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ences among low fat high added water bologna contain-
ing different FG. Addition of FG to bologna did not im-
prove (P>0.05) cook yield, purge or emulsion stability or
alter objective texture measurements when compared to
control bologna. In general, sensory panel found that in-
corporation of FG made low fat/high added water bologna
lighter (P<0.05) in color, with a more springy and firm tex-
ture. Bologna containing FG expressed less moisture than
control bologna, and the difference increased (P<0.05) from
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Surface characteristics of bacterial cell after anti-micro-
bial wash treatment.
C. Amoaho-Atta and L. McLandsborough, University of
Massachusetts-Amherst, Food Science Department,
Chenoweth Laboratory, Amherst, MA 01003-1410

Beef muscle tissues were innoculated with 107-109

colony forming units of E. coli  O157: H7 and washed
with hot water (75oC) and 8% TSP (55oC). Contact times of
15, 60, 180 and 300 seconds were used with 180 seconds
being the most effective for both treatments. Reduction of
1 log cycle was obtained for the hot water treatment and
1.4 (-) 2.0 log cycles was obtained with the TSP treatment.
There was no recovery of E. coli O157:H7 in the TSP wash
collected and plated after the wash treatment. This obser-
vation could be that TSP exerts its bactericidal effect on
the attached bacteria and does not physically remove the
cells when the wash is applied or it kills the cells. The sur-
face characteristics of E. coli O157:H7 treated with 8%
TSP followed by various rinses with phosphate-buffered
saline (PBS), pH 7.4 was studied by measuring the electro-
phoretic mobility of the bacterial cells. The electrophoretic
mobility increased sharply after the first rinse with PBS,
pH 7.4 and the subsequent washes were gradual. TSP has
an influence upon bacterial surface charge.

Identification of optimal ranges in ribeye area portion
cutting of beef steaks.
J. L. Dunn1, S.E. Williams1, J. D. Tatum2, J. K. Bertrand1, and
T. D. Pringle1, 1University of Georgia, Athens, GA, 2Colo-
rado State University, Ft. Collins, CO

Restaurant ready (21 d aged, needle tenderized) loin
steaks (strip, S, and T-bone, TB) Representing 3 portion sizes
(227, 284, and 340 g for S; 397, 454, and 510 g for TB)
were portion from 71 low Choice beef carcasses repre-
senting seven ribeye size groups (70.9 cm2 and less to 103.2
cm2 and greater, in 6.3 cm2 increments). Steaks (n=568)
were cooked on a grooved grill to end point temperatures
of either 67 or 77oC and evaluated for cooking time,  ini-
tial tenderness (n=284) and shear force (n=284) to identify
optimal ribeye areas for portioned steaks. The TB cooked
faster (P<.05) than S for ribeye areas 77.4 to 83.8 cm2 in
the average portion sizes and for ribeye areas 71.0 to 96.9
cm2 in the large portion sizes. However, S cooked signifi-
cantly faster than TB for ribeye less than 70.9cm2 in the
average portion sizes. The S had higher (P<.05) initial ten-
derness scores and lower (P<.05) shear values than TB.
Initial tenderness scores were lower (P<.05) for ribeye ar-
eas greater than103.2 cm2 compared to ribeye areas less
than 83.8 cm2 and 90.3 to 96.6 cm2, with all others being
intermediate. Shear force tended (P=.08) to follow the ini-
tial tenderness results. The S cooked to both end point tem-
peratures and TB cooked to 67oC had higher (P<.05) initial
tenderness scores than TB cooked to 77oC. Tenderness was
reduced in TB cooked to higher temperatures as well as in
S and TB portion from ribeye areas greater than 103.2 cm2.

about 3% to 5% as storage increased from 0 to 42 days.
Peak force and total energy to extrude was higher (P<0.05)
in bologna batter containing FG (~120 N, 3.9 J) than in
control bologna (88.1 N, 2.95 J). Incorporation of  FG into
low fat/high added water reduced the amount of express-
ible moisture and modified texture attributes. The value of
reduced-lean trimmings may be increased by production
and incorporation of fat emulsion gels into comminuted
meat products.
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The effect of environmental temperature on broiler breast
meat quality.
C. Liu and R. L.J.M. van Laack, University of Tennessee,
P.O. Box 1071, Knoxville, TN  37901-1071

