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Chemical and Physical 
Analyses for Characterization of 
Beef Chuck Muscles 

L.A. Cecchi, D.L. Huffman, PM. Brown, 
W.R. Egbert, and W.R. Jones 

Auburn University 
Department of Animal and Dairy Science 

Auburn University, AL 36849 

This study was designed to obtain baseline data neces- 
sary for characterization of beef chuck muscles. Chucks from 
12 electrically-stimulated steer carcasses (high Good to low 
Choice) were randomly assigned to one of the following 
treatments: T1) cold boned (control), T2) hot boned, and T3) 
hot bonedhime conditioned (5 hr at 18°C). The following 
muscles were excised from each chuck according to the 
treatment conditions: infraspinatus (IF), serratus ventralis 
(SV), subscapularis (SB), supraspinatus (SP), teres major 
(TM), and triceps brachii (TB). No differences were noted 
between treatments for proximate composition, collagen con- 
tent, muscle yields, water holding capacity or cookloss; how- 
ever, differences (PcO.05) were found beween muscles. The 
IF and SV had the lowest (P<0.05) moisture content and the 
highest (P<0.05) fat. Inversely, TB and SB had the highest 
moisture content and lowest fat. The IF had the highest 
(PcO.05) collagen content (21.06 mg/g wet tissue) followed 
by the SB (12.31), SP (11.46), TB (8.72), TM (8.1 l ) ,  and SV 
(7.82); no difference was observed between TM and SV. 
Differences were found between treatments, between mus- 
cles and within treatment*muscle interactions for ultimate pH, 
sarcomere length (SL), Warner Bratzler shear (WBS) values, 
and Hunter color (HC) ‘a’ value (redness). Ultimate pH for T1 
and T3 were lower (P<0.05) than T2. Differences (P<0.05) 
in HC ‘a’ values were found between all treatments. These 
results indicate that degree of redness may be affected by 
ultimate pH. The SL of T1 were longer (P<0.05) than T2 and 
T3. Differences (P<0.05) in WBS values were found be- 
tween all treatments. Increases in WBS values and de- 
creases in SL were probably due to cold shortening. From 
this study, initial baseline data was obtained for characteriza- 
tion of chuck muscles into their “best use” categories. 

Growth Hormone Induced Growth. 
Somatomedin Activity and 
Oncogene Expression 

J.D. Turner, J. Novakofski and P.J. Bechtel 
University of Illinois 

205 Meat Science Lab 
1503 South Maryland Dr. 

Urbana, IL 61801 

The objective of these experiments was to examine the 
cellular regulation of somatic growth in rats exposed to 
elevated growth hormone (GH). This model involves implan- 
tation of GH secreting GH, cells into Wistar-Furth rats. In the 
first experiment, 6 rats received GH, implants for 6 weeks. 
Compared to control groups, they had a 91% increase in 
body weight and significant increases in muscle, heart, kid- 
ney and liver weights. Serum levels of somatomedin activity 
were measured, using the chick cartilage bioassay. The GH, 
implanted group (n =6) had a significant 2.5 to 3.0-fold 
increase in somatomedin activity over the control group 
(n = 6). These results indicate that adult animals receiving 
massive amounts of growth hormone have increased body 
weight and tissue weights, including muscle, and large in- 
creases in serum somatomedin. The next set of experiments 
was designed to examine RNA levels of putative growth 
regulators in GH, implanted rats. Fourteen female rats im- 
planted with GH, cells were sacrificed at body weights aver- 
aging 261 g (n=5), 332 g (n=4) and 404 g (n=5). Six 
control rats were not implanted and had an average body 
weight of 220 g. Gastrocnemius, heart and liver from GH, 
implanted animals were larger and showed a significant 
graded response in weight with implant time duration. Total 
RNA was isolated from these organs, using the guanidiniuml 
phenol method. Rapid screening for proto-oncogene expres- 
sion was accomplished using “dot” blot techniques. Onco- 
gene DNA probes were prepared from cloned sequences of 
v-abl, v-erb 6, c-fos, c-mos, c-myc, v-Ha-ras, c-ki-ras, v-sis 
and v-src. Proto-oncogene expression was low in 
gastrocnemius with only v-Ha-ras being detectable in total 
RNA. Heart and liver showed significant expression of v-Ha- 
ras, c-ki-ras, c-fos and c-myc genes. Specific proto-onco- 
genes are expressed in skeletal muscle, heart and liver. 
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Sodium Chloride, Phosphate, 
Corn Oil and Gelatin Effects on 
Beef Loin Palatability 

