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INTRODUCTION

Information on the characteristics of cocked meat is an
important part of studies concerned with effects of production
and processing treatments, Selecting a cooking (heating) method
for samples from carcasses that have undergone different treatments
is an important part of planning and conducting such research.
Traditionally, roasts, steaks, or chops were coocked by conventional
methods; also, model systems have been used to heat small pieces |
of meat in a water bath,

Machlik and Draudt (1963) stated that small samples are neces-
sary to obtain conclusive information on effects of heating, be-
cause, in'a roast, there is large variation in the time-~-temperaturc
combinations from the surface to the center of the meat., Some in=-
vestigatoré (Marsh et al.,, 1966; Howard and Judge, 1968; Laakkonen
et al,, 1970; Bouton et al.,, 1971) heated slices of muscle in sealed
plastic bags; others (Machlik and Draudt, 1963; Paul et al,, 1975;
Penfield and'Meyer, 1975; Penfield et al,, 1976; Hearne et al,, 1978
a, b; Brady and Penfield, 1981) used cores or strips of meat that
were heated in test tubes in a water bath,

Preciée time~temperature control was attempted in some model
systems with the tacit assumption that if meat is coocked at the
heat penetration rate that occurs with conventional methods, the
"quality" characteristics of the meat would be the same as those
of meat cooked by conventional methods, Researchers should know
whether there are significant effects on the meat that are attri-
butable to the method of heating (model system vs conventional’
cooking methods ),

The only study found that compared meat cooked in a model



2

system to meat cooked by conventional methods was that of Brady
and Penfield (1981). They studied the effect of the heating sys-
tem on the textural characteristics of beef and on solubilization
of hydroxyproline for two end point temperatures at two rates of
heating, but did no sensory evaluation, The slower rate of heating
in the water bath resulted in greater total cooking losses and a
higher percentage of hydroxyproline solubilized than was obtained
with the conventional method, but no differences were found in
those measurements with the fast heating rate. No differences
between the model system and the conventional method were found
with either heating rate in texture measurements of hardness, co-
hesiveness, chewiness, shear cohesiveness and shear firmness,
They concluded that the method of heating had some influence on
the final quality of the meat.

Also, with continual increase in the cost of producing and
processing meat, researchers need to find economical, yet still
reliable methods for conducting their éxPeriments. One way of
reducing the high cost of materials for meat cookery research is
through the use of model systems,

In this study, top round roasts cooked by conventional
methods (dry or moist heat) were compared to semimembranosus mus-
cle strips cooked in test tubes in a water bath., In two experi-
ments, data were collected for sensory characteristics, related

objective measurements, and cooking losses,

REVIEW OF LITERATURE

Descriptions of some model systems used in meat research

To determine the effect of heating time and temperature on
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the shear value of beef semitendinosus muscle, Machlik and Draudt
(1963) heated cores of muscle 1,3 cm in diameter by 5.1 cm long in
test tubes covered with beakers in a constant temperature water
bath at temperatures ranging from 50°-70° C for two hours and at
temperatures of 70°-90°C for five hours, Small cores of meat
were used to insure a rapid and uniform rise in temperature through- -
out the meat, Temperature of the. cores came to within 10°C of the
water bath temperature in 3.5 minutes and within 1°C of the bath
temperature in 7 minutes after being placed in the water bath.
They suggested that variation in tendernmess due to cooking time-
temperature differences in experimental meat cookery could be mini-
mized by immersing samples in a plastic bag in a water bath held
at 6&00 for sufficient time to insure that the temperature of the
slowest heatiﬁg portion is held in the 60°-64°C range for one half
hour or more. |

To assess the correlation between sensory and objective mea-
surements of tenderness in meat, Marsh et al, (1966) developed
a model system for cooking small samples (80-200g) that simulated
the time-temperature relationship of a roasting treatment, OSam-
ples of beef sternomandibularis muscle were put in polyethylene
bags that were vacuum shrunk on the samples and sealed, The bags
of samples were immersed in an 8~liter cylindrical glass tank and
equilibrated for one hour at 30°C, The thermostat was raised to
80%C and the samples were removed one hour later, by which time
the internal.temperature of the meat reached 80°C, They recom-
mended this "simple, reproducible procedure ,.. for any small scale
cocking®. |

Hbﬁard and Judge (1968) compared sarcomere length to other

predictors of beef tendernmess using longissimus dorsi muscle,
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Samples used for measuring shear values were sliced 5.1 cm thick,
cut parallel to muscle fibers, Each slice was divided into medial
and lateral halves and placed in a cryovac bag, After the thermo-
couple was inserted into the center of each sample, the bag was
evacuated, sealed, and placed in a constant temperature water bath
(60°, 64°,768% or 72°C), The samples remained in the water bath
12 minutes after the internal temperature of the sample reached 1%¢

less than the bath temperature. Then, the samples were chilled at

L°C for 24 hours.

Laakkonen et al. (1970) used a model system to study the rela-
tionship between tenderness and water-holding copacity, pH, or
water soluble components in beef cooked at low temperatures for long
periods of time, They found that the center of a 15.7-kg round
roast cooked in a 121°C institutional gas oven, increased in temp-
erature at a rate of 0,1°C/min, They put vacuum sealed cryovac
bags containing 2,5-cm slices (100-130g) of beef longissimus dorsi,
rectus femoris, or semitendinosus muscle in a 30°C water bath,

The temperature of the bath was increased at a rate of 0.1°C/min
until it reached 60°C., The samples were held at 60°C for 10
hours. The control samples were tempered in a water bath at730°c,
heated to 80°C in one hour, and held at 80°C for one hour, a pro-
cedure similar to that used by Marsh et al, (1966).

Bouton et al. (1971) placed 130-g samples of ovine semimem=-
branosus or biceps femoris muscle in polyethylene bags that were
tightened around thé samples with clips., The samples were ime-
mersed in a constant temperature water bath at 65° or 90°C for one
hour. Because samples were about equal in weight, it was assumed

that the time taken for any individual sample to reach the tempera-

ture of the bath was "sensibly constant",
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To study the heat-induced changes in extractibility of coila=-
gen in beef, Paul et al., (1973) cut semitendinosus and biceps fe-
moris muscle into strips 2x2x7 cm, with fibers running the length
of the strip. ZEach strip was put in a 22-mm test tube with a ther-
mocouple inserted lengthwise into the center of the strip. The
tubes were put in a water bath programmed to reproduce a published
time~temperature curve for a semitendinosus roast cooked in a 163°C
oven, Samples were removed from the water bath and allowed to cool
when the internal temperature was 58°, 67°, 75°, or 829,

In seferal studies (Penfield and Meyer, 1975; Penfield et al.,
1976; Hearne et al,, 1978a, b; and Brady and Penfield, 1981) re-
searchers used a model system in which cores of beef semitendino-
sus muscle (2.5 cm in diameter x 5.7 cm long, with muscle fibers
parallel to the length of the core) were heated in 50-ml glass
tubes in a water bath. The temperature of one core of muscle was
monitored by a thermocouple inserted lengthwise into the center of
the core, The temperature control of the water bath was adjusted
every 8 minutes_so that the internal temperature of the monitored
core approximated previously obtained heat penetration curves of
2=-kg top round roasts oven roasted at 93° or 14900.

Some model systems used slices of meat sealed in plastic bags;
others used strips or cores of meat in test tubes, The rate of
heat penetration was controlled to imitate conventional rates in
some studies, whereas in others, the meat was heated as fast as
possible to a certain end point, then held at that temperature for
a gpecific time. Although details of the model systems varied, in

all model systems, small pieces of meat were heated in a water bath.



Texture profile analysis of food

In her pioneering work on textural characteristics of food,
Szczesniak (1963) defined primary measurements of hardness, cohe-
siveness, elasticity, adhesiveness, and viscosity and secondary
measurements of brittleness, gumminess and chewiness, Those
terms can be applied to both objective and sensory texture profile
analysis (TPA), Friedman et al., (1963) used those basic terms to
describe physical measurement of foods using the General Foods (GF)
Texturometer in which a plunger was driven into the sample twice
and the two cycles ("bites") were recorded on a strip chart,
Szczesniak et al, (1963) described sensory texture profile analysis
using a trained taste panel. Following are the basic definitions
for each textural characteristic (Szczesniak, 1963) and the defini-
tions as applied to objective measurement (Friedman et al., 1963)
and tb sensory measurement (Szczesniak et al,, 1963).

"Hardness" was defined as the force required to obtain a giv-
en deformation, It was measured with the GF Texturometer as the
peak height of the first bite, Organoleptically, hardness was the
force required to penetrate a solid or semisolié substance with
molar teeth,

"Cohesiveness" was defined as the strength of internal bonds
making up the body of the product. Objectively, it was measured
as the ratio of the area under the second curve to the area under
the first curve on the strip chart. With sensory measurement,
cohesiveness could not be perceived by itself,

"Elasticity" was described as the ratio at which a deformed
material goes back to its original condition when force is removed,

For objective measurement using the GF Texturometer, elasticity

was specified as C - B, where B was the horizomntal distance on
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the strip chart from the origin of the first curve to the origin

of the second curve, and C was the same measurement on a completely
inelastic material such as clay. Organoleptically, elasticity could
not be measured directly.

"Adhesiveness" was defined as the work necessary to overcome
attractive forces between the surface of the food and other sur-
faces., Objectively, it was measured as the area of the negative
curve on the strip chart between the first and second bites, repre-
senting the work required to pull the plunger from the sample,

With sensory measurement, it was considered the force required to
remove the material that adheres to the mouth (generally the palate)
during normal eating.

"Viséosity“ was defined as the rate of flow per unit force.
Using the GF Texturometer with the viscosity attachment (paddle and
cup) it was recorded as a series of sinusoidal curves. In sensory
TPA, it was specified as the force required to draw a liquid from
a spoon over the tongue.

"Brittleness" was designated as the force with which a mater-
ial fractures., Brittleness was related to hardness and cohesive-
ness; in brittle foods cohesiveness is low., Objectively, brittle-
ness is measured as the height of the first significant break in
the peak of a multipeak first curve, Organoleptically, brittle-
ness is the force with which a sample crumbles, cracks or shatters,
Brittleness and adhesiveness are not found in the same food product.

