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Does Creatine Monohydrate Supplemented to
Swine Finishing Rations Effect Pork Quality

Eric P. Berg, Mike K. Linville*, Chad A. Stahl, Kasey R.
Maddock, and Gary L. Allee, *University of Missouri,
Department of Animal Science, S138 Animal Science
Research Center, Columbia, MO 65211

Three experiments were run to evaluate the effect of supple-
menting creatine monohydrate (CMH) fed during the final stage
of growth to determine its effect on fresh pork quality. In ex-
periment 1, twenty-four Duroc-sired market hogs (107 kg) were
individually penned and fed a traditional finishing diet. Treat-
ments consisted of a control diet (C) tested against two dura-
tions of CMH supplemented diets (25 g CMH/pig/day) fed for
5 (T1) or 10 (T2) days prior to slaughter with 8 replicates per
treatment. Pigs were slaughtered on day 11 of treatment (118
kg). Forty-five minute pH1 increased in linear fashion with
treatment in the ham semimembranosus (SM) muscle (C =
6.11; T1 = 6.32; T2 = 6.46; P = 0.06) and 24 h (C = 5.57; T1 =
5.56; T2 = 5.78; P = 0.02). Numeric improvements were ob-
served for SM L-value (C = 44.2; T1 = 42.9; T2 = 42.1; P =
0.26) and SM % drip loss (C = 3.80; T1 = 3.28; T2 = 2.47; P =
0.18). Loin muscle % drip loss revealed a numeric quadratic
effect (C = 6.04; T1 = 4.30; T2 = 5.20%; P = 0.14). Five days
supplementing CMH improved % chemical IM loin fat (C =
2.77; T1 = 4.40; T2 = 3.55%; quadratic trend, P = 0.06). This
initial trial provided positive incentive that CMH may improve
pork quality. In experiment 2, CMH was mixed into a com-
plete swine-finishing ration to simulate an actual production
setting. Sixty pigs were allotted three pigs per pen and five
pens per treatment. Treatment diets included 20 g of CMH/
pig/day fed for 5, 10 and 15 days prior to slaughter were com-
pared to controls receiving no CMH. Pigs (123 kgs) were de-
livered to a commercial packing plant (31 km) and slaugh-
tered by industry practices. Carcasses were blast chilled and
placed in the cooler for 24 h. Right loins were collected from
the fabrication line, vacuum packaged, and boxed for deliv-
ery to the University Meat Lab for quality evaluation. Ham
pH and light reflectance (L*, a*, and b*) was obtained on the
ham GM in the plant. A linear trend was observed for ham L*
(C = 39.28; 5 d = 41.82; 10 d = 41.39; and 15 d = 41.84; P =
0.07). The posterior section of the boneless loin was weighed,
vacuum packaged, and stored for 7 d at 3o C then unpackaged
and weighed to calculate purge and re-measure light reflec-
tance. Warner/Bratzler (WB) shear force was determined on 7
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Fostering Student “Active-Based Learning” in a
Senior Level Meat Science Course

Eric P. Berg, University of Missouri, Department of Animal
Science, S138 Animal Science Research Center, Columbia,
MO 65211

As part of the course requirement for Physiology and Bio-
chemistry of Muscle as Food, students are required to orga-
nize, prepare, and present what will become their textbook
which is centered on a specific aspect of meat science and
(or) muscle biology. On the first day of class students are asked
to write down a question pertaining to muscle (meat science,
muscle biology, or growth and development). This initial as-
signment provides the instructor with information regarding
the level and area of student interest in the broad field of
meat science. From this information, the instructor can pick a
broad focal point (such as “The role of meat in a healthy diet”)
and assign a more specific topic to the individual students.
The students are asked to prepare a literary review of the as-
signed topic and consider the paper as a textbook chapter.
Students are required to research the topic, prepare an out-
line, write a five–six-page paper regarding this topic, and
present one 20-minute lecture. All papers are compiled by
the instructor, edited, arranged in a book format, and distrib-
uted to the class prior to initiation of the student lecture sec-
tion of the course. The instructor and the students of the course
evaluate each student lecture. Students are also responsible
for preparing two exam questions and answers from their re-
spective lecture. The final exam is then developed from these
questions. This format of classroom instruction is built upon
the idea that individuals learn more when they have to in-
struct another. Often the University system is criticized for
failing to instill job related skills in its students. Preparation,
organization, and oral presentation skills as well as the ability
to work as a team member are traits that are strongly sought
after by potential employers. This style of “active” learning
provides students with valuable job related skills and a better
understanding of meat science.
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d aged loin chops. A cubic trend was observed for ultimate
loin pH (P = .102) with controls and 5 d higher than 10 d and
15 d. Hunter L*-values had a negative linear contrast after 7 d
aging (C = 49.67; 5 d = 48.71; 10 d = 51.46; and 15 d =
52.96; P < 0.01); a cubic effect was shown for %moisture lost
as purge (C = 2.28; 5 d = 1.50; 10 d = 2.08; and 15 d =
1.90%; P = 0.05); and WB shear differed in a linear fashion (C
= 2.97; 5 d = 2.95; 10 d = 3.50; and 15 d = 3.33 kg; P =
0.025); and a numeric cubic increase was shown for % chemi-
cal loin lipid after 5 d (C = 2.11; 5 d = 2.48; 10 d = 1.82; and
15 d = 1.99%; cubic effect, P = 0.021). Supplementing CMH
in Exp. 2 had no effect on ultimate pH, increased L*-values
with increased duration of supplementation, improved IM lipid
concentration, and numerically reduced purge loss. The ad-
ditional cost of supplementing CMH to finishing rations may
be cost prohibitive. Experiment 3 evaluated an additional
supplement, α-lipoic acid (ALA), combined with CMH to test
if ALA would improve the uptake of CMH by skeletal muscle.
Forty-eight commercial hybrid barrows were blocked by BW
prior to test and randomly allotted to supplementation of 24 g
CMH/pig/day, 600 mg LA/pig/day, combined CMH and ALA,
or no CMH or ALA for five days prior to slaughter (113 kg)
administered orally in three divided doses. Twelve pigs per
treatment were individually penned with ad libitum access to
water and finishing ration. The intact SM and the posterior
portion of the boneless loin was vacuum packaged and stored
for 7 days to determine purge loss. A 2 x 2 x 2 factorial design
was used to test the fixed effects of slaughter day, CMH, ALA,
and interactions. Lipoic acid LM PH1 (6.48 vs 6.04) and LM
L*-value (52.9 vs 49.3) were significantly (P < .05) higher and
lower than controls. Ham SM L*-values tended to be darker
than controls after 7-d aging (45.9 vs 47.2; P = .0733). Lipoic
24-h loin pH (5.35 vs 5.29; P = .09) tended to be higher than
CMH*ALA, while GM L*-values (45.5 vs 47.7; P = .07) were
lower. Cook loss was significantly (P < .05) lower for ALA
(27.9%) vs CMH*ALA (32.1%). Although not statistically dif-
ferent, purge loss from ALA loin (3.32%) and SM (2.72%) was
lower than CMH*ALA loin (4.33%) and SM (3.62%). The ef-
fects of supplementing CMH appear to be variable regarding
pork quality. Supplementation of ALA appears to have posi-
tive effects on pork quality and deserves further study.

Meat Judging as a Learning Tool: Gender
Comparison by Contest

P. T. Berg and A. N. Scheaffer, Animal and Range Sciences,
North Dakota State University, Fargo, ND 58105

Discussion of differences between male and female stu-
dents or workers range from completely arbitrary stereotypes
to formal evaluations of performance. Meat judging tests a
students’ visual acuity, technical knowledge, application of
logic, critical thinking, decision making and ability to com-
municate. Meat judging scores allow the objective compari-
son of gender differences over time. Category point totals be-
tween male and female contestants were evaluated for beef
quality grading (QG), beef yield grading (YG), NAMPs fabri-

cation specifications (SP), placing of classes (PL), reasons (RS),
and total contest score (CN). Point totals (pt) were from the
National Western (NW), Southeastern (SE), Iowa State Invita-
tional (IS), American Royal (AR), and International (IN) meat
judging contests from 1993 through 1999. A total of 2112
((1302 male (M) and 810 female (F)) observations were evalu-
ated. Gender assignment was by name recognition. Compari-
son of the overall mean by category revealed M advantage in
YG (1.6 pt, P = .02); SP (1.3 pt, P = .11); PL (2.3 pt, P = .002),
and CN (1.0 pt, P = .66). F advantage was shown in QG (.2 pt,
P = .71) and RS (4.2 pt, P = .0001). The contests reported
herein are progressively more difficult by design; NW being
the most straightforward, and IN requiring greatest applica-
tion of knowledge. The chart which follows shows the pro-
gression of points (Least Square Means by gender) and P val-
ues for each of the contests.

Contest GEND.  QG YG SP PL RS CN

NW F 126.9 93.9 72.2 425.6 186.5 905.1
M 127.5 93.1 73.9 427.4 182.2 904.1

P  .47 .55 .34 .15 .004 .84

SE F 127.3 93.1 61.4 415.1 191.6 887.8
M 129.1 96.6 62.8 419.3 186.4 894.3

P  .26 .07 .53 .04 .005 .29

IS F 130.3 97.7 69.4 418.4 192.1 908.1
M 129.3 99.5 72.4 417.7 189.7 908.8

P  .56 .28 .20 .73 .24 .91

AR F 132.1 100.4 84.9 423.8 198.0 939.2
M 129.8 101.8 83.1 424.4 192.1 931.9

P .004 .27 .20 .66 .0001 .07

IN F 132.2 99.1 74.5 414.6 200.3 921.8
M 131.8 101.4 78.0 420.0 197.2 928.4

P .61 .10 .17 .0009 .03 .18

For all categories, the contests were significantly different (P > .0001). For QG,
YG, RS, and CN a positive linear effect (P > .0001) was shown. Cubic effects
were observed for SP and PL (P > .0001). These data indicate a consistent
advantage in reason writing for F; but while the M averages are higher than F in
most other categories, the differences are not consistently significant.

