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ABSTRACT 

In a two-part study, composited ham, loin, belly and shoulder samples 

from 30 pork carcasses in a 2 X 2 X 3 factorial study (hot-fat trim - HFT or non

fat trim - NFT X normal chill - NC or freeze chill - FC X day) had similar aerobic 

plate counts, averaging 5.5 log-,o CFU/g. The NFTNC procedure typically used in 

the industry, however, produced higher coliform and Staphylococcus spp. counts 

(P < .05). The HFTFC treatment had the lowest lactic acid bacteria (LAB) 

counts. Only one sample in 60 tested positive for Salmonella. Vacuum 

packaged hams and loins stored at 4°C for 14 d had similar ARC, LAB and 

Staphylococcus spp. counts regardless of trim, chill, or location treatment, 

averaging 5.7, 6.3 and 1.4 log^o CFU/g, respectively. Coliforms were higher (P < 

.05) on hams than loins on 2 of the 3 d sampled. The desire to reduce microbial 

loads on pork carcasses as a food safety issue and the coming implementation 

of HACCP warrants the use of trim and chill methods as critical control points or 

GMP/SOPs in the pork slaughter, processing and packaging industry. 
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CHAPTER I 

INTRODUCTION 

The safety and abundance of the United States food supply has been 

noted for many years. Consumers, regulatory agencies and the meat industry all 

share a common concern for producing and consuming safe food. An outbreak 

of foodborne illness in January, 1993, caused the death of three children and 

acute sickness for hundreds of people (Kushner, 1993). This unfortunate 

incident, which received much media attention, has raised awareness and 

intensified concern for food safety, especially in the meat industry. Hollingsworth 

(1993) stated that food scares are natural attention grabbers and, while it takes 

years to build trust and loyalty, it takes only seconds to wash it away. 

Hollingsworth (1993) also noted that, although not many places in society are left 

where people trust each other, a basic trust in the food supply still exists. 

Because over 12.6 million cases of foodborne illness occur each year 

(Todd, 1989), the desire to eliminate bacterial pathogens from meat products is a 

valid concern. Limited techniques and procedures at the industry level to 

eliminate bacterial pathogens from meat makes adequate cooking critical. 

Although it Is not possible to produce raw meat products that are pathogen-free, 

proper cooking will destroy most bacteria (Kushner, 1993). Consumers currently 

must rely on proper cooking, handling and storage of meats to ensure food 

safety. 



Chung et al. (1989) noted the importance of microbial contamination of 

raw meat as a food safety issue. In the conversion of live animals to meat, 

microbial contamination occurs as an unavoidable result of processing (Bell et 

al., 1986). With the concern for food safety, research has shown that techniques 

such as carcass washing with water or organic acids (Anderson et al., 1981), 

electrical stimulation (Bawcom, 1993), or trimming (Gorman et al., 1995a) 

reduced microbial loads on beef carcasses, steaks and adipose tissue. Butler et 

al. (1979) determined that much of the bacterial attachment to pork skin occurs 

during the first minutes after contamination, while Vanderzant et al. (1985) 

showed how chilling methods reduced the microbial load of pork samples. 

The objective of this research was to determine the effects of hot-fat 

trimming and chilling method on Salmonella, Staphylococcus spp., lactic acid 

bacteria (LAB), total coliforms (TC) and aerobic plate counts (ARC) of pork 

carcasses. This information then can be used to develop critical control points in 

a Hazard Analysis Critical Control Point (HACCP) system for pork slaughter 

plants. 



CHAPTER II 

REVIEW OF LITERATURE 

Overview 

Microorganisms are ubiquitous in man and in the environment from which 

food is obtained. Although most microbes are harmless to man, many can cause 

illness and even death. The economic impact of foodborne illnesses is far 

reaching and includes the cost of illness, death, and business lost totaling over 

$8.4 billion annually (Todd, 1989). Microbial diseases (bacterial and viral) 

represent 84% of all foodborne illness costs in the United States (Todd, 1989). 

Salmonellosis and staphylococcal intoxication cases account for 75% of the 

cases from bacterial origin and foodborne gasteroenteritis costs an estimated 

$7.67 million each year. Bean and Griffin (1990) reported that 77% of foodborne 

illnesses are attributed to food service establishments, 21% to abuse in homes 

and 3% to food processing plants. With the desire to determine the origin of 

microbial contamination, an extensive effort has been directed toward preventing 

contamination at the processing level. 

