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Animal Welfare and Environment: Animal Welfare
    1P    Effects of trailer design and season on the welfare of market weight pigs at the packing plant.  
M. J. Ritter*1, M. Ellis1, R. Bowman2, J. Brinkmann2, J. M. DeDecker1, O. Mendoza1, C. M. Murphy1, D. G. 
Orellana1, B. A. Peterson1, A. Rojo1, J. M. Schlipf1, and B. F. Wolter2, 1University of Illinois, Urbana, 2The 
Maschhoffs, Inc., Carlyle, Illinois.

This study utilized 109 trailer loads of market weight pigs (n = 17,256 pigs; Mean BW = 129.6 ± 0.40 kg) 
from one commercial farm in a completely randomized design with a 2 × 4 factorial arrangement of the 
following treatments: 1) Trailer design (pot-belly vs. straight deck); 2) Season (spring vs. summer vs. fall 
vs. winter) on the incidence of physical indicators of stress during loading and unloading, dead and non-
ambulatory pigs at the packing plant, and carcass trim loss. Both trailer designs had two decks and were 
constructed of aluminum with holes in all of the trailer sides for ventilation. The designs were similar except 
that the dimensions of the compartments, the height of the decks, and the internal loading ramps differed. 
This study was conducted on seven days per season, and two pot-belly and two straight deck trailers were 
loaded per day. University of Illinois investigators loaded and unloaded all trailers to standardize handling 
procedures across trailer designs. Pigs were mixed on the trailer and provided with 0.45 m2/pig during trans-
port to a commercial packing plant, which was ~4 h in length. The percentage of pigs exhibiting open-mouth 
breathing, skin discoloration, and muscle tremors during loading and unloading was recorded. Additionally, 
the incidence of non-ambulatory pigs at the farm and at the plant and deads on arrival at the plant were 
recorded. Trailer design did not affect the percentage of open-mouth breathing, skin discoloration, or muscle 
tremors during loading or the percentage of muscle tremors during unloading. The effects of trailer design 
on open-mouth breathing and skin discoloration during unloading were dependent upon season (P < 0.05). 
Pigs unloaded from pot-belly trailers exhibited a higher incidence of open-mouth breathing in the spring and 
summer and a higher incidence of skin discoloration in the spring, summer, and winter than pigs unloaded 
from straight deck trailers. Despite these differences in open-mouth breathing and skin discoloration during 
unloading, pot-belly and straight deck trailers did not differ for the percentage of total transport losses (0.96 
vs. 0.85 ± 0.11 %, respectively for pot-belly and straight deck trailers), deads on arrival, total non-ambulatory 
pigs, non-ambulatory, injured pigs, or non-ambulatory, non-injured pigs at the plant. The incidence of total 
non-ambulatory pigs at the plant was higher (P < 0.05) in the winter than in the spring and summer (0.42 vs. 
0.35 vs. 0.60 vs. 0.66 ± 0.11 %, respectively for spring, summer, fall, and winter). There was no effect of 
trailer design and season on the percentage of pigs requiring carcass trim. The results of this study suggest 
that pigs transported in pot-belly trailers may exhibit more physical signs of stress than pigs transported in 

straight-deck trailers in certain seasons.

Key Words: pig, transport, trailer

    2P    Behavior of finisher pigs during transport – effects of trailer floor space and mixing unfamiliar 
pigs.  D. G. Orellana*1, M. Ellis1, R. Bowman2, J. Brinkmann2, C. M. Murphy1, M. J. Ritter1, J. M. Schlipf1, 
and B. F. Wolter2, 1University of Illinois, Urbana, 2The Maschhoffs, Inc., Carlyle, Illinois.

Effects of mixing and floor space during transport on pig behavior were evaluated in a study involving 7 trailer 
loads of pigs. The study was carried out under commercial conditions as a split-plot design with a 3 × 2 facto-
rial arrangement of the following treatments: 1) Floor space on the trailer (0.39 vs. 0.46 vs. 0.54 m2/pig) and 
2). Mixing of pigs on the trailer (mixed vs. unmixed). For the mixed treatment, pigs from different farm pens 
were mixed in the same compartment; for the unmixed treatment all the pigs in the compartment came from 
one farm pen. The same truck, trailer, and driver were used for all loads. The front three compartments on 
each deck of the trailer were equipped with one video camera per compartment that viewed the pigs from 



above. The cameras were Watec®, Model WAT-902B equipped with Rainbow® L163VCS lens (1.6-3.4 mm 
F 1.4- CS-Mount). Video recording was from the time that the pigs were loaded onto the truck until they 
were unloaded at the plant. Video tapes were viewed every five minutes and the number of pigs lying, sitting, 
standing and climbing on other pigs was recorded. Also, the unoccupied floor area of each compartment was 
objectively measured every 5 minutes. The number and duration of aggressive interactions were recorded. 
There was no effect of mixing of pigs on the trailer during transport on any aspect of general behavior at 
any stage of the transportation process. However, floor space on the trailer influenced most aspects of general 
behavior during the waiting period at the farm, the journey, and the waiting period at the plant. During the 
waiting period at the farm, pigs spent the majority of the time standing with this activity being greater for pigs 
at the two higher than at the lowest floor space treatment. Conversely, the time spent sitting and lying during 
the waiting period at the farm was relatively low but was greater for pigs on the lowest than the two higher 
floor space treatments. During the journey, standing was the most common activity for all floor space treat-
ments but was lowest for pigs at 0.39 m2/pig floor space compared to the other treatments. There was no effect 
of floor space on the percentage of pigs lying, however, pigs at the lowest floor space spent more time sitting 
and climbing over other pigs during the journey than those on the two higher floor space treatments. During 
the period of waiting at the plant, the most common activity was lying, with pigs at the two higher floor spaces 
spending more time lying than those at the lowest floor space. There was no effect of floor space on the time 
spent standing, however, pigs at the lowest floor space spent more time sitting and climbing over other pigs 
during the waiting period at the plant than those at the highest floor space. As expected, the percentage of 
unoccupied space in the compartment increased with increasing floor space on the trailer. There was very 
little aggression with only 35 fights being observed representing only 0.26% of the total viewing time. The 
results of this study show an effect of floor space but not mixing on the trailer on the behavior of pigs during 

transportation.

Key Words: pig, transport, behavior

Consumer Topics
    3P    Consumer assessment of the palatability of USDA Select and Choice and Certified Angus Beef™ 
strip loin steaks from retail markets.  S. W. Claborn, A. W. Tittor*, J. D. Kellermeier, D. D. Harris, M. G. 
Tittor, K. D. Adams, J. C. Brooks, J. R. Blanton, and M. F. Miller, Texas Tech University, Lubbock.

Four United Supermarkets in Lubbock, Texas were utilized to evaluate consumer acceptance of marketing 
of USDA Select, USDA Choice and Certified Angus Beef (CAB) Brand strip loin steaks. Strip loins were 
fabricated into 2.5 cm steaks with less than 0.6 cm of subcutaneous fat. Steaks from USDA Select and USDA 
Choice strip loins were displayed on foam trays and over wrapped with polyethylene film. Furthermore, CAB 
steaks were displayed in full service counters and packaged in white freezer paper. A consumer survey was 
attached to the back of each package of steaks. The take home survey questions consisted of: ranking of 
tenderness, juiciness, degree of doneness, flavor, overall satisfaction, satisfaction with the price paid, accept-
ability of tenderness, cooking method and most important factor for purchasing the package. Following 1 d 
retail display, L* a* b* values were determined on the remaining two steaks using a Minolta Colorimeter and 
frozen at -10° C for trained sensory evaluation, Warner-Bratzler Shear force (WBS) determination and fat 
content. All steaks were broiled on a Farberware Open Hearth electric broiler to an internal temperature of 
40° C, turned, then cooked to a final temperature of 70° C. According to consumer surveys, CAB steaks were 
more tender, juicy, and flavorful (P < 0.05) than USDA Select and USDA Choice steaks. No differences (P 
> 0.05) in tenderness, juiciness, and flavor were found between the USDA Select and USDA Choice grade 
steaks. Utilizing a trained sensory panel, CAB steaks had significantly (P < 0.05) greater initial and sustained 
tenderness and juiciness ratings when compared to USDA Select and USDA Choice grade steaks, but no dif-
ference (P > 0.05) existed between USDA Select and Choice grade Steaks. Lower average WBS values were 
found for CAB compared to the USDA Select and USDA Choice grades, while USDA Select and Choice did 
not differ (P > 0.05) from each other. When asked the most important factor in purchasing steaks to consum-
ers, 47% of consumers who purchased USDA Select steaks responded ″value of product in relation to price″. 
In contrast, consumers who purchased CAB strip loin steaks replied “greater amount of marbling” 38% of the 
time. Additionally, when consumers cooked their steaks to a rare to medium degree of doneness, 92% of the 
consumers were satisfied and thought tenderness was acceptable. However, consumers who cooked steaks to 
medium well to well done degree of doneness, only 79% were satisfied or replied tenderness was acceptable. 



There was no difference found between grades in cooking degree and cooking method when answering the 
satisfaction questions. These statistics indicate that marketing branded beef of high marbling levels (such as 
Certified Angus Beef) can be effective method to insure consumer satisfaction.

Key Words: consumer, quality, tenderness

    4P    Determination of the similarities and some properties of muscles from the beef chuck and round.  
L. Muench*, R. Maddock, C. Hand, and D. Wulf, South Dakota State University, Brookings.

The objectives of this study were to group chuck and round muscles into “families” with similar attributes 
allowing multiple muscles to be used for the same end-product, and determine the properties of muscles iden-
tified as potential steaks. The complexus, serratus ventralis, vastus lateralis, vastus intermedius, rhomboideus, 
superficial pectoral, adductor, gracillus, pectineus, and sartorius were examined, with longissimus used as a 
control in some tests. A trained sensory panel evaluated each muscle. Beef subprimals (USDA Choice) (n=10 
to 15) were obtained, from which individual muscles and then steaks were fabricated. Steaks were vacuum-
packaged, aged for 15 days and frozen at -20°C. Steaks were thawed at 4°C for 24 h and cooked to an internal 
temperature of 70°C. Panelists evaluated samples using an eight-point scale to describe tenderness, juiciness, 
beef flavor intensity, and rate similarities among muscles, and a four-point scale to describe the presence of 
off-flavors. An objective methodology was devised to determine muscle relationship to each other. An arbi-
trary beginning score of 1000 was established; if two muscles had the same characteristics, the similarity 
score would be 1000. The formula to determine similarity scores was: 1000 - ((Absolute difference of Warner-
Bratzler Shear Force (WBSF) of sample a - WBSF of sample b) + (Absolute difference of Trained Taste Panel 
Tenderness of sample a - Trained Taste Panel Tenderness of sample b)) x 100) + ((Absolute difference of 
Trained Taste Panel Flavor of sample a - Trained Taste Panel Flavor of sample b) x 50) + ((Absolute difference 
of Trained Taste Panel Juiciness of sample a - Trained Taste Panel Juiciness of sample b) x 25) + adjustment 
for size + adjustment for shape + adjustment for texture. Scores greater than approximately 700 indicated no 
significant difference in the ability of panelists to differentiate between steaks. The results indicated that the 
adductor was similar to vastus lateralis, pectineus, and gracillus; complexus was similar to sartorius and ser-
ratus ventralis; gracillus was similar to vastus lateralis, pectineus, sartorius, and adductor; longissimus was 
similar to serratus ventralis and vastus intermedius; pectineus was similar to vastus lateralis, sartorius, gra-
cillus, and adductor; sartorius was similar to pectineus, complexus, vastus lateralis, and gracillus; serratus 
ventralis was similar to vastus intermedius, longissimus, and complexus; vastus intermedius was similar to 
serratus ventralis and longissimus; and vastus lateralis was similar to adductor, pectineus, gracillus, and sarto-
rius. Additionally, aging requirements were investigated for each of the 10 muscles. Beef subprimals (USDA 
Choice)(n=10) were obtained, from which individual muscles and then steaks were fabricated. Steaks from 
each of the muscles were vacuum-packaged, aged for 5, 10, 15, or 20 days and frozen at -20°C. Steaks were 
thawed at 4°C for 24 h, and cooked to an internal temperature of 70°C. Warner-Bratzler shear force values 
were measured for each steak. Aging did not improve (P>0.05) the tenderness of gracillus, pectineus, and 
vastus lateralis. Tenderness was improved (P<0.05) after ten days of aging complexus, rhomboideus, superfi-
cial pectoral, serratus ventralis, and vastus intermedius but was not improved (P>0.05) by longer aging peri-
ods.

    5P    The effect of household income levels on the importance of palatability traits in roasts and steaks.  
J. D. Kellermeier*, A. W. Tittor, D. D. Harris, and M. F. Miller, Texas Tech University, Lubbock.

The rising cost of the economy is becoming a burden on the financial demands of families. Decisions made 
by consumers based on what are the most important palatability traits in roasts and steaks could possibly be 
influenced by income level. The objective of this study was to determine the effect of household income level 
on the palatability trait which results in the most satisfactory eating experience for both steaks and roasts. 
Consumers (n = 1440) were surveyed to determine their preferences for what palatability trait; tenderness, 
juiciness, or flavor results in the most satisfactory eating experience for steaks and roasts. Consumers were 
surveyed and blocked by location: Lubbock, Texas, Baltimore, Maryland and Washington D.C., and Phoenix, 
Arizona. Household income level of each participant was determined to compare income level to palatability 



trait. Household income levels ranged from less than $20,000 to greater than $100,000. Of the consumers 
surveyed 12.5% indicated an income level of less than $20,000, 28.8% ranged from $21,000 to 50,000, 24.2% 
were from $51,000 to $75,000, 15.8% ranged from $76,000 to 100,000, and 18.7% of those surveyed indi-
cated income levels greater than $100,000. Results indicate no significant difference between income levels 
for the palatability trait preferred the most in steaks and roasts. However, a difference did exist for the number 
of responses falling into each palatability category. Tenderness and juiciness were designated the most impor-
tant palatability trait for both steaks and roasts compared to flavor (P < 0.05) for all income levels. Thirty-
nine percent of consumers value tenderness as the most important palatability trait in steaks, 48% indicated 
juiciness is the most important, while only 13% preferred flavor as the most important palatability trait in 
steaks. Results for roasts were similar with 39% delegating tenderness as the most important trait, 49% ranked 
juiciness the most important, and flavor was preferred by 12% of the consumers. Results indicate consumers 
hold tenderness and juiciness in high regard as the factors resulting in the most pleasurable eating experience. 
Therefore, if steaks and roasts can be classified and sold based on their ratings for potential tenderness and 
juiciness, then red meat items can be marketed properly to ensure a satisfactory eating experience for consum-
ers of all income levels.

Key Words: consumers, palatability, income level

    6P    Identifying beef muscles and processing treatments suitable for use in fajita application.  D. 
Huerta-Montauti*, R. K. Miller, C. E. Schuehle Pfeiffer, K. D. Pfeiffer, K. L. Voges, W. N. Osburn, and J. W. 
Savell, Texas A&M University, College Station.

Beef fajitas have become popular and the supply of this food item is not meeting the growing demand. There is 
a need to search for alternative muscles that would have a similar eating experience as currently marketed beef 
fajitas. Four different treatments -- papain (P), blade tenderization (B), papain + blade tenderization (P+B), 
and control (C) -- were applied to sixty USDA Choice outside skirts, inside skirts, flaps, M. rhomboideus, 
M. trapezius, M. latissimus, and M. serratus ventralis. Muscles were cut into steaks and frozen at -10ºC for 
trained panel, consumer, and Warner-Bratzler shear force (WBSF) testing. Trained panelists found that regard-
less of muscle, the addition of papain improved MFT and CT scores. In general, treatment did not greatly 
affect MFT and CT scores of the outside skirt and M. serratus ventralis, which tended to receive high scores. 
Control and blade tenderized M. trapezius had the greatest amount of connective tissue, and the highest WBSF 
values (P < 0.05). Regardless of muscle (except for outside skirt and M. serratus ventralis), P and P+B treat-
ments improved WBSF values (P < 0.05). Consumers (n=81) gave inside skirt, M. serratus ventralis, and M. 
latissimus similar (P > 0.05) tenderness ratings when the P treatment was applied. Consumers tended to prefer 
the flavor and tenderness of beef fajita strips that were treated with P and P+B and would prefer to purchase 
them. Consumers were willing to purchase M. serratus ventralis treated with P+B and M. latissimus treated 
with P the majority of the time. Papain improved the eating quality of the studied muscles. Outside skirt, 
inside skirt, flap and M. serratus ventralis generally were rated the highest regardless of the treatment. The M. 
latissimus and M. serratus ventralis performed well enough to be considered as alternatives in the beef fajita 
market.

Key Words: beef fajita, sensory analysis, tenderization

    7P    Factors affecting consumers motivation for purchasing fresh beef steaks by demographics.  A. R. 
Reicks*, C. P. Lyford, J. C. Brooks, L. D. Thompson, and M. F. Miller, Texas Tech University, Lubbock.

A survey was developed and completed by 1370 consumers in three geographical regions across the United 
States to determine the motivational factors affecting consumer purchase decisions for fresh beef steak. The 
geographical regions included Phoenix, AZ; Baltimore, MD/Washington D.C.; and Lubbock, TX. Demo-
graphic characteristics obtained included: city, gender, age, occupation, number of adults and children in the 
household, income and education as well as response to a statement regarding fresh beef liking and preference 
for cooking degree of doneness. Consumers were then asked to indicate how important various factors were in 
determining why they purchased fresh beef steaks. The factors that were randomly presented included: tender-



ness, juiciness, flavor, product consistency, ease of preparation, nutritional value, natural, organic and price 
per pound. A scale was provided with a value of one labeled as not important at all, five was labeled somewhat 
important and ten was labeled very important. Consumer ratings for tenderness were higher (P < 0.05) for 
women than men and increased as age increased. The number of adults in the household also significantly 
affected the importance of tenderness, but there was no clear pattern. Importance of flavor and juiciness were 
affected by education level of consumers. As education level increased, the importance of flavor and juici-
ness within a beef steak decreased. Price, as a motivator was affected by gender, income and education of 
consumers. Women were more (P < 0.05) motivated by price than men, while consumers earning greater that 
$101,000 per year were the least (P < 0.05) concerned with price. Consumer education levels also affected 
price. Non-high school graduates and post graduates were more (P < 0.05) motivated by price than individu-
als in the other educational categories. The ease of product preparation importance was higher (P < 0.05) 
for women (5.2) compared to men (4.1). Also, consumers in Phoenix viewed the ease of preparation more 
importantly (P < 0.05) than consumers in Lubbock and Washington D.C. Finally, high school graduates rated 
ease of preparation higher (P < 0.05) than those consumers with some college, college graduates and post 
college graduates. Product consistency, as a motivator, was affected by age, gender and consumer liking of 
fresh beef. As consumer age increased, so did the importance of a consistent beef product. Also, women rated 
product consistency importance higher (P < 0.05) than men. Consumers living Phoenix rated the importance 
for natural and organic products higher (P < 0.05) than those consumers in Lubbock and Washington D.C. 
As education level increased, consumers were less motivated to purchase beef because it was natural. For 
nutrition, consumers younger than 30 years of age were the least concerned while women were more (P < 
0.05) concerned than men. Consumers with a higher level of education tended to be less concerned about 
nutrition. The motivating factors influencing decisions to purchase fresh beef steak varies among demographic 
segments. Results from this study can be used to help identify factors to positively influence purchasing deci-
sions within targeted market segments.

Key Words: consumer, market, beef

Meat and Meat Product Quality
    8P    Effects of salt, BHA/BHT and differing phosphate types on quality and sensory characteristics of 
beef longissimus muscles.  C. W. Rowe*, F. W. Pohlman, A. H. Brown, Jr., R. T. Baublits, and Z. B. Johnson, 
University of Arkansas, Fayetteville.

USDA Select striploins (n=20) were used to test the effects of antioxidants, phosphates and salt on beef qual-
ity. Muscles were taken to the University of Arkansas Red Meat Abattoir where they were fabricated, cut into 
thirds (anterior, medial, and posterior) and randomly assigned to one of six treatments in a randomized incom-
plete block design. Treatments included: 1) Control (C); 2) 0.02% BHA/BHT (70%/30%) (BB); 3) 0.4% tri-
sodiumphosphate (CT); 4) 0.4% sodiumtripolyphosphate with 0.5% salt (BH); 5) sodiumtripolyphosphate, 
0.5% salt, and 0.02% BHA/BHT (70%/30%) (SB); 6) 0.2% sodiumtripolyphosphate, 0.2% trisodiumphos-
phate, and 0.5% salt (STB). BHA/BHT was added at 0.02% of lipid content of select muscles. Muscle sections 
were injected to 110% (10% pump) of their weight with their respective treatments, and allowed to equilibrate 
for 36 hours before being cut into 2.54 cm steaks. Control (C) was not injected. Two steaks from each section 
were overwrapped with PVC film and put in display cases for simulated retail display. TBARS were taken on 
days 0, 3, and 6. The other steaks were vacuum packaged and refrigerated until analysis of Warner-Braztler 
shear force, cook loss, and sensory taste panel. Solution pH and temperature (36oF) were taken before injec-
tion into the muscle. Solution pHs were BB, 6.77; CT, 12.34; SB, 7.81; STB, 11.50; and BH, 7.84. Muscle 
pHs were taken before and after injection. Except for treatment BH, inclusion of BHA/BHT allowed for lower 
oxidation values (P < 0.05) on day 6 among treatments. Regardless of phosphate type, muscles treated with 
both phosphate and salt had lower retail purge (P < 0.05). Sensory panelist rated (P < 0.05) STB, SB and BH 
to be juicier with less connective tissue than other treatments. Treatments did not differ (P > 0.05) for flavor. 
Cook loss was not different for SB and STB (P > 0.05), but both had lower (P < 0.05) than other treatments. 
Except for CT not differing (P > 0.05) from C, inclusion of phosphate had lower (P < 0.05) mean shear force 
values than the other two treatments (C and BB). Initial pH did not differ (P > 0.5) among treatments, however, 
post injection pH differed (P < 0.05). Treatment CT was highest (P < 0.05) for post injection pH compared 
to the other treatments. Treatment by day interaction was significant for sensory color (days 0,3 and 6) and 
instrumental color. Interactions for instrumental color were significant for all measures (a*, b*, L*, Hue angle, 



Saturation index and 630/580 ratio). This data suggest that inclusion of both salt and phosphate can enhance 
palatability, lower cook loss, purge, and that BHA/BHT can be added to steaks to lower oxidation without 
affecting palatability.

Key Words: beef, color stability, shear force

    9P    Longitudinal and lateral characterization of color stability in the beef semimembranosus.  J. T. 
Sawyer, R. T. Baublits, J. K. Apple*, and Z. B. Johnson, University of Arkansas, Fayetteville.

The objectives of this study were to evaluate longitudinal and lateral variation of color stability within the 
semimembranosus. Beef inside rounds were selected from two USDA (Top Choice, and Select) quality grade 
categories (n=9/quality grade), and were subsequently stored at 2 ºC for 14 d from the box date. Steaks 
(1.91-cm thick) were cut from each muscle at three locations (dorsal, medial, and ventral), placed onto foam 
trays, and overwrapped with a PVC film. Steaks from each muscle location were subsequently divided into 
four regions (caudal-distal=CAD, cranial distal=CRD, caudal-proximal=CAP, and cranial-proximal=CRP). 
Packaged steaks were evaluated for visual color by trained panelists, instrumental color using a Hunter MiniS-
can XE, and lipid oxidation (TBARS) on d 0, 3, and 6 of simulated retail display (4 ºC and 1600 lux). Data 
were analyzed as a split-split plot design with quality grade as the whole plot, location within muscle as the 
subplot, and quadrant within location of the muscle as the sub-subplot using PROC MIXED of SAS (SAS 
Inc., Cary, NC). For all variables, least-squares means were separated with the PDIFF option (P < 0.05) F 
values were observed. Visual scores for overall steak color during the display period were typically higher (P 
< 0.05) for the CAD and CRD regions of the 3 muscle sections during the first three days of display, whereas 
the CAP and CRP regions generally received lower overall visual scores. Worst point color scores tend to 
follow a similar pattern as overall visual scores, the CAP region was scored the lowest on d 0 and continued 
to decrease throughout the simulated display, again was associated with the lower worst point scores in addi-
tion to the CRD, and CAP regions (P < 0.05). L* values tended to be lower (P < 0.05) for the CAD and 
CRD regions of all muscle locations, whereas higher L* values were recorded for the CRP region across all 
muscle sections. Top Choice steaks tended to have higher a* values within the CAD region on d 0, and were 
significantly (P < 0.05) redder on d 6 of simulated display. TBARS values indicated that there were significant 
differences from d 0 to 6 within a steak region during the simulated display (P < 0.05). These results indicate 
that some regions within semimembranosus steaks tend to be more shelf-stable than other intra-steak regions, 
and this information may be used to further enhance the fabrication and marketability of the semimembrano-
sus.

Key Words: beef round, semimembranosus, muscle profiling

    10P    Longitudinal and lateral characterization of instrumental tenderness and sensory character-
istics in the beef semimembranosus.  J. T Sawyer1, R. T. Baublits1, J. K. Apple*1, J.–F. Meullenet2, Z. B. 
Johnson1, and T. K. Alpers2, 1University of Arkansas, Fayetteville, 2University of Arkansas, Fayetteville.

The objectives of this study were to characterize the longitudinal and lateral intramuscular variation of two 
instrumental tenderness measurements and trained sensory profile within the beef semimembranosus. Beef 
inside rounds were selected from two USDA (Top Choice and Select) quality grade categories (n=9/quality 
grade), and were subsequently stored at 2 ºC for 14 d from the box date. Steaks (1.91-cm thick) were cut from 
each muscle at three locations (dorsal, medial, and ventral), vacuum-packaged, and then frozen at -20ºC until 
analyzed for shear force and sensory taste characteristics. After cooking, instrumental and trained sensory ten-
derness was measured on steaks from each muscle location, and within each steak subsequently divided into 
four regions (caudal-distal=CAD, cranial distal=CRD, caudal-proximal=CAP, and cranial-proximal=CRP). 
Data were analyzed as a split-split plot design with quality grade as the whole plot, location within muscle 
as the subplot, and quadrant within location of the muscle as the sub-subplot using PROC MIXED of SAS 
(SAS Inc., Cary, NC). For all variables, least-squares means were separated using the PDIFF option when 
significant (P < 0.05) F values were observed. Blunt-blade shear force (BBSF) tended to be lower for the CAD 
region of the dorsal section, while the CAP and CRP regions of the medial section generally required the most 



BBSF (P < 0.05). Warner-Bratzler shear force (WBSF) values were typically lower (P < 0.05), and defined 
a more tender area for the CAD, CRD, and CAP regions of the dorsal section, whereas all regions within 
the ventral section were tougher, as evidenced by higher WBSF values. Sensory panelist perceived the CAD 
region of the dorsal section as the most tender, and the CAP region of the ventral section was perceived to be 
the toughest, with all other regions of the dorsal, medial, and ventral sections deemed moderately tender (P < 
0.05). The dorsal section tended to be juicier for both Top Choice and Select, whereas the ventral region was 
rated the least juicy (P < 0.05). Sensory panelists indicated that the CAD region of the dorsal section displayed 
the least amount of CT, whereas the amount of perceived CT was greater in the CAP and CRP regions of the 
medial section and the CRP region of the ventral section (P < 0.05). Beef flavor was not affected (P > 0.05) 
across all sections or within each region of the SM. These results provide a detailed muscle profile of the 
instrumental tenderness and sensory variation that exists within the SM, and information from this study can 
be used for optimizing fabrication methods and marketing of more tender regions.

Key Words: beef round , semimembranosus, muscle profiling

    11P    Establishment of total quality control in the production of Rainbow Trout (Oncorhynchus 
mykiss) produced in the Northwest Region of the state of Chihuahua, Mexico.  R. Novelo*, A. L. Rent-
ería, J. A. García, F. Nuñez, and A. D. Alarcón, Universidad Autónoma de Chihuahua, Chihuahua, Chihua-
hua, México.

To characterize the quality of rainbow trout (Oncorhynchus mykiss), were evaluated microbiology load, car-
cass and meat quality, and sensorial characteristics of products elaborated with trout meat. Microbiological 
load were acceptable, carcass and meat quality had good characteristics and three of four products were 
accepted. 