Effect of the Rendement Napole Genotype on
Sensory Characteristics of Non-Pumped, Water-
Pumped, and Sodium Tripolyphosphate-Pumped
Pork Longissimus Sections Cooked to Two
Endpoint Temperatures

Brian S. Bidner, Michael Ellis, Mary S. Brewer, John
Romans, and Floyd K. McKeith, University of Illinois,
Urbana, IL

Sodium tripolyphosphate (STP) pumping was evaluated on
fresh pork longissimus from pigs of different RN genotype to
determine the effect on pork quality and sensory attributes.
Sixty-four gilts from a commercial hybrid line which were of
two RN genotypes (RN-rn+, rn+rn+) were fed finishing diets
containing two dietary lysine contents (4.8, 6.4 g/kg), and were
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fasted (12, 36 h) prior to harvest. The longissimus muscle from
the right carcass was divided into three 12.7 cm sections and
randomly allocated to the following pumping treatments: non-
pumped, water pump, and 4.5% STP. Loin sections were
pumped to 9.78% (water) and 9.47% (STP) over green weight,
vacuum packaged, heat shrunk, and aged for 14 d. Following
aging, 2.54 cm chops were cut, packaged, and frozen for sub-
sequent analysis. Boneless loin chops were cooked internally
to 70o C and 80o C. Non-pumped loin sections resulted in the
least amount of purge loss, while STP treated loins had the
highest salable yield. Pumping the loin sections with water
and STP resulted in increased raw moisture and cooked mois-
ture (calculated on both a raw and cooked weight basis). STP
also increased juiciness and tenderness ratings in the sensory
analysis. Increasing the cooking endpoint temperature de-
creased juiciness and cooked moisture percentage on both a
raw and cooked weight basis. RN-rn+ pork had lower shear
force and scored higher for tenderness and juiciness regard-
less of pumping treatment or end point temperature. These
data indicate that increasing end point temperature reduced
sensory attributes while STP and the RN gene improved sen-
sory properties.

 Consumer Purchase Intent and Visual
Acceptability of Pumped Pork Loins

M. Susan Brewer, J. Schlickau, C. Prestat, L. G. Zhu,
and F. K. McKeith, 399 Bevier Hall, 905 S. Goodwin,
Urbana, IL 61820

Pork loins were fabricated into roasts (1.5 kg each), pumped
to 0, 6, 12, or 18% over initial weight to contain 0.25% so-
dium tripolyphosphate and 1% sodium chloride, and vacuum-
packaged. Consumer (n = 196) sensory evaluations were con-
ducted in retail supermarket meat departments. Consumers
evaluated appearance acceptability of pork loins on white
paper over ice approximately 2 m beneath fluorescent over-
head lighting. Parameters of interest included acceptability of
color, purge in the package, texture appearance, overall ap-
pearance acceptability, and purchase intent. Seventy percent
of respondents were between 26 and 55 years of age; 70%
were female; 45% consumed pork 1-2 times/week and 25%
consumed pork 2-3 times/month. Pork was most often con-
sumed at home (> 88%). Nearly 42% of respondents purchase
prebasted turkey, 30% purchase marinated meat, and > 36%
would purchase “enhanced” pork. Consumers expressed con-
cern about ingredients on the label: phosphate (60%), salt
(74%), and water (26%). About 29% were concerned about
pork because of safety (42%) and nutrition (42%). Fifty-seven
percent “probably would buy” or “definitely would buy” the
unpumped product. Consumers rating loins in the higher two
purchase intent categories decreased with increasing pump
level until, at 18% pump, only 46% “probably would buy” or
”definitely would buy” the product. Fifty-eight percent of con-
sumers rated the amount of liquid in the package of the
unpumped loins as “somewhat acceptable” (29%) or “very
acceptable” (29%). Consumers rating loins in the higher two

categories for acceptability of liquid in the package decreased
to 42% for 6% pumped loins, < 37% for 12% and 18%
pumped loins. Fifty-five percent of consumers rated the color
of unpumped loins as “somewhat acceptable” (28%) or “very
acceptable” (27%). Twenty-four percent of consumers rated
overall appearance of unpumped samples in the highest ac-
ceptability category while > 24% rated the 6%, 12%, and
18% pumped loins in the “somewhat acceptable” category.
Of consumers who “definitely would buy” these products,
50% placed them in the “very” acceptable category for over-
all appearance.

The Impact of Nebraska BEEF 706 on Participant’s
Knowledge and Attitudes Concerning the
Improvement of Beef Quality, Consistency and
Value

Dennis E. Burson*, Chad A. Vorthmann, and Sallie Atkins,
*University of Nebraska, A213 Animal Science,
Box 830908, Lincoln, NE 68583-0908

Four Nebraska Beef 706 workshops were conducted to
improve the quality, consistency, and value of Nebraska beef.
The three-day workshops were a cooperative effort of the
University of Nebraska, the Nebraska Cattlemen, and the
Nebraska Beef Council. The objective of this study was to
determine the change in knowledge and attitudes of partici-
pants in Nebraska Beef 706. Participants were presented a
pre-workshop and post-workshop questionnaire that included
seven true or false questions and twelve statements for rating
issues of beef quality, consistency, and value (1 = very impor-
tant; 5 = not very important). Participants answered an aver-
age of 4.92 correct answers on the true or false questions
before the course and improved that score to an average of
5.92 correct after the course. This change demonstrated an
increase in participant’s knowledge about quality and consis-
tency issues. Beef quality issues were rated as important or
very important on the pre-workshop evaluation (range 1.4 to
2.9 average score) but increased in importance for the post-
workshop evaluation (range 1.3 to 2.3 average score). This
indicates that participants were already sensitive to beef quality
and consistency issues, but the workshop increased the fo-
cus. Two quality issues with the greatest change from pre to
past evaluation were “Reducing meat cost with added ingre-
dients,” and “Decrease hide damage.” Participants also indi-
cated that the emphasis placed on increasing quality and con-
sistency of beef in their operations would be “a major
emphasis.” Participants in Nebraska Beef 706 increased their
knowledge about beef quality, consistency, and value, and
also developed attitudes that place an increased importance
on improving quality, consistency and value in beef. As a re-
sult, beef producers in Nebraska should be able to make more
informed decisions on improving the quality and value of beef
and beef products.
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Effect of Lactic Acid Spraying on Survival of
Escherichia coli 0157:H7 and Escherichia coli
Biotype I on Beef Carcasses

Mehmet Calicioglu*, Nancy G. Faith, Dennis R. Buege,
Steven C. Ingham, Charles W. Kaspar,
and John B. Luchansky, *University of Wisconsin-Madison,
Meat Science and Muscle Biology Laboratory, 1805 Linden
Drive, Madison, WI 53706

Survival of Escherichia coli 0157:H7 and Escherichia coli
Biotype I on beef carcasses sprayed with 2% lactic acid and/
or tempered at 21°C for 4 hours were evaluated during ex-
tended storage. In a split-plot design experiment, two cattle
were slaughtered and split into quarters for each of four trials.
Two quarters per treatment were inoculated with a beef-ma-
nure slurry containing a five-strain mixture of E. coli 0157:H7.
Inoculated quarters were either not treated, sprayed with lac-
tic acid, tempered, or tempered and sprayed with lactic acid
prior to storage at 4°C for 14 days. Two combined sponge
samples per carcass quarter were taken on days 0, 1, 3, 7, 14
for enumeration of E. coli 0157:H7 and E. coli Biotype I. Re-
sults indicated that tempering was not significantly effective
on survival of either type of E. coli (total reductions after 14
days: Biotype I; 3.66 log10 cfu/cm2 from both tempered and
non-tempered carcasses; serotype 0157:H7; 4.42 log10  cfu/
cm2 from non-tempered carcasses and 4.2 log10 cfu/cm2 from
tempered carcasses). However, on each sampling day, num-
bers of E. coli Biotype I on carcasses sprayed with lactic acid
were significantly lower than on non-sprayed carcasses
throughout storage (total reductions; 4.08 log10 cfu/cm2 from
acid sprayed carcasses and 3.66 log10 cfu/cm2 from control
carcasses) while numbers of E. coli 0157:H7 were significantly
less than control counts only after 3 days of storage (total re-
ductions; 5.04 log10 cfu/cm2 from lactic acid sprayed carcasses
and 4.42 log10 cfu/cm2 from control carcasses). Survival pat-
terns of both E. coli on control carcasses were statistically
similar as both declined 3-4 log10 cfu/cm2 during 14 days of
storage. Results from this study demonstrate that spraying beef
carcasses with lactic acid reduces numbers of E. coli includ-
ing serotype 0157:H7 strains, but the effect is dependent upon
storage time, probably due to surface desiccation.

Type of Bacterial Starter Culture, Aging and
Fermentation Effects on Some Characteristics of
Inoculated Beef Sausages

Kezban Candogan*, Suhendra Kartika, and James C. Acton,
*South Carolina Agriculture and Forestry Research System,
Department of Food Science and Human Nutrition,
Clemson University, Clemson, SC 29634-0371
jcacton@clemson.edu

Rapid sausage fermentation is practiced in the USA whereas
most European processors utilize low temperature, longer time
for combined aging and fermentation effects. This may result
in a greater role for nitrogenous flavor components resulting

from metabolism of the fermenting starter cultures. The ob-
jective of this study was to evaluate the effect of type of starter
culture, pre-fermentation holding time and fermentation of
beef sausage mixes on NPN, acidity, composition, and growth
of starter cultures. Beef sausage mixes were inoculated with
either Pediococcus acidilactici or Staphylococcus xylosus with
P. acidilactici or Staphylococcus carnosus with P. acidilactici,
the mixes subdivided and then held for 0, 24, 48, or 72 h at 8-
10oC prior to fermentation. After holding (pre-fermentation),
the mixes were fermented for 16 h ending at 41oC. Total nitro-
gen of all sausage mixes did not differ due to holding or fer-
mentation effects over all starter cultures and there was not a
significant change in moisture content (range of 66.8-70.1%)
through the holding and fermentation periods. Holding time
had no effect on NPN (∆NPN) content among all cultures.
After fermentation, however, sausage mixes held 72 h and
inoculated with S. carnosus had higher NPN contents com-
pared to P. acidilactici alone (P < 0.05) and S. xylosus (P <
0.10). The pH of mixes decreased during holding and followed
the same pattern for all mixes. The initial pH declined (P <
0.05) from approximately 5.8 to pH 5.2-5.3 as the holding
time increased to 72 h. After fermentation, the pH of all mixes,
irrespective of previous holding times, was 4.4-4.5. Total acid-
ity of the mixes followed an inverse pattern to pH, increasing
as holding time increased. A significant increase in total acid-
ity occurred with fermentation but there was no effect due to
prior holding time or type of starter culture. Final acidities
ranged from 1.78-1.83% (as lactic acid).