C.J. Harmon, C.B. Ramsey, G.W. Davis, 
T.L. Wheeler and J.R. Clark 

Texas Tech University 
Department of Animal Sciences 

Box 4169 
Lubbock, TX 79409 

Boneless strip loins (SL) were removed from the car- 
casses of 8 Chianina and 8 crossbred steers or heifers fed a 
high concentrate diet for 77 d. At 10 d postmortem each loin 
was cut into 2.0 cm steaks, then infused to 11 0% of thawed 
weight with solutions of: 1) distilled water (H20); 2) 2.5% 
sodium chloride plus 3% phosphate (S&P); 3) 3% phosphate 
(Phos); 4) 3% gelatin; or to 105% with 5) corn oil (Oil); in 
addition to 6) a non-infused control. The infused steaks were 
allowed to equilibrate at 3°C for approximately 1 hr, broiled to 
70"C, cored, cut, and served to an eight-member trained 
sensory panel. No differences (P>.05) in yield or palatability 
were determined due to breed or sex. However, raw heifer SL 
contained more (P<.05) ether extract (2.58%) than did SL 
from steers (1.78%). Less (P<.05) moisture (72.32% vs 
74.91%) and more (P<.05) ether extract (2.75 vs l.60°/~) 
was contained in crossbred SL than in Chianina SL. Sex by 
breed interactions (Pc.05) occurred for raw SL protein, 
cooked yield, and Warner-Bratzler (W-B) shear values. 
Cooked yield of H,O (64.83%) and gelatin (65.48%) were 
different (P<.05) from control (75.54%), S&P (73.84%) and 
Phos (72.03%) but not Oil (70.1 1%). W-B shear values were 
lower (P<.05) for S&P (1.82 kg) and Phos (1.84 kg) than 
control (2.46 kg), H,O (2.50 kg) and Oil (2.53 kg) but not 
gelatin (2.24 kg). S&P improved (P<.05) juiciness above all 
treatments except Phos. S&P and Phos improved tender- 
ness above control (7.0 and 6.7 vs 5.8 on an eight-point 
scale) and other treatments. S&P had more desirable flavor 
(P<.05) than all treatments and greater overall desirability 
(P<.05) than all other treatments except Phos. These results 
indicate S&P infusion can enhance beef SL palatability. 

Effects of Days on Feed, Breed 
and Sex on Cholesterol 
Concentration of Muscle, Fat and 
Serum of Beef Cattle 

T.L. Wheeler, G.W. Davis and B.J. Stoecker 
Texas Tech University 

Department of Animal Science 
Texas Tech University 

Lubbock, TX 79409 

A total of 54 steers and heifers representing two breed 
groups (fullblood Chianina and Hereford x Angus crossbred) 
were allotted to a 2(breed) x 2(sex) x 4(days on feed) factorial 
design. Eight cattle (4 Chianina and 4 crossbred) were 
slaughtered one day after allotment, the remaining 46 cattle 

