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CHAPTER I 

INTRODUCTION 

The primary goal of the pork industry is to produce a product with the highest 

quality protein possible for the least amount of input. Quality and consistently of 

pork carcasses are affected by production, processing and a variety of genetic 

factors (Meadus and Maclnnis, 2000). Chilling of meat is important in 

maintaining the quality and extending the shelf life of a product (Stermer et al., 

1984). A rapid chilling method for meats could result in a product of higher 

quality, vast reduction in the cooler-freezer space requirements and same day 

packaging of freshly slaughtered animals (Stermer et al., 1984). Rapid chilling 

methods could also decrease production time and be economically beneficial to 

the industry. James et al. (1983) found that rapid chilling tended to produce 

darker pork than slower, conventional chilling. Rapid chilling could also affect the 

amount of time the product is in the plant, which requires space and energy to 

keep the product cold. Packaging freshly slaughtered animals could also reduce 

time and energy inputs used to process a carcass. The faster and more 

economically feasible an operation is the more productive the plant will be. Blast 

chilling lean carcasses for one hour may provide benefits of reducing combined 

percentage of purge and cooking loss of the longissimus muscle without 

influencing tenderness (McFarlane and Unruh, 1996). 



The object of any chilling method used is to reach a target internal 

temperature of a product with in a specified time. Combining methods or using 

one single method are ways scientists are trying to find the most optimal method 

to cool pork carcasses without affecting the carcass quality. 

The objective of this study was to determine whether the use of a new unique 

freezing technology would affect pork quality. The pork quality measurements 

tested were color, tenderness (both sarcomere length and Warner Bratzler Shear 

Force), and total moisture in the carcass. 



CHAPTER II 

REVIEW OF LITERATURE 

The pork industry utilizes a variety of chilling method with blast chilling of pork 

carcasses being the most common. Rapid chilling is desirable and a shorten 

chill time before fabrication, tend to reduce problems with pork quality and 

extends shelf life (Jones et al., 1986). This study was designed to determine 

whether an unique rapid chilling method improves pork quality without adversely 

affecting tenderness. 

Economic Losses 

The pork industry is a part of the high volume meat industry. Pork comprises 

40% of all meat produced in the world (Hovenier et al., 1993). Japan, the leading 

importer of U.S. pork prefers higher quality, darker colored pork. In 1997, the 

average value of U.S. pork exports to Japan were $1.47 per pound, compared to 

$0.85 per pound for Canada and $0.80 per pound for Mexico (Pork '98). 

A major concern of the meat industry is the high cost of energy. The chilling or 

freezing process is often one of the highest energy-intensive operations in meat 

plants (Stermer et al., 1984). The capital investment for refrigeration equipment 

and facilities for carcass chilling and storage is also a major expense for 

processors (Gigiel et al., 1989). 

Hot-fat trimming increases the rate of chill and enables pork carcasses to 

rapidly chilled in the same facilities without the expense of adding additional 



refrigeration and would allow the packers to continue to use the same equipment 

(Owen et al., 2000). Packers could actually reduce the refrigeration demands 

because less total carcass mass (Owen et al., 2000). 

Immersion chilling has the potential for substantial economical advantages 

over conventional chilling processes by increasing product yield, reducing chilling 

times and allowing for quicker packaging and distribution (Brown et al., 1988). 

Pork color can be used as an economic factor in the meat industry by 

predicting the ultimate color of the meat early in the slaughter line by on-line 

measurements (Andersen, Borggaard, and Nielsen, 1995). 

Consumer Acceptabilitv 

One of the most important quality traits of fresh pork in decision to purchase 

by the consumer is the appearance of color of the meat (Risvik, 1994). 

Consumers are the vital link to the industry, without their acceptance of fresh 

pork the industry cannot grow and become stronger. Consumers are concerned 

with tenderness, juiciness and flavor of the cooked product, whereas carcass 

factors that are associated with the quality traits are color, texture and firmness of 

muscle and quantity of intramuscular fat (James et al., 1983). Components of 

consumer acceptability can be determined by color, flavor, tenderness and 

commercial price. 



Color 

Among all pork quality attributes, color is of special significance because it is 

critically appraised by consumers and often is their basis for production selection 

or rejection (Judge, 1989). Consumers discriminate against pork that was drier 

and very light pink (Brewer and McKeith, 1999). Consumers know that lighter 

colored pork has poorer eating quality characteristics (Smith and Lesser, 1982). 

The consumer expects fresh pork to have a homogeneous reddish-pink color. 

Few consumers will not buy dark red or extremely pale pork (Oeckel et al., 1999). 

Color is often indicative of pork quality (Brewer and McKeith, 1999). Several 

factors affect meat color: the post-mortem glycolysis rate, the intramuscular fat 

content, the pigment level (myoglobin) and the oxidative status of the pigment 

(occurrence of purple-red myoglobin, cherry-red oxymyoglobin and gray-brown 

metmyoglobin) (Oeckel et al., 1999). Therefore, research into fresh pork quality 

needs to be a priority in the pork industry. 

Glycolysis in muscle contributes to color in glycolysis post mortem decreases 

muscle pH towards the isoelectric point of the muscle proteins, leading to a 

widening of the intermyofibrillar gaps (Offer et al., 1989). 

Color is the name for the sensations related to retinal activity as the retina 

responds to light or electromagnetic energy in the visible wavelengths (400 to 

800 nm). The color of an object is related to the wavelengths that are reflected 

from the surface of objects. 



Color is composed of three quantitative components: hue, chroma and 

lightness. Hue refers to the name of the color such as red, green, blue and 

yellow and is based on difference in wavelength. Chroma is the strength or 

intensity of the color. The value of lightness of the color is from white to black 

(Kinsman et al., 1994). The L*a*b* color is the most popular color space for 

measuring object color. L* indicates lightness and a*, b* are chromatically 

coordinates. 

Retailers rank color variation as the most important quality defect because 

consumers can discriminate among pork of varying color and appearance 

(Brewer and McKeith, 1999). James et al. (1983) found that rapid chilling tended 

to produce darker pork than slower, conventional methods. Jones et al. (1987) 

also found that blast chilling exerts a beneficial effect on muscle appearance by 

producing pork of slightly darker colored scores by 10-15% and a firmer structure 

by 5-10% than conventional chilling. 

Flavor and Tenderness 

Tenderness is a primary determinant of pork acceptability. Davis et al. (1975) 

reported that sensory panelist were dissatisfies with approximately one-third of 

the pork chops investigated. DeVol et al. (1988) determined that 16.7% of 

commercially produced pork chops had unacceptable WBS values. Palatability 

and tenderness sensory panel values were reduced with a long duration of blast 



chilling but the differences were not large enough to be of importance (Jeremiah 

etal., 1992). 

Meat scientists define fresh meat quality as those factors associated with the 

palatability of fresh and cured products and economic losses during processing 

and distribution (Bray, 1966). Purchase intent prediction equations indicated that 

different factors (wet/dry appearance, color and overall acceptability) are more 

important depending on whether samples are PSE, normal or DFD (Brewer and 

McKeith, 1999). 

Cold Shortening 

Cold shortening is generally considered to be a problem in red muscle fibers 

compared to white, even though the longissimus muscle of a pig are 

predominantly white fibers, cold contracts forcefully and to an extent to red 

muscle fibers (Bendall, 1975). The susceptibility to cold shortening is found only 

in the high pH muscle group (Moller and Vestergaard, 1987). Blast chilling is 

used commercially to rapidly reduce temperatures in pork carcasses post 

mortem, the risk of cold shortening is most likely confined largely to carcasses 

with a relatively high initial pH prior to chilling (Moller and Vestergaard, 1987). 

Cold shortening occurs before rigor mortis and at cold temperatures below 15° 

and 16°C, which results in a decrease in tenderness. Delayed chilling and 

electrical stimulation are used to decrease the occurrence of cold shortening. 



Hot-Fat Trimming (HFT) 

Hot-fat trimming has been shown to more quickly dispel the heat inside 

carcasses (Frederick et al., 1994). Hot-fat trimming increases chilling rates of the 

pork carcasses (Owen et al., 2000). Hot-fat trimming results are lower sensory 

panel ratings for sustained tenderness, indicating an increase in binding between 

muscle pieces (Owen et al., 2000). Also, HFT has no effect on percentage free 

water and percentage moisture (Owen et al., 2000). Hot-boning of pork 

carcasses immediately after slaughter may result in deformation of primals as 

rigor mortis sets in during refrigeration. 

Chill Methodologies 

Chilling meat is of major importance in maintaining the quality and extending 

the shelf life of a product (Stermer et al., 1984). Several methods are used for 

chilling or freezing meat, but the most common method is air-cooling in a 

refrigerated room ideally at approximately -1°C. However, one serious problem 

for conventional air chilling in a typical slaughter plant, is that chill room 

temperatures rise as much as 10°C due to heavy loading of hot product, and the 

door opening during the slaughter period (Stermer et al., 1984). Early studies 

indicate that rapid chilling of meats could result in a product of higher quality, vast 

reduction in the cooler-freezer space requirements, and same day packaging of 

freshly slaughtered animals (Stermer et al., 1984). 



