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GENERAL SUMMARY

The primary objective of this study was to determine
the time for defrosting cuts of beef, veal, lamb and pork .
by four methods and to consider the effect of the method
of defrosting upon the palatability of the cooked meat.
The methods of defrosting were: (1) in the refrigerator,
(2) at room temperature, (3) in water and (4) during
cooking.

Data to determine the weight loss during defrosting,
weight loss during cooking, time for cooking and the amount
of fuel needed for cooking were also recorded.

The methods of cooking employed with the different
cuts of meat were roasting, broiling, pan-broiling, pan-fry-
ing, deep-fat frying, braising and cooking in water. More
than one cooking temperature was used for most of the
cooking methods.

There were 550 individual cuts or units of beef, 480 of
veal, 592 of lamb and 240 of pork used in the study. (A
unit might have one to four pieces in a package, but was
weighed and cooked as a single sample.)

Defrosting time. The chief determinants of defrost-
ing time were the defrosting temperature and the size of
the cut. The higher the defrosting temperature, the shorter
the time required for defrosting. Large pieces required
longer for defrosting than small ones. Removing the one
layer of cellophane from part of the cuts of beef defrosted
in the refrigerator and at room temperature decreased the
defrosting time only slightly. In general, the time for the
interior temperature of the cuts to reach —2°C. (about
28°F.), at which temperature ice crystals in muscle start
to melt, was twice as long in water as during cooking at
the lowest temperature used for roasts and three times
longer for braised and broiled cuts; two times longer in
the room than in water for practically all cuts; and two to
three times longer in the refrigerator than in the room.
For the interior temperature of the meat to reach refri-
gerator temperature, 4°-4.5°C. (89°-40°F.), took two to three
times as long in water as in the room, and four to six times
as long in the refrigerator as in the room.

Defrosting weight loss. The defrosting weight loss con-
sisted principally of “drip,” the red fluid that oozed from
the meat. Some of the weight loss was from evaporation
of moisture. Beef cuts lost more weight when the cellophane
covering was removed than they did when the cuts were left
“wrapped. Boned roasts lost about three times as much weight
during defrosting as the non-boned ones. The “drip” lost dur-
ing defrosting was greater for some muscles than others.
Some cuts defrosted in water gained in weight.
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Cooking temperature. In general, the cooking tem-
perature caused greater divergence in the cooking time, the
amount of fuel required and the cooking weight losses
than it did in the palatability scores.

Cooking time. The cooking time varied inversely with
the cooking temperature, if other conditions were stand-
ardized; cuts cooked well done required more time than cuts
cooked medium done; frozen cuts always required more time
than thawed ones; and pot roasts with initial interior tem-
peratures of 4° required a longer time than those with an
interior temperature of 25°C. Larger cuts required a longer
time than smaller ones; and deep fat fried patties required
a shorter time than pan-fried ones.

Fuel. Cuts which were frozen required more fuel than
those which were thawed. A large cut required more fuel
than a small one; cuts cooked well done took more fuel than
similar cuts cooked medium done; and if cuts were the same
size and cooked at the same temperature, the one requiring
the longer cooking time also needed more fuel for cooking.
The amount of fuel needed was not always linearly related
to the cooking temperature. For roasts and broiled cuts
the intermediate required less fuel than the lowest and
highest cooking temperatures. The fuel requirement varied
from oven to oven with the extent of insulation of the oven,
with the position of the oven in a bank of two ovens, and
with the extent of drafts on the floor.

Cooking weight losses. Pan-broiled patties lost more
weight during cooking than broiled ones. Some cuts which
were frozen when cooking was started lost more weight
than similar cuts which were thawed. Paired lamb leg and
lamb shoulder roasts lost about the same weight when one
roast of the pair was defrosted during cooking, the other
prior to cooking. This result was attained in spite of a
longer cooking time for the frozen roasts. Well done cuts
always lost more weight than similar ones cooked medium
done. If two similar cuts were treated alike, then the one re-
quiring the longer cooking time usually lost the most weight.
Roasts lost more weight as the oven temperature was raised,
with the exception of the veal roasts. Boned roasts lost
more weight during cooking than similar non-boned ones.
When a cut had a large surface area of cut musecle in pro-
portion to its weight, as for veal leg roasts, the cooking
weight losses were high. Pork sausage patties contained the
most fat and had an average weight loss of 47.9 to 50.2 per-
cent for the different groups, whereas the average weight
loss of beef, lamb and veal-pork patties varied from 15.0 to
36.3 percent for the different groups. i

Palatability. Cuts (steaks, chops, patties) cooked by
pan-broiling, pan-frying or pan-braising when a trivet was
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not placed under the cut were characterized by lack of uni-
formity of cooking. Hence it was difficult to appraise the
palatability scores of the cuts cooked by these methods.

Under the conditions employed in this study for defrost-
ing, the differences in palatability scores that could be at-
tributed to the methods of defrosting—i. e., in the refrigera-
tor, at room temperature or in water—were negligible. Like-
wise defrosting prior to cooking versus defrosting during
cooking produced few differences in the palatability scores.
No differences in palatability scores were found which could
be attributed to the fuel used, gas or electricity.

The following did affect the palatability scores for one or
more factors: the carcass grade, variation from animal to
animal, variation from muscle to muscle, whether the cut was
initially tough or tender, whether the cut was boned, length
of frozen storage before cooking, the stage of doneness, the
cooking temperature and time of cooking.

The Commercial grade beef ribs received lower palata-
bility ratings than the rib roasts from Choice and Good grade
carcasses. Tenderness was the palatability factor most often
affected by animal and muscle variation, although these vari-
ations also brought about differences in texture, flavor and
juiciness scores. The work with veal, which may be an
anomaly, indicated that if the veal was initially tough, thaw-
ing before cooking increased the tenderness to a greater ex-
tent than defrosting during cooking. Boned roasts usually
were ranked less juicy than similar non-boned roasts. Long
frozen storage of the cut lowered the aroma and flavor of fat
and lean scores.. This occurred with some beef roasts, some
of the veal chops, and notably with the pork sausage. Cuts
cooked well done were scored less juicy than cuts cooked
medium done. Veal roasts cooked at 120° oven temperature
(because of the long cooking time with resulting heavy
cooking weight losses) were scored less juicy than similar
roasts cooked at 150° and 175°C.

