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The Effects of Electrical 
Stimulation and High- 
Temperature Conditioning on the 
Palat a bi I i ty of Beef 
K.C. Koh, T.D. Bidner, K.W. McMillin and R.E. Montgomery 

Louisiana State University 
Animal Science Department, LSU, 

Baton Rouge, Louisiana 70803 

Thirty selected sides (from 30 whole carcasses) received 
high voltage (500 V, 60 Hz, 90s: HV) electrical stimulation 
(ES) within 45 min postmortem and the opposite sides 
served as controls (NES). Twelve unsplit whole carcasses 
received low voltage (50 V, 60 Hz, 15s: LV) ES within 3 min 
after stunning. Following stimulation, each side received one 
of three temperature conditioning treatments: (A) 30" C for 3 
h followed by chilling at 2" C; (B) chilling at 2" C until 
longissimus muscle (LM) reached 20" C, followed by 3 h at 
30" C; (C) chilling at 2" C (REG). Both HV-ES and LV-ES 
(Pc.05) improved lean maturity scores as compared to con- 
trols. With LV-ES both lean maturity and overall maturity 
scores were improved by both the 30" C and 20" C treat- 
ments compared to REG. The LM temperature for the 30" C 
treatment was higher at 2 h (P<.05) and 4 h (Pc.01) while 
the LM temperature for the 20" C treatment was higher at 12 
to 24 h as compared to 30" C and REG. Both HV-ES and LV- 
ES significantly lowered the pH values at 2 h through 12 h as 
compared to controls and reduced the time required for the 
ATP level to reach the minimum value. Both ES treatments 
significantly changed the R values (A248/A260, A2501A260 
and A258/A250) at 2 h and 4 h. The ES treatments also 
significantly influenced firmness, fragmentation and connec- 
tive tissue (CT) residue as measured by sensory panel and 
significantly reduced lnstron shear values of loin steaks. No 
significant differences were found for ATP or R values as 
influenced by conditioning treatments. These results indicate 
that both HV-ES and LV-ES improved lean maturity, influ- 
enced ATP and R values, improved tenderness of loin steaks 
and can be influenced by temperature conditioning 
treatments. 

Collagen Stability and Hormone 
Status of Growing Rams and 
Wethers 

L.F. Miller, E.D. Aberle, M.A. Diekman, B.D. Schanbacher 
and M. Judge 

Purdue University and U.S. Department of Agriculture, ARS 
Department of Animal Sciences, 

West Lafayette, IN 47907 and 
Roman L. Hruska U.S. Meat Animal Research Center, 

Clay Center, NE 68933 

Experiments were conducted to explore the relationship of 
testosterone (T), dihydrotestosterone (DHT) and estradiol- 
17p (E,) with serum hydroxyproline (HP) concentrations and 
intramuscular collagen (IC) properties. In experiment I, 64 
rams were assigned to treatment (intact or castrate) and 
slaughter age (12, 18, 24 and 30 wk) groups. Animals were 
bled at 30 rnin intervals via intrajugular catheters between 
0800 and 1600 h, beginning 48 h before slaughter. Serum T 
values greater than one standard deviation above the mean 
were defined as secretory spikes. The longissimus (L) was 
analyzed for intramuscular collagen (IC), soluble collagen 
(SC) and intramuscular collagen thermal shrinkage tempera- 
ture (Ts). In experiment II, 48 rams were assigned to eight 
treatments: intact; castration; castration plus implantation of 
1, 3 or 6 capsules of Tor 1, 3 and 6 capsules of DHT. Blood 
was analyzed at 14-d intervals until slaughter at 56 d. Sam- 
ples of L were analyzed as in experiment I. Experiment Ill 
utilized 50 rams assigned to five treatments: intact; castra- 
tion; castration plus implantation of E,, DHT or E, plus DHT. 
Blood and muscle samples were analyzed as in experiment 
II. Rams had higher (P<.05) serum HP concentrations and 
higher (P<.Ol) percent IC than wethers. Serum HP concen- 
trations, percent IC and percent SC decreased (P<.Ol) while 
collagen Ts increased (P<.Ol) with age in all lambs. Secre- 
tory spike frequency in rams increased (P<.05) with age. 
Implantation of T, DHT and E, restored serum HP in propor- 
tion to amount of hormone implanted. Concentration of Tand 
E,, but not DHT, increased (P<.Ol) percent IC. These data 
indicate rams and T- or E,-implanted wethers accumulate 
and degrade more collagen than wethers. 
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Collagen Stability, Testosterone 
Secretion and Meat Tenderness in 
Growing Bulls and Steers 