MATERIALS AND METHODS
Microbiological load of carcasses and meat of rainbow trout were characterized. Samples of trout, incoming 
water, ponds and exit water were taken from farms with rustic and fast stream production systems, in summer 
and winter. Measurements included: aerobic mesophiles, coliforms: total and fecal, Salmonella spp., water 
temperature and oxygen concentration. 240 rainbow trout were used: 80 fish and 20 fillets of American (A), 
Mexican (M) and Danish (D) varieties. The measurements were: wide, length, whole weight, eviscerated 
weight, bones weight, fillet, skin, fins, nutgalls, and kidney. Meat measurements were: pH, electrical conduc-
tivity (EC), water retention capacity (WRC), color, crude protein, fat, water content and ash. Fish were divided 
in 4 groups according to their weight: 175-224 g (R1), 225- 274 g (R2), 275-324 g (R3) and 325-375 (R4). 
4 products using trout meat were elaborated: Sausage, Pate, Smoked Trout and Surimi. Flavor, odor, texture 
and taste were evaluated by trained judges. 

RESULTS 
There were no significant differences in trout for total and fecal coliforms, but differences were found between 
seasons for mesophiles, no Salmonella were present in any sample. Pollution of the exit water was not danger-
ous. The temperature varied from 9.48 to 20.22 °C, and oxygen concentration showed difference between 
rustic and rapid stream system. The D group R1 and the M groups R2, R3 and R4 reached the greatest length; 
the M variety in R2, R3 and R4 groups were the widest. The greatest carcass yield occurred in the M variety in 
groups R3 and R4, and in D group R1. Trout meat contains lower fat than other species. There were significant 
differences between trout of hi and low weight related with color as in EC. The WRC is greater in trout with 
250 g or higer weight. The fish have good carcass yield and their meat has nutritional quality. It was found 
that trout weighting below 200 g have more viscera and less carcass yield, and viceversa with those weighting 
300 g or up.

CONCLUSION
Mexican variety was the best in length, wide and carcass yield, followed by Danish. The rainbow trout pro-
duced in the Northwest region of the state of Chihuahua, have acceptable microbiological load and the pro-
duction system is not a risk for ecosystems. All products made with trout meat were accepted with exception 
of surimi.
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    12P    Factors associated with the liver-like off-flavor in beef.  B. E. Jenschke*, K. M. Eskridge, and C. 
R. Calkins, University of Nebraska, Lincoln.

Flavor is a major factor in the determination of consumer acceptability and ways to minimize off-flavor would 
increase the demand for beef. Specifically, the liver-like off-flavor has received much attention since the devel-
opment of the Beef Value Cuts. Although pH, myoglobin content, and cooking loss have been implicated as 
contributing to the liver-like off-flavor, these relationships are weak. In this study, 60 beef knuckles were iden-
tified using a preliminary screening method to increase the likelihood of obtaining liver-like samples. After 
samples were identified, the knuckles were vacuumed-packaged and shipped to the Loeffel Meat Laboratory 
at the University of Nebraska. Following a 7 d aging period at 1°C, the M. rectus femoris was isolated and cut 
into 2.54 cm steaks, freezer wrapped, and frozen (-16°C) until sensory analysis was conducted. An adjacent 
steak was used for mineral, moisture, fat, and heme iron analyses. Panelists used a 15 pt scale (0=absent and 
15=intense) to rate intensity, and the final sensory score was determined by averaging all panelist’s scores for 
each steak. Since variation among the steaks was small, samples having a liver-like score greater than or equal 
to 0.25 (n=12) were identified as having the off-flavor. Due to missing data points, only 48 steaks were used 
for the analysis. Stepwise logistic regression identified the following significant (P=0.01) model as a predictor 
of the liver-like off-flavor: Liver-like= 126.6 + 0.14 (calcium, µg/g) -0.02 (sodium, µg/g ) -12.08 (pH) – 0.76 
(moisture, %). Of the four variables included in the final model, only calcium (P=0.05) was significant while 
moisture (P=0.06) and sodium (P=0.09) were approaching significant. Of the 48 samples tested, only 12.5% 
were misclassified. Results from this study suggest that calcium, moisture, and sodium are associated with the 
liver-like off-flavor in beef knuckles, and further research exploring this relationship should be conducted to 

clarify these relationships.
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    13P    Contribution of postmortem proteolysis and sarcomere length to variation in beef gluteus 
medius and triceps brachii tenderness.  D. A. King*, T. L. Wheeler, S. D. Shackelford, and M. Koohmaraie, 
USDA, ARS, Roman L. Hruska U.S. Meat Animal Research Center, Clay Center, Nebraska.

The objective of this experiment was to determine 1) the effects of quality grade and postmortem aging time 
on tenderness of gluteus medius and triceps brachii steaks, and 2) the contribution of postmortem proteolysis 
and sarcomere length to variation in tenderness of gluteus medius and triceps brachii steaks. Top sirloin butts 
(n = 100) and shoulder clods (n = 100) were obtained from US Choice and Select carcasses in a commercial 
processing facility and aged for either 14 or 42 d. Subprimals were assigned to treatments in a completely 
randomized 2 (quality grade) × 2 (aging time) arrangement. After aging, steaks (2.54 cm) were cut from each 
subprimal and cooked to an internal temperature of 70°C before slice shear force values were determined. 
The two halves of the sheared slices were frozen and later sampled for sarcomere length measurements and 
Western blotting of desmin, which were conducted on a sub-sample (n = 60) of each muscle. Select gluteus 
medius steaks had lower (P ≤ 0.05) slice shear force values than Choice gluteus medius steaks (17.6 and 18.3 
kg, respectively). Gluteus medius steaks aged for 42 d had lower (P ≤ 0.05) slice shear force values than those 
aged for 14 d (16.59 and 19.29 kg, respectively). At 14 d postmortem, desmin degradation in gluteus medius 
steaks was similar (P ≥ 0.05) between quality grades (37.9 and 43.5% for US Select and Choice, respectively), 
but increased (P ≤ 0.05) with postmortem storage and was greater (P ≤ 0.05) in US Select gluteus medius 
steaks (71.6%) than in US Choice (58.4%) steaks after 42 d. Sarcomere length of gluteus medius steaks was 
not affected (P ≥ 0.05) by USDA quality grade or postmortem aging. The Pearson correlation coefficient 



between slice shear force and desmin degradation in gluteus medius steaks was -0.31 (P = 0.02). A stronger, 
negative correlation (r = -0.61; P ≤ 0.001) was observed between slice shear force and sarcomere length in the 
gluteus medius. Slice shear force was not affected (P ≥ 0.05) by quality grade in the triceps brachii (13.3 and 
13.4 kg for Choice and Select, respectively). Postmortem aging reduced (P ≤ 0.05) slice shear force values in 
the triceps brachii (14.2 and 12.5 at 14 and 42 d, respectively). At 14 d postmortem, US Select triceps brachii 
steaks had less (P ≤ 0.05) desmin degraded than did steaks from Choice carcasses (22.1 versus 39.4%). How-
ever, after 42 d of postmortem aging, desmin degradation had increased in cuts from both quality grades and 
was similar (P ≥ 0.05) between US Choice and Select triceps brachii steaks (67.8 and 72.0%, respectively). 
Sarcomere length was not affected by quality grade or postmortem aging in triceps brachii steaks. Desmin 
degradation in triceps brachii steaks was moderately negatively correlated (r = -0.36; P ≤ 0.01) to slice shear 
force, while a lower, negative correlation (r = -0.22; P = 0.09) was detected between sarcomere length and 
slice shear force. These data indicate that proteolysis contributes to variation in tenderness of gluteus medius 
and triceps brachii steaks, while sarcomere length contributes to variation in tenderness of gluteus medius 
steaks.
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    14P    Within muscle variation in color and pH of beef semimembranosus.  M. S. Lee*, J. W. S. Yancey, 
J. K. Apple, J. T. Sawyer, and R. T. Baublits, University of Arkansas, Fayetteville.

A trial was conducted to measure within muscle variation in color and pH on the semimembranosus (SM), a 
muscle highly affected by chilling rate. Semimembranosus muscles from Prime (Pr), Choice (Ch), and Select 
(Se) (3/quality grade) were cut into 1.91-cm-thick steaks and numbered (1 through 10), beginning at the dorsal 
end. Steaks were subsequently divided into four quadrants (A, B, C, and D). Quadrants A and B were medial 
to C and D, and A and C were anterior to B and D, whereas quadrant C was closest to the femur, the most 
interior portion of the muscle. Steaks were allowed to bloom for at least 30 min, and instrumental color (L*, 
a*, and b*) was measured on each quadrant by three random scans, using the HunterLab MiniScan Spectro-
photometer. Values from Illuminants A and C were analyzed throughout the trial, but the differences between 
the two were minimal, therefore data from Illuminant A will only be presented unless otherwise noted. Addi-
tionally, two random pH readings were taken on each quadrant. When comparing color differences, the steaks 
from the ventral portion were generally lighter, redder, and more yellow than those from the dorsal portion. 
Furthermore, quadrant C had the highest (P < 0.05) L*, a*, and b*, whereas the most exterior quadrant (B) 
had the lowest (P < 0.05) values for L*, a*, and b*, with quadrants A and D having intermediate color values. 
Within Pr, pH was elevated (P < 0.05) in quadrant C in the ventral half of the SM, but pH did not differ among 
the other three quadrants. In Ch and Se grade SM, quadrant C had a higher pH than the other quadrants, 
whereas quadrant B generally had the lowest pH. For the entire study, pH was minimally correlated to L* 
(r = 0.20, P < 0.01). Conversely, within the Ch and Se grades of the SM, the relationship of L* and pH was 
improved (r = 0.41 and r = 0.43, respectively). In Pr, however, L* was not significantly correlated with pH (r 
= 0.05) when Illuminant A was used, but, when Illuminant C was used, the relationship was the strongest (r = 
0.51, P < 0.01). Moreover, L* was not significantly correlated with pH, within quadrants A, B, and C, whereas 
L* was related to pH (r = 0.27) for quadrant D. Traditionally, light meat color has been associated with low 
pH; however, unexpectedly these results indicated the quadrant with the lightest color meat had the highest 
pH.
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    15P    Impact of muscle type and sodium chloride concentration on the quality, sensory, and instru-
mental color characteristics of solution enhanced whole-muscle beef.  C. W. Rowe*1, R. T. Baublits1, F. W. 
Pohlman1, A. H. Brown, Jr.1, E. J. Yancey2, and Z. B. Johnson1, 1University of Arkansas, Fayetteville, 2Tyson 
Foods, Inc., Rogers, Arkansas.

Beef biceps femoris (n=10; muscle sections, n=20; BF), infraspinatus (n=10; muscle sections, n=20; IS), and 
longissimus (n=10; muscle sections, n=20; LM) muscles were utilized to evaluate the effect of enhancement 



with phosphate and varying levels of sodium chloride in beef muscles differing in composition and palat-
ability. Muscles were untreated or solution enhanced to 112% of raw product weight with sodium tripoly-
phosphate at 0.4% of product weight (STPP), or STPP and sodium chloride (NaCl) at 0.5%, 1.0% or 1.5% of 
product weight. There was a quadratic relationship (P = 0.04) for percent free water to decrease and a linear 
relationship (P < 0.01) for cook yield to increase as the level of NaCl increased. The IS steaks required less (P 
< 0.05) shear force than either the BF or LM, with the BF and LM having similar (P > 0.05) shear force values. 
There was a linear relationship (P < 0.01) for shear force values to decrease with increasing salt concentration. 
Steaks from all four enhancement treatments had lower (P < 0.05) shear force values than untreated steaks. 
Sensory overall tenderness ratings revealed that the IS and LM were similar (P > 0.05) and superior (P < 0.05) 
to the BF in tenderness. Steaks enhanced with STPP and 0.5, 1.0, or 1.5% NaCl all were rated more tender 
(P < 0.05) than untreated or STPP-only treated steaks. The BF exhibited the lowest (P < 0.05) L* (lightness) 
and a* (redness) values, as well as decreased (P < 0.05) vividness. The LM generally exhibited superior color 
to the other two muscle types. There was a linear relationship (P < 0.01) for L*, a*, b* (yellowness) values, 
and vividness to decline with increasing salt concentration, but steaks enhanced with STPP and 0.5% NaCl 
were similar (P > 0.05) in a* values and vividness to untreated steaks. These results suggest that across three 
different muscles varying in composition and palatability, enhancement with 0.4% STPP and 0.5% NaCl 
allowed for improvements in palatability while minimizing the color deterioration associated with phosphate/
salt enhancement.

Key Words: beef, enhancement, palatability

    16P    Sarcomere length influences in vitro calpain-induced proteolysis of beef myofibrils.  A. D. 
Weaver*1, B. C. Bowker2, and D. E. Gerrard1, 1Purdue University, West Lafayette, Indiana, 2USDA-ARS, Food 
Technology and Safety Laboratory, Beltsville, Maryland.

Muscle shortening and postmortem proteolysis are both well established mechanisms shown to influence beef 
tenderness. In theory, the inherent myofibril structure, and the extent of overlap between myosin and actin 
filaments could affect the availability of substrates for degradation by the calpain protease system. However, 
limited evidence for such an interaction exists. Therefore, the objective of this study was to determine the 
influence of sarcomere length on postmortem proteolysis and beef tenderness. A model was first developed to 
control muscle shortening and evaluate the effect of sarcomere length on tenderness. Bovine semitendinosus 
and psoas major muscles were excised within 30 min postmortem and strips were dissected along the long 
axis of the muscle. Strips were either stretched to increase sarcomere length or shortened by rapid chilling. 
At 36 h postmortem, post-rigor muscle strips were divided into sections for myofibril isolation and Warner-
Bratzler shear force (WBSF) analysis. Purified myofibrils were subjected to phase-contrast microscopy for 
sarcomere length determination. Results indicate a significant correlation (R2 = .84) between sarcomere length 
and cooked WBSF values. To study the effect of sarcomere length on postmortem proteolysis, semitendino-
sus muscle from one crossbred steer was subjected to the aforementioned protocol to generate myofibrils 
with long and short sarcomere lengths. Myofibrils were then incubated at room temperature with exogenous 
µ-calpain and CaCl

2
. Aliquots were removed after 0, 2, 15, 60, 120, 1440 or 2880 min of incubation. Samples 

were immediately denatured, and proteoloysis was monitored using SDS-PAGE and western blotting analyses 
with a monoclonal antibody against troponin T (TnT) and a horse-radish peroxidase conjugated secondary 
antibody. As anticipated, sarcomere length was shorter in rapidly chilled muscle strips compared to those held 
in a stretched state during rigor development (1.55 µm ± 0.12 vs. 2.57 µm ± 0.17). WBSF was greater in 
shortened samples compared to stretched muscle samples (15.9 kg ± 2.17 vs. 5.9 kg ± 0.71). Western blot 
analysis indicated differing rates of TnT proteolysis in myofibrils with different sarcomere lengths. Disap-
pearance of the intact TnT complex was greater in myofibrils with longer sarcomere lengths. These data show 
that myofibrils with shorter sarcomere lengths experience less TnT proteolysis in vitro and suggest that aging-
induced tenderization may be sarcomere length dependent. Further studies are necessary to determine the 
effect of sarcomere length on degradation of other key myofibrillar proteins.

Key Words: tenderness, sarcomere, calpain



    17P    Establishing an appropriate gold standard for measuring performance of VIA system beef 
carcass marbling scores.  C. B. Moore*, K. E. Belk, J. A. Scanga, J. D. Tatum, and G. C. Smith, Colorado 
State University, Fort Collins.

An instrument grading system improving accuracy and consistency of beef carcass marbling score (MS) 
assignment would advance assessment of true carcass merit and lead to better price discovery in the beef 
industry. This three-phase study was conducted in part to develop an appropriate USDA performance standard 
with which to evaluate a video image analysis system′s ability to accurately and precisely predict MS. In 
Phase I, expert carcass MS were assigned to carcasses (n=1,104) independently by one out of a pool of twelve 
USDA grading supervisors to develop a regression equation (Eq. 1) for the Computer Vision System (CVS) to 
assign MS; Eq. 1 subsequently was tested against a validation data set (n = 241) where a three-member expert 
panel determined a consensus MS (r2 = 0.85 and 0.80, Root Mean Square Error [RMSE] = 46.0 and 47.5 MS 
units, y-intercept [Y-INT] = 0.6 and -14.7, and slope [SLP] = 1.00 and 1.03, respectively). The draft USDA 
instrument performance standard requires r2 > 0.9, RMSE < 35 MS units, Y-INT = 0 + 30, and SLP = 1 + 0.1 
for instruments and only includes carcasses in which three independent expert MS are within 50 MS units of 
the mean of the three experts (″Gold Standard″). In Phases II and III, the same three-member USDA expert 
panel each independently assigned MS to 1,068 and 1,242 stationary carcasses, respectively, and the mean 
expert MS was calculated for each carcass. Three additional CVS prediction equations (Eq. 2, 3, and 4) were 
developed using Phase II data and evaluated in Phase III. Stationary triple-trigger repeatability of the CVS in 
Phase II (n = 262), measured as the percentage of total variance explained by among-carcass variance, was 
99.9%. During Phases II and III, CVS Eq. 1 predicted MS (at commercial chain speeds; “Gold Standard” n 
= 903 and 1,059, respectively) with r2 = 0.89 and 0.90 and RMSE = 38.3 and 34.3, respectively; but a major 
difference in Y-INT (-68.5 and -0.5, respectively) was noted. Therefore, Eq.1 did not meet the draft USDA 
performance standard in Phase II, but met the standard in Phase III; Eq. 2, 3, and 4 easily met the standard 
in Phase II (r2 = 0.92, 0.92, 0.92, RMSE = 32.7, 32.4, 32.5, Y-INT = -2.4, 3.7, -0.3 and SLP = 1.01, 1.00, 
0.99, respectively), but failed to meet the standard in Phase III (r2 = 0.89, 0.90, 0.80, RMSE = 34.9, 34.2, 
34.8,Y-INT = 42.3, 25.7, 35.8, and SLP = 0.78, 0.77, 0.78, respectively). Given the repeatability of CVS, 
changes in Y-INT and SLP for all equations indicated a shift in the ″Gold Standard″ MS line between Phases 
II and III. One independent expert had the highest mean MS for all carcasses in Phase II, yet had the lowest 
mean MS in Phase III, resulting in a reduction in the mean ″Gold Standard″ MS line between Phases II and 
III. Inconsistency of expert MS assignment between Phases II and III limited the ability of the CVS to predict 
MS. Therefore, more restrictive ″Gold Standard″ evaluation data or, alternatively, development of an exten-
sive database of images with assigned expert MS, was recommended to validate accuracy and precision of a 
system′s ability to assess MS.
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    18P    Identification of off-flavor compounds in beef.  J. M. Hodgen*, S. L. Cuppett, and C. R. Calkins, 
University of Nebraska, Lincoln.

Flavor is an important factor in beef palatability. Volatile compounds are a source of off-flavor, thus minimiz-
ing off-flavors is vital to maintaining consumer satisfaction. The objective of this research was to identify 
differences in volatile compounds between steaks with liver-like off-flavors and normal samples. Infraspi-
natus (INF), Triceps brachii (TRI), Rectus femoris (REC), Vastus lateralis (VAL), and Vastus intermedius 
(VAI) were evaluated. These muscles from USDA Select carcasses were identified as liver-like or normal by 
a trained taste panel with normal classification having an off-flavor rating of 5 or above on an 8-point scale. 
Five grams of the raw, homogenized sample and 10 mL of distilled water were added to vials and analyzed 
with a purge and trap gas chromagraph system from 30°C to 80°C. An 11 min purge at 30°C was collected in 
the trap and allowed to desorb for 4 min. Using a 30 m, 0.25 mm ID, and 0.25 µm film thickness column, the 
volatile compounds were injected, held at 40°C for 4 min followed by an 8°C/min ramp to 250°C, and held 
for 10 min. Compounds were identified with a mass spectrometer. Thirty-eight to 74 volatile compounds were 
present in the samples with normal TRI having the least compounds and normal VAI having the most. Differ-
ences in the presence and concentration of compounds were noted between liver-like and normal samples, as 
well as between muscles. Several small, unidentified peaks were absent in liver-like samples, but present in the 
normal. Furthermore, approximately 4 peaks were present in the liver-like samples, but absent in the normal 



samples. When the concentration of the compounds was different, the normal samples typically had lower 
concentrations than the liver-like. The REC had the fewest compound concentration differences between 
the 2 types of samples. Most of the compounds found in greater amounts in the liver-like samples are associ-
ated with lipid oxidation, such as pentanol, hexanal, hexanol, 1-octen-3-ol, and nonanol. Differences were 
observed in volatile compounds between liver-like and normal beef muscles from the chuck and round.

Key Words: beef, flavor, volatile compounds

    19P    Correlation of pH measurement time and fresh pork loin quality.  A. C. Dilger*1, B. S. Bidner1, J. 
M. Eggert2, J. W. Day2, S. N. Carr3, M. Ellis1, and F. K. McKeith1, 1University of Illinois, Urbana, 2Monsanto 
Choice Genetics, St. Louis, Missouri, 3Elanco Animal Health, Greenfield, Indiana.

Measuring pH after slaughter is considered to be a standard approach to predict and assess pork quality; how-
ever, pH measurement time varies in the meat industry. Therefore, the objective of this study was to determine 
the correlation between pH at various time points after slaughter and quality of fresh pork loin. Barrows and 
gilts (n = 988) from one maternal line, sired from four commercially available terminal lines were harvested 
at one plant on six days over a two-month period. pH was recorded 45 min, 3 h and 24h post-mortem. Pack-
aged loins were transported to the University of Illinois Meat Science Laboratory for evaluation of meat qual-
ity traits. Loins evaluated (n = 845) were classified based on ultimate pH into 4 categories: Low/PSE (<5.4), 
Low/Normal (5.5-5.7), High/Normal (5.8-6.0), High/DFD (>6.1). A majority of loins (53.2%) were classified 
as Low/Normal while 37.2 % were classified as High/Normal, 8.1% were classified as High/DFD, and only 
1.3% were classified as Low/PSE. Meat quality traits were different among these pH categories. Correlation 
coefficients were calculated between pH (45 min, 3 h and 24 h) and meat quality traits. Regression analysis 
was performed using 45 min, 3 h and 24 h pH as independent variables, and all three variables were included 
in stepwise regression analysis. pH at 45 min or 3 h could not account for more than 15% of the variation in 
any one trait measured. pH at 24 h, however, accounted for more than 15% of the variation in subjective color, 
Hunter L*, 21 d purge loss, and cooking loss. Stepwise regression equations confirmed that 24 h pH was the 
best predictor of key meat quality traits as 45 min and 3 h pH accounted for less than 5% of the variation 
when included in equations. These results suggest that pH at 24 h post mortem is the best predictor of pork 
quality characteristics in this population, and the addition of 45 min or 3 h pH is of little value in predicting 
pork quality.

Key Words: pork, quality, pH

    20P    Contribution of day of slaughter and gender to variability in fresh pork loin quality.  A. C. 
Dilger*1, B. S. Bidner1, J. M. Eggert2, J. W. Day2, S. N. Carr3, M. Ellis1, and F. K. McKeith1, 1University of 
Illinois, Urbana, 2Monsanto Choice Genetics, St. Louis, Missouri, 3Elanco Animal Health, Greenfield, Indi-
ana.

Producing consistent and high quality products is a goal of the meat industry, and therefore it is of interest 
to identify factors that influence variability in pork quality. The objective of this study was to determine the 
contributions of day of slaughter and gender to variability in meat quality from a single population. Barrows 
and gilts (n = 988) from one maternal line, sired from four commercially available terminal lines were reared 
on one farm and slaughtered at one plant on six days during a two-month period. pH was recorded 45 min, 3 
h and 24 h post-mortem. Packaged loins were transported to the University of Illinois Meat Science Labora-
tory for evaluation of meat quality traits. Meat quality traits were different between the six slaughter days. 
Carcasses from slaughter d 4 had the highest 45 min and 3 hr pH while loins from this day had the highest 
subjective marbling scores among all slaughter days (P < 0.05). Loins from carcasses harvested on d 1, how-
ever, had lower subjective marbling scores compared to the other slaughter days (P < 0.05). Loins from bar-
rows had higher firmness scores and subjective marbling scores, and greater percentage of intramuscular fat 
compared with gilts (P < 0.05) while gilts produced pork with a slightly darker color as indicated by lower L* 



values for each location and evaluation time. Therefore, these results suggest a proportion of the variation in 
meat quality can be attributed to both differences in day of slaughter and variability between genders.

Key Words: pork, quality, variability

    21P    Effect of freezing on the quality of Camel meat in comparison with beef.  R. Shariatmadari* and 
M. Kadivar, Isfahan University of Technology, Isfahan, Iran.

In this study several physicochemical and functional properties of Iranian camel meat and the effects of freez-
ing were investigated and compared with those of beef. Six Iranian Zaboli camels (3 camels aged approxi-
mately 3 years old and the others 5 years old) and six hybrid Holstein cows (aged similar to the camels) were 
randomly selected. Cows were stunned in the range of 150-180 mv before slaughtering. Intact samples from 
leg (each 5 Kg) were obtained within 45 min after slaughtering. Samples from 3 year old animals used to 
determine the physicochemical properties of meat, sub sampled at 5 h postmortem. Then the remaining lot of 
each sample stored at -20°C for a maximum period of 5 months and sub sampled at months 2 and 5 of storage. 
Physicochemical properties include pH, tenderness, water holding capacity (WHC), cooking loss, tyrosine 
value, extract release volume (ERV), TBA, and color. Samples from 5 years old animals sub sampled after 24h 
postmortem used to determine functional properties of meat. The remaining lot of each sample stored at -20°C 
and sub sampled after 2 and 5 months frozen storage. Functional properties include pH, WHC, emulsifying 
capacity (EC), emulsion stability (ES), foaming capacity (FC), foam stability after 10, 30 and 60 min (FS10, 
FS30, FS60), and buffering capacity (BC) over the pH ranges pHu-4.5 and pHu-7. Collected data were 
compiled in split plot design format and analyzed by analysis of variance (ANOVA) and Duncan multiple 
range tests using SAS statistical analysis software. All measurements were taken in duplicate. With regard 
to the physicochemical properties, fresh camel meat and beef (5h postmortem) were similar in all factors 
except pH, tyrosine, TBA value and redness (p<0.05). Frozen storage affected all parameters except tender-
ness (p<0.514), ERV (p<0.159), and color L (p<0.560), and b (p<0.460) values significantly. WHC and pH 
decreased, whereas cooking loss, tyrosine and TBA values increased due to freezing. Although fresh camel 
meat had a smaller “a” value than beef, during frozen storage, the redness of camel meat increased sig-
nificantly, whereas that of beef showed a non-significant decrease (p<0.05). With regard to the functional 
properties results indicated no significant difference between camel meat and beef in pH (p<0.064), WHC 
(p<0.821), FC (p<0.552), FS10 (p<0.527), FS30 (p<0.469), FS60 (p<0.305), BCpHu-4.5 (p<0.063) and 
BCpHu-7 (p<0.853). However, Camel meat showed higher EC (M=45.46) and ES (M=71.23) relative to 
beef (resp. M=43.83 and M=66.22). Freezing caused significant differences: EC, ES, FS and BC increased, 
whereas pH and WHC decreased. Although fresh camel meat had lower emulsifying properties than beef, it 
showed more EC and ES after 2 and 5 months storage relative to beef (p<0.05). Generally, our findings sug-
gest that meat quality (within the parameters of present study) is mainly affected by freezing rather than by 
species. The meat of camels 5 years old or less is comparable in physicochemical and functional properties to 
beef. Also, it seems that frozen storage up to 5 months mainly has similar effect on both species.

Key Words: camel meat, functional properties, frozen storage

    22P    Qualitative characteristics of beef value cuts from Holstein and Angus cattle.  E. E. Helman*, 
C. S. Quinlan, N. L. Berry, C. S. Abney, C. P. Allison, S. R. Rust, W. N. Osburn, and M. E. Doumit, Michigan 
State University, East Lansing.