Animal muscle tissue is considered sterile unless the animal is diseased 

or injured. It is not until processing begins that this tissue is exposed to 

chemical, biological or physical contamination (Romans et al., 1988). They 

generally accepted that the hide and gut contain pathogens that are important 

public health concerns. Current slaughter procedures inadvertently cause the 



transfer of bacteria from the hide, gut, equipment and people to the carcass 

surface during dressing. It is the purpose of the present practice to reduce this 

contamination to the lowest level possible (Biss and Hathaway, 1995). 

Carnevale (1995) reported that the presence of a single pathogen is significant 

because infectious doses can be low for certain organisms and improper cooling 

or handling can cause multiplication. As concern for the pathogens rises, it is 

necessary to find an effective method of reducing the incidence of pathogens on 

carcasses without adversely affecting the meat (Gorman et al., 1995). Levels of 

microbial contamination are variable at different sites on meat carcasses and 

initial microbial contamination levels reflect the microbial contamination found 

after chilling (Biss and Hathaway, 1995). They reported that 69% of all lamb 

carcasses observed had some type of contamination entering the chiller. 

Microbial Contamination 

Some microflora transferred to the carcass as a result of processing are 

nonpathogenic spoilage organisms (Dickson, 1992). The removal of 

microorganisms from the surface of meat depends on the microbes' means of 

attachment. Butler et al. (1979) stated that some bacteria may be more or less 

firmly trapped mechanically in skin or meat surface crevices or in hair follicles of 

pork carcasses because of processing procedures such as scalding and 

dehairing. Testing procedures should include a skin maceration step rather than 

a skin-rinse method. 



Many microorganisms, originating from the hide or intestinal contents of 

the animal, equipment, air or employees, can be found on carcasses. According 

to Williams et al. (1983), APCs are effective measures of these parameters. Jay 

et al. (1992) reported ARC counts for pork trimmings should be less than iogio 

6.00 CFU/g. Coliforms can be isolated from soil, water, vegetation, feces, skin, 

or hide of animals. Processing equipment can be contaminated with animal or 

human feces by cross-contamination. Because coliforms are sensitive to 

sanitizers (Williams et al., 1983) they should not be present on properly cleaned 

and sanitized equipment. 

Microbial Reduction 

Spray and Trim Methods 

Many methods to reduce the microbial loads on carcasses have been 

researched. Vanderzant et al. (1985) stated that the growth of some 

microorganisms is greater on fat than on lean tissue because the fat layer 

comprises the majority of the carcass surface and is most likely to be 

contaminated first during slaughter and/or dressing procedures. The use of 

antimicrobial sprays to reduce bacterial numbers is common in industry. 

Concerns associated with spray procedures include the possibility of a less than 

complete decontamination and possible spreading of contamination to previously 

uncontaminated areas through liquid runoff. Anderson et al. (1977) noted that 

sprays of hot, cold or chlorinated water, as well as the use of dilute acids, have 



been shown to significantly reduce the number of microorganisms on beef 

carcasses. Gorman et al. (1995b) found no evidence that spray washing 

treatments spread contaminants to other areas of the carcass or embedded 

microorganisms into the meat surface. The combination of hand-trimming of 

carcasses followed by spray washing with water lowered (P < .05) total plate 

counts by 1.41 to 2.50 log CFU/cm^ (Gorman et al., 1995a). Hand trimming (no 

washing) was as effective as spray washing in reducing total plate counts on 

beef brisket adipose tissue. Trimming was as effective as a 2% lactic acid spray 

in reducing numbers of E. coll 0157:H7 from the inside round and clod of beef 

carcasses (Hardin et al., 1995). Trimming reduced the numbers of E. coll 

0157:H7 to levels below the minimum detection level more consistently than did 

treatment with water alone or water/acid. 