Pot roasts held 40 to 120 minutes after the interior
temperature reached 90°C. were scored more tender than
similar pot roasts cooked only until the interior temperature
reached 90°. There was a trend for 1-inch broiled steaks
to be scored more juicy than 2-inch broiled ones. This was
not evident in the 1- and 2-inch lamb chops. There was also
a trend for lamb chops broiled at 200° to be less tender than
those broiled at 150°. The flavor scores of the braised veal
chops of Unit III decreased with increasing amounts of
water added for braising.

Pork sausage (series C) held too long in frozen storage
was scored higher in aroma and flavor when defrosted in the
refrigerator than when thawed during cooking or at room
temperature.
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REVIEW OF LITERATURE ON THAWING MEAT

Paul and Child (18) thawed beef and pork cuts (1) during
cooking, (2) in a cabinet (the temperature of which was kept
at 24°-25°C. with 65 percent relative humidity), and (8) in a
refrigerator at 2°-4°C. They found that the palatability of
the pork and beef was unaffected by freezing or by use of
the three different thawing methods. The press fluid con-
tent of cooked frozen pork thawed at 24°-25°C. was higher
than that obtained from unfrozen pork, although frozen beef

tha;ved during cooking had less press fluid than unfrozen
beef.

Vall, Jeffery, Forney and Wiley (20) defrosted 33 pairs
of 2-inch loin steaks and 48 pairs of loin pork roasts to
determine the effect of the method of thawing upon losses,
shear force and press fluid. The steaks were thawed by
three methods: (1) holding for 15 hours at room temper-
ature, (2) 23 hours in the refrigerator at 3.3°C. and (3) in
the oven at 200°C. These steaks were cooked to an interior
temperature of 65.6°C. The pork loin roasts were also
thawed by three different methods: (1) holding 15 hours at
room temperature, (2) 48 hours in the refrigerator and
(8) in the oven at 176.7°C. All roasts were cooked to an
interior temperature of 82.2°C. When the results were
analyzed none of the differences brought about by the method

1 This study was made possible by grants from the National Live Stock and
Meat Board. Iowa Agricultural Experiment Station project 907.

2 Miss Crain cooked all the lamb and all the beef cuts except the knuckles,
shanks and heels & round. Miss Amick (1) cooked the veal and part of
the sausage. Miss Riedesel cooked the remainder of the cuts.
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of defrosting were statistically significant for either steaks
or roasts.

Ary and McLean (2) found that the time for thawing
lamb legs that had been frozen and held at —10°, 0°, 10°
and 20°F., then transferred to a refrigerator (40°-45°F.),
varied only slightly. The average time needed to reach
30°F. varied from 20 to 21 hours, to reach 40°F. varied
from 32.5 to 34.5 hours, whereas to reach the maximum
temperature obtained in the refrigerator required 37 to 38.5
hours. No appreciable differences were observed in eating
quality of the lamb legs frozen at the different temperatures.

Kalen, Miller, Tinklin and Vail (11) cooked paired chuck
pot roasts. One roast of each pair was defrosted in the
room overnight, the other was kept frozen and thawed dur-
ing cooking. They found no differences in the weight losses
during cooking or in palatability that were attributable to
the defrosting methods. The grade of carcass, however,
did affect the palatability scores.

These same authors in later studies thawed one each
of 15 pairs of steaks overnight at room temperature and
the other in a warming oven set at 73°C. In the second
part of this steak study, nine paired packages (five steaks
per package) were thawed, one package at refrigerator
temperature (about 3°C.) and the other package in running
water. In the third part of the study, which included 36
packages (5 steaks per package), nine packages were thawed
by each of the four methods given above. Pork steaks
were cut from fresh hams. After freezing they were
thawed by infrared heat, at room temperature and in a
warming oven at 73°C. The steaks were braised by stand-
ardized methods. From these studies it was concluded that
both beef and pork steaks were similar whether thawed as
part of the cooking process, at refrigerator temperature, in
a warming oven at 738° C., at room temperature or by infrared
rays. Those thawed in running water were rated lower than
similar cuts defrosted in the refrigerator, in the room or
in the warming oven for aroma, flavor of fat and lean,
and juiciness.

Westerman, Vail, Tinklin and Smith (21) thawed frozen
steaks in the refrigerator, at room temperature, at 73°C. in
a warming oven, and in running tap water. The flavor
scores obtained by the different methods of defrosting were,
in the order given, 5.5, 5.5, 5.8 and 4.8. Steaks defrosted
in running water received a significantly lower flavor score
and were less juicy than those defrosted by other methods.
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PROCEDURE
HISTORY OF THE ANIMALS
BEEF

The prime ribs from 35 carcasses were purchased from
four packing establishments. Nothing was known of the
heritage or feeding of the animals. Beef was rationed and
scarce. The initial plan included the use of only one grade
of beef. Deliveries were to be made at monthly intervals,
but were irregular and frequently short. When different
grades and weights of beef from those ordered were sent,
they were accepted in order to avoid delay with the study.
The ribs came from 6 Commercial, 19 Good and 10 Choice
U. S. grade carcasses. The killing dates of the animals
from which the prime ribs were obtained were staggered
from Sept. 27, 1944, to Jan. 27, 1945.

For the beef cuts other than roasts, four animals were
killed at the college station. They had been fed on corn plus
pasture. The ages varied from 14 to 16 months. The
carcasses of these four animals graded “Good.” Animals
1 and 2 were killed Sept. 25, 1944, animal 4 on Oct. 23, and
animal 3 on Oct. 24.

VEAL

The 18 U. S. Good veal carcasses were purchased from
the Iowa Packing Company. Nine of the carcasses were
delivered Nov. 7, 1946, the other nine on Nov. 14. Nothing
was known concerning the heritage, feeding history or
slaughter dates of these animals. Dissimilar previous his-
tory was apparent from the wide variation in color, texture
and shape of the muscles from these different carcasses.
The appearance of some carcasses also suggested varying
holding periods after slaughter. The carcasses varied in
weight from 87 to 141 pounds, and averaged 113.6 pounds.