Proteolytic Activity by Bacterial Starter Cultures for
Meat Fermentation Using Beef Protein Extract

Kezban Candogan and James C. Acton, South Carolina
Agriculture and Forestry Research System, Department of
Food Science and Human Nutrition, Clemson University,
Clemson, SC 29634-0371
jcacton@clemson.edu

Starter cultures are widely used in sausage fermentation
for flavor development and process control. Limited proteolysis
of muscle proteins during sausage production may result in
nitrogenous substances that contribute to the product’s final
flavor profile. Whether proteolysis occurs due to endogenous
enzymes of the meat itself or to proteolytic activity associated
with starter culture metabolism is not well known. The objec-
tive of this study was to determine the extent of proteolytic
activity of six starter cultures commercially utilized in fer-
mented sausage manufacture. Proteolytic activity of
Pediococcus acidilactici, Lactobacillus sake, Lactobacillus
curvatus, Streptomyces griseus, Staphylococcus xylosus and
Staphylococcus carnosus was examined using beef protein
extracts. After activating each freeze-dried culture, sterile beef
protein extract (pH 6.00) prepared with physiological saline
was inoculated to approximately 105 CFU/ml. The extracts
were incubated at 30ºC and sampled at 0, 24, 48, 72, and 96
hr for pH, bacterial count and proteolytic activity. For pro-
teolytic activity, primary amines (free amino acids and acyl-
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peptides) generated from culture metabolism in the extracts,
were determined from absorption at 340 nm after reaction of
trichloroacetic acid filtrates with o-phthaldialdehyde. L. sake
had greater (P < 0.05) proteolytic activity than any other cul-
ture. From highest to lowest activity, the other cultures ranked
as follows: L. curvatus > S. carnosus > S. griseus > P. acidilactici
> S. xylosus. Whereas the control extract maintained pH at
5.95, all inoculated extracts showed a pH decline by 96 h to
3.76-4.31. All cultures except S. xylosus had CFU increases
within 24 h of incubation. Only L. sake and S. xylosus had
counts less than their initial inoculation level which was likely
related to their extensive pH reduction of the extracts. These
results provide evidence that several commercially available
starter cultures for meat fermentation do possess significant
proteolytic activity when tested using beef protein extracts.

Consumer Preference for Meat Color and
Packaging Did Not Affect Eating Satisfaction

Charles E. Carpenter*, Daren P. Cornforth, and Dick
Whittier, *Utah State University , Logan, UT 84322
ChuckC@cc.usu.edu

We investigated whether consumer preferences for meat
colors (red, purple, and brown) or for meat packaging sys-
tems (modified atmosphere, MAP; vacuum skin pack, VSP; or
conventional PVC over wrap) influenced sensory scores of
beef steaks and patties. To test effects of the meat colors, bone-
less beef top loin steaks (choice) and ground beef patties (20%
fat) were packaged in different atmospheres of either 0.5%
carbon monoxide, 39.5% nitrogen, and 60% carbon dioxide
(CO); 100% nitrogen (N); or 1% oxygen, 39% nitrogen, and
60% carbon dioxide (low O2). This promoted red, purple, and
brown color development, respectively. To test effects of pack-
age type, steaks and patties were pre-treated with CO to pro-
mote development of the red color, and then repackaged us-
ing MAP, VSP, or PVC over wrap. The meats were displayed
for members of four consumer panels who evaluated meat
color and indicated their likelihood to purchase similar meat.
Next, the panel members tasted meat samples from what they
had been told were the packaging treatments just observed.
However, the meat samples tasted by each panelist were ac-
tually from a single fresh (i.e., not treated) steak or patty so
that any difference in taste scores would reflect expectations
established during the visual evaluation. The same ballot and
sample coding were used for both the visual and taste evalu-
ations. Color and packaging influenced (P < .001) visual score
and likelihood to purchase. The decreasing order of visual
scores and likelihood to purchase were red > purple > brown
and PVC over wrap > VSP > MAP. Visual score and likelihood
to purchase were correlated with r2 > .8. However, color and
packaging did not affect (P > .5) taste scores. Thus, percep-
tions of quality established by the meat colors and packaging
influenced consumers’ likelihood to purchase, but did not bias
eating satisfaction.

Sensitivity of Economic Values for Beef Tenderness
to Payment System

Paul L. Charteris*, Dana L. Hoag, and Bruce L. Golden,
*Department of Animal Sciences, Colorado State University,
Fort Collins, CO 80523-1171
pcharteris@cgel.agsci.colostate.edu

The aim of this study is to determine the effect of beef ten-
derness classification and pricing structure on expected in-
come resulting from genetic selection for tenderness. We con-
structed a model of beef tenderness, assessed as
Warner-Bratzler shear force (WBS) at a population mean from
2.0 to 7.0 kg. Tenderness classification comprised from two
to six equally sized tenderness classes with premiums and
penalties incurred within each class. Carcass value at each
WBS was the product of fraction of carcasses within tender-
ness class together with premiums or discounts within each
class. Payment systems included premiums (P) for tender beef,
discounts (D) for tough beef or P+D in combination. Economic
value (EV) was derived as the impact of a marginal (-.1 kg)
change in sire breeding value for WBS on future farm income
under each tenderness classification and payment structure.
Derived economic values were sensitive to population mean
WBS, tenderness classification and payment system. The high-
est EV for improving tenderness occurred when carcasses were
assigned into two classes (tender or tough) under a P+D pric-
ing system. A sire -.1 kg superior in genetic merit for WBS
would improve herd income by up to $650 under such cir-
cumstances. As the number of tenderness classes increased,
maximum EV declined but EVs at low or high WBS scores
increased as a greater fraction of carcasses incurred either
premiums or discounts, respectively. When carcasses were
assigned in two tenderness classes, economic values for beef
tenderness had equal value under P and D payment systems.
When carcasses were assigned into three or more tenderness
classes, economic value was higher for P and D payment sys-
tems at low and high population mean values of WBS, re-
spectively. A payment system with only two tenderness classes
inflated the economic value for tenderness. Expected benefits
from genetic improvement of tenderness should be assessed
relative to the population mean for WBS, tenderness classifi-
cation and payment system.

The Use of Pork Collagen as a Functional
Ingredient in Frankfurters

Darin R. Doerscher* and Gitanjali Prabhu,
*AMPC, Inc., 2325 N. Loop Dr., Ames, IA 50010
darin.doerscher@amerprotcorp.com

The objective was to evaluate the quality and sensory char-
acteristics of regular fat frankfurters utilizing pork collagen in
the formulation. Fresh pork (20% and 50% fat, respectively)
was obtained from the Iowa State University Meat Laboratory.
Frozen mechanically deboned chicken (MDC), 15% fat, was
obtained from International Dehydrated Foods, Inc., Monett,
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MO. MyoGel Plus, pork collagen, was obtained from AMPC,
Inc. Eight treatments were formulated with 0%, 0.5%, 1.0%,
1.5%, 2.0%, 2.5%, 3.0%, and 3.5% pork collagen. The lean
pork (20% fat), MDC, and pork collagen were chopped in a
bowl chopper to 4.4°C (40°F). The rest of the pork and the
other ingredients were then added. Chopping continued until
the batter reached 12.7°C (55°F). Meat batters were stuffed
into 22-mm diameter cellulose casings and smoked in a single
truck smokehouse to an internal temperature of 70°C. After
smoking, frankfurters were chilled at 2°C for 24 h, hand peeled,
and vacuum packaged in high oxygen barrier pouches. The
frankfurters were kept in a cooler at 2°C for subsequent evalu-
ation. The experiment was replicated 4 times. Cook yield
showed no significant difference (P > 0.05) between the con-
trol and the treatment containing pork collagen at 0.5%. How-
ever, addition of pork collagen at 1.0% and above caused
significantly higher yields (P < 0.05) compared to the control
or the treatment containing the 0.5% pork collagen. An ob-
jective method of measuring purge is to weigh the free liquid
from the package. The higher the purge, the greater the free
liquid content and vice versa. The highest purge values, after
4 weeks, were observed for the control while the lowest purge
were observed in the treatment containing 3.5% pork col-
lagen (P < 0.01). After 8 weeks of refrigerated storage, a simi-
lar trend was seen where the control had the highest purge
while the treatment containing the 3.5% pork collagen had
the lowest purge (P < 0.01). There was an increase in peak
load texture results as the level of added pork collagen in-
creased; however, it was not significantly different (P > 0.05).
Moreover, the addition of pork collagen significantly (P < 0.05)
affected the internal “b” color values. When pork collagen
was used at 2% and above, the “b” values were significantly
higher. This indicated that the product was more yellow. Sen-
sory triangle test results showed that when pork collagen was
used at 2.5% or 3.5%, 21 of the 30 panelists were able to
pick the odd sample correctly which is significant (P < 0.05).
However, when pork collagen was used at 2%, 13 of the 30
panelists were able to pick the odd sample, which is not sig-
nificant (P > 0.05).

Effects of Cattle Transport on Metabolism
and Meat Quality

Michael E. R. Dugan*, Jennifer L. Aalhus, Ivy L. Larsen,
Kelvin A. Lien, Nigel Cook, Alan L. Schaefer, and
Lester E. Jeremiah, *Agriculture & Agri-Food Canada,
Lacombe Research Centre, 6000 C & E Trail, Lacombe,
Alberta, Canada T4L 1V3
duganm@em.agr.ca

In previous study, cattle caught in a snowstorm during trans-
port to slaughter had calpastatin activities 2-3 fold higher than
normal and their shear force values were among the highest.
Hence the purpose of the present study was to determine if
calpastatin activity could be upregulated by transport (TR =
0, 8, and 48 h; n = 32 per group). We also wanted to deter-

mine if metabolic indicators of stress/starvation could be cor-
related with muscle calpastatin activity. TR-48 cattle lost 11.9%
of their body weight, compared to 6.6% and 2.9% in TR-8
and control cattle (TR-0). Average shear force values were sig-
nificantly higher in meat from TR-48 animals compared to
TR-8 and TR-0 animals 24 h postmortem (P < 0.01). This ef-
fect persisted after 6 d of aging and even after 4 mo of frozen
storage. At 24 h, consumers would have rated 80% of all car-
casses as unacceptable. After 6 d of aging, only the TR-0 and
TR-8 carcasses had undergone appreciable tenderization,
decreasing the proportion of unacceptable carcasses to 34%
and 41% while 91% of the TR-48 would still have been unac-
ceptable. Correlation coefficients of loin muscle shear force
at 6 d with calpastatin activity and fat-free % moisture were
–0.22 and –0.57, respectively (P = 0.03 and P = 0.0001).
Across all animals, increases in plasma β-hydroxybutyrate and
free fatty acids were correlated with 6 d shear force (r = -0.52
for both, P = 0.0001). Increases in plasma β-hydroxybutyrate
for the TR-48 group were correlated with muscle calpastatin
activity at slaughter (r = -0.40, P = 0.03), indicating that the
decrease in protein degradation associated with upregulation
of calpastatin activity may in part be related to elevated blood
ketone bodies. Extremely high levels of calpastatin activity
(2-3 fold above control values) were not obtained and may
have been previously observed due to the combined stress of
transport and low ambient temperature.

