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time to reach the desired internal temperature was, as pointed out
earlier, considerably longer. Differences in heat transfer were not as
great between room and refrigerator temperature roasts. While heat
penetration for the refrigerator-thawed roasts was lower to begin with,
temperature soon rose and heat penetration was almost at the same level
as by moist heat methods. The dry heat methods for room and refrigera-
tor temperatures showed almost parallel increases, although the room
temperature roasts were always at a higher level in this study.

Cover (22) has stated that a marked flattening of the heat
penetration curve is accompanied by greater tenderness of the meat.
For broiled steaks cooked to the well-done stage she found that the
greatest flattening of the curve took place between 65°C and 80°C,
In this study there appears to be a similar flattening for roasts cooked

by dry heat between 60°C and 80°C,

pH and Moisture

The pH values for the raw meat varied only slightly and did not
appear to be related to any tenderness factor. The range of values was
5;5 to 6.6 with a mean of 5.6,

The amount of water imbibed by raw meat varied from 1 to 8 ml.
per 5 grams of meat, with a mean value of 3.6 ml. There appeared to be
little relationship between water imbibition of raw meat and tenderness

or juiciness after cooking.

Shear Strength Measurements

Shear strength values register the number of pounds required to

shear through a cylinder of meat. Tough meat offers greater resistance




63,

to shear, and therefore high shear values are associated with less tender
meat, while low shears are an indication of tender meat. In this study
one inch cylinders of cooked meat were used for shear strength measure-
ments.

Means for shear values obtained in this study are shown in

Table XII.

TABLE XII

MEAN SHEAR STRENGTH VALUES OBTAINED FOR FOUR COOKING METHODS

AND THREL INITIAL COOKING TEMPERATURES

Temperature of Meat Dry Heat Hoist Heat
before Cooking 60°C  80°C 80°C  100°C p
Room 17.88 1744 15,50 2,76
Refrigerator 22,19 17,57 14,19 11.19
Frozen 26,50 1%.94 20.00 15,32
Mean for all conditions 22,18 18,31 16,56 12,08

Tenderness shown by decreasing shear strength values progressively
increased with longer cooking (higher internal temperature) and was greater
for meat cooked by moist heat than that done by dry heat methods., Mean
values for dry to 80°C, dry to 80°C, moist to 80°C, and moist to 100°C
were 22;18, 18.31, 16,56, and 12,08 respectively, Though not significantly
different, the means gave some indication of a tenderness trend, particu-
larly between dry and moist heat methods. Cuts roasted to 60°C gave

shear values of 22,18 pounds, but meat was more tender roasted to 80°C
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with a shear of 18,31 pounds. Cooking to 80°C with added moisture
resulted in a mean shear of 16,56 pounds with a range of 21.75 to 12.88,
Roasting to 80°C by dry heat gave a mean shear of 18,31 pounds with a
range of 20,63 to 16.,13. .

The analysis of variance of shear strength values can be seen

in Table XIII. Both temperature condition of the meat before cooking,

TABLE XIII

ANALYSIS OF VARIANCE OF SHEAR VALUES RELATED TO COOKING METHOD

AND TEMPERATURE CONDITION OF MEAT BEFORE COOKING

Source d.f. SeSo MeSoe F
Conditions 2 124,331 62.165 4,06%
Methods 3 315.986 105,328 6,878%%
Interaction 6 28,488 4,748
Duplicates 12 183,757 15.313

TOTAL 23 652,562

%% Significant at 1% level.
% Significant at 5% level.

and cooking method produced differences in tenderness that can be con-
sidered significant. The degree of thawing of the meat before cooking
produced differences in tenderness which were significant at the 5 per
cent level, Highly significant at the 1 per cent level and accounting
for the major part of the variation were differences due to cboking
method. Some shear variation occurred between duplicates due to lack

of homogeneity in the meat and mechanical error in the shear.
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Comparison of the shear strength results with those of other
workers show reasonably close agreement, as can be seen in Table XIV,
The meat in each case came from the round of beef, but since some
workers used steaks while others used roasts, variation may be expected

and could account for some difference in shear.