were fed a high concentrate ration either 77, 128 or 182 days. 
Data were analyzed by analysis of variance, appropriate 
orthogonal polynomials and simple correlation coefficients 
on least squares means. The cholesterol concentration of 
raw and cooked longissimus muscle (LM), subcutaneous fat 
and serum as affected by days on feed (DOF), breed and 
sex, and the relationship between serum cholesterol and 
tissue cholesterol was determined. DOF, breed and sex had 
no effect (P>.05) on tissue cholesterol concentration. Mean 
cholesterol values for LM (raw and cooked) and subcutane- 
ous fat were 63.3, 80.2 and 98.9 mgil00 g, respectively. 
Cooking increased muscle cholesterol concentration ex- 
pressed as a percent of muscle weight, due to weight loss 
from evaporation. Serum cholesterol concentration was low- 
er (P<.05) for fullblood Chianinas and steers (122.6 and 
133.9 mg/dl) compared to crossbreds and heifers (1 62.3 and 
151 .O mgidl). Serum cholesterol concentration gave a cubic 
response (P<.05) over DOF as it was lowest after 0 d, 
increased up to 77 d, leveled off, then increased again at 182 
d. Serum cholesterol had low and insignificant correlation 
coefficients with tissue cholesterol. Results indicate tissue 
cholesterol concentration may be dependent on cellular func- 
tion and serum cholesterol may be related to fat metabolism. 

Factors Affecting the Color of 
Restructured Beef Steaks 

Yao-Hong Chu, Dale L. Huffman, 
Graham R. Trout and William R. Egbert 

Auburn University 
209 Animal Science Building 
Auburn University, AL 36849 

Beef top rounds were used to manufacture both intact 
muscle and restructured beef steaks for the determination of 
factor(s) contributing to the discoloration of restructured beef 
steaks initially and over storage time. Chemical analyses for 
surface metmyoglobin (metMb), overall metMb, and malo- 
naldehyde content, along with visual appraisal evaluation of 
surface discoloration and overall color, were performed on 
steaks from each treatment initially and at 1 -month intervals 
for 3 months. Surface metMb content was lower (P<0.05), 
initially, for intact muscle steaks compard to restructured 
steaks. Surface metMb and overall metMb content was found 
to be increased by the following factors: 1) the grinding and 
mixing processes; 2) the addition of salt without the addition 
of sodium tripolyphosphate; 3) temper cycles; and 4) low 
oxygen partial pressure. However, there was no increase in 
overall metymyoglobin content over storage time for 
restructured beef steaks manufactured at low oxygen partial 
pressure. Chemical analyses for surface metMb and overall 
metMb were highly correlated with the visual appraisal panel 
scores for surface discoloration (r = - 0.87) and overall color 
(r= -0.94), respectively. Data from this study indicate that 
the addition of polyphosphate before grinding and mixing, 
coupled with reduced oxygen concentration during the manu- 
facturing process, may produce restructured beef steaks with 
low initial metMb content and may maintain low metMb levels 
throughout storage time. 
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Effects of Postmortem Storage and 
Various Salt and Phosphate 
Treatments on Porcine Myofibrillar/ 
Cytoskeletal Proteins 

J.M. Paxhia and F.C. Parrish, Jr. 
Iowa State University 

156 Food Technology Laboratory 
Iowa State University 

Ames, Iowa 5001 1 

The effects of postmortem storage and various salt and 
phosphate treatments on the myofibrillar proteins in pork 
muscle were examined. To investigate the effect of postmor- 
tem storage, pork semitendinosus muscle was excised pre- 
rigor and divided into light and dark portions. Highly purified 
myofibrils were prepared from each portion after 0, 1,3, and 
7 days of storage at 4°C or 22°C. To examine the effects of 
various salt and phosphate treatments, pork semitendinosus 
muscle was excised 24 hr. postmortem and divided into light 
and dark portions, ground separately, and treated with the 
addition of 20% (wiv) of one of the following solutions: 1) 
H,O, 2) 15% NaCI, 3) 3% sodium tripolyphosphate (TPP), 4) 
3% tetrasodium pyrophosphate (PPi), 5) 15% NaCl+3% 
TPP, or 6) 15% NaCl+ 3% PPi. A ground, untreated control 
sample was also prepared. After 24 hr. storage at 4°C highly 
purified myofibrils were prepared and the supernatant from 
the first wash was retained. Myofibrils and supernatants from 
postmortem storage and salt and phosphate treatments were 
subjected to sodium dodecylsulfate polyacrylamide gel 
electrophoresis, using 3.2% and 12% gels. The effect of 
postmortem storage indicated that the proteins titin and 
nebulin were degraded more rapidly in dark pork muscle than 
in light pork muscle. Effects of various salt and phosphate 
treatments showed that nebulin was not present in myofibrils 
from light or dark portions that had been treated with NaCI, 
NaCl+TPP, or NaCl+PPi. Myosin was detected in the 
supernatants from the samples treated with NaCl and 
NaCl + TPP, but not those treated with NaCl+ PPI. 