Blast-chilling pork carcasses are becoming more common worldwide. A blast-

chiller's ability to shorten the chill time before fabrication reduces the occurrence 

of pork quality problems and extends shelf life (Jones et al., 1986). The 

increased rate of postmortem temperature decline reduces the rates of glycolysis 

and myofibrillar proteolysis, and under certain conditions, results in substantial 

muscle toughening (Dransfield and Lockyer, 1985). However, McFarlane and 

Unruh (1996) found that increasing chilling rates reduced the combined 

percentage of purge and cooking loss without negatively affecting Warner 

Bratzler Shear (WBS) values. Faster rates of chilling can slow the rate of 

postmortem glycolysis and reduce moisture exudates (Follett et al., 1974). Also 

in agreement, Reagan and Honikel (1985) concluded that pork quality would be 

improved by increasing the rate at which carcasses are chilled and that the main 

quality trait that was affected with rapid chilling was the redness of the color. 

In an experiment to evaluate chilling methods (Jones et al. 1993), water 

sprayed carcasses were blast-chilled at temperatures of -20°C for one, two or 

three hours. Utilizing blast chilling combined with spray chilling was found to 

have no effect on drip loss in the semimembranosus and increase the shear 

value in the longissimus thorasic and semimembranosus for a 3-h treatment 

compared to the conventional treatment (Jones et al., 1993). The significant 

increase in shear values corresponded to a decrease in sarcomere length in the 

longissimus thorasic (Jones et al., 1993). Muscle color was also influenced by 

blast chilling, producing a darker, less-colored muscle when compared to 



conventional chilling (Jones et al., 1993). Muscle color became progressively 

darker in blast and spray chilled sides compared to conventionally cooled spray-

chilled sides as the length of the blast-chill period increased from one to three 

hours. While shortened sarcomeres and higher shear values due to blast chilling 

in pork have been fairly consistently reported for muscle samples excised in a 

pre-rigor condition (Dransfield and Lockyer, 1985; Moller and Vestergaard, 

1989), blast-chilled carcasses had tougher meat and shorter sarcomeres than 

blast-chilled sides, despite a slower overall rate of chill in the carcasses (Jones et 

al., 1993). Blast chilling was found to increase muscle shear force value in the 

three-hour blast-chill treatment (Jones et al., 1993). However, the same authors 

considered that increased toughness attributed to blast chilling would probably 

not be detected at a consumer level. When the longissimus muscle was left on 

the carcass during the rigor process, inserting a delay time before rapid chilling 

greatly reduced the negative effect on sarcomere length and WBS values (Moller 

and Vestergaard, 1989). Blast chilling has been linked to a slightly darker color 

and firmer texture than meat from carcasses that were conventionally chilled 

(James et al., 1983; Crenwelge et al., 1984). 

Rapid chilling is often associated with toughening (James et al., 1983). 

Excised longissimus muscle chilled at 0-2°C had been reported to be both 

tougher (Marsh et al., 1972) and more tender (Weiner et al., 1966) than 

conventionally chilled pork. However, there have been multiple studies that 

indicate rapid chilling and high voltage electrical stimulation can be combined to 
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improve pork quality (Gigiel and James, 1984). High voltage electrical 

stimulation and cooling carcass at 1°C for 24 h tended to improve tenderness 

when the carcasses were aged 4 d (Taylor et al., 1995). This treatment also 

seemed to produce more tender product when evaluated by sensory panels 

(Tayor et al., 1995). However, the greatest improvement in tenderness came 

from applying high voltage electrical stimulation 20 min after slaughter (Taylor et 

al., 1995). These advantages include greater tenderness and a darker color. 

The use of liquid chilling media is another type of a chill method. Samples are 

left in the chilling media until the internal temperature reaches a desired 

temperature. Liquid chilling can increase the rate of heat transfer without the 

need for high velocity airflow or large temperature differential and at the same 

time eliminates evaporative weight loss (Brown et al., 1988). Immersion chilling 

has been found to be the least expensive method available for chilling broilers 

(Brown et al., 1988). The potential advantage of using immersion chilling in the 

processing of red meat has been noted for edible offal and for cooked bacon and 

hams (Stenner et al. 1984,1986; Rimskey, 1981). In both of these studies, 

shorter processing times, increased yield, and reductions in cooler space and 

energy requirements were reported. However, there are several problems 

associated with immersion chilling such as surface freezing and increased drip 

loss (Frye et al., 1985; Weakly et al., 1986). Furthermore, with unwrapped 

products there is a possibility of cross-contamination leading to high bacterial 

levels and greater risk of contamination with pathogens. Samples taken from 

II 



immersion chilled loins that reached a temperature of 13°C were significantly 

tougher at 24 h than 15 d samples (P < 0.05). No significant differences were 

detected for percentage drip loss or retail display in loin chops (Brown et al., 

1988). Such rapid distribution would enable preparation and consumption of the 

meat as early a one day after slaughter, however to produce pork at its most 

tender, several days of aging are required (Dransfield et al., 1980). Yet, if pork 

carcasses could be immersion chilled and fabricated in boning rooms adjacent to 

slaughter floors, vacuum packaged and stored the total process time could be 

greatly reduced (Brown et al., 1988). 

Hot boning of meat has potential advantages over cold boning (e.g. higher 

meat yields); (Smulders, 1985; Smulders and van Laack, 1988), less drip loss 

(Cross and Tennent, 1980; Seideman et al., 1979), a more uniform darker color 

(Cuthbertson, 1982; Smulders, 1985), savings in refrigeration space and shorter 

processing times (Cuthbertson, 1982; Henrickson, 1982). However, there are 

consequences to hot boning such as cold shortening (Marsh et al., 1972) and 

higher drip losses (Honikel et al., 1986). Neel et al. (1987) did not observe any 

negative effect on tenderness when pork carcasses were hot boned or rapidly 

chilled. Sarcomere length and panel tenderness were not affected by rapid 

chilling (Smulders and van Laack, 1988). A rapid chilling method is measured by 

chilling the product until it reaches an internal temperature of-2°C. 

The choice of chill system can affect pork quality measures such as capital 

costs and meat quality (Gigiel et al., 1989). Rapid chilling of pork carcasses may 
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be an effective means of increasing pork quality and decrease refrigeration 

requirements. The choice of chill system can be based upon weight loss, capital 

investment cost, operation costs and meat quality (Gigiel et al., 1989). 

Lawrie (1974) concluded that rapid chilling can slow postmortem glycolysis 

and increase the ultimate muscle pH. A number of methods have been 

successful in increasing the rate of chilling. Milligan (1998) and Springer (1997) 

reported that rapid chilling for at least 90 min improved muscle color and purge 

characteristics, whereas McFarlane and Unruh (1996) reported that rapid chilling 

improved cooking loss but did not affect color characteristics. Rapid chilling also 

showed to increase the rate of postmortem temperature decline, which resulted 

in improved loin color and firmness (Kerth et al, 2001). 

Unigue Freezing Technology (UFT) System 

The (UFT) less is a new chilling/freezing process that will freeze a product 10 

to 15% faster than a standard blast freezer. Unique Freezing Technology system 

is a circulation system that allows for high-speed circulation of the solute and 

achieves high rates of heat exchange. The liquid medium is food grade and is 

certified by the FDA. Unique Freezing Technology is very efficient in it required 

less time for chilling, which reduces cost of production. The system operates at 

temperatures between -23 and -26 °C. Unique Freezing Technology keeps the 

products quality high. There is no cell rupture and the natural color and texture 

are retained. 
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CHAPTER III 

MATERIALS AND METHODS 

Selection and Slaughter 

Twelve crossbred hogs of the same age and weight with similar background 

were selected and harvested at the Texas Tech University Meat Science and 

Muscle Biology Laboratory, Lubbock, TX. Immediately following slaughter, the 

left side of the carcass was hot fat trimmed, removing all skin, fat and bones. 

Hams and loins were placed in an insulated cooler to maintain temperature and 

transported 10.5 km to Supachill® Technologies, located at Reese Center, 

Lubbock Texas. Final pH was taken on trimmed right sides and placed into a 

2°C cooler and conventional chill for 48 h. 

PH Decline 

pH was taken on the hams and loins from both sides of the carcasses 

following harvest and at 7,14 and 21 d post-harvest. The puncture probe was 

placed in center of the test loins and hams using an Orion Model 230A Digital 

lonalyzer (Orion Research, Inc., Cambridge, MA). 
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Carcass Measurements 

On all conventionally chill sides, backfat thickness was measured opposite the 

^^\ 10**" and last rib after a 48 h chill period at 4°C. Loineye area was measured 

with a USDA grid at the 10'̂  rib interface. 