Taste Panel Ratings

Tenderness differences were detected by taste panel. The score
card used was a seven point bipolar scale ranging from very tender to
very tough (Appendix C). Higher figures approaching seven indicates a
more desirable characteristic or degree of tenderness., Qualities rated
were muscle fibre characteristics, connective tissue components and
Juiciness. A general score for tenderness as a composite effect was
obtained. In addition the number of chews required to masticate a por-
tion of meat, half an inch in diameter, was recorded. The taste panel
ratings to be discussed are average scores of five judges. For greater
uniformity in judging, individual panel members were always given sam-
ples from the same portion of each roast, Composition of the meat varied
slightly between judges since a slice near the end of the roast was not
- identical in all respects with that closer to the centre,

The cooking method produced highly significant differences in
tenderness (Table XV), There was some indication of interaction effect.
The taste panel scores did not show any significant tenderness differences
for témpgrature condition of the meat before cooking. A close agreement‘
between paired samples indicated good reproducibility of taste panel

judgments.
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TABLE XV

ANALYSIS OF VARIANCE OF TASTE PANEL SCORES FOR TENDERNESS COMPOSITE
RELATED TO COOKING METHOD AND TEMPERATURE OF MEAT

BEFORE COOKING

Source d.f, S.8, MaS, F
Conditions 2 0,72 0.36 3.71 N.S.
Methods 3 4,39 l.u46 15,05%%
Interaction 6 2,04 0,34 3.51%
Duplicates 12 1.16 0,097

TOTAL 23 8,31

#% Significant at 1 per cent level,
* Qignificant at 5 per cent level,

LSD revealed values of .4 and .5 for 5 per cent and 1 per cent level
of significance, respectively.

Some characteristics are largely inherent within the animal and
not readily altered by cooking conditions or initial temperature, Such
a characteristic is the fineness of the muscle fibre., The same muscle
was used throughout the experiment and differences which were seen in
muscle fibre diameter were considered to be more likely due to bioclogi-
cal variation than to cooking effect. Scores for muscle fibre fineness
ranged from 3.6 (moderately coarse) to 5.0 (moderately fine), Similarly,
the amount of connective tissue present was characteristic of the indi-
vidual animal, as well as the specific muscle. The biceps femoris has
more connective tissue than a muscle like the longissimus dorsi in the

loin,
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Mean values for panel ratings of the five judges are shown in
Table XVI. It appeared that fragmentation increased with cooking. The
effects of moist heat to 100°C were particularly noticeable, Cover (28)
has described this characteristic as a greater case of fragmentation
into distinct dry particles and lessened adhesions between muscle fibres.,
This is particularly noticeable in the biceps femoris cooked by moist
heat to temperatures of 80°C and 100°C, At temperatures of 61°C
ffagmentation and mealiness was not apparent, according to Cover. Longer
cooking and higher temperatures would presumably result in more extensive
coagulation and denaturation of muscle proteins, as well as a greater
breakdown of connective tissue., Mean values for fragmentation in this
study were 5.4 (moderately easily fragmented), for moist heat to 100°C,
3;9 (fragmented with slight difficulty) for moist heat to 80°C, 3,1
(slightly difficult to fragment) for dry heat to 80°C, and 2.9 (moderately
difficult to fragment) for dry heat to 60°C., With the exception of the
difference between dry heat roasts cooked to 60°C and 80°C, the dif=
ference in fragmentation scores were large,

Differences in the softness of muscle fibre as a result of treat-
ment were not very great according to panel ratings. The range for indi-
vidual values of 24 roasts were from 6.4 (soft) to 3.6 (slightly soft)
with an average of 5.2 (moderately soft). According to four cooking
methods, with six roasts in each group, mean scores were 5,2 (soft) for
dry heat to 60°C, 4,2 (moderately soft) for dry heat to 80°C, 4,2 for
moist heat to 80°C, and 5.2 for moist heat to 100°C,

Connective tissue was considerably softened by thg cooking method.,
Moist heat methods are particularly effective in bringing about hydrolysis

of collagen, Heat penetration takes place quickly and high temperatures
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TABLE XVI