Chill and Trim Methods 

Heinzel (1984) reported that 65 to 100% of the hands of slaughter 

personnel are contaminated with Staphylococcus aureus, an organism 

commonly found on skin, in the nasal cavity, and intestinal tract of man and 

animals. Saide-Albornoz et al. (1995) reported that trimming fat from the surface 

of pork loins reduced the initial number of S. aureus. Although S. aureus was 

the most widely found microorganism in the study, no further reduction was 

noted after 36 d of refrigerated storage. In the same study. Salmonella also was 

isolated from 1.4% of both loins and hams, but the incidence of Salmonella 



decreased significantly after 24 h of chill storage to .04%. Prasai et al. (1995) 

showed that mean ARC counts for hot-fat trimmed (HFT) sides of beef carcasses 

were not different (P< .05) from non-fat trimmed (NFT) sides at 0 or 72 h. HFT 

sides had numerically lower APCs than NFT sides after 72 h, indicating chilling 

had a greater effect on HFT sides than NFT sides. The vacuum packaged 

subprimals from both sides had similar APCs after 14 d. In a study utilizing pork 

and lamb tissue samples, Vanderzant et al. (1985) subjected liver and tongue 

samples to chilling treatments of cooler-tempered (4 to 6 h at 2°C), cooler-chilled 

(24 h at 2°C), freezer-tempered (.5 to 1 h at -20°C), freezer-chilled (2 h at -20°C), 

ice-chilled (2 h in ice water slush) or no prechilling (NC) before packaging and 

refrigerating at 2°C. After refrigerator storage for 13 to 15 d, lactic acid bacteria 

became the primary organism In the vacuum packaged samples. APCs were 

greatest for NC samples and smaller for freezer-chilled, freezer-tempered or ice-

chilled samples. 

Hazard Analysis Critical Control Point System 

With the recent concern surrounding foodborne illness and outbreaks, the 

Food Safety and Inspection Service of USDA has initiated a Hazard Analysis 

Critical Control Point (HACCP) program to pinpoint actions that contribute to the 

presence of microorganisms on or in meat products to minimize or eliminate 

microbial contamination. HACCP was first utilized by Pillsbury in 1971 to ensure 

absolute safety of the food products being manufactured for the space program 



(Stevens, 1990). HACCP is a prevention plan for food contamination utilizing 

seven principles. Notermans et al. (1995) identifies the first principle as hazard 

analysis, which involves the identification of physical, biological or chemical risks 

associated with the process under question. Step two involves the determination 

of critical control points (CCP). These points are steps in the process at which 

the hazards can be controlled or eliminated. The third step requires the 

establishment of critical limits for the hazards identified. The fourth step involves 

the establishment of monitoring procedures for each CCP. Fifth, corrective 

actions are established when a deviation from the critical limits occurs. Accurate 

record keeping identifies the sixth step, and verification of the HACCP system is 

the seventh principle. The food industry has been aware of the HACCP theories 

for over 20 y, but until recently had only been applied successfully in the low-acid 

canned food industry (Stevens, 1990). Jackson and Cross (1995) report that 

Australian, Canadian, New Zealand and the United States regulatory agencies 

endorsed the principles of HACCP, and, in 1994, the USDA issued its proposed 

HACCP and pathogen reduction regulation, which would mandate HACCP for 

U.S. meat and poultry plants. 
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CHAPTER III 

MATERIALS AND METHODS 

Sample Collection 

In part I, 10 pork carcasses from pigs with similar backgrounds were 

randomly selected on 3 consecutive days at a commercial slaughter facility for a 

total of 30 carcasses. One side was hot-fat trimmed (HFT) while the other side 

was not trimmed (NFT). The sides from each trim treatment then were 

subdivided into one of two chill treatments: normal chill (36°C for 24 h, NC) or 

freeze chill (-10 to -25°C for 45 min to 1 h, FC). Surface tissue samples (n = 

5/treatment/day) from the ham, loin, belly and shoulder were collected after 24 h 

chilling. Samples were collected from these areas to represent locations of 

possible heavy contamination. Samples of approximately 75 g were collected 

using a knife and forceps sterilized with ethyl alcohol between each sample. 

Samples were placed in Whirl-Pak bags (Nasco, Fort Atkinson, Wl), packed 

with ice packs, and shipped overnight to the Texas Tech University Food 

Technology Laboratory for microbiological analyses. 

In part II, hams and loins from the same carcasses were vacuum 

packaged and stored at 4°C for 14 days. Samples from both the hams and loins 

were collected using the same collection techniques as in part I. Longissimus 

muscle pH readings were taken between the fifth and sixth lumbar vertebrae in 

the with a puncture electrode (Orion 230A, Boston, MA) 24 h postmortem. 