Supachill Treatment 

On the harvest floor, all hams and loins were hot-boned directly off the 

carcass removing all skin and fat. Loins were fabricated into boneless center cut 

loin (IMPS No. 410). Hams were de-boned and all external fat and skin was 

removed and aged for 14 d. Hams and loins were transported 10.5 km to 

Supachill® Technologies at Reese Center where the cuts were chilled in the 

Supachill® Turbo Air Chiller, producing -27°C cooled air for five min for surface 

cooling to increase effectiveness of vacuum package. Following packaging, cuts 

were transferred into the -25°C Supachill® chilling system for one hour and forty-

five min to bring the core temperature to 2°C. After reaching the desired core 

temperature hams and loins were transported back to the Texas Tech University 

Meat and Muscle Biology Laboratory in insulated coolers. Loins were stored in a 

2°C- cooler for 7,14 and 21 d. Hams were aged for 14 d in a 2°C cooler and 

then frozen for further analysis. 
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Conventional Chilled Treatment 

Conventional chill sides were chilled 48 h at 2°C. Conventional chill sides 

were fabricated after 48 hours into boneless center cut loins (IMPS No. 410) and 

aged for 7, 14 and 21 days. Hams were de-boned, vacuumed packaged and 

aged for 14 d prior to freezing for further analysis. 

Sample Collection 

Following each aging treatment, loins were removed from the package and 

evaluated for purge and drip loss (Appendix A). Loin purge was determined by 

weighing the vacuum packaged loin then removing the loin from the package and 

allowing to air-dry for five min. Loins were re-weighed to determine purge loss. 

The formula for purge loss was calculated as follows: [(Before weight - After 

weight)/ Before weight] X 100%. Three loin drip loss cores (2.5-cm diameter) 

were taken for each aging treatment. Samples were weighed, placed in drip loss 

tube (meat juice containers, C. Christensen Laboratory, Denmark) and held for at 

2°C for 24 h and weighed. Samples were then re-weighed at 48 h to determine 

percentage drip loss. Drip Loss percentages were determined at 24h and 48h 

using the following formula: (Before weight - After weight)/ Before weight X 100. 

(Appendix A). Six 2.5-cm-thick chops were removed for retail display (1 chop), 

sensory panel analysis (2 chops), Warner-Bratzler Shear force evaluations 

(WBS) (2 chops), sarcomere length and water holding capacity (WHC) (1 chop) 

evaluations by the Carver Press method. Chops for sensory, shear force 
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analysis, sarcomere length evaluation and WHC were vacuum packed and 

frozen at -40°C for analysis. The ham muscles were further processed into 

boneless hams and evaluated for sensory evaluation, WBS and sliceability. 

Loin Chops 

Water-Holding Capacity 

Water-holding capacity was performed according to the method described by 

Wierbicki and Deatherage (1958) in triplicate (Appendix B). Two sheets of 

Whatman #1 filter paper, stored in a dessicator, for 24 h prior to testing, were 

weighed and recorded. A 5-g muscle sample was minced and placed between 

two weighed Whatman #1 filter sheets. Filter paper and samples were re-

weighed and recorded. Samples and weighed filter paper were placed between 

two Plexiglass plates and pressed at 500 psi for one min using the Carver Press. 

Weighed filter paper sheets were then removed from the press, two apparent 

moisture rings were traced, the meat (inner) ring and the water (outer) ring. The 

areas of both rings were measured in square cm using a planimeter (Tamaya 

digital planimeter, Planix 7®, Overland Park, KS). Measurements were 

converted to square inches. Total moisture, percent bound water, percent free 

water and percent immobilized water were calculated with the following formulas: 

Total moisture (mg) = Sample weight (sample in carver press) X 1000 X 

percent moisture (in decimal form). 
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Percent free water = (Total Surface Area, in^ - Meat Film Area. in^)*(6l 1) 
Total Moisture of the Samples 

Percent bound water = (100 - percent free water) 

Percent immobilized water = (Percent bound water - percent free water). 

Percent Moisture 

Moisture content was determined using AOAC method 8.2.1.1 in triplicate. 

External fat was removed and each chop was cut into Icm^ slices vitrified in 

liquid nitrogen. Samples were then homogenized in a Waring blender (model 

1120, Waring Products Division, Dynamics Corporation of America, New 

Hartford, CT) and placed in Whirl-Pak® bags (Nasco, Modesto, CA) for storage 

at -80°C. 

Using gloved hands, sample number was written on the bottom of aluminum 

weigh pans (Fisher Brand, Fisher Scientific, Houston, TX). Pans were then 

weighed and recorded. Samples (four to five g) were then evenly distributed into 

weighed pans and re-weights were recorded. Samples were placed into drying 

oven at 100°C for 24 h. The pans were placed into the dessicator for thirty 

minutes to allow pans to cool, and were weighed and recorded. The following 

formula was used to determine percent moisture: 

(Sample + Pan) - (Dry sample + Pan) X 100%. 
(Sample + Pan) - (Pan) 
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Sarcomere Length 

Sarcomere length was determines using the Cross et al, (1981) method. 

(Appendix C) Eighteen cubic cm samples of muscle from each muscle was put in 

a scintillation vial and covered with solution A (7.46 g - 0.1M KCI, 2.49 g 0.039 M 

Boric acid and 1.86 g 5mM .005M EDTA dissolved in 2.5% glutaraldehyde with 

an adjusting pH of 7.1); (approx. 10-12 ml) for 2h. Solution A was poured into a 

labeled waste jar and the sample was covered with solution B (18.46 g - 0.25 M 

KCI, 17.93 g 0.29 M Boric acid and 1.86 g 5mM .005M EDTA dissolved in 2.5% 

Glutaraldehyde with an adjusting pH of 7.1) overnight (16-18 h). The sarcomere 

length was measured by teasing out individual fibers from each sample using 

sharp tweezers and placed on a microscope slide in a drop of solution B. Six 

sarcomere length readings were taken from each sample, and 12 sarcomere 

length reading were taken total for each muscle. Care was taken to prevent 

samples from drying out by periodically adding a few drops of solution B. The 

slides were placed on the laser bench so that the muscle fiber crossed with the 

laser path. The distance between the laser (Spectra Physics, Oroville, CA) and 

the fibers was 100 mm. A clean sheet of white paper was placed on the base of 

the bench to serve as a evaluation screen. The distance, measured in 

centimeters, between the diffraction bands with the distance between the sample 

and the diffraction pattern set at 100 mm. Twelve sarcomeres length 

measurements were taken from each animal. Each length was measure and 

recorded in mm. 
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Sensory Panel Analysis 

Frozen chops were thawed 24 h at 2°C. Before and after weights and 

temperatures were taken for each set of chops. All chops were cooked on a belt 

grill (Model TBG-60 Magigrill, MagiKitch'n, Inc., Quakertown, PA) to an internal 

temperature of 71 °C (AMSA, 1995). The belt grill settings (top and bottom heat 

163°C, preheat = disconnected, height = 0.33 cm and cook time = 5.4 min) were 

set to produce an internal temperature of 71 °C (Appendix D). Pre-cook and post-

cook weights were taken to determine cooking losses. External fat, connective 

tissue and outer cooked edges were removed before 1 cm^ cubes for sensory 

panel samples were cut. The samples were then placed in warming pans until 

served to sensory panel. Chops were evaluated by a six-member panel trained 

by procedures of Cross et al. (1978). Initial and sustained juiciness, tenderness, 

flavor intensity, pork flavor, overall mouthfeel scores and off-flavor (1 = extremely 

dry, extremely tough, extremely bland pork, unsavory and uncharacteristic 

mouthfeel; 8 = extremely juicy, tender, intense flavor and characteristic pork 

mouthfeel) were determined following the AMSA guidelines, 1995. Samples 

were served under red lights to mask color differences. The panelists received 

water and apple juice to rinse their palates between samples (Appendix E). 

Retail Case Display 

One fresh pork chop was placed in a Styrofoam boat and covered with 

polyvinyl chloride overwrap (PVC) for a five-day display in a coffin-style 
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Hussmann retail case. The display case was equipped with two overhanging 

lights, each containing two Sylvania 40W Model 858 bulbs and ceiling lights 

(Phillips 34W, Watt-Saver, Model G), which produced a reading of 156 

footcandles at the meat level. Chops were randomly placed within a retail 

display case (Model DGC6, Tyler Refrigeration Co., Niles, Ml) and continually 

illuminated. Each aging treatment was evaluated daily for five d for color, 

firmness and discoloration (NPPC, 1991) by a six-member panel trained 

according to AMSA guidelines (1991) using the following scale: color - 6 = dark 

purplish red, 3 = reddish pink, 1 = pale pinkish gray to white; uniformity - 5 = 

extreme two-toning, 1 = uniform; surface discoloration - 7 = 100% discoloration, 

1 = 0% discoloration; browning - 6 = dark brown, 1 = none. L* (muscle 

lightness), a* (muscle redness), b* (muscle yellowness), chroma (color intensity) 

and hue (name of color and is based on wavelength) values were taken each day 

of retail case display treatment period at two random locations on the surface of 

the chops using a Minolta Spectrophotometer Meter model CM-2002 (Minolta 

Camera Co., LTD Osaka, Japan) with a DesiHuminant with a 1-cm-diameter 

aperture. The two readings were averaged for analysis. 

Shear Force Analysis 

Two frozen chops for each treatment group were thawed 24 h at 2°C. 