Profiling the Variability in Tenderness
of Beef Strip Loins

J. S. Eastridge* and M. B. Solomon,
*USDA, ARS, MSRL, BARC-E, Beltsville MD 20705

Strip loins from 58 steer and heifer carcasses from a com-
mercial slaughter plant in Canada were shipped to the USDA-
Meats Laboratory in Beltsville, MD by 4-days postmortem.
Selection criteria for carcasses were marbling score of Traces
to Slight minus, 4 mm or less fat over the ribeye, and hot
carcass weight between 275 and 360 kg. Four steaks (2.5 cm
thick) were cut from each strip loin, one just anterior to the
gluteus muscle insertion (A), two in the middle (B and C)
equally spaced approximately 6 cm apart, and a fourth steak
(D) at the 12-13th rib. Steaks from paired sides were removed
at identical locations. Steaks were grilled on electric grills to
an internal temperature of 71°C then cooled to room tem-
perature before cores were removed. Shear-force was deter-
mined using Food Technology Corporation Texture Analyzer
with Warner-Bratzler meat shear cell in compression mode,
cross-head speed of 250 mm/min and blade thickness of 3.18
mm. The maximum number of cores possible was removed
from each steak in two parallel rows along the long axis of the
steak (subcutaneous fat side or dorsal vs ventral) and sequence
of cores from medial to lateral was also maintained. A total of
464 steaks were used to profile the tenderness variability be-
tween and within a strip loin and carcass side. Mean differ-
ences in shear-force between left and right paired steaks from
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anterior to posterior were .48, .38, .41, and .81 kg. The occur-
rence of one side having higher shear-force values was ran-
dom (left side had greater shear-force 53.3% of the time). Dif-
ferences in mean shear-force between paired steaks ranged
from 0 to 4.1 kg, and differences greater than .5 kg occurred
in 62.3% of paired steaks. By maintaining location of cores
within steaks, it was possible to visualize differences within
steaks. Unless there was an obvious reason (fat, connective
tissue or misshapen core) for excluding data, all shear-values
were used. Regardless of location of steak, cores from the
medial portion dorsal half had the highest shear-force com-
pared with the remainder of the steak. This difference was
more pronounced moving anterior to posterior. Steaks from
location A had the most variability as seen in range of shear-
force values (6.9 to 11.1 kg) with a surface plot having a V-
shape. Shear-force values were lowest near the center of the
steak and increased towards the medial-lateral ends. This pat-
tern was also seen to a lesser degree in B steaks and disap-
pearing as the location moved anterior in the strip loin. Shear-
force values in the medial side were 8.9, 8.9, 8.5, and 8.3 kg
compared to lateral shear values of 7.3, 7.7, 8.2, and 7.9 kg
for steaks A, B, C, and D, respectively. Differences noted be-
tween left and right sides as well as within a strip loin support
the concerns of the inconsistency problems in tenderness
within a muscle and within a steak.

Freezing Rate Alone, Without Storage, Has No
Effect on the Functional Properties of Beef

Mustafa M. Farouk*, Inge Merts, and Kathy Wieliczko,
*AgResearch Ruakura Agricultural Research Centre, Private
Bag 3123, Hamilton, New Zealand
Faroukm@agresearch.cri.nz

This study determined the isolated effect of freezing rate
alone (no frozen storage) on the functional properties of thawed
muscle proteins. A Latin square design was used to allocate
24 semitendinosus muscles from 12 heifers to four freezing
treatments: 1.8 mm/h (slow blast), 7.8 mm/h (fast blast) and
49.8 mm/h (liquid nitrogen – two treatments: samples at 10°C
were immersed in liquid nitrogen or samples were slow chilled
from 10°C to 0°C, then immersed in liquid nitrogen). The fro-
zen samples were thawed in water at 10°C and then ana-
lyzed. The rate of freezing had no effect on any of the param-
eters measured (total, myofibrillar and sarcoplasmic protein
solubilities; sulphydryl content; surface hydrophobicity; emul-
sion activity index; emulsion stability; tissue colour). It is there-
fore concluded that freezing rate on its own does not affect
muscle proteins; rather it is the interaction between freezing
and storage temperature and time that affect protein function-
ality.

Special-Fed Veal Carcass Quality Attributes: Results
of the National Veal Quality Audit

Sally L. Flowers, E. W. Mills, and W. R. Henning,
Department of Dairy and Animal Science, The Pennsylvania
State University, University Park, PA 16802

A major component of the 1998 National Veal Quality Audit
was to determine and define qualitative and quantitative pa-
rameters of veal carcasses through in-plant observations. Lean
color, conformation, and ribeye area of (n) veal carcasses in
10 packing plants were surveyed. Plant records provided car-
cass weights, packer grades, and USDA grades. These carcass
data were subsequently evaluated on the basis of annual eco-
nomic losses to the industry. As muscle color continues to be
the principal indicator of quality, 87.8% of carcasses received
color scores of 1-2 indicating that the majority of veal pos-
sessed a desirable light, grayish to grayish-pink lean color.
Conformation scores were concentrated in the Average choice
grade (42%) but over 25% were Low choice or lower. Ribeye
area in the range of 6.0-7.9 in2 captured 77.8% of the REA
distribution. Carcass weights in the preferred 275-299 lbs.
range comprised only 25.6% of the sample with 26.7% be-
low 250 lbs. and an additional 3.1% falling below the abso-
lute minimum acceptable level of 200 lbs. The correlation
between ribeye area and carcass weight was closely associ-
ated with the USDA regression equation for the determina-
tion of veal yield grade. It was found that 24% of veal car-
casses are USDA graded, of these, 88.3% graded Choice. Prime
veal was determined at 11.0% whereas 0.7% graded Good.
Packer carcass grading criteria vary widely among packers.
The number of grades varied from as few as 3 to as many as 7
grades within a plant (one plant relies exclusively on USDA
grades). In this study, the grades were are sorted into #1, #2,
or #3 in-house grades based on weight and lean color criteria
that vary among packers. It was determined that 32.7% of
cold packer graded carcasses were distinguished as #1 for
ideal weight, conformation and color along with 55.9% as #2
with adequate conformation and moderate lean color and
11.5% as #3 for red muscle color. An economic analysis em-
phasized carcass quality, most notably, dark color and heat
ring, as the source of the most significant defect loss to the
industry at $10.29/head. These results were compiled to pro-
duce a document to provide recommendations for the im-
provement of production efficiency and profitability for pro-
ducers and packers and successively enhance quality,
acceptability and consumption of U.S. veal.

Comparison of Compression and Tension Shearing
Methods of Beef Top Loin Steaks

J. G. Gentry, G. G. Hilton, J. L. Montgomery, and M. F.
Miller, Texas Tech University, P.O. Box 42162, Lubbock,
TX 79409

Beef top loin steaks of different USDA Quality grades were
evaluated for Warner-Bratzler shear force (WBS) values using
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three methods: tension (TEN) and compression (COMP) on
the United Testing Machine and standard WBS (SWBS) on the
Salter Warner-Bratzler Shearing device. Carcasses were se-
lected from three USDA Quality grades (Choice, Select and
Standard) and strip loins (n = 53) from these carcasses were
captured. Loins were cut into 2.54 cm thick steaks and frozen
until further analysis. One steak was allotted each for TEN,
COMP, and SWBS and sensory panel. Shear and sensory steaks
were cooked to 71ºC. Six cores per steak were sheared by
TEN, COMP, and SWBS. The crosshead speed was set at 200
mm/min for both machines. Shear force values (kg) for the
TEN, COMP, and SWBS methods were 4.08, 3.85, and 3.39 ±
0.193, respectively. No differences were detected in shear force
between the TEN and COMP methods (P > 0.05). SWBS shear
force values were lower than TEN values (P < 0.05) but no
differences were detected between the SWBS and COMP,
shearing methods. Correlations between initial tenderness
sensory scores and the shearing methods (TEN, COMP, and
SWBS) were –0.73, -0.40, and –0.44, respectively (P < 0.01).
Results from this experiment indicate that shear force values
vary across machines. SWBS had the highest correlation with
sensory panel tenderness scores. More studies need to be
conducted to clarify these findings.

The Role of Muscle Glycogen Content
and Dark Cutting Beef

Dana J. Hanson, Chris R. Calkins, and Kevin S. Kirchofer,
University of Nebraska, Department of Animal Science,
P.O. Box 830908, Lincoln, NE 68583-0908

Dark cutting beef occurs when muscle glycogen levels are
depleted prior to slaughter. This research was conducted to
determine the threshold level of glycogen needed to avoid
the dark cutting condition. Samples (n = 180) were taken from
the 12th rib region of beef carcasses 2-4 d postmortem. A
visual score was used to classify samples (n = 121) based on
color. A score of one represented normal-appearing muscle
and five represented extremely dark muscle. Samples were
frozen on dry ice and stored at -30°C prior to analysis for
glycolytic potential and pH. Initial muscle glycogen levels
were calculated from postmortem glycolytic potential values.
Regression revealed a significant quadratic relationship be-
tween estimated pre-slaughter glycogen levels and pH (R2 =
.92, root mean square error = 0.13), where ultimate muscle
pH decreased with increasing glycogen level. An inflection
point occurred at approximately 80 mmol/kg of glycogen and
a pH of 5.7. Muscle L*, a*, and b* values had significant cur-
vilinear relationships to pH (R2 = .34, .61, and .55, respec-
tively). Mean pH values for muscles scoring one through five
were 5.47, 5.73, 6.05, 6.31, and 6.72, respectively. All pH
values differed from each other (P < .05). Estimated glycogen
levels were 96.4, 80.2, 67.0, 58.8, and 48.5 mmol/kg, re-
spectively. All glycogen levels were significantly different from
each other (P < .05) except those for scores four and five (P =
.08). These data document the significant effect of glycogen

level on ultimate pH and color of beef. Visual assessment of
color may be more effective in classifying dark cutting beef
than the L*, a*, and b* scale. It appears that 80 mmol/kg of
glycogen is needed in muscle prior to harvest to prevent the
dark cutting condition.

Effect of Different Cooking Instruments on
Warner-Bratzler Shear Force Values

G. G. Hilton1, A. S. Brady1, H. G. Dolezal2, and M. F.
Miller1, 1Texas Tech University, P.O. Box 42162, Lubbock,
TX 79409, 2Excel Corporation, Wichita, KS

This study was conducted to evaluate if cooking instru-
ment affected Warner-Bratzler shear (WBS) values. Ribeye rolls
were collected from USDA Choice and Select beef carcasses
from a commercial beef processing facility (n = 130). Ribeye
rolls were transported to Texas Tech University and aged for
14 days. Three 2.5 cm steaks were fabricated from the ribeye
roll for each cooking instrument treatment. The three cooking
instruments used were Farberware grill, Star Chargriller (gas
grill) and Magi’grill (belt grill). Steaks were cooked to 71°C
and chilled at 4°C for 24 hours. Steaks cooked on the belt
grill had lower (P < .05) WBS values than steaks cooked on
Farberware and gas grills. Mean WBS value of steaks cooked
on the belt grill was 3.48 kg, while mean WBS value of steaks
on the Farberware was 3.83 kg, and the gas grill was 3.95 kg.
Also, steaks cooked on the gas grill resulted in a higher per-
centage of steaks with WBS values less than 3.0 kg (tender)
and a lower percentage of steaks with WBS values greater
than 4.5 kg (tough). Steaks cooked on Farberware had higher
(P < .05) cooking loss percentages than steaks cooked on the
gas or belt grills. This research provides valuable results when
comparing WBS values of steaks cooked using different cook-
ing instruments.