D.E. Gerrard, S.J. Jones, E.D. Aberle, R.P. Lemenager, 
M.A. Diekman and M.D. Judge 

Purdue University 
Department of Animal Sciences, 

West Lafayette, IN 47907 

Research was conducted to determine intramuscular col- 
lagen concentration and maturation, serum testosterone con- 
centration and meat tenderness in growing bulls and steers. 
Sixty-four Charolais x Angus bulls were assigned to sex 
treatment groups (intact or castrate) and slaughter groups (9, 
12, 15, or 18 mo of age). Animals were bled at 30-min 
intervals via intrajugular catheters between 0600 and 1400 h, 
beginning 48 h before slaughter. Serum testosterone (T) was 
determined in each sample and serum hydroxyproline (HP) 
was determined in the last sample collected. T mean values 
for the collection period were calculated. Samples of 
longissimus, semitendinosus and infraspinatus muscles se- 
cured within 1 h postmortem were analyzed for intramuscular 
collagen (IC) concentration, percent heat soluble collagen 
(SC) and collagen thermal shrinkage temperature (Ts). Ten- 
derness of loin steaks was determined by Warner-Bratzler 
shear test. Serum HP and T were higher (P<.Ol) in bulls 
than steers. Age effects were noted for both HP (P<.Ol) and 
T (P<.06). Total IC was greater (P<.Ol) in bulls than steers 
and was different (P<.Ol) among muscles, but the muscle 
differences were not uniform over all ages (PC.05). The 
percent SC declined (P<.Ol) with age and was different 
(Pc.01) among muscles. Interactions of age and muscle 
(Pc.01) and age and sex (P<.05) also were noted for 
percent SC. Collagen Ts increased (P<.Ol) with age. Steak 
tenderness was similar between sexes and over all ages. 
The results indicate that bulls have greater quantities of 
intramuscular collagen whose maturation occurs more rapid- 
ly than steers 

Survival of Campylobacter Jejuni 
in Meats in Selected Gaseous 
Environments 

M.D. Greenberg, N.J. Stern and D.M. Kinsmat; 
University of Connecticut 

Animal Science Department (U-40) 
University of Connecticut 

Storrs. Connecticut 06268 

The survival of Campylobacter jejuni in meats subjected 
to different atmospheric conditions was studied. Vacuum- 
packaged and oxygen-permeable, polyvinyl-chloride-film- 
wrapped broiler chickens were compared to determine the 

survival of the bacterium. No significant difference (P<O.Ol) 
in the survival of C. jejuni was observed, irrespective of 
packaging system as assessed by either surface rinse or drip 
sampling. Significantly (P<O.Ol) greater numbers of the 
organism were recovered by the surface rinse sampling in 
both packaging systems when compared against the num- 
bers obtained by drip sampling. The influence of modified 
atmospheres on the survival of C. jejuni in ground beef held 
for 2 weeks at 4" C was also assessed. The atmospheres 
compared included: (a) 100% nitrogen; (b) vacuum ( - 50.8 
cms. of mercury); (c) 80% carbon dioxide and 20% nitrogen; 
and (d) 5% oxygen, 10% carbon dioxide and 85% nitrogen. 
Significantly greater (P<O.Ol) survival of C. jejuni was dem- 
onstrated in the 100% nitrogen atmosphere when compared 
with the other systems. These results indicate that Campy- 
lobacter jejuni survives at variable rates in different 
atmospheres. However, the differences were small and un- 
likely to impact upon public health. 

