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INTRODUCTION

Oven film cooking bags are offered to the homemaker as a new method of
meat cookery. Film bags are marketed under several brand names, and one
manufacturer suggests that lower cost, less tender cuts of meat ideally are
suited to cooking in film. This is in agreement with the usual recommenda-
tion that moist heat (braising or pot roasting) be used to cook less tender
cuts to soften collagenous comnective tissue. Manufacturers sowmetimes imply
in advertising that their product will produce a juicier, more flaverful
roast in a shorter time than is ctherwise possible.

In general, data have indicated that tender cuts require longer cooking
time, but Havg_legs;ﬁefgﬁt énd autritive loss, and are more palatable when
cooked by.dry heat (roasting, broiling, deep fat frying) than when cocked by
moist heat. Schock et al. (1%70) studied the effects of two dry hest treat-
ments (oven roasting, deep fat frving) and two moist heat treatments {oven
braising, pressure braising) on beef semimembranosus muscie from top round
cooked to an incernal temperature of 70°C. They found nolqigqificant dif-
ferenﬁes attributable to héat treaﬁment tor flavor, tendefness; and overall
acceptability. Total moisture amnd press fluid yield were higher (P < 0.05)
for oven rpasted pisces, whareas, the rate heat penetrated was slower
(P < 0.03) aud the cocking time was longer (F < 0,05) for oven roasting
than for aany ¢f the other treatments.

Reid and Barvison {1971) reported that selected histological character-
istizs of the heef cooked by Schock et al. (1%270) did not vary significantcly
amorg hest traatments. They suggested that variacions among similar data

appearing in the literature may be stiributable to vardations in method of



measurement; age, maturity, or grade of animals; or treatments other than
heat treatments.

Ferger et al. (1972) studied effects of: (1) roasting and cooking in
oven film on boned and rolled leg of lamb roasts cooked from the frozen state
at 163°C to an internal temperature of 75°C, and (2) roasting and cooking in
oven film on beef rib roasts cooked from the frozen state at 149°, 163°, or
177°C to an internal temperature of 60°C. They concluded that (1) there is
little difference between dry and moist heat in cooking time, percentage
total cooking losses, flavor, juiclness, and tenderness of meat cooked from
the frozen state to the same internal temperature, (2) dry heat produces meat
that appears less well-done than meat cooked b& moist heat te the same
internal temperature, and (3) time for cooking beef rib roasts from the
frozen state by dry or moist heat is not shortened significantly by increas-
ing the oven temperature above that usually recommended., Both cuts of meat
used in the studyv by Ferger et al, (1972) are, tender cuts.

No data were found for cooking a les; tender cut of meat from the
frozen state by roasting and cooking in oven film, Manufacturers of oven
film recommend oven temperatures of 350° to 400°F (177° to 205°C). This study
was deéigned to investigate effects on beef top round of roasting and cooking
in oven film at two oven temperatures (177° and 205°C) and to thrée end ﬁnint

(internal) temperatures (60°, 70°, 80°C).



REVIEW OF LITERATURE

Effect cof Type of Jtleat on Selected Cﬁaracteristics of Beef

Metrods of meat cookery, based on the condition of the atmosphere
surrocunding the meat, traditionally are classified és dry or moist heat
methods. Roastirg ic an open pan is a dry-heat method in which the transfeyr
of heat is from the hot air in the cven to the external surface of the meat,
and irom the surface to the center of the cut of meat. <Ceoking in a covered
pan, aluminum foil, or an owven f£ilm cooking bag creates a wmoist atwmosphera
gurrcunding the meat. EHeat is transferred more rapidly to the surface of the
mest when it is cooked by moist heat rather than by dry heat; thus, with
moist heat the meat is heated throughout more rapidly (Paul, 1972, p. 412-

413).

Fibers and ccnnective tissue. Molst heat cooking methods have been

recommended for cuts of meat centaining moderate to large gquzontities of
connective tissue. 8Slow cocking in a moist atrosphere was considered
necessary to soften collagenocus comnective tissue by partial hydrolysis‘of
collagen, and thus tenderize the meat. Dry heat methods have been recommended
for cuts of meat containing relatively small quantities of comnective tissua.
Effects of cooking on tenderness of such cuts was comsidered te be related
more to the coagulation of muscle fiber proteins than to changes in connec-
tive tissue.

Itvin and Cover (1959) megsured the average collagen nitrogen content
of raw znd broiled stzaks from the lengissimus dorsi and biceps femoris
muscles of 26 animals. They found that the bilceps femoris contsined more

(P < 0.01) collagen nitrogen than the longissimus dorsi. The collagen



nitrogen content of ray'meat was greater (P < 0.001) than that of cooked meat
for both muscles, The collagen nitrogen content of both muscles was raduced
by approximately 25% by broiling to 61°C. They pointed out-.that the reduction
in collagen nitrogen occurred with a mild heat, treatment, and they believed
this indicated that some of the collagen was affected by heat more readily
than had been believed previously. Moisture in the muscles probably was
sufficient to create an atmosphere conducive to the hydrolysis of collagen.
The percentage loss of collagen nitrogen resulting ffom the dry heat treat-
ment was approximately the same for the two muscles. Comparisons made
between collagen nitrogen content and judges' scores for tenderness of
connective tissue kO = residue very hard, 10 ; no connective tissue felt)
showed that the collagen nitrogen content was higher (P < 0.001) and the
scores for connective tissue were lcwer for biceps fémé?is than longissimus
dorsi. Irvin and Cover (1959) suggested a felationship between collagen as

a chemical entity and the "ability" of the judges to score the tenderness or
toughness of connective tissue.

Reid and Harrison (1971) investigated the effects of deep-fat frying,
oven roasting, oven braising, and pressure braising to 70°C on the histo-
logical characteristics of beef semimembranosus muscle. They found that
heating by any of the methods decreased fiber width about 10%, with the
difference between the effects of dry heat and moist heat being oﬁly 0.25Z.
The relative proportion of straight and wavy éonnective tissue was not
affected significantly by heat treatment, but there was a larger (P < 0.05)
proportion of granular connective tissue in deep-fat fried, pressure braised,

and oven braised meat than in oven roasted meat.



Cooking time. Moist heat and dry heat cooklng methods differ in the

rate at which heat energy is supplied to the ex;e:nal surféce and in the
temperature to which the surface of the meat is expoéed (Paul, 1972, p.
413).

An early study.dealing with cooking time required for various cooking
methods conclﬁded that there was no difference in the total cooking time for
standing beef rib roasts coocked in open and covered pans (Morgan and Nelson,
1926).

Cover et al. (1957) found that totél coocking time was less (P < 0.001)
for both lﬁngissimus dorsi and biceps femoris steaks when braised (moist
heat) than when broiled (dry heat). In an earlier étudy by Cover (1941),
roasts were coocked in uncovered pans in a ventilated oven and submerged in a
water bath., The cooking temperature was 90°C in both instances. Meat
cooked in water required less than three hours éotal cooking time, whereas
that in the oven required more than 23 hours.

Cover and Smith (1956) reported that oven roasted standing rib roasts
required three times longer to cook than those that were pot roasted.

U. S. Good and U. S. Staﬁdard "shoulder-of beef" roasts were cooked by
dry heat in an open pan and by moist heat in heavy éluminum foil by Hood
(1960). Cooking ti@e in minutes per pound was longer (P < 0.C5) for cooking
by dry heat. Similarly, Hood et al. (1955) found that cooking portions of
semimembranosus and biceps femoris muscles by dry heat required more time
than cooking by moist heat.

Data from those studies indicate that the higher rate of transfer of

heat energy to the surface of the meat and the higher temperature to which



the surface of the meat is exposed result in more rapid cooking by moist than
- by dry heat methods.

Schock et al. (1970) reported that roasts of beef semimembranosus muscle
reached 70°C internal temperature most quickly when pressure braised (10
psig), followed by deep fat frying, oven braisihg, and oven roasting, in that
order. Slightly less time was required for oven braising thﬁn oven roasting,
but the difference was not significant.

Ferger et al. (1972) cooked boned and rolled legs of lamb and boned
beef rib roasts by dry heat in open pans and by moist heat in oven film,
Unexbectedly, less time (P < 0.01) was required to cook leg of lamb roasts
by dry heat than by moist heat. Although less time was required for cooking
beef rib roasts by moist heat than by dry heat, the difference was not

gignificant.

Cooking losses. Cooking losses for any method of cooking generally

increase with increasing cooking time. This relationship of cocking time
and cooking losses suggests that losses should be greater for meat cooked
by dry heat than for meat cooked by moist heat. This assumption held for
standing rib roasts that were pot roasted or oven roasted by Cover and Smith
(1956). The oven réasted'meat reqﬁired longer cooking time and lost
slightly more weight during cooking. However, broiled loin steaks required
shorter cooking time, but lost more weight during cooking than braised loin
steaks.

In general, other authors.have reported longer cooking time and less
cooking loss with dry heat than with moist heat. ‘Nielsen and Hall (1965)

reported that braised blade roasts had greater total cooking losses than



roasted blade or rump roasts. Cooking times were not reported for the
braised blade roasts.

Hay et al. (1953) studied the effects of a meat tenderizer on round
steaks braised or broiled to 80° or 65.6°C: respectively. The cooking times
for those treatments were similar, but the total cooking losses were greater

- for braised steaks than for broiied steaks. This was true for both untreated
steaks and those that were treated with tenderizer,

Although oven roasting required the longest cooking time, beef top round
roasts (SM muscle) lost less (P < 0,05) weight when cocked by oven roasting
than by oven brais?ng, pressure braising, or dgep fat frying (Schock et al.,
1970).

Ferger et al. (1972) reported that percentazges of total and dripping
losses, based on the weight of frozen leg of lamb roasts, were not signifi-
cantly different between dry and moist heat treatments, despite the shorter
(P < 0.01) cooking time reported for dry heat. Total cooking losses from

boneless beef rib roasts cocked from the frozen state by Ferger et al. (1972)

were not affected significantly by type of heat.

Palatability. Dawson et al. (195%) summarized data for corresponding

cuts of U. S. Good and U. S. Commercial grade beef round cooked by dry and
moist heat methods to the same internal temperature. Differences attribut-
able to type of hea;, when found, in scores for tenderness and flavor were
generally in favor of dry heat mechods of cooking. However, the results
varied slightly among the expeviment stations conducting the work. It was
concluded that roasting or broiling cuts of U. §. Commercial or U. S. Good
grade beef at 149° or 177°C to an internal temperature of 80° or 85°C could

be expected to give meat as tender and £lavorful as braising, and the meat
pe: g ’



prcbabiy would be just as juicy. When different end point temperatures of
cooking were compared, round steaks roasted to 75.6°C were significantly more
palatable than those oven braised to 80°C.

Loin and bottom round steaks cooked by Cowver et al. (1957) were
juicier (P < 0.001) when broiled to 80°C internal temperature than when
braised to 100°C. Juiciness probably was affected by an interaction between
types of heat (methods of cooking) and intermal temperature, but the effect
of each factor per se was not demonstrated., Im comménting on the large dif-
ference in juiciness scores in comparison to the small difference in cooking
losses, the authors suggested that water relationships inside the meat
apparently underg; changes that differ quanti?atively as a result of the two
conditions of ceooking.

Shear values for meat cooked by Cover et al. (1957) indicated that
longissimus dorsi steaks were most tender when broiled to the rare stage
{61°C) and biceps femoris steaks were most tender when braised well-dome
(100°C + 25 min).

Morgan and Nelson (1926) compared the effects of roasting and braising
on standing beef rib roasts. There was no difference in the appearance or
the flavor of the meat coocked by the two methods, although-the outer fat
covering of roasts cooked in open pans was sometimes slightly charred.

Cover (1941) reported that when roasts were cooked at 30°C iﬁ an open
pan or submerged in a 90°C water bath, tendermess evaluated by the paired-
eating method showed 100% of the judgments in favor of the oven reoasts. When
descrived by five weighted adjectives, oven roasts were tendér,-whereas those

cooked in water frequently were tough.



Nielsen and Hall (1965) concluded that U. S. Choice grade hlade roasts
can be successfully roasted at 107° or 163°C. Blades roasted at both tem-
peratures were considered juicier (P < 0.,01) by a taste panel than braised
blades. There were no differences among the roasts for tenderness, flavor,
or general acceptability.

Griswold (1955) found that roasting at 121°C is a good method for cook-
ing beef round except for the dry surface appearance that results from the
long cooking time required.

Hood (1960) cooked roasts from the triceps brachii of U. S. Good and
U. S. Standard carcasses by dry heat in aﬁ open pan, and By moist heat in
keavy aluminum foil. In both grades, dry heat produced more tender roasts
than did moist heat as evaluated by shear values.