LAMB

The 45 U. S. Choice lamb carcasses were also purchased
from the Towa Packing Company. Nothing was known of
their heritage or feeding history, except that they were
Western lambs. A representative of the National Live
Stock and Meat Board aided in selection of the carcasses.
This selection was made from a large number and the car-
casses were very uniform. The lambs were slaughtered
on Nov. 14, 1945, cooled overnight, and shipped to Ames
on Nov. 15.
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PORK

The 30 hogs came from the Iowa State College Agri-
cultural Foundation farm near Churchville, Iowa. The his-
tory and feeding of the animals was known. The animals
were slaughtered at the Iowa Packing Company plant. Half
of the animals were slaughtered on Nov. 7, 1945, the other
half on Nov. 8. The total weight of the loins from the first
lot of animals was 321, from the second lot 323 pounds.

TREATMENT OF CARCASSES AND CUTS
AGING

The interval between the killing of the animals and the
freezing of the cuts was 2 days for pork, 7 days for lamb
(with exception of the rolled shoulder roasts and the 14
x 4 inch patties, which were 5 and 6 days, respectively), 10
days for the beef ribs, and 8, 9 or 10 days for the other beef
cuts. The date of killing for veal was not known. The
cuts of cirea] were aged 6, 7 or 8 days after the carcasses were
received.

CUTTING

All the meat was cut by experienced meat cutters. The
beef and veal were cut by personnel of the Animal Husbandry
Department of Iowa State College, the lamb and pork by
personnel of the National Live Stock and Meat Board. The
steaks and chops, after thorough chilling, were power sawed,
thus insuring steaks and chops of uniform thickness for
cooking. :

Each beef rib was divided into two roasts. These
roasts consisted of ribs 10-12 and 7-9. The beef knuckles,

Fig. 1. Division of the leg of veal, left to right: (1) lower part
of leg, (2) veal cutlets (only one shown in picture), (3) leg roast
(rump half) and (4) rump.
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Fig. 2. Division of pork loin (animal 12) into roasts and chops.
Left to right: The shoulder end of the loin, the chops (either 1- or
0.5-inch in thickness), the center loin roast and the loin end. Boneless
loin end roasts were obtained by boning the shoulder end and loin end,
then sewing them together.

shanks and heels of round were divided into two portions.
The division of the veal leg into roasts and cutlets is shown
in fig. 1, that of the pork loin into chops and roasts in fig. 2.
All the shoulders of veal were boned, rolled and tied for
roasts. The shoulders of 33 lambs also were boned, rolled
and tied for roasts.

WRAPPING

All cuts from each class of animal were numbered con-
secutively and in a definite order. Cuts from the right
side of a carcass were given an odd number, those from
the left side even numbers. Exceptions to this system of
numbering were stews and patties, which were obtained from
miscellaneous portions of the carcass. Each cut was wrapped
in one layer of 450 MSAT 87 cellophane using a lock fold. In
the case of the standing beef rib roasts, the cellophane was
reinforced by a strip of locker paper. This locker paper strip
was cut the width of the roast and long enough to cover
the rib ends and the chine bone. The ends of the wrap were
secured by pressure-sensitive cellophane Scotch tape. The
number of the animal, the name and number of the cut, and
the side of the animal from which the cut was taken were
written on a tag and tied to each cut.

FREEZING AND STORAGE TEMPERATURES

The beef and pork cuts were frozen at approximately
—37°C. (—35°F.), the lamb and veal at —34°C. (—30°F.).
All the meat except the pork was stored at —17.8°C. (0°F.).
The pork was stored at —23.3°C. (—10°F.).

LENGTH OF FROZEN STORAGE OF CUTS
Obviously all cuts of a given kind of meat could not be
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TABLE 1. ROASTS. THE NAME OF THE CUT. THE NUMBER OF
SAMPLES OF THE CUT, THE NUMBER OF PIECES IN EACH SAMPLE
OR_PACKAGE, THE MINIMUM, THE MAXIMUM AND_ AVERAGE
DAYS OF STORAGE AT —17.8°C (0°F), EXCEPT FOR PORK WHICH
WAS STORED AT —23.3°C (—10°F).

No. of Days in storage
No. of pieces in
Name of cut
samples | each pack- | ypyp | Max.| Av.
ge
Beef
Rib roasts 140 1 2 92 38.0
Cooked rib roasts 54 1 33 | 151 59.3
Loin steaks, 2-inch 46 1 27 | 199 86.8
1-inch 24 1 27 | 199 86.8
Inner round steaks, l-inch 16 1 179 | 249 | 230.4
. 0.5-inch 24 1 179 | 249 | 230.4
Patties, 1x3 inches 27 4 98 | 123 | 109.0
1% x 3 inches 27 4 98 | 128 | 109.0
14 x 4 inches 30 4 98 | 123 | 109.0
Arm bone, 2-inch 24 1 218 | 298 | 259.0
Clod, 2-inch 10 1 251 | 285 | 265.9
1.5-inch 8 1 251 | 285 [ 265.9
.. linech 10 1 251 | 285 | 265.9
Inside chuck, 2-inch 36 1 262 | 276 | 268.5
Quter round, 1.5-inch 16 1 237 } 291 | 264.1
1-inch 20 1 237 | 291 | 264.1
Knuckles 16 1 151 | 209 | 178.2
Heel of round 16 1 158 | 200 | 179.8
Shanks 16 1 201 | 244 | 222.8
Stews, l-inch cubes* 22 20
2-inch cubes* 20 4
Veal
Leg roasts, rump half 36 1 74 | 189 93.4
Cooked leg roasts 15 1 224 | 252 | 242.7
Boned, rolled shoulders 36 1 93 | 181 [ 1125
Loin chops, 1-inch (Unit I) 36 2 112 | 127 | 120.9
l-inch (Unit II) 36 2 125 | 133 | 129.0
1-inch (Unit III) 36 2 152 | 160 | 156.0
1l-inech (Unit IV) 36 2 158 | 179 | 166.4
0.5-inch (Umt V) 36 2 144 | 153 | 149.9
Rib chops, 1-inch (Unit VI) 36 2 172 | 329 | 253.7
0.5-inch (Unit VII) 36 2 335 | 368 | 350.0
Cutlets, leg, 0.5-inch 36 2 369 | 377 | 3872.9
Veal-pork patties, 1% x4 inches 24 4 23 30 25.7
Stew, 1-inch cubes 24 20 73 80 75.8
Lamb
Leg roasts, bone in 73 1 163 | 181 | 173.1
Leg roasts, boned 12 1 163 | 181 | 173.1
Cooked leg roasts 18 1 163 | 169 | 166.0
Shoulder, boned, rolled roasts 66 1 184 | 193 | 187.9
Chops, sirloin, 2-inch 48 2 70 9 82.8
loin, 2-inch 48 2 90 | 119 | 107.8
loin, 0.5-inch 72 4 194 | 198 | 195.8
rib, 1-inch (Broil) 48 4 127 | 149 | 133.8
rib, 1-inch (Pan-broil) 42 4 139 | 149 | 143.0
arm, 1l-inch 20 2 203 | 2056 | 204.0
shoulder, 1-inch 20 2 204 | 206 | 205.0
Patties
1% x4 inches (Broil) 16 4 21 24 225
1 x 3 inches (Broil) 32 4 27 50 37.4
% x 4 inches (Pan-broil) 24 4 49 56 51.9
1x 3 inches (Pan-broil) 24 4 ab 56 56.9