The Role of Ionic Strength in the 
Postmortem Tenderization of Meat 

F.Y. Wu and S.B. Smith 
Department of Animal Science, Texas A&M University 

338 Kleberg Center, Department of Animal Science 
Texas A&M University 

College Station, TX 77843 

Myofibrils from bovine longissimus muscle at 2 hr post- 
mortem were incubated with trypsin at 25" C for 0, 10, and 30 
min. The ionic strength of the samples was adjusted from 0.1 
to 0.35M and KCl and samples were incubated at 4" C for 24 
hr. After incubation, the turbidity of the samples was mea- 
sured and the myofibrillar protein dissociation was deter- 
mined by the protein concentration of supernates from sam- 
ples centrifuged at 77,000 xg. SDS-gel electrophoresis was 
performed on the supernates. Samples of each were pre- 
pared for electron microscopy. As ionic strength increased, 
turbidity decreased (P<.Ol) and myofibrillar protein 
dissociation increased (P<.Ol). The dissociation of C-protein 
was highly dependent upon ionic strength. Electron 
micrographs indicated wide varieties of dissociation even in 
the same ionic strength treatment. In most cases, the Z line 
remained intact, the M line had disappeared, and those 
myofibrils with shorter sarcomere lengths displayed less 
dissociation. The area corresponding to the C-protein loca- 
tion appeared to be more resistant to dissociation and left two 
distinct lines parallel to the Z line. Trypsin incubation 
markedly increased (P< .01) myofibrillar dissociation, and 
was synergistic with ionic strength (P<.Ol). With 10 min 
incubation, myofibrillar structures were still apparent at 
0.10M ionic strength, but were no longer identifiable at 
0.30M. The ability of ionic strength to dissociate myofibrillar 
proteins and its synergistic effect with proteolysis is proposed 
as one of the mechanisms responsible for the postmortem 
tenderization of meat. 
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Raw and Cooked Binding 
Properties of Algin/Calcium 
Structured Beef Steaks 

W.J. Means, A.D. Clarke and G.R. Schmidt 
Colorado State University 

Department of Animal Sciences 
Colorado State University 

Fort Collins, Colorado 80523 

Alginkalcium binding technology has shown great prom- 
ise as a substitute for present binding methodology. Two 
studies were conducted to determine the effect of ingredients 
and holding time on binding properties of structured beef 
steaks. In study A, four treatments (NA, no additives; NACU 
STP, 1.4% NaCl and 0.32% sodium tripolyphosphate; ALG/ 
CA, 0.75% Algin and 0.14% CaCO,; ALGICNGDL, 0.75% 
Algin, 0.14% CaCO, and 0.20% glucono delta lactone) were 
evaluated for raw and cooked bind by a trained 5-member 
panel. In study B, binding strengths of two treatments (ALGI 
CA; ALGICNGDL) were determined as the force required to 
pull a 1.2 cm x 2.5 cm x ca. 15 cm strip of product apart. Raw 
and cooked bind were evaluated 48 hr post-manufacture in 
study A and 12, 24, 36 and 48 hr post-manufacture in study 
B. Subjective binding scores (study A) indicated that the 
alginkalcium reaction can successfully bind meat pieces 
together in the raw and the cooked state. Addition of GDL, a 
slow-release acid, enhances (P<.05) both raw and cooked 
bind with cooked binding of the ALGKNGDL treatment 
being comparable to the NACUSTP control (Pc.05). Objec- 
tive measures of raw and cooked product (study B) also 
show enhanced bind with addition of GDL (P<.05). Binding 
was minimum at 12 hr. Addition of algin and CaCO, in- 
creased pH of raw product. This pH increase, however, was 
diminished by addition of GDL (pH = 5.98). The alginkalcium 
gel mechanism allows structured meat products to be made 
without the use of NaCl or phosphate salts. These products 
possess binding properties in the cooked as well as the raw, 
refrigerated state. 