The Effect of Paylean™ on Lean Yields and Pork
Quality Characteristics

Daniel J. Ivers1*, William C. Weldon1, Jeffry D. Muegge1,
Scott N. Carr2, Max B. England2, Floyd K. McKeith2, and
David B. Anderson1, 1Elanco Animal Health, A Div. of Eli
Lilly and Co., 2University of Illinois, Urbana IL 61801,
*Elanco Animal Health, 2001 West Main Street,
Greenfield, IN 46140
Ivers_DJ@Lilly.com

This study was conducted to determine the effects of feed-
ing Paylean™ (ractopamine·HCl) to genetically lean pigs on
growth performance, lean yields, and pork quality measures.
One hundred eighty Dekalb barrows were assigned to 36 pens.
The pens were blocked by weight (6 pens·block-1, starting block
BW = 69 to 83 kg). Pens within a block were then randomly
assigned one of three Paylean™ treatments so that each treat-
ment within a block was represented by two pens. Treatments
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included: Control diet (C), and Paylean™ at 9 g/ton (P9) or 18
g/ton (P18). Pigs were slaughtered by blocks when the block
average BW was ~109 kg. Gain and feed efficiency were im-
proved (P < .01) with Paylean™, but feed intake did not differ
(P > .1). Dressing percent was higher (P < .01) for P9 and P18
than C, and P18 had less (P < .05) cooler shrink than C. P9
and P18 had higher (P < .005) yields (% of hot carcass wt) of
trimmed, boneless ham, loin, sirloin, tenderloin and butt than
C. Belly thickness and belly yields (% of hot carcass wt) were
not different. Carcass pH at 45 minutes postmortem and ulti-
mate pH, and subjective color, firmness, and marbling scores
were not different. L* Minolta reflectance measures of the long-
issimus dorsi at the 10th rib were not different while a* and b*
values were higher (P < .01) for C than for P9 and P18. P18
tended (P < .1) to have less purge loss from unenhanced loins
(NAMP #414, vacuum-packaged and aged for 14 d) than C
(2.68% C, 1.89% P18), and Warner-Bratzler Shear (WBS) on
chops from these loins was approximately 16% higher (P <
.05) for P9 and P18 than C. However, in enhanced loin sec-
tions (injected with a brine solution, vacuum-packaged and
aged for 14 d) purge loss was higher (P < .05) for P18 (1.71%)
compared to C (1.36%), and chop WBS was not different (P >
.1). Feeding Paylean™ resulted in more efficient pork produc-
tion, increased boneless subprimal yield, and had little effect
on pork quality measures.

Evaluation of Carbon Monoxide (CO) Treatment in
Modified Atmosphere (MAP) or Vacuum Packaging
(VP) to Increase Color Stability of Fresh Beef

P. Jayasingh, D. P. Cornforth, C. E. Carpenter, and
R. Whittier, Utah State University, Department of Nutrition
and Food Sciences, Logan, UT 84322-8700

Our objective was to evaluate carbon monoxide (CO) pre-
treatment to obtain desirable red color in vacuum packaged
(VP) beef steaks.

In experiment 1, select beef top loin steaks were pressure
treated at 15 psig with 5% CO, 60% CO2, 35% N2 for 30,
60, 90, or 120 minutes, then vacuum packaged (VP). All steaks
developed a bright red color after pressurized CO pretreat-
ment, with Hunter color a* (redness) values > 12 and CO
penetration depth of 1-2 mm. However, after 24 h VP storage,
only steaks pressure treated for 120 min retained a red color,
with Hunter redness values 11-13 and penetration depth of 2
mm. In comparison, steaks treated with 0.5% CO in a modi-
fied atmosphere package (MAP) for 24 h had similar bright
red color, and greater CO penetration depth (4 mm). The 24
hr CO-MAP pretreatment was also much less labor intensive
for large quantities of steaks. Thus, CO-MAP pretreatment was
used for VP steaks in experiment 2.

In experiment 2, color stability and microbial load was
monitored during storage of steaks treated as follows: 100%
CO-MAP for 1 hr, then VP; 5% CO-MAP for 24 h, then VP;
0.5% CO-MAP (steaks) ; 0.5% CO-MAP (bulk ground beef).

After 4 weeks at 2°C, 0.5% CO-MAP steaks had redness
values >12, compared to redness values < 10 for VP steaks.
Ground beef in 0.5% CO-MAP retained high redness values
(a* > 12) after 3 weeks storage with uniform red color through-
out and aerobic plate count of < 106 cfu/g. In conclusion, red
color was retained for 3 weeks storage of CO-VP steaks. For
extended storage (> 4 weeks), however, CO-MAP treatment
was preferred for red color.

Chemical and Physical Changes in Smoked
Rainbow Trout (Oncorhynchus mykiss) Associated
with Frozen Storage

Sitima Jittinandana*, P. Brett Kenney, and Susan Slider,
*Animal and Veterinary Sciences, 1170 Agricultural
Sciences, P.O. Box 6108, Morgantown, WV 26505-6180
bkenney@wvu.edu

Frozen storage is an important preservation method for
maintaining microbiological and chemical stability and ex-
tending shelf life of food products. However, this method can
induce biochemical changes such as protein denaturation,
particularly in fish muscle. Freeze-induced protein denatur-
ation in raw material affects protein-protein and protein-wa-
ter interactions that, in turn affect product texture. The objec-
tive of this study was to determine the effect of frozen storage
(-20°C) on quality of smoked rainbow trout fillets prepared
from fresh fillets and fillets following 78 d of frozen storage.
The experimental design was a 2 x 2 x 4 factorial, balanced
incomplete block design with fillet storage as the main plot.
Eight treatment combinations of two brine concentrations (8.7
and 17.4% NaCl) and four brining times (30, 60, 90, and 120
min) were the sub-plots. Treatments were replicated on three
separate days. Brined fillets were smoked in microprocessor-
controlled smokeoven. Brine uptake, raw and cooked pH,
cook yield, shear force, water activity, water-phase salt con-
tent, and cooked proximate composition were measured on
fillets. A fish mince was also prepared from each treatment.
Hardness, cohesiveness, protein solubility (total protein solu-
bility and myofibrillar proteins), and raw proximate composi-
tion were determined on the mince. Frozen storage at –20°C
for 78 d increased (P < 0.05) total soluble protein and de-
creased (P < 0.05) myosin and actin solubility. The increase in
protein solubility after frozen storage might be caused by modi-
fications of chemical groups especially sulfhydryls. Decreased
myosin and actin solubility may be due to the increased pro-
tein-protein interactions. Use of frozen fillets reduced hard-
ness of cooked mince and shear force of smoked fillets by
86% and 55%, respectively, and it tended to decrease cohe-
siveness. Fat content of smoked products prepared from fro-
zen fillets decreased (P < 0.05) because of decreased struc-
tural integrity and reduced ability to retain fat. In conclusion,
frozen storage resulted in lower myosin solubility that, in turn,
negatively affected product texture.
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Development of the Porcine Myology Manual
on CD-Rom

Steven J. Jones*, Dennis E. Burson, and Jon Butler,
*Animal Sciences, University of Nebraska- Lincoln,
Lincoln, NE 68583-0908
sjones1@unl.edu

Understanding of the skeletal and muscular of the pig is
important in the pork industry as well as for research and teach-
ing. The Institutional Meat Purchasers Specifications identi-
fies cuts based on musculature. Today, more boneless meat
cuts are being marketed and muscle separation is becoming
a routine operation in the cutting process. With the use of
computers and the internet, it is possible to present organized
information that is easily accessible to a single student or a
large number of people. The objective of this project was to
develop a porcine myology manual which could be produced
in a digitized form stored on a CD-ROM for computers or
distributed across the internet. An 82 kg carcass was frozen to
-4°C and then separated into right and left sides. The right
side was cut into 56 cross-sections, 1 inch in thickness, thawed,
and photographed to show the longitudinal progression of
muscles and their relationship to the skeleton and to fat de-
posits. Cross-sectioning began anterior to the tibiotarsal joint
and continued to the atlanto-occipital joint. The shoulder sec-
tion of the left side was cross-sectioned into 18 slices by mak-
ing cuts parallel to the front limb just above the radiocarpal
joints. Photographs were taken using a strobe light system
fitted with 43 × 53 cm. A second 110 kg pig was slaughtered,
chilled, and the right side was dissected by removing muscle
layers and then photographed. Photographs were digitized to
JPEG format for the CD-ROM development. Information on
each muscle was collected including; name, origin, insertion,
action, innervation, blood supply, wholesale retail cut loca-
tion, and common name. Programming of the CD-ROM was
done using HTML language and JAVA script. Drawings of cross-
section and lateral cuts were formatted as a GIF file and then
linked to each muscle information. The porcine myology CD
will provide a valuable resource for both academia and in-
dustry.

Consumer Acceptance and Value of Argentine
and Domestic Beef

Karen M. Killinger, Chris R. Calkins, Wendy J. Umberger,
Dillon M. Feuz, and Kent M. Eskridge, University of
Nebraska, Animal Science Department, P.O. Box 830908,
Lincoln, NE 68583-0908

To observe consumer acceptance and the value placed on
Argentine and domestic beef, consumers in Chicago and San
Francisco (124 in each location) participated in taste panels
and a silent, experimental auction. Strip loins from Argentina
(animals were grass-fed) and the United States were paired

on the basis of similar Warner-Bratzler shear force (P > 0.05)
and marbling level (P > 0.05). Telephone screening was used
to select consumers. Prior to sensory evaluation, consumers
were instructed on the auction procedures and three practice
auctions were conducted. Taste panel samples (cooked to 70°C
endpoint temperature) were rated using an 8-point hedonic
scale for flavor, juiciness, tenderness and overall acceptabil-
ity (5 = slightly desirable, slightly juicy, etc.; 4 = slightly un-
desirable, slightly dry, etc.). Consumers could then partici-
pate in a silent, experimental auction to purchase steaks from
the same strip loins as the samples they tasted. Domestic beef
was rated higher (P < 0.05) in overall acceptability, juiciness
and tenderness. For flavor, the interaction between location
and type of steak approached significance (P = 0.06); in Chi-
cago, consumers rated domestic beef higher in flavor accept-
ability than Argentine beef (5.9 vs 4.5), and consumers in San
Francisco also rated domestic beef higher in flavor accept-
ability than Argentine beef (5.7 vs 4.7). Consumers were will-
ing to pay $0.69/.45 kg more (P < 0.05) for domestic beef
than Argentine beef; consumers in Chicago were willing to
pay $0.88/.45 kg more while consumers in San Francisco were
willing to pay $0.48/.45 kg more (P = 0.07). Domestic beef
was more acceptable in palatability characteristics and, con-
sumers were willing to pay more for the product that they
found more acceptable.