* No record was kept of the carcass from which the meat

for each package

of stew was obtained. The longest possible storage time was 143 days.
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TABLE 1 (Continued)

No. of Days in storage
Name of cut No. of pieces in
samples | each pack-
age Min. | Max.| Av.
Pork
Center loin roasts 60 1 107 | 128 | 119.5
Cooked loin roasts 59 1 199 | 210 | 205.5
Loin end, bone in 30 1 129 | 151 | 139.8
Loin end, boned 12 1 154 | 156 | 154.7
Chops, 1-inch 60 2 70 94 82.8
0.5-inch 48 2 210 | 219 | 215.4
Hocks 24 1 23 36 28.2
Sausage patties, % x4 inches
Series A (No seasoning) 36 4 179 | 199 | 189.3
Series B (Pepper and sage) 36 4 199 | 292 | 269.3
Series C (Pepper, sage, salt) 36 4 342 | 353 | 348.3

cooked simultaneously. It is known that the flavor of
meat deteriorates after a given time in frozen storage. This
period of time before deterioration begins varies with the
kind of wrap, the storage temperature and the kind of meat.
Veal and pork have a shorter storage life than beef and lamb.

An attempt was made to cook like cuts for a given unit
in as short an interval of time as possible. Thus, if storage
did affect the flavor, all cuts in the unit would have been
stored about the same length of time, and the effect of
storage could be disregarded under these conditions when
defrosting methods and cooking temperatures were being
compared. Occasionally because of unavoidable delays the
schedule for the cooking period of some cuts was prolonged.
An example is the pork sausage, Series B, the time for
frozen storage of which varied from 199 to 292 days. Too
long a storage period also occurred with some veal cuts.
These veal cuts were used to obtain time for defrosting but
not for cooking and palatability tests.

The kind of cut, the number of packages, the amount
in each package, and the minimum, maximum and average
tir}r)lle in frozen storage for the various cuts are given in
table 1.

DEFROSTING THE CUTS

Cuts were defrosted in the refrigerator, at room temper-
ature, in water and during cooking. First the cuts were
brought from frozen storage, then the weight and measure-
ments were taken and recorded. After this a drill was used
to bore a hole into the center of the frozen cut. A thermom-
eter bulb or a thermocouple point was then inserted in
this hole to follow the progression of defrosting. Ex-
ceptions to this method of following the defrosting occurred
with cuts less than 1 inch thick and with hocks and shanks.



526

Accurate temperature readings cannot be obtained with half-
inch cuts. The bone of hocks and shanks prevented in-
sertion of the thermometer bulb or the thermocouple to the
center of the cut. The completion of defrosting for these
cuts was determined by feeling or insertion of the tines of
a fork. During the time that one cut was being prepared
for study, the other cuts which were to be defrosted that
day were kept in the freezing compartment of the re-
frigerator.

‘The refrigerator was set to maintain a temperature of
4-4.5°C. (about 39.2°F.).

An effort was made to keep the room temperature about
25°C. (77°F.) when the meat was being defrosted. Some
variation of the room temperature did occur, but in general
it was not great.

No ground meat was defrosted in water. All cuts de-
frosted in water were unwrapped. Water defrosting can
be handled in many ways. The following procedure was
used: The temperature of the water was 49°C. (120°F.)
when the meat was placed in the water. The meat, water
and container were then left at room temperature. For
large cuts the temperature of the water could have varied
widely without affecting the defrosting time very much,
for the frozen meat immediately chilled the water. If the
cut was to be cooked in water, the amount of water used
for defrosting was the volume that was planned for cook-
ing that particular cut. It was cooked in this defrosting
water. Otherwise the amount of water added was twice
the weight of the cut. The container used allowed the
water to cover the cut. Exceptions occurred when cuts
which were cooked in water were not covered by the small
quantity of water used. '

Cuts were always unwrapped if defrosted during cook-
ing. About half the beef cuts defrosted in the refrigerator
or in the room were wrapped, the other half were unwrapped.

