoulder blade steaks fabricated
from hogs harvested on two separate production days [October (n = 5)! and February
(n = 12)!] and stored up to 35 days at 0+1°C.
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Conclusions

Post-harvest extended hanging time did not have a negative effect on the microbial
quality of pork carcasses hung for up to 21 d. However, APC populations were affected by the
location within a pork carcass. The jowl had the highest APC population and highest number of
yeast populations that were above the DL. Additionally, the proportion of yeast populations
above the DL on pork carcasses decreased during 21 days of cold storage. The higher prevalence
of APC and yeast populations on the jowl compared to the flank and shoulder may be due to the
inherent dripping of water after the hot water wash, resulting in water accumulation on that
location. Additionally, this location is commonly used to handle pork carcasses when moved,
increasing the likelihood of bacterial contamination. Overall, the microbiological results indicate
that pork carcasses have acceptable quality for 21 d 0£1°C and 87.3% relative humidity.

Pork carcasses harvested in February had higher microbial quality than those harvested in
October. It is perhaps noteworthy that even though pork carcasses harvested at separate times
(February and October) may be statistically different for APC populations, these populations
remained very low for both harvest times, around 1 log CFU/cm? throughout the storage time.
This microbiological difference may be due to hot water wash temperature, cross-contamination,
and different ambient temperatures when harvest occurs.

The microbial quality for the pork blade steaks fabricated from the pork carcasses
previously hung for 21 d prior to fabrication was acceptable and below 107 log CFU/g, which is
when bacteria present on meat begin to produce slime, leading to spoilage. However, pork blade
steaks of carcasses harvested in February had higher microbial quality than pork blade steaks

fabricated from carcasses harvested in October. This may be the result due to the reduction in
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number of carcasses used in October (n = 5) compared to February (n = 12), which potentially

led to the APC population difference between the two harvest times.
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Appendix A - Statistical Codes

Pork Carcass
pH

title 'pH Analysis';
proc mixed data=carc covtest plots=none;
class carcass day;
model ph = day/ddfm=KR;
random carcass;
Ismeans day/pdiff;
run;

Moisture Content

title 'Moisture Analysis by Phase’;

proc mixed data=carc covtest plots=none;
class carcass phase day;
model moisture = phase|day/ddfm=KR;
repeated day/subject= carcass type=un;
Ismeans day/pdiff;
Ismeans phase phase*day;

run;

title 'Moisture Analysis';

proc mixed data=carc covtest plots=none;
class carcass day;
model moisture = day/ddfm=KR;
repeated day/subject= carcass type=un;
Ismeans day/pdiff;

run;

Microbiological
APC

title 'APC Analysis with Day as a Class Variable',
proc mixed data=carc covtest plots=none;
class carcass location day;
model apc = location day location*day/ddfm=KR;
random carcass;
repeated day / subject=carcass*location type=ar(1);
Ismeans location|day/pdiff;
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contrast 'linear day' day -3 -11 3;

contrast 'quadratic day' day 1 -1 -1 1;

contrast 'cubic day' day -1 3 -3 1;
run;

EB, Yeast and Mold

data carc;
set carc;
ebpos = ((Location<3)*(EB>0.062683)) + ((Location=3)*(EB>0.414765));
ypos = ((Location<3)*(y>0.062683)) + ((Location=3)*(y>0.414765));
mpos = ((Location<3)*(m>0.062683)) + ((Location=3)*(m>0.414765));
run;

title "Marginal Analyses of EB, Yeast & Mold";
proc freq data=carc;

table ebpos*(Location Day)/exact norow;

table ypos*(Location Day)/exact norow;

table mpos*(Location Day)/exact norow;

run;

EB

title "Conditional Analyses of EB";
proc freq data=carc;
table Day*ebpos*location/exact norow;
table location*ebpos*Day/exact norow;
run;