MEAN TASTE PANEL RATINGS OF FIVE JUDGES FOR PALATABILITY CHARACTERISTICS

OF MEAT PREPARED BY FOUR COOKING METHODS

Dry Heat Moist Heat

Score Card Component
60°C 80ecC 80°C 100°¢C

Fragmentation of Muscle Fibre
Room 4
Refrigerator 2,
Frozen 2
Mean 2

Softness of Muscle Fibre
Room 5
Refrigerator b,
Frozen 5
Mean 5

State or Softness of
Connective Tissue
Room 3.7
Refrigerator 3.7
Frozen 3.4
Mean 3.6

Juiciness
Room 5
Refrigerator 6,
Frozen 7
Mean 6

Tenderness Composite
Room 5.3
Refrigerator 5.7
Frozen 5,3
Mean 5.4

Chew Count
Room 21,0 22,1 18,0 15.3
Refrigerator 15,0 16.3 17.3 15.4
Frozen 15,4 18,7 17,0 17.5
Mean 17.1 19.6 17.u4 16,3
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are maintained in a moist medium., The longer cooking at moist heat brought
about the greatest change of collagen to gelatin, The mean values for
softness of connective tissue by four cooking methods and internal temp-
eratures (six roasts in each category) were 3.6 (slightly soft) for dry
heat to 60°C, 3.4 (moderately hard) for dry heat to 80°C, 3.9 (slightly
soft) for moist heat to 80°C, and 5.5 (soft) for moist heat to 100°C,
Greater juiciness was retained with low cooking temperatures and
is characteristic of meat cooked to the rare stage of doneness, Roast~
ing to an internal temperature of 60°C required a shorter time than
roasting to 80°C, Meat cooked by dry heat to 60°C had a mean score of
6.4 (juicy) while that done by dry heat to 80°C had a lower juiciness
score of 4,3 (moderately juicy). UMoist heat methods produced greater
dryness. Panel scores were 3.2 (moderately dry) at 80°C by moist heat
and 4.3 (slightly juicy) by dry heat at the same temperature. Moist
heat coocking to 100°C resulted in the greatest degree of dryness, as
shown by a score of 2,6 (moderately dry). Moisture losses for cooked
meat dried to constant weight gave similar results.
The tenderness composite was the score related to the general,
or overall impression of tenderness. Cooking by moist heat to 100°C
resulted in the highest tenderness rating, significant at the 1 per
cent level with a mean score of 5,9 (tender); next in tenderness was
the roast cooked by dry heat to an internal temperature of 60°C, with
a score of 5.4, Scores for dry and moist heat methods at the same
internal temperature (80°C) were not significantly different with 4.9 and
5.0 (moderately tender) respectively. An LSD value of 0.5 at the 1 per

cent level and 0.4 at the 5 per cent level was obtained.
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Cover's approach to tenderness scoring by partitioning it into
numerous components appears to have value. Subtle variations in tender-
ness can be revealed in scores for individual components. The general
tenderness impression is influenced by both muscle fibre and connective
tissue factors. With a single score the general impression is regis-
tered, but there is no way of distinguishing the effect produced by
muscle fibre hardening from connective tissue softening. In most cases,
changes occur in both constituents, but one effect will usually be
dominant., The attempt to relate tenderness change to a specific consti-
tuent helps to increase understanding of the complex nature of tenderness.

The chew count score is considered to be a fairly objectivé type
of measurement using taste panel judges. Analysis of variance éf the

chew count (Table XVII) revealed no significant differences as a result

TABLE XVII

ANALYSIS OF VARIANCE OF CHEW COUNTS RELATED TO COOKING METHOD

AND INITIAL TEMPERATURE OF THE MEAT

Source d.f. SeSe MeS, F
Conditions 2 43,10 21.55 2.63 N,S,
Methods 3 24,28 8.09 0«38 N,S.
Interaction 6 41,83 6,97 .85 N,S,
Duplicates 12 98,15 8,18

TOTAL 23 207,36
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of cooking method or initial temperature. It was noted that there was
large individual variation among panel members in chews required to com=-
pletely masticate a sample. It appears that the chew count does not

distinguish tenderness differences which were revealed by other methods.