Weights and temperatures were taken for each set of chops. All chops were 

cooked on the Belt Grill (Model TBG-60 Magigrill, MagiKitch'n, Inc., Quakertown, 
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PA) to an internal temperature of 71 °C (AMSA, 1995). The belt grill settings (top 

and bottom heat 163°C, preheat = disconnected, height = 0.33 cm and cook time 

= 5.4 min) were set to produce an internal temperature of 71 °C. Final internal 

temperature was recorded with a needle thermocouple meat thermometer (Model 

#91100, Cole-Parmer, Vernon Hills, IL). Pre- and post-cook weights were taken 

to determine cooking losses. Chops were cooled to room temperature, wrapped 

in polyvinyl chloride overwrap (PVC) to prevent dehydration, and stored 24 h at 

2°C. External fat, connective tissue and outer cooked edges were removed. At 

least six 1.2-cm diameter cores (three from each chop) were taken with the grain 

of the muscle. The cores were sheared using with a United Testing Instrument 

(Model #SSTM-500 with a tension attachment, United Calibration Corp., 

Huntington Beach, CA). The crosshead speed was 20 cm/min. Shear force 

values for each animal were determined by averaging values from the six cores 

(Appendix H). 

Hams 

Six hams from each treatment were made into three-piece whole muscle 

boneless cured hams and the other six hams were separated into the biceps 

femoris, knuckle and semi-membranous whole muscle boneless cured hams at 

14 d. Hams were trimmed of fat and connective tissue, macerated in a 

tenderizer, injected at 30% pump with an industrial size, commercial, multineedle 

pickle injector and tumbled with a Koch Tumbler for 2 h under vacuum, allowed 
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to equilibrate overnight, and hand stuffed into size 9 fibrous casing. The curing 

solution included 11.34 kg water, 1.31 kg salt, .82 kg dextrose, .15 kg sugar, .15 

kg sodium phosphate, .13 kg cure salt, and .022 kg sodium erthorbate. Hams 

were cooked to an internal temperature of 65°C and smoked in an Alkar 1100 

smokehouse. The hams then were cooled to 7°C internally and vacuum 

packaged. (See Appendix J for cooking times and recipes.) 

Sensory Panel Analysis 

Samples were cut into 1 cm^ cubes and served at room temperature to a six-

member panel and trained according to Cross et al. (1978). Panelist evaluated 

each sample on an 8-point scale: (1 = extremely dry, extremely tough, extremely 

bland pork, unsavory and uncharacteristic mouthfeel; 8 = extremely juicy, tender, 

intense flavor and characteristic pork mouthfeel). The samples were served 

under red lights to mask any color differences. The panelist received water and 

apple juice to rinse their palates between samples. 

Shear Force Analysis 

WBS values were taken on 2.5-cm-thick ham slices. At least six 1.2-cm 

diameter cores were taken with the grain of the muscle. The cores were sheared 

using with a United Testing Instrument (Model #SSTM-500 with a tension 

attachment. United Calibration Corp., Huntington Beach, CA). The crosshead 
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speed was 20 cm/min. Shear force values for each animal were determined by 

averaging values from the six cores. 

Sliceability 

All boneless hams were sliced using a MAX Model #9512 slicer by Univex. 

Sliceability was determined by taking a 5.1-cm-thick sample from the each ham 

and slicing it into as many .32-cm thick slices as possible. The number of broken 

slices were counted. Sliceability was determined was determined using the 

following formula (Total number of slices - number of broken sliced/ Total 

number of slices X 100) (Appendix J). 

Statistical Analysis 

The data were analyzed as repeated measures using the mixed models 

procedures (PROC MIXED) of SAS (SAS Inst. Inc., Cary, NC). Loin Purge, drip 

loss, sarcomere length, water-holding capacity, sensory and WBS model 

included fixed effects of age, treatment, and age X treatment interaction. Since 

each animal had multiple (repeated) measurements overtime. Animal ID was 

coded as a random variables to account for the relationship of measurements 

due to animal. Ham sensory and WBS model included fixed effects of age, 

treatment, and age X treatment interaction. Each model was analyzed by ham 

muscle due to the different muscles and numbers. Retail shelf-life model 

included fixed effects of age, treatment, and age X treatment interaction, retail 
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day, age x retail day interaction, treatment x retail day interaction, and age x 

treatment x retail day interaction. 
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CHAPTER IV 

RESULTS 

Sensory and WBS 

Sensory traits evaluated on loin chops were not significantly different for 

tenderness and pork flavor (Table 1). Initial tenderness values for UFT were 5.75 

versus 5.60 for conventional chilled loins (P = 0.3038); sustained tenderness 

values for UFT were 5.99 versus 5.89 for conventional chill loins (P = 0.4421). 

However, UFT loins had both higher values for initial juiciness 5.68 and 

sustained juiciness 5.90 (P < 0.05) than loins that were conventional chilled 5.60 

and 5.61, respectively (Figure 2) concomitantly that conventional chilled loins had 

a higher cooking loss 15.90% compared to 12.10% (P < 0.05) (Figure 3). 

However, the UFT loins had a more pork like mouthfeel than conventional chill 

loins 5.68 and 5.34, respectively (P < 0.05) (Figure 4). Conventional chill loins 

had a lower WBS force values than UFT loins 2.68 versus 3.00, respectively (P < 

0.05) (Figure 5). 

Drip Loss 

For loins aged 7 d, UFT loins had higher 24-h drip loss than conventional chill 

loins 3.03% compared with 1.09% (P < 0.05) (Figure 6) and higher 48-h drip loss 

6.52% compared with 1.47% for 7 d age (P< 0.0001) (Figure 7). For loins aged 

14 d, there were no detectable differences for 24-h drip loss between UFT and 
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conventional chilled loins 0.71% compared with 0.44%, respectively (P = 0.1906). 

Also, there were no detectable differences in for 24-h drip loss in loins aged for 

21 d between UFT and conventional chilled loins 0.25% compared with 0.37% (P 

= 0.5847). There were no detectable differences for 48-h drip loss between UFT 

and conventional chilled loins 1.06 compared with 0.73, respectively for 14 d (P = 

0.6470). Also, there were no detectable differences for 48-h drip loss between 

UFT and conventional chilled loins 0.52 compared with 0.69, respectively for 21 d 

(P = 0.8120). 

Purge 

There was no difference in percent purge between UFT or conventional 

chilled loins in any of the aging treatments (Table 2). There were no detectable 

differences for purge loss between UFT and conventional chill loins 3.97% 

compared with 4.39%, respectively, for 7 d (P = 0.4435). Also, there were no 

detectable differences for purge loss between UFT and conventional chilled loins 

3.70% compared with 2.61%, respectively, for 14 d (P = 0.0527). There were no 

detectable differences for purge loss between UFT and conventional chilled loins 

3.59% compared with 3.16%, respectively, for 21 d (P = 0.4334). 
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fiH 

Conventional chilling loins had a higher pH value 5.53 (P < 0.05) suggesting 

that the intact carcasses helped keep the loin muscles from deteriorating in 

quality. The UFT loins that were hot-boned had a lower pH 5.46. 

Sarcomere 

Sarcomere length in UFT and conventional chilled loins were not different 

(Figure 8). There were no detectable differences for sarcomere length between 

UFT and conventional chilled loins 1.47 compared with 1.42, respectively, for 7 d 

(P = 0.4429). There were no detectable differences for sarcomere length 

between UFT and conventional chilled loins 1.33 compared with 1.33, 

respectively, for 14 d (P = 0.9357). There were no detectable differences for 

sarcomere length between UFT and conventional chilled loins 1.37 compared 

with 1.44, respectively, for 21 d (P = 0.2113). 

Water Holding Capacity 

There were no significant differences in total moisture, free water or bound 

water in any aging treatment or chilling treatment. There were no detectable 

differences for total moisture between UFT and conventional chilled loins 364.73 

compared with 370.82, respectively for 7 d (P = 0.3563). For 14 d total moisture 

there were no detectable differences between UFT and conventional chilled loins 

380.02 compared with 382.59, respectively (P = 0.7031). There were no 
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detectable differences for total moisture between UFT and conventional chilled 

loins 381.27 compared with 386.99, respectively, for 21 d (P = 0.3860). There 

were no detectable differences for free water, % between UFT and conventional 

chilled loins 7.27 compared with 6.33, respectively, for 7d (P = 0.6091). For 14 d 

percent free water, there were no detectable differences between UFT and 

conventional chilled loins 10.27 compared with 8.35, respectively (P = 0.3080). 

There were no detectable differences for percent free water for 21 d (P = 

0.4044). There were no detectable differences for percent bound water between 

UFT and conventional chilled loins 92.72 compared with 93.66, respectively for 

7d (P = 0.6091). For 14 d percent bound water, there were no detectable 

differences between UFT and conventional chilled loins 89.72 compared with 

91.64, respectively (P = 0.3080). There were no detectable differences for 

percent bound water between UFT and conventional chilled loins 92.08 

compared with 93.61, respectively, for 21d (P = 0.4044). There were no 

detectable differences for percent immobilized water between UFT and 

conventional chilled loins 85.45 compared with 87.32, respectively, for 7d (P = 

0.6091). For 14 d percent immobilized water, there were no detectable 

differences between UFT and conventional chilled loins 79.45 compared with 

83.28, respectively (P = 0.3080). There were no detectable differences for 

percent immobilized water between UFT and conventional chilled loins 84.16 

compared with 87.22, respectively, for 21 d (P = 0.4044). Also, there were no 

significant differences in total moisture, free water or bound water in the retail 
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display chops. There were no detectable differences for retail total moisture 

between UFT and conventional chilled loins 377.11 compared with 373.35, 

respectively, for 7d (P = 0.4914). For 14 d total moisture, there were no 

detectable differences between UFT and conventional chilled loins 374.09 

compared with 372.35, respectively (P = 0.7558). There were no detectable 

differences for total moisture between UFT and conventional chilled loins 376.22 

compared with 371.30, respectively, for 21d (P = 0.3684). There were no 

detectable differences for percent free water between UFT and conventional 

chilled loins 11.05 compared with 12.45, respectively, for 7 d (P = 0.2974). For 

14 d percent free water, there were no detectable differences between UFT and 

conventional chilled loins 10.48 compared with 8.91, respectively (P = 0.2535). 