"Gumminess" was defined as the energy required to disinte-
grate a semisolid food to a state ready for swallowing, It was
related to hardness and cohésiveness, with hardness being low in
a semisolid food, With the GF Texturometer, gumminess was defined
as the mathematical product of hardness x cohesiveness, multiplied
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by 100 to eliminate decimals. Organoleptically, it was interpre-
ted as the denseness present in semisolid foods that persists
throughout mastication.

"Chewiness" was specified as the energy required to masticate
a solid food to a state ready for swallowing. Objectively, chewi=-
ness was designated as the product of hardness x cochesiveness x
elasticity. For sensory TPA, chewiness was defined as the length
of time in seconds.(one chew/second) required to masticate the
sample until it waé ready for swallowing.

Bourne (1968) was the first to use the Instron Universal

Testing Machine for TPA of food, The Instron has largely replaced
the Texturometer in textural analysis of foods (Breene, 1975).
The GF Tekturometer is driven by an eccentric, so the speed of the
plunger moves in a sinusoidal pattern, but the strip chart speed
is constant., This produces a force-time (stress~time) curve, The
crosshead speed and chart speed on the Instron are constant and are
driven synchronously. This produces-a'force-distance (stress-strain)
curve., Because work is a force-distance integral, the area under
the curve o6f the Instron is a true measure of work (Bourne, 1968),
Mastication can be adequately described by a sinusoidal patterm,
although the first bite to the point of maximum force is linear
(Shama and Sherman, 1973), The rate at which force is applied in
the mouth varies with the food; teeth move more slowly with hard
foods, Because force varies with crosshead speed, different ine
strumental conditions are necessary with different foods if masti-
cation patterns are to be simulated (Shama and Sherman, 1973),

Bourne's (1968) definitions for hardness, brittleness, gummi-

ness, chewiness, and cohesiveness were similar to those of Friedman

et al, (1963), except that he measured only the work attributable
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to compression in areas under the curves, Areas were defined by
the upward sweep of the curﬁe, the perpendicular line drawn from
the peak to the baseline, and along the baseline to the origin.
Because elasticity can be measured directly with the Instron,
Bourne (1968) defined it as the horizontal distance from the ori-
gin of the second curve to the perpendicular dropped from the peak,
He did not measure adhesiveness or viscosity.

Bouton et al; (1971) used a Warner-Bratzler shear attachment
for the Instron to shear rectangular pieces of meat 0,66 x 1.5
cm, shearing perpendiculér‘tb the meat fibers, The mean of the
peak shear force was used as an estimate of tenderness, A4 0.63=-
cm diameter flat-ended cylindrical plunger was driven vertically
80% of the way through a 1,3-cm thick sample of meat with the meat
fibers perpendicular to the direction of penetration. The plunger
was driven into the meat twice at each location, Hardness and co=-
hesiveness were defined according to Friedman et al, (1963). Chewi-
ness was defined as the product of hardness x cohesiveness, Bou=-
ton et al, (19?1) reported that in a private communication with
Harris et al. (undated), sensory scores for tenderness were corre=-
lated highly with Instron measurements, Hardness was correlated
highly (r=0.88) with initial impression of teﬁderness, whereas
chewiness was correlated highly (r=0.90) with residual impression
of tenderness, Bouton et al. (1971) reported correlation coeffi-
cients of r=0.80-0.86 between taste panel tenderness scores and
Warner-Bratzler shear values or Instron hardness values, Larmond
and Petrosavits (1972) investigated an alternative to correlation
coefficients to study relationships between objective and sensory

measurements of tenderness, Because the Warner-Bratzler shearing

device deforms a sample of meat before the actual shearing begins,
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the first part of the curve produced represents compression and
indicates the force required to produce a given deformation,
They considered that deformation as a measure of firmness from a
sensory point of view, '"Firmness" was defined as the slope of the
line from the origin to the peak of the curve and was recorded as
g/sec, The peak force during shearing indicates rupturing of the
sample and provides an index of cohesiveness, "Shear cohesiveness"
was defined as the peak height in the shear deformation curve and
was reported iﬁ grams., Larmond and Petrosavits (1972) found the
sensory panel was influenced more by cohesiveness (height of the
curve) than by firmness (slope of the curve) inldetermining the
tenderness of meat.

In his review article on the application of texture profile
analysis, Breene (1975) pointed out the lack of uniformity in
reported conditions for obtaining GF TPA measurements, For exam-
ple, the size of the compressing unit relative to sample size has
varied, which must affect results, When the compression unit is
larger than the sample, the forces is mainly from compression, but
when the compression unit is smaller than the sample, the force is
from compression, shear, and flow. Breene (1975) observed that
75-80% deformation has been used by mostAworkérs for compression
measurements, but crosshead speeds varied greatly., Some research
has indicated that as the crosshead speed increased, the force
required to achieve a given deformation increased (Shama and Sher-
man, 1973), Chart speed would not affect measurements of hardness,
brittleness, or cohesiveness, but could affect the precision of
elasticity measurements, Breene (1975) stressed that crosshead
and chart speed must be specified fbr data to be meaningful and

reproducible,
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Some workers have been critical of measurement names and
have substituted other terms, Breene (1975) suggested that a no~
menclature committee be formed to establish and communicate stan-
dard terminology. He concluded that although instrumental TPA is
not standardized, the usefulness and validity of multiple point

food texture evaluation is not diminished,
MATERTALS AND METHODS

Twelve USDA Choice grade top rounds (approximately 9 kg),
four for Expt., I and eight for Expt, II, were purchased, one at a
rtime, from a local wholesale meat company., The outside fat cover-
ing was-rémoved from each top round and the semimembranosus (SM)
and adductor (AD) muscles were taken off in one piece and cut into
three sections: two roasts and one section that was cut into strips
(Fig. 1).

One roast was primarily AD muscle with some SM muscle, and
the other roast was SM muscle. Roasts weighed 1.2=1,5 kg and the
dimensions in cm were: length, 12-15; width, 10-14; depth, 4,5-9.5.
Roasts were wrapped in medium weight aluminum foil, frozen at
-25°C in an upright household freezer, and held until.used (within
5 to 7 days).

The SM portion of the remaining section was partially frozen,
then cut into strips, 2 x 2.3 x 7 cm, with the muscle fibers run-
ning the length of the strip, Individual strips wére wrapped
tightly in household plastic wrap to make them cyclindrical in
shape, The group of strips from each round was wrapped in alumi-
num foil, frozen at -25%C, and stored until used (within 5 to 7

days).
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Fig. 1 - Sampling plan for beef top round (SM and AD muscies)
A~ section to be cut into 2 x 2,3 x 7 cm strips
(shown at left)
B- Muscle cut into two roasts of similar shape and
weight (ca, 1.4 kg)
Remainder discarded,
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Heating

At the time of heating, the strips, eight for Expt. I and
10=11 for Expt. IT, were unwrapped, thawed for 20-30 minutes at
approximately 25°C, and put into 50 ml centrifuge tubes with a
thermocouple inserted lengthwise into the center of each strip.
The tubes were placed in an 18-liter circulating water bath (Fig,
2), and the bath temperature of the stripé reproduced an average
heating curve similar to that of a 1.2=1.4 kg top round roast cooked
by dry heai in a 1?7°G oven, To accomplish this, the strips were
tempered in 10°C water for 15 minutes, then the thermostat on the
water bath was set at 100°C and the strips were heated for a total
of 80-85_mijutes. The temperature of the bath rose at a rate of
19¢/minute until about 45°-50°C, then rose at a rate of about
0.6°C/minute.

| Roasts were defrosted at approximately 259C for four hours,
then at 4°C overnizht. In Expt, I, roasts were cooked by dry
heat oven roasting (OR); in Expt. II, they were cooked by OR or
by moist heat in an oven film bag (OFB), A thermometer was in-
serted into the_geometrical center of each roast, which was placed
on a low rack in a shallow roasting pan. The oven film bag,
which was closed with a twister tie, had 6 slits about 2 cm long
over the top of the roast to allow steam to escape., All roasts
were cooked in a rotary hearth slectric oven at 177°C to an end
point 9f'60°0; Roasts were sampled by a fixed position plan
(Fig, 3).

Analysis of data
In Expt. I, the experimental design was a randomized complete

block with subsampling, for two treatments and four replications.
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F‘igoj"

Sampling plan for OR or OFB roasts (Expt., I and II)
Roasts were turned so that muscle fibers were oriented

parallel to length of'apparent doneness cores,

1 = Sensory cubes (1,3 cm)
- 2,5-cm apparent doneness core
- Instron sample

Slice ground for HunterLab color measurement (Exptl,II)

Water-holding capacity

o UMl £ W
'

+ remainder of 1, 3, and 4 - ground for pH, total

moisture, and ether extract
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Rounds were the blocks with two roasts within each round being

subsampled., Data for each measurement were analyzed by the follow=-

ing analysis of variance:

Source of variation D/¥
Treatment 1
Rounds 3
Roasts/rounds 4
Error 7
Total 15

Because no significant differences were found between roasts

within rounds, the subsampling data were pooled and the following

randomized complete block desizn was used for analysis of variance:

 Source of variation D/F
Treatment 1
Rounds 3
Error 11
Total 15

In Expt, IT, the experimental design was 2 randomized com-

plete block for three treatments with eight replications, with

rounds being blocked, Data for each measurement were analyzed by

the following analysis of variance:

Source of variation D/F
Treatment 2
Rounds 7
Error 14
Total a3
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Correlation coefficients were used to study relationships be~
tween selected measurements., Sample variances were calculated to
study variation among data for each conventional method of heating

and for the model systemn.