Schock et al. (1970) reported that no differences attributable to heat
treatment were found for flaver, teﬁderness, or overall acceptability of beef
semimembrancsus muscle cooked to 70°C by oven roasting, oven braising,
pressure braising, or deep fat frying. Oven roasted pieces were juicier than
those that were oven braised, with the differenceé approaching significaﬁcé”at
the 5% level.

Deethardt and Tuma (1971) cooked pork loin roasts by four methods,
including one dry heat treatment, one moist heat treatment (covered with
heavy aluminum foil), and two combinations of dry énd moist heat (open pan
to 52°C and then covered, and covered to 52°C and then open pan). Mean panel
scores for texture favored the open pan method with the completely covered
method scoring lowest. Mean juiciness scores indicated that pork cocked in
open pans was juicier (P < 0.01) than that cooked completely covered, and

pork cooked by both methods was juicier (P < 0.01) than that cooked by the
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combination treatments. Tenderness was not affected significantly by cooking
method. The authors concluded that the panel members indicated no obvious
overall preference for any one cooking method.

Ferger et al. (1972) found that lamb roasts were juicier (P < 0.05) when
cooked by dry than by moist heat. Other palatability characteristics of the
lanb roasts were not significantly affected by heat treatments. Juiciness
and tenderness scores for beef rib roasts,'also cooked by Ferger et al.
(1972), were not affected significantly by type of heat. 3Beef roasts cooked
by dry heat at 163°C were scored higher for flavor and overall acceptability

than roasts cooked by moist heat.

Degree of deneness. Schopk et al. (1970) reported that mean scores for
apparent degree of doneness of beef semimembranosus muscle were lower
(P < 0,05) for meat cooked by oven roasting than any of the other treatments,
indicating that oven roasted meat appeared less well-done.

Ferger et al. (1972) found that at an internal temperature of 75°C in
leg of lamb rcasts and 60°C in beef rib roasts the meat appeared less well-
done when cooked by dry heat than by moist heat.

Effect of Rate of Heat Penetration on Selected
Characteristics of Beef

Fibers and connective tissue. Cover (1943) studied the effects of low

rates of heat penetration on the tenderness of beef roasts. Standing rib and
arm bone chuck roasts were cooked well-done, and bottom round roasts were
cooked both rare and well-done at oven temperatures of 80° and 125°C. Beef
appeared wall-done when cooked to 70°C in the 80°C oven; and to 63°C in the
125°C oven. In well-done roasts cooked at 80°C the connective tissue was

completely changed from its hard, tough state to a moist, visccus mass
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without resistance to the knife or teeth. Paired roasts cooked at 125°C
contained some visible connective tissue that offered resistance to chewing.
The muscle fibers in well-done roasts which required 40 hours to lose their
pink color were so tender that they were often-described as "mealy".

Paul et al. (1952) found that the slow heat penetration during roasting
of bottom round roasts to 63°C induced the development of rigor in roasts
cooked immediately after slaughter. As observed by histological investiga-
tion the rapid heat ﬁenetration during deep fat fryiﬂg of bottem round

steaks to 63°C coagulated the muscle substance before rigor cculd develop.

Cooking time.” Cooking time for beef roasts cooked by Cover (1943) was

from 3 to 5 times longer at an oven temperature of 80°C than at 125°C.
Similarly, Bramblett and Vail (1964) reported that beef adductor, biceps
femoris, gracilis, semimembranosus, and semitendinosus muscles cooked at
88.3°C requifad 2 to 4 times longer to cook t?an did the same muscles cooked
at 93.3°C. Cover (1941) also reported that as a result of the poorer conduc-
tion of heat by air than by water, beef réasts cooked in air reguired nearly
B times longer to reach the same degres of deneness as those cooked in water.
Likewise, the rate of heat penetration was more rapid for beef rcasts from 7
muscles cooked in deep fat at 100° and 110°C than for similar roasts cooked
in a 149°C oven (Visser et z2i., 1560).

Welr et al. (1963) produced variation in the rate at which heat pene-
trated pork loin muscle by varying the oven temparature. Fork lein roasts
cooked at oven temperatures of 149°, 163°, 190.56°, and 205°C were compared to

paired roasts cocked at 177°C. 1In each comparison, heat penetrated the

muscle more rapidly at the higher oven temperature. Total cooking time was
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reduced (F < 0.0l and P < 0.05, respectively) by increasing the oven tempera-

ture from 177° to 190.6° and 205°C.

Cooking losses. Weir et al. (1963) recorded the yield of cooked meat
and percentage dripping loss and evaporation loss for roasts cookéd at oven
temperatures rangiﬁg from 149° to 205°C. The percentage yield of cooked meat
was less (P < 0.05 and P < 0,01, respectively) when roasts were cooked at
19G.6° and 205°C than at 177°C. Percentage dripping loss was similar at all
oven temperatures, but percentage evaporation loss was higher for the higher
oven temperature when roasts cooked at7177°C were compared with those cooked
at 149°, 190.6°, and 205°C.

The pevcentzge total cooking losses was less (P < 0.01) for beef rﬁund
roasts cocked slowly in & 63°C oven than for those cooked more rapidly at
68°C (Brambletr et al., 1959). Beef rib, chuck, and round roasts cooked to
70° and 80°C at u§en tamperafures of 80° and 125;C, fesﬁééiively, differed
little in percentage total cooking losses, and the same was trve for round
roasts cooked to 58-59° and 63°C at the same oven temperatures, despite sub-
stantially longer coocking fimes at the lower oven temperatures (Cover, 1943).

Clark and Van Duyne (1949) reported that total coocking losses from beef
cop round reasts were greater when the meat was cooked to an internmal
temperature of 82°C in a pressure saucepan than when oven roasted to the
same temperature. As would be expected, heat penetration was more rapid in
the pressure braised muscles than in those that were oven roasted.

Cooking losses from beef top round roasts ccoked by Schock et al. (1970)
did not follow the expected trend of roasts heated slowly aaving greater
cooking losses. In this case, cooking losses from oven roasted muscles were

lower (P < 0.05) than losses from anv of the othsr trzatments, although the
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cooking time was longer (P < 0.05) for oven roasting than for the other'
treatments. Losses from pressure braised (10 psig) pieces were greater

(P < 0.05) than those from deep fat fried or oven braised pieces, even
though heat penetrated faster (P < 0.053) in pressure braised pieces than in

those given the other treatments.

Palatability, Cover (1938) emphasized the importance of slow cooking
in producing tender roasts, whether the slower cooking is attained by
adjustment of oven temperature or by other means.

Bramblett et al, (1959) repcrted that muscles of beef round cocked for
30 hours at 63°C were more tender and juicier (P < 0.01) than those cocked
for 18 hours at 68°C as evaluated by Warner-Bratzler shear values and taste
panel eyaluation cf tenderness and julciness. HNo significant differencze was
found in the flavor scores for meat given the two treatments. Similar results
were reporteé with respect to tenderness by Bramblett and Vazil (1564), but
U. S. Good grade round roasts cooked more rapidly were juicier ca the basis
of taste panel evaluation (P < 0.05) and press fluid yields (P < 0.01).

Cover (1943) concluded from an experiment described earlier in this
paper that when heat penetrated beef rib, chuck, and round roasts slewly,.

the muscle was more tender than when ‘heat penetration was more rapid.
P

Degree of domeness. The apparent degree of doneness produced by heat

varies with the rate of cooking. When paired beef rib roasts are coocked at
oven temperatures of 125° and 200°C to an internal temperature of 63°C, the
roast cooked at 200°C will appear less well-done than the roast cooked at

125°C. The roast cooked at 200°C would have to be cooked to a higher
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internal temperature than 63°C for the meat proteins to be denatured to the
same extent as those in the roast cocked at 125°C to 63°C (Lowe, 1955).
Cover (1943) found that an internal temperature of 70°C yielded well-
done meat when rib, chuck, znd round roasts were cooked at 80°C, but an
internzl temperature of 20°C was necessary to produce meat of the same
degree of doneness when cocking in a 125°C oven. The same trend was noted
for rare beef, where an internal temperature of 58~59°C was sufficient for
meat cooked at 80°C, but 63°C was necessary for meat cooked at 123°C.
Effect of End Point Temperature on Selected
Characteristics of Beef

Fibers and connective tigsce. The results of earliy work by Saturius

and Child (1938) showed that the diameter of muscle fibers from beef
semitendinosus muscles decreased with coagulation up to 67°C, but no dif=-
ference in muscle fiber diameter was found bétween fibers from meat cocked
to 67°C and that cooked to 753°C. They concluded that shrinkage attriburable
to the coagulation of muscle plasma is complete at 67°C,

Machlik and Draudt (1963) investigated the effects of time and tempera-
ture on the shear value of beef semitendinosus musele. They found that in
the temperature range of 50° to 54°C the shear values showed little change,
but the collagen shrinkage reaction became apparent at 55° to 56°C when the
shear values decreasad. At 57° to 59°C the collagen‘shrinkage reaction was
completed in one hour, while in the range of 60° to 65°C the r:action was
completed after 15 min. Muscie fiber hardening was apparent after 1/2 to
1 hour in the range of 66° to 70°C. The hardening was complete in about 30
min in the 71° to 75°C range. Between 80° and 90°C, both collagen shrinkage

and hardening of the fibers were completed zfter only a few minutes. The
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authors concluded that the decrease in shear force for beef semitendinosus
muscle in the range of 56° to 59°C is a result of ﬁhe collagen shrinkage
reaction and is a rate process that is highly dependent upcn temperature.

Winegarden et al. (1952) studied the effects of heating strips of
aponeurotic sheet, ligamentum nuchae, and.deep flexor tendon connective
tissues in distilled water at various temperatures for differiﬁg reriods of
time. In general, there was little softening at 60°C, but softening took
place at about 653°C and increased with heating from 0 to 64 min at 65°C.
Extensive softening occurred after only one min at 80°C. Both collagen and
elastin were softened at the higher temperature. The authers suggested that
long cooking times, suck as used in braising and stewing, are necessary to
soften coagulated fibers rather than commective tissue alone.

A decrease of 80% in the length of beef longissimus dorsi muscle fibers
during heating from 55° to 65°C was.reported by Hostetler and Landmann
(1968). The fiber length decreased an additional 10% during heating from
65° to B0°C. The width of the muscle fibers decreased gradually with heat-
ing to 45°C, aﬁd more rapidly between 45° and 62°C, with the process appearing

to be complete at 62°C.

Cooking time., As would be expected, Pumt et al. (1963) and Marshall

et zl. (1960) reported that the time reguired to cuoi top round beef roasts
increased as the degree of doneness increased. Carlin et al, (1965) observed
‘the same trend when cooking pork loin roasts to twe Internal temperatures

(79.4° and 85°C).

Cookine losses. Satorius and Child (1938} found that total cooking

losses from beef semitendinosus muscle incressed (P < 0.01) as the intermal
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temperature increased from 58° to 67° to 75°C.  Marshall et al. (1959) and
Marshall et al. (19€0} reported similar fiﬁdings for beef top round roasts,
as did Hunt et al. (1963), who found that total cooking losses increased
(P < 0,01) with increasing internal temperature and could be expected to be
approximately 52% of the raw weight for well-done meat, 437 for medium-decne,
and 38% for rare. Similarly, all roasts except those from the adductor and
semimerbranosus muscles cooked in deep fat at 100°C lost more weight during
cooking when the final internal temperature increased from 55° to 70° to
85°é (Visser et al., 1960).

Cariin et al. (1965) and Weir et al. (1963) found that pork ioin
roasté cooked to 85°C internal temperature lost more weight during cooking

than those cooked to 79.4°C.

Palarability, Visser et al. (1960) noted that tenderness scores for

any of the 7 muscles used in the study were approximately the same regardless
of internal temperature (EE”, 70°, or 85°C), but juiciness scores usually
decreased significantly as the Internal temperature of the roasts increased.

Both Weir et al. (1963) and Cariin et al. (1965) reported that no
significant differences in flavor intensity or initial or residual tendermess
were found between pork loins roasted te 79.4° or 85°C, but roasts cooked to
79.4° were more juicy (P < 0.01) than those cocked to 85°C.

Webb et al. (1%61) cooked pork loin roasts to internal temperatures of
65.6°, 65.6° maintained for ome hour, 72.2°, and 85°C, ané found that tender-
ness and juiciness decreased and flavor scores increased as internal

temperature increased.



Degree of donenesst“ Bratzler (1971) stated that the visible color

changes that occur during cooking are related te internal temperature. These
changes are described bty Bratzler as: "below §0°C, liitle or ns color change
(rare):; 65° to 70°C, decreasing pinkgess to ?O:C (medium); at 75°C, complete
loss of pinkness (well-dome)." Bratzler also pointed out that meat cooked in
a moizt atmosphere near the temperatﬁre of bLoiling water has a uniform grey
color with no browning of the surface.