There were no detectable differences for percent free water between UFT and 

conventional chilled loins 9.83 compared with 8.92, respectively for 21 d (P = 

0.4966). There were no detectable differences for percent bound water between 

UFT and conventional chilled loins 88.94 compared with 94.04, respectively, for 

7d (P = 0.2186). For 14 d percent bound water, there were no detectable 

differences between UFT and conventional chilled loins 89.50 compared with 

91.08, respectively (P = 0.7078). There were no detectable differences for 

percent bound water between UFT and conventional chilled loins 90.18 

compared with 91.07, respectively, for 21d (P = 0.8250). There were no 

detectable differences for percent immobilized water, between UFT and 

conventional chilled loins 77.88 compared with 88.09, respectively for 7 d (P = 
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0.2186). For 14 d percent immobilized water there were no detectable 

differences between UFT and conventional chilled loins 79.01 compared with 

82.17, respectively (P = 0.7078). There were no detectable differences for 

percent Immobilized water between UFT and conventional chilled loins 80.33 

compared with 82.15, respectively for 21d (P = 0.8250). There were no 

detectable differences in percent moisture between aging treatments and chill 

treatments. 

Retail 

Panelists did not detect any visual differences in pork color, uniformity, 

browning or discoloration on the loin chops due to treatment (Table 3). 

Conventional chilled loin chops had higher Minolta a* values (redder color); (P < 

0.05) and c* values (color intensity); (P < 0.05) during retail display period than 

UFT loins across all aging treatments (Table 4). Minolta a* 7 d values were 

conventional chilled 5.11 compared with the UFT value of 3.63,14 d values were 

4.64 and 4.02, respectively and 21 d values of 4.52 and 4.32, respectively. 

Chroma values for 7 d values for conventional chilled 13.06 compared with the 

UFT value of 10.69,14 d values were 12.74 and 11.34, respectively, and 21 d 

values were 12.74 and 11.98, respectively. There were no detectable 

differences in L* values and b* values between the UFT and conventional chilled 

loins and across all aging treatments. 
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Ham Sensory and WBS 

No differences were detected for sensory palatability or Warner Bratzler 

Shear values. There were no detectable differences in initial juiciness values in 

any ham muscle or between UFT and conventional chill methods; knuckle 6.52 

compared to 6.92 (P = 0.1658); outside muscle 6.59 compared to 6.06 (P = 

0.2343); semimembranosus 6.90 compared to 6.67 (P = 0.4951); whole muscle 

ham 6.63 compared to 6.56 (P = 0.8873). There were no detectable differences 

in sustained juiciness values in any ham muscle or between UFT and 

conventional chill methods; knuckle 6.67 compared to 6.95 (P = 0.3675); outside 

muscle 6.51 compared to 6.22 (P = 0.3931); semimembranosus 6.89 compared 

to 6.70 (P = 0.4940); whole muscle ham 6.69 compared to 6.50 (P = 0.6956). 

There were no detectable differences in initial tenderness values in any ham 

muscle or between UFT and conventional chill methods; knuckle 7.03 compared 

to 7.26 (P = 0.3062); outside muscle 6.94 compared to 6.97 (P = 0.8266); 

semimembranosus 7.26 compared to 6.94 (P = 0.1222); whole muscle ham 7.08 

compared to 6.96 (P = 0.6783). There were no detectable differences in 

sustained tenderness values in any ham muscle or between Supachill and 

conventional chill methods; knuckle 7.13 compared to 7.40 (P = 0.2947); outside 

muscle 7.12 compared to 7.12 (P = 1.0000); semimembranosus 7.46 compared 

to 7.27 (P = 0.4081); whole muscle ham 7.22 compared to 7.26 (P = 0.8809). 

There were no detectable differences in flavor intensity values in any ham 
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muscle or between UFT and conventional chill methods; knuckle 6.95 compared 

to 7.19 (P = 0.1686); outside muscle 7.01 compared to 6.94 (P = 0.7243); 

semimembranosus 7.22 compared to 7.04 (P = 0.2317); whole muscle ham 7.13 

compared to 6.90 (P = 0.4408). There were no detectable differences in pork 

flavor values in any ham muscle or between UFT and conventional chill methods; 

knuckle 7.00 compared to 7.33 (P = 0.0637); outside muscle 7.36 compared to 

7.09 (P = 0.2058); semimembranosus 7.24 compared to 7.19 (P = 0.7038); 

whole muscle ham 7.27 compared to 7.06 (P = 0.4509). There were no 

detectable differences in mouthfeel values in any ham muscle or between UFT 

and conventional chill methods; knuckle 6.72 compared to 6.95 (P = 0.4133); 

outside muscle 6.64 compared to 6.54 (P = 0.7685); semimembranosus 7.08 

compared to 6.75 (P = 0.1856); whole muscle ham 6.77 compared to 6.53 (P = 

0.5921). There were no significant differences in Warner Bratzler shear force 

values between ham muscles or between UFT and conventional chill methods; 

knuckle 1.27 compared to 1.61 (P = 0.0579); outside muscle 1.17 compared to 

1.55 (P = 0.2449); semimembranosus 1.74 compared to 1.13 (P = 0.3300); 

whole muscle 1.73 compared to 1.42 (P = 0.3936) (Figure 9). 

Sliceability 

There were no differences found in the biceps femoris muscle and the three 

piece whole muscle hams. Differences were detected in the knuckle muscle 

values (P < 0.05) with UFT hams having a higher percentage of broken slices. 
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Differences were detected in the knuckle muscle values (P = 0.0183) with UFT 

hams having a higher percentage of broken slices 5.40 versus conventional 

chilled ham values 3.45. UFT semimembranosus muscle also had a higher 

percentage of broken slices (P <0.05). UFT semimembranosus muscle also had 

a higher percentage of broken slices 17.20 than conventional chilled hams 13.89 

(P = 0.0355). UFT outside muscle had no detectable differences of broken slices 

14.84 than conventional chilled hams12.59 (P = 0.4264). Three piece whole 

muscle boneless hams had no detectable differences of broken slices between 

UFT and conventional chilled hams with values of 32.83 and 24.87, respectively 

(P = 0.3447). 
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Table 1. Sensory and Warner Bratzler shear (WBS) force values from the 
longissimus muscle from Unique Freezing Technology (UFT) and 
conventional chill loins with corresponding P values. 

Measure 
N 

WBS, kg 

Initial juiciness^ 

Sustained juiciness^ 

Initial tenderness^ 

Sustained tenderness^ 

Flavor intensity^ 

Pork flavor^ 

Mouthfeel^ 

Cooking loss, % 

UFT 
12 

3.00 

5.68 

5.90 

5.75 

5.99 

5.97 

5.96 

5.68 

12.10 

SEM 

0.12 

0.14 

0.13 

0.17 

0.17 

0.08 

0.11 

0.17 

0.81 

Conventional 
chill 
12 

2.68 

5.30 

5.61 

5.60 

5.89 

5.83 

5.75 

5.34 

15.90 

SEM 

0.12 

0.14 

0.13 

0.17 

0.17 

0.08 

0.11 

0.17 

0.83 

P value 

0.0061 

0.0022 

0.0197 

0.3038 

0.4421 

0.1729 

0.0827 

0.0193 

0.0005 

'Sensory panel scores for initial and sustained juiciness, initial and sustained tenderness, flavor Intensity, pork flavor and 
overall mouthfeel range from 1 to 8,1=extremely dry, tough, bland, unsavory and uncharacteristic mouthfeel and 
8=extremely Juicy, tender, intense and characteristic pork mouthfeel. 
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Biceps Femoris 
Knuckle 

Figure 1. Diagram of different ham muscles. 

Semimembransus 

37 



w 
CO 
(U 
c 
o 

P = 0.0197 

7.00 
6.00 
5.00 
4.00 

a 
_-. b 

Initial Juiciness Sus. Juiciness 
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Figure 2. Effects of different chilling methods on Initial and 
Sustained Juiciness. ^̂  Means with different superscripts 
differ. Sensory panel scores range from 1 to 8. 1 = 
extremely dry and 8 = extremely juicy. 
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Figure 3. Effects of different chilling methods on cooking loss, 
%. ^̂  Means with different superscripts differ. 
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Figure 5. Effects of different chilling methods on Warner 
Bratzler Shear Force. ^^ Means with different superscripts 
differ. 
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Figure 6. Effects of different chilling methods and aging 
times on 24 h drip loss. ^^ Means with different superscripts 
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Figure 7. Effects of different chilling methods and aging 
times on 48h drip loss. ^̂  Means with different superscripts 
differ. 