Our objective was to determine the acceptability of value cut muscles from the chuck and round of Holstein 
beef carcasses. Calf-fed Holstein steers (Holstein), Holstein steers implanted with Ralgro on days 1 and 
112 and Synovex-S on day 196 in the feedlot (Holstein-Implant) and yearling Angus steers implanted with 
Ralgro on feedlot day 1 and Synovex-S on day 84 (Angus) were used. Initial weights of Holstein and Angus 
cattle in the feedlot were 173 and 435 kg, respectively. USDA Choice carcasses of fourteen cattle from each 
group were selected, and the average carcass weight was similar (368 kg) among groups. Value cut muscles 
included triceps brachii long head (TBLG), triceps brachii lateral head (TBLT), infraspinatus (IS), teres 
major (TM), rectus femoris (RF), vastus lateralis (VL) and biceps femoris (BF). Longissimus muscle (LM) 



was removed between the 9th and 12th rib of each carcass. Muscles were vacuum-packaged and aged for 14 
days at 4°C prior to fabrication into steaks. Muscle pH, proximate composition and collagen content were 
generally similar among carcass groups. Longissimus and TM muscles had the lowest total collagen (~5.3 
mg/g), whereas the VL muscle had the highest collagen concentration (10.2 mg/g). Fluid loss from samples 
subjected to centrifugation (30,000 x g) was generally similar within muscles across breed or implant groups. 
With the exception of IS steaks, steaks from Holstein-Implant muscles retained more moisture than those 
of either Angus or Holstein (P < 0.05) when packaged on Styrofoam trays for 7 d. Color (CIE L*a*b*) of 
steaks over-wrapped with oxygen-permeable film was measured on d 0, 3 and 7 after steak fabrication. Color 
of Holstein and Angus muscles was similar on the day of steak fabrication, but Holstein BF, TBLG and VL 
muscles had lower (P < 0.05) L*a*b* values and greater discoloration by d 3 of display. Angus IS, TM and 
RF muscles also had higher a* and b* values by day 3 than those of both Holstein groups. With the exception 
of the LM, Angus-derived muscles had less (P < 0.05) total heme pigment than Holstein-derived muscles. 
Steaks (2.54 cm-thick; cut from muscle frozen at 14 d postmortem) were broiled at 104°C in a clamshell 
grill to an internal temperature of 71°C. Warner-Bratzler shear force values were similar among breed and 
implant groups but were variable among muscles. The IS was most tender (2.0 kg) and VL was least tender 
(5.2 kg). Trained sensory panelists rated Holstein and Angus LM juiciness and tenderness similarly. Holstein 
BF, TBLG, and IS were perceived as more juicy and BF, TBLT, and TM steaks were perceived as more tender 
than those of Angus or Holstein-Implant groups (P < 0.05). Holstein TBLG and VL were also scored as more 
tender than Angus TBLG and VL muscles (P < 0.05). Although off-flavor scores were generally low for all 
muscles, chuck and round value cut muscles from Holstein beef had lower (P < 0.05) off-flavor scores than 
those from Angus. We conclude that sensory characteristics of Holstein value cuts are as good as or better than 
those from Angus beef. However, when compared with Angus value cut muscles, several Holstein muscles 
exhibit inferior color stability under retail storage conditions.

Key Words: Holstein beef, chuck, round

    23P    Hyperspectral imaging: A non-invasive technique to predict beef tenderness.  L. M. Grimes*, G. 
Konda Naganathan, J. Subbiah, and C. R. Calkins, University of Nebraska, Lincoln.

Tenderness is an influential component of palatability and consumer satisfaction, and consumers have shown 
a willingness to pay a premium for guaranteed tender steaks. A long term goal of the industry has been 
to develop a non-invasive, online method of tenderness prediction. Hyperspectral imaging is a technique 
whereby multiple reflectance images are captured at regular intervals along a spectral axis. Thus, each pixel 
in a hyperspectral image has spectral reflectance data. In contrast, near-infrared spectroscopy measures spec-
tral reflectance of an entire field of view rather than a single pixel. The objective of this research was to 
develop a hyperspectral imaging system that accurately predicts beef tenderness. A hyperspectral imaging 
apparatus was constructed by integrating a visible/near-infrared digital video camera (400-1000 nm) and a 
spectrograph. Spatial and spectral calibrations were performed. A diffuse-flood lighting system was designed 
using tungsten-halogen lamps and a dome with a white reflectance coating. USDA Choice and Select grade 
longissimus steaks (n=111) from between the 12th and 13th ribs were frozen 14 d post-mortem and thawed 
overnight. They were placed on a moving platform and scanned by the camera to obtain a three-dimensional 
data cube (reflectance by two-dimensional position). Images were obtained at wavelength intervals of 2 nm. 
Steaks were cooked immediately on a belt cooker and slice shear force values were obtained. A 200 by 300 
pixel region of the image was selected for analysis. The region of interest was in the approximate location 
where slice shear force samples were obtained. Principal component analysis was carried out to reduce the 
dimension along the spectral axis. Over 90% of the variance of all bands in the image was explained by 
the first five principal components. On each principal component image, co-occurrence matrix analysis was 
conducted to extract eight image-textural features; thus a total of 40 image-textural features were actually 
obtained from each steak. To reduce the number of features and predict three tenderness categories (tender - 
slice shear force <= 21 kg; intermediate - 21.1 to 25.9 kg; tough => 26 kg), a canonical discriminant model 
was developed. With leave-one-out cross validation procedures, the model predicted the three tenderness cat-
egories with 96.5% accuracy. The method correctly classified 93 tender, 9 intermediate, and 5 tough samples, 
incorrectly classified 3 intermediate samples as tender, and incorrectly classified 1 tender sample as intermedi-
ate. All tough samples were correctly identified. This hyperspectral imaging system was effective in predict-
ing beef tenderness.

Key Words: hyperspectral imaging, beef, tenderness



    24P    Consumer acceptability and palatability of youthful and mature ground beef at varying lean 
levels.  C. Alexander, M. Tittor*, and M. Miller, Texas Tech University, Lubbock.

Consumer demands for consistent, high quality, ground beef dictate that these beef products should be sup-
plied for consumption. The objectives of this study were to determine the levels of mature ground beef that 
can be blended with youthful ground beef to be acceptable to sensory and consumer panelists and to determine 
shelf-life differences. Two levels of maturity (A and D or greater maturity) were used to formulate five mixed 
maturity groups. Three lean levels (90, 85, and 75% lean) with five levels of mature beef (0, 25, 50, 75 and 
100% maturity) were used in formulation of 15 treatments. Fifty patties were formed from each treatment. 
Lean level affected (P < .05) sensory beef flavor and flavor intensity, Instron hardness and cohesiveness, d 1 
color, surface discoloration, a* value and amount of oxymyoglobin. Maturity level affected (P < .05) sensory 
tenderness and springiness, Instron hardness and cohesiveness, d 1 visual color, surface discoloration, L*, a*, 
b*, C*, hue angle and consumer assessments of tenderness, juiciness, flavor and overall acceptability. Incor-
porating up to 50% mature beef for 85 and 90% lean and up to 75% mature beef for 75% lean had no effect 
(P > .05) on most sensory attributes, Warner Bratzler Shear (WBS) force values, visual color and consumer 
evaluated attributes. Additionally, incorporation of mature beef improved (P < .05) shelf life, with greater than 
50% maturity having higher visual and objective color scores than formulations with less mature beef. All 
scores by the sensory and consumer panels were acceptable for all traits. Incorporating mature ground beef 
with youthful ground beef at levels up to 50% for 85 and 90% lean and 75% for 75% lean, will enable the beef 
industry to add value to mature ground beef.

Key Words: consumer acceptability, ground beef, mature beef

    25P    Effect of front limb bone circumference on pork lean quality.  C. C. Carr*, D. J. Newman, M. H. 
Ryan, G. K. Rentfrow, E. K. Burger, I. P. Shann, and E. P. Berg, University of Missouri, Columbia.

As lean gain in pigs is continually maintained to heavier end weights, selection is indirectly made against 
bone circumference, a phenotypic trait associated with growth and durability. Continued selection for lean 
gain per day of age has indirectly had negative repercussions on pork lean quality via increased lean mass and 
muscle metabolism. The present study was conducted to evaluate the effect of front limb bone circumference 
and carcass traits on lean quality parameters. Market hogs (n =112) at an average live weight of 125 kg were 
harvested. At the harvest floor grading station, hot carcass weight was recorded. Additionally, the Carcass 
Value Technology (CVT) system was used to evaluate average fat depth and loin muscle depth for the calcula-
tion of percent muscle. Early post-mortem pH was measured in the LM at 1 h following harvest. Front limb 
bone circumference was measured in the carcass cooler with a measuring tape around the radius and ulna, 
immediately proximal to the carpus. Ultimate pH, Hunter L*, subjective color and firmness scores, and drip 
and purge loss percentages were collected from LM 24 h following harvest. Hot carcass weight was positively 
correlated (P < 0.01) with loin muscle depth (r = 0.23), but was not correlated (P > 0.10) with average fat 
depth, percent muscle, or any lean quality trait. As expected, average fat depth was negatively correlated (P 
< 0.001) with percent muscle (r = -0.82) and was positively correlated (P < 0.03) with subjective firmness 
scores (r = 0.21). However, average fat depth was not correlated with (P > 0.08) hot carcass weight, loin 
muscle depth, or any lean quality trait except for lean firmness. Loin muscle depth was positively correlated 
(P < 0.001) with percent muscle (r = 0.70), but was not correlated (P > 0.08) with average fat depth, or any 
lean quality trait except for drip loss percentage which was negatively correlated (r = -0.20; P < 0.04). Bone 
circumference was positively correlated (P < 0.001) with hot carcass weight (r = 0.40) and negatively cor-
related (P < 0.05) with purge loss percentage (r = - 0.19) and 45 minute pH (r = - 0.22). Bone circumference 
was not correlated (P > 0.10) to fat thickness, loin muscle depth, percent lean yield, ultimate pH, subjective 
lean color or firmness, and Hunter L* values. Subjective or objective assessment of bone circumference could 
serve as a predictor of purge loss percentage.

Key Words: bone circumference, pork, lean quality



    26P    Antioxidant, color and sensory properties of sorghum bran in pre-cooked ground beef patties 
varying in fat.  D. K. Shin*, R. K. Miller, J. T. Keeton, L. W. Rooney, and R. D. Waniska, Texas A&M Uni-
versity, College Station.

To evaluate the effect of currently used antioxidants and sorghum bran in pre-cooked beef patties with two 
different fat levels (10 and 27 %, w/w), pre-formulated ground beef was purchased at a retail store on three 
different days. Within a processing day and a fat level, ground beef was weighed and randomly assigned to 
antioxidant treatment of control, BHA/BHT (0.001%, respectively), rosemary in oil (0.25 %) or sorghum bran 
(0.25, 0.5 and 1.0 %). After mixing, patties, 200 g, were hand-formed, and pH and objective color measure-
ments for each raw patty were performed. All raw patties were then pre-cooked and removed when they 
reached an internal temperature of 73°C. After cooling, two patties were packaged on a foam tray with PVC 
film and stored at 4°C. Four patties were used for instrumental and sensory testing. Two patties per treat-
ment were used to determine values for pH, non-heme iron content, thiobarbituric acid reactive substances 
(TBARS), and objective color evaluation on days 0, 1, 3 and 5 of storage. The non-heme iron content was 
measured on day 0 and 5, and two other patties per treatment were used for trained panel evaluations on stor-
age days 1 and 5. The addition of BHA/BHT and rosemary extract to patties reduced non-heme iron content, 
TBARS values, and cooked beef fat flavor attributes, but increased beef/brothy flavor attributes, when com-
pared to control patties (P<0.05). As sorghum bran levels increased, cooked beef patties were darker (P<0.05), 
less yellow (P<0.05), had higher non-heme iron (P<0.05), lower TBARS (P<0.05) and higher sandy/gritty 
(P<0.05) sensory texture. Cooked patties containing antioxidant treatments did not differ in other sensory 
attributes (P>0.05). Fat mouthfeel of control patties were higher than treated (P<0.05). The sorghum bran 
delayed lipid oxidation by reducing TBARS values and cooked beef fat flavors and when used at 0.25 and 0.5 
% minimal effects of color and sensory attributes were reported.

Key Words: lipid oxidation, sensory, sorghum bran

    27P    Factors contributing to the incidence of “dark cutting” condition in beef carcasses and manage-
ment strategies to prevent reductions in value as a result of their occurrence.  T. W. Cook, A. W. Tittor, 
T. M. Herod*, J. D. Kellermeier, D. D. Harris, M. G. Tittor, K. D. Adams, J. C. Brooks, J. R. Blanton, and M. 
F. Miller, Texas Tech University, Lubbock.

A significant reduction in value of beef carcasses occurs at the slaughter plant because of a condition known 
as ″dark cutting″. Dark cutter result from a depletion of glycogen in the muscle of a live animal, interfere with 
the normal postmortem pH decline, and cause the meat to be very dark in color. This study was designed to 
use proprietary commercial feedlot and slaughter plant data obtained and recorded by Texas Tech University 
personnel to determine what biological and management factors contribute to the incidence of dark cutting 
beef carcasses within Texas Panhandle cattle. A total of 272,936 cattle in 2,082 pens were evaluated over a two 
year period. 4,460 (1.6%) cattle where found to be characterized as dark cutters. Data were analyzed by GLM 
procedures of SAS to determine significance of each main effect on the percentage of dark cutters per pen. 
Steers produced the highest percentage of dark cutters per pen, but were not significantly different (P > 0.05) 
from heifers or pens of mixed steers and heifers. Carrying of cattle overnight at the slaughter plant, biological 
type, slaughter plant*gender, gender*mixing of cattle and feedlot* mixing of cattle interactions affected dark 
cutter incidence. Carrying of cattle overnight at the slaughter plant increased the percentage of dark cutters 
from 1.0 to 2.7%. Pens containing predominantly 50% Bos taurus and 50% Bos indicus cattle produced the 
highest (P < 0.05) percentage of dark cutters per pen. Weather data indicate that the Texas Panhandle cattle 
do not adjust to cold temperatures as well as they adjust to warm temperatures. As the difference between 
minimum and maximum temperatures increased, the percentage of dark cutters also increased. The highest 
percentage (1.9%) of dark cutters occurred when the difference in maximum and minimum ambient tempera-
tures varied from 10 to 14° C. The lowest of dark cutter incidence (0.6%) occurred when the temperature 
range was 25 to 29° C. Therefore, to reduce the incidence of dark cutters, cattle need time to adjust to the 
changing weather conditions. Furthermore, the management of cattle in feedlots should be altered to reduce 
the incidence of dark cutting beef when the temperature ranges exceed 10 to 15° C. During times of climatic 
stress, feed or water additives that increase blood glucose, such as an electrolyte solution, should be utilized. 
This study shows that percentage of dark cutters can be reduced by feeding cattle of similar breed types in a 



pen, not mixing cattle from different pens before slaughter, and not holding cattle overnight at the slaughter 
plant.

Key Words: dark cutter, meat quality
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    28P    Utilization of probiotic Lactobacillus strains in the production of fermented sausage.  R. E. F. 
Macedo*1, S. B. Pflanzer Jr.1, N. N. Terra2, and R. J. S. Freitas2, 1Pontifícia Universidade Católica do Paraná, 
Curitiba, Paraná, Brazil, 2Universidade Federal do Paraná, Curitiba, Paraná, Brazil.

Probiotics are defined as cultures of live microorganisms that have beneficial effect on the health of the host 
when ingested in certain amounts. Probiotic Lactobacillus strains originated from intestinal tracts have been 
widely used in dairy products. Recently, attention has been directed to the use of probiotic in meat products. 
The utilization of probiotic in meat products such as fermented sausages could improve their marketing poten-
tial since in some countries these products are not considered “health foods”. The objective of this study was 
to investigate the effect of probiotic Lactobacillus strains in the technological and sensory characteristics of 
fermented sausage as well as the survival of the probiotic strains during manufacture of the product. Three 
different Lactobacillus strains, commonly applied to dairy products (Lactobacillus casei, Lactobacillus para-
casei and Lactobacillus rhamnosus) were used in this study. The formulation and preparation of sausages 
followed the recipe for Italian salami. After mixture of ingredients, sausage batter was divided in 4 batches 
and inoculated with a commercial meat starter culture (TSPX CHR Hansen) consisting of Pediococcus pen-
tosaceus and Staphylococcus xylosus. Subsequently, three of those batches were inoculated with probiotic 
Lactobacillus: Lactobacillus casei (batch 2), Lactobacillus rhamnosus (batch 3) and Lactobacillus paracasei 
(batch 4). Batch 1 was used as the control. All batches were stuffed into a 45-mm diameter casing and the 
sausages were fermented and ripened for 25 days at initial temperature of 25°C and relative humidity of 89%, 
which were gradually reduced to 18°C and 75%, respectively, during the manufacture. The physical chemi-
cal and microbiological changes in the sausages were monitored after 1, 3, 5, 7, 11, 14, 21 and 25 days of fer-
mentation and ripening, while the sensory evaluation was performed after 25 days of processing. The results 
showed that the presence of probiotic Lactobacillus in the sausages resulted in faster and higher pH decrease 
in batches 2, 3 and 4 compared to the control (batch 1). The lower pH values affected the taste of probiotic 
sausages, increasing their acid notes, mostly in the sausage containing Lactobacillus rhamnosus (batch 3), 
which showed lower scores in the sensory evaluation. The lactobacilli strains also decreased the growth of 
Staphylococcus xylosus, which caused lighter color and lower consistency in the probiotic sausages, however 
it did not affect their acceptability in sensory evaluation. All Lactobacillus strains showed increase in viable 
cell count during manufacture and remained in high number of cells until the end of ripening. In conclusion, 
the Lactobacillus strains used in this study could survive during the processing of fermented sausage and did 
not affect negatively the technological or sensory properties of sausage, although the addition of Lactobacillus 
rhamnosus resulted in higher intensity of acid taste.

Key Words: probiotics, fermented sausage, Lactobacillus

    29P    Effects of potassium lactate, sodium metasilicate, peroxyacetic acid and acidified sodium chlo-
rite on physical, chemical and sensory properties of ground beef patties.  S. A. Quilo*1, F. W. Pohlman1, 
A. H. Brown1, P. G. Crandall2, P. N. Dias-Morse1, R. T. Baublits1, and J. L. Aparicio3, 1University of Arkansas, 
Fayetteville, 2University of Arkansas, Fayetteville, 3John Brown University, Siloam Springs, Arkansas.

Prior to grinding, beef trimmings (90/10) were treated with 3% potassium lactate (KL), 4% sodium metasili-
cate (NMS), 200-ppm peroxyacetic acid (PAA) or 1000-ppm acidified sodium chlorite (ASC) or left untreated 
(CON). Beef trimmings were ground, pattied and sampled at 0,1,2,3 and 7 days of display. Ground beef pat-
ties under simulated retail display were measured for instrumental color, sensory characteristics, TBARS, pH 
and Lee-Kramer shear force to evaluate the impact of the treatments. In addition, the processing abilities were 
measured on day 0 and indicated that the NMS treated beef was similar (P < 0.05) to the CON for grind. The 
NMS treated patties and PAA patties were redder (a*; P < 0.05) than CON on days 0–3. All treatments had 



a higher (P < 0.05) saturation index (a*2 + b*2)0.5 than the CON on day 1 of display. Similarly, the estimated 
oxymyoglobin proportions of all treatments were higher (P < 0.05) than the CON on day 0 of display. Panel-
ists found NMS and PAA treated patties to have a higher (P < 0.05) overall bright red color than the rest of the 
treatments at days 0–3. Panelists also found KL, NMS, PAA, and ASC patties to have less (P < 0.05) off odor 
than CON on days 1 and 3. Sensory panelists reported no difference (P > 0.05) for beef flavor or off flavor 
among all treatments when compared to CON. Similarly, KL and ASC had lower (P < 0.05) TBARS values 
on days 3 of display and similar (P > 0.05) lipid oxidation at day 7 when compared to the CON. Therefore, 
the use of KL, NMS, PAA and ASC as intervention agents on beef trimmings before grinding, can maintain or 
enhance patty shelf life. These findings also suggest that the antimicrobial intervention with these compounds 
will not adversely affect the taste, and will improve color and odor characteristics of ground beef patties.

Key Words: ground beef patties, sensory characteristics, antimicrobials

    30P    The impact of single antimicrobial intervention treatment with potassium lactate, sodium meta-
silicate, peroxyacetic acid and acidified sodium chlorite on ground beef lipid, instrumental color and 
sensory characteristics.  S. A. Quilo*1, F. W. Pohlman1, A. H. Brown1, P. G. Crandall2, P. N. Dias-Morse1, R. 
T. Baublits1, and J. L. Aparicio3, 1University of Arkansas, Fayetteville, 2University of Arkansas, Fayetteville, 
3John Brown University, Siloam Springs, Arkansas.

Prior to grinding, beef trimmings (90/10) were treated with 3% potassium lactate (KL), 4% sodium metasili-
cate (NMS), 200-ppm peroxyacetic acid (PAA) or 1000-ppm acidified sodium chlorite (ASC) or left untreated 
(CON). Beef trimmings were ground, weighed and sampled at 0,1,2,3 and 7 of display. Ground beef under 
simulated retail display was measured for instrumental color, sensory characteristics, TBARS values, and pH 
to evaluate the impact of the treatments. Ground beef made from trimmings with KL and NMS were similar 
(P > 0.05) in L* values to the CON; however, KL, NMS, PAA and ASC had more (P < 0.05) oxymyoglobin 
proportion values than the CON. Likewise, KL, NMS, PAA and ASC were redder (P < 0.05) than the CON 
during 1–3 days of display. The KL, NMS, and PAA treatments were also more vivid (P < 0.05) in color than 
the CON on days 1–3. The stability of the estimated oxymyoglobin proportions might provide an explana-
tion for the high lightness (L*) and redness (a*) values, therefore the vividness (saturation index) was also 
higher for KL, NMS and PAA. In addition, sensory panelists found ground beef from KL, NMS, PAA and 
ASC to have higher (P < 0.05) redness values for worst point color than the CON during days 1–3 of display. 
Similarly, during days 1–3, the overall color of the samples for the KL, NMS and PAA treated ground beef 
was significantly more (P < 0.05) bright red than the CON; furthermore, the percentage of discoloration of 
KL, NMS, PAA and ASC ground beef was lower (P < 0.05) than the CON on days 0–3. The KL, NMS, PAA 
and ASC were similar (P > 0.05) to the CON in beef odor intensity. The NMS treatment had a significantly 
higher (P < 0.05) pH than the rest of the treatments which were similar (P > 0.05) to the CON on day 0 of 
display. However, on day 7 of display the pH from KL was lower than the CON ground beef. The KL, NMS, 
PAA and ASC treatments had less (P < 0.05) lipid oxidation than the CON on days 0, 3 and 7 of display. These 
results suggest that the use of antimicrobial compounds on beef trimmings prior to grinding may not adversely 
affect, and may improve bulk ground beef color, odor, pH, and lipid oxidation characteristics.

Key Words: ground beef, sensory characteristics, antimicrobials

    31P    Utilizing whey protein concentrate and whey protein isolate in coarse ground and restructured 
meat products.  R. Husak*, G. Prabhu, and L. Gottschalk, Dairy Management Inc., Rosemont, Illinois.

Whey proteins are used in meat products as binding, extending and texture modifying agents. Whey proteins 
can be used as stand-alone proteins or as partial replacement of meat proteins or other non-meat binders. They 
have been used in emulsified products for moisture and fat binding and in restructured products to improve 
firmness, enhance slicing characteristics and reduce purge.
The objectives of this study was to evaluate the functionality of whey protein concentrate (WPC) and whey 
protein isolate (WPI) when used in coarse ground and restructured meat products.
Smoked sausage was formulated with 1% WPC or WPI and 3% additional water to replace 4% lean pork. 



Evaluations for each treatment included cooked yield, texture, color and purge. Cooked yield was measured 
by difference in weight before and after thermal processing; texture was measured on the product cut surface 
by compression using a TA-XT2 Texture Analyzer equipped with a 1.3 cm diameter round probe. Color was 
measured using a HunterLab reflectance meter and purge was measured over 8 weeks of refrigerated storage.
Ham with 50% injected brine was formulated with 1% WPC or WPI. Evaluations for each treatment included 
cooking and slicing yield, texture, color and purge. Cooked yield was measured by difference in weight before 
and after thermal processing; slicing yield was measured on 30 individual slices sliced 1 mm thick using a 
high speed slicer. Texture was measured on a 20 mm thick slice by compression using a TA-XT2 Texture 
Analyzer equipped with a 1.3 cm diameter round probe. Color was measured using a HunterLab reflectance 
meter and purge was measured over 8 weeks of refrigerated storage.
Data was analyzed using Stat View 5.0 by SAS ANOVA statistical analysis (P<0.05). 
For the smoked sausage study, cooked yields were significantly (P<0.05) higher while texture was signifi-
cantly (P<0.05) lower for the treatments with WPC and WPI compared to the control. The WPC and WPI 
treatments had significantly (P<0.05) higher L and a color values compared to the control. Purge was not 
significantly (P>0.05) different for WPC and WPI treatments compared to the control. WPC and WPI when 
used in a smoked sausage resulted in cost savings of 7.44% and 6.52% respectively. 
For the ham study, cooked yields for the treatments with WPC and WPI were not significantly (P>0.05) dif-
ferent compared to the control. Slicing yields and texture values were significantly (P<0.05) higher and purge 
over 8 weeks of refrigerated storage was significantly lower (P<0.05) for treatments with WPC and WPI com-
pared to the control. L color values for the WPC and WPI treatments were not significantly (P<0.05) different 
compared to the control however both treatments had significantly (P<0.05) higher a values. 
WPC and WPI can contribute to the finished product quality of coarse ground and restructured products. In 
smoked sausage cost savings can be achieved while increasing product cooking yield. In restructured ham, 
slicing yields can be increased while imparting a firmer product texture and decreasing purge. The use of WPC 
and WPI not only provides cost savings but can physically and analytically replace meat without negatively 
affecting the finished product quality.
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    32P    Injection of conjugated linoleic acid into beef strip loins.  R. T. Baublits*, F. W. Pohlman, A. 
H. Brown, Jr., Z. B. Johnson, A. Proctor, J. T. Sawyer, P. Dias-Morse, and D. L. Galloway, University of 
Arkansas, Fayetteville.

The objective of this study was to assess the impact of injecting commercial sources of conjugated linoleic 
acid (CLA) into beef strip loins on fatty acid profiles, sensory attributes, and simulated retail display charac-
teristics. USDA Select beef strip loins (IMPS 180; n=15) were sectioned in thirds and sections (n=45) were 
left untreated (CNT) or injected at a 10% pump rate with solutions comprising either a commercial powder 
CLA source (Powder) or a commercial oil CLA source (Oil). The major fatty acid isomers in the commer-
cial sources were 18:2cis-9, trans-11 and 18:2trans-10, cis-12 CLA isomers. Fresh Oil steaks had 3.20 and 
3.15, Powder steaks had 4.67 and 4.62, and CNT steaks had 0.19 and 0.02 mg/g muscle tissue (wet basis) 
of the cis-9, trans-11 and trans-10, cis-12 CLA isomers, respectively. TBARS were similar (Oil) and lower 
(Powder), compared to CNT. Powder steaks had similar instrumental color, and beef and off flavor character-
istics as CNT. Artificial marbling was created with Oil steaks having USDA Small79 and Powder steaks having 
USDA Modest86 marbling scores, while CNT steaks had USDA Slight94 marbling scores. These results sug-
gest injection of CLA can be effective in significantly increasing CLA in whole muscle beef and can poten-
tially create artificial marbling.

Key Words: beef, CLA, artificial marbling

    33P    Mitigation of off–flavor in fed and non–fed cow beef.  D. A. Moss* and C. R. Calkins, University 
of Nebraska, Lincoln.