Perception of Degrees of Doneness of Beef by
Professional Chefs

Peter Lehmuller and Melvin Hunt*, Director of Culinary
Education, College of Culinary Arts, Johnson & Wales
University at Norfolk, 2428 Almeda Avenue, Norfolk,
VA 23518
*Weber Hall, Department of Animal Sciences, Kansas State
University, Manhattan, KS 66506
plehmuller@norfolk.jwu.edu
Hhunt@oznet.ksu.edu

 This study was undertaken to ascertain how chefs deter-
mine doneness, chefs’ appraisal of cooked color compared
to endpoint temperature, and differences in chefs perceived
degrees of doneness and those described by AMSA (NLSMB).
Data were collected from 22 professional chefs who averaged
24 years of experience, received a variety of training experi-
ences, and resided in diverse locations. Most (95%) chefs
determine doneness of steaks and ground beef by touch, and
nearly all use thermometers for roasts. When asked for a “safe”
endpoint temperature for roasts, 63% of chefs were 3-5°C
lower than those given by USDA or FDA, whereas only 14%
were low for ground beef. Beef eye rounds (semitendinosus)
were roasted to 43, 49, 54, 60, 71, and 77°C (110 to 170°F),
then cross-sections were evaluated visually under standard-
ized lighting. Based on color, chefs assigned a degree of
doneness and estimated the endpoint temperature. Over 85%
of the chefs correctly identified doneness of pieces cooked
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well, medium well, medium rare, and very rare. However,
samples cooked medium were rated mostly as medium rare,
and rare samples were correctly identified by only 5 chefs.
Even when allowing a 5-6°C variance, chefs generally were
unable to correctly determine actual endpoint temperatures
based on visual color. Internal temperatures used by chefs
tend to be lower than those published by AMSA, USDA or
FDA. Chefs trained 15-20 years ago learned rare to ranged
from 47-52°C (117-125°F) and most consider 49°C (120°F) to
be rare today. USDA/FDA recommends 60-63°C for rare roasts.
Chefs describe degrees of doneness as: rare = mostly red, cool;
medium rare = red center surrounded by pink, warm; me-
dium = pink all the way to the center, hot; medium well =
pink surrounded by grey, quite hot; and well = no pink, quite
hot. Differences exist in the perceptions of doneness between
culinary professionals and meat researchers and some of these
may have process/product development and food safety im-
plications for whole muscle, non-intact, and ground prod-
ucts.

Improvement of the Physicochemical Properties of
Pale Soft and Exudative (PSE) Meat Products with
an Extract from Mechanically Deboned Turkey
Meat (MDTM)

Cheng-Ta Li* and Macdonald Wick, *Department of Animal
Sciences, The Ohio State University, 126 Vivian Hall, 2121
Fyffe Rd., Columbus, OH 43210
Li.167@osu.edu

The physicochemical states of the myofibrillar proteins
confer functionality to meat systems and thereby have a di-
rect role in determining the quality and value of processed
meat. Inferior quality and loss of protein functionality of pale
soft and exudative (PSE) meat and a surplus of underutilized
mechanically deboned turkey meat (MDTM) are negative eco-
nomical concerns in the processed meat industry. The objec-
tive of this research was to add the functional proteins present
in a salt extract of MDTM to PSE meat during processing to
create a value-added cooked pork sausage product. Myofibril-
lar and sarcoplasmic proteins were extracted from fresh MDTM
with brine (1.4 M NaCl, 0.1 M Na3PO4, and 0.05 M sucrose)
and the extracted proteins recovered in the supernatant fol-
lowing centrifugation. Fresh pork sausages were made from
either PSE or normal pork trimmings by preblending with ei-
ther brine alone or MDTM extract. The water holding capac-
ity (WHC) of precooked sausages was evaluated by the Carver
Press filter paper method. Cooking loss and rheological analy-
sis were performed on cooked sausages. Statistical analyses
were determined by SAS. Sausages manufactured from PSE
using the MDTM extract exhibited a 30% increase in rigidity
(P < 0.05) compared to sausages made from PSE and brine
alone. Sausages made from PSE and normal pork in which
the MDTM extract was part of the preblend demonstrated an

increase of 3.6 and 3.0% in WHC, and a reduction of 4.1 and
3.1% in cooking loss (P < 0.05), respectively, compared to
sausages made employing brine alone. Results indicate that
proteins present in a salt extract of MDTM have the potential
to “lend” functionality to processed meat systems, and im-
prove the physicochemical properties of fresh pork sausages.
Thus, inclusion of a salt extract of MDTM could have a great
economic contribution to the meat industry.

Comparison of Functional Properties of Sm Muscles
with Normal and High pH Values During
Postmortem Aging

Herbert W. Ockerman and Tomasz Lesiów
Hockerma@magnus.acs.ohio-state.edu
Lesiow@credit.ae.wroc.pl

This work was to examine the influence of aging up to 96
h on the functional properties of bulls semimembranosus (Sm)
muscles with normal pH (pH < 5.8) cut 24 and 48 h pm and
abnormally high pH (pH > 6.2) cut 24 h pm Lightness was
measured by reflectance at 540 nm with a spectrophotom-
eter. Protein, fat, pH and water holding capacity (WHC) was
determined. Meat homogenate viscosity (MHV) was measured
with a rotatory viscometer, cooking losses by weight loss and
tenderness by Warner-Bratzler. Sm muscles cut 24 h pm had
the highest WHC and MHV after 48 h and the lowest SF after
48 and 72 h. The Sm muscles cut 48 h pm had the best WHC
at 72 and 96 h, the highest MHV after 48 h and similar SF
values during aging. These parameters for the Sm muscles cut
24 h were better than those for Sm muscles cut 48 h pm,
except WHC. No significant difference in cooking losses were
found for the Sm muscles cut 24 and 48 h pm in spite of
significant changes in WHC for these muscles. Lightness of
the Sm muscles cut 24 h pm and after 48 h aging was higher
than those of muscles cut 48 h pm. The Sm muscles of pH >
6.2 cut 24 h pm had lighter color after 48 h and the highest
MHV after 72 h. Compared with normal pH Sm muscles ex-
cised after 24 h pm the DFD meat was characterized by higher
WHC, lower values for lightness, cooking losses and SF. Con-
sidering higher lightness after 48 h pm and lower SF after 48
and 72 h pm for the Sm muscles of pH < 5.8, than that cut 48
h pm it appears that muscles cut 24 h pm should be directed
toward the retail trade. In further processing, it is necessary to
take into account that the highest WHC was obtained from
Sm 48 h pm and 96 h pm, when cut 24 h pm, and after 72
and 96 h pm, when cut 48 h pm Because most of the proper-
ties of the SM muscles of pH > 6.2 was not aging time depen-
dent and they were better than for normal pH muscles it is
preferable to process DFD meat separately and rapidly.
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 Effect of Pump Level, Cooking Method and End
Temperature on Sensory and Color Characteristics
of Pork Loin Chops

C. Prestat *, J. Schlickau, M. S. Brewer, and F. K. McKeith,
*University of Illinois at Urbana-Champaign, 399 Bevier
Hall, 905 S. Goodwin, Urbana, IL 61801
prestat@uiuc.edu

The longissimus was removed 24 h postmortem from 30
paired pork sides to assess sensory attributes of chops from
fresh and cooked pumped pork loins. Loins were pumped to
110% of original weight to contain 0.25% phosphate, and
1% salt plus added water for comparison with unpumped
samples. Chops (2.5 cm thick) were fried or grilled to 70° or
80°C. Two sets of replication (15 paired sides/replication) were
conducted using 10 trained sensory panelists for the first set
and 8 panelists for the second set. Sensory characteristics
evaluated included pork flavor and off-flavor intensities, ten-
derness and juiciness. Shear values and color (L*, a*, b*) of
the loins were also evaluated. A 2 (pump levels) x 2 (cooking
methods) x 2 (endpoint temperatures) factorial design was used
for statistical analyses. There was a trend for pork flavor, ten-
derness and juiciness to be enhanced by pumping while off-
flavors were inhibited. Interactions between pump level and
endpoint temperature occurred for pork flavor and juiciness.
As endpoint temperature increased, pork flavor was enhanced
for pumped loins while it remained constant in unpumped
samples. Juiciness was reduced in unpumped loins cooked to
80°C while no change due to endpoint temperature occurred
for pumped loins. Therefore, overcooking did not have ad-
verse effects on flavor or juiciness of chops from pumped pork
loins. Pork flavor intensity was higher in fried samples and
off-flavors were higher in grilled samples. Pumping decreased
yellowness and increased redness but had no significant ef-
fect on lightness. Shear value was lower in pumped samples.
Results of this study suggest that pumping pork loins enhances
sensory attributes with few detrimental effects on physical and
quality characteristics.

Influence of Chlorine Dioxide Ice on Pathogen
Survival and Recovery on Chilled Pork and
Poultry Subprimals

Justin R. Ransom1*, Peter Y. Mizuki2, Charles Seaman2,
Charles Giambrone2, and Wesley N. Osburn3,
1Michigan State University, East Lansing, MI and 2Johnson
Wax Professional, Sturtevant, WI
33385A South Anthony Hall, Michigan State University, East
Lansing, MI 48910
osburnw@pilot.msu.edu

Chlorine dioxide (ClO2) solutions have been investigated
as an antimicrobial to reduce pathogens in meat washing/
dipping systems and brine chillers. This study investigated
various concentrations of ClO2 solutions incorporated as an
antimicrobial ice treatment for pork and poultry subprimals.

An ice machine with a ClO2 generator produced ice contain-
ing 0 or 20 ppm inactivated ClO2 and 5 or 10 ppm activated
ClO2. Subprimals were inoculated with Escherichia coli
0157:H7, Salmonella typhimurium, Listeria monocytogenes
and Yersinia entercolitica (pork) or Escherichia coli 0157:H7,
Salmonella typhimurium, and Listeria monocytogenes (poul-
try). Inoculated subprimals were placed in partitioned ice
chests with one of four ice treatments for 24 h at either refrig-
erated (2oC) or room temperature (26oC). Subprimals were
removed from ice, vacuum packaged, and stored (2oC) for 7
days. For bacterial enumeration, samples were excised from
the subprimals prior to and after ice treatment and during stor-
age (2oC; 7 days). The main effect of ClO2 concentration did
not reduce (P > 0.05) the microbial load of pathogens on
subprimals. The interaction of temperature during treated ice
application (2o and 26oC) and day of storage (day 1 and 7) did
significantly reduce (P < 0.05) the microbial load. Treated ice
applied to pork at 26oC reduced Listeria monocytogenes, and
at 2oC, E. coli 0157:H7 and Salmonella typhimurium were
reduced after 7 days of storage. Neither temperature during
ice application reduced Yersinia entercolitica. In poultry, ice
treatments applied at the environmental temperature of 26oC
reduced E. coli 0157:H7 and Salmonella typhimurium. This
reduction may be attributed to the release of more ClO2 dur-
ing melting. The largely activated ice-melt in the bottom of
the cooler contained 2.5-3.0 log10CFU/ml fewer pathogens
compared to the control ice-melt. The use of ClO2 ice as an
antimicrobial should be further investigated for potential use
in retail meat display cases or in ice-packed meat transporta-
tion systems.