MicrobiolQcical Analyses 

In part I, the four samples (ham, loin, belty and shoulder) from each 

carcass within each treatment were composited into a representative sample 

totaling 50 g. In part II, the 50-g ham and loin samples from each side were 

analyzed separately. The samples were macerated in a Stomacher 400 lab 

blende with 250 mL phosphate buffer (BBL Microbiology Systems, Cockeysville, 

MD) for 2 min. Appropriate dilutions of phosphate buffer were prepared and 

plated on ARC and Coliform count Petrifilm® (3M Health Care, St. Paul, MN). 

Aerobic plate count Petrifilm® was allowed to incubate for 48 ± 3 h at 35°C. 

Countable Petrifilm® consisted of 25 to 250 colonies where typical colonies 

appeared red. Coliform count Petrifilm® was incubated for 24 ± 2 h at 35°C. 

Coliform colonies appeared red and were associated with entrapped gas. 

Countable Petrifilm® consisted of 25 to 150 colonies. Lactic acid bacteria (LAB) 

were enumerated using pre-poured APT agar plates (Difco, Detroit, Ml) for 48 ± 

2 h at 37°C. Typical colonies were gram positive, catalase negative, rod- or 

cocci- shaped colonies. Staphylococcus spp. were enumerated using the three-

tube MPN of Trypticase Soy Broth with 10% NaCI and 1% sodium pyruvate. The 

tubes were incubated at 35°C for 48 ± 2 hours. Positive tubes were streaked for 

isolation on Baird-Parker agar (Difco, Detroit, Ml) and incubated for 48 ± 2 h at 

35°C. The presence of typical grey to black colonies with a smooth, buttery 

consistency, surrounded by an opaque and clear zone, which tested catalase 
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positive, confirmed positive MPN tubes. For Salmonella spp., 25-g samples 

were pre-enriched in 225 mL of sterile peptone water for 24 ± 2 h at 35°C. For 

selective enrichment, 1 mL of the pre-enrichment mixture was transferred into 9 

mL iodine-activated tetrathionate brilliant green broth (BBL, Cockeysville, MD) 

and incubated for 6 to 8 h at 42°C. After incubation, 1.5 mL of broth was placed 

in the previously emptied inoculation chamber of a 1-2 Test® (BioControl 

Systems, Inc., Bothell, WA) and incubated for 14 to 30 h at 35°C. A positive 1-2 

Test® was indicated by the presence of an immunoband in the upper one-half of 

the motility chamber gel. 

Data Analysis 

Data were analyzed using the GLM procedures of SAS (1990). The 

independent variables of trim, chill, day and location and all possible interactions 

were analyzed using a 2 (trim) X 2 (chill) X 3 (days) factorial arrangement of 

treatments for part I, and a 2 (trim) X 2 (chill) X 3 (days) X 2 (locations) factorial 

for part II. When a main effect or interaction showed a significant F-value, mean 

separation was accomplished by painA/ise comparison of least squares means 

using Tukey's test. The predetermined level significance was P < .05. 

11 



CHAPTER IV 

RESULTS AND DISCUSSION 

In part I, no significant differences (P < .05) were found among treatments 

for ARC. The least squares mean ARC count regardless of treatment was 5.5 

loĝ o CFU/g. Prasai et al. (1995) reported no ARC difference (P < .05) between 

HFT sides and NFT sides of beef carcasses. A chill by day interaction was 

observed for muscle pH (Figure 1). A chilling method by sampling day 

interaction affected (P < .05) muscle pH. Carcasses from pigs slaughtered on d 

1 and 2 had lower muscle pH (5.4 and 5.3) if normally chilled than if freeze 

chilled (5.6 and 5.5). However, muscle pH of carcasses on d 3 was the same 

(5.6) regardless of chilling method. The reason for these difference is not 

known. Ahmed et al. (1991) found no pH difference (P<.05) among beef 

carcasses that were HFT or NFT. 

A trimming method by chilling method interaction was observed for 

coliform counts (Figure 2). No difference (P > .05) was found between normal or 

freeze chilled carcasses that were hot-fat trimmed. However, non-fat trimmed, 

normal chilled (NFTNC) carcasses had higher (P < .05) coliform counts (3.9 logio 

CFU/g) than non-fat trimmed, freeze chilled (NFTFC) carcasses (3.0 logio 

CFU/g) Gorman et al. (1995) found a 1.41 to 2.50 loĝ o CFU/cm^ reduction (P < 

.05) in microbial counts for hand-trimmed carcasses followed by spray washing 

with water as compared to an inoculated control. Although this degree of 

12 



Normal Chill 0 Freeze Chill 

5.7-, 

X 
Q. 