Intramuscular Variation

The biceps femoris is known to have some within-muscle variation.
It has larger deposits of connective tissue at the origin than the inser-
tion end of the muscle, During the experiment the roasts were observed
to have consistently larger amounts of connective tissue in the form of
heavy strands at one end. The most suitable samples for taste panel
judging were obtained from the other end of the muscle, and the result-
ing scores were used for analysis of variance of taste panel scores and
for the mean comparisons made in Table XVI. Since the size of the
roasts permitted a duplication of test samples, it was decided to rate
samples from the sinewy end of the roast. Average scores for the amount
of connective tissue at opposite ends of the roasts did not reveal any
differences. The mean value for amount of connective tissue in the meaty
end of 24 roasts was 4.23 compared with 4,28 at the sinewy end. The
judges were perhaps more concerned with thevnature of the connective
tissue surrounding muscle fibres and may have paid less attention to the
large strands that were present,

Table XVIII gives a comparison of panel ratings for different
parts of the muscle, and shows very close agreement between the two
judgments. Similar trends can be seen throughout the characteristics
rated for the two ends of the muscle., A "t" test calculated for those

means where the differences were large revealed no significant differences.



TABLE XVIII

MEAN TASTE PANEL RATING FOR VARIOUS TENDERNESS COMPONENTS OBTAINED
FROM OPPOSITE ENDS OF BICEPS FEMORIS ROASTS

Dry Moist
Score Card Component
60°C 80°¢C 80°¢C 100°cC
Fragmentation
End A 2.9 3.1 3.9 5.4
End B 3.2 4,3 4,2 5.2
Mean 3.1 3.7 L4,0 5.3
Softness
End A 3.6 3.4 3.9 5.5
End B 4,6 4.8 5.0 5.3
Mean b, 4,1 L.5 5.4
State of Connective Tissue
End A 3.6 3.4 3,9 545
End B 4.6 L,8 5.0 5.3
Mean 4.1 4.1 4,5 5.4
Juiciness
End A 6,4 4,3 3.2 2.6
End B 6,0 b,7 3.3 3.0
Mean 6.2 g5 3.2 2.8
Tenderness Composite
End A 5.4 L.9 4,9 5,9
End B 5.8 5.3 5.2 5.8
Mean 5,6 5.1 5,0 5.9
Chew Count
End A 17,1 19.0 17.4 16,3
End B 17.6 18.6 17.7 17.0

-Mean 17.4 18.8 17.6 16.7
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Scores for the tenderness composite from both the meaty and
sinewy ends of the roasts were correlated. The resulting correlation
coefficient was +.61 indicating some positive relationship. A muscle
that was more uniform in composition would undoubtedly have shown a

higher degree of correlation,

Roasts Cooked in the Electronic Oven

When an electronic oven became available toward the latter part
of the study the experimental design was modified to include this method
of cooking. A total of six roasts were cooked by microwave energy at two
initial temperatures, refrigerator and frozen, and by moist and dry heat
methods.,

Noble and Gomez (62) in roasting lamb reported difficulty in
estimating doneness. In the present study the same difficulty was
encountered and there was some trouble estimating the degree of doneness
and removal time, Since a specially designed thermometer for the elec=-
tronic range was not available, the type of Centigrade glass thermometer
used was the same as for the other part of the study. Preliminary experi-
mentation revealed that the small amount of metal at the top of the
thermometer did not produce arcing or interfere with operation of the
oven. Attempts were made to cook the roasts to the same internal
temperatures as previously reported, Even though the thermometer
recorded the correct internal temperature the meat in all cases was
underdone., Cooking took place unevenly, the surface was not browned and
a central core of meat remained completely raw. These results then are
not comparable with roasts cooked to the same internal temperature in

the conventional gas oven. Noble and Gomez reported that lamb roasts
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cooked evenly and were uniformly grey inside with a lightly browned
surface. Longer cooking time would have resulted in a greater degree
of doneness in the present study.