Yeast

title "Conditional Analyses of Yeast";
proc freq data=carc;
table Day*ypos*location/exact norow;
table location*ypos*Day/exact norow;
run;
proc freq data=carc;
where location ne 3;
table ypos*Location/exact norow;
run;

proc freq data=carc;

where location ne 2;

table ypos*Location/exact norow;
run;

47



proc freq data=carc;

where location ne 1,

table ypos*Location/exact norow;
run;

proc freq data=carc;

where Day in (1 7);

table ypos*Day/exact norow;
run;

proc freq data=carc;

where Day in (1 14);

table ypos*Day/exact norow;
run;

proc freq data=carc;

where Day in (7 14);

table ypos*Day/exact norow;
run;

proc freq data=carc;

where Day in (1 21);

table ypos*Day/exact norow;
run;

proc freq data=carc;

where Day in (7 21);

table ypos*Day/exact norow;
run;

proc freq data=carc;

where Day in (14 21);

table ypos*Day/exact norow;
run;

ods rtf close;

Mold

title "Conditional Analyses of Mold";
proc freq data=carc;
table Day*mpos*location/exact norow;
table location*mpos*Day/exact norow;
run;
ods rtf close;

48



Pork Shoulder Blade Steaks

pH

title "Analysis of Ph by Day";
proc mixed data=final plots=none;
class chop day;
model ph=day/ddfm=kr;
repeated day/subject=chop type=arh(1);
Ismeans day/pdiff ;

contrast 'Linear'day -5 -3 -1 1 3 5;
contrast 'Quad’ day 5 -1 -4 -4 -1 5;
contrast 'Cubic' day -5 7 4 -4 -7 5;
contrast 'Quart’ day 1 -3 2 2 -3 1,
contrast '‘Quint' day -1 5-10 10 -5 1;
run;

APC

title "Analysis of APC with All Half Carasses";
proc mixed data=chops covtest;
class Chop Day;
model APC = Day/ddfm=kr;
repeated Day/subject=chop type=csh;
Ismeans day/pdiff adjust=none
contrast 'linear' day -5 -3 -1 1 3 5;
contrast '‘quad' day 5 -1 -4 -4 -1 5;
contrast ‘cubic'day-5 7 4 -4 -7 5;
contrast 'quartic'day 1 -3 2 2 -3 1,
contrast 'quintic' day -1 5-10 10 -5 1;
run;

EB, Yeast and Mold

title "Marginal Analyses of EB, Yeast & Mold";
proc freq data=chops6;

table ebpos*Day/exact norow;

table ypos*Day/exact norow;

table mpos*Day/exact norow;

run;
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Harvest Day

Pork Carcass APC

title '"APC Analysis with Day as a Class Variable by Phase (Carcasses 1-8 vs 9-20): Equal
Variances for Phase’;
proc mixed data=carc covtest plots=none;
class carcass phase location day;
model apc = location|phase|day/ddfm=KR,;
random carcass;
repeated day / subject=carcass*location type=ar(1);
Ismeans location|day/pdiff;
contrast 'linear day' day -3 -11 3;
contrast 'quadratic day' day 1 -1 -1 1;
contrast 'cubic day' day -1 3 -3 1;
run;

Pork Blade Steaks APC

title "Analysis of APC with Chops in Two Phases";
proc mixed data=chops4;
class chop day phase;
model APC=phase|day /ddfm=kr;
repeated Day/subject=chop(phase) type=csh;
Ismeans phase|day/pdiff;
run;
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Appendix B - Microbiological and pH tables

Table B.1. Least squares means and standard error* for pH and moisture
content of right pork carcass sides (n = 20) measured on four dates and
stored at 0+1°C and 87.3% relative humidity for up to 21 days.

pH Moisture, %
Day 1 5.880.04 65.10+0.79°
Day 7 5.880.04 60.90+1.13°
Day 14 5.84+0.04 58.87+0.98°
Day 21 5.72+0.04° 50.52+1.39¢
P -value 0.02 <0.01

abed) east squares means in the same column lacking a common superscript
differ (P <0.05).
Pooled SE of the least squares means.