Storage Time, Salt and Phosphate 
Effects on Cook Yield, pH and 
Microstructure of a Comminuted 
Beef Product 

A.D. Clarke, W.J. Means and G.R. Schmidt 
Colorado State University 

Department of Animal Sciences 
Colorado State University 

Fort Collins, Colorado 80523 

Coarse ground beef trimmings were stored in chubs at 3" 
to 4" C for up to 3 wk to determine the effect of storage time 
on the functionality of beef in a comminuted product. Treat- 
ments were prepared at 0, 1,2 and 3 wk with four NaCl levels 
(1.3, 2.0, 2.6, 3.3%) and two sodium tripolyphosphate (STP) 
levels (none and 0.4%). Batter was extruded into 303 x 406 
cans for heating to internal temperature of 70" C. Evaluations 
included pH of raw beef, raw batter and cooked product, cook 

yield of full and half full cans. Visualization of the 
microstructure of cooked product was accomplished, using 
scanning electron (SEM) and transmission electron 
microscopy (TEM) techniques. Data were analyzed by analy- 
sis of variance procedures with a 4 x 4 x 2 factorial treatment 
arrangement. A pH decline accompanied increasing length of 
storage (P<.Ol). The pH values for raw meat, raw batter and 
cooked product were significantly correlated. Cook yield of 
the product interacted with length of storage and treatment 
(P<.Ol), but was related to the pH decline (r= - .67). Addi- 
tion of STP reduced cook losses (P<.Ol). SEM and TEM 
revealed that a fine protein matrix was present in product 
which had low cook losses (<1 O%), while aggregation of 
protein was observed in product with high losses (>30%). 
Differences were noted between experimental replicates; 
however, the level of pH decline below 6.0 in the cooked 
product was related to decreased functionality of the product. 
The addition of STP raised the pH and ionic strength suffi- 
ciently to increase cook yield. 

Adipose Tissue Metabolism in 
Sheep Fed the Repartitioning 
Agent Clenbuterol 

M.E. Coleman, PA. Ekeren and S.B. Smith 
Department of Animal Science, Texas A&M University 

338 Kleberg Center, Department of Animal Science 
Texas A&M University 

College Station, TX 77843 

The cellular basis for the depression of adipose tissue 
accretion by beta-agonists was investigated in ovine adipose 
tissue. Thirty sheep were divided into three groups of 10 
each and adapted to a 70% ground milo ration over a 30 day 
period. At the end of this period, one group of sheep was 
slaughtered. At this time, 2 ppm clenbuterol, a beta-agonist, 
was added to the feed of one of the remaining groups. 
Animals were fed for an additional 40 days. At slaughter, 
adipose tissue was obtained from all carcasses at the tenth- 
twelfth thoracic vertebrae region of the longissimus muscle 
for in vitro incubations. Yield grade, quality grade and kidney- 
pelvic fat were not significantly different between the 
clenbuterol-fed and the control groups. Incorporation of 
lipogenic precursors increased between the initial and final 
kill groups, but was not different between the control and 
clenbuterol-fed groups. Adipocyte peak diameter, and NADP- 
malate dehydrogenase and 6-phosphogluconate dehydro- 
genase activities were greater in adipose tissue from the 
clenbuterol-fed sheep than that from the initial kill group. The 
cell size and enzyme activities in the control group were 
intermediate in value. Although peak adipocyte diameter was 
numerically higher in adipose tissue from clenbuterol-fed 
sheep, adjusted backfat thickness was significantly lower 
(.25 cm vs. .41 cm in the control group). Therefore, these 
data indicate that clenbuterol does not inhibit lipogenesis in 
ovine adipose tissue, and suggest that beta-agonists de- 
press fat accretion by halting the development of new 
adipose cells. 
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Prediction of Pork Carcass Grade 
by Objective and Subjective 
Feeder Pig Evaluations 

R.D. Pace, H.D. Loveday, C.D. Bacon, M.J. Riemann, 
E.R. Lidvall and F.B. Masincupp 