Cooking losses ranged from 6,47 to 42.99 per cent of the raw
weight before cooking. The same general trends as noted for conventional
cookery were observed in electronic cooking, Losses tended to be higher
with moist heat and the roasts started in the frozen state had lower
cooking losses than those started at refrigerator temperatures, Cooking
losses increased with longer cooking time. Four roasts started at
refrigerator temperatures showed cooking losses of 7,93 per cent with
roasting by dry heat to 60°C, 17,59 per cent with roasting by dry heat
to 80°C and 42,99 per cent by moist heat to 100°C, Two frozen roasts
cooked by dry heat to 60°C and by moist heat to 80°C lost 6.47 and
22,99 per cent in the form of evaporation and drip losses. On the whole
electronically cooked roasts appeared to have slightly lower cooking
losses than conventional cookery, but this was probably related to the
extent of cooking which hardly progressed beyond the rare stage.

A comparison of refrigerator-temperature roasts cooked in gas
and electronic ovens is shown in Table XIX., Cooking time was less in
the electronic oven but, as mentioned before, the degree of doneness
was not comparable with that of the conventionally cooked roasts. Total
cooking times required for refrigerator roasts, according to cooking
method, were 7 minutes by dry heat to 60°C, 13 minutes by dry heat to
80°C, 11 minutes by moist heat to 80°C and 19 minutes for moist heat to
100°C, Two frozen roasts cooked in 13 minutes by dry heat to 60°C and
16 minutes by moist heat to 80°C, Noble and Gomez reported varying cooking

times with different roasts with an average rate of 6 minutes per pound,
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TABLE XIX

COMPARISON OF ELECTRONICALLY AND CONVENTIONALLY ROASTED MEAT*

Characteristic Dry Heat Moist Heat
60°C goecC 80°C 100°C
Cooking Rate (min/1b.)
Gas 25,50 40,30 26,80 43,20
Electronic .62 035 .38 021
Shear Force (1lbs,)
Gas 15,0 16.3 17.3 15,4
Electronic 20,6 19.6 20,8 18.4
Panel Scores
(a) Tenderness Composite
Gas 5.0 5.6 5.2 5.2
Electronic 5.7 5.1 5.3 5.8
{(b) Chew Count
Gas 20,5 19.6 20,8 19,4
Electronic 15.0 16.3 17.3 15,4

w Stages of doneness are not strictly comparable since there were under-
cocked sections in the meat cooked in the electronic oven.

Shear force values were higher for meat cooked electronically
because the meat was not done as well and offered more resistance to
shear. The difference is probably due more to stage of doneness and less
to the effect of type of oven. Refrigerator-thawed roasts cooked in gas
and electronic ovens by four cooking methods had shear values of 15 to
17.3 in gas oven and 18.4 to 20,8 in electronic oven,

Panel members found it unpleasant to score the electronically
cocked samples because of the underdone areas. Tenderness composite and
chew count scores for refrigerator-thawed roasts indicated lower tender—

ness values for the electronically cooked roasts.
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Much remains to be learned about roasting meat in the electronic
oven, The advantages of great speed of cooking are minimized with large
masses of meat like the five pound roasts used in this study. Meat
cookery in the electronic oven has not advanced much beyond the trial and
error stage, although acceptable results for electronically cooked roasts
have been reported by some workers (3, 57, 62). Cooking time for small
amounts of meat, like hamburger patties, can be closely regulated to

obtain the desired degree of doneness,

Chemical Test for Collagen

Table XX shows the percentage collagen determined in the cooked

meat. Within each cooking method considerable variability was found,

TABLE XX

COLLAGEN CONTENT OF MEAT SAMPLES COOKED BY FOUR METHODS

Percentage Collagen

Cooking Method Number of Dry Weight Basis®
Samples Mean® Range of Values

Dry heat to 60°C 10 2,77 1.6 - 3.9

Dry heat to 80°C 8 1.13 0.4 - 3.1

Moist heat to 80°C 5 0.u8 0.1 - 1.4

Moist heat to 100°C 8 2,79 0.9 - 4.7

* Some evaporation loss on standing was not accounted for in total
moisture loss, so that relative values may be somewhat high.