Visser et al. (1960) noted that ir order to attain meat comparable to
the usual conception of rare and medium-done beef, internal temperatures of
45° and 63° were used when fryinmg im dsep fat at 100°C, rather than the

temperatures of 55° and 70°C used for the other t:zeatments.
P
MATERTALS AND METHODS

Six pai;s of USDA Good Grade whele rounds (30.2 to 42.3 kg, were pur=-
chased from a comrercial packing company. Segen days postmorien, the top
round was separsted, the outside fat covering removed, and the semimem-
branosus and adductor muscles were divided into three rcasts as illustrated
in Figure 1. Weights of the roasts ranged from 708 tc 1686 g, and dimen-
sions of roasts, in cm, were: length, 17 to 26; width, 5 to 11; and depth,
6 to 10, At the time of cutting, all roasts were wrapped in oven film bégs
{(nylon 66 with a hest stabilizer) and frozen in a blast freezer at -26°C.
They were stored 3 to 10 weeks in an upright household freezer at zn average
temperature of -22°C.

At each of 12 svaluation periods three roasts were cooked from the

frozen state by drv or moist heat in a rotary hearth gas oven maintained
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at 177° or 205°C to end point temperatures of 60°, 70° or 80°C as specified
by the experimental design (Table 1).

The design was a split plot with three replications in which the two
oven temperatures were the main plots and the type of heat and end point
temperatures (six treatment combinations) were ﬁhe sub plots.

A hole was bored into the center of each roast so that a centigrade
thermometer could be inserted. Roasts cooked by dry heat were removed from
the oven film bags and placed on a low rack in a shallow rnasting pan.

Roasts cooked by moist heat remained in the bags and six slits (approximately
3.7 cm long) were made in the top of each bag to allow for the éscape of

steam and prevent the bag from breaking (Figure 2).

Rate of Heat Penetration, Cooking Time and Losses

The rate that heat penetrated the muscle was observed by recording the
time, in minutes, required for the internal temperature of each roast to
reach 0°C, to increase from 0° to 10°C, and for each 5°C increase between
10°C and the end point temperature. Total cooking time, in minutes, was
recorded and cooking time in min/kg was calculated.

Percentage total, volatile, and dripping losses, based on the weight of
the frozen roast were calculzted for roasts cocked by dry heat. Percentages
of total and dripping losses were calculated for-roaSts cooked by moist heat.
Drippings frem all raasts were collected in 250-ml graduated cylinders and
allowed to stand 45 win. After the fat had stabilized at the top of the
drippings, the toral volume of drippings and the volume of fat were read,

and the pevcentage fat im the déippings was calculated.



Table l-Experimental design

Cooking Animal Roast Oven
period Replication number number Treatmenta temp., °C
1 1 1l aL - ITI 177

1 bL 11 177
1 cL v 177
2 1 1. dR VI 177
1 eR v 177
1 fR I 177
3 1 2 al v 205
2 bL III 205
2 cL VI 205
4 1 2 dR I 205
2 eR v 205
2 fR I 205
5 2 3 al v 177
: 3 bL - v 177
3 cL I11 177
6 2 3 dRr I1 177
3 eR V1 177
3 R I 177
7 2 4 alL I 205
4 bL Iv 205
4 cL ' 205
8 2 4 dR VI 205
4 eR’ I 205
4 fR 111 205
9 3 5 al II 177
5 BL II1 177
5 el \' 177
10 3 5 dR v 177
5 eR I 177
5 fR VI . 177
11 3 6 alL I 205
6 bL IV 205
6 cL 11 205
12 3 6 dR v 205
6 el VI 205
6 fR I11 205
BTreatment I 60°C Dry heat
II 70°C Dry heat
IIT 80°C Dry heat
IV 60°C Moist heat
Vv 70°C Moist heat
VI 80°C Hoist heat
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Fig 1=Plan for division of top round into three roasts and sampling plan
for iIndividual roasts
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bL
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eR
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Distal shear core (l.3-c¢cm) and water-holding capacity (WHC)
Central shear core (l.3-cm) and water-holding capacity (WHC)
Proximal shear core (1.3-cm) and water-holding capacity (WHC)
Total molsture and Gardner color-difference

Apparent degree of doneness (1.3-cm slice)

Palatability samples (1.3-em cubes)

Sections a, b, ¢ of top round, left side of carcass

Sections d, e, f of top round, right side of carcass
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Fig 2-Beef top round roasts prepared for cocking

A Dry Heat

B Moist Heat



THIS BOOK
CONTAINS SEVERAL
DOCUMENTS THAT
ARE OF POOR
QUALITY DUE TO
BEING A
PHOTOCOPY OF A
PHOTO.

THIS IS AS RECEIVED
FROM CUSTOMER.



23




24

Post-oven Temperature Riss and Objective Measurements
on Cooked luscle

The maximum post-oven internal temperature, °C, of each roast, and the
time required to reach that temperature was recorded. Roasés cooked by moist
heat remained in the oven film bags during that period. Samples for measure-
ments on cocked muscle were takeg from roasts at the locations indicated in
Figure 1. l

Tenderness waé measured by shearing three 1.3-cm cores (proximal, central,
and distal positions) cn a Warner-Bratzler shearing apparatus with a 1l.4-kg
dynanometer. Triplicate ﬁeasurements were made on each core, and the overall
shear value was the average.of the three shear cores.

Triplicate measuremznts for water-holding capacity (WHC) were madé by
the method of Miller and Harrison (1965) on 0.3-g samples from the center of.
the cores used for Warner-Bratzler shear valués‘ The ratio of the area of
pressed nuscle to the area of expressed liquid marked Sn filter paper on which
the sample was pressed was designated as the ;xpressible—liquid index.

Values for VHC were obtained by subtracting the expressible-liquid index from
1,0, arbitrarily chosen as the maximum expressible-liquid index. Because the
expressible~liquid index is inversely related to the amount of liquid
expressed from the sample; the larger the value for WHC, the greater the:
amount of liquid expressed.-

Percentage total moisture was measured by drying 10-g samples of ground
muscle in a C. W. Biahender Semi-Automatic Rapid Moisture Tester for 60 min
(e 121°C.

! Color-difference was measured with a Gardner Color Difference Meter

standardized using a satin finish ceramic tile with calculated values of:

Rd (reflectance), 28.0; a+ (redness), 6.6; and b+ (yellowness), 14.7.
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Approximately 25 g of cooked, ground muscle were packed in a plexiglass cell
so that light could not filter through the sample, Duplicate measurements
were made for each color-difference factor. After the first measurement, the

cell was rotated 90° for the second measurement.

Sensory Evaluation

Six experienced panel members evaluated each roast for desirability of
flavor and overzll acceptability and intensity of juiciness and tendermness
using a 7-point scale with 7 being the most desirable or intense (Form I,
Appendix, p. 55). A slice of muscle covered with a transparent household
plastic wrap was placed under a MacBeth Skylight and rated as rare, 1; medium—
done, 2; or well-done, 3. Imstructions for evaluation were given to panel
members during preliminary work (Form II, Appendix, p. 56). Panel members
selected at random 1l.3-cm cubes of muscle that were placed in the top of
l-pint enamei double Boilers and set cover hot water. fhe entire system was

held at a constant low heat (35°C * 1°C) on an electric hot tray until the

samples were evaluated by all panel members (not more than 30 min).

Analysis of Data

The analysis of variance used to analyze the data was:

Source of variaticn D/F
Oven temberature 1
Error (A) 4
Treatment ccmbinations 5

Type of heat

End point temperature

Type of heat x end point temperature
Oven temverature x type of heat
Oven temperature x end point temperature 2
Oven temperature x end point temperature X

type of heat 2
Error (B) 20

Total a5

N RO



26

RESULTS AND DISCUSSION

Initial Weight of Roasts, Rate of Heat Penetration

Analysis of variance indicated no significant differences among weights
of the rovasts assigned to the two types of heat, the three end point tempera-
tures, or the two oven temperatures (Tables 2, 3, and 4),

The time required to raise the internal temperature from the initial
temperature to 10°C was greater (P < 0;05) for_roasts cooked by woist heat
than by dry heat (Table 2), but that period of cooking was not affected
significantly by end point or oven temperature {Tables 3 aund 4).

Details of mean data in Tables 2, 3, and 4 can be observed in the rate
of heat penetration curves (Figures 3 and 4) and in Table 9, Appendix p. 64.
With both moist and dry heat at both oven tzmperatures, heat penetrated the
muscle at a fairly constant rate. At both oven temperatures, the intermal
temperature of roasts cooked by moist heat increased more rapidly than the
internal temperature of those cocked by dry heat. There were no significant
differences between dry and moist heat for the tiwve required-fcr each 5°C
increase from 15° through 35°C.

Less (P < 0.05 to P < 0,001) time was required to increase the intermal
temperature from 35° to 40°C and from 45° through 80°C when cooking by molst
heat tharn by dry heat. The magnituds of difference increased from 0.78
min/5°C at 45°C to 4.8&3 min/5°C at-80°C. With both dry and moist heat at
the two oven temperatures, the average time for a 5°C increase in intermal
tenparature was similar for all tnree end point temperatures.

The rate of heat penetraticn was more rapid (P < 0.0G5) batween 65? and

70°C znd batween 75° and 8C°C when roasts were cooked at 205°C than when
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Table 2-Mesns and F-values for type of heat

27

Type of heat

Measurement Dry Moist Difference F-value
Initial veight, kg 1.08 1.16 0.08 2.24 ns
Rate of heat penetration, min _ 7

Initial temp to 10°C 58.44 68.39 9.95 11.65 *

Min/5°C, 10°C to end point 4.90 3.28 1.62 ——
Ceoking tipe

Total, uin 112..39 107.83 4.56 1.79 ns

Min/kg 104.88 94.83 10.05 14.39 *#
Cooking losses, %

Total 27.69 34.86 7.17 132,85 #%%

Dripping 2.16 19.06 16.90 372.94 k%%
Yplume of drippings, ml 7.78 197.78 190.00 123,06 *k&
Lipid in drippings, % of

volume 18.14 4.05 14.09 12.43 %%
Total moisture, % 67.C3 63.63 3.40 49,06 **%
Weter-holding capacity’ 0.8014 0.7636 0.0378 11.70 **
Shear value, kg/l.3-cm core 3.4 3.7 0.3 .51 ns
Color~difference, Gardner ,

Rd (reflectance) 20.15 20.54 0.39 0.60 ns

a+ {radnass) 6.05 2.59 3.4€ 46,06 ®%%

b+ (vellownezs) 10.50 10.49 0.01 0.00 ns
Sensory scores

Flaver®© 5.4 5.7 0.3 1.80 ns

Juiciness” 5.3 4.7 0.6 2,30 ns

Tenderness” b M 5.3 0.4 b.44 *
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Table Z-(concluded)

Type of heat

Measurement _ Dry Moist Difference . F-value
Sensory scores c
Overall acceptability 5.3 - ¥ 0.2 1.75 us
Apparent degree of

doneness 2.0 2.6 0.6 16,87 #x#*

8End point and oven temperature data combined

bl.O minus (expressible ligquid index); the larger the value, the greater the
amount of liquid expressead :

c7-(extremely desirable, juicy or tender); 1-(extremely undesirable, dry or

tough)

d3-we11-d-one; 2-medium~done; l-rare

* feik Ak
P < 0.05 P < 0.01 P < 0.001



Table 3-Means, F-values, and LSD's fbr_end‘point temperaturesa
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End point temperature, °C

F-value

Measurement 60 70 80 LSD
Initial weight, kg 1.10 1.12 1.15 0.40 ns -
Rate of heat penetration,

min '

Initial temp tol10°C 63.33 62.00 64,92 0.33 ns

Min/5°C, 10°C to end

point 3.62 3.72 3.91 -

Cooking time &

Total, min 99.42 107.25 123467 11.69 ***x 10,68

Min/kg 91.34 * 98,29 103.94 16.79 #%* 6.76
Cooking losses, 7 *

Totzl 27.93y % 31,59 34,32 35.67 **% 1.59

Dripping 16.83 12.24 8.76 5.33 % 2.24

Volatile 21.G4 #* 24,98 30.15 40,53 ***% 2.34.
Volume of drippings, mi 101.67 125.83 80.83 2.31 us ——
Lipid in drippings, '