 Flavor Masking Agent Effects on Sensory
Characteristics of Lactate-Containing Chicken
Model Systems

J. Schlickau*, C. Prestat, and M. S. Brewer,
*University of Illinois, 399 Bevier Hall, 905 S. Goodwin,
Urbana, IL 61801
schlicka@uiuc.edu

When added to meat products, sodium lactate (SL) and
potassium lactate (PL) often create a salty flavor, as well as
increased bitterness and soapiness as the concentrations in-
crease. The objective of this study was to determine the ef-
fects of potential masking agents on sensory characteristics of
3% or 4% SL or PL, in a ground chicken model system. Ground
chicken was mixed with 0.25% phosphate, 1% salt, and 10%
water, and either 3% or 4% of SL or PL. Five potential mask-
ing agents, sucrose, dextrose, lactitol, sorbitol and lysine, were
then added individually to each of the treatment combina-
tions. Controls contained lactate without added masking
agents. The samples were thermocoupled then cooked to 72°C
in a circulating water bath. Samples and controls were evalu-
ated at 45°C, in triplicate by eight trained sensory panelists
for saltiness, bitterness, soapiness and sweetness. Saltiness
decreased in chicken containing 3% SL when 1% sucrose
was added. Bitterness decreased in samples containing 4%
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SL when 1% sucrose, 1% dextrose or 1% lactitol was added.
Sucrose, dextrose and lactitol also decreased soapiness in
chicken containing 3% PL. Sweetness did not increase for
samples with decreased bitterness and soapiness. Although
saltiness decreased in 3% SL containing samples when su-
crose was added, this effect was not observed in the 4% SL or
in the PL treatments. Bitterness did not decrease in the 3% SL
sample or in the PL samples and soapiness did not decrease
in the SL samples or in the 4% PL sample. None of the mask-
ing agents had any positive effect on any sensory characteris-
tic in samples containing 4% PL. Sorbitol and lysine had no
positive effect on any of the lactate combinations. Results of
this study demonstrate that bitterness, soapiness and saltiness
may be reduced by masking agents.

Effects of –0.5 vs 3.3°C Refrigeration Temperature
on Storage Properties of Retail Meat Products

Bruce C. Shanks*, Duane M. Wulf, Brian J. Reuter, Jennifer
M. Bok, and David R. Henning, *Department of Animal and
Range Sciences, South Dakota State University, Box 2170,
Brookings, SD 57007
Bruce_Shanks@sdstate.edu

Eight meat products (ground beef, beef top round steak,
boneless and skinless chicken breast, fully-cooked and sliced
turkey breast, boneless pork chop, pork blade steak, ground
pork, and fresh bratwurst) were aerobically packaged, stored
in a retail case for 24 h, then held at room temperature for 90
min, and randomly assigned to either a -0.5°C or 3.3°C stor-
age chamber to determine the effects of temperature on prod-
uct quality, microbial growth, and rancidity development. A
sensory panel evaluated products daily for percent discolora-
tion, overall desirability, and visual acceptability. Colorim-
eter readings (Minolta CR-310 Chroma-Meter) were taken daily
and microbial counts and thiobarbituric reactive substances
(TBARS) were obtained at 0, 7, and 14 d. Panel results indi-
cated that all products discolored at a faster rate at 3.3°C than
at –0.5°C (P < .05). The effect of storage temperature on prod-
uct discoloration was largest for ground beef and beef top
round steak. Panel assessment found that overall desirability
declined at a faster rate at 3.3°C than at –0.5°C for all prod-
ucts (P < .05). Products lasted up to 154% longer at -0.5°C
than at 3.3°C before 50% of panelists said that they would
not eat it based on visual appearance. Instrument measures
of color coincided closely with panel evaluations. The effect
of storage temperature on bacterial counts was large for bone-
less and skinless chicken breast and pork blade steak, inter-
mediate for ground beef, fully-cooked and sliced turkey breast,
and ground pork, slight for beef top round steak and boneless
pork chop and not significant for fresh bratwurst (K = .05).
Ground beef and fresh bratwurst had higher TBARS values at
3.3°C than at –0.5°C (P < .05). Conversely, ground pork had
elevated TBARS values at the lower storage temperature (P <

.05). These data reveal substantial advantages for storing re-
tail meat products at –0.5 vs 3.3°C refrigeration temperatures.

Characterization of Sow Longissimus Dorsi
Quality Attributes

Jeffrey Sindelar1, Fred Prochaska2, Jason Britt2, Gordon L.
Smith2, and Wesley N. Osburn1, 1Michigan State University,
East Lansing, MI and 2Jimmy Dean Foods, Inc.,
Cordova, TN
osburnw@pilot.msu.edu
sindela2@pilot.msu.edu

Sow meat utilization has been restricted primarily to sau-
sage production due to less desirable quality attributes. The
quality attributes of hot-boned pork sow longissimus dorsi
muscles were characterized and subjected to various process-
ing technologies to enhance less desirable attributes. Bone-
less, pre-rigor pork sow longissimus dorsi muscle sections (n
= 20, 2oC) were obtained from the anterior portion of sow
loins separated at the 10th rib. Two one-inch thick chops were
taken from the posterior end of each loin section. The raw
chops were analyzed for pH, and subjective color, firmness
and marbling scores. The remaining loin sections were segre-
gated into two pH categories. Loins (n = 12) with a pH: higher
than 5.8 were marinated (10% solution; 24 h at 2oC). Loins (n
= 8) with a pH lower than 5.8 were injected with a brine cure
solution (10%; 72 h at 2oC). Both treated loin sections were
thermally processed to 71oC. After chilling, one-inch chops
were taken from each loin section and analyzed for cook
yields, shear force values, and sensory attributes. An experi-
enced panel (n = 5) evaluated each treated pork chop using
an 8-point hedonic scale for juiciness, tenderness, connec-
tive tissue levels, pork fat flavor intensity, off-flavor intensity,
and off-flavor characteristics. Shear force values were signifi-
cantly lower (P < 0.001) for marinated and cured chops com-
pared to untreated chops. Subjective sensory panel scores
indicated juiciness and tenderness were improved (P < 0.05,
P < 0.005, respectively) while detectable connective tissue
level was reduced (P < 0.005) for marinated and cured chops
compared to untreated chops. However, marination and cur-
ing/smoking did not eliminate livery, metallic, or rancid off
flavors in a majority of the treated loin sections. Further re-
search will address the specific undesirable flavor compounds
found in sow meat and develop processing strategies to mini-
mize their impact.
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Pork Quality Attributes Associated with Carcass
Side to Side Variation

Chad A. Stahl, Mike L. Linville, Maryanne Swaney-Stueve,
Kasey R. Maddock, Gary L. Allee, Eric P. Berg, University of
Missouri, Department of Animal Science, S138 Animal
Science Research Center, Columbia, MO 65211

The objective of this study was to evaluate side-to-side varia-
tion in pork carcass quality. Barrows (n = 56; 45 kg) were fed
a high-energy corn/soybean based diet ad libitum to a market
weight of 118 kg. Animals were slaughtered at the University
of Missouri abattoir. Immediately following electrical stun-
ning, animals were shackled and hoisted by the right hind leg
just prior to exsanguination. At 45 min postmortem, intramus-
cular pH was taken (10th -11th rib) in both left and right side
loins (L: 6.10 vs R: 6.26 + .05, P < 0.05). 24-h postmortem pH
measurements showed no significant loin variation (L: 5.48
vs R: 5.51 + .02, P > 0.05). Whole loins were halved at the
10th rib and light reflectance measurements (Hunter L*, a*,
b*) were taken on the cut lean surface of the sirloin, center,
and blade sections at 24-36 h postmortem. Differences in light
reflectance were noted in the sirloin L* (L: 53.08 vs R: 57.61
+ .65, P < 0.05), center b* (L: 13.81 vs R: 13.01 + .18, P <
0.05), and blade L* (L: 54.61 vs R: 57.09 + .44, P < 0.05), a*
(L: 7.37 vs R: 6.26 + .15, P < 0.05), b* (L: 14.72 vs R: 13.68 +
.21, P < 0.05) values. Loins were then vacuum packaged and
stored at 1°C for a duration of either 21 or 41 days to repre-
sent storage time required for delivery in domestic and export
markets, respectively. Immediately following their allotment
to storage, left/right loin sensory characteristics were evalu-
ated by a descriptive attribute sensory panel (n = 9) using a
line scale of 1-10 (10 being the highest) for toughness and
juiciness. Domestic loins (21 d) had a significant difference
in toughness (L: 3.95 vs R: 2.74, P < 0.05) and juiciness (L:
3.19 vs R: 4.24, P < .05) while export loins (41 d) had a sig-
nificant difference in toughness (L: 3.06 vs R: 2.82, P < 0.05)
yet no significance in juiciness. From this trial it can be con-
cluded that significant differences in left/right variation exist
within a given pork carcass. This variation may be attributed
to single leg shackling prior to exsanguination.

Effects of Tumbling and Nisin on the Microbial,
Physical, and Sensory Characteristics of Marinated
Chicken Drumsticks

F. J. Tan and H. W. Ockerman, Department of Animal
Sciences, The Ohio State University, 2029 Fyffe Road,
Columbus, OH 43210
Ockerman.2@osu.edu

Currently, meat marination is practiced to improve product’s
sensory attributes but the process is usually not intended to
improve the microbial quality of the product. Tumbling, which
helps the distribution of marinade solution during process-
ing, should enhance the action of antimicrobial agents. Lim-

ited information on the contribution of marination and tum-
bling to the microbial quality of treated products is available.
The objective of this study is to evaluate the efficacy of vari-
ous hurdles on common microflora in poultry. A simplified
water-base marinade that contains acetic acid (1%) and salt
(3%) with pH adjusted to 4 was developed as a standardized
marinade. Drumsticks were marinated with various nisin lev-
els (0, 25, or 50 IU/ml) combined with tumbling (0, 10, or 20
min), and then stored at 4°C for 18 hours. The microbial counts
of the samples were measured after 0, 2, 4, and 7 days of
storage. The treatments that significantly reduced microbial
numbers were then compared for physical and organoleptic
characteristics. Flavoring agents (0.3% black pepper and
0.15% garlic powder) were added to the marinade for this
evaluation. Physical evaluations included measurements of
pH values of the marinade and drumsticks, marinade absorp-
tion, instrumental color measurement, and cooking loss. A
trained panel evaluated the sensory attributes including ap-
pearance, aroma, flavor, and texture of the samples. The re-
sults showed that the tumbled drumsticks (10 or 20 min) with
nisin added (25 or 50 IU/ml) had lower microbial counts (ap-
proximately 4 to 5 log reduction) in total plate and
psychrotrophic microorganisms’ numbers when compared
with non-treated controls. Additionally, those treated samples
also had acceptable physical and organoleptic characteris-
tics. Based on the results of this study, the poultry industry
would be able (upon government approval) to apply this in-
formation to produce various high value-added and longer
shelf life marinated products.