due in part to muscle variations and to differences between animals.,

Greater similarity was noted between paired samples than between animals.,
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Mean values appeared to show a trend toward lowered collagen with
increased cooking and added moisture for dry heat to 60°C and 80°C, and
for moist heat to 80°C, Mean collagen level of moist heat roasts cooked
to 100°C was high. These samples were cooked the longest time and the
proteins present presumably would be denatured to a greater extent
affecting their solubility. Ritchey and Cover (73) point out that some
proteins other than collagen which are insoluble in alkali may become
soluble during autoclaving altering collagen values. Griswold and
Leffler (39) state that apparent gains in collagen on cooking may be
due to the decomposition of non-collagen proteins during autoclaving.

A comparison of results obtained by the gravimetric method used
in this study with those of other workers is shown in Table XXI. The
results obtained in this study, 1.68 per cent dry weight basis, compare
quite closely with those of Griswold and Leffler's (39) who obtained a
value of 1,39 per cent. Smith and Cover (20) reported 1,56 per cent
collagen content in the longissimus dorsi muscle of the round.

While the method used had been chosen because of its simplicity,
separation of the alkaline extract presented some difficulty because it
became murky‘and very viscous. Irwin and Cover (50) suggested a longer
extraction period to ensure that all proteins other than collagen were
dissolved in alkali., Ritchey and Cover (79) in a comparison of the
alkali-insoluble, autoclave soluble nitrogen procedure and the hydroxy-
proline method recommended the latter as a more accurate indicator of
collagen in raw and cooked meat. The exact nature and composition of
collagen is not completely understood, and more information about the

changes occurring during extraction and cooking is needed,
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TABLL XXI

COMPARISON OF COLLAGEN LEVELS IN BEEF ROUKND
EXTRACTED BY ALKALI AND AUTOCLAVING

Griswold and Leffler (39)

1952 Present Study
Sample Moisture % Collagen  Sample Moisture % Collagen
RAV COOKED
A 71.8 0.87 DRY HEAT 64,1 0.91
TO 60°C
B 71.5 1.11 9 SAMPLES
C 68.8 1.17
COOKED COOKED
Method 1% 56,9 0.61 DRY HEAT 63,6 0.37
to 80°C
Method 2 G 0.78 7 SAMPLES
Method 3 56,9 0.33 COOKED 60.2 0,18
MOIST HEAT
Method 4 56,7 0,93 to 80°C
5 SAMPLES
Method 5 59,7 0.70 COCKED 57.9 1.17
MOIST HEAT
Methed 6 58.1 0.56 to 100°C
8 SAMPLES
Method 7 58.4 ~0.58
Method 8 53.5 0,61
Method 9 53.9 0,40
Method 10 57.4 0,48

Cooked meat,
moist weight
basis 57.6 0.59 61.5 0,65

Cooked meat,
dry weight
basis®® 1.39 1.68

% Cooking Methods not identified.

#%Conversion to dry weight basis made by using formula collagen moist wt.x100
: dry weight sample
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Correlation of Shear, Panel and Collagen

'Results of tenderness measurements by three methods were
correlated. Shear and panel ratings for the tenderness composite had
a correlation coefficient of =-.60, Burrill, Beethardt and Saffle (11)
reported a gimilar though slightly higher correlation of ~-.69. In the
present study the correlation coefficient for collagen level and taste
panel scores was .53 while collagen and shear values had a coefficient
of .35, Tenderness measurements, to some extent, rate different aspects
of the quality which may account for the failure to obtain a higher
degree of correlation,

Meat cookery studied scientifically leads to further understand-
ing so that applications can be made for practical use. The cooking of
meat has been, for a long time, essentially an art, and no matter how
skillful the treatment the results have often shown considerable varia-
tion, It is only recently that procedures have been standardized and
reproducible results obtained. As knowledge is accumulated there is
increased awareness of cooking conditions that must be controlled. Of
all factors which make meat acceptable and enjoyable , tenderness is
the most important. The gourmet may look for succelence and the pleasant
texture of fine muscle filaments in a tender piece of meat., Those with
scientific leanings would be more impressed by low shear values, low
residual collagen and a correlation coefficient of ,97 such as that
calculated by Rodgers et al. (83) between general acceptability and panel

tenderness ratings.
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SUMMARY AND CONCLUSIONS