Rate of heat penetration, cooking time, and cooking losses

The rate heat penetrated roasts was recorded as the time in
minutes required for the internal temperature to reach 0°C and for
each 5°C increase between 0° and 60°C. Cooking time was recorded
as total minutes and as minutes cooking time between 0° and 60°
after fhe teﬁperature rose above 0°C, Percentages of total, vola-
tile and drip losses based on precooked weights of the roasts or

strips wefe calculated,

Sensory evaluation

Tenderness, julciness, rare beef flavor, and apparent done=-
ness were evaluated by a laboratory panel of 8-9 members, using
an intensity scale of 5-1 (Forms IA, IB, and II; Appendix, pg. 46).
Panelists first assessed the apparent doneness of a sliced strip
and a sliced 2,5-cm core from a roast under a MacBeth Super Sky-
light, northern daylight setting, Panelists then selected random-
1y two samples of meat (1,3-cm cubes) from each treatment held
over hot water in déuble boilers set on a warming tray held at
approximately 35°C, The samples were scored within 15 minutes

after the meat was prepared for evaluation,

Total moisture, ether extract, water-holding capacity, pH

Percentage of dry matter and ether extract were determined by

A,0.A.C, methods (A.0,A,C., 1975) for samples of ground raw or
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- cooked muscle by the Analytical Services Laboratory of the Depart-
ment of Animal Science and Industry at Kansas State University.
Percentage of total moisture (M) was calculated by subtracting
percentage of dry matter from 100,

For Expt. I, percentage of total moisture also was measured
by drying duplicate 10-g samples of ground cooked muscle in a
Brabender Semi-Automatic Rapid Moisture Tester for 60 minutes at
121%¢.

Triplicate measurements for water-holding capacity (WHC) were
made on éamples (280-320 mg) of cooked muscle by the press method
of Miller and Harrison (1965)., The ratio of the meat area to juice
area was designated as the expressible-liquid index (ELI), WHC
values were obtained by subtracting the ELI from 1.0, arbitrarily
chosen as the maximum ELI, The ELI is inversely related to the
amount of liquid expressed from the sample, thus, the larger the
WHC value, the more liquid expressed,

Duplicate pH readings were made on slurries of 100 ml dise
tilled, deionized water and 10 g of ground cooked muscle according
to the method of Rogers et al, (1967).

Texture measurements using the Instron Universal Testing Machine
(Model 1122)

Penetration measurements, A flat-ended cylindrical puncture

probe, 0.63 cm in diameter, was driven vertically about 80% of the
way through a rectangular piece of cooked muscle (1.3 x 1.3 x 5 cm)
with the fibers perpendicular to the direction of penetration
(Bouton et al., 1971), The probe was driven into the sample twice
at each of three locations (in the center and about one cm from

each end), In Expt. I, a 50 kg load and Expt, II, a 20 kg load
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with a crosshead speed of 50 mm/min and a chart speed of 100 mm/min

was used; the force distance curve for each cycle was recorded,
"Hardness" was the force, in kg, required to achieve the

first penetration and was measured as the peak height of the curve

from the first penetration. "Cohesiveness" was the ratio of work

done during the second penetration to that done during the first,

A compensating polar planimeter was used to trace the area of the

curve defined by the baseline, the upward sweep of the curve, and

perpendicular line drawn from the maximum point of the curve to

the baseline. '"Elasticity'" was measured as the horizontal dis-

tance, in mm, froﬁ the origin to the perpendicular line dropped

from the peak of the second pemetration curve x (crosshead speed/

chart speéd). "Chewiness'" was defined as the product of hardness

x cohesiveness x elasticity and was measured in kg-mm (Bourne, 1968),

Shear measurements, A strip of cooked muscle with a rectan=-

gular cross section of 1.3 cm was sheared in three places with a
modified Warner-Bratzler shear attachment for the Instron, using
the same load cell, crosshead, and chart speed as used for the
penetration measurements, The force-distance curve was recorded
and evaluated for shear cohesiveness and firmness. "Shear cohe=
siveness" was the peak force on the shear deformation curve mea-
sured in'kg. "Firmness" was measured as the slope of the line
drawn from the'origin of the curve to the peak and expressed in

kg/min (Larmond and Petrosavits, 1972).

Color measurements

HunterLab L (lightness), a (redness), and b (yellowness)

values for a ground sample from a center slice of each roast

and a ground strip were measured with the HunterlLab Spectropho-
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tometer (Model D54P-5). A white standard tile with calculated
values of L (94.20), a (-1.01), a.ﬁd b (1.34) was used to stan-
dardize the instrument. Ground cooked muscle was packed tightly
into a plexiglass cell to a depth of 1.3 cm., Duplicate L, a, and
b measurements were taken, rotating the cell 90° for the second

reading,
RESULTS AND DISCUSSION

Experiment I

Roasts were subsampled within rounds, because one roast was
entirely SM musclé and the other one was composed of SM and AD
muscles, ©Decause no significant difference (P<0.05) occurred
between roasts for an-y: measurement (Table 4, Appendix, pg. 49),
data were pooled and treated as one variable, Analysis of vari-
ance showed differences (P 0,05) among four rounds only for total
cooking time and the Instron meacurcment of hardness (Table s
Appendix, pg. 50). |

Qven roasting vs strips, Few measurements differed (P< 0,05)
betwee-n treatments other tham Instron texture measurements (Table
1) and heat penetration rates (Table 6, Appendix, pg. 52).
Strips had lower values than OR for hardness (P <0,0005), chewi=
ness (P<0,005), shear cohesiveness (P<0.03), and firmness (P<
0.006). Final tenderness scores were higher (P<0,06), cooking
time between 0°-60°C was longer (P<0,007), and percentage ether
extract was greater (P<0,002) for strips than for OR., Percentage
total moisture (Brabender) was less (P <0,07) and total cooking
losses were less (P 0,06) for strips than for OR, The rate that

heat penetrated strips was slower than that for OR mmscle in the
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Table 1- Means, F=values, and probability levels for oven roasted
(OR) beef roasts and beef muscle strips cooked in test tubes in a

water bath (Expt, I).

Measurements OR ‘Strips F=value P
Instron texture measurements
Hardness,kg 6.2 5.0 23,51 0,0005
Cohesiveness 0 45 0.42 0.92 0.36
Elasticity,mm jo ? 4 5.2 1,91 0,19
Chewiness,kgmm 15.6 10,6 12,01 0.005
Shear cohesiveness,kg 7.0 5.6 6.58 0.03
Firmness,kg/min 39.8 19.5 11.24 0.006
Sensory scores
Initial tenderness® 3.6 4,1 2.62 0.13
Final tenderness® 3.4 3.9 4,28 0,06
Juiciness® %48 4,0 0,82  0.39
Rare beef flavor® 35 3.6 0.25 0.63
Apparent doneness® 2oly 25 0,06 .81
Cooking time 09-60%C,min  72.4 81.5 10.72 0,007
Ether extract,r% 3.7 6.0 19,03 0.002
Total moisture, %
T 66,1 64.9 1.65 0.23
Brabender 67.0 66.2 4,20 0.07
Total cooking losses, % 21,4 20,0 hoigl 0.06
Water-holding capacityd 0.6624 00,6524 0.36 0.56
pH 5.53 5,51 0,30 0,60

a5-tender or juicy; l1-slightly tough or dry

b5-intense rare beef flavor; l1-no rare beef flavor

°5-we11 done; l=rare

51.0 minus (expressible liquid index); the greater the value the

more liquid expressed,
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intervals 35%-40° (P<0.001), 50°~55° (P<0.004), and 55°-60°C
(P<0,02), Paul (1963) suggested that slower rates of heating in
the 5?0-6000 range may promote softening of connective tissue
without hardening muscle fibers, leading to increased tenderness.,
Machlik and Draudt (1963) observed a decrease in shear values in
the 56°-59°C range, which they attributed to collagen shrinkage.
Other researchers have reported a majbr decrease in shear values
in the 50°-60°C range in meat heated slowly (Laakkonen et al,,
1970; Penfield and Meyer, 1975).

Strips were in the 50°-60°C range 25% longer and in the 55°-
60°c range 19% longer than OR roasts (Fig. 4), which could account
for the lower hardness, chewiness, shear cohesiveness, and firm=-
ness values for strips. Ideally, the strips should not ha&e been
in the 50°-60°C range longer than OR roasts, The experiment was
based on the premise that the strips could be cooked in the model
system at the same rate that occurred with oven roasting. Pre-
liminary work was done to obtain an "average' internal hLeating
curve for 1.4=kg top round roasts, A procedure was developed s0
that by thawing the strips for 20-25 minutes and then manipulating
the temperature of the water bath, the average internal temperature
of six strips closely approximated the "average" heat curve deter-
mined during preliminary work (Fig. 4); but the roasts did not.

On the average, OR roasts cooked in eight minutes less time than
expected, Because of limitations in the maximum rate of heating
in the Water bath, the faster rate of heating of the roasts could
not be matched using the procedure developed during preliminary
work,

No differences (P<0,07) hetween OR and strips occurred in

sensory measurements for initial tenderness, juiciness, rare beef
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Fig. 4 -Rate of heat penetration for 5°-60°C for OR roasts,
strips, and "average" heat curve (strips estimated)

that OR roasts and strips were expected to follow,
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flavor, or apparent doneness; water-~holding capacity; pH; total
moisture EA.O.A,C. method); Instron measurements of cohesiveness
or elasticity, (Table 1); and rates of heat penetration in the
59-35° and 40°-50°C ranges (Table 6, Apprendix, pg. 52).

Although data for objective measurements indicated that
strips might be juicier (greater percentage ether extract, less
total cooking loss) and tenderer than OR, sensory measurements
indicated no significant difference in juiciness or initial ten=-
derness, but possibly a difference (P< 0.,06) in final tenderness
between OR and strips (Table 1),

Because of the nature of the model system, no meaningful
comparison can be made between roasts and strips for volatile or
drip cooking loss and heat. penetration in the 00-500 range, In
roasts cooked by dry heat, most of the total cooking loss occurs
as volatile loss, whereas with moist heat, drip loss accounts for
most of the total cooking loss., In the model system, although the
test tubes were not covered (Fig., 5), little moisture escaped as
volatile loss, so drip loss accounted for almost all of the total
loss. Thus, strips were cooked at a rate that occurred with dry
heat, but in a moist atmosphere. The roasts had an initial temp-
erature of 0°C when put into a preheated oven. They remained at
that temperature for an average of 25 minutes before the internmal
temperature startedrto rise, which is reflected by the long time
the temperature at the center of the roasts was between 0% and 5°C
(Table 6, Appendix, pg. 52). Because of the difficulty of holding
strips at 0°C in the water bath, no attempt was made to imitate
that portion of the heat penetration curve. The strips imitated
the hgat curve after the temperature of OR roasts was above bY%.,

Therefore, no comparison of data for OR and strips should be made
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Fig. 5 - Appearance of drippings from strips, after cooking
to an end point of 60°.