The existence of  pale, PSE-like broiler breast meat has
been recognized by the poultry industry as a major quality
problem. Estimates indicate that annual costs for the poul-
try industry due to reduced water-holding capacity and
eating quality of ‘PSE’ breast meat are 13 to 130 million
dollars. Yet, it is unknown what  causes PSE in broilers. In
this study, we determined the effect of temperature on the
incidence of ‘PSE’ chicken. In Experiment 1, live broilers
were subjected to a temperature increase from 23.9 to 35oC
within 3 h. The control group was kept at 23.9oC. Subse-
quently, the broilers were put in crates, kept at the indi-
cated temperature for an additional hour, and then slaugh-
tered. At 7 h post-mortem (PM), breast muscles were ex-
cised and stored at 0-2oC. At 24 h PM, pH, L*-value, wa-
ter-holding capacity in 3.5% NaCI (WHC), and cooking
yield (CY) at 80oC were assessed. Experiment 2 was similar
to Experiment 1, except that temperature was increased to
36.1degrees C in the heat-stressed group. In Experiment 1,
heat stress did not (p>0.05) affect any of the meat quality
characteristics. In Experiment 2, heat stress resulted in sig-
nificantly (p<0.05) higher L*-values (59.8 vs 58.3), lower
WHC (36 vs 52%) and lower CY (99 vs 111%). Results
suggest that high environmental temperatures induce ‘PSE’
in broiler breast meat. Because most chickens are produced
in states where high temperatures are unvoidable, proce-
dures to prevent the negative effects of heat need to be
developed.

Sensory and textural properties of low fat pork burgers
with added wheat or barley binders.
S. Y. C. Lui and P. J. Shand, University of Saskatchewan,
Department of Applied Microbiology and Food Science,
51 Campus Drive, Saskatoon, Saskatchewan, S7N 5A8,
Canada

Raw barley meal, micronized CDC Candle hull-less
barley products (meal, cracked flakes) and toasted wheat
crumb were evaluated as binders in low fat (5%) pork
burgers. After cooking to 74oC in an impingement oven,
pork burgers that contained binders had higher cook yield
and greater percentage moisture retention (P<0.05) than
control samples (treatment with no added binder). The per-
centage change in diameter and fat retention did not differ
among treatments. In general, burgers with  micronized
barley had lower cohesiveness and shear force values than
control and toasted wheat crumb treatments. A 14- mem-
ber semi-trained panel found that addition of either wheat
or barley binders increased tenderness and decreased juici-
ness relative to a control. While toasted wheat crumb had
no effect on flavor, addition of barley reduced pork flavor

and slightly increased cereal flavor intensity (P< 0.05) com-
pared to control samples. Results indicate that binders such
as toasted wheat crumb, micronized barley meal or mi-
cronized barley cracked flakes were useful cereal binders
in low fat pork burgers.

Hydrodynamic shock wave: decreasing broiler breast
aging time.
K. I. Meek, J. R. Claus, N. G. Marriott,  S. E. Duncan, and
M. B. Solomon,  Virginia Polytechnic Institute and State
University, Department of Food Science and Technology,
Room 101, Blacksburg, VA  24061