Tenderness was compared in thirty roasts of the biceps femoris
obtained from eight steers raised under controlled conditions. The
muscles were cooked under four conditions by moist and dry heat to two
internal temperatures approximating rare (60°C for dry heat and 80°C
for moist heat) and well done (80°C for dry heat and 100°C for moist
heat). The degree of thawing before cooking was varied with meat being
started at room and refrigerator temperatures and in the frozen state,
Tenderness was affected more by cooking method than initial temperature
of the meat under the conditions of the experiment. Conventional gas
ovens were used for the major part of the experiment. Six roasts were
cooked in an electronic oven. Tenderness was evaluated by shear and
taste panel, while collagen level was determined by chemical analysis.

Cooking losses including both evaporation and drippings in-
creased with longer cooking and were higher at 46.8 per cent by moist
heat and 32.4 per cent by dry heat. Roasts started in the frozen state
had lower cooking losses of 29.1 per cent compared with 34,0 and 35.9
per cent at room and refrigerator temperatures respectively., Moist heat
cooking methods brought about greater moisture losses in the cooked meat.
At an internal temperature of 80°C meat roasted by dry heat was juicier
and lost 62,54 per cent moisture when dried to constant weight. Hoisture
losses with moist heat methods were 60,52 per cent. Shrinkage losses by
moist heat methods ranged from 27.8 to 34,3 per cent, while dry heat

methods showed greater variation and ranged from 4.5 to 47.9 per cent.
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Rate of cooking varied with the temperature of the meat before
roasting., Frozen roasts cooked to 80°C by dry heat in 214 minutes,
while refrigerator roasts required only 193 minutes and room temperature
roasts were done in 160 minutes. The presence of moisture increased the
rate of heat penetration., Refrigerator roasts cooked to an internal
temperature of 80°C by dry heat at a rate of 40.3 minutes per pound, and
almost twice as rapidly or 26,8 minutes per pound by moist heat.

Shear force values revealed significant differences in tenderness
due mainly to cooking method, but initial temperature of the meat before
cooking had some effect. Moist heat methods to the well done stage
resulted in the greatest shear tenderness at 12.2 pounds. Meat cooked
by dry heat to the rare stage was less tender with a shear value of 22,2
pounds; At the same internal temperature of 80°C meat cooked by moist
heat had a shear value of 16.6 pounds, lower than the dry heat method
with a shear of 18.3 pounds.

Taste panel scores showed that meat cooked to the well done stage
was significantly more tender than that done by other methods. Scores
for a tenderness composite were 5.9 for moist heat to 100°C, 5.4 for
dry heat to 60°C and 4.9 for moist and dry heat to 80°C. Individual
scores for muscle fibre and connective tissue components showed that
moist heat to the well done stage increased fragmentation of the muscle
fibres, and considerably softened connective tissue., Good reproducibil-
ity of judgments between duplicates was shown by the panel, Correlation
for panel scores from opposite ends of the biceps femoris was .61 indi~-
cating some variation in composition. A chew count measurement was not
effective in distinguishing tenderness differences between cooking methods.

Chemical analysis for collagen in cooked meat did not reveal large

differences due to the influence of cooking method, but the mean level for
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coocked meat on a dry weight basis was 1,68 per cent. Correlations of
.53 were found between collagen and panel scores while collagen and
shear had a value of ,35. A notable relationship was found between
shear and taste panel with a correlation coefficient of -,60,
Electronically cocked meat was not strictly comparable in degree
of doneness. Although cooking rate was raplid with the method, the meat

did not cook uniformly.
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APPENDIX A

WATER IMBIBITION DETERMINATION

Method adapted from that of J. H, Hall, as described by Doty

and Pierce in U.S,D,A. Bulletin No, 1231,

1. 5 grams ground meat were blended with 30 ml. distilled

water at high speed in Warning Blender for 15 seconds.
2. The mixture was transferred to centrifuge tubes.,
3. The tubes were refrigerated and stored overnight at 35°C,
4. Tubes were centrifuged for 5 minutes at 3,500 rpm.
5. Liquid was decanted and measured.