END POINT FOR DEFROSTING

For uniformity it was decided to record the time re-
quired for the temperature of the cuts to reach —2°C.
(28.4°F.) and 4°C. (39.2°F.). If a cut is to be considered
defrosted when all the ice crystals have melted, the exact
defrosting point is between these two periods. The temper-
ature of the frozen meat rises until it reaches —2°C. At
approximately this temperature ice crystals begin to melt.
After a temperature of —2°C. is reached, considerable time
may elapse before all the ice crystals disappear. During
this period the temperature remains constant.
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DEFROSTING PROCEDURE

. The temperature of the refrigerator sometimes dropped
a whole degree at night, the extent of the drop depending
on the amount of meat being defrosted. The temperature
of the refrigerator rose during the day, the increase and
its extent depending on the frequency of the opening of the
refrigerator doors. The temperature was once observed
to be 5°C. higher than that for which the refrigerator was
set. This was temporary, and the average increase over
4-4,5°C. during the day seldom exceeded 1°C. However,
divergence in temperature did cause considerable variation
in defrosting time for some cuts, but the conditions were
similar to those found in the home. Another factor which
caused some variation in defrosting time was the place or
shelf upon which the cut was placed. The recording pyrom-
eter was usually used to follow the progression of the
refrigerator defrosting of cuts, whereas the temperature of
those defrosted during cooking, in the room or in water was
determined by use of thermometers.

The one layer of cellophane increased the defrosting time
of the beef cuts slightly. A heavier wrap would have made
a greater difference in the defrosting time between wrapped
and unwrapped cuts. All the cuts of veal, lamb and pork
which were defrosted in the refrigerator or in the room
were wrapped.

WEIGHT LOSSES DURING THAWING

If freshly cut meat is wrapped and held at refrigerator
temperature, a certain amount of fluid oozes out of the cut
muscle, but the amount of fluid is greater for meat that
has been frozen than for fresh meat. As frozen meat thaws,
and particularly if evaporation is nearly prevented during
the thawing process, drip accumulates. The loss of this
fluid and the weight loss by evaporation of moisture do not
end as soon as the ice crystals have disappeared, but con-
tinue throughout the holding period before cooking is be-
gun. Thus, thawing weight losses may vary considerably,
depending on whether they are computed for the period dur-
ing which the ice is thawing or for the thawing plus the
holding period.

It was desirable to have the initial temperature of all
defrosted cuts approximately the same when cooking was
started. Hence, most of the cuts defrosted in the room and
in water were refrigerated overnight before cooking. Some
chops and steaks were cooked immediately after room, water
or refrigerator defrosting. The weight lost during thawing,
as reported in this study, is based on the weight of the
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cut when the interior temperature reached 4°C. and does
not include the holding period. Exceptions are the cuts
defrosted in the refrigerator, which reached an interior
temperature of 4°C. during the night. These cuts were
weighed when the attendant arrived in the morning. Weight
losses during the cooking are based on the initial weight
at the start of cooking. Total weight losses include weight
lost during thawing, holding and cooking.

STATISTICS

No tests of significance, of variance, covariance or
correlation, were made on the data in this study. The mini-
mum and maximum data as well as the means were studied.
Graphs and scatter diagrams were made to aid in interpret-
ing the data. No tests of significance were necessary, how-
ever, to show that the time for defrosting varied widely
with the different temperatures of the four methods used
for defrosting.

The data indicated that the method of defrosting, particu-
larly for the cuts defrosted before cooking, had little
effect on the palatability scores. Hence, to conserve space,
the data for the cuts defrosted in the refrigerator, at room
temperature and in water have been combined and listed
in the tables under the heading “Defrosted before cooking.”
In a few instances, differences appeared to be attributable to
the method of defrosting. These differences will be dis-
cussed later under the appropriate headings.

Weight losses, both defrosting and cooking, often showed
wide variation.

When the means of palatability scores were the same or
practically the same, no tests of significance were necessary.
No differences in the results were indicated. Likewise no
tests of significance were necessary when the variation in
mean scores was great. Interpretation of the data was
more. difficult when the differences in palatability scores
were small. Previous studies have shown that significant
differences usually result with a 10-point scale, if there is
a whole numerical point or still greater difference between
scores. For example, a rating of 8 indicated a preference
over a score of 7 for a particular characteristie.

THE SCORE CARD

We were requested to use the score card developed by
the Committee on Cooking and Palatability of Meats of the
Cooperative Meat Investigations (5). This score card has
a 1-7-point scale. To simplify the scoring the intensity
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characteristics were omitted and only desirability charac-
teristics of aroma, flavor of fat and flavor of lean were
scored. The Cooperative Meat Investigations score card is
arranged to score the intensity and desirability of both
quantity and quality of juice. This necessitafes scoring
the juice separately from the meat. Many of the cuts in
this study were to be cooked well done. Little juice is ob-
tained from well done cuts. Hence the comparative moist-
ness or juiciness of the meat itself was scored.

The use of the 1-7-point scale was a mistake. The
initial members of the scoring panel were accustomed to a
1-10-point scale and were experienced in using it. When
a scorer can detect more than seven degrees of difference
in a palatability factor, it leads to poor scoring to try and
compress these differences into a seven-point scale. Then
too, there is the question of reproducibility by the different
scales. Peryam (15) analyzed scoring scales used at the
Food Research Division of the Quartermaster Food and Con-
tainer Institute for the Armed Forces. It was found that
a nine-point scale had higher reproducibility with less vari-
ations than a seven-point scale. Variability of reproduction
of scores was greater with some foods than with others.

ROASTS

All roasts were cooked in open pans. A rack was placed
under boned and rolled roasts and under leg roasts, but not
under standing rib roasts. The standing rib roasts were
held above the drippings by the chine bone and rib ends.
Both electricity and gas were used for cooking beef rib roasts.
Results with beef roasts indicated no differences in the
roasts that could be attributed to the use of gas or electri-
city. Hence, to save energy and time, since roasts cooked
by electricity were cooked in a different part of the Home
Economics Building, only gas was used for the veal, lamb
and pork roasts.

WEIGHTS OF ROASTS

Because of differences in size of various carcasses, the
weights, particularly of the beef and veal roasts, varied
considerably. There was less variation in the weight of
the pork and lamb roasts than for the beef and veal. The
- number of roasts, with the minimum, maximum and average
weights are given in table 2. Measurements of the roasts
were also taken. The shortest distance to the center of
the roasts is a more accurate index of the time required
for defrosting and cooking different cuts of meat than the
weight of the cut. Since weights are more frequently re-
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TABLE 2. ROASTS. THE KIND OF ROAST, THEIR NUMBER, AND THE
VARIATION IN WEIGHT.