Near Infrared Spectroscopy for Assessing Microbial
Counts and Shelf Life of Beef

Lauren M. Valente, Kevin E. Oskin, Paul N. Walker,
Catherine N. Cutter, Edward W. Mills, Penn State
University, Department of Dairy and Animal Science,
324 Henning Building, University Park, PA 16802
ewm3@psu.edu

Near Infrared Spectroscopy (NIRS) may be useful in as-
sessing the progress of microbial growth or autolytic changes
occurring in vacuum packaged beef without the need to open
the vacuum package. The objective of the current project is to
evaluate the effectiveness of NIRS for assessing bacterial
growth, pH and purge in vacuum packaged beef during re-
frigerated storage. Two hundred ninety seven eye of round
steaks (Choice or Prime) were vacuum packaged then scanned
during a 56 day storage period at 3-4oC using a visible/near
infrared (VIS/NIRS) spectrophotometer (Model DA 7000, Perten
Instruments, Springfield, IL). On days 14, 35 and 56 of stor-
age pH (steak surface and internal), purge (% fluid release)
and microbial counts (total plate counts (TPC), psychrotrophs
(Psy) and lactic acid bacteria (Lab)) were measured for se-
lected packages. The spectrophotometer scans and
chemometric data were analyzed using GRAMS/32 software
(Galactic Industries Corp, Salem, NH) to produce calibration
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models for prediction of microbial counts, pH, purge and stor-
age day. Microbial numbers and purge increased and pH val-
ues decreased with storage time (all P < 0.01). Using contem-
porary VIS/NIRS scans and chemometric measurements,
calibration models were developed for TPC, R2 = 0.33; Psy, R2

= 0.32; Lab, R2 = 0.26; internal pH, R2 = 0.39; surface pH, R2

= 0.45; purge, R2 = 0.06; and storage day, R2 = 0.50. These
results indicate that a VIS/NIRS scan of vacuum packaged beef
may be useful in measuring pH and microbial condition of
product in the package. Calibrations developed to predict
chemometric measures at 56 days using VIS/NIRS scans taken
at day 0 gave acceptable predictions for internal pH, R2 =
0.42 and surface pH, R2 = 0.32, but were ineffective for pre-
dicting microbial counts or purge with R2 < 0.10. The best
calibrations were found using the visible wavelength range of
550 to 650 nm. The spectrophotometer proved to be effective
in measuring microbial counts, pH and storage day for vacuum
packaged beef steaks.

Postmortem Glycolysis in Red Soft
Exudative (RSE) Pork

Riëtte L.J.M. van Laack*, Paolo Polidori, Cheng-Hwei Liu,
Emayet Spencer, Weon-Seog Choe, and Jun Yang,
*Department of Food Science and Technology, University of
Tennessee, P.O. Box 1071, Knoxville, TN 37901-1071
rlaack@utk.edu

RSE (Red, Soft, Exudative) pork poses a major problem: it
is difficult to identify, and its causes are unknown. At an esti-
mated incidence of 30%, costs associated with extra weight
loss (due to increased purge) of RSE pork are more than $40
million per yr. Thus, elimination of RSE would result in signifi-
cant economic savings. In this study, the hypothesis that RSE
is a mild form of PSE (Pale, Soft, Exudative) was tested.

A total of 61 samples, 25 RFN (Red, Firm, Non-exudative),
22 RSE and 14 PSE samples, were included. Color and water
holding capacity at 24 h postmortem were used to determine
the quality (RFN, RSE or PSE) of the pork loin. Measures of
postmortem metabolism, R-value (a measure of ATP break-
down, higher R-values indicate lower ATP levels) and pH-
decline, were assessed at various times postmortem. R- and
pH-values indicate that, compared to RFN muscle, the post-
mortem glycolysis in RSE muscle is accelerated but glycolysis
is not as fast as in PSE muscle. Thus, RSE is a mild form of PSE.

The increased rate of glycolysis in RSE muscle may be a
result of a more ‘white’ fiber type. When selecting pigs for
faster growth and increased leanness a selection for the faster
glycolyzing white fiber type occurs. As it is not known at what
critical postmortem time changes in muscle result in reduc-
tion of the water holding capacity, it is not clear if increased
chilling rates could reduce or prevent the occurrence of RSE.
Further research is necessary to determine the cause of the
accelerated glycolysis in RSE muscle and to determine the
process of water expulsion from RSE muscle.

The Effects of Hidratized Defatted Soy Flour on the
Ripening Process of Sucuk a Turkish Dry Fermented
Meat Product

Hasan Yetim*, Zulal Kesmen1, and H. W. Ockerman2,

*Ataturk Univ., Food Science Dept., Ziraat Fak., Erzurum,
Turkey 25240, 1Ataturk Univ., Food Science Dept., Ziraat
Fak., Erzurum, Turkey 25240, 2The Ohio State University,
Animal Science Dept., Columbus, OH 43210
hyetim@atauni.edu.tr

Some research has reported the beneficial effects of soy
proteins on the quality characteristics of a variety of meat prod-
ucts including some fermented or dry sausages. However, no
study has been conducted on hidratized defatted soy flour
(HDSF) addition to sucuk a dry fermented meat product. Hence
the objective of this research was to determine the influence
of HDSF on the drying characteristics of sucuk. The sucuk
was manufactured by replacing 0, 10, 20, and 30% of the
meat with hidratized soy flour (HDSF/WATER = 1/1,5), and
ripened for 15 days at 15-23oC and 75-90% RH. Water activ-
ity (aw), moisture content and pH values of the sucuks were
determined every 3 days during the ripening and drying pro-
cess. Although the soy containing products had higher pH
value at the beginning, they decreased more rapidly than those
containing less or no HDSF sucuks. The final pH was 4.92 at
15 days of ripening for the control (no added HDSF) and this
value was attained at the 12th , 9th and 6th days for the 10, 20,
and 30% HDSF containing sucuks, respectively. Also, a rapid
drying and lower aw values were determined with the
hidratized defatted soy flour containing products which would
also be related to faster pH decline. This result indicated that
HDSF addition could shorten the ripening time and drying
process of the sucuks which normally takes for 12-15 days for
processing. This practice would provide a faster turnover of
capital. In conclusion, the use of HDSF in sucuk formulation
is recommended for the meat industry, since not only would
it reduce the time of ripening but also permits the production
of a cheaper, high quality and a larger variety of meat prod-
ucts in terms of chemical and physical properties.

The Possibility of Using Fluid Whey in a Frankfurter
Type Meat Product

Hasan Yetim*, W. D. Müller1, and H. W. Ockerman2,
*Ataturk Univ., Food Science Dept., Ziraat Fak., Erzurum,
Turkey 25240, 1Federal Meat Res. Center, BAFF, Kulmbach,
Germany D-95326, 2The Ohio State University, Animal
Science Dept., Columbus, OH 43210
hyetim@atauni.edu.tr

World wide, about 10 million tons of excess fluid whey is
produced per year but there is a limited use for this product.
Also, there has been a tremendous concern to utilize whey in
food processing in order not to waste this invaluable protein
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and mineral source. The meat industry uses whey protein con-
centrates or dried milk proteins but not fluid whey in commi-
nuted products. However, concentration or drying of this prod-
uct requires an additional expense and energy consumption
whereas adding fluid whey directly to the meat products would
require almost no expense other than cooling, and this is al-
ready being utilized for the production of ice. The objective
of this research was to study the possibility of using fluid whey
to replace ordinary ice used in frankfurter formulation, and to
determine the technological, chemical and sensory quality
properties of these sausages. Fresh fluid whey was cooled to
0-1oC, and substituted for 0, 25, 50, 75, and 100% of the ice
used for sausage emulsion formation. The results showed that
there was no statistically significant difference in most of the
technological, chemical sensory parameters determined in this
research. However, emulsion stability rates were significantly
(P < 0.05) increased with the liquid whey addition of the for-
mulation. Also, a slight increase in % total protein, fat, ash
content and pH value were determined with the substitution
of liquid whey. The fluid whey did not cause any deteriora-
tion in sensory parameters of the cooked sausages. These re-
sults suggest that natural liquid whey could be incorporated
into frankfurter type sausage formulations by replacing ordi-
nary ice present in the formulation with liquid whey without
any technological concern or additional cost. Hence, meat
processors could assist in saving the environment and con-
vert a dairy waste into a valuable food product.

 Muscle, Postmortem pH, and Refrigerated Storage
Effects on Ability of Vacuum-Packaged Pork to
Re-bloom

L. G. Zhu, B. Bidner, and M. S. Brewer, University of Illinois
at Urbana-Champaign, 399 Bevier Hall, 905 S. Goodwin,
Urbana, IL 61801
l-zhu2@uiuc.edu

Effects of pH (Low: 5.2-5.5; Medium: 5.6-6.0; High: 6.1-
6.8), muscle (Longissimus lumborum et thoracis (LT), Gluteus
medius (GM), and Semimembranosus (SM)), and storage time

(0, 7, 14, 21, and 28 days) on the ability of vacuum-packaged
pork to re-bloom were investigated. Samples were vacuum
packaged and stored at 4°C. Samples were removed from pack-
ages to bloom for up to 30 min at 4°C. Instrumental color (L*,
a*, and b* values), hue angle (57.3* (arc tan b*/a*)) and
Chroma (a*2 + b*2)1/2 were calculated. L* value did not change
significantly over the blooming period. Incremental changes
in a* and b* values and Chroma and decrements in hue angle
were significant after 30 min. The rate and degree of changes
during the blooming period were influenced by pH, muscle
and storage time. At low pH, a* value incremental change (as
a percent of original) increased (P < 0.5) from 37% at day 0 to
60% at day 7. Significant a* value increments occurred at
days 14 and 21 for medium and high pH samples, respec-
tively. At low pH, hue angle decrement (as a percent of origi-
nal) doubled from 4% at day 0 to 9% at day 7. Hue angle
decrement increases were delayed and diminished with pH
increase. Both percentage increments of b* value and Chroma
increased after 14 days and continued until day 21. Among
the three muscles, LT had the greatest a* value increment (47%)
and hue angle decrement (8%). SM had the smallest a* value
increment (40%) and hue angle decrement (5%). In contrast,
LT muscle had the smallest b* value (18%) and Chroma (24%)
increments. SM muscle had the greatest b* value (24%) and
Chroma (28%) increments. In conclusion, pork stored for more
than 7 days blooms more efficiently than does the fresh sample
when the pH is low. The increase in blooming ability is de-
layed with pH increase. LT muscle blooms faster than GM
and SM muscles in terms of a* value and hue angle changes.
SM muscle blooms slowest.