The objective of this study was to explore new ways of managing off–flavor in fed and non–fed cow beef by 
blocking bitter perception. The experiment was carried out in two trials, one with steaks and the other with 



ground beef. Strip loins from fed and non–fed cow beef were utilized to create steak samples for trained and 
consumer panels. Steaks (or groups of steaks) within a loin were randomly assigned to one of five treatments: 
a control or one of four commercial bitter blockers. For ground beef, inside rounds from fed cow beef and beef 
trim from non–fed cows were utilized to create 85% lean and 15% fat ground cow beef samples for trained 
and consumer panels. Six samples were assigned to one of six treatments: a control or one of five commercial 
bitter blockers. Cooked samples were served to a trained taste panel and an untrained consumer panel. Overall 
off–flavor scores for steaks and ground beef were generally low; as a result there were no significant treat-
ment effects for reducing off–flavor. In regards to the steak trial: trained and consumer panelists showed 
that commercial bitter blockers did not contribute to off–flavor ratings (P >0.05). The trained panel character-
ized 30–40% of cow steaks as having metallic and sour notes and 10–20% of the steaks were identified as 
having rancid, bloody, and bitter flavor notes. The trained panel found non–fed cow steaks more frequently 
had bloody and fatty off–flavor notes than steaks from fed cows (P =0.03 and 0.07). Although consumers did 
not find a significant effect for overall–like, the feeding effect was approaching significance (P =0.10), with 
a tendency for steaks from fed cows to receive better overall–like ratings. In regards to the ground beef trial: 
both consumer and trained panelists showed no significant differences (P >0.05) in regards to off–flavor rat-
ings. Consumers found no significant difference in frequency of off–flavor notes between fed and non–fed 
cow beef. Conversely, the trained panel found non–fed cow meat more frequently had sour and rancid off–fla-
vor notes than meat from fed cows (P =0.001 and 0.002), while fed cow meat more frequently had metallic 
off–flavor notes than meat from non–fed cows (P =0.008). Consumers found a treatment–by–feeding interac-
tion with one of five treatments leading to higher like ratings in ground beef from fed (versus non–fed) cows 
(P =0.04) and two of five treatments generating higher juiciness scores in non–fed (versus fed) cow beef (P 
=0.02). Additionally, the trained panelists found a treatment–by–feeding interaction for the incidence of salty 
flavors (P =0.01), and juiciness was approaching significance (P =0.06). In conclusion, the greatest differences 
for both consumer and trained panels were in regards to comparison of fed versus non–fed cow beef (steaks 
and ground beef) rather than between the bitter blocking treatments within a feeding regime. It appears that 
bitter blockers do not deteriorate sample flavor. However, samples that possess a greater amount of initial 
off–flavor are needed to truly evaluate the mitigation properties for bitter blockers.

Key Words: Off–flavor, bitter blocker, cow beef

    34P    Effect of marinade pasteurization on beef jerky characteristics and microbial load.  D. P. 
Cornforth*, K. E. Allen, D. Whittier, B. A. Nummer, and M. N. Vasavada, Utah State University, Logan.

New USDA guidelines for jerky manufacture require that 90% relative humidity (RH) be maintained during 
the initial heat step. Alternatively, processors may pasteurize in water or a marinade at various time / tempera-
ture combinations sufficient for either 6.5 - 7.0 log reduction of Salmonella (as specified in the USDA lethal-
ity standards, Appendix A). The new regulations further recommend water activity measurement to verify that 
product has attained the critical limit for shelf stability. 
The objective of this study was to evaluate effects of marinade pasteurization methods on sensory characteris-
tics, water activity (Aw), and microbial load of beef jerky. The 4 initial cook (lethality) steps were: A. 90% RH 
at 54.4°C for 60 min; B. Heating in marinade for 121 min at 54.4°C (long time, low temperature); C. Heating 
in marinade for 12 min at 60°C (intermediate time and temperature); D. Heating in marinade for 1 sec at 
70°C (short time, high temperature). In preliminary tests, 90% humidity was not attained during the initial 
step of method A. Therefore, an alternate method A was chosen based on tests at the University of Wisconsin. 
The new method A was to heat jerky to 54.4°C wet bulb for 1 hr. This resulted in a product temperature of 
71 - 73.9°C for 45 min. In order to conduct marinade pasteurization tests, prototype marinade pans (7.6 cm 
deep) were fabricated with removable screens. After pasteurization, the product on screens was lifted from the 
marinade and the strips were dried at 51.7 °C. Preliminary tests established that for method D, it was feasible 
to rapidly heat jerky in marinade over a gas flame. After product reached 70°C, jerky was manually transferred 
to the smokehouse for drying.
For all pasteurization treatments, product Aw was < 0.85, as measured with a Decagon unit. Mean Aw 
was slightly, but significantly lower when measured by the Decagon instrument, compared to Rotronic and 
Abbeon-Cal units (0.848, 0.859, 0.860, respectively). At Aw > 0.83 during drying, there was a linear relation-
ship (R2 = 0.68) between Aw and moisture content. Measurements with the Decagon and Rotronic were rapid 
(5 min / sample), compared to 2 hr / sample for the Abbeon-Cal unit, but the Abbeon-Cal unit was much less 
expensive. Whole muscle jerky for all methods required 3 - 6 hr drying time, but for ground, extruded jerky in 



marinade (methods B, C, D) total drying time was 18 hr to obtain product Aw < 0.85.
In preliminary tests, jerky made with marinade methods had low spice flavor. To obtain acceptable spice 
flavor, spice concentration in marinade was increased to full-strength (as much spice in marinade as in the 
meat). Thus, marinade treatments required twice the spice as non-marinade method A. 
In preliminary tests, jerky from method B had aerobic plate counts > 1,000 cfu / g. In one instance, a viable 
Enterobacter colony was detected. Hence, jerky from treatment B was excluded from sensory analysis. 
In sensory analysis, jerky from treatment D was less spicy (p < 0.05) than other treatments. Marinade-pasteur-
ized jerky (C, D) was also darker and less red (p < 0.05) than jerky from method A. In summary, marinade 
pasteurization of jerky was feasible, but spice costs were higher, and some sensory attributes were altered.

Key Words: jerky, pasteurization, marinade

    35P    Evaluating the tenderness of beef chuck and round muscles enhanced with ammonium hydrox-
ide and salt when held for different aging periods.  A. E. Hamling*, B. E. Jenschke, and C. R. Calkins, 
University of Nebraska, Lincoln.

Previous research has shown that beef treated with ammonium hydroxide as a processing aid to reduce or 
eliminate potential pathogens is more tender than untreated beef. The tenderness improvement is the result of 
pH adjustment that occurs as a consequence of the treatment process. The objective was to evaluate the effects 
of such pH adjustment, in combination with different aging periods, on the tenderness of beef chuck and round 
muscles. This study was done in 2 phases, the first of which determined the optimum pump level. The second 
phase was to determine if aging decreased the benefits of enhancement. In phase 1 a randomized, complete 
block design of 4 treatments and 3 muscles with 3 replications was used, with a total of 15 subprimals per 
treatment. Treatments included a 0% (CON), 15%, (T15), 22.5% (T22) and 30% (T30) target pump. The 
triceps brachii (TB), biceps femoris (BF), and rectus femoris (RF) were studied. Muscles were injected with a 
solution of ammonium hydroxide and sodium chloride (patent pending technology from Freezing Machines, 
Inc.). Individual steaks were cut to a thickness of 2.5 cm, vacuum packaged in trays, and frozen. Steaks 
were used to determine Warner–Bratzler shear force, pH, and trained–taste panel sensory ratings. Shear force 
decreased as the target pump percentage increased for all muscles (P<0.05): TB = 4.07, 3.58, 3.27, and 2.75 
kg; BF = 4.02, 2.67, 2.38, and 1.97 kg; RF = 4.35, 3.35, 3.13, and 2.95 kg for CON, T15, T22, and T30, 
respectively. In all cases, there were no shear force differences between T15 and T22 (P>0.05). As percentage 
pump increased, pH increased. The ultimate pH was strongly related to shear force (r=0.70, 0.80, and 0.55 for 
TB, BF, and RF, respectively). Trained–taste panels revealed an increase in tenderness, decrease in connec-
tive tissue, and an increase in juiciness as pump level increased (P<0.05). However, T30 samples tended to 
have an uncharacteristically soft texture. These data suggest adjusting pH in beef with ammonium hydroxide 
can increase tenderness in muscles from the beef chuck and round. Phase 2 was organized in a randomized, 
complete block design of 2 treatments, 3 aging periods, and 3 muscles with 3 replications, with a total of 12 
subprimals per treatment per aging period. Treatments included a 0% (CON) and 20% (PUMP) target pump 
level. Aging periods included 1, 7, and 14 days post pump. The triceps brachii (TB), biceps femoris (BF), 
and rectus femoris (RF) were studied. Individual steaks were cut to a thickness of 2.5 cm and packaged in 
a modified–atmosphere package (80% oxygen, 20% carbon dioxide). At the end of the aging period, steaks 
were vacuum packaged and frozen. Steaks were used to determine Warner–Bratzler shear force and consumer 
taste panel ratings. For all muscles, shear force values were lower for PUMP steaks than CON at every aging 
period (P<0.01). Moreover, consumer–taste panels revealed more desirability for tenderness, juiciness, flavor, 
and overall acceptability for PUMP steaks than CON at every aging period (P<0.01). These data indicate 
aging does not decrease the benefits (tenderness, juiciness, and flavor) of enhancement.

Key Words: tenderness, enhancement, aging



    36P    Effect of carbon monoxide in modified atmosphere packaging (MAP), display time and end-
point temperature on internal cooked color of pork.  F. A. De Santos*1, M. Rojas1, G. Lockhorn2, and M. 
S. Brewer1, 1University of Illinois, Urbana, 2Tyson Foods, Inc., Council Bluffs, Iowa.

Carbon monoxide (CO) delays the loss of pink color in fresh pork during display. However, when chops are 
cooked, pink color may be retained in the cooked muscle leading the consumer to believe that the meat is 
undercooked. This study examined the effect of CO in modified atmosphere packaging on the internal cooked 
color of pork chops. Chops were packaged with 0.37% CO carbon monoxide (CO-MAP), high oxygen 80% 
O

2
 (Hi-Ox MAP), or PVC-over-wrapped chops (controls), and stored at 4°C for up to 28 days. Chops were 

stored for 0, 12, 19 or 26 days, displayed for two days in a retail display case (4 °C), then cooked to six end-
point temperatures (54°C, 60°C, 63°C, 71°C, 77°C, and 82°C) on electric grills. Total storage time was 2, 14, 
21, or 28 d. Instrumental color for the cut internal surface of freshly cooked pork chops was measured using 
Minolta L*, a* and b* values, and hue angle (arctan b*/a*) and saturation index (chroma= [a2+ b2]1⁄2) were 
determined. Values for a* and b* were affected (p<0.05) by packaging, endpoint temperature, and display 
time; L*-values were most affected by the latter two factors. CO-MAP resulted in the highest a* values of 
the three package types, and was lowest at day 2 (a*=10.7), increasing by days 14 and 21 to 14. CO-MAP-
packaged samples had the lowest b* values while Hi-Ox MAP had the highest. At all storage times, Hi-Ox 
MAP resulted in the lowest a* values, and PVC controls showed constant a* values. Values for L* and b* 
increased, while a* values decreased, as internal temperature increased from 54°C (very rare) to 82°C (very 
well done). Both hue angle and chroma were significantly affected by package type, storage time, and end-
point temperatures, with largest hue angles values observed at the lowest endpoint temperatures and in CO-
MAP-packaged chops as display time increased. Chroma showed a similar response to endpoint temperature 
but not to package type. Carbon monoxide modified atmosphere packaging of pork chops resulted in smaller 
hue angles and saturation indices than high oxygen MAP and PVC-overwrapped pork chops. Cooking to 
endpoint temperatures above 63°C showed significant increases in hue angle and decreases in chroma values 
of internal color of cooked pork chops. Overall, CO-packaged chops became redder over time while Hi-Ox 
chops were less red and became even less red over time.

    37P    Trained and consumer evaluations of five different beef muscles with or without pH enhance-
ment using ammonium hydroxide.  T. M. Nath*, C. D. Hand, A. J. Everts, A. K. R. Everts, D. M. Wulf, and 
R. J. Maddock, South Dakota State University, Brookings.

Research was conducted in two phases first to determine optimal pump percentage for each of five pH-
enhanced beef muscles and then to determine the effect of pH enhancement on consumer acceptability of beef 
steaks. Phase I was a 5 x 4 factorial design with five muscles: longissimus lumborum (LL), gluteus medius 
(GM), triceps brachii (TB), biceps femoris (BF), and psoas major (PM) and four pump percentages: 0, 10, 
20, and 30% to determine optimum pump percentage for each muscle using an 8-member trained sensory 
panel. Phase II was a 5 x 2 factorial design with the same five muscles and two treatments: control (CON) and 
pH-enhanced (PHE) to quantify desirability using a 182-member central-location consumer panel. Muscles 
designated for pH enhancement were injected with a solution containing water, ammonium hydroxide, and 
salt (technology patented by Freezing Machines, Inc.). All muscles were stored in vacuum packages, cut into 
2.5-cm-thick steaks, and cooked to 71° C on electric clam-shell grills for the trained panel and gas grills 
for the consumer panel. Purge loss and pH were measured on raw muscles. Cooking loss, calculated mois-
ture retained after cooking, and Warner-Bratzler shear force (WBS) were measured on cooked steaks. In 
Phase I, pH increased, purge loss increased, calculated moisture retained after cooking increased, and WBS 
decreased for all muscles as pump percentage increased from 0 to 30% (P < 0.05), except that WBS of BF 
was not affected by pump percentage (P = 0.55). Juiciness and tenderness of LL increased as pump percent-
age increased from 0 to 30% (P < 0.05), but 30% pump resulted in a slightly non-meat texture and slight off-
flavors (P < 0.05). Juiciness, tenderness, and beef flavor intensity of GM was greatest at 20% pump compared 
to other pump percentages (P < 0.05). Juiciness and tenderness of TB was greater at 30% pump than at other 
pump percentages (P < 0.05), but 30% pump also caused more non-meat textures in TB than other pump 
percentages (P < 0.05). Juiciness of BF was greater at 30% pump than at other pump percentages (P < 0.05), 
and tenderness of BF was greater at 20 and 30% pump compared to 0 and 10% pump (P < 0.05). Tenderness 
of PM increased as pump percentage increased from 10 to 30% (P < 0.05). Based on Phase I results, we 
determined optimum pump percentages were 15% for LL, 20% for GM, 10% for TB, 30% for BF, and 15% 
for PM, which were used for PHE in Phase II. Consumer ratings for ‘overall like’ were higher for PHE than 



CON for LL (7.70 vs. 6.64), GM (7.40 vs. 6.10), and BF (5.09 vs. 4.14) (P < 0.05). For LL, GM, and BF, 
consumers rated PHE higher than CON for ‘like of tenderness/texture’, ‘like of juiciness’, and ‘like of flavor’ 
(P < 0.05). For PHE vs. CON, respectively, percentage of consumers responding ‘yes’ to “Would you be satis-
fied with this steak if you had eaten it in a restaurant?” was 80 vs. 65% for LL (P < 0.05), 74 vs. 47% for 
GM (P < 0.05), 59 vs. 49% for TB (P < 0.05), 31 vs. 20% for BF (P < 0.05), and 73 vs. 81% for PM (P = 
0.10). In conclusion, different muscles had different optimum pump percentages for pH enhancement, and pH 
enhancement improved consumer acceptability in some muscles (LL, GM, and BF) more than others (TB and 
PM).

    38P    Effects of pH-enhancement on chunked and formed hams processed from pale, average, and 
dark colored muscles.  A. J. Everts*, D. M. wulf, A. K. R. Everts, T. M. Nath, T. Machado, and R. J. Mad-
dock, South Dakota State University, Brookings.

This study determined the effectiveness of pH-enhancement with ammonium hydroxide on hams processed 
from pale, average and dark colored muscles. Inside hams (IMPS # 402F, n = 100) were procured represent-
ing the palest (PL: L* < 48.0), average (AV: L* = 52.0 to 52.9) and darkest (DK: L* > 57.0) ten percent rela-
tive to the distribution observed in a commercial packing plant. Approximately one-half of the muscles served 
as controls (CON) and were conventionally processed, while others were pH enhanced (PHE) using patented 
technology from Freezing Machines, Inc. Muscles were injected to have a final product concentration of 2.6% 
salt, 0.6% sucrose, 0.35% phosphate (CON only), 0.055% sodium erythorbate, ammonium hydroxide (PHE 
only), carbon oxide (PHE only), and 200 ppm sodium nitrite. Muscles were chunked, vacuum tumbled for 1h, 
and smoked and cooked to 66°C. Cooking yield, cooked purge loss following 22 d vacuum-package storage, 
external and internal color (L*, a*, b*), and elongation distance and peak force to break were assessed for 
each ham. Consumers (n = 150) of diverse demographics rated hams for appearance and taste on 10-pt scales. 
The main effect of color group was significant for external L* and b*, internal L*, peak force, and consumer 
appearance ratings for Overall Like, Like of Color, and Like of Texture (P < 0.05). Externally, DK had lower 
L* and b* than PL and AV (P < 0.05). Internally, DK had lower L* than AV, which had lower L* than PL (P < 
0.05). Peak force to break was lower for DK than PL (P < 0.05). Consumers rated the appearance of PL lower 
than AV and DK for Overall Like, Like of Color, and Like of Texture, and AV lower than DK for Overall Like 
(P < 0.05). The main effect of pH-enhancement was significant for external L* and a*, internal L*, consumer 
appearance ratings for Overall Like, Like of Color, and Like of Texture, and consumer palatability ratings for 
Like of Juiciness (P < 0.05). External and internal L* was lower and external a* higher for PHE than CON 
(P < 0.05). Consumer ratings for appearance of CON vs. PHE, respectively, was 6.0 vs. 6.7 for Overall Like, 
5.9 vs. 6.8 for Like of Color and 6.0 vs. 5.6 for Like of Texture (P < 0.05). When tasting, consumers rated 
Like of Juiciness higher for PHE than CON (6.7 vs. 6.2, respectively; P < 0.05). Significant color group by 
pH-enhancement interactions existed for purge loss, internal a* and b*, elongation distance, and consumer 
palatability ratings for Overall Like and Like of Flavor (P < 0.05). Purge loss was lower for PHE than CON 
for DK, but higher for PHE than CON for PL (P < 0.05). Internal a* was increased by pH enhancement when 
using PL muscles (P < 0.05), but not when using AV or DK muscles (P > 0.05). Internal b* and elongation 
distance (elasticity) were decreased by pH enhancement when using DK muscles (P < 0.05), but not when 
using PL or AV muscles (P > 0.05). For consumer palatability ratings, Overall Like and Like of Flavor was 
increased by pH enhancement when using PL muscles (P < 0.05), but not when using AV or DK muscles (P > 
0.05). In summary, pH enhancement improved visual appearance of hams made from pale, average, and dark 
muscles and improved eating quality of hams made from pale muscles.

    39P    Effects of pH-enhancement on consumer ratings of various meat products.  A. J. Everts, A. K. R. 
Everts*, C. D. Hand, T. M. Nath, D. M. Wulf, and R. J. Maddock, South Dakota State University, Brookings.

The objective of this research was to determine the effect of pH enhancement with ammonium hydroxide 
on consumer acceptability of deli-style roast beef (RB), grilled chicken breast (CK), grilled pork loin (PL), 
beef prime rib (PR), beef pot roast (PT), and barbeque beef brisket (BR). Approximately one-half of the 
products served as controls (CON), while the others were pH enhanced (PHE) to approximately 120% by 
weight with a solution containing water, ammonium hydroxide, carbon oxide, and salt using a patent process 



of Freezing Machines, Inc. To produce RB, USDA Select, semimembranosus and adductor, muscles were 
seasoned, cooked in a smokehouse to 59°C (held 1.5 h), cooled, sliced (.3cm), and served cold. Chicken breast 
was grilled on gas grills to 77°C and then cut into 2.5 x 1.3 cm cubes. Chops (2.5 cm) were cut from PL and 
cooked on gas grills to 71°C. On each panel day, PR, USDA Select, longissimus only, was seasoned, cooked 
in a smokehouse to 54°C (held 1.9 h), cut into steaks (2.5 cm), and then cut into wedge shaped pieces for 
serving. To produce PT, USDA Select, triceps brachii, was seasoned, cooked “sous vide” in a smokehouse to 
82°C (held 3 h), cooled, shredded, and reheated to 74°C for serving. To produce BR, USDA Select, pectora-
lis profundi, was seasoned, smoked and cooked in a smokehouse to 82°C (held 1 h), cooled, sliced (.4 cm), 
barbecue sauce added, and reheated to 74°C for serving. A CON and PHE sample of each product was served 
to a diverse population of consumers (n = 196) in the order as listed above, and rated on 10-pt. scales for 
palatability characteristics. Products were evaluated for raw purge loss, cooking loss, and calculated moisture 
retained in cooked product. Control had less purge loss than PHE for RB, CK, PR, PT, and BR, while control 
had less cooking loss than PHE for RB and BR (P < 0.05). Although purge and cooking losses were higher for 
PHE, all PHE products had higher calculated moisture retained in the cooked product than respective CON 
product (P < 0.05). Consumer mean ratings for ‘Overall Like’ were higher for PHE than CON for RB (6.90 
vs. 6.49), CK (6.83 vs. 6.19), PL (7.13 vs. 5.33), PR (8.36 vs. 7.90), PT (8.15 vs. 7.76), and BR (7.50 vs. 6.92) 
(P < 0.05). Ratings for ‘Like of Flavor’, ‘Like of Texture/Tenderness’, and ‘Like of Juiciness’ were higher for 
PHE than CON for all six products with the exception of ‘Like of Juiciness’ for RB and ‘Like of Flavor’ for 
PT (P > 0.05). When asked “Overall, which sample do you prefer?” a majority of consumers responded in 
favor of PHE: 60.5% for RB, 64.3% for CK, 89.1% for PL, 65.1% for PR, 60.2 for PT, and 64.1% for BR ( P 
< 0.05). In conclusion, pH enhancement was effective at improving percent moisture retained after cooking, 
thus yielding a juicier end product. Moreover, pH enhancement was successful at improving consumer palat-
ability ratings of various meat products, especially grilled pork loin.

    40P    Quality and retail display life of ground beef produced using novel grinding technology.  T. 
Machado*, L. Muench, C. Hand, A. Everts, A. Everts, D. Wulf, and R. Maddock, South Dakota State Univer-
sity, Brookings.

The objective of this study was to determine the effects of grinding beef with machinery developed by Freez-
ing Machines, Inc. (FMI) on quality and retail display life in two packaging systems, overwrap (OW) and 
high-oxygen modified atmosphere packaging (MAP). The FMI grinding system is proprietary feeding and 
grinding equipment that doesn’t use screw augers; instead, meat is fed to a progressive cavity pump that con-
veys the product to a patented grinding plate which removes virtually all defect material from the finished 
product. Three lean percentages were evaluated, 73, 81, and 90 % lean, with four treatments per lean percent-
age (two included BPI Technology Inc. (BPI) lean beef trimmings). Treatments consisted of conventional 
meat grinder (Control), FMI grinder with no BPI lean beef trimmings (BPI 0), FMI grinder with 10 % BPI 
lean beef trimmings (BPI 10), and FMI grinder with 20 % BPI lean beef trimmings (BPI 20). Beef for OW 
was stored in chubs for either 7 or 14 days, then re-ground, retail packaged, and placed in retail display for 
3 days. Beef for MAP was stored in chubs for 7 days, re-ground, packaged in MAP, stored in dark storage 
for 4 days and then placed in retail display for 4 and 8 days equaling a total of 8 and 12 days of MAP stor-
age, respectively. Initial samples from chubs were taken for aerobic plate count (APC) and thiobarbituric acid 
(TBA) analysis. Daily color measurements included subjective lean color and lean discoloration, and L*, a*, 
and b*. After the designated retail display time, ground beef was evaluated for odor, trained sensory panel, 
APC, and TBA analysis. In MAP, ground beef produced by the FMI grinder maintained a bright red color 
five more days than ground beef produced by the conventional grinder (P < 0.05). The BPI 20 ground beef 
was lighter colored (higher L*) than other ground beef treatments (P < 0.05). In MAP, control ground beef 
discolored at a faster rate than the FMI ground beef both subjectively and as measured by a* (P < 0.05). In 
MAP, control ground beef had more off flavors and less beef flavor than FMI ground beef (P < 0.05) for most 
of the storage periods and percent leans. For ground beef in OW packages, there were little differences in 
taste panel results among all treatments. Longer storage times resulted in increased off odor and higher APC 
and TBA values, regardless of grinding or packaging system (P < 0.05). The FMI grinding system resulted in 
much lower off odors than the conventional system on d 8 and d 12 of storage in MAP packaging (P < 0.05). 
In MAP, the conventional grinder resulted in lower APC than the FMI grinder at all storage times (P < 0.05). 
Packaging in MAP resulted in much higher TBA values than OW for all treatments (P < 0.05). At all storage 
periods and packaging systems, the FMI grinding technology resulted in substantially lower TBA values than 
the conventional grinder (P < 0.05), possibly explaining why the FMI grinding technology resulted in less off 



flavors. In conclusion, FMI grinding technology improved lean color, delayed lean discoloration, and reduced 
off flavors and oxidation compared to using a conventional grinder for ground beef packaged in MAP.

Meat Safety
    41P    Contribution of humidity to the lethality of surface attached heat resistant Salmonella during 
the thermal processing of cooked ready-to-eat roast beef.  J. E. Mann and M. M. Brashears*, Texas Tech 
University, Lubbock.

In order to provide meat processors with data to assess the safety of cooked ready-to-eat roast beef production 
parameters, a study was conducted to determine the contribution of humidity to the destruction of Salmonellae 
during thermal processing. Destruction of Salmonella during thermal processing at different humidity levels 
and a constant cooking temperature (82.2ºC) was examined. Raw, cap-off beef top round roasts, purchased 
from a commercial supplier, were inoculated with a seven strain cocktail of heat resistant Salmonella. Heat 
resistance was induced by incubating the Salmonella cocktail at 54ºC for 30 m prior to inoculation. For each 
treatment, two roasts were inoculated, placed in covered containers and held overnight at 2.2ºC to allow the 
inoculated Salmonella to attach to the meat surface and to become equilibrated to the meat environment prior 
to thermal processing. Following refrigerated holding, one roast was sampled for determination of baseline 
Salmonella counts and the second was thermal processed to an internal temperature of 62.8ºC with humidity 
levels ranging from 0 to 90%. Surface samples (10 x 10 cm) were excised from the top and bottom surfaces 
of each roast for analysis. Salmonella counts were determined utilizing the thin agar layer method on xylose 
lysine desoxycholate (XLD) agar to facilitate the enumeration of injured cells. Three replications were per-
formed. All roasts processed at a relative humidity of 30% or above exhibited a ³6.5 log reduction of surface 
inoculated Salmonella. Significant differences (P<0.05) in Salmonella counts were observed for roasts pro-
cessed at 30% humidity versus those processed at 15% humidity or lower. Salmonella reductions were less 
than the regulatory performance standard of 6.5 log at humidity levels of <30%. Current USDA-FSIS “safe 
harbor” guidelines for the production of cooked ready-to-eat meat products specify the maintenance of 90% 
relative humidity for 25% or more of the cooking cycle to adequately control Salmonella on product surfaces. 
These results indicate that cooked ready-to-eat roast beef can be safely processed under conditions outside 
of these guidelines. However, our results also indicate that one of the current USDA-FSIS “safe harbor” 
guidelines for the production of cooked RTE roast beef, target product internal temperature of ³62.8ºC with 
relative humidity maintained for ³50% of the cooking cycle, could result in a finished product that does not 
meet USDA-FSIS Salmonella lethality performance standards for the production of cooked ready-to-eat meat 
products. This specific guideline should be clarified with a minimum relative humidity requirement.

Key Words: thermal processing, Salmonella, humidity

    42P    Accuracy and response time of consumer digital thermometers in cooked ground beef patties 
and chicken breasts.  M. N. Liu*, B. Vinyard, J. A. Callahan, and M. B. Solomon, USDA, Agricultural 
Research Service, Beltsville, Maryland.