Variation in weight
No. of g
Kind of meat and cut samples | Minimum | Maximum | Average

] gms. gms. gms.
Beef, standing ribs 10-12 48 1898 3360 2626
Beef, standing ribs 7-9 48 2372 . 4534 3498
Beef, boned ribs 10-12 22 1421 3125 2095
Beef, boned ribs 7-9 22 1796 3818 2758
Veal leg, rump half 36 2179 3086 2694
Veal shoulder, boned and rolled 36 1911 3569 2614
Lamb leg, bone in 78 1657 2084 1803
Lamb leg, boned 12 1157 1657 1452
Lamb shoulder, boned and rolled 66 1150 1819 1499
Pork, center cut loin, bone in 60 1039 1767 1414
Pork loin end, bone in : 30 946 1508 1161
Pork loin end, boned 12 1151 1520 1345

ported in the literature than measurements, this precedent
will be followed and for the sake of brevity, measurements
will be omitted.

DEFROSTING TIME

The average time required for the interior temperature
of the roasts to reach —2° and 4°C. is given in tables 3 and

4, whereas the minimum and maximum times are given in
table 5.

The proportion of fat to lean could exert some effect upon
the defrosting time, but it is probable that this effect was
only minor when the roasts came from the same grade of
carcass.

The one layer of cellophane increased the defrosting
time slightly, as shown by the data obtained when part of
the beef roasts were unwrapped for room and refrigerator
defrosting.

The two factors, however, which had the greatest in-
fluence upon the defrosting time were the defrosting temper-
ature and the size of the roast. The time for defrosting
varied inversely with the defrosting temperature. The
longest defrosting time was required by the roasts in the
refrigerator, followed in order of decreasing time by those
defrosted at room temperature, in water and in the oven.
Because water conducts heat to a cut of meat more rapidly
than air does, it was found in comparative studies of
similar cuts (one submerged in water and its mate left at
room temperature) that the cut in water defrosted more
quickly. Approximately half as long was required to de-
frost a cut in the oven as in water, and about half as long
in the water as at room temperature. Defrosting in the
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TABLEI3 ROASTS. O]ID\EFROSTED BEFORE COOKING. THE KIND AND

(28.4°F) AND 4°C
DURING DEFROSTING.

(39.2°F),

AVERAGE
—2°C

ACH
AND THE AVERAGE VVEIGHT LOST

No. of Initial : Defrosting time De.fr?sltligxg
0. of| weight o weig!
Kind of roast roasts rogast To —2°C 4°C loss
gms., hrs. hrs. %

Defrosted in Refrigerator

|
BEEF |
Ribs 10-12, bone in 12 2628 23.3 62.4 1.6
Ribs 10-12, boned 5 2034 20.6 50.2 5.4
Ribs 7-9, bone in 12 3419 23.0 66.0 1.6
Ribs 7-9, boned I 4 2313 22.4 57.9 4.6
VEAL !
Leg, bone in | 6 2804 23.2 79.6 3.0
Shoulder, boned l 6 l 2545 26.9 78.8 4.8
LAMB | |
Leg, bone in | 15 | 1840 17.3 43.9 1.2
Leg, boned | 2 | 1482 18.5 39.6 4.0
Shoulder, boned ll 13 Il 1554 20.7 62.2 3.3
PORK i
Center loin, bone in | 12 1407 13.6 42.0 1.6
Loin end, bone in | 6 1105 11.7 43.0 0.8
Loin end, boned | 4 1379 10.1 49.0 3.6

Defrosted in Room

|
BEEF | Il
Ribs, 10-12, bone in | 12 2514 8.7 11.8 1.4
Ribs 10-12, boned | 6 2130 8.7 12.9 3.1
Ribs 7-9, bone in | 12 473 10.6 15.6 1.7
Ribs 7—9, boned |I 7 3002 11.1 15.0 3.7
VEAL 1
Leg, bone in I 6 2713 6.7 11.5 4.2
Shoulder, boned II 6 2308 6.5 11.8 4.1
LaMB |
Leg, bone in 15 1790 8.8 11.7 0.7
Leg, boned 2 1483 7.3 10.5 3.6
Shoulder, boned 13 1463 9.4 10.3 2.6
Pork
Center loin, bone in 12 1399 4.3 8.6 1.4
Loin end, bone in 6 1170 4.5 8.8 0.7
Loin end, boned 8 1335 5.4 9.4 4.7

) Defrosted in Water

|
BEEF ) I
Ribs 10-12, bone in 3 2838 5.5 7.6 +0.1*
Ribs 10-12, boned 2 2207 5.0 7.6 3.1
Ribs 7-8, bone in 3 3585 6.2 7.9 0.9
Ribs 7-9, boned 2 3138 6.4 8.9 2.5
VEAL ’ |
Leg, bone in 6 272 3.2 4.9 1.7
Shoulder, boned 6 2803 3.7 5.6 2.7
LaMB
Leg, bone in | 15 1819 3.8 5.2 0.3
Leg, boned | 2 1573 4.2 5.4 3.0
Shoulder, boned |l 13 1493 3.5 4.9 1.7
Pork |
Center loin, bone in | 12 1301 2.0 3.6 0.4
Loin end, bone in | 6 1203 2.8 4.4 0.4

* Gained weight.
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TABLE 4. ROASTS. THE KIND AND NUMBER OF ROASTS, THE AVER-
AGE INITIAL WEIGHT, AND AVERAGE TIME FOR THE INTERIOR
}‘%Mg%}l;é,&Ff‘[‘)URE OF THE ROAST TO REACH —2°C (28.4°F) AND

Initial
Oven Time to reach
Kind of No. of] temper- weight
Ind of roast roasts| ature of —20( 4°C.
roast -
°C. gms. hrs. hrs.
Defrosted During Cooking
|