5.6^ 5.6' 

2 

Day 

Figure 1. Least squares means for the effect of a chilling method by sampling 
day interaction on muscle pH of pork carcasses during the 3-d sampling period. 
^'^ Means with different superscripts differ (P < .05). 
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Normal Chill O Freeze Chill 
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HFT 

Trim 

NFT 

Figure 2. Least squares means for the effects of a fat trimming method by chilling 
method interaction on coliform counts (log ^oCFU/g) over the 3 d sampling period 
of pork carcasses. '̂̂ Means with different superscripts differ (P < .05). (HFT = 
hot-fat trimmed; NFT = non-fat trimmed) 
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reduction was not reached in the present study, a reduction (P < .05) of .9 loĝ o 

CFU/g was reached between the two chill treatments of NFT carcasses. 

The chilling method affected LAB counts more than did carcass fat 

trimming (Table 1). Carcasses that were HFT had .3 logioCFU/g fewer LAB than 

carcasses that were NFT. However, carcasses that were freeze chilled had .6 

logioCFU/g fewer LAB than carcasses that were chilled normally. 

Only one sample of the 60 tested was positive for Salmonella spp. (1.7% 

incidence) as detected by the 1-2 Test®. Saide-Albornoz et al. (1995) also 

reported that 1.7% of all pork samples tested were positive for Salmonella. They 

also explain that although the singeing procedure destroys microorganisms on 

carcass surfaces, the uneven application would account for the survival of some 

organisms. 

Freeze chilling greatly reduced Staphylococcus spp. on carcasses that 

were NFT, but did not significantly affect the counts on carcasses that were HFT. 

These results produced a significant trimming by chilling method interaction as 

indicated in Figure 3. No differences (P < .05) were found between carcass 

chilling treatments for carcasses that were HFT. However, freeze chilling 

reduced Staphylococcus spp. 1 log CFU/g if the carcasses were NFT. Troller 

(1976) reported that S. aureus and other species had minimum growth 

temperatures of 10°C. This requirement could account for the reduced counts 

on FC carcasses. Although NFTFC procedures had numerically lower counts 
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Table 1. Least squares means and SE for the effects of trimming method and 
chilling method on lactic acid bacteria (LAB, ± SE of the means) over the 3-d 
sampling period of pork carcasses. 

Treatment LAB(log ipCFU/g) SE 
Trim 

Hot-fat trim 5.0̂ ^ 4.5 
Non-fat trim 5.3^ 4.5 

Chill 
Normal chill 5 . 1 ' 4.5 
Freeze chill 4.5̂ ^ 4.5 

a^ Means within a trim or chill treatment with different superscripts differ (P < .05). 
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Normal Chill 0 Freeze Chill 

•5^ 

O 
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HFT NFT 
Trim 

Figure 3. Least squares means for the effects of fat trimming method by chilling 
method interaction on Staphylococcus spp. counts (log ioCFU/g) over the 3-d 
sampling period of pork carcasses. '''Means with different superscripts differ (P 
< .05). 
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than any other treatment, it did not produce a significant reduction of 

Staphylococcus spp. as compared to HFT carcasses in either chill treatment. 

Carcass trimming method, carcass chilling method, location of sampling 

the carcass and day of slaughter did not affect (P < .05) ARC or coliform counts 

(Table 2) in part II of the study. Prasai et al. (1995) and Miller et al. (1995) also 

reported no differences in ARC due to trim treatment of beef carcass samples. 

Hams and loins had similar ARC counts. The overall least squares mean for ARC 

counts was 5.7 loĝ o CFU/g which Is considerably higher than the results 

reported by Prasai et al. (1995) of 2.8 log^oCFU/g. 

A carcass location by slaughter day interaction affected (P < .05) coliform 

counts (Figure 4). Hams had higher counts than loins all three days; however, 

only the difference on d 2 was significant. Since location or day did not produce 

significant differences on d 1 or d 2, the results would indicate a possible higher 

incidence of fecal contamination on day 2 than on the other sampling days. 