% of volume 8.85 6.59 17.85 2.96 ns —
Total moisture, % 6€.95 * £5.32 63.72 14.97 %% 1.23
Water-holding capacity’ 0.7931  0.7835  0.7708 - 1.37 ns =
Shear value, kg/1.3-cm

core 3.13 3.85 3.71 1.45 ns -
Color-difference, Gardrer =

Rd (reflectance) 19.73 19.90 21.41 4,40 * 1.30

at+ {redness) 6.30 * 4.19 2.47 18,78 *%* 1.30

b+ (yellowmess) 10.63 10.65 10.19 0.82 ns —
Sensory scores

Juiciness® 5.2 5.5 4.4 2.85 ns -




Table 3-(econcluded)
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End point temperature, °C
Measurement 60 70 80 ‘F-value LSD
Sensory scores
Tenderness® 5.6 5.4 5.4 0.29 ns -—
Overall acceptability® 5.2 53 5.0 1.98 ns -—
Apparent degree -of
201 20—4 2.11 ns ——

doneness 2.1

aDry and moist heat and oven temperature data combined

h1 0 minus (expressible liquid 1nde2), the larger the value, the greater the

amount of liguid expressed

c?-(extremely degirabls, juicy or tender);

tough}
d3-well—done; 2-medivm~done; l-rare

* %k kk&
P<0.05  P<0,01 P < 0.001

1-{extremely undesirable, dry or



Table 4-Means and F-values for oven temperaturesa
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Oven temperature, °C

Measurement 177 205 Difference F-value
Initial weight, kg 1.08 1.16 0.08 0.15 ns
Bate of heat penetration, min )

Initial temp to 10°C 67.39 59.44 7.95 0.77 us

Min/5°C, 10°C to end point 4:38 3.?7 0.61 -
Cocking time ‘

Total, min 115,83 104.39 1.44 0.71 ns

Min/kg 107.64 92.07 15.57 4.51 ns
Cooking losses, Z

Total 31.13 31.39 0.23 0.05 ns

Dripping 11.90 9.32 2.58 2,29 ns

Volatile 24.10 26.68 2.58 2.09 ns
Volume of drippings, ml _ 111.28 94,28 17.00 0.99 ns
Lipid in drippings, 7 of

volume 13.18 9.02 4.16 1.08 ns
Total moisture, % 65.26 65.40 0,14 0.09 ns
Water-holding capacity’ 0.7773 0.7876 0.0103 0.87 ns
Shear value, kg/l.3-cm core ' 3.3 3.8 0.5 1.51 ns
Color-difference, Gardner

Rd (reflectance) 21.08 19.61 1.47 1.43 ns

a+ (redness) 4.26 .37 0.11 0.04 ns

b+ (vellowness) 10.34 10.65 0.31 0.20 ns
Sensory scores

Flavor® 543 5.6 0.1 0.51 ns

Juiciness® 5.1 4.9 0.2 0.45 ns

Tenderness® 8+5 5.4 0.1 0.32 ns



Table 4~{(concluded)
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Oven temperature, °C
Measurement 177 205 Difference F-value
Sensory scores &
Overall acceptability 5.2 - 5,2 0.1 0.15 ns
Apparent degree of
doneness 2.2 2.3 0.1 0.01 ns

aDry and moist heat and end point temperature data combined

b1.0 minus (expressible liquid index); the larger the value, the greater the

amount of liquid expressed

c7—(extremely desirable, juicy or tender); l-(extremely undesirable, dry or

tough)
d3—well—done; 2-medium-done; l=-rare

* *k ok
P < 0.05 P < 0.01 P < 0.001
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Fig, 3-Rate of heat penetration from initial temperature to
0°C and from 0° to 60°, 70°, or 80°C for top round
roasts cooked by moist and dry heat at 177°C.
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Fig. 4-Rate of heat penetration from initial temperature to
‘0°C and from 0° to 60°, 70°, or 80°C for top round
roasts cooked by moist and dry heat at 205°C.
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cooked ar 177°C. There were ro other differences attributable to oven

temperature.

Type of Vzat

Measurerents affected {2 < 0.001) by type of heat were: VPercentage
total and dripping cocking lusses, volume of drippings, percentage total
molsture, Cardner a+ (redness) values, and apparent degree of doneness scores
(Table 2). Percentage total and dripping cooking losses and the volume of
drippings were iess for roasts cooked by dry heat than for those cooked by
moist heat (Figure 5), whereas percentage total moisture was greater in
roasts cocked by dry heat. Both Gardner a+ (redness) values and apparent
degree of doneness scores indicated that roasts cooked by dry heat were
redder (appeared less well-done) than roasts cooked by moist heat.

The type of heat also affected (P < 0.01) cooking time in min/kg, per-
centage fat in the drippings and WHC (Table 2). Although on the basis of
min/kg cocking time was longer for dry than;for moist heat, the total cooking
time (min) was not affected siznificantly by type of heat (Table 2). Othex

measurements on which the fvpe 2f heat had no significant effect were:
L ]

&

Gardner Rd {reflectance} and b+ (yellowness) values, flavor, juiciness, and
ovarzll acceptatility scores. Roasts cooked by dry hggt were scoéed more
teader (P < 0.053) and juicier than those-iooked by moist heat. Although the
magnitude ¢f difference between dry and m&ist_heat was greater for juiciness
than for tenderress, the difference between the two types of heat was
statistically significanrt for tenderness; but not for juiciness. This may be
explained by the fuct that the mean square error term for juicinese was 4

times greater than that for tenderness. Ferger et al. {1672) also found that

at oven temperaturee of 149% and 177°C beef rib roasts cooked bty dry heat
P , ¥y Y
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Fig. 5-Volume of drippings, ml

A Moist Heat

B Dry Heat
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were slightly more tender and juicier than those cooked by moist heat in 3M
Scatetpak Uven Service Film, |

Total cooking losses were less (F < 0.001) for dry than for moist heat,
despite the longer cocking time required with dry heat. Similarly, Schock
et al. (1970) found that although the cooking time was longer for oven
roasted pleces of beef semimembraznosus muscle than for oven braised, deep
fat fried, or pressure braised pieces, losses from oven roasted pieces were
lower (P < 0,05) than losses from any of the other pieces. They also reported
that percentage total moisture was higher in oven roasted beef than in oven
braised beef. Moreover, Hood (1960) reported that beef triceps brachii
roasts cooked by dry heat required longer cooking time, but lost less weight
during cocking than those wrapped in heavy aiuminum foil during cooking.
Dripping losses from roasts cocked by moiat heat were greater than those from

roasts cooked by dry heat (Hood, 1960).

End Peint Temperature

Tot:al cooking time, cooking time in min/kg, percentage total, dripping
and voiatile losses, percentage total moisture and Gardner Rd (reflectance)
and at (redness}-values were affected significantly by end point temperatufe
of the roasts (Table 3)., Cooking time, both total and min/kg, increased with
each 10°C increase in end point temperature. Differences in cooking time
among end point temperatures were significant (P < 0.05) except for tha dif-
ference in total minures between 60° and 7C°C. Also, percentage total and
volatile cooking lcsses increased significantly {(F < 0.05) with increasing
end point temperature from 60° to 80°C, whereas dripping losses increased

slightly batween 50° and 70°C, then decreased (I < 0.05) between 70° znd 80°C,



41

As would be expected, percentage total moisture was inversely related
to volatile losses. Moisture was greatest in roasts cooked to 60°C, and
decreased (P < 0.05) with éach'succeeding increase in end peint temperature;
whe;eas volatile losses were least for roasts cooked to 60°C and increased
(P < £.,05) with each 10°C increasg in end point temperature.

Gardner Rd and a+ values indicate that the meat became lighter (Rd
values) and lost radness (a+ values) with increase in end point temperature
between 60° and 80°C. Rd {(reflectance) values increased significantly
(P < (.05) between 60° and 8§0°C and between 70° and 80°C, whereas Gardner a+
(redness) values.decreased (P < 0.05) between each increasing end point
temperature. Differences in Gardner b+ (yellowness) values attributable to
end point tepmrerature were unot significant.

The end point temperature did not affect significantly volume of
drippings, pércentage fat in drippings, WHC, and Warner-Bratzler shear
values., Likewise, none of the sensory measurements were affected signifi-
cantly by the end point temperatures of the roasts (Table 3).

Hood et 21. (1955) broiled beef biceps femoris steaks to 71.1° and
80°C, and found that steaks cooked to 71.1°C were juicier than those cooked
to 80°C, but there was no significant difference in tenderness or flavor of
steaks cooked to those end points.

Similar to the results of this study, Visser et.al. {1960) reported
that as the internal temperature of beef roasts from seven muscles increased,
the average cooking time and percentage total cooking losses also increased.
In contrast to the findings of this study, they found that average tenderness

sceres and snear values did not differ significantly among end point
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temperztures, but juiciness scores and press fluid yields generally decreased

as the end point temperature increased.

Oven Temperature

None of the measurements were affected siénificantly by oven tempera-
ture (Table 4). Although cookiﬁg time was slightly shorter when roasts were
cooked at the higher oven temperature, total cooking losses averaged
practically the saﬁe for the two oven temperatures.

Similarly, Ferger et al. (1972) compared three oven temperatures for
coocking teef roasts from the frozem state by drf or moist heat (in oven film)

and found that the time required for cocking was not shortened significantly

by zalsing the oven temperature above that generally recommended.

Type of Heat x Ené Point Texperature Interacticms

Data in Table 5 for tvpe of heat x end point temperature interactions
help explain some of the daca in Tables 2,°2,"and 4. The interaction between
rhose two parameters was significant (P < (.05) for both tetal minutes and
ﬁinikg cooking time, percentage dripping cooking losses, percentage total
moistuze, and sensery sceres for flavor; significant (P < 0.01) for percent-
ige total cooking losses and apparent degree of doneness scores; and
significant (P < 0.001} for Gardumer a+ (redness) values (Table 5).

Significant differences in total cocking time between 70° and 80°C
{Table 3) are attributable to the effects of dry heat (Table 5). The only
significant (P < 0.05) difference 1in tdtal cooking time between dry and moist
heat was for roazsts ccoked to S0°C. However, this difference was not large
enough for a difference tc be detected when only type of heat was considered

{fable 2). %hen cooking time was expressed in min/kg, significant
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Table 5-Means, F-values, and LSD's for significant type of heat x end point

temperature interactions

End point temperature, °C

Type of ,
Measurement heat 60 70 80 F~value LSD
Cooking time & i
Total, min Dry 96.17 107.00 134,00 ;
* 3.89 % 15.10
Moist  102.67 107.50 13.33
Min/kg Dry 91.14& * 104.69 * 118,80
* ® 4,17 * 9.57
Moist 91.54 91.89 101.07
Cooking losses, % =
Toktal Dry 22,98 * 27.92 * 32,19
* * * 6.79 ** 2.24
Moist 32.85 35.27 36.45
Dripping Dry 1.84 2.60 2.04
* * * 4,08 * 3.16
Moist 19.81 21.88 . 15.48
Total moisture, Z %
Dry 69.25 * 67.33 * 64.51
® * 3,68 * 1.74
Moist 64,65 63.32 62.93
Color-difference,
Gardner N
a-+ (redness) Dry 9.69 * 5.68 * 2.78
* * , 12,32 *%% 1.84
Moist . 2.90 2.70 2,15 |
Post-oven temper-
ature rise, °C
Dry 0.3 0.0 0.0
Moist 7.8 5.6 0.8
Sensory scores &
Flavor® Dry 5.0 543 5.9
* 6.15 * 0.64

Moist 5.8 5.8 5.3
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Table 5-{concluded)

End point temperature, °C

Type of
Measurement heat 60 70 80. F-value LSD
Sensory scores &
Apparent Dry 1.6 1.8 * 2,5
degree o * * 6.07 #* 0.53
doneness Moist 2,6 2.7 2.4

a7-(extremely desirable, julcy or tender); 1?(extremely undesirable, dry or
tough)

b3--we11—done; 2-medium~done; l-rare

*

%* *% dk
P < 0.05; P < 0.01; P < 0.001



differences cccurred between each end point temperature for dry heat, and
between dry and moist heat at internal temperatures of 70° and 80°C. Those
differences between dry and moist heat indicate that the use of cooking bags
did decrease the time required for cooking roasts to 70° and 80°C by approxi-
mately 13 to 17 nin/kg. In contrast to those results, data from this labora-
tory for both leg of lamb (end point, 75°C) and boneless beef rib roasts (end
point 60°C) indicated that the use of 3M Scotchpak Oven Service Film for
cooking by moist heat did nct reduce cooking time (Ferger et al., 1972).

With moist heat, there were no significant differences in min/kg attributable
to end point temperature (Table 3).