Nonesterified and Glyceride-Fatty 
Acid Synthesis in Adipose Tissue 
from Heifers Fed Clenbuterol 

M.F. Miller, D.K. Garcia, M.E. Coleman, 
PA. Ekeren and S.B. Smith 

Texas A&M University 
322 Kleberg Center 

Department of Animal Science 
College Station, Texas 77843 

Nonesterified and glyceride-fatty acid synthesis was mea- 
sured in heifers fed finishing rations with or without 10 mglhdi 
d clenbuterol. Charolais x Hereford and Charolais x Hereford 
x Jersey heifers (seven animals per treatment group) were 
fed 50 d either a sucrose-clenbuterol supplement or a place- 
bo. At slaughter, adipose tissue was obtained from each 
carcass at the 10th-12th thoracic vertebrae region of the 

longissimus muscle for incubations in vitro. Subcutaneous 
and intramuscular adipose tissue were incubated 2 h with or 
without 50 p,M epinephrine to measure the incorporation of 
14C-labeled acetate and glucose into fatty acids. Adjusted 
12th rib fat thickness (58 vs .99), kidney-pelvic fat (1.3 vs 
2.1) and USDA yield grade (1.0 vs 2.3) were lower (P<.05) 
for the clenbuterol-treated heifers. However, a significant 
reduction in marbling scores and USDA quality grades also 
occurred in the drug-treated heifers. Rib eye surface areas 
were greater (93.5 vs 78.1 cm2) for the clenbuterol-fed 
heifers. Clenbuterol did not affect the incorporation of acetate 
into glyceride-glycerol or nonesterified fatty acids in either 
adipose tissue depot. However, clenbuterol decreased 
(P<.05) acetate incorporation into glyceride-fatty acids and 
increased glucose incorporation into glyceride-glycerol in 
subcutaneous adipose tissue, suggesting elevated rates of 
lipolysis. Epinephrine increased acetate incorporation into 
glyceride-glycerol and glyceride-fatty acids in intramuscular 
adipose tissue from control (but not treated) heifers. Results 
indicate that clenbuterol decreased adipose tissue accretion 
both by depressing lipogenesis and by stimulating lipolysis. 

Fatty Acid Profiles and Fatty Acid- 
Bind Protein Activity in Tissues 
from Pigs Fed Diets Containing 
0% and 20% High-Oleate Oil 

L.C. St. John, D.C. Rule, C.R. Young, 
D.A. Knabe, H.J. Mersmann and S.B. Smith 

Texas A&M University 
338 Kleberg Ctr. 