Appearance of raw and cooked strips.
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for the 0°-5°C heat penetration range,

Experiment II

For each replication, one round was divided into strips and
two roasts that were assigned raﬁdomly to moist (OFB) or dry (OR)
heat treatments, Analysis of va.riance showed differences among
rounds for Instron texture measurements of elasticity (P<0,02),
shear cohesiveness (P<0,03), total moisture (P<0.02), total
~ cooking losses (P< 0.04), pH (Pg 0,002), and HunterLab Levalues
(P<0,0003) (Table 7, Appendix, pg. 54). Differences in pH af=-
fect tenderness (Bouton et al., 1971), so differences (P<0,002)
in pH among i'ounds used in this study may account for some of the
differences between rounds in elasticity and shear cohesiveness,
Differences in pH also affect color and may account for the dif-
ference among rounds in L-value, |

Oven rcasting vs oven film bag, OFB roasts were less tender,

as assessed by both objective (P< 0,01-0,05) and sensory (P< 0,04«
0.05) measurement, less juicy (P<0,003), had less rare beef fla-
vor (P< 0.004), had a shorter cooking time (P<0,0001), had greater
total cooking losses (P< 0,0001), had 1less red (P<0,001) and
yellow (P<0,01) color than OR roasts (Table 2)., Hood (1960)
found that foil wrapped (moist heat) beef roasts cooked to 77°C
were less tender, less juicy, and had greater weight loss than
oven roasted beef, Similgr to data reported by Shaffer et al,
(1973}; OFB roasts in this study heated faster (P< 0,02) above
25°C than OR roasts (Table 6, Appendix, pg. 52), resulting in the
shorter cooking time, A faster rate of heating, and thus, a
shorter cooking time is expected, because steam conducts heat to

the muscle surface faster than dry air (Paul, 1972).
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OFB roasts were less tender than COR roasts, as assessed by
sensory measuréments of initial tenderness (P< 0.05) and final
tenderness (P< 0,04) and objective measurements of elasticity
(P< 0,01}, chewiness (P<0,05), firmness (P<0,008), and possi-
bly shear cohesiveness (P<:0.0?). Shaffer et al. (1973) found
that roasts cooked in oven film bags were less tender than oven
roasted beef, In this study, OFB roasts were less (P< 0.003)
juicy than OR roasts, which agrees with results of other research-
ers (Ferger et al,, 1972; Hood, 1960). OFB roasts had greater
(P<0.,0001) total cooking losses and contained less (P<0,0001)
total moisture than OR roasts, which might have contributed to the
lower juiciness scores for OFB roasts, Other researchers found
greater tdtal cooking losses with moist heat cooking (Hood, 1960;
Schock et al,, 1970; Shaffer et al,, 1973).

Although OFB and OR roasts had similar scores for apparent done-
ness, OFB roasts had lower (P<0,001) Hunterlab a-values, indicat-
ing less red color., This difference can be explained by the sampl-
ing procedure, Roasts were compared with strips so apparent done=-
ness samples consisted of 2,5-cm cores cut from the center of eéch
roast, Because the core was taken from the center, little of the
outer browner portion of the OFB roast was viewed by the sensory
panel, To measure color objectively, a whole slice including the
outer portions was ground up and color was measured spectrophoto-
metrically. This explains why a color difference between roasts
(OR vs OFB) was‘observed objectively, but not by sensory measure-
ment., Other researchers found moist heating.resulted in meat that
appeared more done than meat cooked by dry heat to the same end

point temperature (Schock et al.,, 1970; Ferger et al., 1972; Shaf-

fer et al.,, 1973; Vollmar et al,, 1976). Panelists commented that
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OR roasts‘had moderately intense rare beef flavor, but OFB roasts
occasionally had a cooked beef flavor.

Measurements in which OFB and OR roasts did not differ signi-
ficantly were initial weight and dimensions, pH, ether extract,
hardness, éohesi?eness, L-value, and rates of heat penetration be-
tween 5% ang 257¢,

Qven roasting vs strips, Differences between OR roasts and
strips in Expt., II were the same as those that occurred in Expt, I;
namely, Instron texture measurements and heating rates (Table 2).
Strips héd‘lower values for Instron hardness (P<0,01), chewi-
ness (P<0,02), shear cohesiveness (P<0,02), and firmness
(P<0,03) than OR roasts, but differences did not occur in sen-
50Ty tendérness measurements (Table 2). Strips had a longer
(P<0,0001) cooking time and a slower (P<0,01) rate of heating
above 40°C than OR roasts (Fig. 6). The strips were in the 50°-
60°C range 42% longer and in the 55°-60°C range 49% longer than
were OR roasts, which may account for the lower Instron values
for strips. Strips had more (P<0,07) total moisture than OR
roasts, but were not significantly different in juiciness, Hun=-
terlLab a-values indicated that strips were redder (P<0,001) than
OR roasts,'but that was not evident in apparent doneness scores,
Measurements that were not significantly different between OR
roasts and strips were: WHC, pH, ether extract, total cooking
losses, Instron elasticity and cohesiveness ﬁeasurements, Hunter-
Lab L and b-values and heating rates below 35°C,

Qven film bag vs strips, Differences between OFB roasts and
strips were the same as those between OFB and OR roasts, plus OFB

roasts were harder (P<0,001) than Strips and appeared more

(P<0,05) done (Table 2)., Although strips and OFB roasts were



35



°11 °3dxy ‘moyToy 03 pejzosdxs
sxem sdTa3s pue S3SBOIX Y0 ey} (Pojewiyss sdT.a3s)
2AIND 3wy ,o9vIeAm, pue ‘sdrIjs ‘siseox (18Tom) €40

pue (LIp) HO I0F D,09-,G WOIJ uoTyexyeued jesy JO o3ey - 9 *STg



36

99,

(306Y9I1N3T) S33493d

LN LS LA N LN A LA L L

T - et
\-.\‘..Q \\.\M\\-u\
e -
e \QU.\\
P \\.“n
n\-Q- .w.w.\
P -
Pl i
e \\ﬂ\\w -
i g
\!b\ - -
. 4
.- s
- W= ot
L g
- -\.- Q L4
.\-\ re \Q
- -

SdIyls B9

(031UWI1S3I) Sd4I”ls @~ —9°
isiou **

A4g ¥

:SON3931 T09WAS

-"0¢

INTL

T
(=]
-

o
w
(SALANIW NI)

-"09




37
both cooked in a moist atmosphere, strips were more like OR roasts
than they were like OFB roasts, The question that arises is whe=
ther the strips would have been more like OFB than like OR roasts
if they had been heated at a rate that occurred with moist heat

cooking? Further research is needed to answer that question,

Correlation coefficients

Correlation coefficients were calculated to study the linear
relationship between selected measurements (Table 8, Appendix,
pg. 55 ). Shipdell,(196h) described correlation coefficients as
low if ré0.397-, moderate if 0,40<r<0.79, and high if r=0,80,
irrespective of sign. Because of the small sample size in this
study, a large value for r was necessary to show significant
correlation. Coﬁsequently, although r was in the upper half of
the moderate range for many measurements, the coéfficient was not
gignificantly different from zero, Listed in Table 3 are selec=~
ted measurements‘with significant correlation coefficients in the
moderate or high range.

In Expt, I, initial tenderness of strips had a moderate negaw
tive correlation with firmness“(r=-0.?7*) and with the 55°-60°C
heat penetration rate (r=-0.72"), Initial tenderness of strips
was highly correlated with juiciness (r=0.94**) and final tender=-
ness (r=0,87 '), Final tenderness of OR roasts had a high nega-
tive correiation with élasticity (r=;o.90**) and a moderate nega-
tive correlation with ﬁH (r=-0.?9f). Final tenderness of strips
was moderately correlated with juiciness (r=0.77 ) and had a high
negative correlation with the 559-60°C heat penetration rate
(r=-0.88**). Heat penetration rate in the 55°-60°C range of strips

had moderate negative correlation with hardness (r=-0.76*)'and
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Table 3~ Significant correlation coefficients for selected

measurements
Paired measurements Treatment r-value
Expt. I
Initial tendermess vs *
Fipmnesgs : Strips =0.77%
55°«60" heat penetration rate Strips =0.724%
Juiciness Strips O
Final tenderness Strips 0,87
Final tenderness vs . o
Elasticity OR -0.90,
pH s OR -0.79,
Jujcingss - Strips D77 %
55 =60 heat penetration rate Strips -0,88
559.60°C heat penetration rate vs .
Hardness . Strips -0,764
Firmness Strips ~-0,76
Shear cohesiveness vs »
Hardness Strips -0.73
Expt. II
Initial tenderness vs - %
Final tenderness Strips 0.72,
OFB 0,831,
OR 92
Final tenderness vé "
Cshes veness Strips -0.71,
0¥=60"C cooking time OR 0,81
Juiciness vs Vi
Rare beef flavor OFB 0.88,
Apparent doneness Strips -0.83
Apparent doneness vs "
HBnte Lab a-value Strips -0.82**
0”=60"C cooking time OR 0.84
Shear cohesiveness vs N
Chewiness OR 0.73,
Elasticity OFB -0.75
D/F = 6.

*. significant at 5% level; rZ 0,707
#*t. gignificant at 1% level; r=0.334
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firmness (r=~0.76 ). When Instron shear measurements were corre-
lated to penetration measurements, only shear cohesiveness and
hardness were linearly related (rz-O.?E*).

In Expt. IT, initial tenderness had a moderate or high corre-
lation with final tenderness for strips (r=0.72*), OFB (r=0.83*),
and OR roasts (r=0.92**). Final tenderness had a moderate negative
correlation (r=-o.71*) with cohesiveness of strips and a high cor-
relation (r=0.81") with 0°-60°C cooking time of OR roasts, Juici-
ness had a high correlation (r=0.88**) with rare beef flavor of
OFB roasts and a high negative correlation (r=-0.83") with appa=~
rent domencss df strips, Apparent doneness had a high negative
‘cor:elation (r=-0,82") with HunterlLab a-values of strips and a
high corrélatioh (r=0.84**) with 0°-60°C cooking time of OR roasts.
When Instron shear and penetration measurements were correlated in
Expt. ITI, shear had a moderate correlation with chewiness (r=0.?3*)
for CR roasts and a moderate negative correlation (r=-0.?5*) with

elasticity for OFB roasts,

Variance among data

To determine if precision in measnrements differed between
the model system and conventional methods, for each measurement,
sample variances between treatments were tested for equality using
an F-test, In Expt, I, only apparent doneness and 0°-60°C cooking
time differed (P<0,01) in sample variance between OR roasts and
strips, with the roasté.exhibiting the greafer variation in both
measurements (Table 9, Appendix, pg., 58).