Use of a thermometer is the only way to determine if meat products have been cooked to an internal tem-
perature necessary to inactivate pathogens. To date, the accuracy and reliability of consumer instant–read 
thermometers have only been evaluated in water–baths, not in meat products. Ten units of three different com-
mercially available consumer instant–read digital thermometers (D1, D2, D3) were tested for accuracy and 
response time compared to a calibrated thermocouple (TC) in preformed 80% (80B) and 90% (90B) lean 
ground beef patties cooked to 71°C on gas grills (G) and electric griddles (F), and boneless (BC) and bone–in 
split (C) chicken breasts cooked to 77°C on F and baked in consumer ovens (O) (n=36 for each meat product 
and cooking method). Once products reached the target endpoint temperature using the TC, the product was 
removed from the heat source and the test thermometer was inserted into the product parallel and as close 
as possible to the TC. Times and temperatures of the test thermometer and TC were recorded at two prede-
termined times: 10 s (MT, manufacturer recommended time) and 30 s (ET, predetermined endpoint time) or 
recorded if the thermometer reached the target temperature before the MT or ET. The test was discontinued 
when the thermometer reached the target endpoint temperature or ET. At the MT, the percentage of beef and 



chicken samples registered as cooked was 0 – 28% for D1, 11 – 64% for D2, and 0 – 22% for D3. None of the 
90B–G samples were registered as cooked using D1 or D3 and 80B–G, BC–O and C–O were not registered 
as cooked by D1. At either the MT or ET, the average temperature difference between the TC reading and the 
test thermometer reading were not different (P>0.05) within each thermometer among the meat products or 
cooking methods, except that the C–O difference was less (P<0.05) than the 90B–G for D2 at the MT. At the 
MT, the temperature difference range was 7°C less to 14°C higher than the TC for D1, 1 to 7°C less than the 
TC for D2, and 6 to 9°C less than the TC for D3. Increasing the time to the ET resulted in an increase in the 
percentage that the thermometer registered the beef and chicken samples as cooked; 19 – 64% for D1, 25 – 
92% for D2, and 14 – 64% for D3. All test thermometers averaged temperatures less than the TC at the ET. 
The average temperature difference was 1 to 4°C less for D1, 2 to 4°C less for D2, and 2 to 4°C less for D3. 
For those samples that reached the target endpoint temperature, the time for the thermometer to register the 
target temperature was 14 to 22 s for D1, 9 to 16 s for D2 and 16 to 21 s for D3. These results indicate that 
consumers using these digital thermometers would cook ground beef patties and chicken breasts to higher 
temperatures than necessary to destroy harmful microorganisms. Although cooking to these temperatures 
would ensure a microbiologically safe product, it would negatively affect the sensory quality of the products

Key Words: consumer digital thermometers, ground beef patties, chicken breasts

    43P    Application of antimicrobials in a hurdle fashion to pre-rigor beef rounds for reduction of 
pathogens.  L. A. Njongmeta-Nenge*1, J. T. Keeton1, S. C. Ricke2, R. C. Anderson3, and D. R. Miller1, 1Texas 
A&M University, College Station, 2University of Arkansas, Fayetteville, 3USDA-ARS, Southern Plains Agri-
cultural Research Center, Food and Feed Safety Research Unit, College Station, Texas.

The use of organic acids as beef carcass decontaminants in the meat industry is well documented. However, 
there is limited information on the use of these acids in a multiple hurdle fashion for small meat and poultry 
plants to reduce contamination and growth of pathogens, specifically Salmonella Typhimurium (ST), E. coli 
O157:H7 (EC) and Listeria monocytogenes (LM). This study evaluated the effectiveness of warm solutions 
of 1:4 acidified calcium sulfate (ACS) RTE01:water, 2.5% lactic acid (LA), 1:4 ACS RTE01:water + 100 µL 
(100 ppm) epsilon-polylysine (EPL), 100 µL (100 ppm) EPL, and sterile distilled water (W) applied to the 
surface of fresh, pre-rigor beef rounds for reducing Salmonella Typhimurium, E. coli O157:H7 and Listeria 
monocytogenes. Rounds secured from a local abattoir were initially inoculated with a ST/EC/LM cocktail at 
a level of log 6.35 CFU/microorganism/50 cm2. All decontamination treatments were applied separately to 
inoculated rounds in a self-contained stainless steel spray cabinet for 15 to 20 sec at 50-55°C under a constant 
pressure of 137.9 kPa (20 psi) to deliver 0.2082 L/15 sec (14 ml/sec). ACS followed immediately with EPL 
reduced (P<0.05) ST, EC and LM by 2.26, 1.49 and 2.38 logs, respectively, over a 7-day refrigerated storage 
period. ACS + EPL applied sequentially was more effective than single treatments of ACS, LA, EPL or W 
alone. Single treatments of ACS, LA and EPL were more effective than water alone for reducing ST and 
EC, but only LA was effective against LM. Warm water (50-55°C) was the least effective treatment for reduc-
ing pathogens. LM appeared to be more sensitive to the initial decontamination treatments on day 0 when 
compared to ST and EC, but unlike ST and EC, LM did not show further reductions over a 7-day refriger-
ated storage period. Thus, sequential, low-pressure applications of warm ACS followed immediately by EPL 
appears to be a better strategy for reducing pathogens on beef carcasses in small beef processing plants than a 
single decontamination treatment. Further studies are needed to test the effects of varying antimicrobial con-
centrations, optimizing the sequence of application and establishing the duration of application to maximize 
efficacy of the treatments. Subsequent studies are also needed to determine if these antimicrobial combina-
tions have an effect on the acquisition rates of antibiotic resistance and virulence of the pathogens.

Key Words: antimicrobals, beef round, pathogens



    44P    Microarray analysis of a lactic acid stressed, multi-drug resistant mutant of Salmonella 
Typhimurium.  K. Killinger-Mann*3,1, S. Dowd2, J. Blanton, Jr.1, and M. Brashears1, 1Texas Tech Univeristy, 
Lubbock, 2USDA-ARS-Livestock Issues Research Unit, Lubbock, Texas, 3Washington State University, Pull-
man.

Salmonella Typhimurium is one of the most common Salmonella serovars associated with human foodborne 
infections and has been associated with multi-drug resistance properties. It is important to establish the ability 
of multi-drug resistant Salmonella to survive food processing interventions. Lactic acid washes are commonly 
used in the meat industry to reduce the prevalence of foodborne pathogens, such as Salmonella, on carcasses. 
A previous study indicated that a multi-drug resistant mutant of Salmonella Typhimurium (strain 2A) was 
more susceptible to lactic acid than the wild-type, parent strain (Salmonella Typhimurium ATCC 14028). The 
objective of this study was to identify differences in gene expression between the multi-drug resistant strain 
2A and the wild-type strain after exposure to lactic acid. Strain 2A was resistant to 5 drugs: nalidixic acid, 
chloramphenicol, cefoxitin, sulfisoxazole and tetracycline, and the wild-type strain was sensitive to all anti-
microbial drugs tested. For the microarray study, the wild-type strain and strain 2A were each exposed to 1% 
lactic acid in saline for 10 minutes, then RNA from each strain was isolated. RNA was converted to cDNA 
and labeled using a random primer based labeling kit. Salmonella microarray slides were prepared and con-
tained 1152 oligonucleotide probes including 10 positive and 10 negative control elements. Labeled cDNA 
was hybridized to the slides using standard methods, and signal intensity was quantified using a microarray 
scanner. Significantly (P<0.05) upregulated or downregulated genes were identified using a t-test. A dye-swap 
experimental design was used to provide technical duplicate array analysis of each sample. Two biological 
replicates were performed. The microarray analysis indicated 38 genes were upregulated (P<0.05) and 22 
genes were downregulated (P<0.05) in strain 2A compared to the wild-type control. In strain 2A, cyoD was 
upregulated (P<0.05) 3.4-fold. Upregulation of cyoD, which minimizes proton export, could contribute to the 
enhanced acid sensitivity observed in strain 2A compared to the wild-type strain. In strain 2A, several secre-
tion system components were also upregulated (P<0.05): sseA, sseB, sseE, sseG, ssaC, ssaJ, ssaN, sscA. Most 
of these genes are associated with Salmonella type III secretion systems, which have been noted as virulence 
factors. Expression of rcsB was increased (P<0.05) in strain 2A, and rcsB is involved in a signal transduc-
tion cascade that can be triggered by loss of membrane integrity. Moreover, tolQ tended to be upregulated 
(P=0.09) in strain 2A; tolQ is believed to be controlled in part by rcsB. Additionally, tolB expression was 
also increased (P<0.05) in strain 2A. The tolB gene is believed to interact with outer membrane porins. The 
tol genes are associated with membrane stability and maintenance of membrane integrity. The sse, ssa and 
tol genes have been associated with both antimicrobial resistance as well as virulence. The acid sensitivity 
displayed by multi-drug resistant strain 2A may be explained by the expression of some genes that would limit 
the ability of strain 2A to remove protons from the cell, and the resultant damage to the cell may have induced 
other systems involved in cell envelope maintenance as well as virulence.
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    45P    Validating a tool for predicting Escherichia coli O157:H7, Salmonella serovars, and Staphylo-
coccus aureus growth in raw pork and beef pProducts during short-term temperature abuse situations.  
M. A. Fanslau*, G. M. Burnham, and S. C. Ingham, University of Wisconsin, Madison.

Under the Hazard Analysis Critical Control Point (HACCP) system, the growth of Escherichia coli O157:H7, 
Salmonella serovars, and Staphylococcus aureus in raw pork and ground beef products is a hazard that 
requires scientifically validated critical limits at critical control points. Ideally, processors would validate 
these critical limits experimentally, but this is not always feasible. An alternative would be to use a computer 
generated predictive tool based on pathogen growth data obtained from isothermal studies conducted in 
ground pork and ground beef. This study evaluates the use of such an isothermal-based predictive tool (IBPT) 
to predict pathogen growth during temperature abuse of raw pork and beef products including those contain-
ing inhibitory compounds such as sodium chloride and sodium nitrite. Three products were used to represent 
this range of products, coarse ground beef, pork bratwursts, and beef weiners. Products were either inoculated 
with a two-pathogen inoculum containing five strains each of E. coli O157:H7 and Salmonella serovars or 
a single-pathogen inoculum containing five strains of S. aureus. The inoculated coarse ground beef was sub-
jected to one of three temperature abuse situations: 1) Immediate temperature abuse at 21 or 35°C, 2) Frozen 



storage and then holding at 21 or 35°C, or 3) Same as 2, except thawed at 5°C before temperature abuse. 
Refrigerated pork bratwursts were subjected to temperature abuse after inoculation by placing them in a 10°C 
incubator and gradually increasing the incubator temperature to 29.5°C in 4 hours. Inoculated beef wieners 
were held at static abusive temperatures of 10, 18.3, or 30°C. For all temperature abuse situations, samples 
were taken at the start of temperature abuse and at periodic intervals thereafter to determine when critical 
growth occurred. Critical growth was defined as a 0.3 log CFU increase relative to starting concentration for 
E. coli O157:H7 and Salmonella serovars and a 1.3 log CFU increase for S. aureus. For each temperature 
abuse situation, the temperature profile was recorded and used in the IBPT to determine whether growth was 
predicted for each pathogen. Results indicated that the IBPT is a conservative predictive tool that correctly 
predicted growth in 41 out of the 48 pathogen/temperature abuse combinations. For the other seven combina-
tions, the IBPT predicted growth when growth did not occur experimentally. For comparison, the same tem-
perature profiles for each temperature abuse situation were used to make predictions with the USDA Pathogen 
Modeling Program (PMP 7.0) which is based on isothermal studies in laboratory broth. The PMP 7.0 correctly 
predicted growth for 41 out of the 48 combinations, but in four of the seven other combinations the PMP 7.0 
incorrectly failed to predict growth. These results show that the IBPT is useful prediction tool for processors to 
use in validating critical limits for storage of a wide variety of ground pork and beef products with or without 
inhibitory ingredients such as sodium chloride and sodium nitrite.

Key Words: pathogen growth, predictive modeling, raw meat

    46P    Evaluation of modified atmosphere packaging with carbon monoxide and carbon dioxide for 
fresh pre-rigor pork sausage and fresh post-rigor pork sausage.  A. Laury* and J. Sebranek, Iowa State 
University, Ames.

Fresh pre-rigor pork sausage and post-rigor pork sausage patties were manufactured in the Iowa State Meat 
Laboratory and placed individually in either modified atmosphere package (MAP) bags with 0.4% carbon 
monoxide (CO) and 99.6% carbon dioxide (CO2) or over-wrapped with oxygen-permeable film on foam trays 
(OW). All packages were stored at 2-4C under fluorescent lights for up to 31 days. Aerobic plate counts, 
anaerobic plate counts, psychrotrophic plate counts, raw and cooked color, purge and lipid oxidation were 
measured periodically during storage. Results indicated that both pork sausage products in MAP had signifi-
cantly lower aerobic and psychrotrophic plate counts and less lipid oxidation throughout storage (P<0.05). 
Both products in MAP were significantly lighter (high L* value) than the OW patties in raw and cooked 
color. Raw color of both products in MAP were significantly redder than the OW (p<0.05). The pre-rigor 
pork sausage in MAP was also significantly redder in cooked color (p<0.05) than the other treatments. An 
increased amount of purge was observed in the products in MAP throughout the storage period, probably due 
to the high concentration of carbon dioxide (p<0.05). Also a greater amount of anaerobic growth was observed 
throughout storage for both products stored in MAP (p<0.05). The pre-rigor pork sausage in MAP had the 
greatest amount of purge and the highest amount of anaerobic growth during storage (p<0.05). In conclusion, 
MAP, with a combination of 0.4% CO and 99.6% CO2, extended the shelf life of fresh pre-rigor pork sausage 
and post-rigor pork sausage by reducing microbial growth and improving quality attributes, particularly color, 
compared to conventional OW packaging. Throughout storage, pre-rigor pork sausage in MAP had signifi-
cantly lower TBARS values; lower psychrotrophic counts; and had lighter and redder cooked and uncooked 
color than the post-rigor pork sausage in MAP (p<0.05).

Key Words: modifed atmosphere packaging, carbon monoxide, pork sausage

    47P    Supplementation of feedlot cattle with octanoic acid for three days pre-harvest to reduce risk of 
contamination with Escherichia coli O157:H7.  M. B. Bowling*1, K. E. Belk1, J. N. Sofos1, T. E. Engle1, and 
M. Samadpour2, 1Colorado State university, Fort Collins, 2Institute of Environmental Health, Seattle, Wash-
ington.

To ascertain whether octanoic acid reduced carriage of Escherichia coli O157:H7 in the gastrointestinal tract 
of cattle, two trials were conducted. The first trial was conducted at a feedlot in Colorado, and the second 



at the Montana State University Nutrition Science Center. In Trial 1, the diet of cattle (n=216) was supple-
mented with octanoic acid at 0.70% (dry-weight basis) for three days before slaughter. Fecal samples were 
collected via rectal palpation before the initiation of treatment and 24 hours after the final treatment on the 
slaughter floor of a beef packing facility. Because of low prevalence of E. coli O157:H7 (1 / 1042), prevalence 
of DNA from the genes of Shiga-toxin 1 (Stx1) and Shiga-toxin 2 (Stx2) were analyzed. Prevalence of Stx1 
was reduced (P < 0.05) in the treatmed group, while prevalence of Stx1 was not changed in the control group. 
All samples that were positive for Stx2 also were positive for Stx1. Prevalence of Stx1 and Stx2 together 
increased (P < 0.05) in both the treatment and control groups after treatment. Because of the low prevalence 
of E. coli O157:H7 in Trial 1, an inoculation study was conducted. Cattle (n=64) were inoculated orally at 
1x 1010 CFU / 10 ml with a 5 strain cocktail of E. coli O157:H7. After inoculation, 55/64 (86%) of fecal 
samples collected from the terminal rectum of animals were positive for E. coli O157:H7. Cattle in the treat-
ment group (n = 32) were supplemented with octanoic acid for three days. Fecal samples were collected from 
the terminal rectum before inoculation, 24 h post-inoculation, and 24 h post-treatment. Octanoic acid failed 
to reduce prevalence of E. coli O157:H7 in the large intestine. This failure likely was due to digestion of 
the octanoic acid in the small intestine. To confirm the possibility that the treatment did not reach the large 
intestine, 10 fecal samples were assayed for presence of octanoic acid; no octanoic acid was detected in any 
of the 10 samples assayed. Thus, if digestion in the small intestine can be prevented, new studies are needed 
to determine if octanoic acid can influence prevalence of E. coli O157:H7 in animal feces samples.

Key Words: pre-harvest food safety, octanioc Acid, E. coli O157:H7

    48P    Comparison of detection of E. coli O157 using immunomagnetic separation and ELISA assays 
in fecal, hide and beef samples.  W. Thompson*1, T. Stephens1, G. H. Loneragan2, M. Miller1, and M. 
Brashears1, 1Texas Tech University, Lubbock, 2West Texas A&M University, Canyon.

Many rapid ELISA test kits are validated to detect E. coli O157 on beef carcasses and in ground beef. How-
ever, these kits have been used outside of validated use parameters to detect the pathogen on hides or in feces. 
The objective of this study was to compare 3 commercially available ELISA test kits against immunomagnetic 
separation (IMS) to detect E. coli O157 on naturally infected hide and fecal samples, and in low-level inocu-
lated ground beef samples and carcass surfaces to determine the agreement among the different methods. A 
total of 166 hide and 153 fecal samples were subjected to both IMS and 3 commercially available ELISA test 
kits for the detection of E. coli O157. When comparing the results from the ELISA tests and IMS method 
of detection, they have low kappa values for both fecal and hide samples, ranging form 0 to 0.51. These low 
values show poor agreement beyond chance between the various ELISAs and IMS for detection of E. coli 
O157 in fecal and hide samples. There is, however, a strong correlation between IMS and ELISA assays of 
ground beef samples with kappa values ranging form 0.8. to 1.0. These high kappa values show almost perfect 
agreement beyond chance. The data to date suggests that the commercial ELISA test kits are not useful in 
detecting E. coli O157 from hide or fecal swabs when compared to the IMS method. However when used on 
ground beef samples they can be used with a high degree of confidence. Carcass samples have not yet been 
collected; however the results from these samples are expected to be similar to the results from the ground 
beef. It is important to use commercial ELISA test kits according to validated parameters and to validate their 
use prior to using them for detection outside of manufacturer recommendations.

Key Words: ELISA, E. coli, beef

Meat Science Programs: Meat Science
    49P    Meat Science at North Carolina State University.  D. J. Hanson*, North Carolina State University, 
Raleigh.

North Carolina State University uses an extensive multidisciplinary approach to meat science programming. 
The program maintains a presents in three departments within the College of Agriculture and Life Sciences. 
Major program interests include improving pork and poultry muscle quality, country ham processing, value 
added processing of muscle foods and seafood as well as addressing various issues relating to food safety. 



Faculty with muscle foods interests are exited about the continued development of this program. 
The Food Science Department
A remodeled muscle food processing laboratory has been added to Schaub Hall. This lab will be used to sup-
port the undergraduate teaching needs for classes such as Muscle Foods and Eggs, Introduction to HACCP 
and Post Harvest Food Safety. The meat lab is also utilized for various workshops, support the needs of entre-
preneurs focusing on meat products and to facilitate research projects involving muscle foods. 
Dr. Tyre Lanier has worked with muscle protein throughout his long career. Resent work in the Lanier lab has 
focused on the uses of microwave cooking technology for thermal processing of meat gels, determining the 
role of water in protein functionality, enhancing quality of canned tuna and the application of meat protein 
isolates to enhance eating quality of pork, poultry and fish.
Dr. David Green works with the seafood industry from his office at the Center of Marine Sciences and Tech-
nology (CMAST), in Morehead City, NC. Dr. Green′s program focuses on improve quality, texture, flavor of 
value-added processed aquatic foods. Current research in his lab deals with improving quality of farm raised 
fish by improving post-harvest handling. His program has also developed and taught seafood HACCP for over 
600 seafood processors in the southeast region.
Dr. Dana J. Hanson is the meat extension specialist within the department. His program interests includes 
applied research that addressing pork muscle quality and improving quality and safety of processed meats. 
Dr. Hanson has been instrumental in conducting the Pork 101 workshops for the pork packing industry in 
the southeast. In the past 3 years, the meat science group at NCSU conducted 12 Pork 101 workshops for 
Smithfield Foods and Premium Standard Farms.
Dr. Alejandro Amezquita, will join the faculty in July 2006. Dr. Amezquita will serve as the department′s 
extension food engineer. 
The Animal Science Department
Dr. Todd See is the Animal Science Department Swine Extension Leader. He has worked extensively with 
swine producers in the state as they attempted to develop a company to market various branded pork products. 
He also serves as an instructor for the NCSU Pork 101 program.
Dr. Eric Van Heugten′s research program has been active in exploring various nutritional effect on pork 
muscle quality.

The Poultry Science Department
Dr. Brian Sheldon serves as the Poultry Science Department Extension Leader. He has worked in the areas of 
poultry product safety, food law, and farm to table HACCP. Resent muscle foods research in the Sheldon lab 
has focused on investigating the efficacy of biocidal agents in controlling food borne pathogens and spoilage 
microorganisms associated with fresh poultry processing and value-added products.

Key Words: meat science, North Carolina State University

Muscle and Lipid Biology and Biochemistry: Biology and Biochemistry
    50P    Effects of feeding regimens on animal growth, Longissimus muscle DNA and protein concentra-
tion and gene expression in beef cull cows.  L. W. Kutzler*, S. F. Holmer, C. M. Leick, F. K. McKeith, and 
J. Killefer, University of Illinois, Urbana.

The effects of three feeding regimens on animal growth, Longissimus muscle protein and DNA content, as 
well as gene expression, were investigated in 14 beef cull cows. The cull cows were finished for 57 days on 
either a forage maintenance diet (CON), high energy concentrate diet (FED) or high energy concentrate plus 
Optaflexx™ for the last 35 days prior to slaughter (OPTA). Muscle protein was calculated from Leco nitro-
gen measurements and DNA concentrations were determined using Hoechst 33258. Relative fold comparison 
of Longissimus muscle messenger RNA levels of β1 adrenergic receptor (AR), β2 AR, β3 AR, myogenin, 
MyoD, myostatin, and IGF-1 were analyzed with real-time PCR using Sybr® Green and the housekeeping 
gene β-actin. The CON group (n=5) final body weight of 487.6 kg and hot carcass weight of 280.8 kg were 
less than the FED (n=4) final body weight of 613.3 kg and 366.9 kg hot carcass weight (P<0.05). There 
were no differences, however, between the final body weights and hot carcass weights of FED and OPTA 
(n=5) groups. Muscle protein (mg protein/g dry tissue) in the CON group (993.5 mg/g) was higher than the 
FED (906.5 mg/g) (P=0.02), but there was no difference between the FED and OPTA groups (P=0.98). The 
DNA concentration (mg DNA/g dry tissue) was higher in the FED (4.35 mg/g) verses the CON (3.84 mg/g) 
(P=0.07). The protein/DNA ratio for the CON (259.6) was higher than the FED (208.6) (P<0.01), however, 



FED and OPTA were not different (P=0.33). Relative fold expression of IGF-1 mRNA was decreased in the 
FED group compared to the CON group (P=0.06), and OPTA β1 AR mRNA levels were slightly increased 
compared to FED (P=0.12). Although there were no other significant differences observed in the gene expres-
sion data, this may be due to the high animal to animal variability in this cull cow population. The increased 
final body weights and carcass weights indicate that when beef cull cows are fed with a high concentrate diet, 
they still retain the potential to increase body mass. Also, as indicated by the decreased protein/DNA ratio 
they still possess active satellite cells. Due to variability of the gene expression data, the cellular mechanisms 
through which they gained mass remains unknown and may vary by animal age and physiological condition. 
Also, because of the observed increases in carcass weight and the lack of clear changes in the expression of 
the major myogenic genes, it would be of interest to explore the roles of the protein synthetic and degradation 
pathways in a more controlled and uniform population of animals.

Key Words: cull–cow, protein synthesis, protein/DNA

    51P    Composition of grass-fed beef in the U.S.  J. M. Leheska*, J. C. Brooks, L. D. Thompson, and M. 
F. Miller, Texas Tech University, Lubbock.

Feeds or forages fed to cattle can affect the nutrient composition of beef. Forages have higher concentrations 
of some beneficial unsaturated fatty acids such as omega-3 (n-3) and conjugated linoleic acid (CLA) which 
may have positive health benefits when consumed in the human diet. Therefore, this study was conducted 
to determine the nutrient composition of grass-fed beef in the U.S. for use in the USDA Nutrient Database 
for Standard Reference (SR), and to compare these results with the nutrient composition of conventional fed 
beef. Ground beef and strip steaks (derived from IMPS/NAMP 180 Beef Loin Strip Loin) were collected 
from 16 different grass-fed beef producers that represented 13 different states (Alabama, Arkansas, California, 
Colorado, Georgia, Idaho, Kentucky, Minnesota, Missouri, Montana, New Mexico, Texas, and Virginia), and 
conventional fed (control) beef samples were collected from three distinctively different regions in the U.S. 
(Lubbock, Texas; Brookings, South Dakota; Columbus, Ohio). Samples were analyzed for percentage of total 
fat, total cholesterol, and fatty acid methyl esters along with trans fatty acids and conjugated linoleic acid 
(CLA). Percentage of total fat in grass-fed and control ground beef samples were similar (P > 0.05). This was 
expected due to the study protocol which limited sample collection to 85% lean and 15% fat ground beef. 
Strip steaks from both grass-fed and conventional fed animals were lean as they contained 2.5% and 4.3% 
fat, respectively. Even so, grass-fed strip steaks had significantly less fat than control strip steaks (P < 0.05). 
All external fat was removed from strip steak samples prior to analysis; therefore, the difference in total fat 
content was due to intramuscular fat differences. For both ground beef and strip steaks, grass-fed samples 
had lower (P < 0.05) concentrations of monounsaturated fatty acids (MUFA) and higher concentrations of 
saturated fatty acids (SFA), n-3 and CLA (P < 0.05) than did the control samples. Whereas concentrations of 
polyunsaturated fatty acids (PUFA), trans fatty acids, omega-6 fatty acids (n-6), and cholesterol content did 
not differ between grass-fed and control ground beef (P > 0.05). In conclusion, grass-fed and control strip 
steaks were both lean, but grass-fed strip steaks had significantly less total fat than conventional fed strip 
steaks. The fatty acid composition was similar for ground beef and strip steaks despite their difference in total 
fat content. Control beef samples had a greater concentration of MUFA and a lower concentration of SFA than 
did grass-fed samples, but grass-fed beef samples contained a greater amount of n-3 and CLA than control 
samples. Therefore, even though the fatty acid composition of grass-fed and conventional fed beef is different 
in this study the differences do not identify one treatment as being more healthful than the other.

Key Words: grass-fed beef, fatty acid composition, CLA

    52P    Influence of hydrodynamic pressure processing and aging on myofibrillar proteins and tender-
ness in fresh beef strip loins.  B. C. Bowker*, T. M. Fahrenholz, E. W. Paroczay, and M. B. Solomon, USDA, 
Agricultural Research Service, Beltsville, Maryland.

Hydrodynamic pressure processing (HDP) and aging are postharvest techniques for enhancing meat tender-
ness. HDP utilizes pressure shockwaves to physically disrupt muscle ultrastructure, while aging tenderiza-



tion is associated with the proteolytic degradation of myofibrillar proteins. The objective of this study was 
to determine the effect of combining HDP and aging treatments on the tenderness and myofibrillar protein 
characteristics of boneless beef strip loins. Strip loins (n=12) were split in half at 24 h postmortem, with 
one end randomly assigned HDP-treatment and the other serving as a control. Following treatment, each half 
was divided into three portions, which were aged 0, 5, and 8 days. From each portion, a steak was removed 
for Warner-Bratzler shear force (WBSF) determination and myofibrillar protein isolation. HDP decreased 
(p<0.0001) WBSF values approximately 23% compared to controls at day 0 (6.33 vs. 8.17 kgf), day 5 (5.06 
vs. 6.60 kgf), and day 8 (4.52 vs. 5.82 kgf). Myofibrillar fragmentation increased (p<0.001) with HDP treat-
ment compared to controls, and increased (p<0.0001) from 0 to 5 days of aging. HDP treatment also caused 
an increase (p<0.001) in myofibrillar protein solubility compared to controls. SDS-PAGE analysis of myo-
fibrillar protein profiles demonstrated a strong aging effect. Aging related changes in band intensities were 
observed for 90-110 kDa bands, desmin, troponin-T, and the 30 kDa fragment. The intensity of the bands in 
the 90-110 kDa range also increased with HDP treatment compared to controls. No treatment or aging effects 
were observed in the intensities of the myosin or actin bands. These data suggest that while HDP is more 
effective than aging alone for tenderizing beef, HDP tenderization is not likely due to the same proteolytic 
degradation of myofibrillar proteins observed with aging.

Key Words: tenderness, hydrodynamic pressure processing, aging

Production Systems and Meat Quality: Production and Meat Quality
    53P    Impact of dietary Ractopamine level in barrows and gilts from two sire lines. 1. Growth, 
ultrasonic carcass and slaughter measures.  B. A. Peterson*1, M. Ellis1, S. N. Carr2, A. C. Dilger1, P. D. 
Matzat2, F. K. McKeith1, C. M. Murphy1, P. J. Rincker1, M. J. Ritter1, and C. F. Shipley1, 1University of Illinois, 
Urbana, 2Elanco Animal Health, Greenfield, Indiana.