Percentage total cooking losses were greater (P < 0.05) for moist heat
than for dry heat at all three end point temperatures, but the magnitude of
difference between the two types of heat decreased at each 10°C increment in
end point temperature. Percentage dripping cooking lcsses were greater
(P < 0.05) for moist heat than for dry heat at each end point. Values for
both treatments increased between 60° and 70°C, then dacreased between 70°
and 80°C, with the decrease being significant (P < 0.05) for moist heat.

This accounts for the significant (P < 0,05) decrease in dripping leosses
betwzen 70° and 80°C values for data surmmarized on the basis of end point.
temperatures (Table 3).

Percentage total moisture decreased (P < 0.05) at each end point tempera-
ture when roasts were cooked by dry heat. The values for roasts cooked by
meist heat followed the same trend, although differences between end points
were not significant. Therefore, it may be concluded that significant dif-
ferences in toral moisture among end point temperatures found in Table 3 are

attributable to the effects of dry heat cooking. Roasts cocked to 60°
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and 70°C by dry heat contained more (P < 0.05) moisture than those cooked by
moist heat. The difference at 80°C was not significant, This indicates that
the significant (P < 0.0i) difference in moisture between dry and moist heat
seen in Table 2 is attributable to the differences at 60° and 70°C.

Gardner a+ (redness) values were greatest for roasts cooked by dry heat
to AG°C and decreased (P < 0.05) as the internal temperature was increased to
76° and 80°C, There were no significant differences among a+ values for
roasts cooked by meist heat, which indicates that the differences among end
point temperatures found in Table 3 are attributable principally to the
effects of the dry heat treatment. The values for moist heat were less
(? < 6.05) than those for dry heat at 60° and 70°C, which contributed to the
signifizant (P < 0.001) differences between a+ vﬁlues for dry and moist heat
seec in Table 2,

There were significant interactions between type of heat and end point
temperature for two sensory characteristics, flavor and apparent degree of
donenzss. The panel preferred the flavor of meat cooked by moist heat te
60° and 70°C, with the difference between dry and moist heat being signifi-
cant (P < 0.03) at 60°C. However, they preferred meat cooked by dry heat to
8G“C, although the difference beﬁween the two types of heat were not
significant. Roasts cooked by moist heat appeared mgdium— to well-done at
all three end point temperatures. apparent degree of doneness scores for
meat cooked by dry heat were less (P < 0.05) than those for roasts cooked b;
moist heat to internal temperatures of 60° and 70°C. This supgests that the
flavor of the meat was more desirable to this taste panel when it appeared

more well-dene.
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Apparent Degree of Doneness, Post-Cven Temperature Rise

Apparent degree of doneness scores were higher (P < 0.001) for roasts
cooked by moist heat than for those cocked by dry heat, and were not aifected
by oven temperature or end point temperature. Roasts cooked by drv heat to
an jaternal temperatures of 60°C appeared bright red in the center (5 to 7 2m
diameter) with the red color fading to grey-brown around the edges, and those
roasts exuded red juice upon standing. Roasts cooked by dry heat to 70°C
were pink in the center (3 to 4 em diameter), fading rapidly to grey-browm
absut haliway through the roast. The roasts cooked to 80°C by dry heaﬁ
genprally were slightly pink in the center (2_to 3 cm diameter), but faded
quickly to grey-brown throughout the rest eof the roast. The surfacz of
roasts ccoked by dry heat was a rich, dark brown, and the surface texture was
fine~grained.

Rpasts cooked by moilst heat to an internal temperature of 60°C were
slightly pink in the center (2 to 3 cm diameter), fading quickly to light
grey-brown in the rest of the roast. Those cooked by moist heat to 70° and
80°C were unifcrmly grey-brown throughout the roast. The surface of roasts
cooked by moist heat was grey-brown rather than the rich, dark brown of the
oven roasted meat, and the surface texture of the muscle appeared coarse.

Post-oven temperature rise was observed most frequently when roasts were
cooked by moist heat. Those roasts remained in the oven film bags during
observation of post-oven temperature rise. The greatest increase in
temperaturz ‘mean = 7.8°C) occurred in roasts cooked to 60°C by moist heat.
Roasts cooked to 70°C by moist heat followed with a 5.6°C mean post—-cven
temparature rise. Roasts cooked by moist heat to 80°C and by dry heat to

60°C both averaged less than 1°C increase, and those cooked by dry heat to 7¢°
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and 80°C never exhibited post-oven temperature rise. Time required to reach
the final post-oven temperature rangedrfrom 8.5 to 28 minutes. The post-oven
temperature rise observed for roasts cooked to 60° and 70°C by moist heat

may account partially fé;:tﬁe lack of pinknéss_in the meat that usually is
expected, but was not observed, at thouse end point temperatures. Greater
post-oven temperature rise at lower end point temperatures alsc was reported
by Rogers et ail. (1967), who found that post-oven temperature rise observed

in turkey breast and thigh-leg pieces was greatest at 25°C internal tempera-
ture and generally decreased with each 10°C increment in end point temperature

from 25° to 55°C.
‘SUMMARY

Thirty-six top round beef roasts (SM and AD muscles) were cooked by dry
keat in open pans and by moist heat in oven film cooking bags at 177° or
205°C to internal temperatures of 60°, 70°, or 80°C, and evaluated by
selected objective and sensory measurements. A split-plot design was
followed to cook and evaluate the roasts, and data were analyzed by analysis
of variance with least significant differences at the 5% level calculated
when F-values were significant.

Percentage total and dripping cooking losses and the volume of drippings
were less (P < 0,001) for roasts cooked by dry heat than for thosé cooked by
moist heat. Percentage total moisture was greater (P < 0.001) and roasts
were more tender (P < 0.05) when cooked by dry heat.

Cooking time increased (P < 0.05) between 60° and 80°C and between 70°
and 80°C. Percentage total and volatile cooking losses increased (P < 0.05)

with increasing end point temperature, but dripping losses increasesd slightly
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between 60° and 70°C, then decreased (P < 0.05) between 70° and 80°C. Per-
centage total moisture was greatest in roasts cooked to 60°C. Gardner Rd
(reflectance) values increased (P < 0.05) between 60° and 80°C and between
70° and 80°C, whereas a+ (redness) values decreased (P < 0.05) with each
increase in end point temperature. No sensory characteristic was affected by
end point temperature or oven temperature; no objective measurement was
affected by oven temperature.

Interactions between type of heat and end point temperature indicate
that differences (P < 0.0l) in percentage total moisture between dry and
moist heat were attributable to differences at 60° and 70°C. Differences
among end point temperatures for Gardner a+ (redness) values were attribut-
able principally to dry heat, Flavor and apparent degree of doneness scores
gshowed that the panel preferred the flavor of the meat that appeared more

well-done.



50

REFERENCES -

Bramblett, V. D., Hostetler, R. L., Vail, G. E. and Draudt, H. N, 1959,
Qualities of beef as affected by cooking at very low temperatures for
long periods of time. Food Technel. 13: 707.

Bramblett, V. D, and Vail, G. E. 1964. Further studies on the qualities of
beef as affected by cooking at very low temperatures for long periods of
time. Food Technol. 18: 245.

Bratzler, L, J. 1971. Palatability factors and evaluation. In "The Science
of Meat znd Meat Products,' Ed. 2, P- 335. W. H. Freeman and Company,
San Francisce, Califernia.

Carlin, A. ¥., Bloemer, D, M. and FoLchkiss; D. K. 1965. Relation of aven
temperature and final internal temperature to quality of pork loin
roasts. J. Heme Econ., 57: 442,

Clark, H. E., Wilmeth, M. C,, Harrison, D. L. and Vail, G. E. 1655. The
effect of braising and pressure saucepan cookery on the cooking losses,
pelatsbility, and nurritive value of the pToteins of round steaks. Food
Research 20: 35.

Clark, R, K. and Van Duype, F. 0., 1949. Cooking losses, tenderness,
palatzsbiliry, ard thiamine and riboflavin content of beef as affected
by roasting, pressure saucepan cooking, and broiling. Food Research
14: 221,

Cover, 5. 1938, The effect, on tenderness of meat, of differences in time
of cooking preduced by oven temperature and by other means. J. Home
Fecon. 30: 586,

Cover, S. 1941, Comparative cooking time and tenderness of meat cooked in
water and in an oven of the same temperature. J. Home Econ. 33: 5%6.

Cover, 5. 1943, Yifect of extremely low rates of heat penetratiom on
tendering of beef, TFood Research 8: 388.

Cover, 5. aud Smith, W. H. Jr. 1956, FEffects of moist and dry heat cocking
on vitamin retention in mest from beef animals of different levels of
fleshing. Food Research 21: 209.

Cover, 5., Banmister, J. A. and Kehlenbrink, E. 1957. Effect of four
couditions of cooking on the eating quality of two cuts of beef. Food
Besearch 22: 835.

Dawson, E. H., Lianton, G. S., Harkin, A. M. and diller, C. 1552, Factors
influencing the palatability, vitamin content, and yield of cooked
baef., iowe Economics Research Report Ne. ¢, U. §. Dept. of Agriculture,
Washington, D. C. ; '



31

Deethardt, D. and Tuma, H. J. 1971. Effects of cooking methods on various
qualities of pork lein. J. Food Sci. 36: 626,

Ferger, D, ¢., Harrison, D. L. and Anderson, L. L. 1972, ZLamb and beef

reasts cocked from the frozen state by dry and moist heat., J. Food
Sedl. 37: 226.

Griswold, R. M. 1955. The effect of different methods of cooking beef
round of commercial and prime grades. 1. Palatability and shear
values. Food Research 20: 160.

Griswold, R, M. 1962, "The Experimental Study of Foods." pp. 122-130,
Boughton Mifflin Co., Boston, Mass.

Bay, P. P., Harrisom, D. L. and Vail, G. E. 1953, Effects of a meat
tenderizer on less tender cuts of beef cooked by four methods. Food
Technol, 7: 217,

Hood, M. P. 1860. Effect of cooking method and grade on beef roasts.
J. Amer. Dietet. Assoc. 37: 363,

Haod, M. P., Thompson, D. W. and Mirone, L., 1955. Effects of coscking methods
on low grada heef., Bull, N, S. &4, Georgia Agric, Exp. Stn., Athens,
Geergia.

Hostetler, ®. L. and Landmann, W. A, 1968, "Photomicrographic studies of
dVﬂdW;C changes in muscle fiber fragments. I. Effects of various heat
treatments on length, width, and birefringence. J. Food Sci. 33: 468.

Hurt, ¥, E., Seidier, L. R. and Wood, L. 1963. Cocking choice grade, top
round beef toasts. . Amer. Dietet. Assce. 43: 353.

Irvin, L. ard Cover, §. 1959, Effect of a dry heat method of cooking on
the collagen content of two beef muscles. Food Technol. 13: 655.

Lowe, B. 1955. "Fxperimental Cockery from the Chemical and Physical
Standpoint." p. 237. John Wiley and Soms, Inc., New York, N. Y.

Machlik, 2. M. and Draudt, H. W. 1963, The effect of heating time on the
shear of beef semitendincsus muscle. J. Food Seci. 28: 71i.,

Marshall, ¥.. Wood, L. and Patton, M. B. 1959. Cooking choice grade, top
round beef roasts. J. Amer. Dietet. Assoc. 35: 569,

Marshall, ., Yood, L. and Pattom, M. B. 1960. Cooking choice grade, top
round czef reasts, J. Amer. Dietet. Assoc. 36: 34l
L. 1365 Effect of marination in sodium

Miller, E. M., and Harrisaen, D
hbxanfc~anaaph ate solutl
Tecrnal, 1%: 94,

on on tne palatabLl1cy of loin steaks. TFood



52

Morgan, A. F. and Nelson, M. P. 1926, A study of certain factors affecting

S
shrinkage and speed in the roasting of meat. J. Home Econ. 18: 371,

Nielsen, M. M. and Eall, F. T. 1965. Dry-roasting of less tender beef
cuts. J. Home Econ. 57: 353.

Payl, P. €. 1972. Meat. 1In "Foed Theory and Applicatiomns," pp. 412-413.
John Wiley and Sons, Inc., New York, N. Y.

Paul, B. C., Dratzler, L. J., Farwell, E. D. and Knight, K. 1952, Studies
on tenderress of beef. I, Rate of heat penetraticn. TFood Research
17: 504,

Read, H. C. and Harrison, D. L. 1971, Effects of dry and moist heat on
selected histological characteristics of beef semimembranosus muscle.
J. Food Sei. 36: 206,

Rogers, P. J., Goertz, C. E. and Harrisoen, D. L., 1967. Heat induced
changes of woisture in turkey wmusclies. J. Food Sci. 32: 298.

Satorius, M. J. and Child, A. M. 1938. Effect of coagulation on press
fluid, shear force, muscie-cell diameter, and composition cf beef
muscle. Tood Researcih 3: 619.