A hydrodynamic shock wave generating process
(Hydrodyne) was tested to determine if the tenderness of
early de-boned (EB) broiler breasts could be improved. In
the first phase the effects of different combinations of ex-
plosive amount and distance of explosive to the meat sur-
face were determined. EB breasts were removed immedi-
ately after initial chill (45 min post-mortem), stored for 24
hours, and subjected to one of four treatment combina-
tions (200g at 20 cm, HYD1; 350 g at 23 cm, HYD2; 275
g at 20 cm, HYD3; 350 g at 20 cm, HYD4). HYD4 pro-
duced a 28.3% reduction in Warner-Bratzler shear (WBS;
1.9-cm wide strips) force of cooked breasts. In addition,
HYD4 was the only treatment that reduced EB WBS peak
force (6.0 kg) to a level similar (P>0.05) to aged controls
(CA; peak force, 3.1 kg; HYD4 peak force, 4.3 kg). The
second phase determined various physical and sensory
characteristics of broiler breasts treated with HYD4. WBS
peak force values (1.0-cm wide and thick strips) for CA
(1.6 kg) were different (P<0.05) from HYD4 (3.8 kg) and
EB breasts (4.7 kg). HYD4 (3.8 kg) resulted in lower (P<0.05)
peak force values than EB (4.7 kg), but were higher (P<0.05)
than CA (1.6 kg). CA breasts were more (P<0.05) tender,
flavorful, and juicier breasts than HYD4 and EB breasts.
HYD4 did not differ (P>0.05) in tenderness compared to
EB. Higher levels of explosive may be required to optimize
tenderness improvement of early de-boned breasts.

In vitro growth of satellite cells isolated from lambs of
different muscle phenotypes.
B.T. Rodriguez, C.E. Carpenter and N.E. Cockett, Utah State
University, Department of Nutrition and Food Sciences,
Logan, UT 84322

Because proliferation of satellite cells supports postnatal
muscle growth, we tested the hypothesis that muscle hy-
pertrophy found in callipyge sheep is linked to increased
proliferation of cultured satellite cells. Satellite cells were
isolated from the longissimus muscle of callipyge (n=3) and
normal (n=3) lambs. Second passage cells were cultured
in the presence of pooled serum from horse (commerical),
five normal lambs, or five callipyge lambs, respectively.
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The average population doubling time (PDT, h) during log
phase growth was calculated for cells from each animal
grown in each serum type. The effects of satellite cell type
and serum type on PDT were evaluated by ANOVA using
a split plot design with the random effect of animal nested
within satellite cell type. PDT was not affected (p>0.1) by
the interaction of satellite cell type with serum type, nor by
satellite cell type alone. Unexpectedly, PDT was longer
(p<0.05) for satellite cells (normal and callipyge) grown in
callipyge serum (PDT = 22 h) than for cells grown in nor-
mal sheep serum (PDT = 20 h) or horse serum (PDT = 18
h). These results indicate that muscle hypertrophy of
callipgye sheep is not linked to intrinsic differences in pro-
liferation  of  cultured satellite cells. However, increased
PDTs indicate a decreased proliferation rate induced by
callipyge serum, suggesting a relationship between satel-
lite cells and callipyge-serum factors. A complete under-
standing  of  such a relationship awaits elucidation of  the
mechanism by which callipyge-serum increases the PDT
of cultured satellite cells, and establishment of a connec-
tion between increased PDT and muscle hypertrophy.

Efficacy of TBARS determined by use of rapid extraction
and cryogenic freezing.
M. L. Sickler, J. R. Claus, W. N. Eigel, N. G. Marriott, and H.
Wang, Virginia Polytechnic Institute and State University, Depart-
ment of Food Science and Technology, Room 101, Blacksburg,
VA  24061

The ability to preserve the oxidative state of red meat
and poultry samples is beneficial when it is not feasible to
analyze a large number of samples for Thiobarbituric acid
reactive substances (TBARS) within the same day. The ef-
fects of freezing in liquid nitrogen and time of particle re-
duction on lipid oxidation (TBARS) were determined on
uncooked and sous vide cooked (74oC, internal tempera-
ture) ground turkey breast samples containing 1.0% NaCl.
The treatments were: control (no freezing or storage), fro-
zen with immediate particle reduction (2-4 mm particle
size) and subsequent frozen storage (0, 14, and 33 days at
-80oC). Cooked samples had higher TBARS than the un-
cooked samples. All treatments of the uncooked ground
turkey had low TBARS ensuring that the product was fresh.
Freezing alone did not affect TBARS. Samples stored intact
were not different (p>0.05) than those that were first re-
duced in particle size before storage. Samples that were
frozen intact and stored or immediately reduced in par-
ticle size before frozen storage for up to 33 days were not
different (p>0.05) in TBARS than non-stored samples. The
procedure in which the samples were frozen and immedi-
ately reduced in particle size appeared to be the most con-
venient procedure. Based on these results, the samples can
be frozen in liquid nitrogen and stored (reduced in par-
ticle size or intact) for approximately one month without
significant changes in TBARS.