A total of 240 pigs were used in a randomized complete block design with a 3 × 2 × 2 factorial arrangement 
of the following treatments: 1) Dietary Ractopamine level (0 vs. 5 vs. 10 ppm); 2) Sire line (Line A vs. Line 
B); 3) Gender (barrows vs. gilts). The pigs used were the progeny of two sire lines with differing growth and 
carcass characteristics, mated to a common dam line. Pigs were housed in groups of four at a floor space of 
0.96 m2/pig and subjected to standard management practices during the study which was carried out over a 
28-day period from a mean pen start weight of 76.8 ± 1.31 kg. Diets were formulated to meet the requirements 
of pigs fed 10 ppm Ractopamine (1.13% lysine; 18.5% crude protein; 3220 kcal/kg ME). Pigs were weighed 
and ultrasonic backfat thickness and longissimus muscle area were measured at the 10th rib at the start and 
end of the study; all feed additions were recorded and feed in the feeder was weighed at the same time as the 
pigs. At the end of the study, pigs were harvested at a commercial packing plant and backfat thickness and 
longissimus depth were measured postmortem using Autofom equipment. There were no sire line by Racto-
pamine level interactions suggesting a similar response to Ractopamine treatment in these two lines. There 
were gender by Ractopamine treatment interactions for ADG and ADFI, but not G:F ratio. Ractopamine at 
10 ppm, compared to 0 ppm, had no effect on ADFI but increased ADG (12.4%) and improved G:F ratio 
(13.9%) in both genders. Ractopamine at 5 ppm increased ADG in barrows (13.7%) but not in gilts, increased 
ADFI in barrows (6.5%) but reduced ADFI in gilts (-6.3%), and improved G:F ratio in both genders (11.1%). 
Ractopamine had no effect on ultrasonic backfat thickness, but increased longissimus muscle area (40.5, 42.1, 
and 42.9 cm2 for 0, 5, and 10 ppm, respectively, SEM 0.34; P < 0.05). Feeding 5 and 10 ppm Ractopamine 
increased hot carcass weight (75.4, 77.7, and 78.7 kg, respectively, SEM 0.81; P < 0.001); dressing percent-
age was increased by the 10 ppm, but not the 5 ppm, treatment (73.1, 73.6, and 74.2, respectively, SEM 0.39; 
P < 0.001), and predicted carcass lean was increased by both 5 and 10 ppm Ractopamine (55.3, 55.7, and 
55.9, respectively, SEM 0.38; P < 0.01). The results of this study show substantial improvements in growth 
and carcass traits from the use of Ractopamine at both levels tested that were independent of the genotype but 
dependent on gender.

Key Words: pig, Ractopamine, growth performance



    54P    Impact of dietary Ractopamine level in barrows and gilts from two sire lines. 2. Carcass cutting 
yields.  M. J. Ritter*1, M. Ellis1, S. N. Carr2, A. C. Dilger1, P. D. Matzat2, F. K. McKeith1, C. M. Murphy1, 
B. A. Peterson2, P. J. Rincker1, and C. F. Shipley1, 1University of Illinois, Urbana, 2Elanco Animal Health, 
Greenfield, Indiana.

A total of 240 pigs were used in a randomized complete block design with a 3 × 2 × 2 factorial arrangement 
of the following treatments: 1) Dietary Ractopamine level (0 vs. 5 vs. 10 ppm); 2) Sire line (Line A vs. Line 
B); 3) Gender (barrows vs. gilts). The pigs used were the progeny of two sire lines with differing carcass 
composition, mated to a common dam line. Pigs were reared in groups of four at a floor space of 0.96 m2/pig 
and subjected to standard management practices during rearing. Ractopamine was fed over a 28-day period 
from a mean pen start weight of 76.8 ± 1.31 kg. At the end of the study, pigs were harvested at a commercial 
plant. On the day after harvest, sides from 145 pigs, selected to equally represent the treatments and to be 
closest to the mean pen BW, were transported to the University of Illinois Meat Science Lab for carcass evalu-
ation. Sides were cut into primals which were further prepared using standard procedures to produce trimmed 
boneless cuts. Carcass cutting yield was estimated as the sum of trimmed, boneless Boston butt, picnic, loin, 
belly, and ham weights. Side carcass cutting yield was similar for Lines A and B (17.8 and 18.2 kg, respec-
tively, SEM 0.19; P = 0.06). There was a gender by Ractopamine treatment interaction (P < 0.05) for side cut-
ting yield. For barrows, yield was greater for 5 and 10 ppm Ractopamine than for 0 ppm (17.2, 18.6, and 18.9 
kg for 0, 5, and 10 ppm Ractopamine, respectively, SEM 0.27), however, in gilts, yield was increased by the 
10 ppm treatment only (17.4, 17.6, and 18.4, respectively, SEM 0.27). Total ham muscle weight was increased 
relative to the controls by both 5 and 10 ppm Ractopamine (4.85, 5.15, 5.30 kg, respectively, SEM 0.10; P < 
0.001). There were sire line by Ractopamine treatment interactions for trimmed loin (P < 0.05) and trimmed 
belly (P < 0.01). For Line A, trimmed loin (8.04, 8.23, and 8.71 kg, respectively, SEM 0.16) and trimmed 
belly (3.59, 3.68, and 3.94 kg, respectively, SEM 0.08) weights were increased relative to the controls by 10 
ppm but not 5 ppm Ractopamine. For Line B, trimmed loin weights were increased by both 5 and 10 ppm 
Ractopamine (8.07, 8.74, and 8.74 kg, respectively, SEM 0.16); there was no effect of Ractopamine treatment 
on trimmed belly weights for Line B (3.76, 3.89, and 3.76 kg, respectively, SEM 0.08). In conclusion, feeding 
10 ppm Ractopamine for 28 days increased total side cutting yields in both genotypes and genders by between 
6 and 10%. However, the response in cutting yield to 5 ppm Ractopamine was dependent on the gender of the 
pig.

Key Words: pig, Ractopamine, carcass cutting yield

    55P    Impact of dietary Ractopamine level in barrows and gilts from two sire lines. 3. Pork quality.  
M. J. Ritter*1, M. Ellis1, S. N. Carr2, A. C. Dilger1, P. D. Matzat2, F. K. McKeith1, C. M. Murphy1, B. A. Peter-
son1, P. J. Rincker1, and C. F. Shipley1, 1University of Illinois, Urbana, 2Elanco Animal Health, Greenfield, 
Indiana.

A total of 240 pigs were used in a randomized complete block design with a 3 × 2 × 2 factorial arrangement 
of the following treatments: 1) Dietary Ractopamine level (0 vs. 5 vs. 10 ppm); 2) Sire line (Line A vs. Line 
B); 3) Gender (barrows vs. gilts). The pigs used were the progeny of two sire lines with differing pork quality, 
mated to a common dam line. Pigs were reared in groups of four at a floor space of 0.96 m2/pig and subjected 
to standard management practices during rearing. Ractopamine was fed over a 28-day period from a mean pen 
start weight of 76.8 ± 1.31 kg. At the end of the study, pigs were harvested at a commercial plant. On the 
day after harvest, sides from 145 pigs, selected to equally represent the treatments and to be closest to the 
mean pen BW, were transported to the University of Illinois Meat Science Lab for the evaluation of quality of 
the longissimus (at the 10th rib) and semimembranosus muscles. Line A progeny generally had better longis-
simus quality than those of Line B with a higher ultimate pH and higher marbling scores. There was no effect 
of Ractopamine on longissimus pork quality indices such as ultimate pH, drip loss, Minolta L*, a*, and b*, 
subjective color and marbling scores, and chemically determined fat content. Subjective longissimus firmness 
scores were greater for pigs fed 5 ppm Ractopamine than for the other levels, indicating firmer muscle for this 
treatment. There were Ractopamine by gender interactions for semimembranosus ultimate pH and Minolta 
L* and b*. Ractopamine at 5 ppm had no effect on any of these parameters, however, compared to controls 
(0 ppm), Ractopamine at 10 ppm increased ultimate pH and reduced L* and b* values in barrows but not in 
gilts. There was no effect of Ractopamine on belly thickness or flop test values. Additionally, Ractopamine 
had no detrimental effects on the fatty acid profile or the iodine value of the belly fat. In conclusion, feeding 5 



or 10 ppm Ractopamine for the last 28 days of finishing had no negative effects on fresh pork or belly quality 
in either of the two diverse genotypes used in this study.

Key Words: pig, Ractopamine, pork quality

    56P    Effects of Ractopamine Hydrochloride and ovariectomy on animal performance, carcass traits, 
and yields of carcass subprimals and value cuts in feedlot heifers.  C. S. Talton*1, T. D. Pringle1, G. M. 
Hill2, C. R. Kerth3, J. N. Shook1, and M. E. Pence2, 1The University of Georgia, Athens, 2The University of 
Georgia Coastal Plains Experiment Station, Tifton, 3Auburn University, Auburn, Alabama, 4Elanco Animal 
Health, Indianapolis, Indiana.

Forty-eight heifers, of predominantly British breeding, were used to investigate the effects of Ractopamine 
(RAC) supplementation and ovariectomization (OVX) on feedlot performance, carcass yield and quality 
traits, and subprimal and value-cut yields. The heifers were randomly assigned to pens (n = 8 pens with 6 
heifers per pen) and half of the pens were randomly selected for OVX, performed by a veterinarian. Cattle 
were implanted with Component TE–IH and fed a concentrate/corn silage TMR for 130 d (group 1; n = 4 
pens) and 144 d (group 2; n = 4 pens). Within a gender subclass (OVX vs intact; INT), half of the pens were 
randomly selected to receive a daily RAC supplement of 0.41mg/kg of BW, for the last 32 d of feeding. Upon 
completion of the feeding period, heifers were transported to either Athens, GA (n = 24) or Auburn, AL (n = 
24) and harvested using industry standard procedures. Slaughter weight and hot carcass weight (HCW) were 
collected at harvest. Following a 24-h chill, chilled carcass weight (CCW) was recorded and carcasses were 
ribbed for collection of USDA yield and quality grade data, pH, and Hunter L*, a*, and b* values. The left 
side of each carcass was then fabricated into the ribeye roll, shoulder clod, chuck roll, brisket, tenderloin, strip 
loin, top sirloin, knuckle, inside round, gooseneck round, heel, and flank steak and weights were recorded. In 
addition, the shoulder clod, brisket, top sirloin, inside round, and gooseneck round were weighed at 0.64 cm 
and 0 cm fat trim. Value cuts were then fabricated and from the shoulder clod (shoulder center, shoulder top, 
and top blade), knuckle (tip center and tip side), and gooseneck round (bottom round trimmed flat and bottom 
round ischiatic head) and weighed. Yields of subprimals and value cuts were expressed as a percentage of cold 
side weight (CSW). Data were analyzed by ANOVA for a 2×2 factorial arrangement and location effects were 
accounted for in the model. Heifer ADG, ADFI, and G:F were not affected by RAC or OVX. Dressing percent 
was higher (P < 0.01) in RAC-fed heifers than controls (CTL) and HCW, CCW, and REA tended (P < 0.10) to 
be increased by RAC feeding. Intact heifers had higher (P < 0.01) DP and larger (P = 0.05) REA and tended 
to have higher (P = 0.09) bone maturity scores and lower (P = 0.09) YG than OVX heifers. Neither USDA 
quality grade factors nor color and pH were affected by RAC or OVX. The ribeye roll, shoulder clod, and 
gooseneck round were heavier (P ≤ 0.04) and the tenderloin and knuckle tended (P ≤ 0.09) to be heavier in 
RAC-fed heifers compared to CTL; however, as a percent of CSW, RAC feeding did not impact subprimal 
yields. Conversely, OVX decreased (P = 0.04) the yield of the ribeye roll and tended (P = 0.06) to decrease 
the yields of the brisket and strip loin compared to INT heifers. The interaction of RAC supplementation and 
gender significantly affected shoulder top and top blade weights. These value cut weights were higher (P < 
0.05) with RAC feeding in INT heifers, while weights were similar in OVX heifers. Collectively, these find-
ings suggest that while RAC feeding did not improve heifer performance, carcass cutability was improved. 
However, it did not appear that ovarian hormone production impacted the response of heifers to RAC.

Key Words: Ractopamine, ovariectomy, heifers

    57P    Interaction of Ractopamine Hydrochloride and dietary protein on growth performance and 
carcass characteristics in finishing pigs.  J. N. Shook*1, T. D. Pringle1, M. J. Azain1, C. S. Talton1, C. R. 
Dove1, C. W. Parks2, and T. A. Armstrong2, 1University of Georgia, Athens, 2Elanco Animal Health, India-
napolis, Indiana.

Four groups (n = 60/group) of crossbred barrows (B) and gilts (G) were used to evaluate the effects of Racto-
pamine (RAC), protein level, and gender on performance, carcass composition and meat quality traits. Within 
a gender, pigs were assigned to pens (n = 5 pigs/pen) such that initial weight was equalized across treatments. 
Pens of a given gender (n = 6/group) were then assigned to a 3×2 factorial arrangement with three dietary 



protein levels [16% CP (16CP), 18% CP (18CP), and 16% CP with crystalline amino acids (Lys, Met, Thr) 
added to equal the 18% CP (16AA)] and two dietary RAC levels (0 and 10 ppm). Weekly weights and ultra-
sound measurements were collected during the 28-d finishing period; and at the end of the feeding trial the 
two average gaining pigs were selected for harvest (n = 96). After a 24-h chill, carcass composition and qual-
ity traits were recorded. Data were analyzed using ANOVA for a 3×2×2 arrangement. During wk 1, pigs fed 
16AA and 18CP gained more (P < 0.05) than pigs fed 16CP; however, diet did not affect ADG after wk 1. 
There was a trend (P = 0.06) for pigs fed 16AA to have a higher overall ADG than pigs fed 16CP. Although 
diet did not affect ADFI, pigs fed 16AA had higher (P < 0.05) 28-d G:F than pigs fed 16CP. Dietary RAC 
increased (P = 0.05) ADG during wk 2 of finishing, and RAC increased (P = 0.05) G:F over the 28-d trial. 
Gender affected ADG in wk 1 (P = 0.05) and over the 28-d feeding period (P = 0.02) with B gaining faster 
than G. Barrows also had increased (P = 0.04) ADFI in wk 3, but no differences (P > 0.10) were found in 
G:F between genders. Over the course of the study, dietary protein level did not affect ultrasound fat (UBF) 
accretion; however, pigs fed 16AA and 18CP diets had a faster (P < 0.01) accretion of ultrasound LM area 
(ULM,) than 16CP pigs. In RAC-fed pigs, UBF was lower (P = 0.02) and ULM was higher (P < 0.01) than 
in control (CTL) pigs. Tenth rib backfat (TRBF) was lower (P < 0.05) in pigs fed 18CP than those fed 16CP, 
with 16AA being intermediate. Likewise, RAC-fed pigs tended to have lower (P = 0.08) TRBF than CTL pigs 
and G had lower (P < 0.01) TRBF than B. Pigs fed RAC also had larger (P = 0.03) LM areas than CTL pigs. 
These compositional differences resulted in the pigs fed 16AA and 18CP having higher (P < 0.05) FFL than 
pigs fed 16CP. In addition, RAC-fed pigs and G had higher (P < 0.01) FFL than CTL pigs and B, respectively. 
No meat quality differences were found across dietary protein level or gender. However, LM from RAC-fed 
pigs was less (P < 0.01) red and yellow than LM from CTL pigs. In addition, LM from RAC-fed pigs had 
a higher (P = 0.02) 24-h pH and NPPC marbling score than CTL pigs. There were no differences in belly 
properties across dietary protein level or RAC supplementation; however, B had thicker and firmer (P = 0.01) 
bellies than G. Collectively these data suggest that RAC supplementation is an effective means of improving 
carcass composition without negatively impacting carcass quality, regardless of gender or dietary protein 
level.

Key Words: Ractopamine, dietary protein, carcass yield

    58P    Effect of ad libitum feeding regimen on cull sow performance, meat quality and composition.  
D. M. Fernández–Dueñas*, M. Ellis, L. W. Kutzler, S. F. Holmer, P. J. Rincker, F. K. McKeith, and J. Killefer, 
University of Illinois, Urbana.

After farrowing, sows are in a negative energy balance that is reflected in a lean body composition. High 
energy diets fed ad libitum have been demonstrated to improve economic return at culling. Thus the objective 
of this study was to evaluate re–feeding regimen on the fat content of the carcass to increase the value and 
improve the composition of cull sows. Experimental design was a complete randomized design in a factorial 
arrangement with 2 feeding regimens (restricted, 2.8 kg/d or ad libitum) × 2 feeding periods (14 or 28d) along 
with a baseline set of animals. A total of 32 cull sows (14d post–weaning) were used with 8 sows for baseline 
measurements and 6 for all other treatments. Average daily gain (ADG) and average daily feed intake (AFI) 
were recorded and feed efficiency (as ADG/AFI) was calculated. Ultrasound measurements for back fat and 
muscle depth at the last rib and 6.5 cm from middle line were scanned in all treatments at 0d, 14d, and 28d. 
One day after slaughter, back fat and loin eye area were measured at the last rib. Subjective color, marbling 
and firmness were evaluated according to the NPPC standards. Objective color (Minolta) and pH were mea-
sured 24h after slaughter. Skin, bone and soft tissue were dissected and weighed. Proximate analyses were 
performed on soft tissue samples (moisture and fat %). Parity, weaning weight and initial weight were not 
different between treatments (P>0.2). An interaction (P<0.03) on ADG and ADG/AFI was found when sows 
were fed for 28 days, when both variable decreased at the end of the trial for ad libitum sows. The greatest 
response (P<0.001) on ADG was on sows fed 14d compared with those fed the whole period (2.1 vs. 1.4 
kg). Voluntary feed intake was increased in ad libitum fed sows from day 14 until the end of the experiment 
(P<0.001; 5.5 vs. 8.3 kg). Feed efficiency for ad libitum fed sows was higher (P<0.03) the first 2 weeks of 
the experiment than for the 28d period (0.37 vs. 0.16 kg). Feeding resulted in an increased live weight at 
slaughter (P<0.01; 248.5 vs. 218.5kg) and hot carcass weight (P<0.01; 180.5 vs. 159.8kg), without any main 
effect on dressing percentage. Nevertheless, an interaction (P<0.02) was observed as far as feeding duration 
and ad libitum regimen. Subjective evaluations for meat were not different except for firmness (P<0.04). Fat 



percentage of the carcass tended to be higher for the 28 days feeding regimen sows (P<0.1). While there were 
no statistical differences, ad libitum fed culled animals by 28 days tended (P<0.06) to deposit more fat than 
the rest of feeding strategies (32.1 vs. 25.1%). In conclusion, sows fed ad libitum for 28 days were able to 
increase the fat percentage along with increased AFI and ADG. Because ad libitum feeding for 28d resulted in 
improved carcass composition of cull sows but was associated with a reduction in feed efficiency at the end of 
the feeding period, it would be necessary to determine the optimum feeding period to maximize compositional 
and efficiency benefits.
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    59P    The effect of dietary Selenium on pork carcass quality and longissimus color stability.  K. A. 
Poovey*, D. E. Burson, A. K. Batie, B. E. Jenschke, and P. S. Miller, University of Nebraska, Lincoln.

Recent studies suggest Selenium (Se) added to feed during the growing-finishing period will affect pork qual-
ity. Moreover, organic Se may be retained more effectively than inorganic Se when included in the pig diets. 
The objective of this study was to evaluate Selenium’s effects on carcass quality and color stability in the pork 
longissimus dorsi (LD) muscle when added to growing-finishing diets. Thirty pigs, each weighing 22.7 kg, 
were selected for the study. Three pigs were assigned to each grower pen and fed one of five treatment diets: 
Basal/Control (1), Basal + 0.15 ppm (2) or 0.30 ppm (3) Se from inorganic (selenite) Se, Basal + 0.15 ppm (4) 
or 0.30 ppm (5) Se from organic (selenized yeast) Se. Two replications of this study were conducted. Popula-
tion averages were as follows: 124.9 kg live weight, 96.2 kg hot carcass weight, 2.69 cm 10th rib fat depth, and 
44.78 cm2 loin muscle area. A 48-hour drip loss test resulted in an average 5.92% purge lost per sample. When 
visually evaluated and compared to NPPC’s Official Color and Marbling Standards, carcass color scores aver-
aged 2.77 and marbling scores averaged 1.63. No significant treatment effect was observed for any carcass 
trait measured. Two 2.54 cm thick boneless chops from the 10-13th thoracic portion of the LD were assigned 
to the 48-hour drip loss and color stability measurements. Chops identified for color evaluation were placed 
in styrofoam trays, over-wrapped with an oxygen permeable film, and allowed to bloom for 30 minutes prior 
to color testing; evaluation of color continued through day 12. ∆Ecmc values were calculated for each day of 
display from L*, a*, and b* using the average value for day one of display for the standard color. The organic 
0.30 ppm Se treatment resulted in the highest ∆Ecmc values, while the organic 0.15 ppm Se treatment and the 
Control had the lowest ∆Ecmc. As time progressed, L* values increased for all treatments, except treatment 4 
(P<0.05). A treatment by day interaction was observed for a* value (P=0.005). As time progressed, regardless 
of treatment, a* values decreased (P<0.0001). Supplementation with 0.15 ppm Se were similar to the control 
in regards to b* value. However, rations containing 0.30 ppm Se had lower b* values when compared to the 
control (P<0.05). Over time, there was a significant decrease in b* value from day 3 to 12. Pigs fed diets 
supplemented with Selenium have different LD color during storage that is lighter, less red, and less yellow. 
In addition, the use of organic Se results in the greatest color differences.
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    60P    Effect of pre-harvest stressors on digestive tract temperature, lean quality and blood cortisol 
level of market pigs.  C. C. Carr*, D. J. Newman, E. K. Burger, M. M. Brandt, M. H. Ryan, I. P. Shann, D. 
H. Keisler, G. K. Rentfrow, and E. P. Berg, University of Missouri, Columbia.

Studies were conducted to evaluate the effect of three seasonal environments: temperate (TMP), cold stress 
(CS), and heat stress (HS), two on-farm handling intensities: conventional (CONV) and passive (PAS), two 
transport stocking densities: tight and loose, and two lairage lengths: 45min and 3h, on digestive tract tem-
perature, pork quality, and blood cortisol levels. Market hogs at an average live weight of 125 kg were har-
vested at three environmental situations: (TMP) 6-13°C, (n=111), (CS) -9-0°C (n=113), and (HS) 22-35°C 
(n=112). At 16h prior to harvest, a temperature logging device (Ibutton, Dallas Semiconductor Corp. Dallas, 
TX) was placed down the throat of all hogs. Half of all hogs were randomly subjected to PAS and the other 
half CONV, with each group being loaded on identical trailers. As each handling group was loaded, approxi-
mately half of the hogs were allotted to a tight loading density (0.32 m^2^/100kg) and the other portion to a 
loose loading density (0.4 m2/100kg). After transport to the harvest facility, half of the hogs within each trailer 



were randomly allocated to one of the two lairage treatments. Blood collection for cortisol analysis was made 
at exsanguination. Ibuttons were collected from the viscera at harvest and loin lean quality data was collected 
24h following harvest. Prior to handling, CS pigs had higher digestive tract temperatures (P<0.04) than pigs 
from the other two harvests. However, during handling, pigs from the HS harvest that were handled CONV 
displayed no difference (P>0.40) in digestive tract temperature compared to pigs from the CS harvest that 
were handled PAS. During lairage, pigs from the HS harvest had higher (P=0.001) digestive tract temperatures 
than pigs from the TMP harvest, which had higher (P<0.03) temperatures than pigs from the CS harvest. This 
suggests that the re-establishment of dominance accelerated the metabolism of the HS pigs. Pigs subjected to 
the 3h lairage tended (P=0.06) to have higher digestive tract temperatures than pigs subjected to the 45min 
lairage. On-farm handling and transport stocking density had no affect (P>0.10) on blood cortisol levels. With 
the exception of pigs subjected to CS, blood cortisol levels were complementary of results from body tem-
perature, with pigs given 3h of lairage having higher (62.7 and 52.0; P<0.001) cortisol levels than pigs given 
45min lairage (44.0 and 38.6). When given 3h of lairage, pigs from the HS harvest had higher cortisol (62.7; 
P<0.001) levels than pigs from the TMP harvest (52.0), and pigs from the TMP harvest had higher (P<0.001) 
cortisol levels than pigs from the CS harvest (28.5). For lean quality, pigs given 45min lairage had higher 
(P<0.04) ultimate pH values, lower (P<0.01) Hunter L* values, and tended (P<0.07) to have less purge loss 
than pigs given 3h lairage. Pigs from the HS harvest had higher (P<0.01) Hunter L* values than pigs from 
the TMP and CS harvest and had more (P<0.05) purge loss than pigs from the CS harvest. Overall, on-farm 
handling intensity and transport stocking density had more marginal affects on digestive tract temperature, 
blood cortisol levels, and lean quality than seasonal environment or lairage length. During times of heat stress, 
pigs should be kept in lairage less than 3h to improve animal welfare and lean quality.
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    61P    Evaluation of quality grade indicators for live slaughter cattle.  M. J. Schertz, A. W. Tittor, C. D. 
Rains*, J. D. Kellermeier, D. D. Harris, M. G. Tittor, F. Williams, K. D. Adams, J. C. Brooks, J. R. Blanton, 
and M. F. Miller, Texas Tech University, Lubbock.

Understanding the relationship between live quality grade indicators and marbling score within and across 
breeds of slaughter cattle is imperative for profitable beef production. Thus, 1,138 slaughter cattle were evalu-
ated live by a four-member, experienced, USDA livestock grading team for the association between degree 
of finish at nineteen different anatomical locations and carcass marbling score. Cattle were selected from 
six locations in the Midwest, Southwest, and Northern United States. The live cattle were individually evalu-
ated for degree of finish at the following anatomical locations: cheeks, jowl, brisket, flank, cod/udder, tail 
pones, turn over the top, fat thickness, round creases, and lower quarter of the round. In addition, the cattle 
were scored for frame size, neck length, body depth, forearm muscle, dew claw angle, disposition, and facial 
hair swirl location. Each animal was characterized into the following breed types: Brahman, English, Exotic, 
Brahman-Exotic Cross, Brahman-English Cross, Exotic-English Cross and Dairy. Following live appraisal, 
each steer or heifer identity was maintained throughout the slaughter process, and was ribbed between the 12th 
and 13th rib for grading between 24 h and 48 h postmortem, in compliance with standard grading procedures at 
the slaughter facilities. USDA yield and USDA quality grade factors were evaluated by trained personnel from 
Texas Tech University. Live and carcass data were used to calculate Pearson′s simple correlation coefficients. 
In addition, stepwise regression procedures were used to develop regression equations to evaluate accuracy, 
as well as, reliability of traits measured in predicting USDA marbling score. Results show fat thickness had a 
linear relationship with carcass quality grade. However, not all breeds had the same relationship between fat 
thickness and quality grade. Brahman and Brahman cross cattle required more fat deposition at the 12th rib 
to move from USDA Standard to USDA Select than any other breed type. Dairy type cattle needed the least 
fat at the 12th rib to quality grade USDA Select, Low Choice and Average Choice. All of the live traits associ-
ated with fatness accounted for 20-25% (P < 0.05) of the variation in marbling score. Larger-framed, deeper-
bodied, lighter-muscled cattle that were more docile had more marbling (P < 0.05). Trained live cattle graders 
predicted the correct marbling score within 75-80% accuracy within a third of a quality grade. Graders were 
found to be the most accurate on Brahman and Brahman-Exotic cross breed types, due to the narrow range 
of quality grades found in these breed types. The English Breed type was the most difficult to predict USDA 
quality grade, because of the wide range of actual quality grades. In conclusion, a direct correlation between 
live visual appraisal and carcass merit (USDA quality grade) can be fairly accurate.

Key Words: quality, live evaluation, prediction



    62P    Finishing steers on winter annual ryegrass (Lolium multiflorum Lam.) with varied levels of 
grain supplementation: Effects on fatty acid profile, shelf life and lipid stability.  K. W. Braden*1, C. R. 
Kerth1, K. R. Willian3, S. D. Roberts1, and J. G. Gentry2, 1Auburn University, Auburn, Alabama, 2Middle Ten-
nessee State University, Murfreesboro, 3Tuskegee University, Tuskegee, Alabama.