Schock, I. B., Yarrison, D. L. and Anderson, L. L. 1970. Effect of dry and
moist hest treatments on selected beef quality factors. J. Food Sei,
35z 195.

Tuory, J. M., ILechner, R. J. and Miller, T. 1963. Effect of cocking
temperature snd time on the tenderness cf beef. Food Technol., 17:
1457. '

Vigser, R. Y., Harrison, D. L., Goertz, G. E,, Bunyan, M., Skelton, M. M.
and Mackintosh, D. L.- 19560. The effect of degree of doneness on the
tenderness and juiciness of beef cooked in the oven and in deep fat.
Food Technol. 14: 183,

Webb, ¥. L., Webb, N. B., Cederquist, D. and Bratzler, L. J. 1961, The
effect of intevnzl temperzture and time of cooking on the palatsbility
of perk loin roasts, Food Techael. 15: 371,

Weir, C. E.. Pohi, C., Auerbach, E. and Wilson, G. D. 1963. The effect
of cooking conditions upon the yield and palatability of pork loin
roasts. Foed Techmol., 17: 1567,

Winegarden, M. W., lowe, B., Kastelic, J., Kline, E. A., Plagge, A. R. and
Shearer, P. &. 1952. FPhysical chanzes of comnective tissues of beef
during heating. Food Research 17: 172,



33

ACKNOWLEDGMENTS

The author wishes to thank Dr. Dorothy L. Harrison, Professor of Foods
and Nutriticzn and Major Proifessor, for'suggesfing the Problémrand for
assistance and guidance in preparing the manustript. My appreciation is
expressed to Reynclds Metals Company, Richmond, Virginia, for providing the
oven ceooking bzgs used in this study. Tﬁe author wishes‘to thank Dr. Arthur
D. Dayton, Associate Professor of Statistics, for his assistance, and the
faculty members ou my committee, Dr. Lucille M. Wakefield, Dr., Jans A. Bowers,
and Dr. Donald H. Kropf, for their guidance. My thanks go also to Mrs. Leis
Anderson for her help with laboratory procedures and preparation of graphs.

I also wish tc thank my husband, Warren, and my family for their

eacouragement duriang the period of my graduate study.



APPENDIX

54



55

: 83uIWI0Y

aIvy T
SUOP-WNTPa[] ¢~
SUOp-TToH £
§59UaU0 JO =2oada

aTqeiTSOpuUn ATaWaiIXy T Lap Lpowealxy T y3noy AfowLazxy T aTqeaysepun ATawaxixy I

a[Tqearsapun g £ig ¢ ydnog 7 2TqelTSsapu g

arqearsapun ATIYITIS ¢ Lap ATIY3TTS € ysnoy AT3ydTTs € aTqeagsapun L1Iy3IIs ¢

_ aTqeadadoy 4 a1qe3dandy % aTqeydaoddy ¢ 21qei1daooy ¥

aTqr1tsap K[2IBIPPOH € Loinf L1e3easpol ¢ aspual A[PIlviIapoy ¢ aTqeiTsep AT23viAapOj €

a1qexIseq 9 Lopnr g Iapuay, 9 2TqeiIs=q 9

afqearssp ATswealilxy / £oynf Arewaagxy ([ 19puel ATawaaixy / 9TqraTsSsp A(dW=aIxy [/

- A3TTIqeadedoy TIBI2A0 SSIUTOEN[ EEENFETTIERR A0ABTJ 3JO AJTTTqEaTsa(
gsauauo(q £31FTTFqeadadoy [TRaA=AQ sgaufpoInp 91033 SMDYD *ON - A0ABTJ *oy
Jo 9918aq 30 £L311TqRATSSQ aTdurg

853UADPURY,

a38q

(89Tv8N 103INPPY

apoy

pue ENSOUBIqUIALTWSS)

ISVOY aNaod 401 AZd4E M0 0EVD T40DS

Iaquaj] Toued

ZL6T ‘%v6~6 108foag

*1 waog



56

Form II. -
5-944 1972

Instructions to Judges for Sensory Evaluation of Beef Top Round,
Semimembrancsus and Adductor Muscles

Scoring for Pesree of Doneness _ :

Evaluate the degree of doneness for the samples placed under the
MacBeth Skylight. Please record those scores before proceeding to the other
evaluations,

You may select 2 cubes of meat at random from each double buller for
sampling, one cube for counting chews and evaluating tenderness, and one for
agsessing flavor, juiciness, and overall acceptability. :

Scoring for flavor and juiciness :

Record a score for tlavor and another for juiciness within a range of
7 to 1 that describes your impression of the sample, See the score card for
descriptive terms for specific scores within the range of 7 to 1. Record
‘the score describing your impression of flavor and juiciness at the beginning
of the chewing process,

Scorine for tenderness

Count the numrer of times you chew the 1/2-in. (1.3-cm) cube of meat
before swallowing. Chew until the cube is masticated completely, then
swallow. Record the number of chews required to masticate the cube. Record
a score from 7 to 1 that describes your impression of the tenderness of the
cube. BSee the score card for descriptive terms for specific scores within
the range of 7 to 1.

Use the number of chews to help vou standardize your tenderness scores
from day to day. Set up for yourself a range of the number of chews for
each score from 7 to 1. For example, if you chew from 15 to 25 times, you
might record a score of 7; if you chew 25 to 35 times, a score of 63 35 to
45 times, a score of 5; continuing to reduce the score by a given number of
increased chews. FEach judge sets his owm range of chews for a given score.

Overall Accevtability ,

Record a2 score that describes vour impression of the general desir-
ability of the sample. This is nct a total score, i,e., it is not a score
obtained by adding the scores for the other factors. Score overall accept-
ability within the range of 7 to 1, the same as for each of the other
factors listed on the score card.

Comments
Comments about a sample and/or explaining your reason for giving a
particular score are helpful,

Take your time to score each sample, Water is provided for rinsing
your mouth between samples.
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Table 6-Means and F=values. for non-significant type of heat x end point
temperature Interactions

End point temperature, °C

Type of
Measurement heat 60 , 70 80 F-value
Initial weight, kg Dry 1.06 1.03 1.16 0.92 ns
Moist 1.14 1.20 1.14
Volume of drippings, ml Dry 8.50 10.67 4,17 1.70 ns

Moist 194.83 241.00 157.50

Lipid in drippings, Dry 14.03 9.97 30.43 1.98 ns
% of volume
Moist 3.67 3.22 5,27
Water-holding capacity® Dry 0.8151  0.8068  0.7822  0.46 ns
Moist 0.7712 0.7602 0.7594
Shear value, kg/l.3-cm Dry 2.79 3.94 3.57 0.47 ns
core )
Moist 3.48 3.76 3.85
Colorv-difference, Gardner
Rd (roflectance) Dry 19.67 19.53 21.24 0.13 ns
Moist 19.98 20.27 21.57
b+ (yellowness) Dry 10.97 10.90 9.61 3.16 ns
Moist 10.29 10.40 - 10,77
Sensory scores
Juiciness? Dry 5.5 5.9 4.5 0.19 ns
Moist 4.8 5.0 4.2
Tenderness’ Dry 5.9 5.8 5.3 3.47 ns
Moist b ) 5.0 5.6
Qverall Acceptabilityb Dry Sl 5.6 5.1 1.75 ns
Molst 5.3 5.1 4,8

21,0 minus (expressible ligquid index); the larger the value, the greater the
amount of ligquid expressed

b?-(extrnmely desirable, juicy, tender); l-(cxtremely undesirable, dry, tough)
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Table 7-Means and F-values for oven temperature, °C, x end point temperature,

°C, interaction

End point temperature, °C

Oven
Measurement temp,, ° 60 70 80 F-value
Initial weight, kg 177 1.03. 1.11 1.11 0.62 ns
205 1.17 112 1.20
Cooking time
Total, min 177 101.83 115.50 130.17 0.68 ns
205 97.00 99,00 117.17
Min/kg 177 98.32 106.06 118.54 0.13 ns
205 84.36 90.52 101.33
Cooking losses, 7
Total 177 27.39 32,44 33.64 2.46 ns
205 28,44 30.74 35.00
Dripping 177 12,20 13.44 10.06 0.01 ns
205 9.45 11.04 7.46
Volatile 177 19.12 24.28 28.90 0.72 ns
205 22.96 25.68 31.40
Volume of drippings, ml 177 106.00 140.33 87.50 0.13 ns
205 97.33 111.33 74.17
Lipid in drippings, 177 7.65 6.87 25.02 1.66 ns
% of volume
205 10.05 6.32 10.68
Total molsture, % 177 67.20 64.71 63.86 1.70 ns
205 66.70 65.93 63.58
Water-holding capacity” 177 0.7810 0.7780 0.7730  0.56 ns
205 0.8052 0.7890 0.7686
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Table 7-{concluded)

End point_temperatufe, e

Oven ;
Measurenent temp., °C 60 70 80 F-value
Shear value, kg/l.3-cm 177 2.85 3.56 3.61 0.12 ns
core
205 3.41 4.15 3.80
Color-difference, Gardmer
Rd (reflectance) _ 177 20.79 21.15 21.30 2,79 ns
205 18.67 18.65 21.52
a+ (redness) 177 6.78 3.50 2.52 1.82 us
205 5.81 4,89 2.41
b+-(yellowness) 177 10.71 10.67 9.62 1.60 nus
205 10.55 10.63 10.77
Sensory sgores
Flavor : 177 5ub 5.6 5.4 0.59 ns
205 5.4 5.6 5.8
Juiciness’ 177 4.6 5.8 4.9 2.79 ns
205 5.6 5.1 3.8
Tehdernessb 177 5.6 5.3 5.8 2,71 ns
205 5.6 5.6 5.1
Overall acceptabilityb 177 5.2 5.3 5.1 0.37 ns
205 5.2 5.3 4.8
Apparent degree of 177 2,2 2.2 2.2 1.94 ns
doneness®
205 1.9 2.2 2.6

21.0 minus (expressible liquid index); the larger the value, the greater the
amount. of liquid expressed :

b?-(extremely desirable, juicy, tender); l-(extremely undesirable, dry,
tough)

c3—well—done; 2-medium-done; l-rare
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Table 8-Means and F-values for type of heat x end point temperature x oven
temperature interaction

End point temperature, °C

Oven Type of
Measurement temp. heat 50 70 80 F-value
Initial weight, kg 177 Dry 0.98 0.96 1.13 0.92 ns
Moist 1.07 125 1.08
205 Dry 0 1.10 1.18
Moist 1.20 1.14 1.21
Cocgking time
Total, min 177 Dry 96,33 108.33 143,67 1.94 ns
Moist 107.33 122.67 116.67
205 Dry 96.00 105.67 124.33
Moist 98.00 92.33 110.00
Min/kg 177 Dry 96.66 112.62 129.16 0.49 ns
Moist 99.97 99.50 107.92
205 Dry 85.62 96.76 108.44
Moist  83.11  84.27 94.23
Cooking losses, 7%
Total 177 Dry 21.05 27.27 31.03 1.12 us
.Moist 33.74 37.62 36.24
205 Dry 24,92 28.56 33.34
Moist 31.96 32.92 36.67
Dripping 177 Dry 1.92 2.99 2.14 0.11 ms
Moist 22.49 23.90 17.98
205 Dry 1.77 2.21 1.94
Moist 17.14 19.86 12,99
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End point temperature, °C

Oven Type of

Measurement temp. heat 60 70 80 F~value
Volume of drippings, 177 Dry 6.67 9.67 4,67 0.13 ns
nl
Moist 205.33 271.00 170.33
205 Dry 10.33 11.67 367
Moist 184.33 211.00 144,67
Lipid in drippings, 177 Dry 11.80 9.67 45.87 2.29 ns
% of volume
Moist 3.50 4,07 4.17
205 Dry 16.27 10.27 15.00
Moist 3.83 o 17 6.37
Total moisture, % 177 Dry 69.71 67.34 64.52 0.81 ns
Moist 64,70 62.09 63.21
205 Dry 68.80 67.32 64.50
Moist 64.60 65.55 62,66
Water-holding 177 Dry 0.8016 0.8099 0.7929 0.00 ns
capacity?
Moist 0.7514 0.7461 0.7531
205 Dry 0.8196 0.8037  0.7716
Moist 0.7910 0.7743 0.7657
Shear value, 177 Dry 2.2 3.2 3.0 0.13 ns
kg/1l.3~cm core
Moist 3.5 3.9 4.3
205 Dry 3.4 4.6 4.2
Moist 3.5 3.6 3.4
Color-difference,
Gardner
Rd (reflectance) 177 Dry 20,77 20.55 20.97 0.10 ns
Moist 20.81 2375 21.62
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End point temperature, °C