43 



P = 0.3488 

E 

C3> 
C 

-• 1.00 \ • i 
1 

7d 14d 

Aging treatment 

21 d 

D Unique Freezing Technology • Conventional chill 

Figure 8. Effects of different chilling methods on 
sarcomere length. ^^ Means with different superscripts 
differ. 
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Figure 9. Effects of different chilling methods on Warner 
Bratzler Shear Force on ham muscles. SM = 
semimembranosus and BF = biceps femoris. 
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Table 5. Sensory and shear force values from the ham knuckle from Unique 
Freezing Technology (UFT) and conventional chilled hams with corresponding 
P values. 

Measure 
No. of hams 

WBS. kg 

Initial juiciness^ 

Sustained juiciness^ 

Initial tenderness^ 

Sustained tenderness^ 

Flavor Intensity^ 

Pork Flavor^ 

Mouthfeel^ 

Broken Slices, %" 

UFT 
6 

1.27 

6.52 

6.67 

7.03 

7.13 

6.95 

7.00 

6.72 

5.40 

SEM 

0.11 

0.17 

0.19 

0.18 

0.17 

0.10 

0.09 

0.17 

1.20 

Conventional 
chill 

6 

1.61 

6.92 

6.95 

7.26 

7.40 

7.19 

7.33 

6.95 

3.45 

SEM 

0.11 

0.17 

0.19 

0.18 

0.17 

0.10 

0.09 

0.17 

1.20 

P values 

0.0579 

0.1658 

0.3675 

0.3062 

0.2947 

0.1686 

0.0637 

0.4133 

0.0183 

^Sensory panel s(x>res for initial and sustained juiciness, Initial and sustained tenderness, flavor Intensity, pork 
flavor and overall mouthfeel range from 1 to 8, 1=extremely dry, tough, bland, unsavory and uncJiaracteristIc 
mouthfeel and 8=extremely juicy, tender. Intense and characteristic pork mouthfeel. 
"Calculated by: (number of broken slices/total number of slices/total number of sllces'100). 
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Table 6. Sensory and shear force values from the ham biceps femoris from 
Unique Freezing Technology (UFT) and conventional chilled hams with 
corresponding P values. 

Measure 
No. of hams 

WBS, kg 

Initial juiciness^ 

Sustained juiciness^ 

Initial tenderness^ 

Sustained tenderness^ 

Flavor Intensity^ 

Pork Flavor^ 

MouthfeeP 

Broken Slices, %" 

UFT 
6 

1.17 

6.50 

6.54 

6.94 

7.12 

7.01 

7.36 

6.64 

14.84 

SEM 

0.21 

0.22 

0.24 

0.08 

0.10 

0.14 

0.12 

0.22 

1.84 

Conventional 
chill 

6 

1.55 

6.06 

6.22 

6.97 

7.12 

6.94 

7.09 

6.54 

12.59 

SEM 

0.21 

0.22 

0.24 

0.08 

0.10 

0.14 

0.12 

0.22 

1.84 

P values 

0.2449 

0.2343 

0.3931 

0.8266 

1.0000 

0.7243 

0.2058 

0.7685 

0.4264 

'Sensory panel scores for Initial and sustained juiciness, initial and sustained tenderness, flavor Intensity, poric 
flavor and overall mouthfeel range from 1 to 8, 1=extremely dry, tough, bland, unsavory and uncharacteristic 
mouthfeel and 8=extremely juicy, tender, intense and characteristic pork mouthfeel. 
"Calculated by: (number of broken slices/total number of slices/total number of slices* 100). 
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Table 7. Sensory and shear force values from the ham semimembransus 
from Unique Freezing Technology (UFT) and conventional chilled hams with 
corresponding P values. 

Conventional 
Measure UFT SEM chill SEM P values 
No. of hams 

WBS, kg 

Initial juiciness^ 

Sustained juiciness^ 

Initial tenderness^ 

Sustained tenderness^ 

Flavor Intensity^ 

Pork Flavor^ 

Mouthfeel^ 

Broken Slices, %" 

6 

1.73 

6.63 

6.69 

7.08 

7.22 

7.13 

7.27 

6.77 

17.20 

0.32 

0.32 

0.31 

0.17 

0.18 

0.19 

0.17 

0.28 

1.36 

6 

1.42 

6.56 

6.50 

6.96 

7.26 

6.90 

7.06 

6.53 

13.98 

0.32 

0.35 

0.34 

0.19 

0.20 

0.21 

0.18 

0.31 

1.36 

0.3926 

0.8873 

0.6956 

0.6783 

0.8809 

0.4408 

0.4509 

0.5921 

0.0355 

'Sensory panel scores for initial and sustained juiciness, initial and sustained tendemess, flavor intensity, pork 
flavor and overall mouthfeel range from 1 to 8, 1=extremely dry, tough, bland, unsavory and uncharactenstic 
mouthfeel and 8=extremely juicy, tender, intense and charactenstic poric mouthfeel. ^ 
"Calculated by: (number of broken slices/total number of slices/total number of slices 100). 
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Table 8. Sensory and shear force values from the whole 3 piece muscle ham 
from Unique Freezing Technology (UFT) and conventional chilled hams with 
corresponding P values. 

Measure 
No. of hams 

WBS. kg 

Initial juiciness^ 

Sustained juiciness^ 

Initial tenderness^ 

Sustained tenderness^ 

Flavor Intensity^ 

Pork Flavor^ 

Mouthfeel^ 

Broken Slices, %" 

UFT 
6 

1.74 

6.90 

6.89 

7.26 

7.46 

7.22 

7.24 

7.08 

32.83 

SEM 

0.40 

0.22 

0.18 

0.12 

0.14 

0.09 

0.09 

0.15 

5.39 

Conventional 
chill 

6 

1.13 

6.67 

6.70 

6.94 

7.27 

7.04 

7.19 

6.75 

24.87 

SEM 

0.40 

0.22 

0.18 

0.12 

0.14 

0.09 

0.09 

0.15 

5.39 

P values 

0.3300 

0.4951 

0.4940 

0.1222 

0.4081 

0.2317 

0.7038 

0.1856 

0.3447 

oensory panei scores lor iiiiudi diiu suaiaincu juiiymcoo, imuai omu <>.̂ .>̂ u...»» . , — ,. r 
flavor and overall mouthfeel range from 1 to 8,1=extremely dry, tough, bland, unsavory and uncharactenstic 
mouthfeel and 8=extremely juicy, tender. Intense and characteristic poric mouthfeel. 
"Calculated by: (number of broken slices/total number of slices/total number of slices*100). 
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Table 9. Carcass characteristics on the intact right side of pork carcasses. 

ID 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

l^'rib 

1.1 

1.6 

1.3 

0.9 

1.4 

1.4 

1.2 

1.1 

1.2 

1.0 

1.4 

0.8 

10" rib 

0.3 

0.5 

0.6 

0.4 

0.8 

0.7 

0.5 

0.6 

0.7 

0.6 

0.8 

0.4 

Last rib 

0.6 

1.1 

0.7 

0.5 

1.1 

1.3 

1.0 

1.2 

1.4 

1.0 

0.9 

1.0 

LEA, In ^ 

6.7 

6.3 

6.2 

6.5 

6.0 

6.3 

6.0 

6.0 

6.1 

6.4 

6.1 

6.0 

HOW 

179 

190 

180 

161 

188 

198 

167 

170 

193 

181 

175 

169 
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CHAPTER V 

DISCUSSION 

From the time the pigs were stunned to the time the loins and hams were 

submerged into Supachill® system one hour and forty-five minutes had elapsed. 

The times were set to follow the industry. The average backfat for all pigs at the 

first rib, 10̂ ^ rib and last rib was 1.2, 0.6 and 1.0, respectively. The average 

loineye area was 6.2 square inches and the average hot carcass weight was 

179.3 pounds. 

Rapid chilling of pork carcasses improves pork quality (Fredrick, 1994). UFT 

did significantly decrease percentage of cooking loss, which in turn increased the 

palatability of the loin chops by increasing juiciness and overall mouthfeel of the 

chop. Consumers are very aware and very demanding of palatable, juicy and 

tender product (Brewer and McKeith, 1999). UFT did not have any effect on 

sarcomere length and panelists could not detect tenderness differences. There 

was a slight increase in shear values in UFT pork over conventional chilled pork 

but not enough to be detected by trained panelists. Suggesting that the UFT loins 

did not cause cold shortening in the muscles or cause any damage to the muscle 

fibers. This conflicts previous studies, where shortened sarcomeres and higher 

shear values due to blast chilling in pork have been fairly consistently reported 

for muscles samples excised in a pre-rigor condition (Dransfield and Lockyer, 

1985; Moller and Vestergaard 1987). Blast-chilled carcasses had tougher meat 
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and shorter sarcomeres than blast-chilled sides, despite a slower overall rate of 

chill in the carcasses (Jones et al., 1992). The Marsh (1972) study concluded 

that hot boning could result in cold shortening and tougher pork, but sensory 

analysis did not detect tenderness differences. UFT did not affect sensory 

tenderness because there was a delay in chilling time so sarcomere length was 

not effected and cold-shortening was not cause tough pork. However, UFT did 

improve overall juiciness and mouthfeel of loin chops which in turns increases 

palatability. 