BEEF ! !
Ribs 10-12, bone in 8 120 2526 2.39 3.29
Ribs 10-12, boned 4 120 2078 2.34 3.13
Ribs 7-9, bone in 8 120 3453 2.80 3.91
Ribs 7-9, boned | 4 120 2868 3.03 3.93
Ribs 10-12, bone in 11 150 2804 1.97 2.75
Ribs 10-12, boned 5 150 2078 2.04 2.70
Ribs 7-9, bone in 11 150 3645 2.43 3.09
Ribs 7-9, boned 5 150 2483 2.29 3.04
Ribs 10-12, bone in 2 175 2359 1.21 1.98
Ribs 7-9, bone in ‘ 2 175 3316 1.83 2.58
VEAL !
Leg, bone in | 5 120 2813 2.15 3.17
Shoulder, boned 6 120 2717 1.78 2.69
Leg, bone in 6 150 2560 1.65 2.44
Shoulder, boned 6 150 2549 1.48 2.25
Leg, bone in | 6 175 2618 1.36 1.98
Shoulder, boned ‘l 6 175 2751 1.43 2.01
LaMB I
Leg, bone in 13 120 1792 2.02 2.65
Leg, boned 2 120 1313 1.94 2,57
Shoulder, boned 10 120 1524 1.87 2.50
Leg, bone in 13 150 1811 1.77 2.33
Leg, boned 2 150 1627 1.81 2.39
Shoulder, boned 11 150 1484 1.57 2.09
Leg, bone in 13 175 1764 1.43 1.91
Leg, boned 2 175 1391 1.50 2.01
Shoulder, boned 12 175 1474 1.25 1.69
PORK i
Center loin, bone in 12 150 1469 0.57 1.18
Loin end, bone in 6 150 1150 0.60 1.18
Center loin, bone in 12 175 1421 0.45 0.85
Loin end, bone in 6 175 1180 0.50 0.91

refrigerafor, however, took more than twice the time re-
quired for defrosting at room temperature.

The smallest roasts (center pork loin) required the
shortest defrosting time, whereas the largest roasts (the
veal leg and beef rib roasts) required the longest time. The
T-9-rib beef roasts, if from the same animal, were always
larger than those of the 10-12-ribs, and so took a longer
time for defrosting.

The time required for the temperature of the interior
of the roast to rise from —2° to 4°C. in the refrigerator
was comparatively much longer than for the other methods
of defrosting. This would be expected, as the refrigerator
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TABLE §. ROASTS. THE MINIMUM, MAXIMUM AND AVERAGE TIME
Fv“’Oﬁré)I{i}FROSTING ROASTS IN THE REFRIGERATOR, ROOM AND

Interior |Time to reach interior tempera-
No. of temper- ture of —2°C. and 4°C.
Method of defrosting |NO- Of| ature
roast Min. Max. Av.
°C. hrs. hrs. hrs.
Beer (all roasts)
Refrigerator 33 —2 12.5 28.2 22.7
4 42.0 7.1 63.1
Room 37 —2 6.2 13.2 9.8
4 9.3 18.0 12.9
Water | 10 —2 5.0 6.6 5.8
4 7.2 9.0 7.0
VEAL (leg roasts)
Refrigerator | 6 —2 21.8 26.1 23.2
|l 4 77.8 80.2 79.6
Room | 6 —2 4.8 7.3 6.7
II 4 10.0 12.7 11.5
Water | 6 —2 2.8 3.7 3.2
= 4 4.5 5.3 4.9
LaMB (boned and bone in) |
Refrigerator |17 —2 10.7 24.9 17.4
'l 4 32.9 49.5 43.4
Room | 17 —2 7.0 10.4 8.6
Il 4 9.9 13.3 11.6
‘Water 1 11 —2 3.2 4.3 3.8
| 4 4.4 5.7 5.2
Porx (center loin)
Refrigerator | 12 —2 9.3 22.7 13.6
I| 4 23.8 54.3 42.0
Room 1 12 -2 3.2 6.2 4.3
'l 4 7.5 10.2 8.5
Water , 12 —2 1.2 2.5 20
| 4 |' 2.1 .4 3.6

temperature was around 4°C. and heat transfer is slow
when the temperature differential is small.

Of interest is the time it took for the interior temperature
of the roasts defrosted in the oven to reach a point at which
the ice crystals of the muscle started melting, —2°C. (about
28°F.). Note that the shortest time required to reach
—2°C. is about 30 minutes for the smallest roasts (pork
loin), which were being cooked at the highest oven tempera-
ture, whereas 3 hours were required for the boned 7-9-rib
roasts which were cooked at the lowest oven temperature.
During this time the exterior of the roast had defrosted and
was browning. The time required for the interior tempera-
ture of the roast, at a given oven temperature, to reach —2°
was linearly related to weight of the roast. Heavier roasts
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required a longer defrosting time at a given oven tempera-
ture than the smaller roasts.

Note that for the lamb, veal and pork roasts, table 5, the
maximum time for defrosting in water is always shorter
than the minimum time for defrosting in the room. In turn
the longest time for defrosting in the room is shorter than
the minimum time for defrosting in the refrigerator. The
above was not always true for the beef roasts defrosted in
the room and in water. Since there was a greater variation
in the weight of the beef roasts than for those of other
types of animals and also more variation in composition
(grade), they showed a greater variation in defrosting time.
But, when the defrosting time for beef roasts was adjusted
to roasts of a common weight, the same relationship held
as for the veal, lamb and pork roasts.

APPEARANCE OF ROASTS AFTER DEFROSTING

Defrosting at refrigerator or room temperature did not
noticeably affect the appearance of the roasts, but water de-
frosting bleached the color of the muscles. After refri-
geration of the water-thawed roasts, some of the color was
regained and no effect of the water defrosting was noticeable
in the color of the cooked roasts.

DEFROSTING WEIGHT LOSSES

During defrosting most of the roasts lost weight. The
major portion of this loss for wrapped roasts was drip,
exuding from the muscles. Some of the loss was water by
evaporation. This evaporation was greater for the beef
roasts which were unwrapped for defrosting in the refri-
gerator or in the room than it was for similar roasts which
were wrapped. Defrosting weight losses were not deter-
mined for the roasts which were thawed in the oven during
cooking. The average weight losses during defrosting in
the refrigerator, at room temperature and in water are
given in table 3. Some roasts defrosted in water gained,
others lost weight. If they gained weight, most of the gain
was lost during refrigeration before cooking.