6. Amount of water in the decant was subtracted from the

original 30 ml. to obtain "imbibed" water.
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APPENDIX B

COLLAGEN DETERMINATION
Lowry, Gilligan and Katersky Method (54)

Reagents:

Method:

1.

0.1N NaOH

0.1% Phenol Red

0.1N HCL

Ether Alcohol Mixture

Ether

Weight 2 to % (A) grams ground meat in 50 c.c. Pyrex
centrifuge tube., Transfer to small porcelain mortar and
grind until paste like. Rinse back into centrifuge tube with
2 to 4 c,c. water followed by 0.1 NaOH until total volume is

40 c.c, Stir and let stand overnight,

Stir vigorously, centrifuge and remove supernatant by
suction, Add 40 c.c, 0.1 N NaOH and stir. Let stand 2 hours,

centrifuge and again remove supernatant fluid.

Add 40 c.c. water and a drop 0.1% phenol red. Adjust color
to faint pink (pH7) with 0,1N NCL. Centrifuge and remove

supernatant fluid,



10.

Add 40 c.c, of 95% alcohol, 1 part ether mixture, and stir,
Allow to stand 10 minutes, stir and centrifuge. Remove

supernatant.

Add 40 c.c. ether, stir, and allow to settle or centrifuge
and remove supernatant, Wipe outside of tube with warm

water.

Dry in an oven at 108° for 2 to U4 hours to constant weight,

Cool to room temperature.

Weigh tube (B) and contents.

Add 20 c.c. water, Plug tubes with non-absorbent cotton.

Autoclave at 50 1bs. pressure for 4 hours,

Centrifuge and remove supernatant. Dry at 100° overnight,

cool and weigh (C).
Calculate the percentage collagen on a dry weight basis as

B-C x 100,
A

Autoclaving was done for three hours at 15 lbs. pressure

93,

according to the Doty and Pierce modification of the method (36).



APPENDIX C

INSTRUCTIONS FCOR SCORING BEET TENDERNESS



Score the sample considerin grouned
A [} iy
into three main categorles:
(a) Muscle fiber - Texture
Fragment

(v) Connective tissue - Amount

[

(c) Tendernes 58, composite and chew count - according to a 7 voint scale,

Hark with an x, the adjective and numerical rating that hest describes each factor.

4

A description of each tendernmess and palatability factor is outlined below %o aid

you in judging,

T, TBXTURE should be judged by the sppes Etflbbbloﬂ and organization of
miscle fibres and connective tissue, Fing Tthat ere uwniform in size

ensely packed are associated with hi 1iﬁy; 1vremulur coarse {ibres,
ly distributed are usvally an indicat T lower quality,

1T,

The one~half
or crumble Lt by the
considered under this factor, | ﬁ71pﬁvs is associated with 2
fragmented tiny fr: are dry and h

ITT. SOPTHESS should be judged by:
1. the sensation ﬂroduced on the
chewing, and

congue and the side of the cheek during

2, the muscular force or tooth pressure exerted in chewine

Lz

IV, AMOUNT AND STATE OF CONNECGTIVE TISSUE can be Judged by examining and pulling
apart muscle fibres i £3

to see the nature of the comnective tissue binding muscle fibres
together, Is the amount of connective tissue present small or large? Is it present
as a fine network enmeshing the muscle fibres, or is it found in the Fform of firm

and thick strands, or as clusters or lumps? Sensory impressions produced by chewing - -

and swallowing also aid in vrating this characteristic.

V.  JUICTHESS should be judged according to the initial impression of wetness
produced during the first few chews as a result of the rapid release of meat fluids
Judges should vse thelr first impression. A secondary impression of juiciness will
be given from the slow release of meat juices and the stimula ting effect of fat on
the salivary flow,

VI, TENDERNESS COMPOSITE AND CHEW COUNT

The sensation of tenderness is a composite effect, The general impression as
a result of chewing is influenced by both muscle fibre and connective tissue, Record
the number of chews for complete mastication of a piece one~half inch in diameter,
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