In BExpt., II (Table io, Appendix, pg. 59), sample variance
differed between OR and OFB roasts for HunterlLab a-values (P<0,01)

and rate of heat penetration in the 5°-10° andq 15°-20°C range
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(P<0,05). OR roasts had greater variation in Hunterlab a=values
and in the 5°-10°C heat penetration rate, but OFB roasts had
greater variation in the 15°-20°C heat penetration rate, Sample
variance differed (P<0,05) between OR roasts and strips for chewi-
ness, and heat penetration rates in the 15°-20° and 30043500
range, OR roasts had greater variance for chewiness and 30°-35°C
heat penetration rate, whereas strips had greater variance for 15°-
20°¢ heat penetration rate, Differences (P<0,01) in sample vari=-
ance between OFB roasts and strips occurred with HunterLab a-values
and total cooking losses, with strips exhibiting the greater vari-
tion iﬁ bothfmeasurements. Sample variance differed (P< 0,05) be-
tween OFB roasts and strips for firmness, with OFB roasts exhibit=-
ing the greater variation. 7 |

In general, variances for a given measurement were similar

between meat cooked in a model system dr by conventional methods,
SUMMARY

In two experiments, randomized complete block designs were
used to evaluate differences between 1.4 kg top round roasts (SM
and AD muscles) cooked by dry heat oven roasting (OR) or moist
heat in oven film‘bags (OFB) and SM strips heated in test tubes in
a water bath, Roasts were cooked in a 177°C rotary hearth electric
oven to an end point temperature of 60°¢C, Strips were cooked to
an end point of 60°C at an average heat penetration rate that oc=-
curred with oven roasting 1.4-kg top round roasts,

Roasts cooked by moist heat (OFB) cooked faster (P<0,0001),
and were less tender (P<0,05), less juicy (P<0,003), had less
rare beef flavor (P<0,004), less red (P<0.001) and yellow
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(P*<0.01) color, and more total cooking losses (P<0,0001) than
roasts cooked by dry heat (OR),

Strips had significantly lower values for Instron texture
measurements of hardness, chewiness, shear cohesiveness, and
firmness than roasts cooked by dry or moist heat, Strips had a
longer cooking time (P<0,0001) and a slower rate of heating above
5000 (P<0,02) than roasts, Although strips were cooked in a
moist atmosphere at a rate that occurred with oven roasting, strips
were more like roésts cooked by dry heat than they were like roasts
cooked by moist heat,

Correlation':oefficients showed no consistent trends between
experiments or between treatments except moderate or high correla-
tion betwéen iﬁitial and final fenderness. Variance for a given
measurement was éimilar bétween meat cooked in a model system or

by conventiohal methods.
CONCLUSICNS

Under the conditions of these two experiments, it was con-
¢luded that a model system may be used in place of oven roasting
when the data are to be used to evaluate treatment effects on
measurements similar to those used in these experiments, except

possibly Instron texture heasurements.
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Form IT
INSTRUCTIONS TO JUDGES FOR SENSORY EVALUATION OF BEEF TOP ROUND

Each judge is to select two cubes of meat at random from each
double boiler, Use one cube to score flavor and juiciness and one
to score tenderness and count chews, If the two cubes within one
sample are different, use an average score,

TAKE YOUR TIME to score each sample, Rinse your mouth be-
tween samples,

Scoring for apparent doneness

View the samples under the MacBeth skylight. Record a score
within the range of 5 to 1 that describes your impression of the
apparent doneness of the sample, using the descriptive terms on
the scorecard,

Scoringﬁfor flavor and juiciness

Record a score for flavor and another one for juiciness within
the range of 5 to 1 that describes your impression of the sample,
Refer to the scorecard for descriptive terms for specific scores
within the range of 5 to 1., Record a score describing your impres-
sion of flavor and Juiciness at the beginning of the chewing pro-
cess,

Scoring for tenderness

Initial score~ Record a score for tenderness that describes
your initial impression of the sample (within the first few bites).
Refer to the scorecard for descriptive terms for specific scores
within the range of 5 to 1.

: Count the number of times you chew the cube of meat before
swallowing, Chew until the meat is masticated completely, then
swallow, Record the number of chews required to masticate the cube,

Final score- Record an overall score for tenderness based on
the number of chews,

Use the number of chews to help standardize your tenderness
scores from day to day. Establish a range of the number of chews
for each score from 5 to 1, For example, if you chew from 25 to
35 times, record a score of L, if that score represents your im-
pression of tenderness; then if you chew 35 to 45 times, record a
score of 3. Continue to reduce the score by one for a given num-
ber of increased chews., Fach judge sets his own range of chews
for a given score.

Comments

Comments about the sample and/or explaining your reason for
giving a particular score are helpful, Please comment on any
aspect of the sample that affects its overall sensory qualities,
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Table 4 -Means, F-values, and probability that means are equal
for subsampling roasts within rounds, Expt, I

Measurements Roast 2 F=value P
Sensory scores
Initial‘tendernegs 2,9 B 2.21 0,17
Final tengerness 3.6 3.2 2.05 0.19
Juiciness % 2.8 TaS 0.02 0.89
Rare beef flavor 3.4 3.6 0,89 0.37
Apparent doneness Z2.0 1.8 4e10 0.07
Instron texture measurements
Hardness 6,03 634 0.67 O 4
Cohesiveness 0.46 Q. b4y 0,10 0,76
Elasticity S5.45 5.90 1.26 0,29
Chewiness 14,93 16.38 0,64 0.44
Shear 6.77 7.21 0.29 0.60
Firmness I ed 46,27 2,51 0,15
pH ' 5.51 5+55 0.36 0.56
Total moisture, %
A,0,A,C, 65.9 66.6 T 0,70
Brabender 67.0 67.1 012 0,80
Ether extract, % 5.2 4.8 0,07
Cooking losses, %
Total 21,0 21.8 0.97 0.35
Drip 3.5 4,0 0.41 0.54
Volatile _ 17.0 17.4 0.65 0.4l
Cooking time, min
Tgtalo 95,5 98,0 0.92 0.47
0¥=60" 71,8 73.0 0,08 0.76
Initial we%ght, g 1349.0 1344,3 0,0t 0.91
Volume, cm 1162.5 1096,0 0.24 0.66
Length, cm 14,0 13.9 0.09 0,79
Width, cm 12,1 12.5 0,36 0.59
Depth, cm 6.8 6.4 0.23 0.66
Rateoofoheat penetration, m
09-5° 75 50.5 0.98  0.35
100"150 ’4‘05 505 0-55 00’4-8
150-20o 4.8 he3 0,33 0.58
250-300 1}08 503 0.60 OIL!'6
350-400 - lf¢5 l". 5 OOOO ! 1 .OO
L"Oo-h'so 5'3 6.0 1 011-3 Oo 26
450-500 505 5.8 0058 0‘75
500"550 . 6-3 505 1.18 0-31
aS-tender or julcy; l-slightly tgugh.br'dry. b5~intense rare beef

flavor; 1-no rare beef flavor,

d S5-well done; l-rare
1,0 minus (expressible liquid index)
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Table 7 -Means, F-values, and probability that means are equal
between replications (rounds), Expt. II

Rounds

Measurements I II ITI IV v

Sensory scores
Initial
" tenderness?®
Final
_tendernesga
Juicingss
Flavor
Doneness
Instron texture meas
Hardness, kg
Cohesiveness
Elasticity, mm
Chewiness, kgmm 1
Shear, kg _
Birmness, kg/min2
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Initial weight 1038.0
Volumeé 930.0
Lengtg 13.5
Widthe ' 12.0
Depth
Heat pegetration rat
09-5°
50_100 :
10%.15°
152-20°
202-250
250-300
300-350
35 =40

oo
N
\]
O\
U
[
0O
H
O
(o's i iy

oN
N
O o

LW Wil O o oONI~I O~ MWW =

o

a .
(o SwurowunFuUnoong W & =
no
[y
™

[y
D
Famn S OWwW oW~ O~d MWW W W

[N

no
O = oW FENOWONO~TO~] ‘Www
- - - [ ] - - - - [ ] -
[y

= N
OON VN GAEFLODO RO~ DWW W W

=
=

& OO
=
un

* @ =

o OO F%rﬁ' =
[

O
= O

[
H
oun

s
N o

= =AU OO

nNO

[y

QO

~J\n

~Jnln I EEEUUOy I NWINDoD OO0

- - L] '] - - - -

(I Y
o
(0]
O
(@]
(R
[oN®]

= oo OO

ownEFEFWWELSETONY RV LSBON WO~
NN OW-IUnNN~JOoOOoO® NOWNWN~JIOO

"= & e o 8 @

min

W
O U
« [ =

DUV oMW 0 O\R=3I~3 0= O
N

NN OIWNUIWOoO O OO 00 oW O =~ YN OWUi NV FFEB i~ g oo

O I NN NON~T ~JINOoOWnN~JOoUn WOLE UnSoyn oI Do0JWW oW =
[N

(5380 L O ol ol el e WVRW B e )
WO ~I W O oLl ~J\W
oNnununEEFFWwEET o

« & =

oo FEEw Sl

*® ® = 8 a

3
fure



Table 7 =(concluded)