Crossbred steers (Bos indicus × Bos taurus, n=72) were randomly assigned to examine effects of supplemental 
grain in a winter annual ryegrass-based finishing diet on fatty acid profile, retail shelf life and lipid stability. 
The diet treatments consisted of continual access to 1 ha winter annual ryegrass (Lolium multifloram Lam.) 
with 0.0, 0.5, 1.0, 1.5, or 2.0% of BW in supplemental corn (Zea mays) or concentrate-based diet (GA). Four 
steers were assigned to each pen (n=18) which served as experimental unit. Steers were humanely harvested 
when average pen back-fat reached 0.64cm. At harvest, fatty acid (FA) longissimus samples were removed 
from the 12th/13th rib section of all right carcass sides, vacuum-packaged and stored at -80°C. After 48h 
chilling, strip-loins (IMPS#180) were collected from each left carcass side and lean and fat initial CIE L*, 
a* and b* color values were recorded. Shelf life and lipid stability (LS) samples were serially removed from 
the striploin at 21 and 42 d postmortem (PM) and subjected to retail display at 4°C for 4d. Visual (PM 21) 
and instrumental (PM 21, 42) color measurements were obtained. Treatment diet did not effect initial lean 
L*, a* or b* values (P > 0.05). However, treatment did effect subcutaneous fat L* (P = 0.01) and b* (P = 
0.002) values. All ryegrass treatments had higher b* (indication of yellowness) values when compared to GA. 
Total conjugated linoleic acid (CLA) was lower (P = 0.04) in GA when compared to 0.0%. Total, saturated, 
monounsaturated, poly-unsaturated, n-6, and PUFA:SFA FA levels were not affected by treatment (P = 0.13, 
0.15, 0.15, 0.23, 0.06 and 0.56, respectively). Proportion of n-3 FA was highest (P = 0.02) in 0.0 compared 
to all other treatments. The ratio of n-6:n-3 FA increased (P = 0.0001) with elevated supplement in the diet. 
Lean color, discoloration and browning scores were not affected (P > 0.05) by supplementation. However, 
lean uniformity decreased with elevated supplement in the diet (P = 0.001). Steaks from steers finished on 
forage had more (P < 0.05) uniform color by the final retail display day when compared to steaks from GA, 
with the exception of 1.5%. Instrumental measures of retail shelf life indicated greater discoloration (P < 0.05) 
in steaks from animals consuming increased concentrate. GA steaks had lower a* (P = 0.001) and higher 
metmyoglobin (P = 0.001), than all other treatments, but were similar (P > 0.05) to 1.5%. Lean oxymyoglobin 
instrumental pigment values were higher in animals from forage-based finishing diets when compared to GA 
cattle with the exception of 1.5%. Lean hue angle values were highest for GA and 1.5% (P = 0.001). Steaks 
from 0.0 and 1.5% animals were found to have the lowest (P < 0.05) hue angle values, indicating a more 
true red appearance. LS stability increased (P = 0.006) if steaks were from animals finished on forage when 
compared to animals consuming entirely grain (GA). These results indicate forage-based finishing systems 
with supplemental grain could be used as alternative finishing strategies; while improving fatty acid profile, 
shelf life and lipid stability.

Key Words: beef, forage, lipid

    63P    Gestational maternal nutrient restriction effects on fed steer carcass and muscle characteris-
tics.  K. R. Underwood*, S. A. Thompson, B. W. Hess, S. P. Ford, and W. J. Means, University of Wyoming, 
Laramie.

Nutrient restriction of the dam during gestation can have detrimental influences on the progeny, especially 
later in life. In arid climates, such as the Intermountain West, it is possible for nutrient restriction to occur 
during early to mid-gestation. Therefore, 160 multiparous cows from the University of Wyoming cow herd 
were used to evaluate how maternal nutrient restriction during gestation impacted final carcass traits of prog-
eny at typical finishing endpoints. Control (C) cows received 100 percent of the NRC requirements for a 
gestating beef cow until calving. Nutrient restricted (NR) cows received 68.1 percent of the net energy of 
maintenance requirements for a gestating beef cow from d 30 to 120 of gestation. The NR cows were then 
realimented to achieve a similar body score as C cows at d 250 of gestation and then fed 100 percent of NRC 
requirements until calving. After calving, cow-calf pairs grazed summer pasture at the University of Wyoming 
McGuire Ranch. At 5 to 6 mo of age calves were weaned and steers were placed in the University of Wyoming 
feedlot. Steers were harvested at 13 to 14 mo of age at the University of Wyoming Meat Laboratory. Carcasses 
were ribbed 48 h post-mortem and longissimus muscle area, 12th rib fat thickness, yield grade, and marbling 
scores were determined and recorded. Semitendinosus and longissimus muscles were dissected from the right 
side of each carcass 7 d post-mortem and weighed as an estimate of muscle growth. Total carcass composi-



tion was estimated from 9-10-11 rib sections that were dissected into lean, fat, and bone and heavy connective 
tissue. Warner-Bratzler shear force analysis was conducted on a 3.175 cm steak removed from the 12th rib 
and aged 17 d post-mortem. Data were analyzed using the GLM procedures of SAS. Longissimus muscle area 
(P = 0.54), 12th rib fat thickness (P = 0.16), kidney, pelvic and heart fat (P = 0.15), hot carcass weights (P 
= 0.52), yield grade (P = 0.45), marbling scores (P = 0.72), and shear force (P = 0.64) were similar between 
treatments. Steers from the NR dams tended to have less dissectible fat (P = 0.07) and more dissectible lean 
(P = 0.08) as a percentage of 9-10-11 rib sections. Dissectible bone and connective tissue from 9-10-11 rib 
sections were similar (P = 0.41) among treatments, however. Additionally, semitendinosus and longissimus 
muscle weights as a percentage of cold side weights were similar (P = 0.14 and P = 0.78, respectively) 
between treatments. Hence, nutrient restriction of beef dams during early to mid-gestation will have minor, 
if any, effects on the quality and quantity of meat produced from steer progeny harvested at typical finishing 
endpoints.

Key Words: carcass characteristics, undernutrition, muscle growth

    64P    Regression model to asses bull carcasses in Oaxaca State, Mexico.  F. A. Nuúnñez Gonzalez, 
E. D. Martiínez*, J. A. Garciía Maciías, and A. D. Alarcoón Rojo, Universidad Autonoma de Chihuahua, 
Chihuahua, Mexico.

The purpose of this study was to establish a regression model in order to estimate hot carcass weight, and 
ethnic meat cuts yield from crossbred Bos indicus bulls in Oaxaca State, Mexico.
36 crossbred Bos indicus bulls (base) with similar phenotypic characteristics among them (raised in wet 
extensive rangeland), and an average live weight of 368 to 446.5 kg were slaughtered and evaluated at differ-
ent live weights. Variables measured were empty body weight (EBW, which was calculated as the live weight 
minus the gastric-intestinal content), gastric-intestinal content (GIC), lumbeye muscle area cm2 (LMA, which 
was taken at the first lumbar vertebra level) and hot carcass weight (HCW). Four ethnic meat cuts (EMC) from 
a half carcass (neck, rear leg, rib and front leg) were obtained and cooled, and finally they were dissected to 
obtain the EMC. 
The EMC were pulpa (M. Gracilis, M. Semimembranosus, M. Semitendinosus, and M. Pectineus) (PUL), 
reves (M. Rectus femoris, M. Gluteos accesorius, M. Gluteus profundus) (REV), anquera (M. Gluteobiceps, 
and M. Gluteos) (ANQ), lomo (M. Longissimus lumbarum, and Mm. Multifidi lumbarum) (LOM), consomé 
(M. Triceps brachii capuz laterale) (CON), and palomilla (M. infraespinatus, M supraespinatus, M. Teres 
minor, and M. Subescapularis) (PAL). 
A bull classification in two groups was made under a randommised design and it consisted of light (LB; 368 
± 8.38; n=16), and heavy bulls (HB; 446.5 ± 7.49; n=20). Variables measured where EBW, LMA, HCW, and 
the carcass renal pelvic fat (CRPF). The mean values were detected using The Tukey multiple range test. To 
determine differences between HCW, and EMC over the live weight a regression model was carried out, join-
ing both groups LB, and HB. 
EBW average related to live weight varied between groups by 1.74% (P<0.05), probably due to the quantity 
of food intake before bulls were slaughtered. Also it showed that there were not differences (P<0.05) in HCW 
between LB (64.64%), and HB (65.49%) related to EBW. Renal pelvic fat yield (RPF) did not show a differ-
ence between LB (2.10%) and HB (2.34%). On the other hand, lumbeye muscle was different (P<0.05) in LB 
(83.51 cm2) and HB (96.85 cm2) bull carcasses (Table 1). RPF yield showed that bulls were characterized by 
low fat proportion, although such features did not influence yield carcass when live weight increased. Grazing 
system influenced the low fat percentage, because tropical grass nutritional value has high fiber concentration, 
and as a consequence, a low digestibility energy, and low crude fiber (Chazaro, and Gudiño, 2000).
LW explained the lineal estimation on CHW (r2=0.94), RL (r2=0.90) (Figura 1) PUL (r2=0.72), REV 
(r2=0.74), ANQ (r2=0.86), LOM (r2=0.60), PAL (r2=0.65), and CON (r2=0.60) Table 2. LMA was explained 
by the LW and this relationship showed a quadratic tendency (r2=0.82; Figure 2), It showed that bulls with 
LW between 335 to 402 kg did not show a significant increment in lumbeye muscle, but the R2 is stronger 
when the LW is between 415 to 490 kg. 
The regression model showed that LW explained weight increasing (kg) in HCW (94%), RL (90%), PUL 
(72%), ANQ (74%), and reves (86%). Thus, a prediction equation could be an important factor for producers, 
helping them to take crucial decisions about their final commercial bulls, in accomodating marketing needs 
in Oaxaca State.



Prediction equations of hot carcasses weight and ethnic meat cuts related to live weight from bull car-
casses in Oaxaca State, Mexico

Component α= intercept SE β = slop SE r2

Hot carcass weight -38.5286  10.7011 0.6530  0.0258 0.94
Rear leg -3.4353  2.49083 0.1054  0.006 0.90
Pulpa 0.1866  1.045598 0.0235  0.0025 0.72
Anquera -1.17215  1.0957 0.0261  0.0026 0.74

Pulpa=M. Semimembranosus, M. Semitendinosus y M. Pectineus

Key Words: Bos indicus, meat cuts ethnic, lumbeye muscle eye
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    1    Increase in total numbers of E. coli O157 and Salmonella on cattle hides as a result of dust 
generation during cattle during loading.  D. Harris*1, M. Brashears1, G. Loneragan2, K. Adams1, A. Tittor1, 
J. Kellermeier1, M. Tittor1, J. Brooks1, J. Blanton, Jr.1, and M. Miller1, 1Texas Tech University, Lubbock, 2West 

Texas A&M University, Canyon.

Dense dust clouds are frequently generated during the loading of cattle at feedlots for shipment to process-
ing plants. Because the dust primarily consists of dried and pulverized manure, it is possible this aerosolized 
dust could serve as a source of pathogens on hides. Samples were collected from animals during loading into 
trucks to be transported to a slaughter facility. A total of 250 animals were sampled over 5 separate sampling 
days. Composite hide samples were collected from the withers and midline of the animals in a 1000 cm2 
area on separate sides before and after exposure to the dust cloud. To accomplish this, cattle were sampled, 
moved through the high-dust potential loading area, then sampled again. In addition to hide samples; air/dust 
samples, and dirt samples in the snake area (area before the chute) and from the pen, where the animals were 
removed, were taken. The presence and the quantitative amount of E. coli O157 and Salmonella spp in all 
samples were determined using immunomagnetic separation (IMS) and an IMS-based most probable number 
procedure. Results indicated that there was a quantitative increase in the total numbers of Salmonella and E. 
coli O157 after the animals were subjected to the dust cloud. Additionally, there were differences among days 
that were related to the recovery of pathogens from the air/dust. On the 3 sampling days when we recovered 
Salmonella from the air/dust samples, we observed the greatest increases in the number of Salmonella recov-
ered from hides with more than a 1 log cycle increase on one of the days. the number of positive animals 
increased 100% from before dust cloud exposure to after exposure, on one of these days. On another day the 
prevalence increased approximately 45%. On these days, Salmonella was recovered from the dust samples 
collected from the air, thus indicating that the air is a potential source of the hide contaminants. 
Prevalence of cattle testing positive for E. coli O157 increased after exposure to the dust cloud on every 
day of sampling. E. coli O157 was recovered from the dust samples collected from the air on one of the 
sampling days. Overall, the quantitative increase in total numbers of E. coli O157 on the hides increased 
significantly after exposure to the dust cloud. Only 6% of the pen dirt samples were positive for E. coli O157 
while 26% of snake area dirt samples were positive indicating that the snake area dirt could also be a source 
of contamination.For all snake area dirt samples, the number of positive samples was not different before and 
after sampling. This indicates that both pathogens persist in the dirt area of the snake from day to day and 
can be a source of contamination of the carcass.Our observations indicate that dust generated during loading 
may increase pathogen carriage on the hides of harvest-ready cattle. Control measures designed to reduce dust 
potential in loading areas should be evaluated for their impact on pathogen carriage.

Key Words: pathogens, cattle Hides, dirt



    2    Effects of pH-enhancement on survivability and growth of E. coli on beef subprimals and steaks.  
C. D. Hand*, T. M. Nath, A. J. Everts, A. K. R. Everts, D. M. Wulf, D. R. Henning, and R. J. Maddock, South 
Dakota State University, Brookings.

Two phases of research were conducted to determine: 1) the effect of pH enhancement (PHE) on the surviv-
ability of E. coli 0157 on beef bottom round subprimals (USDA Select, n = 12); and 2) the effect of pH 
enhancement on the growth of E. coli 1057 on beef bottom round steaks (n = 120). Beef bottom rounds 
designated for PHE were injected with a solution containing water, ammonium hydroxide, and salt (technol-
ogy patented by Freezing Machines, Inc.). In phase I, each beef bottom round was cut into thirds, inoculated 
with E. coli 0157, and randomly assigned to one of three treatments (Baseline, Day 0, or Day 2). Day 0 and 
Day 2 samples were PHE and the baseline samples were only inoculated not PHE. Prior to enhancement, all 
samples were surface spray inoculated at a level of 2.67x106/cm2 and stored in vacuum packages. A 50 cm2 
area external sample and an 11 g internal sample was aseptically excised from each of the bottom round pieces 
and then serially diluted. Results from phase I showed that Day 0 external samples had a greater (P<0.05) log 
reduction in E. coli 0157 (0.63 log cfu/cm2) when compared to both baseline and day 2 external samples (1.52 
log cfu/cm2 and 1.68 log cfu/cm2). The treatment group had no (P>0.05) effect of PHE or day measured for 
the internal samples (Baseline = 0.14 log cfu/g, Day 0 = -0.48 log cfu/g, and Day 2 = 0.18 log cfu/g). Phase 
II used an additional 12 bottom rounds with six of the subprimals used as non enhanced controls (CON), and 
six as PHE. After pH enhancement, eleven steaks (2.5 cm thick) were cut from each subprimal; one steak was 
used to measure pH while the other ten steaks were inoculated with E. coli 0157 at a level of 2.67x106/cm2. 
Six inoculated steaks from each subprimal were vacuum packaged to simulate anaerobic packaging (ANA) 
while the remaining four steaks were retail wrapped to simulate aerobic packaging (AER). Five CON and five 
PHE steaks designated for ANA were randomly assigned to one of five storage days (0, 2, 14, 28 or 56). Three 
CON and three PHE steaks designated for AER were randomly assigned to one of three display days (0, 2, or 
14). At each storage day, a 50cm2 external area was aseptically excised from each steak and serially diluted. 
Results from phase II showed that the pH of PHE (7.72) was higher (P< 0.05) than the pH of CON (5.61). 
There was a significant treatment by day interaction for the ANA packaged steaks with PHE showing lower 
E. coli 0157 counts on both days 0 and 2 (2.26 log cfu/cm2, 2.78 log cfu/cm2) than CON (2.80 log cfu/cm2, 
3.58 log cfu/cm2) and CON showing lower E. coli 0157 counts on days 14, 28 and 56 (4.38 log cfu/cm2, 5.70 
log cfu/cm2, and 3.92 log cfu/cm2) than PHE (5.49 log cfu/cm2, 6.72 log cfu/cm2, and 4.67 log cfu/cm2). There 
was a significant treatment by day interaction between all treatments and days 0 and 2 for the AER packaged 
steaks with PHE having lower E. coli counts on days 0 and 2 (2.33 log cfu/cm2, 2.89 log cfu/cm2) than CON 
(3.02 log cfu/cm2, 4.06 log cfu/cm2) (P<0.05), whereas on day 14 there was no difference between PHE and 
CON (P>0.05). In conclusion, PHE reduced the amount of inoculated E. coli 0157 on both beef bottom round 
subprimals and steaks.

    3    Evaluation of the antimicrobial properties of PronTech® (Alkyl Dimethyl Benzyl Ammonium 
Chloride) and lactic acid in carcass and fresh meat of beef and pork.  A. Ruiz*1, S. K. Williams1, A. 
Acosta2, W. Dominguez2, and K. Sarjeant1, 1University of Florida, Gainesville, 2Pan-American School of Agri-
culture, El Zamorano, Francisco Morazan, Honduras.

Two studies were conducted to determine the antimicrobial properties of 0, 200 ppm of PronTech® (Alkyl 
Dimethyl Benzyl Ammonium Chloride) and 1.8% lactic acid on fresh inoculated 100 gram beef flank and 
pork belly samples stored at 4 ± 1°C for 4 days, and uninoculated whole beef and pork carcasses stored in 
a carcass cooler at 4 ± 1°C for 24 hours. The beef and pork samples were inoculated with 7 log CFU/ml of 
Escherichia coli O157:H7 and generic Escherichia coli, respectively. The inoculated samples were sprayed 
with 0 and 200 ppm of PronTech® and 1.8% lactic acid, allowed to drain for 1 minute, packaged in sterile 
plastic bags, stored at 4 ± 1°C for 4 days and analyzed on day 0, 2 and 4 for E. coli O157:H7 and generic 
E. coli. Treating the beef and pork samples with 1.8% lactic acid significantly (P < 0.05) reduced the E. coli 
O157:H7 and generic E. coli counts, respectively when compared to the control and samples treated with 200 
ppm of PronTech® on day 0, 2 and 4. The 1.8% lactic acid treatment of the beef samples resulted in a 1.39 
log CFU/gram reduction in E. coli O157:H7, and a 0.67 log CFU/gram reduction in generic E. coli in the 
pork samples on day 4. In the second study, the beef and pork carcasses were either rinsed with a solution 
of 200 ppm PronTech®, 1.8% lactic acid or water (control) before storage in the carcass cooler. The 1.8% 
lactic acid treatment significantly reduced (P < 0.05) total coliforms and aerobic bacteria on beef and pork 
when compared to the control and carcasses treated with 200 ppm PronTech®. The 1.8% lactic acid treat-



ment resulted in reductions of 0.98 log CFU/cm2 total coliforms and 0.83 log CFU/cm2 aerobic bacteria for 
the beef carcasses, and 0.82 log CFU/cm2 total coliforms and 0.62 log CFU/cm2 aerobic bacteria for the 
pork carcasses. The cost of the application of PronTech® and lactic acid per carcass was $0.05 and $0.02, 
respectively. Results from this study will provide useful information to meat processors for controlling E. coli 
O157:H7, coliforms and aerobic bacteria during harvest procedures.

Key Words: antimicrobials, bactericides, E. coli O157:H7

    4    Evaluation of frankfurters formulated with potassium lactate and sodium diacetate and inocu-
lated with listeria monocytogenes before and after irradiation treatment.  T. D. Knight*1, A. Castillo2, 
J. Maxim3, R. K. Miller2, and J. T. Keeton2, 1Kraft Foods Inc., Madison, Wisconsin, 2Texas A&M University, 

College Station, 3Texas A&M University, College Station.

Microbial safety and quality attributes were evaluated for frankfurters formulated with potassium lactate/
sodium diacetate (0 or 3%) and inoculated with a four-strain Listeria monocytogenes cocktail before and after 
treatment with pasteurizing doses of irradiation (0, 1.8, or 2.6 kGy). Frankfurters were inoculated after irradia-
tion and stored aerobically for 4 wk at 4°C to simulate the product becoming contaminated after opening, or 
they were inoculated prior to vacuum packaging and stored for 8 wk at 4 °C. 
Incorporation of lactate/diacetate into frankfurter formulations with or without irradiation had a strong liste-
riostatic effect throughout 4 wk of aerobic storage. Total microbial counts for frankfurters formulated with 
lactate/diacetate remained constant throughout storage while those without increased steadily (5.4 to 9.3 
log cfu). Over 4 wk of storage, the outgrowth of L. monocytogenes on frankfurters formulated with lactate/
diacetate was effectively suppressed and counts were not significantly different from initial counts (5.2 vs. 5.0 
log cfu, respectively). Irradiation treatments alone had significantly higher L. monocytogenes counts after 3 
wk of storage. Both treatments together or alone were not detrimental to sensory aroma or flavor attributes. 
Meaty/brothy complex, smoke, spice aroma, springiness, and cohesiveness attributes were judged slightly 
lower for frankfurters formulated without lactate/diacetate than those with lactate/diacetate at the end of aero-
bic storage. Sensory color was not dramatically influenced by either treatment, however, instrumental color 
values of all treatments decreased slightly during storage.
Both the addition of lactate/diacetate to a frankfurter formulation and irradiation were effective towards con-
trolling microbial growth of L. monocytogenes in an unopened vacuum package after 8 wk of storage. Large 
and incremental reductions in total microbial counts were seen with irradiation treatment, which were main-
tained throughout storage with lactate/diacetate treated frankfurters. There were fewer influences on sensory 

characteristics for vacuum packaged frankfurters compared to those aerobically packaged. 
Overall, lactate/diacetate addition and irradiation to a lesser extent were effective towards retarding the out-
growth L. monocytogenes on frankfurters while maintaining quality attributes throughout aerobic storage. 
The combination of irradiation and lactate/diacetate were effective for reducing and retarding growth of L. 
monocytogenes and especially during the last two weeks of vacuum packaged storage.

Key Words: listeria, irradiation, lactate

    5    Effects of oregano oil brine enhancement, on quality attributes of beef longissimus dorsi and 
semimembranosus muscles from various age animals.  S. M. Scramlin*1, M. C. Newman1, R. B. Cox1, H. A. 
Sepe4, A. L. Alderton3, J. O’Leary1, and W. B. Mikel2, 1University of Kentucky, Lexington, 2Mississippi State 
University, Mississippi State, 3Doctor’s Associates Inc., Milford, Connecticut, 4DD Williamson, Louisville, 
Kentucky.

One of the challenges associated with “fresh” meat products is the prevention of lipid oxidation, which can 
greatly affect the color and flavor of products. Although antioxidants may be used to retard oxidation, health 
risks and consumer perception have led to a strong encouragement for the use of organic antioxidants from 
natural sources. The objectives of this study were to detect and enumerate quality variations in two beef 
muscles (longissimus dorsi; LD and semimembranosus; SM) from different animal ages (~18 month; 18M, 



30-60 month; 30M, and >60 months; 60M) when subject to a natural antioxidant brine containing 0.025% 
oregano oil and placed in modified atmosphere packaging (MAP). Six of each muscle type from each age 
group were cut in half and enhanced with a standard control brine (CN) or oregano brine (OR), cut into 
steaks, and stored in MAP (80% O

2
, 20% CO

2
) for 0, 4, 7, and 11 days. On each sampling day, surface color 

(Minolta L*, a*, b*), lipid oxidation (TBARS), cook yield, sensory analysis, and Warner-Bratzler shear force 
(WBSF) were measured, with pH, collagen, and sarcomere length determined on Day 0. The OR enhancement 
decreased TBARS values (P<0.05), but had no effect on WBSF, or tenderness and juiciness scores (P>0.05). 
However, OR steaks had significantly more off flavor and lower overall acceptability compared to CN steaks 
(P<0.05). The OR steaks had a slower rate of decline in a* values over time compared to CN steaks (P<0.05), 
however, increased animal age significantly reduced the overall b* values. The L* values were significantly 
lower in 60M OR steaks (P<0.05) yet no significant differences were observed in 18M or 30M steaks between 
their CN and OR treatments (P>0.05). In general WBSF increased and sensory quality decreased as age of 
cattle increased with 60M having the lowest sensory quality and highest WBSF values, with little difference 
noticed between 18 and 30M steaks. Therefore, the use of oregano oil could be a viable method to reduce lipid 
oxidation and extend shelf life of products, but further work needs to be conducted to avoid off flavor issues.

Key Words: beef quality, natural antioxidants, lipid oxidation

    6    The use of sodium citrate as a substitute for sodium chloride in enhancement solutions when 
evaluated in different muscles from cull cows.  S. F. Holmer*, J. Killefer, L. W. Kutzler, and F. K. McKeith, 
University of Illinois, Urbana.

The objective of this experiment was to determine if sodium citrate could be used as a substitute for sodium 
chloride, and thus improve the shelf-life of steaks from cull cows. From a commercial facility, 48 forequarters 
were selected based on fat thickness: less than 0.51 cm (Non-Fed); greater than 0.77 cm (Fed). An effort was 
made to select non-dairy type cows. At 7d post-mortem, the Complexus (COM), Serratus ventralis (SEV), 
Longissimus (LON), Triceps brachii (TRB), Teres major (TEM), Infraspinatus (INF), and Supraspinatus 
(SUP) were removed. At 9d post-mortem, muscles were enhanced with a target of 0.3% Sodium Chloride + 
0.3% Phosphate (Salt) or 0.5% Sodium Citrate + 0.3% Phosphate (Cit) in the final product. Muscles within a 
forequarter were applied to the same enhancement treatment with the exception of the LON, which was split 
and each half assigned an enhancement treatment. A target of 110% of green weight was used for enhance-
ment. At 10d post-enhancement, pH, purge, and samples for cook loss and Warner-Bratzler shear force were 
collected. From the TRB, INF, SUP, and LON a steak was cut and over-wrapped for color stability evalua-
tions. Data were analyzed with the MIXED procedure of SAS. A 2 x 2 factorial design of fat thickness and 
enhancement was used for analysis of muscles other than the LON, which was analyzed as a split-plot. When 
there was an absence of a feeding x enhancement interaction, only the main effects of those treatments were 
explored. Both the COM and TEM had more (P<0.05) purge after 10d in a vacuum bag in the Fed group. In 
addition, the TRB from the Fed group tended (P = 0.078) to have more purge. The use of Cit as a substitute 
for Salt resulted in more (P<0.05) purge for three (INF, SUP, SEV) out of the six muscles, less (P<0.05) purge 
for one of the muscles (COM), and no difference in the amount of purge (P>0.05) for the other 2 muscles 
(TEM and TRB). pH was higher (P<0.05) in 5 of the six muscles, and trended towards being higher in the 
sixth (TRB; P=0.054), when enhanced with Cit. Percent cook loss and Warner-Bratzler shear force were not 
affected (P>0.05) by enhancement treatment within these six muscles. The use of Cit in the LON samples 
resulted in less purge, higher pH, less cook loss and increased tenderness (P <0.05) compared to the Salt treat-
ment. When measured at 3d post-cut, the amount of discoloration was greater (P<0.05) in samples that were 
enhanced with Salt, than those enhanced with Cit. This difference was observed in all muscles; however, 
the difference in discoloration for the LON was minimal. Numerically small differences were observed on 
subjective and objective color when examining feeding or enhancement treatments. These data suggest that 
replacement of sodium chloride with sodium citrate resulted in more purge in some samples. Additionally, 
sodium citrate improved color stability of product when evaluated at 3d post-cut, which may help to prevent 
premature browning of product in retail display. These results warrant further investigation of sodium chloride 
and sodium citrate combinations to achieve added benefits of both products on moisture retention and color 
stability.

Key Words: citrate, enhancement, cull cows



    7    Development and evaluation of a goat meat rib product stored at 4 ± 1oC for 21days.  N. Djeri*1, S. 
K. Williams1, R. Mobley2, A. Jakes2, and K. Sarjeant1, 1University of Florida, Gainesville, 2Florida Agricul-
tural & Mechanical University, Tallahassee.