These results indicate that although that there are many factors that are not 

affected my UFT but there are still factors that are negatively affected such as 

WBS tenderness (P < 0.05) and 7 d drip loss measured at 24 and 48-h (P < 

0.0001). This can be explained from the study that Honikel (1986) produced that 

hot boning can lead to higher drip losses. Accelerated chilling of carcasses did 

not affect drip loss or cooking loss in loins (Kerth et al., 2001). 

Even though panelist did not detect any visual difference in color, browning, 

discoloration and uniformity; the Minolta colorimeter did show difference in a* 

value (P < 0.05) that the conventionally chilled loins were redder in color. Redder 

coloring is often indicative of improving pork quality. Normal colored pork was 

more acceptable than lighter, paler colored chops (Brewer and McKeith, 1999). 

The chroma value was also higher for the conventionally chilled loins having 

higher intensity of color for the loins. Retailers rank color variation as the most 

important quality defect. Therefore, UFT did affect the overall redness of the 
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pork chops. UFT, rapid and blast chilling of pork did produce a darker color loin 

chop. Darker colored chops are beneficial for export trade overseas to Japan. A 

stronger export market for high quality pork will help the pork industry 

economically. UFT pork chops were redder in color making them more 

marketable for export trade. If UFT can be implemented in the plant setting and 

it improves the redness of pork chops then it can be used for export trade 

overseas, making the method more economically feasible. Accelerated chilling 

improves both color and firmness scores when compared to normal chilling in 

pork loins (Kerth et al., 2001). 

Even though pH was significantly different (P < 0.05), the carcasses were not 

PSE. For carcasses to be PSE they need to have a low pH below a 5.4 (Owen 

et al., 2000). pH is important in determining water holding capacity of meat, the 

ability of meat to retain its water during application of external forced such as 

cutting, grinding or pressing. The three locations of water found in meat: bound -

charged hydrophilic groups on the muscle proteins attract water, forming a tightly 

bound layer; immobilized - less orderiy molecular orientation toward the charged 

group; and free water - held only by capillary forces and orientation is 

independent of a charged group. The pH was consistently the same and there 

were no differences in water holding capacity across all aging treatments and 

between chilling methods. 

The knuckle muscle and semimembranosus hams both had more broken 

pieces (P < 0.05) of ham when slicing. UFT must have had an effect on the 
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binding of the boneless hams. The binding could be affected my muscle fibers or 

the way the fibers bound together. 

The use of UFT needs to continue to be studied, especially in a plant setting. 

If UFT can improve color of pork chops producing a redder, intense color, then 

the process can be a major improvement for pork quality in the future. 
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CHAPTER VI 

IMPLICATIONS 

UFT did not show any effects on tenderness or shortening of sarcomeres. 

Further research is needed to determine whether or not UFT does indeed help 

pork quality. Furthermore, the study needs to include the genetic makeup of the 

pigs, finding pigs with PSS and high stress to determine whether or not UFT 

does indeed improve pork quality. There is also a need to determine whether or 

not UFT will be feasible for packers to invest in for the plant. It is also needs to 

be determined whether or not hot-boning carcasses and UFT is a more efficient 

method or is trying to UFT the entire the carcass is the most reasonable. Further 

studies need to be done in a plant setting to see whether it actually works there 

and does not slow down chain speed and keeps the carcasses clean from 

microbiological contamination. 
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APPENDIX A 

PURGE AND DRIP LOSS DETERMINATION 

Purge 

Weigh the meat sample in the bag after 7.14. 21 d storage at 2°C and record 
the weight in grams as the BEFORE WEIGHT. 

Remove the sample from the bag and place it on a table in a single layer and 
allow it to drip for at least 5 min. 

Weigh the sample again and record it as the AFTER WEIGHT. 

%Purge= Before weight - after weight X 100. 
Before weight 

Drip Loss 

Remove a sample from the steak designated as the "proximate analysis" 
steak on the sirioin end using a 1" core. The sample should be free of 
connective tissue. 

Weigh the sample and record it as INITIAL WEIGHT. The sample should be 
no heavier than 100 g. 

Place the sample in clean drip loss tubes and store at 2°C for 24-h. 

Samples should be weighed as 24-h and 48-h and recorded as 24-h and 48-h 
WEIGHT. 

Drip Loss= Initial weight - 24-h weight X 100. 
Initial Weight 
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APPENDIX B 

WATER-HOLDING CAPACITY 

(Wierbicki and Deatherage. 1958) 

1. Weigh two sheet of Whatman #1 filter paper, stored in desicator. 

2. Mince .5g of meat per sample and place on the filter paper. Do steps 1 
and 2 in triplicate. 

3. Place the sample and sheets betweem 2 plexiglass sheets and press 
at 500 psi for 1 min using the Carver press. 

4. Remove filter paper from the press, and trace the 2 apparent rings 
using a black sharpie marker, the inner (meat ring) and the outer 
(water ring). Dry sample overnight in dessicator. 

5. Measure the area of both rings in square cm^ using a planimeter 
(Tamaya Digital Planameter, Planix 7, Overiand Park. KS). Convert 
cm^ to inches^: 2.54cm^=1in^. 

6. Determine the percent moisture by the following: 

a. Weigh an aluminum pan and record pan weight. 

b. Add 5 g of meat and record pan and sample weight. 

c. Repeat steps 1 and 2 in triplicate. 

d. Place in drying oven at 100°C for 24-h. 

e. Cool in dessicator for 30 min. 

f. Weigh the pan and sample after 24-h and record. 

g. Determine moisture content. 

7. Total moisture of the sample is calculated in the following way: 

Total Moisture (mg)=weight of sample put into the Carver press X 1000 
X % moisture from drying method in decimal form. 
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8. Percent Free Water is as follows: 
(Total Surface Area. in^-Meat Film Area. in^V61.10) 

Total Moisture 

9. Percent Bound Water = 100-% Free water. 

10. Percent Immobilized Water=%Bound water-%Free water. 
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APPENDIX C 

SARCOMERE LENGTH 

(Cross etal.. 1981) 

1. Mix reagents into Solution A and Solution B 

Solution A - to stabilize myofibrils 
0 1 M KCI 7.46 g/Liter (FW=74 56) 
0.039 M Boric acid 2.49 g/Liter (FW = 61 83) 
5 mM (.005M) EDTA 1.86 g/Liter (FW = 372.24) 

Dissolve reagents in 2.5% Glutaraldehyde. (Glutaraldehyde often comes 
as 25% therefore you must dilute it by combining 100 mL Glutaraldehyde 
with 900 mL d.d. water for a 1 Liter mixture) 
Adjust pH to 7.1 with NaOH to dissolve reagents 

Solution B - to prevent myofibrillar contractions 
0.25 M KCI 18.46 g/Liter 
0.29 M Boric acid 17.93 g/Liter 
5 mM (.005M) EDTA 1.86 g/Liter 

Dissolve reagents in 2.5% Glutaraldehyde. (Glutaraldehyde often comes 
as 25% therefore you must dilute it by combining 100 mL Glutaraldehyde 
with 900 mL d.d. water for a 1 Liter mixture) 
Adjust pH to 7.1 with NaOH to dissolve reagents 

*l Liter covers approximately 100 scintillation vials 

2. Pour solutions into a bottle and cap until ready for use. 

3. Excise small pieces (3.0 X 3.0 X 2.0 cm) of muscle from freshly 
slaughtered carcasses and treat immediately or freeze. 

4. Place each sample (2 from each chop) in a scintillation vial and cover with 
solution A (approx. 10 - 12 ml) for 2 h. 

5. Empty solution A into an appropriately labeled waste jar and cover the 
sample with solution B overnight (16-18 h) and should be measured within 
2 d . 

6. To measure, tease out individual fibers from a sample using sharp 
tweezers and place on a microscope slide in a drop of solution B. 
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7. Six sarcomere length readings should be taken from each vial sample -
thus 12 sarcomere length readings total for each animal number. 

8. Care should be taken to prevent sample from drying out - add drops of 
solution B when needed to keep the sample moist. 

9. Place the slide on the laser bench so the laser path goes throw the fiber. 

10. Place a clean sheet of white paper on the base of the bench to serve as a 
screen. 

11. Measure the distance, in centimeters, between the first level of diffraction 
bands and record each measurement on the data sheet- the closer to 100 
the better. 

12.The distance between the sample and the diffraction pattern must be 
known, preferably 100 mm. The distance between the laser and the 
sample does not need to be controlled. 

13. Determine the sarcomere length using the formula or the prepared sheet 
of cm-micron conversions. 
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APPENDIX D 

MAGI-GRILL OPERATION INSTRUCTIONS 

1. Turn the main power switch "ON". 

2. Turn the key switch to the menu position (horizontal) - Display should 
read [MENU7A]. 

3. Press the letter of the desired menu (F is the most common for cooking 
1" cuts to a medium degree of doneness). 

4. Press ENTER to choose the desired menu. 

5. Press and hold the LIFT ENABLE button until the belts are fully 
lowered - BE SURE TO HOLD THE BUTTON DOWN UNTIL THE 
DISPLAY CHANGES FROM [SET Ht] to [TIME 15:00] — If the grill 
height does not change, the emergency knob may be engaged. 
Simply pull the knob out to undo the emergency hold. 