54

Rounds
Measurements VI VII VIII F P
Sensory scores -
Initial tendernegs 3.8 4.2 3.7 0.27 0,96
Final tengderness 3.7 4,2 .7 0.71 0.66
Juicingss 3e7 Bl .6 c.11 1,00
Flavor™ . - 3.4 Se5 Se2 100 Q.47
Doneness , 2.9 2.7 2.9 0,73 0,65
Instron texture measurements
Hardness, kg 7.47 6,98 L.75 2.26 0,09
Cohesiveness 0.47 0.46 0,48 1,46 0,26
Elasticity, mm 7.6 77 8ol 3.73 0,02
Chewiness, kg-mm 26.7 25.7 19.7 2.11 0,11
Shear, kg 7e3 7.1 7e3 3.29 0,03
Firmness, kg/min - 23,5 26,2 21,5 1.58 0,22
WHC 0.6388 0,6169 0.,6673 1,48 0,25
™, A,0.4.C., % 6.4 64,9 6449 364 0,02
Ether extract, % 5,3 4.5 . 4,0 150 0,17
Cooking losses, % )
Total 26.,2 24,2 26,7 2,97 0,04
Volatile 9.3 Beb 8e2 0.76 0,63
Drip 16,0 15.3 17.2 1.23 0,35
HunterLab color measurements
L-value 4.1 47,9°  149.9 9.55  0.0003
a'-value Ce 58 50733 5.54 132 0031
b-value 9,80 9,88 9,89 0,71 0.66
Cooking ;ime, min
0¥=60 72,7 69.0 67.7 0.70 0,67
Initia% we{ght, g 1089.7 1069,3 1017,0 2.89 0,04
Vblumee, cm 1280,5 1037.5 1021.5 1.99 0.19
Length®, cm 12,3 13,0 13,5 0.64 0,71
Widthe, cm 12,0 12,0 11.0 0.53 0.79
Depth™, cm- 8.8 6.7 6.9 1.56 ©,28
Heatopeaetration rates, min
062 o 32,8 28,5 18,2 1,01 0.47
S =107, Be2 5.7 - 0.20 0,98
105-15, 4,7 4,0 5.5 1.08  0.42
150"200 LI-.O ll--a 500 0.94 0‘51
205=254 5.5 3.7 bhe2 0.54 0,79
250"300 i 365 4e3 1.41 0.28
205334 bo5  Le3 3.8 1,00 0.47
350-400_ el h,7 hed 1.03 0.45
40 =45, 4.3 5.0 4.7 0.45 0,85
45°-50° 5.3 500 #05 1 L4 “-|- 0'39
500-550 6.2 53 6.3 0,5 0,78
55 =60 7.0 6.8 T 0,56 0,78

1-fough or dry

1=n0 rare beef flavor 5-well _done; l-rare

1iquid index;

b?-intéﬁsa rare pee

1.0 minus expressible
average for OR and OFB roasts only

T flavor;
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Table 9 -Sample variances and F-value testing equality of
variances between treatments for a given measure-

ment, Expt. I

Measurement OR Strips F-value®
Initial tenderness 0.1584 0.4571 2.89
Final tenderness 0.1755 0.1850 1.05
Juiciness 0.2343 0.1613 1.45
Flavor 0.2527 0.0943 2,68,
Doneness 1.2229 0.1241 9.85
Hardness 0.7977 00,2221 3.59
Cohesiveness 0.0025 0.0045 1.7%
Elasticity 0.2821" 0.6707 2.38
Chewiness 9.7200 6.4498 1.51
Shear 1.2050 0.9079 1.33
'Firmness 245,4882 52,0654 4.71
WHC 0.0008 0.0010. 1.32
pH 0.0091, 0.0150 1.65
™, A.0.A.C. h.6818 37257 1.26
TM, Brabender 0.6161-1-.D 0.5879 1.05
Ether extract 1.0800 0.5051 2,14
Tgtal cooking losses 0.7641 3.6141 s T
60° cooking time 51.1250 3.4286 - 14,91
Heat pengtratlon rates
5@ 610 3.6964 1.6429 224
102 150 3.7143 1.9821 1,87
152-20° 1.1429 1,0714 1,07
20 250 0.8393 0.8393 1,00
250-30 0.571% 0.8571 1,50
30 -350 0.8393 1.4286 1.70
35O 402 0.2857 0.8571 3.00
502450 1.1250 0.2857 3.94
45°-502 0.5536 1.1250 2.03
50 55 0.9821 0.7857 1,25
55°.60° 1.0714 1.2679 1,18
8n=8; F.025,7,?=4.99; *¥-gignificant at 5% level; F'005'7’7=8.89;

#*.gignificant at 1% level;

bn=6; F

025, 5,7 2291

*-gignificant at 5% level; F 005, 5 ?=9.52;
* 9 ]

#*%_gignificant at 1% level



59

00°¢ .L9°2 00°8 ¢hiz2*o hi120°0 hid6°0 095~ 00%
70°2 % 0005 *0 aghz®0  0000°0 00£ =062
G6°1 04°1 6L %969°0 146¢°0  LoLh*O 0G2=002
211 ce°q 86°G 62hL" 1 cige’l ¢hie’o omu Gl
gLz *Hae *8g” 1 %969°0 12gh*L  HwLl0°) m_-oo_
6h°e *oo.w 12°¢ 0005°0 qahiz® i 0000°*% o0L~ m
auty}
o1 VA | 92°¢ 9¢6G° 4 #146°01 000§°HE SUTHO0D mommmﬁ
a
1 2¢°¢ £8°2 GG64°0 €646°L %g¢9°2 U002 TB30]
*xclh oh°1 gc°¢ 9¢1L°0 wnmm 0 06G61°0 anTeA-q
**mm.mu YA I ¢6°2 9660°0 mmmm.¢ 29441 anyes-g
06°1 **6c1 PXad GL92°2 wnam.# 1ghL°¢ enyeA-]
0°2 G6°1 20°1 ahgeL 9¢266°0 GL10°1 308IIXa I8yl
g6°1 26°¢ 84°1 662°0 641860 1zho°1 *0°V°0°V ‘WL
69°1 79°1 Q4°¢2 4600°0 %910°0 6400°0 Hd
aheg L6°¢C Gl 9000°0 0200°0 €200°0 DHM
LL6°G 642 ) $126°¢s 980s¢°2l 14879 SSOUMI T
6 oz°Y 40°1 L A L 6149°1 L9R4° 1 Jeays
05°2 052 .29 GGH/.°9¢ 0689°%1L  11h0°26 SgaUTMOYD
T1°1 Q2*¢ *l9°2 2066°0 2629°0 9808°1 £3ToTaseTa
z2°1 LA Zh*l 4200°0 €¢00°0 4100°0 SS9USATSSYO)
[ 1% 86°¢ 0040° 1 gzhg*o0  z2hsee sgeupIeq
2L’ 2¢°1 mm.m 0409°0 4265 "0 4208°0 g89UauUOo(]
HG*e qlL°g 2’1l GGGs°0 Q6£1°0 L2110 JI0oARTy
g89°H Ge e 00°2 c12e’o 9890°0 04£1°0 gseufoTuL
SgauJIapual
h1°¢ Gl 64°1 th92°0 17580°0 L0G1°0 TeuTd
Sgaudapual
VAL ] 0z2°2 L2 640%1°0 LGR0°0 4G81°0 TeT3 Tul
g40 sA sdTI3s g40 sA ¥0 sdTI3s 8A HO €40 gd X389 40 S3USWIINT B
gSonTeA=d
II *3dxy ‘jusweansegem USATE ® JOJ

gjuamjesly nmmapmp gsooueflIva JO hpﬁﬁmzwo Sutyse] anTeA—-j pue SsouUeTdea aTdues~ Q| @TqeL



60

1B QUBOTITUSTS —-xx 97°'6 =

BADT 9
4'9°G00" m.w.mmoHh t
Jd {TeA9T %G 3® JUBOTITUITS -4 1Z1°G = g wmuca
T2A3T %1

1B JUBOTITUDTS —xx $68°8 = & ¢ 99071 t7oneT 96 1® gueoTITUTTS —4 66 = & £15207 fg=u,

00'T 76" 1 H6°1 9€65°0 9€65°0 HT40°T 009555
UTARY 8L°2 09°1 LOTH"0 ENTL°0 62hT "1 pI3-605
58°T €r°¢ 69°1 64920 5564°0 €6£8°0 05~ o M
9€° T €61 60°2 6492°'0 #96T°0  LOIH°0 oot~ o0t
25°1 402 Er°€ 9€55°0 €6£8°0 649270 00— o5E
gd0 sA sdtarg  gd0 sA HO sdta3s sa 40 . €40 sdrags 40  SjusweInsBIN

gSonTeA-g

(PePNTOU0D )-g1 START



Table 11-Mean squares, Expt. I

Source of variation

Measurements Rounds Treatment Error
daf 3 1 11
Initial 0.2373 0.8556 0.3270
tenderness
Final 0.0273 0.9506 0.2220
tenderness
Juiciness 0.1106 0.1806 0.2215
Rare beef flavor 0.3540 0.,0306 0.1243
Apparent doneness 0.0640 0.0506 0.8397
Hardness 1.4058 6.2500 0.2656
Cohesiveness 0.0020 0.0036 0.0039
Elasticity 0.2417 11,0000 0.5405
Chewiness 8.2873 102,5156 8.0297
Shear cohesiveness 0.7928 7.4393 1,1284
Firmness 160.3955 1637.2139 145,6080
WHC 0.00004 0.0004 0.0011
pH 0.0283 0.0023 0.0076
TM, Brabender 0.5750 2,5600 0.6095
Total cooking 3.2175 8.4100 1.9086
lssse
cooking 13.3958 333.0625 31,0625
tlme
Heat pengtratlon rates ‘
5 —10 1.2292 3.0625 3.062
10° —15 1.7292 0.5625 3.153
15 20 0.4167 , 0.2500 1.2955
20° 250 2.5000 0.2500 0.3864
25u 300 0.5000 0.0000 0.7727
30 35 1,8958 3.0625 0.9261
35 ho 1.1667 9,0000 0.4091
Lo° -45 0.5625 0.0625 0.7443
45 50 0.5000 2.2500 0.9318
50 550 0.2292 14,0625 1.0625
55 -60 1.5625 7.5625 1.0625
daf 3 1 9
Ether extract 0.1637 17.8564 0.9383