Department of Animal Science 
College Station, TX 77843 

Eight pigs (4 sets of littermates) were allotted to either a 
control corn-soybean meal diet or a test diet containing 20% 
canola oil. Canola oil contains 64% oleic acid. The pigs were 
slaughtered at approximately 100 kg live weight. Fatty acid 
profiles were analyzed in adipose and muscle tissues of the 
swine. Total unsaturated fatty acids increased by 40% in the 
adipose tissue and 31% in muscle tissue. Subcutaneous 
adipose tissue, longissimus muscle and liver samples were 
collected immediately after slaughter. Fatty acid-binding pro- 
tein (FABP) activity was measured in 104,000 x g 
supernatant fractions. Characterization of the FABP assay 
with liver supernates indicated that FABP exhibited sigmoidal 
kinetics, with an apparent Kd for palmitoyl-CoA of 0.9 p,M. 
The activity of FABP was maximal at 2 FM palmitoyl-CoA. 
Doubling the protein amount in the assay did not affect the 
FABP activity. Fatty acid-binding protein from liver and 
adipose tissue of control pigs bound 3448 and 276 pmol 
palmitoyl-CoA per g tissue, respectively, while the FABP 
activity in liver and adipose tissue of the canola oil-fed pigs 
increased significantly to 4569 and 402 pmol palmitoyl-CoA 
bound per g tissue, respectively. There was no detectable 
FABP activity in the longissimus muscle of either treatment 
group. The data indicate that elevated amounts of canola oil 
in the diet increased the activity of FABP in liver and adipose 
tissue of the swine. 
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The Effects of a High Monosodium 
Phosphate and A-tocopherol 
Supplemented Milk Replacer Diet 
on Veal Muscle Color and 
Composition 

H.A. Agboola, V.R. Cahill, R.F. Plimpton, 
H.W. Ockerman and N.A. Parrett 

The Ohio State University 
Department of Animal Science 

2029 Fy-ffe Road 
Columbus, OH 43210-1095 

A critical challenge facing the veal industry is finding a 
way to produce a light-colored veal muscle because it com- 
mands high economic return. Thirty Holstein bull calves fed a 
milk replacer diet were randomly divided into two groups 
(N = 15lgroup) to study the effect of high monosodium phos- 
phate (1 8-24gkalfiday) and a-tocopherol (1 OOmg/calf/day) 
supplementation on veal muscle color and composition. 
Calves were on feed for total of 16 weeks and Kosher 
slaughtered at an average weight of 172kg. Semimem- 
branosus muscle was used for sensory color and chemical 
analyses. High phosphate and tocopherol supplementation 
resulted in lower (P<.05) myoglobin content, lowered 
(Pc.05) total muscle pigment, and lowered (P<.05) 48 hours 
postmortem pH and led to a lighter muscle color as scored by 
sensory panel and as indicated by higher YO reflectance than 
the control group. Significant increases (PC.05) in muscle 
phosphorus, Ca, K, Mg and lower iron (P<.05), Na (P<.05) 
and muscle cholesterol values were observed in the phos- 
phate group. There was no difference (P>.05) in the levels of 
Cu, Mn and Zn measured in the muscle of the two groups. 
The protein, ash and moisture contents were higher (PC.05) 
and fat was lowered (P<.05) in the phosphate group. Tissue 
phosphorus level was significantly (Pc.05) correlated with 
iron (r= - .40), and panel score with total pigment ( r =  + .30). 
These data suggest that monosodium phosphate and a- 
tocopherol supplementation led to lighter colored veal mus- 
cle and enriched muscle nutrient. 

Textural Characteristics of Coarse 
Ground Sausage Products 
Preblended in the Casing 

J.W. Lamkey, R.W. Mandigo and C.R. Calkins 
University of Nebraska 
203 Loeffel Meat Lab 

University of Nebraska 
Lincoln, NE 68583-0821 

The objective of this research was to determine if 
preblending a stuffed sausage batter prior to heat processing 
influences the final texture of the sausage product. Pork 
(13.6 kg) and beef (9.1 kg) were ground to 1.27 cm and 
mixed for 8 min with water (lo%), salt (2%), spices and nitrite 
(156 ppm). Each batch was divided equally and one half was 
placed in plastic bags. The second half was ground to 0.32 