Pork tenderness: The influence of pH and intramusculsar
fat.
S. G. Stevens, R.L.J.M. van Laack, and K. J. Stalder, Univer-
sity of Tennessee, P. O. Box 1071, Knoxville, TN 37901-
1071

The influence of pH and intramuscular fat (IMF) on
pork tenderness is not conclusively defined. This study was
conducted to determine the effect of ultimate pH (pHu) and
IMF on tenderness. To obtain variation in IMF, crosses of
Yorkshire-Landrace sows with Bershire, Duroc and Hamp-
shire boars were used. To induce variation in pHu, fasting
time before slaughter was varied. At 113 kg, pigs were
slaughtered. At 24 h post mortem (PM), the 6-12th rib sec-
tion of the loin was excised. The 10th rib section was
sampled for sarcomere length, pHu and IMF. The remain-
ing section was divided into three parts, vacuum packaged
and stored at 0-4oC. At 2, 7 and 14 days PM, one part of
each loin was cooked to 70oC, and Warner Bratzler shear
force (WBS) was assessed. WBS decreased (P<0.05) from
4.91 kg at D2 to 4.14 kg at D7 and to 3.52 kg at D14,
indicating that aging of pork continues after 5 days. Across
all breeds, correlation (r) between IMF and WBS was –
0.11 at D2, 0.21 at D7 and –0.19 at D14. There was no
significant correlation between pHu and WBS. For Duroc
(n=54), the relationship between pHu and WBS was qua-
dratic (shear force decreased more rapidly as pHu increased)
and linear for IMF and WBS. For Hampshire (n=62), shear
force increased linearly as pHu increased. In Berkshire
(n=60), there was a trend (p=0.08) toward decreased WBS
with increased pHu. Thus, the effects of IMF and pHu on
tenderness seem to be breed dependent.

Characteristics of TBA reactive substance in freeze-dried
beef.
Q. Sun, and C. Faustmann, Department of Animal Science,
University of Connecticut, 3636 Horsebarn Road, Exten-
sion, U-40, Storrs, CT 06269-4040

When lipid oxidation is evaluated in freeze-dried beef,
a yellow 450-nm-absorbing pigment develops during the
2-thiobarbituric acid (TBA) assay. The objective of this study
was to investigate the basis for yellow chromophore for-
mation during TBA analysis of freeze-dried beef. TBA, fluo-
rescence and high performance liquid chromatography
(HPCL) assays were used to measure lipid oxidation in
freeze-dried beef patties (15% fat) during storage at 49oC.
The pink pigment (Amax=532nm) was most pronounced in
unstored freeze-dried beef and yellow pigment
(Amax=450nm) in stored samples. TBARS@450, but not
TBARS@532, correlated well with accelerated storage time
at 49oC, and also with a fluorescence assay, traditionally
used to measure oxidative deterioration in freeze-dried
meat. HPLC analysis indicated that aldehydes were a likely
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candidate for forming yellow chromophore upon reacting
with TBA. An in vitro study of TBA reactivity of different
aldehydes, known to be secondary lipid oxidation prod-
ucts, showed that alkanals favored TBARS@450, alk-2-enals
yielded an orange complex, while alka-2,4-dienals favored
relatively high TBARS@532 and low TBARS@450.
TBARS@450 from 95oC TBA incubation were lower than
those from 25oC incubation (p<0.05), thus the yellow chro-
mophore from the aldehyde-TBA complex was less ther-
mally stable than the pink pigment. 5-Hydroxymethyl-2-
furfural, an aldehyde produced from the Maillard reaction,
also produced a strong yellow pigment in the TBA reac-
tion. In vitro studies indicated that saturated aldehydes can
react with TBA to produce a yellow chromophore consis-
tent with that observed in the TBARS assay of stored freeze-
dried beef.