Table B.2. Aerobic plate count (APC)! populations of right pork carcass sides
(n = 20) stored at 0£1°C and 87.3% relative humidity for up to 21 days.

Sample Location

Flank Shoulder Jowl P -value

APC! 0.77+0.12%  0.76+0.122  1.21+0.12P 0.01

) east squares means=standard error with different superscripts differ (P < 0.05).
LAPC logio CFU/cm?,
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Table B.3. Aerobic plate count (APC)! populations of right pork carcass sides (n = 20)
stored at 0+1°C and 87.3% relative humidity for up to 21 days.

Days of Storage

1 7 14 21 P -value

APC! 0.98+0.11° 0.99+0.11° 0.86+0.11° 0.84+0.11° 0.55

4Least squares meansxstandard error with different superscripts differ (P < 0.05)
LAPC logio CFU/cm?.

Table B.4. Least squares means and standard error* for pH of
pork shoulder blade steaks (n = 17) stored at 0+1°C for up to 35

days.
pH
Day 0 5.73+0.05
Day 7 5.78+0.03"
Day 14 5.89+0.02?
Day 21 5.70+0.03"
Day 28 5.78+0.02°
Day 35 5.69+0.02°
P -value <0.05

abe) east squares means in the same column lacking a common
superscript differ (P <0.05).
'Pooled SE of the least squares means.
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Table B.5. Aerobic plate count (APC)! populations of pork shoulder blade steaks (n = 17)

stored at 0+1°C for up to 35 days.

Days of Storage

0 7 14 21 28 35

P -value

APC! 161+0.12%8 1.18+0.12°  2.44+0.15° 3.17+0.31¢ 4.67+0.23%95.06+0.419 0.01

abed) east squares means=standard error with different superscripts differ (P < 0.05).

L APC logio CFU/g.

Table B.6. Mold populations of pork shoulder blade steaks (n = 17) stored at 0+1°C for

up to 35 days.
Days of Storage
0 7 14 21 28 35 Total?
Below DL 17 17 17 14 13 15 93
Above DL! 0 0 0 3 4 2 102
Total? 17 17 17 17 17 17 102

INumber of observations below or above the detection limit (DL).
2Number of samples measured.
DL =0.70 log:o CFU/g.

Table B.7. Yeast populations of pork shoulder blade steaks (n = 17) stored at 0+1°C for up to

35 days.
Days of Storage
0 7 14 21 28 35 Total?
Below DL! 8 6 6 6 10 8 44
Above DL! 9 11 11 11 7 9 58
Total? 17 17 17 17 17 17 102

INumber of observations below or above the detection limit (DL).
ZNumber of samples measured.
DL =0.70 logio CFU/g.
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Table B.8. Aerobic plate count (APC)! populations pooled from the flank,
shoulder, and jowl of pork carcasses (n = 20) harvested on two separate
production days and hung up to 21 days at 0+1°C and 87.3% relative humidity.

Harvest Month

October February P -value
APC! 1.12+0.122 0.78+0.09° 0.03

2| east squares meansxstandard error with different superscripts differ (P <
0.05).

LAPC logio CFU/cm?,

Table B.9. Aerobic plate count (APC)* populations of pork shoulder blade steaks fabricated

from hogs harvested on two separate production days October (n = 5)* and February (n = 12)*
and stored up to 35 days at 0+1°C.

Days of Storage
Harvest Month 0 7 14 21 28 35
October?! 1.832 1.132 2.942 4.35% 5.80% 7.102
February! 1.522 1.202 2.23° 2.69° 4.20° 4.21°
SEM? 0.25 0.24 0.30 0.58 0.38 0.61
P -value 0.24 0.77 0.03 <0.01 <0.01 <0.01

3)_east squares means with different superscripts within the same column differ (P < 0.05).
LAPC logio CFU/cm?.

2Pooled SE of the least squares means.
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