Vanderzant et al. (1985) concluded that after refrigerated storage of 13 to 15 

days, LAB became dominant in most vacuum packaged pork and lamb samples. 

No significant differences (P < .05) were found regardless of treatment or 

location for LAB or Staphylococcus spp. (Table 3). LAB were on the average 

1.3 logio CFU/g higher after 14 days than on initial evaluation. This conclusion 

agrees with Miller et al. (1995) who reported higher (P < .05) LAB counts after 14 

d storage on HFT beef samples. 
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Table 2. Least squares means and SE for the effects of trimming and chilling 
methods, location and day effects on ARC counts and trimming and chilling 
method effects on coliform counts after 14 d aging. 

Treatment 

Trim 
Hot-fat trim 
Non-fat trim 

Chill 
Normal chill 
Freeze chill 

Location 
Ham 
Loin 

Day 
1 
2 
3 

ARC 
(logioCFU/g) 

5.9' 
5.5' 

5.9' 
5.6' 

5.9' 
5.5' 

4.8' 
5.9' 
5.9' 

SE 

5.4 
5.4 

5.4 
5.4 

5.4 
5.4 

5.5 
5.5 
5.5 

Coliforms 
(logioCFU/g) 

4.7' 
4.3' 

4.7' 
4.4' 

SE 

4.1 
4.1 

4.1 
4.1 

'Means with the same superscript are the same (P > .05). 
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Ham • Loin 

Li. 
O 

2 

Day 

Figure 4. Least squares means for the effects of a chilling method by slaughter 
day interaction on coliform counts (log ioCFU/g) of hams and loins after 14-d 
aging. '•''Means with different superscripts differ (P < .05). 
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Table 3. Least squares means and SE for the effects of trimming and chilling 
method and sampling location on LAB and Staphylococcus spp. counts after 14-
d aging. 

Treatment 

Trim 
Hot-fat trim 
Non-fat trim 

Chill 
Normal chill 
Freeze chill 

Location 
Ham 
Loin 

lactic acid bacteria 
(logioCFU/g) 

6.5' 
6.1' 

6.3' 
6.3' 

6.4' 
6.2' 

SE 

6.0 
6.0 

6.0 
6.0 

6.0 
6.0 

Staphylococcus spp. 
(logioCFU/g) 

1.0' 
1.7' 

1.1' 
1.6' 

1.7' 
1.2' 

SE 

1.4 
1.4 

1.4 
1.4 

1.4 
1.4 

'Means with the same superscripts are the same (P < .05). 
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CHAPTER V 

IMPLICATIONS 

The results indicate that, although APCs were not affected by the trim or 

chill treatments initially or at 14 d, treatment effects were found for coliforms and 

Staphylococcus spp. The implementation of hot-fat trimming in conjunction with 

a normal or freeze chill procedure resulted in lower coliform counts than did non

fat trimmed normal chilled procedures. If a non-fat trim policy is implemented in 

a processing facility, a coordinating freeze chill treatment was more effective in 

producing lower coliform and Staphylococcus spp. counts. Since coliform counts 

are used as an indicator of fecal contamination, their reduction during processing 

is of extreme importance. The use of hot-fat trim and freeze chill treatments 

could be recommended as an effective means of reducing coliforms. 

Staphylococcus spp. and LAB counts. 

In a HACCP system for a pork slaughter facility, critical control points 

should be identified for the implemented chill treatment process. The time in the 

cooler or freeze tunnel, as well as the temperature utilized, would be critical 

control points that would require the establishment of critical limits, monitoring 

procedures, corrective action and effective recordkeeping systems. Trim 

procedures could be addressed as Standard Operating Procedures (SOPs) or 

good Manufacturing Practices (GMPs). If the SOP/GMP of knife sterilization is 

applied, then the subsequent process of trimming would follow as a SOP/GMP 
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for not only reducing coliform, Staphylococcus spp., and LAB, but as a cost 

effective method of lowering energy requirements to cool the carcasses 

regardless of the chill treatment utilized. 

In the quest to produce a safer food supply, the use of trim and chill 

treatments to reduce the microbial load on pork carcasses have a significant 

implication for the pork processing and packaging industry. Further research is 

needed to examine the effects the trim and chill treatments have on quality 

attributes of the meat such as tenderness or cold shortening. 
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