™, A.0.A.C, 7.7601 4.7960 2,9118




Table 12-Mean squares, Expt. II

Source of variation

Measurements Rounds Treatment Error
df 7 2 14
Initial tenderness 0.7976 1.2950 0.,2998
Final tenderness 0.1312 1.0929 0.1839
Juiciness 0.0286 1.6663 0.2491
Rare beef flavor 0.2028 2.2850 0.2026
Apparent doneness 00,4709 2.4200 0.6457
Hardness 2.7963 10.8302 1.2952
Cohesiveness 0.0045 0.0056 0.0031
Elasticity 3.7295 0.5379 1.9401
Chewiness 77.8198 271.4779 60,7917
Shear cohesiveness 6,8247 20.6408 2.0732
Firmness 13,4476 262,5867 27.7048
WHC 0.0021 0.0051 0.0014
pH 0.2433 0.0005 0.0038
™, A.0.A.C,. 1.2405 25.2419 0.3412
Ether extract 1.8724 1.6666 1.0410
Total cooking 6.5836 169.0829 2.2148
lgsse
cooking 13.6607 1696,6250 19.4821
time
Heat pengtratlon rates
59 s10" 0.5223 5.4688 2.6116
10° o-152 1.1429 1.7917 1.0536
15 -20 0.8438 1.6354 0.8973
20° *250 0.3095 3.7917 0.5774
250 30o 0.3080 2.8854 0.2188
30 35 0.2857 5.1667 0.2857
i -40 0.5655 6.1667 0.5476
Lo© -45 0.1607 12,6667 0.3571
45 -50 0.5818 23.8438 0.5104
50 -55 - 0. 4940 19.6250 0.8869
559_50° 0.4762 51,0417 0.8512
af 7 2 13
L-value 7.6136 0.9857 0.7969
a-value 2.1827 51,6868 1.6484
b-value 00,2037 3.2380 0.2852
af 7 7 1
Volume 32398.2054 28476.5625 162473.7054
Length 0.3839 0.5625 0.5982
Width 0,5513 1.8906 1.0335
Depth 1,691L 1 0.36C0 1,081L




Table 13-Initial tenderness® scores

Treatments
Replication Strips OR OFB
Expt. I
11 3.4 4.0
T2 4.3 Fel
II4 L4 3.4
II2 Bl S
III1 4.9 3.9
LLEZ L. b 3.4
Iv1 2.8 L.,2
Iv2 3.8 3.5
Avg. 4.1 3.6
EEpt. I
I 4.0 4,8 3.3
II 4.6 3.9 2.7
IIT L,7 3.4 L.3
Iv 4,1 b.1 1%
v 4,2 h.1 3.1
VI 4.0 4.3 3.0
VII L4 3.7 4,5
WIII h.1 3.7 3.4
ave. 4.3 4.0 3.4

%Range: Expt. I 5-tender; 1-slightly tough
Expt. II 5-tender; 1-tough



Table 1lB3.Final tenderness® scores
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Treatments
Replication Strips OR OFB
Expt. I
I1 3.4 3.8
12 3.9 3.4
I11 b 3.3
112 4.0 3.2
T1IT1 44 3.6
ITIT2 h.1 2.5
Ivi 3.4 3.8
Iva 3.4 3.5
Ave. 3.9 3.4
Expt. Il
I 4,1 L.7 3.3
5 h.6 4.0 3.6
I11 4,6 3.3 4.3
v 4,0 3.9 3.1
v h.2 3.9 3.0
VI 3.9 b2 3.0
VII 4, b 3.9 L,2
VIII 3.9 3.9 3.k
Avg., h.2 b.0 3.5
aRange: Expt. I 5-tender; 1-slightly tough

Expt. II 5-tender;

1-tough
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Table 15-Juiciness?® scores

Treatments
Replication Strips OR OFB
Expt. I
I1 58 b
I2 4,2 3.9
111 4,2 3.8
112 . 4.0 3.1
LETL L, 3.1
III2 L.k 4.3
Ivi - 3.2 4.0
IvV2 ko 3.8
Ave. ko 3.8
| Expt. II
T | 4.2 I,2 2.3
II 4.0 L,7 240
111 4.0 3.8 3.4
Iv 3.7 4,1 3.1
¥ k.o 3.7 3.9
VI 3.9 4.o 3.3
VII 3.6 38 3.9
VIII 3.4 b4 3.0
Ave. 3.9 4.1 32

aRange: Expt. I 5-juicy; 1-slightly dry
Expt. II 5-juicy; 1-dry
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a

Table 1g-Rare beef flavor™ scores
Treatments
Replication Strips OR OFB
Expt. I
I1 3.7 3.7
I2 3.7 4.3
111 3.3 3.1
II2 . 3.4 2.8
IT1Y _ 3.5 3.0
II12 L,1 3.6
Ivi | 3.2 3.8
Iv2 3.9 3.8
Avg. | 346 3.5
Expt, II
I 3.9 3.7 21
1T . 3.3 3.6 2.0
IIT 3.9 3.0 3.3
Iv 35 3.1 2.4
v b.o 3.5 3.7
VI L,2 3.3 2.8
VII 3.9 3.7 3.0
VIII 3.1 4.0 2.4
Avg. 37 3.5 2.7

aRangez 5-intense rare beef flavor; 1-no rare beef flavor



Table 17-~Apparent doneness?
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Treatments
Replication Strips OR OFB
Expt. I
I 2.8 Fub
I2 2.8 1.2
EI1l 2.6 3.0
112 2,9 12
IIT1 1.9 3.5
IIIZ 2.5 1.3
Ivi 2,5 1.9
Iv2 Sl 5.5
Avg, S5 2.4
Expt. II
I 1.8 3.0 b,o
II 243 3.6 b,y
III 2.0 1.8 b.2
Iv 2.0 1.1 3:1
\ 1.5 2.9 3.0
VI 2.0 38 2,9
VII 247 3.0 2.5
VIII 3.4 2.9 2.4
Avg. 2.2 2.8 B

aRange:

5-well done:

l-rare



Table 18-Hardness values, kg
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Treatments
Replication Strips OR OFB
Expt. I
I1 L.37 5.36
12 .82 5.68
I11 L.86 5.43
) h.69 5.19
II11 5.11 6.75
Lliz ~ 4,61 7.66
Iv1 5.93 6.59
Iv2 5.11 6.84
Avg. 4. o4 6.06
Expt. II
I 6.08 5.17 6.92
I 5.30 8.27 7.90
11T 4,93 8.90 747
IV 6.57 8.57 8.17
v 5.87 8.20 7.47
VI 6.47 5.97 9.97
VII 5.20 7.77 7497
VIII 3.80 3.93 6.53
Avg., 54i53 7.10 7. 80
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Table 19-Cohesiveness values

Treatments
Replication Strips CR OFB
Expt. T
11 0.39 0.42
12 0.43 0.51
111 0.51 0.41
112 , 0.29 0.39
I 0.41 - 0.46
III2 0.49 0.41
Ivi ‘ 0.42 0.53
Iv2 0.40 0.45
Avg. 0,42 0.45
Expt. 11
I 0.47 0.31 0.39
1T 0.31 0.42 0.42
TII 0.40 0,41 0.43
Iv 0.45 0.45 0.43
v 0.42 0.52 0.49
VI 0,48 0.46 0.47
VII 0.36 0.48 0.53
VIII 0.39 0.52 0.53

Avg., 0.41 0.45 0.46
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Table 20-Elasticity values, mm

Treatments
Replication: Strips OR OFB
Expt. I
11 6.7 5.
12 5.0 5.4
IT1 5.9 6.0
I12 : b.7 6.0
Irrr 4.9 5.0
1112 4,2 67
Ivi 5.5 5.4
Iv2 h.5 5¢5
Avg. 5.2 5.7
Expt. II
f 5.7 5.0 6.9
IT 7.4 5.9 77
IIT 6:+5 7.7 9.0
v 6.9 6.9 5@
v 6.9 9.5 8.7
VI 7 el Te? g
VII 7.0 Pl 8.9
VIII 8.5 7.7 8.9

g, 7.0 P52 8.3




71,

Table 21 -Chewiness values, kgemm

Treatments
Replication Strips OR OFB
Expt. I
I1 11.3 1241
I2 10.4 15,5
I11 14,2 13.4
L2 ‘ E¢3 12.2
IT1I1 10.2 155
TE12 9.4 20.9
1 13.7 18.7
vz : 9.2 16.9
Avg. 10.6 15.7
' Expte I1
I 16,2 8.0 18.5
II 121 203 25.4
II1 12.5 27.9 28.9
Iv 20.3 26.4 287
v 16.9 Lo.s L7
VI 22,2 21.0 36.8
VIT 3.1 26,7 I 2
VIII 12.6 18,5 30,7

Avg., 15.8 23.3 29.7




Table 22-Shear cohesiveness values, kg
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Treatments
Replication Strips OR OFB
Expt. I
11 7.08 5.62
12 5.98 6.10
111 6.59 8.65
112 5.85 6.67
TILY 4,69 6.50
III2 5.66 7.91
Vi 4.69 6.30
2 L.4s 8.15
Avg, 5.62 6.99
Expt. II
I L.83 5433 7.58
II L.87 8.23 5.93
111 b.97 7.47 7.77
Iv 8.47 8.57 14,63
v 7.10 8.97 10.53
VI 5.47 5.97 10.37
VII 5.27 8.80 7.20
VIII 5,70 7.80 8,30
Avg. 5.84 .64 9.0k




Table 23-Firmness values, kg/min
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Treatments
Replication Strips OR OFB
" Expt. I

I1 20.93 31,01

I2 11.87 Lsg,74

IT1 20,04 41,50

I12 24,31 35.93

ITE 12.44 35.66

IIIZ2 14,51 28.57

Ivi 33.80 24,76

vz 18.26 7474

Avg. 19.52 39.75

Expt. II

I 16.3 21,8 33:1
II 16.4 28.1 26.5
III 11,8 22,1 28.0
v 21.6 27 4 51.9
\' 23.0 22,1 35.7
VI 17.5 17.6 35.4
VII 18,7 34,0 258
VIII 15.5 21.3 27.7
Avg. 17.6 24.3 33.0
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Table 24-Water-holding capacity values

Treatments
Replication Strips OR OFB
Expt. I
Il 0.6485 0.6952
L2 0.6305 0.6741
I11 0.6071 0.6920
112 : 0.6627 0.6576
ITIt 0.6196 0.6650
I1I2 0.6756 0,6665
Ivi 0.6771 0.6126
Iva 0.6984 0.6360
Avg. 0.652k4 0.6624
Expt. II
I 0.6130 0.6870 0.6700
IT 0.5941 10,5561 0.6578
N 0.6672 0.6047 0.6333
IV 0.5799 0.6254 0.6303
v 0.6352 0.6275 0.6786
VI 0.6483 0.5859 0.6823
VII 0,6079 0.6050 0.6379
VILI 0.6114 0.6984 0.6922