cm and stuffed into 34 mm casings. Each treatment was 
stored in a -1 "C cooler for 24, 20, 16, 12, 8,4 or 0 hr. At the 
end of the assigned storage period, the unstuffed batter was 
ground to 0.32 cm and stuffed into 34 mm casings. Storage 
periods were selectively chosen to reduce smokehouse vari- 
ation through simultaneous processing. Raw batter was test- 
ed every 4 hr throughout the storage period for pH and 
expressible moisture. lnstron extrusion and 2-thiobarbituric 
acid (TBA) tests were conducted every 4 hr on samples from 
the batter held 24 hr. Samples not stuffed were ground to 
0.32 cm prior to extrusion testing. Smokehouse yield was 
determined on final product. Expressible moisture and pH 
were not significantly different between treatments and re- 
mained unchanged throughout the storage period. Smoke- 
house yields were approximately 2% greater for the stuffed 
samples from 8 to 20 hrs of preblending time. Extrusion peak 
force and area under the curve did not increase for samples 
not stuffed during the storage period. Stuffed samples 
showed a significant (P<0.05) increase in both extrusion 
peak force and area under the curve. Final product texture, 
as tested by LEE Kramer shear, indicated that greater force 
was required (P<0.05) to shear the samples not stuffed 
during the storage period when compared to the stuffed 
samples. Compression peak force was greater for unstuffed 
samples than for the samples stuffed during the storage 
period (P<0.05). The amount of work required by the LEE 
Kramer shear and the decreased resistance to deformation 
of the stuffed samples when compared to their unstuffed 
counterparts indicated that there is a sufficient quantity of 
bonding without the ability to withstand compression. 

Palatability and Textural 
Characteristics of Restructured 
Beef Produced from 
Electrical I y-St i m u la t ed and 
Hot-Boned Carcasses 

D.L. Seman, W.G. Moody, J.D. Fox and N. Gay 
University of Kentucky 

Agricultural Sciences Building South 
University of Kentucky 

Lexington, KY 40546-021 5 

In study 1, restructured steaks containing 0.75% NaCl and 
1O0/o fat were produced from electrically-stimulated (ES) and 
non-stimulated (NES) sides of 6 steers to compare the 
effects of electrical stimulation and mechanical tenderization 
on palatability traits of restructured steaks. Steaks consisted 
of 73% selected round muscles (ground, 2.5 cm) with 23% 
ground (3.1 mm) preblend (3.0% NaCI) and 4.0% ground fat 
(3.1 rnm). Steaks from electrically-stimulated sides exhibited 
higher (P<0.05) Kramer shear values than steaks from NES 
sides; mechanical tenderization reduced (P<0.05) Kramer 
shear values and connective tissue scores (P<O.Ol). In 
study 2, steaks containing 0.01 YO BHA, 0.75% NaCl and 10% 
fat were fabricated from hot- and cold-boned sides of 12 US. 
Good steers. Carcasses were electrically stimulated (550 
volts, 2.2 amps) ca. 37 min postmortem. One side from each 
carcass was boned 4 hr postmortem (HB) while the other 
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was placed in a 5°C cooler and boned 120 hr postmortem 
(CB). Hot-boned sides required 29% less time to bone and 
yielded more (P<O.Ol) restructurable meat, less (P<0.05) 
lean trim and a heavier boneless loin. Restructured steaks 
were produced from HB and CB sides by combining 73% 
restructurable meat (tenderized and ground, 2.5 cm) with 
23% ground (3.1 mm) preblend (containing 3.0% NaCl and 
0.27°/~ BHA) and 4.0% ground fat (3.1 mm). These portions 

were mixed and formed as above and vacuum packaged. 
Cold-boned steaks had higher (P<0.05) binding strength. No 
differences were found in juiciness, tenderness, flavor desir- 
ability, amount of connective tissue or cooking loss due to 
boning time. Both aerobically and vacuum-packaged HB 
steaks had higher (P<0.05) Hunter a and lower L values than 
similarly treated CB steaks. Hot boned steaks were redder, 
less green, less brown and more acceptable (P<O.O1). 