Oven Type of
Measurement temp. heat 60 70 80 F-value
Color~difference,
Gardner i
Rd (reflectance) 205 Dry 18.57 18.51 21.51
Moist 18.76 18,79  21.52
at (redness) 177 Dry 11.19 5.10 2,81 1.65 us
Moist 2.37 1.90 2.23
205 Dry 10.76 10.81 10.77
Moist 3.44 3.51 2,07
b+ (yellowness) 177 Dry 11.18 10.99 8.46 1.90 ns
Moist 10.24 10.36 10.78
205  Dry 10.76  10.81  10.77
Moist  10.34  10.45  10.77
Sensory scores
Flavor 177 Dry 5.3 5.5 6.1 0.21 ns
Moist L 5.6 4,8
205 Dry 4.8 5.1 5.8
‘Moist . 6.0 6.1 5.8
Juicinessb 177 Dry 4.6 6.0 5.0 0.28 ns
Moist 4.7 5.6 4.8
205 Dry 6.4 5.8 4.0
Moist 4.9 4.5 3.7
Tenderness’ 177 Dry 5.8 5.7 5.5 0.19 ns
Moist 5.4 4.9 6.1
205 Dry 6.1 6.0 Sind
Moist 5.1 5.2 5.1
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Table 8-(concluded)

End point temperature, °C

Oven Type of

Measurement temp, heat 60 70 80 F~value
Overall Accept- 177 Dry 9.1 3.7 5.4 0.46 ns
abilityP
Moist 5:3 4.9 4.8
205 Dry 5.3 5.4 4.8
Moist 5.3 5.2 4,8
Apparent degree 177 Dry 1.8 1.8 2.4 0.15 ns
of doneness®
Moist 2.6 2:7 2.1
205 Dry 1.3 - 1.7 2.6
Moist 2:53 2.7 247

21.0 minus (expressible liquid index); the larger the value, the greater the
amount of liquid expressed

b?-(extremelﬁ desirable, juicy or tender); l-(extremely undesirable, dry or
tough) z

c3—we11--done; 2-medium~done; l-rare
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Table 10-Initial weight of roasts, kg
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Mpist heat

Dry hezat
Oven End point An. and An. and

temp., °C temp., °C Roast number Weight Roast‘number Weight
177 60 1fR 1.11 icL 1.01
3fr 0.78 3bL 1.09

5eR 1.06 5dR 1.12

Mean 0.98 1.07

70 1bL 1.08 leR 1.22

3dR 0.82 3aL 0.97

5al 0.99 5cL 1.57

Mean 0.96 1.57

8C laL 0.91 1ér 1.04

3cL 0.91 3eR 0.93

5bL 1.58 5fR 1.29

Mean 13 1.08

205 60 2fR 1.13 2aL 1.02
4al 0.92 4bL 0.94

6alL 1.35 6bL. 1.66

Mean 1.13 ;zgg

70 2dR 1.16 2eR 1.23

4eR 0.95 4cL 0.70

6cL 1,39 6dR 1.50

Mean 1.10 1.14

80 2bL 1.21 2cL 1.21

4fR 0.75 4dR 0.82

6iR 1.60 6eR 1.61

Mean 1.18 1.21




Table 11-Total cooking time, min
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Drv heat Moist heat
Oven End point An. and An., and
temp., °C temp., °c Roast number Time Roast number Time
177 60 1fR 102.0 lcL 100.0
3fR 71.5 3bL 105.0
‘SeR 115.0 5dR 117.0
Mean 96.2 107.3
70 1bL 116.0 1leR 116.0
3dR 97.5 3aL 109.0
SaL 111.0 SeL 142.5
Mean 105.2 122.5
80 1alL 115.0 1dR 106.C
3cL 130.0 3eR 108.0
5bL 186.0 5fR 135.5
Mean 143.7 116.5
205 60 2fR 89.0 2aL 91.0
4al 87.0 4bL 80.0
6alL 112.0 6bL 123.0
Mean’ 96.0 98.0
70 24R 107.0 2eR 97.0
4eR 103.0 4clL 71.5
6clL 106.5 6dR 108.0
Mean 105.5 82.2
80 2bL 122.0 2cL 115.0
4fR 95.0 4dRr 91.5
6fR 155.5 6eR 122.5
Mean 124.2 109.7




Table 12-Cooking time, min/kg
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: Drv heat Moist heat

Oven End point . An. and An. and

temp., °C temp., °C ‘Roast number Time Roast number iime

177 60 1fR 91.8 lcL 99.2

3fR 89.5 3bL 96.4

.5eR 108.7 5dR 104,3

Mean 96.7 100.0

70 1bL 107.2 leR 94.8

3dR 118.8 3aL 112.8

5aL 111.9 ScL 90.8

Mean 112.6 99.5

80 lal 126.6 1dR 102.4

3cL 143.2 3eR 116.4

5bL 117.6 5fR 105.5

Mean 129.1 107.9

205 60 2fR 79.0 2aL 89.6

4aL 95.0 4bL 85.5

6al 82.8 6bL 74.3

Meaﬁ 85.6 §§QL

70 2dR 91.8 2eR 79.0

4eR 108.6 4el 102.0

6cL 89.8 6dR 71.8

Mean 96.7 84.3

80 2bL 100.9 2el 94,7

4fR 127.2 4dR 112.0

6fR 97.2 63R 76.0

Mean 108.4 94.2




Table 13-Post-oven temperature rise
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Drv heat Moist heat
Oven End point &n, and An. and
temp., °C temp., °C Roast number Time °C  Roast number Time °C
177 60 1fR 18 -1 lcL 20 10
3fR - 0 3bL 19 11
5eR - 0 5dR 28 12
- Mean 0.3 11
70 1bL - 0 leR 19 8
3dR — 0 3al 15 6
SaL - 0 5cL 19.5 5
Mean - 0 6.3
80 lal - 0 1dr - 0
3cL — 0 3eR 13 3
5bL - 0 -5fR -— 0
Mean 0 &
205 60 2fR - 0 2al - 0
4al 16 1 4bL 23 6
6al _— 0 6bL 26 8
Mean 0.3 4.7
70 2dR -_— 0 2eR 18 8
4eR - 0 4cL ' 8.5 7
6cL . 0 6dR - 0
Mean 0 &
80 2bL — 0 2cL -— 0
4ER - 0 4dR 8.5 2
6fR — 0 6eR - 0
Mean 0 0.7




Table l4-Percentage total cooking losses
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Dry heat Moist heat
Oven End point An, and "An. and
temp., °C temp., °C Roast number Loss Roast number Loss
177 60 1£fR 22.4 lcL 32.9
3fR 17.6 3bL 34.1
SeR 23.2 3dR 34.2
Mean 2.1 33.7
70 1bL 25.2 leR 37.5
3dR 26.6 3alL 3.1
S5al 34,0 S5cL 37.8
Mean 28.6 36.5
80 1al 27.4 1dR 34.6
3cL 30.0 3eR 38.4
5bL 35.7 5fR 35.8
Mean 31.0 36.3
205 60 2fR 25.9 2aL 32.6
4al, 23.7 4bL 30.3
6aL 25.1 6bL 33.0
Mean 2.9 32.0
70 24R 29.0 2eR 34.8
4eR 27.8 4cL 31.0
6cL 28.8 6dR 33.0
Mean 28.5 32.9
80 2bL 32.2 2cL 35.5
4fR 30.9 4dR 36.7
6fR 36.8 6eR 37.8
Mean 33.3 36.7




_ Table 15-Percentage dripping cooking losses

Dry heat Moist heat
Oven End point An. and An. and

temp., °C temp., °C Roast number Loss Roast number Loss
177 60 1£fR 2,34 lclL 15.97
3fR 1.54 3bL 25.16

SeR 1.89 5dR 26.33

Mean 1.92 22.49

70 1bL 3.69 leR 18.39

3dR 3.16 3al 25.87

SaL 2.11 5cL 27.43

Mean 2.92 23.90

80 lal 1,65 1dR 12.94

3eL 1.98 3eR 19.50

SbL 2,78 5fR 21.49

Mean 2.14 17.98

205 60 2fR 1.95 2aL 15.90
4al. 1.63 4bL 16.98

6aL 2.29 6bL 18.53

Mean 1.96 ;Z;ii,

70 24R 2.57 2eR 20.45

4eR 2,21 4el 15.61
6cL 1.85 6dR 23.38°

Mean 2.21 19.81

80 2bL 1.73 2cL 9.39

4R 1.53 4dR i

6fR 2,56 6eR 18.97

Mean 1.94 14.18




Table l6-Percentage volatile cooking losses
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An. and
Oven temp., °C End point temp., °C Roast number Loss
177 60 1£fR 20.07
3£R 16.04
5eR- 21,26
Mean 19.12
70 llbL 21.53
3dR 23.38
5aL 27.92
Mean 26.28
80 lal 25.77
3eL 27.97
5bL 32.95
Mean 52.%5
205 60 2fR 23.97
4al 22.05
6alL 22.85
Mean 28.90
70 2dR 24.43
4eR 25,63
6cL 26.98
Mean 25.68
80 2bL 30.52
4fR 29.38
6£fR 34.29
Mean 31.40
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Table 17-Percentage total moisture

Dry heat Moist heat
Oven End point An. and Per- An. and Per-
temp., °C temp., C _ Roast number centage Roast number centage
177 60 1fR | 69.68 lcL 66.70
3IfR ©70.32 ' 3bL 61.75
5eR 69.12 54R 65.66
Mesn £9.71 64.73
70 1bL 66,38 leR 60.75
3dR 66.90 3alL 62.17
5aL 68.74 SeL 63.35
Mean 1.3 62.09
80 laL 63.62 1dR 63.15
3cL 66.20 3eR 61.69
5bL 63.75 5fR 64.78
B Mean 64.52 63.21
205 60 2fR 69.38 2aL 62.60
4al 68.90 4bL 66.15
6aL 68.12 6bL 65.04
. Mean - 68,80 64.60
70 2dR 66,95 2eR 62.40
4eR - 66.06 _ 4eL 65.32
6cL 68.95 6dR 65.93
Mean 67.32 64.53
80 2bL 62.28 2cL 60.92
4R 66.16 4aR 63.45
6fR 65.05 6eR 63.60

Mean 64,50 62,66

ez




Table 18-Gardner color-difference Rd (reflectance) values
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Drv heat Moist heat

Qven End point An., and Rd An. and Rd
temp., °C temp., °C Roast number value Roast number value
177 60 1fR 21.80 lcL 21,12
3fR 21.20 3bL 21.65
5eR 19.30 5dR 19.65
Mean 20.76 20,81
70 1bL 20.60 leR 24 .44
3dr 22.33 3aL 21.94
SaL 18.72 5cL 18,85
Mean 20.55 21.74
80 lalL 21.42 1dR 21.40
3cL 20.81 3eR 22.31
5bL 20.69 5fR 21.16
Mean 20.97 21.62
205 60 2fR 15.95 2al, 19.15
4al 18,12 4bL 17.05
6aL 21.65 6bL 20,08
Mean 18.57 18.76
70 2dR 16.00 2eR 14.75
4eR 18.70 4cL 19.03
6cL 20.82 6dR 19.03
Mean 18.51 18.79
80 2bL 21.56 2cL 22,14
4ER 19,56 4dR 21.28
6£fR 23.42 6eR 21.15
Mean 21:51 2].32
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Table 19~Gardner color-difference a+ (redness) values

Drv heat Moist heat

Oven End point An. and a-+ An. and a+
temp., °C temp., 'C Roast number wvalue Roast number  wvalue
177 60 1£fR 6.92 lcL 2:15
3fR 15.60 3bL 2.40
seR 11.05 . saR 2.55
ean 1 2.3
70 1bL 2,05 leR 1.06
3dR 7.36 3al 2,05
Sal. 5.88 5cL 2.58
Mean 5.10 1.90
80 lal 2,50 1dR 1.95
3cL | 3.36 3eR 2.46
5bL 2.58 . 5fR 2.30 -
Mean é;§£ 2.24
205 60 2fR T 9,30 2al, 2.35
4al 9.91 4bL 4.88
6al 5.35 . 6bL 3.09
Meaﬁ 8.19 : é;ii
70 2dR 6.02 2eR | 3.92
4eR 5.65 4el 7 3.12
6cL 7.14 6dR 3.49
Mean 6.27 331
80 2L 2.34 2¢L 1.75
4fR 3.58 4dR 2.12
6£fR 2.35 GeR 2.35

Mean 2.76 . 2.07
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Table 20-Gardner color-difference b+ (yellowness) values