Avg. 0.6121 0.6238 0.6603




Table 25-pH values
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Treatments
Replication Strips OR CFB
Expt, I
Il 5.55 504
I2 5.37 5.55
111 5455 5.65
112 5.74 5.57
IIT1 5.56 554
III2 5.39 5.65
vl 5f40 5.41
Iv2 5.49 5.43
Avg. 5.51 B 5
Expt. II
I 5.36 5.40 5439
II 5.41 5.39 5.39
IIT 5.41 5.55 55
v 5.35 5.50 5.33
v 5.62 5,58 5.55
VI 5.69 5.54 5+03
VII 5.49 544 5.51
VIIT B 37 5.40 550
Avg. 5.46 5.48 5.48
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Table 26-Percentage total moisture, A.0.A.C. method

Treatments
Replication Strips CR OFB
Expt. I
I1 661 66.9
12 68.0 69.3
II1 66 .4 67.6
II2 ; 61.9 -
ITI1 7 65.2 63.0
III2 64,1 -
Ivi 64 .6 66.2
Iv2 63.1 65.0
Avg. 64.9 66.1
Expt. II
I 64.6 63.7 61.8
II 65.8 65.3 62.9
i1l 66.9 66.0 62.9
Iv 66.5 67.0 ° 62.7
v 66.7 64.5 61,8
VI 6545 64,7 63.0
VII 66.2 6547 62.8
VIIT 6545 66.0 63.2
Avg. 65.9 65.4 62.6




Table 27 -Percentage ether extract

Treatments
Replication Strips OR OFB
Expt., I
I1 6.4 2.8
I2 4.5 h.5
IT1 7.1 2.9
IT2 5.2 —_
II11 B 4.6
III2 6.9 L
Iv1 5:9 2:5
Iv2 55 b.7
Avg. 6.0 3.7
Expt. II
I 5.6 L.6 b7
IT 6.8 3.8 3.3
111 3.9 2.9 3.4
v 5.4 3.5 5.7
v b,6 6.0 7.4
VI 5.7 5.1 5.0
VII L.ob 3.6 5.7
VIII 4.2 L,2 il
Avg. Bl bh.2 4.8
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Table 23'Percentage total cooking losses

Treatments
Replication Strips OR OFB
Expt. I
11 21.4 21.5
1z 20,4 | 23.0
111 22.6 21.6
iz 19.3 21.3
CIITt 19.4 21.2
III2 19.9 1.0
vl 20.6 19,8
i 16,1 54
Avg. 20.0 21.4
Expt. II
I 19,3 20,4 30.8
II 1.1 22.3 29.3
11X ‘ 19.3 21.8 29.1
v 18.9 202 28.8
v 23.3 24,5 28.7
VI 23.6 24.3 30.8
vII - ' 19.8 23.1 29.6
VIII 26.1 2343 30.6

Avg. 21.2 22.5 29.7
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Table 29-Percentage drip cooking losses

Treatments
Replication Strips OR OFB
Expt. 1
11 20.0 3.9
12 19.3 4,0
IIt 20.8 - 3.3
112 1.3 3.8
III1 179 4.3
LII2 18.8 b,7
Ivi 19.9 253
1v2 15.4 3.6
Avg. 18.7 ﬁ:Zr
Expt. II
I 18.7 2.4 o 23.8
II 17.6 2.6 23.4
111 18.4 . 2.8 21.9
Iv 18.7 3.0 216
v 22,8 2.8 22,1
VI 21.6 2.9 23.6
VII 19.1 3.6 23.3
VIII ge.4 Bl 23.4

Avg. 20,3 2.9 55,9
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Table 30-Percentage volatile cooking losses

Treatments
Replication Strips OR CFB
Expt. I
I1 1.4 Al
5 -] 07 - 18.6
I11 1.0 i
I12 0.3 17.0
ITI? 1.0 162
I1I2 0.7 16.0
V1 0.7 , 17.0
Iv2 1.0 8
Avg. 0.8 17.2
Expt. II
I 0.5 17,6 .
II 0.5 19.4 5+ 3
I1I 0.9 18.0 6.4
IV 0.2 16.7 6.5
v 0.7 21.31 57
Vi 0.5 21.2 6.1
VII 0.7 - 19,2 5.8
0 Q.8 19.5 L,b

Ave. 0.6 19. 1 5.6
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Table 3+-0°-60° cooking time, min.

Treatments
Replication Strips OR OFB
Expt. I
11 85 62
12 80 81
I11 80 | 68
II2 82 73
e e 80 | 74
1112 82 66
Ivi 80 83
V2 83 72
Avg. - 81.5 72.4
Expt. II
I 80 76 51
II 77 74 53
I1I 85 61 58
v 83 61 51
v 82 68 53
VI 87 74 57
VII 85 66 56
VIII 85 66 52

Avg. 83.0 68.3 53 .9




Table 32-Initial weight values, g .
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Replication Strips OR OFB
Expt. I
i 285 1384
I2 280 1407
o s 288 1222
112 290 1197
TIT1 289 1378
II12 282 1394
Ivi 286 1412
Iv2 286 1379 
Avg. 285.8 1346.6
Expt. II
I 379 1372 1363
11 387 1384 '1387
111 436 1417 1414
Iv 418 1308 1378
v 403 1409 1413
VI 402 1456 1411
VII L1y 1361 1433
VIII 379 1322 1350
Avg. 402.3 1378.6 1393.6




Table 33-Hunterlab L, a, and b values, Expt. II

Treatments
Replication Strips OR OFB
L-value
I k7,18 47,89 L8,96
IT1 48,89 50.45 48,79
111 b6.72 47.75 6. 45
Iv 44,90 Lly,63 46,09
v 47,39 46,87 45,76
VI 45,38 47,41 45,56
VII 48,60 47,12
VIII 50.97 L4o,64 4,11
Avg. 47.35 47,91 47.23
a-value
I 8.82 743 L,10
11 .35 6.87 L,42
IIT 9.45 5.46 4,29
IV 10.79 777 FaB3
\ 13.34 6.57 4.55
VI 9.16 8.90 4,67
VII 7.35 4,10
VITI 6.549 5,19 4.33
Avg. 6 6.94 4.30
b-value
I 10.33 10.15 0.52
1T 10,86 10.50 9,71
LI 9.97 9.77 9.10
Iv 10421 9.65 8.96
Vv 12.04 9.52 8.70
VI 9.94 10428 .19
VII 10.55 9.20
VIII 10:35 9.76 9.56
Avg. 1D.53 10.02 9,24
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Table 3% Volume and total cooking time for OR and OFB roasts

Voi;ge Total co;?ing time
Replication OR OFB OR OFB
Expt. 1

I1 1008 97

I2 1251 106

I11 986 88

I12 1069 88

II11 1238 ok

1112 oL s 91

Iv1 1418 103

INZ 1124 107

Avg. 1129.9 96.8

Expt. II

I 936 924 - 101 91
11 1149 1326 109 88
III 1050 1242 106 103
IV 1050 1061 96 96
v 1326 3170 118 93
VI 1311 1250 114 97
VIIT ‘ 827 1248 106 96
VIII 970 1073 106 87

Avg. 1077.4 1161.8 107.0 93.9
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Table 36-Heat penetration rates, min., Expt. IT
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Table 36 ~(continued)
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Table 36-(concluded)
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Depth, cm

Table 37-Length, width, and depth values for OR or OFB roasts

Width, cm

Length, cm

OFB

OR

OR OFB OR OFB
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Table 38-Total moisture, Brabender, %, Expt. I

Replication Strips OR

I1 B5.6 66.4
I2 66,0 66.8
I12 65.1 66.4
IT2 67.1 ' B7:1
III1 67.4 66.3
I112 66.3 67.4
IVl 65.8 68.7
IV2 | 66.5 67.1
Avg. 66.2 67.0

Table 39-Means and probability that means are equal for misc.
measurements, Expt. IT

Means
Measurement OFB OR P
Initial weight, g 1393.6 1378.6 0.29
. Volume, cm> 1161.8 1077 .4 0.23
Length, cm 12.9 13.3 0.36
Width, cm 12.1 11.4 0,22
Depth, cm T s i 0.58

Total cooking time 93.9 ' 107.0 0.004
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ABSTRACT

To study effects of heating on muscle, some researchers have
used model systems in which small pieces of muscle are heated in
plastic bags or test tubes in a water bath in place of roasts
cooked by conventional methods., The assumption was made that if
the muscle was heated at the rate that occurs with conventional
methods the quality characteristics of the meat would be the same,
Researchers should know whether the method of heating significantly'
affects the meat, especially if results from studies that used a
model system are to be compared to studies that used conventional
methods,

In twb experiments, randomized complete block designs were used
to evaluate différenceslbetween 1.4-~kg top round roasts (SM and AD
muscles) cooked by oven roasting (OR) or oven film bags (OFB) and
SM strips (2 x 2,3 x 7 cm) heated in test tubes in a water bath,
Roasts were cooked in a 177°C rotary hearth electric oven to an end
point temperature of 60°C, Strips were cooked to an end point tem-
perature of 60°C at an average heat penetration rate that occurred
with oven roasting 1.4~kg top round roasts.

Roasts cooked by moist heat (OFB) cooked faster (P<0,0001),
and were less tender (P<0.05), less juicy (P<0.003), had less
rare beef flavor (P<0,004), less red (P<0.001) and yellow
(P<0.,01) color, and more total cooking losses (P<0,0001) than
roasts cooked by dry heat (OR),

Strips had significantly lower values for Instron texture
measurements of hardness, chewiness, shear cohesiveness, and firm-
ness than roasts cooked by dry or moist heat. Strips had a longer
cooking time (P<0,0001) and a slower rate of heating above 50°C



(P<0,02) than roasts, Although strips were cooked in a moist |
atmosphere at a rate that occurred with oven roasting, strips were

more like roasts cooked by dry heat than they were like roasts

cooked by moist heat,
Correlation coefficients showed no consistent trends between

experiments or between treatments except moderate or high correla-
tion between initial and final tenderness, Variance for a given
measurement was similar between meat cooked in a model system or

by conventional methods.