The objective of this study was to develop a goat meat rib product. Four product prototypes were developed 
containing either all goat meat ribs, no additives and marinated in water (control) (Treatment 1); goat meat 
ribs marinated in water and apple cider vinegar (Treatment 2); goat meat ribs marinated in water only and 
manually rubbed with a spice blend (Treatment 3); and goat meat ribs marinated in apple cider vinegar and 
water and manually rubbed with a spice blend (Treatment 4). The products were vacuum-packaged and stored 
at 4 ± 1oC for 21 days. Sensory evaluation using a trained sensory panel, microbiological analyses, pH and 
processing yields were determined after 0, 7, 14, and 21 days storage. The processing yields for Treatments 1, 
2, 3 and 4 were 0, 14.1, 0 and 11.0%, respectively. The panelists detected no significant differences (P > 0.05) 
in overall tenderness between the four treatments. The goat meat ribs formulated with apple cider vinegar 
only were rated significantly higher (P < 0.05) for goat flavor intensity and off-flavor, when compared to all 
other treatments. Staphylococcus aureus, Salmonella spp. escherichia coli O157:H7, generic Escherichia coli 
and fecal coliforms were not detected in any of the treatments. Total aerobic plate counts, total coliforms and 
anaerobic bacteria were significantly lower (P < 0.05) for goat meat ribs marinated with apple cider vinegar 
and ribs marinated with both apple cider vinegar and manually rubbed with the spice blend, when compared 
to ribs marinated with water only, and ribs marinated with water only and manually rubbed with the spice 
blend. Psychrotrophic counts were significantly lower (P < 0.05) for ribs marinated with apple cider vinegar 
and manually rubbed with the spice blend when compared to all other treatments.

Key Words: goat meat ribs, sensory analysis, psychrotrophs

    8    Effect of different levels of full-fat soy paste on the quality of goat meat patties.  A. K. Das*, A. S. 
R. Anjaneyulu, A. K. Verma, and N. Kondaiah, Indian Veterinary Research Institute, Bareilly, India.

A simple processing technology in which soybeans were washed with tap water to remove extraneous dirts, 
boiled in water for 15 minutes, soaked in cold water for 12 hours and dehulled manually and ground into a fine 
paste with water in a home mixer, was developed to prepare reduced beany flavoured full-fat soy paste (FFSP) 
and performance of such paste as an expensive lean meat replacer was tasted in comminuted meat system. 
To identify the optimum level of full-fat soy paste that can replace equal amount of lean meat, four different 
levels of FFSP were used in comminuted meat products.Goat meat patties prepared with 0, 15, 20 and 30% 
soy paste indicated that emulsion stability decreased with increasing level of soy paste addition. But emulsion 
stability of patties with 15% soy paste was comparable to control. Soy paste addition increased pH, moisture, 
fat, moisture: protein ratio but decreased protein content of the products. Product yield significantly (P>0.05) 
decreased with increasing level of soy paste in goat meat patties. Addition of different levels of soy paste 
significantly (P<0.05) decreased all textural parameters except adhesiveness. Less force was required to com-
press and shear the treated samples than control as also reflected by sensory texture scores. Higher levels of 
paste also significantly (P>0.05) decreased all sensory attributes of patties compared to controls. Patties with 
15% paste were higher in flavour, juiciness and overall acceptability compared to control. Results indicated 
that full-fat soy paste upto 15% level can effectively be utilized to replace costlier goat meat without affecting 
the quality and acceptability of the products.

Key Words: full-fat-soy paste, meat quality, patties

    9    Compilation of maximum residue limits (MRLs) for meat products from the United States, Japan, 
South Korea, Hong Kong and Taiwan.  C.E. Heller*, Colorado State University, Fort Collins.

Maximums residue limits (MRLs) are established for pesticide, feed additive and veterinary drug residues in 
various foods. They are expressed as either the parent compound or a metabolite and based on toxicological 
data and the acceptable daily intake (ADI) of the compound for which an MRL has been established. Violation 



of an importing country’s MRLs may result in the immediate rejection of product at the port of entry, often 
yielding extensive losses to the exporting company. Long term, negative effects for the entire industry can 
result if violations are not addressed quickly and appropriately. MRL data were collected from Japan, South 
Korea, Hong Kong and Taiwan, as they import significant amounts of meat products from the United States 
every year: a combined amount of 396,886 metric tons of U.S. pork in 2004 and 525,039 metric tons of 
U.S. beef in 2002. The objective of this project was to provide processors, producers and marketers with an 
exporting tool, outlining Japan, South Korea, Hong Kong and Taiwan’s MRLs in a user friendly, easily acces-
sible format. Each countries MRL establishment procedures and values were compiled from their respective 
governments, evaluated and then compared to internationally accepted standards. The final MRL compilation 
includes residue limits for 800 agricultural chemical, feed additive and veterinary drug compounds, allowing 
for comparisons among countries. The final MRL compilation was made available to the USMEF membership 
in Spring 2006, helping U.S. beef and pork to continue taking a lead position in international markets.

Key Words: maximum residue limit MRL, veterinary drug residue, pesticide residue
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    10    Effect of different fat sources in the diet on conjugated linoleic acid and other fatty acids in 
water buffalo steers muscle.  R. L. Oliveira*1, D. M. Assunção2, M. M. Ladeira3, M. A. A. F. Barbosa2, G. 
T. Santos4, M. Masushita4, R. L. Oliveira2, and A. R. Bagaldo1, 1Universidade Federal da Bahia, Salvador, 
Bahia, Brazil, 2Faculdades Integradas UPIS, Brasília, DF, Brazil, 3Universidade Federal de Lavras, Lavras, 
MG, Brazil, 4Universidade Estadual de Maringá, Maringá, PR, Brazil.

The meat produced of ruminant animals, as the water buffaloes, can be considered nutraceutic because it 
presents conjugated linoleic acid (CLA) isomers, mainly in the configuration C18:2 Cis-9 trans-11, which 
has a remarkable anticarcinogenic effect. Beyond the CLA concentrations in the water buffalo muscle, it is 
extremely important to evaluate other fatty acids concentrations, since some cardiovascular illness are related 
to the ingestion of saturated fatty acids. The objective of this experiment was to evaluate fatty acid concentra-
tions in the muscle of water buffalo steers fed different fat sources in the diet. Twelve Murrah water buffalo 
steers were used, with 306 kg of average live weight. The treatments were: without additional fat source, with 
whole soybean grain and with soybean oil. The duration of the experiment was 84 days distributed in three 
collecting periods, with 28 days each period. At the last six days of each period samples of feedstuffs, orts and 
faeces were collected. The animals were weighed at the beginning of the experiment and at the end of each 
experimental period, after 16 hours without feeding. At the end of the experiment, the animals were slaugh-
ted and the carcass was kept cooled at 5ºC, during 24 hours. The analysis of fatty acids was made by the 
extraction of a sample located between 9a and 11a ribs of the right half carcass and three beefs of 2,5 cm 
of thickness were cutted representing three replications. The fatty acid analyses were made by means of the 
transesterification using solution of n-heptano and KOH/metanol. The fatty acid esters were quantified by 
gaseous chromatography (14 SHIMADZU A). In each sample the separation between muscle and layer of fat 
was made. Longissimus dorsi of the water buffaloes diet with soybean oil had greater concentration of CLA. 
The vaccenic acid presented greater concentrations by the inclusion of fat sources. This correlation occured 
due to metabolic action of the D-9 desaturase enzyme in the muscle of the animals. The results also shown 
that palmitic and estearic acids were reduced by the addition of soybean oil. Although, for oleic and linoleic 
acids the fat inclusion did not cause statistical differences. It was possible to verify that the fatty acid found 
in higher concentration in the fat of water buffalo muscle was the oleic acid. By the presented results it was 
clear that it is possible to manipulate, by diet alterations, the fatty acid amounts of in the water buffalo muscle, 
including conjugated linoleic acid.

Key Words: soybean grain, soybean oil, CLA

    11    Early AMP-activated protein kinase (AMPK) activation leads to PSE meat in pork.  Q. W. Shen1, 
W. J. Means1, M. J. Zhu1, K. R. Underwood1, S. A. Thompson1, R. J. McCormick1, S. P. Ford1, M. Ellis2, and 
M. Du*1, 1University of Wyoming, Laramie, 2University of Illinois, Urbana.



PSE (Pale, soft, and exudative) meat causes a huge economic loss to meat and slaughter industry due to its 
inferior quality. It is well established that fast glycolysis at early postmortem stage leads to PSE meat with 
pre-slaughter stresses and genetic mutation increasing its incidence. However, the mechanisms leading to fast 
glycolysis in PSE meat remain largely undefined. The objective of this study is to show the role of AMP-
activated protein kinase (AMPK) in fast glycolysis and occurrence of PSE meat. Results showed that an early 
AMPK activation led to elevated glycolysis and incidence of PSE pork. Immediately after exsanguination, 
AMPK activity was 1.54 ± 0.12 nm peptides min-1g-1 muscle for PSE meat, while 1.14 ± 0.11 for normal 
meat (P < 0.05). At half hour following slaughter, the AMPK activity was 2.07 ± 0.18 for PSE meat and 1.52 
± 0.18 for normal meat (P < 0.05). The difference in AMPK activity disappeared after 1 hour postmortem. 
Therefore, AMPK activated earlier in PSE pork. Early activation of AMPK leads to an early accumulation 
of fructose-2,6-diphosphate. Since fructose-2,6-diphosphate is a potent activator of phosphofructokinase-1, a 
rate limiting enzyme in glycolysis, the early accumulation of fructose-2,6-diphosphate is expected to acceler-
ate glycolysis leading to PSE meat. The activities of glycogen phosphorylase and pyruvate kianse did not 
differ between normal and PSE pork. Since AMPK is activated by an increase in AMP/ATP ratio, the AMP, 
ATP and their ratio were analyzed. However, AMPK activation was not well correlated with the increase in 
AMP/ATP ratio in postmortem muscle. This suggests that other mechanisms might exist, which are respon-
sible for AMPK early activation in postmortem muscle and warrant further studies.

Key Words: pork, PSE, AMPK

    12    The effect of the muscle microenvironment on intra-muscular pre-adipocyte proliferation.  M. 
S. Updike* and M. Wick, The Ohio State University, Columbus.

Quality grade, in part based on intramuscular fat deposition, is the standard method for predicting overall 
palatability of beef and, as such, is used to determine pricing of beef. Therefore, a strong economic incentive 
exists to increase the amount of marbling in cattle. The amount of marbling is dependent upon the prolifera-
tion of pre-adipocytes and their subsequent differentiation into lipid storing adipocytes. The muscle micro-
environment in vivo consists of myofibers, fibroblasts (extracellular matrix), pre-adipocytes, adipocytes and 
extra-cellular water (serum). To determine the effect on proliferation by these components, myoblasts, fibro-
blasts and intra-muscular pre-adipocytes were isolated from the longissimus dorsi of market weight cattle and 
cultured in vitro. Media was conditioned by being used to culture a cell type at 90% confluence for 24 hours. 
The conditioned media (CM) was then used to culture pre-adipocytes. Proliferation was measured using cell 
counts over time (0, 24, 48, 72, and 96 hr). Fibroblast CM was found to inhibit proliferation more than myo-
blast CM ( p < 0.0001). Myoblast CM inhibited proliferation more than pre-adipocyte CM (p < 0.001). These 
results suggest that the muscle microenvironment dramatically affects the proliferation of pre-adipocytes and 
that the muscle microenvironment may be affecting the overall intra-muscular fat deposition in cattle. An in 
vitro muscle microenvironment may best approximate the in vivo conditions and could be used as a model to 
find methods to increase marbling.

Key Words: marbling, adipocytes, muscle

    13    Influence of lipid content on pork sensory texture and star probe within pH classification.  S. M. 
Lonergan*1, K. J. Stalder1, E. Huff-Lonergan1, T. J. Knight1, R. N. Goodwin2, K. J. Prusa1, and D. C. Beitz1, 
1Iowa State University, Ames, 2Goodwin Family Farms, Ames, Iowa.

The objective of this project was to determine the contribution of lipid content to textural and sensory proper-
ties of fresh pork within defined pH classifications. Pigs (n=1535; from 248 sires and 836 dams) from the 
1991, 1992, and 1994 National Barrow Show™ Sire Progeny Test were used in this study. The test included 
purebred Berkshire (107), Chester White (113), Duroc (249), Hampshire (220), Landrace (165), Poland China 
(101), Spotted (181), and Yorkshire (399) barrows (901) and gilts (634). Diets were uniform within test and 
across breeds. The halothane (Hal 1843™) genotype (1345 NN and 189 Nn) was determined. Pigs were 
slaughtered at 105 kg body weight, and samples of the longissimus muscle were obtained from each carcass 
at the 10th rib. Star probe, sensory traits, and lipid content were determined on the longissimus muscle from 



each pig. A pH classification was assigned as follows: Class A, >5.95, n= 186; Class B, 5.8-5.95, n= 236; class 
C, 5.65-5.8, n= 467; class D, 5.5-5.65, n= 441; class E, <5.5, n=205. Data were analyzed using a mixed linear 
model including pH classification, test, gender, halothane genotype, breed, and breed-by-gender interaction 
as fixed effects, with sire and dam within breed included as random effects. The effect of lipid content within 
each pH classification was determined. The pH classification was a significant source of variation for instron 
star probe, and sensory tenderness, chewiness, and juiciness. For these traits, higher pH resulted in more favor-
able values. Lipid content was a significant source of variation for models predicting instron star probe in class 
C and D and chewiness in class B, C & D. Specifically, increasing lipid content decreased chewiness scores 
and star probe only within these classes. Increasing lipid content tended to increase sensory tenderness in pH 
class D. Sensory tenderness was not affected by lipid content in pH class A, B or E. Lipid content was not a 
significant source of variation for juiciness scores within pH class B, C, D or E. The results demonstrate the 
importance of pH and lipid content in pork quality. It is concluded that lipid content is a source of variation in 
texture and tenderness of pork loin with pH between 5.8 and 5.5, but not at high or low pH.

Key Words: pork pH, sensory quality, lipid content

    14    Intramuscular fat content has little influence on the eating quality of fresh pork loin chops as 
determined by both trained and consumer sensory panels.  P. J. Rincker*, J. Killefer, M. S. Brewer, and 
F. K. McKeith, University of Illinois, Urbana.

Fresh pork loins (n=300) were selected from a commercial packing facility based on subjective marbling of 
the intact loin and 24 hr pH. The study was designed using pigs from a similar genetic background, raised 
in similar production facilities, and harvested on one day to minimize effects of genetics, management, envi-
ronment, and slaughter day. Loins were vacuum packaged, taken to the University of Illinois Meat Science 
Laboratory, and aged for 7 days after which a chop was removed from the area of the tenth rib for analysis of 
proximate composition. Quality measurements including NPPC color, marbling, and firmness, ultimate pH, 
Minolta L*, a* and b*, and drip loss were determined after the 7 day ageing period. Once proximate composi-
tion was complete, 155 loins were selected to provide a continuous and uniform distribution of extractable 
lipid ranging from 0.8 to 10.2% and a pH range from 5.5 to 5.8. Trained sensory panel analysis (conducted 
at 62°C, 71°C, and 80°C) as well as Warner-Bratzler shear force (conducted at 71°C) were performed on 
the population of 155 loins. Consumer taste panels were also conducted on a subset of these loins that were 
broken down into five discrete levels of intramuscular lipid with averages of 1.6, 2.5, 3.6, 4.5, and 5.7% 
extractable lipid. Consumers were also asked to select the chops that they would most prefer from a retail 
display case based on the amount of marbling present. Data were analyzed using SAS and involved means, 
regression, and the mixed procedures. Results from the consumer portion of the study indicate that intra-
muscular fat content had limited effects on perceived tenderness, juiciness, pork flavor, and oiliness. Some 
significant differences (P < 0.05) were detectable, but the numerical differences were generally small. Most 
consumers also selected lean chops from the retail case with almost 50% selecting chops with less than 1.7% 
extractable lipid. Warner-Bratzler shear force was negatively correlated to extractable lipid (P < 0.0001), with 
a correlation coefficient of –0.32. Results from the trained panel sensory analysis indicate that % extractable 
lipid does not correlate linearly or strongly with perceived tenderness, juiciness, or pork flavor for this popula-
tion of pork loins that was controlled for genetics, pH, management, and day of harvest.

Key Words: pork, marbling, sensory

    15    Pork meat quality classification using hyperspectral analysis.  M. Monroy*, S. Prasher, and M. 
Ngadi, McGill University, Ste Anne de Bellevue, QC, Canada.

Canada is a major exporter of pork meat. Proper testing to better classify meat quality will minimize economic 
losses, and assure Canada′s global leading position. Traditionally, pork meat is classified into four quality 
groups based on the combination of three main quality parameters namely color, texture and exudation. In 
this study, 40 samples of pork loin from each of the four quality classes of meat were assessed. Hyperspectral 
reflectance is measured using a spectroradiometer to evaluate the applicability of hyperspectral observations 



as a non-destructive, rapid and accurate method to predict pork quality. Spectral data was obtained in the 
wavelength of 350 to 2500 nm with a resolution of 1 nm. Stepwise regression analysis was used to select the 
most significant wavebands. The selected wavebands were then used to classify the pork meat samples by 
applying a discriminant procedure. For validation of the discriminant procedure performance, a leave-one-out 
cross-validation method was applied. The results of the analysis highlighted the potential of the hyperspectral 
observation in pork meat classification. More detailed results will be presented in this paper.

Key Words: pork quality, hyperspectral analysis, stepwise regression discriminant analysis

    16    The contribution of lean and fat on beef and pork flavor.  A. J. Myers*, G. E. Litman, F. K. McKeith, 
J. Killefer, and T. R. Carr, University of Illinois, Urbana.

Consumer perception of meat quality can be segmented into three categories of evaluation; tenderness, juici-
ness, and flavor, with the most difficult to characterize being flavor. The objective of this study was to deter-
mine the contribution of lean and fat to beef and pork flavor. Beef lean (from inside round), pork lean (from 
boneless ham), beef fat, and pork fat were collected from the University of Illinois Meat Science Laboratory. 
Based on results from proximate analysis of raw ingredients, 20% fat formulations were made for beef lean/
beef fat (BL/BF), beef lean/pork fat (BL/PF), pork lean/pork fat (PL/PF), and pork lean/beef fat (PL/BF). 
Each formulation was stuffed into 5.08 cm casings, frozen at -20°C and then sliced on a band saw to 1.27 
cm thickness. All patties were vacuum packaged while frozen after slicing. For each taste panel, six patties 
of each formulation were cooked to an internal temperature of 70°C on either a Farberware Grill (broiled) 
or Wolfgang Puck Grill (contact grilled). The patties were evaluated by a six member, trained taste panel for 
pork, beef, metallic, and bloody/serumy flavors and deep fried fat odor with attributes evaluated on a 15 cm 
anchored unstructured line scale, with 0 = None and 15 = Extremely Intense. Data were analyzed using the 
MIXED procedure of SAS with repetition, formulation, cookery method and their interactions in the model. 
Interactions were determined to be non-significant and removed. Least square means were calculated for each 
cookery method and formulation, compared with a Tukey adjustment, and considered significant if P<0.05. 
The contact grill produced stronger deep fried fat odors than the broil grill, however both cookery methods 
yielded similar results for beef and pork flavors, as well as metallic and bloody/serumy attributes. Beef flavor 
in BL/BF (7.69) and BL/PF (6.30) though different, were significantly greater than the beef flavor from PL/PF 
(1.41) and PL/BF (1.78). Similarly, for pork flavor, PL/PF (6.34) and PL/BF (4.98) were significantly greater 
than BL/BF (0.86) and BL/PF (1.65). Metallic and bloody/serumy flavors were higher in both beef lean for-
mulations than in the pork lean formulations. These data suggest that both lean and fat tissue contribute to 
flavor, however, it appears that the lean may have a more profound effect than the fat in determining the spe-
cies specific flavor.

Key Words: flavor, species, lean

    17    Fatty acid profile of longissimus muscle from divergent breeds of cattle.  T. T. N. Dinh*, J. R. 
Blanton Jr., L. D. Thompson, J. C. Brooks, and M. F. Miller, Texas Tech University, Lubbock.

The objective of this study was to compare the fatty acid profiles of the longissimus muscle (LM) from three 
pure breeds of cattle: Angus (AN; n = 5), Brahman (BR; n = 4), and Romosinuano (RM; n = 9). All cattle were 
fed an identical grower/finishing diet in a commercial feedlot prior to harvest. Longissimus muscle samples 
were collected from each carcass between 10th and 13th rib, trimmed of external fat, frozen in liquid nitro-
gen, homogenized, and the extracted fat was analyzed using gas chromatography with an HP-88 capillary 
column. Fatty acid composition was determined using both normalized percentage to the total fatty acids in 
samples and gravimetric calculation (mg/g of fresh muscle tissue), in relation to degree of saturation, which 
was expressed using saturation index (ratio of saturated fatty acids to unsaturated fatty acids, SI). Results 
from this study indicate that LM from AN purebred cattle had the highest SI of fatty acids together with 
the highest concentration of crude fat (0.90 and 7.00%, respectively; P<0.05). While AN was significantly 
higher than BR and RM in crude fat (7.00%, 3.56%, 3.53%, P = 0.001, P = 0.0002, respectively), its SI and 
saturated fatty acid (SFA) percentage were only different from those of the RM (0.90, 0.78, P=0.003; 47.36%, 



43.68%, P=0.003). Intramuscular fat from RM cattle contained higher percentage of polyunsaturated fatty 
acids (PUFA) compared to that from AN cattle (7.94%, 4.51%, P = 0.002). Interestingly, the PUFA percentage 
in BR purebred LM (6.50%), like its SFA percentage and SI, was intermediate to those found in RM and AN 
(P = 0.09, P = 0.16). The percentages of monounsaturated fatty acids (MUFA) were the same for all breeds 
(P = 0.9). However, the gravimetric calculation, which is a measure of actual concentration of fatty acid in 
LM, revealed a significantly higher concentration of SFA (26.39 mg/g) and MUFA (26.70 mg/g) in LM from 
AN cattle as compared to LM from BR and RM cattle (P = 0.0003, P = 0.0008). Additionally, BR breed 
had the lowest PUFA concentration (1.63 mg/g; P = 0.0085) in the muscle although this difference expressed 
as percentage of total fatty acids was not found to be statistically significant. Within each breed, the concen-
tration of MUFA and SFA expressed as mg of fatty acids per 1g of muscle tissue were similar (P = 0.58), 
however, the relative proportion of MUFA expressed as percentage of total fatty acids was larger than that 
of SFA (P = 0.0004). For all breeds, PUFA concentration (1.33-2.69 mg/g) in muscle tissue and percentage 
(2.91-10.98%) expressed as a proportion of total fatty acids were always the lowest (P < 0.0001). Overall, 
the AN LM had the highest amount of total fat, SFA, and MUFA; and a lower percentage of PUFA than that 
found in RM and BR. This data indicates the presence of genetic variation in fatty acid synthesis among the 
breeds. Interestingly, the relative proportions of SFA, MUFA, and PUFA regardless of breed were consistent. 
The fat in LM consistently contained more MUFA (48.22%) than SFA (45.19%), and very low level of PUFA 
(6.59%).
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    18    Effects of feeding regimen and enhancement on live performance, carcass characteristics, and 
meat quality in beef cull cows.  S. F. Holmer*, J. Homm, L. L. Berger, M. S. Brewer, F. K. McKeith, and J. 
Killefer, University of Illinois, Urbana.

Utilization of meat from beef cull cows represents an under-utilized resource by the beef industry. In this 
experiment, 60 beef cows were allotted to pens (5 head per pen; 4 pens per treatment), which were randomly 
assigned to feeding treatments: CON (90% corn silage and 10% supplement on a dry matter basis; fed to meet 
maintenance requirements), FED (final diet of 80% concentrate; fed ad libitum) and OPTA (same ration as 
FED; addition of Optaflexx® the last 35d at 200mg/head/d). After 57d on treatment, one pen from each treat-
ment was harvested. This occurred over four consecutive weeks. Carcasses were fabricated and 10 muscles 
(Serratus ventralis, Complexus, Longissimus dorsi, Psoas major, Gracilis, Semimembranosus, Adductor, Pec-
tineus, Rectus femoris, and Vastus lateralis) were removed from each side. At 72h post-mortem, muscles from 
one side of each carcass were enhanced with a salt and phosphate solution. Samples were measured for pH, 
color, and Warner-Bratzler shear force. Excluding the Gracilis, Complexus, and Pectineus, a trained sensory 
panel evaluated samples for palatability attributes after 13d of aging. Non-enhanced product was used for 
proximate analysis. Data were analyzed with the MIXED procedure in SAS utilizing pen as the experimental 
unit. Significance was determined at P<0.05 level. Out of the original 60 animals, six animals were excluded 
from analysis for health issues. Comparisons between CON and FED or FED and OPTA were examined. 
CON cows had lower (P<0.05) live weights and average daily gain for the duration of the trial, compared 
to FED cows. Hot carcass weight, ribeye area, %KPH, marbling, quality grade, adjusted fat thickness, and 
yield grade increased (P<0.05), while yellow fat color decreased (P<0.05) in FED versus CON cows. Inclu-
sion of Optaflexx® improved (P<0.05) lean maturity scores and showed numeric improvements for hot carcass 
weight, dressing percentage, and ribeye area compared to the FED cows, however these were not statistically 
(P>0.05) different. FED cows had heavier muscle weights (9 out of 10), decreased percent moisture (7 out of 
10) and increased percent extractable lipid (5 out of 10) compared to the CON cows (P<0.05). Minimal dif-
ferences were observed for color, pH, sensory, and Warner-Bratzler shear force as a result of diet. Enhanced 
muscles had higher pH, darker subjective color and decreased L*, a*, b* values (P<0.05). The Adductor was 
the only muscle that did not have a lower shear force value (P>0.05) due to enhancement. Juiciness and tender-
ness were increased (P<0.05) in the enhanced product, while beef and off-flavor increased (P<0.05) in 4 and 
5 out of 7 muscles respectively, with enhancement. With heavier weights for the live animal, hot carcass, and 
corresponding muscles, feeding of beef cull cows with a high concentrate diet improved performance and 
carcass characteristics compared to the CON cows. In addition, enhanced product was more juicy and tender 
than that of non-enhanced product, independent of feeding treatment. These data indicate that through feeding 



of a high concentrate diet and enhancement, meat from beef cull cows will yield more saleable product that 
has increased juiciness and tenderness, resulting in more desirable and potentially higher valued products.

Key Words: beef, cull cows, meat quality

    19    Innovations in the animal health industry – A Review of Optaflexx® (Ractopamine HCl) – Three 
years after approval and market introduction in the beef industry.  A. Schroeder*, Elanco Animal Health, 

Greenfield, Indiana.

Ractopamine HCl (RAC) was approved for the beef industry in June 2003 with the product brand name of 
Optaflexx®. Optaflexx is approved for cattle fed in confinement for slaughter during the last 28 to 42 days 
on feed. Optaflexx was approved by the US Food and Drug Administration, Center of Veterinary Medicine 
after a thorough review of human food safety, target animal safety, efficacy, and evaluation of meat quality 
and sensory testing required for approval. Market introduction by Elanco Animal Health into the beef industry 
occurred in February of 2004. 
Studies conducted during the development of Optaflexx indicated that a producer should expect to observe an 
increase in live weight of approximately 7.7 kg and 6.35 kg of carcass weight when fed at the recommended 
level of 200 mg/hd/d head for the last 28 days immediately prior to slaughter. Research also demonstrated that 
RAC can be fed to cattle without compromising meat quality and sensory characteristics of beef from cattle 
fed RAC. 
An increasing number of feedlot producers have incorporated Optaflexx as a standard feed ingredient to 
improve beef feedlot production efficiencies through increasing rate of live weight gain, carcass weight gain, 
and improving feed utilization during the final period of the finishing phase when cattle are typically least 

efficient. 
Since market introduction in 2004, over 40 research studies have been conducted examining numerous scien-
tific questions related to feeding RAC to beef cattle. An overview of research studies and summary of results 
from these studies confirms the efficacious response due to feeding RAC across numerous breed types, classes 
of cattle and differing management or feeding programs. Research also indicates that feeding RAC in combi-
nation with other production tools in the industry such as Rumensin®, Tylan® and various implant programs 
are additive in improving beef production efficiencies.

Key Words: Ractopamine, beef, carcass