6. The grill will begin pre-heating for 15 min. 

Clean-Up 

1. After all steaks have been cooked, push the [CANCEL] button and the 
grill will count down for one cooking cycle. 

2. Turn the power switch "OFF". 

3. Remove the grease catching pans and clean thoroughly. 

4. Wipe down the area below the grease catching pans. 

5. Wipe the belts clean with a wet cloth by turning the belts by hand. 

6. Empty the grease pail from the far left compartment out back and rinse 
clean. 

7. Dry all pieces of equipment and re-assemble the grill. 
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APPENDIX E 

SENSORY PREPARATIONS 

1. Thaw chops in sausage room at 2-5°C. Chops are usually set out the day 
before. 

2. Turn on oven to warm and place serving pans (with sand and 
compartments) in oven to begin warming up. 

3. Turn on alto-sham to begin warming up. 

4. Give a sensory pan number to each chop tag number. Write project name, 
date and recorders name on sheet with a Sharpie. 

5. Take the internal temperature of each chop in geometric center of steak 
and record. Temps should be around 2-5°C. 

6. Set a clean plate on the scale and zero the scale in grams. 

7. Weigh each chop with its identification tag in grams and record. 

8. Place each chop on the belt grill with its tag near it to maintain 
identification. 

9. Using a new plate, again zero the scale in grams. 

10. When chops are finished cooking, weigh the chop and its tag and record. 

11 .Take the internal temperature of each chop in the geometric center and 
record. Temps should be 71 °C. 

12 Cut off all four sides of the chop to square it up and remove and fat. Then 
cut the remaining chop into 1 cm^ pieces. All samples should be devoid of 
any fat or connective tissue. 

13. Place the pieces in a pan and cover with the correct coded lid and place in 
alto-sham to keep warm until serving the panel. 

14. Prepare the panel room by setting out a plate, napkin. 2 toothpicks, 
sensory data sheet and 3 cups. 

15. Fill one cup with water and one cup with chilled apple juice. 
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APPENDIX F 

PORK SENSORY EVALUATION FORM 

Name 

Sample 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Date 
JUICINESS 

INITIAL SUSTAINED 

Time 
TENDERNESS 

INITIAL SUSTAINED 

am/pm Project 
FLAVOR 

INTENSITY 

PORK 

FLAVOR 

OVERALL 

MOUTHFEEL 

JUICINESS 
8 Extremely juicy 
7 Very juicy 
6 Moderately juicy 
5 Slightly juicy 
4 Slightly dry 
3 Moderately dry 
2 Very dry 
1 Extremely dry 

TENDERNESS 
8 Extremely tender 
7 Very tender 
6 Moderately tender 
5 Slightly tender 
4 Slightly tough 
3 Moderately tough 
2 Very tough 
1 Extremely tough 

FLAVOR INTENSITY 
8 Extremely Intense 
7 Very intense 
6 McxJerately intense 
5 Slightly intense 
4 Slightly bland 
3 Moderately bland 
2 Very bland 
1 Extremely bland 

PORK FLAVOR 
8 Extremely characteristic poric flavor 
7 Very characteristic poric flavor 
6 Moderately characteristic poric flavor 
5 Slightly characteristic pork flavor 
4 Slightly uncharacteristic pork flavor 
3 Moderately uncharacteristic poric flavor 
2 Very uncharacteristic poric flavor 
1 Extremely uncharacteristic pork flavor 

OVERALL PORK MOUTHFEEL 
8 Extremely poric-like mouthfeel 
7 Very poric-like mouthfeel 
6 Moderately poric-like mouthfeel 
5 Slightly pork-like mouthfeel 
4 Slightly non-pork-like mouthfeel 
3 Moderately non-pork-like mouthfeel 
2 Very non-poric-like mouthfeel 
1 Extremely non-beef-IIke mouthfeel 
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APPENDIX G 

PORK COLOR EVALUATION FORM 

Project 
Pork Color 
8=Extremely bright grayish-pink 
7=Bright grayish-pink 
6=Moderately bright grayish-pink 
5=Slightly bright grayish-pink 
4=Slightly dark grayish-pink 
3=Moderately dark grayish-pink 
2=Dark grayish-pink 
1 =Extremely daric grayish-pink 

Name 

Color Uniformity 
5=Extreme two-toning 
4=Moderate two-toning 
3=Small two-toning 
2=Slight two-toning 
1=Uniform 

Surface 
Discoloration 
7=100% 
6=80-99% 
5=60-79% 
4=40-59% 
3=20-39% 
2=10-19% 
1=0% 

Date 

Browning 
6=Dark brown 
5=Light brown 
4-Brownish-gray 
3=Grayish 
2=Dull 
1=None 

No. Color Unif Disc Brow 
n 

No. Color Unif Disc Brown 
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APPENDIX H 

SHEAR FORCE ANALISIS 

Cooking Steaks 

1. Thaw chops in sausage room at 2-5°C. chops must be set out the day 
before as thawing takes 18 to 24-h. 

2. Take the internal temperature of each chop in geometric center of chop 
and record. Temps should be around 2-5°C. 

3. Set a clean plate on the scale and zero the scale in grams. 

4. Weigh each chop with its identification tag in grams and record. 

5. Place each chop on the belt grill with its tag near it to maintain 
identification. 

6. When chops are finished cooking, weigh the steak and its tag and record. 

7. Take the internal temperature of each chop in the geometric center and 
record. Temps should be 71 °C. 

8. Place all cooked chops on a white tray and cover with saran. Store trays 
in cooler at 2-5°C for 24-h until time to shear. 

Shearing Steaks 

1. Set up Warner Bratzler Shear machine or the United Testing Machine; 
obtain cores from kitchen and data sheets in filing cabinet. 

2. Take 6 cores from each animal number parallel to the muscle fibers. 
Check each core to make sure they are devoid of connective tissue or 
fat. 

3. Record degree of doneness. 

4. Shear each of the six cores and record values. Be sure to re-set shear 
machine to zero before each core is sheared. Clean shear knife 
between each sample. 
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5. Dispose of all meat once all shear values have been recorded in 
double bagged trash bags. 

6. Clean shear machine by dis-assembling. washing, and re-assembling. 

7. After entering data, check each point for accuracy. 
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APPENDIX 

HAM SENSORY EVALUTION FORM 

Sample 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

^ame 
JUICINESS 

INITIAL SUSTAINED 

Date Time 
TENDERNESS 

INITIAL SUSTAINED 

am/pm 
FUWOR 

INTENSITY 

Project 
HAM 

FLAVOR 

OVERALL 

MOUTHFEEL 

JUICINESS 
8 Extremely juicy 
7 Very juicy 
6 Moderately juicy 
5 Slightly juicy 
4 Slightly dry 
3 Moderately dry 
2 Very dry 
1 Extremely dry 

HAM FLAVOR 
8 Extremely flavorful 
7 Very flavorful 
6 Moderately flavorful 
5 Slightly flavorful 
4 Slightly flavorful 
3 Moderately flavorful 
2 Very flavorful 
1 Extremely flavorful 

TENDERNESS 
8 Extremely tender 
7 Very tender 
6 Moderately tender 
5 Slightly tender 
4 Slightly tough 
3 Moderately tough 
2 Very tough 
1 Extremely tough 

FLAVOR INTENSITY 
8 Extremely intense 
7 Very intense 
6 Moderately intense 
5 Slightly intense 
4 Slightly bland 
3 Moderately bland 
2 Very bland 
1 Extremely bland 

OVERALL PORK MOUTHFEEL 
8 Extremely ham-like 
7 Very ham-like 
6 Moderately ham-like 
5 Slightly ham-like 
4 Slightly unham-like 
3 Moderately unham-like 
2 Very unham-like 
1 Extremely unham-like 
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APPENDIX J 

HAM PROCESSING AND SLICEABILITY 

1. Hams were trimmed of fat and connective tissue, macerated in a tenderizer. 
injected at 30% pump with an industrial size, commercial, mutineedle pickle 
injector and tumbled with a Koch Tumbler for 2-h under vaccum. allowed to 
equilibrate overnight, and hand stuffed into size 9 fibrous casing. 

2. The curing solution included 11.34 kg water, 1.31 kg salt, .82 kg dextrose. .15 
kg sugar. .15 kg sodium phosphate, .13 kg cure salt and .022 kg sodium 
erthorbate. 

3. The hams were cooked to an internal temperature of 65°C and smoked in and 
Alkar 1100 smokehouse. 

Exhaust damper 
Open 
Closed^ 
Closed^ 
Closed 

Wet Bulb, 0°C 
40 

120 
132 
160 

Time, h 
1.5 
1.5 
2.0 

To I.T." 

Drv Bulb, 0°C 
160 
160 
170 
170 

^Smoke applied 
''Internal temperature of 65°C. 

The hams then were cooled to 7°C internally and vacuum packaged. 

4. Sliceability was determined by taking a 5.1-cm-thick sample from the hams 
and slicing it into as many .32-cm-thick slices as possible. The number of broken 
slices were counted and the sliceability was determined by the following formula: 

Total number of slices - Number of broken slices X 100 
Total number of slices 
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