The University of Tennessee 
Food Technology & Science 

P.O. Box 1071 
Knoxville, TN 37901 -1071 

The purpose of this study was to determine the potential 
of various subjective and objective evaluations in predicting 
USDA pork carcass grades. Two hundred and twenty feeder 
pigs representing US. No. 1-3 feeder grades purchased from 
a Tennessee feeder pig sale were weighed, measured, sub- 
jectively evaluated and photographed, from which several 
linear measurements were taken. Subjective evaluations in- 
cluded frame height, frame length, overall frame, muscle 
score, body width, estimated fatness and bone ruggedness. 
Objective measurements were body depth, hock length, 
height from belly to floor, poll-to-tail length, shoulder-to-tail 
length, body girth, height of midpoint between shoulder and 
tail and ultrasonic fat measures at the last lumbar, last and 
first rib regions. A scatter plot of weight vs. poll-to-tail length 
was developed to allot feeder pigs to slaughter weights of 91, 
104 or 118 kg (SW I, I1 and Ill, respectively). Animals were 
slaughtered as they reached the assigned endpoint weight 
( ?  2 kg), standard carcass measurements were taken and 
one side was standardized (Grisdale et al., 1984) and fabri- 
cated into four lean cuts (Cole, 1951). Prediction equations 
were developed by stepwise regression for USDA pork car- 
cass grades (1984) utilizing feeder pig subjective and objec- 
tive traits with R2 values ranging from .20 to .66. Equations 
derived from objective measurements and from SW I ,  II and 
pooled slaughtered weights tended to have lower R2 values 
than equations using subjective evaluations and SW 111. The 
best model was developed from SW 111 pigs, carcass 
grade= 5.88 - .44(Frame Length) + .26(Frame Height) - .21 
(Muscle Score) - .64(Sex),R2= .66. These data suggest that 
characterization of feeder pigs may be useful in predicting 
slaughter potential. 

The Effects of Preblending Time on 
the Textural Properties of Coarse 
Ground Sausages 

L.W. Hand, R.W. Mandigo and C.R. Calkins 
University of Nebraska-Lincoln 

203 Loeffel Meat Lab 
University of Nebraska-Lincoln 
Lincoln, Nebraska 68583-0821 

The objective of this research was to characterize the 
effects of preblending time on the textural properties of 
coarse ground sausages. In two studies, raw materials (pork, 
beef) were preblended with 2% salt, 78 ppm nitrite, 10% 
water held at 0" to 2" C for 0, 4, 8, 12, 24, 48 hr (study I) or 0, 
4, 8,  12, 16 hr and 48, 96, 144, 192, 240 hr (study II) and 
manufactured into Polish sausages (rep= 2ktudy). To re- 
move variation, preblending treatments were scheduled to 
allow for simultaneous thermal processing. Raw material 
(pH, emulsion capacity, water uptake, water holding capacity, 
temperature), emulsion (emulsion stability, lnstron extrusion) 
and finished product (lnstron compression and Lee-Kramer 
shear, processing yield, scanning electron microscopy 
[SEMI) analyses were conducted. In study I, emulsion stabil- 
ity, extrusion and compression peaked between 8 and 12 hr 
and then decreased after extended preblending time. In 
study II from 0-1 6 hr, water holding capacity, emulsion stabil- 
ity, and processing yield (8 hr peak) and lnstron compression 
increased. However, for the 48-240 hr interval, no response 
was observed for water holding capacity, processing yield 
and lnstron compression. Emulsion stability decreased from 
48-240 hr. SEM micrographs indicated a progressive protein 
solubilization from 0-1 6 hr with few differences observed 
from 48-240 hr. In conclusion, the textural properties of 
coarse ground sausage increased through 16 hr of preblend- 
ing time. Preblending from 24-240 hrs showed little improve- 
ment in textural properties and in some cases was detrimen- 
tal. Thus, the textural advantages of preblending coarse 
ground sausage occur during short preblending times with no 
benefit for long preblending times. 