Dry heat Moist heat

Oven End point An. and b+ An. and b+
temp., °C temp., °C Roast number value Roast number value
177 60 1fR 10.52 lcL 10.72
3fR 12.22 3bL 10.31
5eR 10.80 5dR 9.70
Mean 11.18 10.24
70 1bL 10.88 leR 10.70
3dr 11.55 3alL 10.48
S5aL 10.55 5cL 9.89
Mean 10.99 10.36
80 laL 4.78 1dR 10.42
3cL 10.38 3eR 11.28
5bL 10.22 5fR 10.65
Mean 8.46 10.78
205 60 2fR 10.35 2aL 10.18
| 4al. 11.56 4bL 10.35
_6al 10.38 6bL 10.50
Mean 10.76 10.34
70 2dR 10,50 . 2eR 10.02
4alL 11.56 4cL 10.62
6cL 11.25 6dR 10,70
Mean 11.10 10.44
80 | "~ 2bL 10.28 2cL 10.70
4fR 10.80 4dR 11.15
6£R 11.22 6eR 10.45

Mean 10.77 , 10.77




Table 21-Volume of drippings, ml
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Drv heat Moist heat
Oven End point An. and An., and
temp., °C temp., °C Roast number Volume Roast number Volume
177 60 1fR 10_ 1cL 117
3fR 3 3bL 238.5
- 5eR 7 5dR 260
Mean 6.7 205.2
70 1bL 13.5 leR 202
3dR 8.5 3aL 220
SalL 6 ScL 391
Mean 2;1 2Tk
80 lal 4.5 1dR 119
3cL 3 3eR 151
5bL 5.5 5fR 241
Mean 4.3 170.3 -
205 60 2£R 6.5 2aL 152
4al 6 4bL 135
6al, 18 6bL 266
Mean 10.2 185
70 2dr 13 2eR 234
4eR 9 4el 95
6cL i2.5 €dR 304
Mean 1.5 211
80 2bL 5 2cL 107
4ER 4 4dR 67.5
6fR 2 6eR 259
Mean 37 144.5
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Table 22-Lipid in drippings, percentage of volume

Dry heat , Moict heat
Oven End point An. and Per- An. and Per-
temp., °C  temp., °C Roast number centage Roast number centage
177 60 1fR 20.0 lcL 2.6
3fR - 8.3 3bL 2.9
5eR 7.1 5dR 5.0
Mean 11.8 ’ 3.5
70 1bL ‘ 14.8 leR 3.5
3dR 5.9 3alL 5.0
S5al, 8.3 | S5cL 3.7
Mean 9.7 , 4.1
80 lal 30.00 1dr 4,2
3cL 16.7 3eR 4.6
5bL 90.9 5fR 3.7
Mean 45.9 4.2
205 60 2fR 15.4 2al 4.6
4al 16.7 4bL 3.7
6al 16.7 6bL 3.2
Mean 16.3 3.8
70 2dR 7.7 2eR 2,1
4eR . 11.1 4cL 2.1
6cL 12.0 6dR 2.9
Mbén 10.3 2.4
80 2bL 20.0 2cL 11.2
4fR 12.5 4dR 4.4
6fR 12.5 6eR 3.5

Mean 15.0 6.7
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Table 23-Water-holding capacity

Drv heat | Moist heat
Oven End point An, and ' An. and
temp., °C temp.,, °C Roast number WHC Roast number WHC

177 60 1fR 0.8346 lcl 0.6575
3fR 0.7973 3bL 0.7844
5eR 0.7998 5dR 0.8023
Mean . 0.8106 0.7514
70 1bL 0.8011 leR 0.7529
3dR 0.8333 3aL 0.7479
SalL 0.7953 ScL 0.7374
Mean 0.8099 0.7461
80 ~lalL 0.8306 1dR 0.7607
3cL 0.8149 3eR 0.7422
5bL 0.7331 5fR 0.7564
Mean 0.7929 0.7531
205 60 2fR 0.8222 2al 0.7797
4al 0.8136 4bL 0.7949
6al 0.8231 6bL 0.7983
Mean 0.819 ‘ 0.7910
70 2dR 0.8312 2eR 0.7604
beR 0.7879 4cL 0.7588
6cL 0.7920 6dR 0.8037
Mean 0.8037 0.7743
80 ' 2bL 0.7587 7 2¢cL 0.7685
| 4ER 0.7959 4dR 0.7363
6fR 0.7602 6eR 0.7923

© Mean . 0.7716 0.7657




Table 24-Warner-Bratzler shear, kg/l.3-cm core
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Drv heat Moist heat

Oven End point An. and Shear An. and Shear
temp., °C tempi, v Roast number value Roast number value
177 60 1fR 1.7 lcL 2.5
3fR 22 3bL 5.1

SeR 2.8 5dR 2.8

Mean 2.2 3.5

70 1bL 3.2 leR 5.2

3dR 3.4 3al 3.5

SalL 3.0 5cL 3.0

Mean 3.2 3.9

80 lal 3.0 1dR 2.8

3cL 2.8 3eR 5.7

5bL 3.0 5fR 4.3

Mean 2.9 4.3

205 60 2fR 3.1 2alL 1.3
4al. 5.0 4bL 7.0

6aL 2.0 6bL 2.1

Mean | 3.4 3.5

70 2dR 3.9 2eR 5.1

4eR 6.2 4cL 4.1

6cL 3.9 6dR 1.8

Mean 4.7 3.7

80 2bL 3.7 2cL 3.3

4fR 6.0 4dR 4.0

6£fR 2.8 6eR 3.0

Mean 4.2 3.4
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Table 25~Flavor scores; range, /.0-extremely desirable to 1,0-extremely
undesirable

Dry heat . Moist heat
Oven End point An, and An. and

temp., °C temp., °C Roast number Score Roast number Score
177 60 1fR 5.0 lcL 5.3
3fR 3.8 3bL 6.0

SeR 5.0 5dR 5.7

Mean 5.3 8.7

70 1bL 5.3 | leR 5.5

3dRr 5:2 3al 6.0

SaL 6.0 5eL 5.3

Mean 5.8 5.6

80 lal 5.7 1dR 5.3

3cl 5.8 3eR 3.3

5bL 6.7 ' 5fR 5.7

Mean 6.1 4.8

205 60 2fR - 4.2 2alL L
4al 5.0 4bL 6.4

6aL 5.3 6bL 6.2

Mean 4.8 | 7 6.0

70 2dR 5.0 2eR 548

4eR 4.7 4el 6.2

6cL, 5.5 6aR 6.2

Mean 2.1 6.1

80 2bL 6.0 2cL 5.7

4fR 3.7 4dR 6.0

6fR 5.7 6eR 5.8

Mean 5.8 5.8
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Table 26~Juiciness scores; range, 7.0-extremely juicy teo 1l.0-extremely dry

Dry heat Moist heat
Oven End point An. and An. and

temp., °C temp., °C Roast number Score Roast number Score
17% 60 1fR 4.7 lcL 4.5
3fR . 3.2 3bL 5.0

SeR 6.3 5dR 4,7

Mean 4.7 4.7

70 1bL 5.9 leR 4.2

3dR 5.8 3aL, 4.0

5alL 6.3 5cL 3.7

Mean 6.0 | 4.0

80 lal 5.8 1dr 4.3

3cL 5.2 3eR 6.5

5bL 4.6 SfR‘ 3.7

Mean | 3.0 4.8

205 60 2fR 6.7 2alL 5.2
4al, 6.2 4bL 4.4

6aL 6.2 6bL 5.2

Mean . 6.4 | 4.9

70 - ng 5.8 2eR 3.8

4eR 5.7 4eL 4.6

6cL | 5.8 6dR 5.0

Mean 5.8 4.5

80 2bL 4,2 2clL 4.0

4fR 4.2 4dR 3.3

6fR 3.7 6eR 3.7

Mean 4.0 3.7
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Table 27-Tenderness scores; range, 7.0-extremaly tender to l.,0-extremely tough

. Drv heat ' Moist heat
Oven End point An. and _ An, and

temp., °C temp., °C -~ Roast number  Score’ Roast number Score
177 60 1fR 6.3 lcL © 5.8
3fR 4.8 3bL 5.5

5eR 6.2 5dR 4.8

Mean 3.8 2.4

70 1bL 5.5 1eR 4.7

3dR 52 3aL 5.3

5alL 6.3 5cL 4.7

Mean o % 4,9

80 lal 5.2 1drR 5.5

3cL 6.0 3eR 6.7

5bL 5.3 5fR 6.0

Mean 3.5 6.1

205 60 2fR 6.7 2al 5.0
4al 5.4 4bL 4.4

_GaL 6.2 6bL 5.0

Mean | 6.1 4.8

70 , 24R 6.0 _ 2eR 4.8
4eR : 5.8 4cL | 5.0'

6cL 6.3 6dR 5.8

Mean 6.0 3.2

80 - 2bL 5.0 ' 2cL 5.3

4fR 545 4dR 4.8

6fR 4.7 6eR 5.2

Mean 5.1 5.1
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Table 28-Overall acceptability scores; range, 7.0-extremely desirable to
l.0-extremely undesirable )

Dry heat Moist heat
Oven End point An, and An. and

temp., °C temp., °C Roast number Score Roast number  Score
177 60 1fR 5.3 lel 5.2
3fR 4.8 3bL 5.5

5eR 5.2 5dR 5.2

Mean 3.1 2;2

70 1bL 5.7 leR 4.5

3dR 5.2 3aL 5.5

Sal 6.3 5cL 4.7

Mean 3.7 4.9

80 lal 5.3 14R b T

3cL 545 3eR 3.8

S5bL 5.3 3fR 5.5

Mean 5.4 4.8

205 60 2fR 4.5 2aL 5.5
4al 5.0 4bL 5.0

6aL 6.0 6bL 5.5

Mean 3.2 3.3

70 2dR 5.3 2eR 5.0

4eR 5.0 4cl, 5.0

6cL 6.0 6dR 5.7

Mean 3.4 3.2

80 2bL 5.2 2cL 5.0

4fR 4.8 4dR 4.7

6fR 4.5 6eR 4.8

Mean 4.8 4.8




Table 29-Apparent degree

of donmeness (1 = rare, 2
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= medium-done, 3 = well~

done)
| Dry heat Moist heat
Oven End point An. and An. and
temp., °C temp., °C Roast number  Score Roast number Score
177 60 1fR 1.2 lcL 2.7
3fR 2.8 3bL 2.7
S5eR 1.5 5dR 2.5
Mean 1.8 2.6
70 ibL 1.6 leR 2.5
3dR 1.7 3al 2.5
Sal 2.2 5cL 3.0
Mean 1.8 2.7
80 laL .3 1dR 2.5
3cL 2.0 3eR 1.0
SbL 3.0 5fR 2,7
Mean 2.4 2.1
205 60 2fR 1.0 2alL 2.3
4al 1.4 4bL 2.6
- baL 1.5 6bL 2.7
Mean 1.3 2.5
70 24R 1.5 2eR 2.8
| 4eR 1.9 4el 2.6
6cL 1.8 6dR 2.7
Mean 1.7 2.7
80 2bL 2.5 2cL 2.7
4fR 2.4 4dR 2.7
6fR 2.8 6eR 2.7
Mean 2.6 2.7
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Oven film cooking bags are offered to the homemaker as a new method of
meat cookery., Film bags are marketed under several brand names, and one
manufacturer suggests that lower cost, less tender cuts of meat ldeally are
suited to cooking in film. This is in agreement with the usual recommenda-
tion that moist heat (braising or pot roasting) be used to coﬁk less tender
cuts to soften collagenous connective tissue. Manufacturers sometimes imﬁly
in advertising that their product will produce a juicier, more flavorful
roast in a shorter time than is otherwise possible.

A split plot design was followed to cook 36 top round roasts by dry and
moist heat (open pans and oven film) at 177° or 205°C to 60°, 70°, or 80°C.
Total and dripping;losses and volume of drippihgs were less (P < 0.001) feor
roasts cooked by dry heat then for thoese ;ooked by moist heat. Total moisture
was greater (P < 0.001) and roasts were tenderer (P < 0.05) when cooked by
dry heat. Cooking time and CGardner Rd values increased (F < 0.03) between
60° and 80°C and between 70° and 80°C. Gardner a+ values decreased (P < 0.0Si
with increasing end point temperature. Total and volatile losses increased
(P < 0.05) with increasing end point; dripping losses increased slightly
between 60° and 70°C, then decreased (P < 0.05) between 70° and 80°C. No
sensory'characteristic was affected by end point or oven temperature; no .
objective measurement was affected by oven temperature. Interactions between
type of heat and end point temperature indicate that differences (P < 0.01) in
total meisture between dry and moist heat were attributable to differences at
60° and 70°C. Differences among end point temperaturess for apparent degree
of doneness scores showed the panel preferred flavor of meat that appeared

well-done.