Boned roasts lost approximately three times more weight
during defrosting than similar non-boned roasts. Boning
increased the cut surfaces of the muscles, and the greater
drip and evaporation loss for the boned roasts can be at-
tributed to this factor. Ramsbottom and Koonz (16) also
found that the amount of drip increased as the cut surface
of the muscle was increased.
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INTERIOR TEMPERATURE OF ROASTS AT START OF COOKING

The temperature of all cuts rose to a lesser or greater
extent as they were prepared for cooking. This rise was
less for larger cuts. The average interior temperature of
frozen roasts which had been stored at —17.8°C. as they went
into the oven was: beef -—14.8°, veal —12.7°, lamb leg
—14.5° and lamb shoulder —15°C. The pork roasts were
stored at —23.3°C. and had an average temperature of
—15.6°C. at the start of cooking.

When the interior temperature of the roasts defrosted
in the room or in water reached 4°C., the temperature near
the exterior was much higher. These roasts were refriger-
ated overnight before cooking. Thus the temperature of all
roasts defrosted prior to cooking was approximately that
of the refrigerator when their preparation for cooking was
started. The average temperature of all these roasts, beef,
veal, lamb and pork, was between 4° and 5°C. at the start
of cooking.

THE COOKING TIME

The time required for cooking was influenced by the oven
temperature, how well done the roast was cooked, whether
frozen or thawed when cooking was started, and the size of
the roast, particularly the distance to the center of the roast.
The difference in size and measurements was not a planned
variable, but caused variation in cooking time when the
sizes of the roasts were dissimilar (table 6).

The cooking time varied inversely with the oven tempera-
ture. The cooking time at 120°C. (about 250°F.) was about
a third longer for beef ribs than at 150°C. (about 300°F.) pro-
vided the roasts were about the same size and were cooked to
the same stage of doneness. For beef roasts there was only
slight variation between the time for cooking at 150° and
175°C. (about 850°F.). Veal roasts required about twice as
long at 120° as at 150°, and in turn about a third longer at
150° than at 175°. Lamb roasts, if cooked to an interior tem-
perature of 75°C. (about 165°F.) required slightly more than
a third longer at 120° than at 150° and slightly less than a
third longer at 150° than at 175°. Pork roasts required
about a third longer at 150° than at 175°.

Beef roasts cooked to an interior temperature of 58°C.
required less time than similar roasts cooked under the same
conditions but to an interior temperature of 75°. Likewise
Jamb roasts cooked to 67° required less time than those
cooked to 75°.

The 7-9 beef rib roasts, if from the same animal, were
thicker and heavier than the 10-12-rib roasts. With no



536

‘58S YITM PIN00D SISTOL J0] 9JEB USALS IR "AJIOLI109]8 )M POYOO0D dSlom SISBOI 3sdY) JO Jaed «

81 28T | £'L9 | 019 £8.1¢ ) | 03T 4 | up auoq ‘g-L
— §'ST __ ¥'9% __ £9F 8693 gL __ 031 H __ ug auoq ‘gI-01
88T 2Ll | xL'68 I 0¥ 8983 89 031 4 pouoq ‘6-L
g'g ¥'Z1 | «1°6% | £18 6202 85 021 ¥ pauoq ‘gT-01
2’6 g1l | S0F | 08¢ £¥88 8§ 031 9 uj suoq ‘6L
8'9 ¥'6 “ ¥'re __ £1g LLVE _ 8¢ 021 9 _ uf duoq ‘g1-0T
Juyoo) 3upang pasoazad
8°81 621 S'LT | 108 | 681 9GLe 8% | St Z | ur duoq ‘g-L
(A 0T 6°ST | L'83 __ £39T 9768 8§ gLl F ur suoq ‘gr-01
b
£'8% 6'ST 0'83 I 1°3¥ { 444 SISE SL 14 I pauoq ‘G-L
3'9% L'0T 861 | S'¢E | 083 ¢98g SL 091 1 pauoq ‘g1-01
£722 LST 807 1 «09¢ | 908 8698 g 0ST g ur auoq ‘G-L
112 Vet 8'61 | #9763 w £v3 2993 SL 04T S _ ur auoq ‘GI-0T
I
103 22T 19T | %0798 | L6T £6¥3 8¢ 05T i4 pauoq gl
0°8T 0'6 eI | «8°21 | 9591 8881 8§ 091 ¥ pauoq ‘Z1-01
$FI G901 9'¢T | «¥°L% 1 061 L¥3s 88 0S1 1] ur duoq ‘g-)
T8l 6'L 6'TIL __ *6°1% | 80T 0L¥e 89 08T or up suoq ‘gI-0T
I
0703 1'S1 181 ! L8y | by 2988 S 031 7 ur auoq ‘g-L
§'LT 03T LSt __ 3'1¢ ﬂ 198 _ £8LE ) 03T H ur suoq ‘ZI-0T
LT 6°0T 07T | «908 | 997 ¥L8% 85 031 8 pauoq ‘6-L
L 82 e II | «L'88 ! 802 GyIg 8¢ 071 8 pauoq ‘gI1-0T
£31 €8 60T | 9'L2 i 144 60¥E | 8% 0%1 g ur auoq ‘g-L
g01 69 ¥6 __ 9°¢g __ L1% _ 1193 “ 89 __ 031 8 ug duoq ‘gI-01
Surqoo)) aaojeg polsoaed
SdI1d AuHg
% % % 13 'nd ‘utw ‘swE Do Do
m.:.xwwno: pur JI1E[0A 1810 w%%'m w:ﬂ_mwuu amm.wou Iseoy usAQ ..—ww.muwuom 10 30 uopdLIOS3(
Supsoazeq ss0] Suroo) : ELETCHLY sanjerodwag,

SYM ISVOY HHL HOIHM OL HHALVHAJNHIL HOIHALNI ‘HUHALVINEIWHL NUIAO ‘LOD HHL

(ONIMO0D SN71d HNILSO¥JHA) SSOT LHPIHM TVILOL HHIL ANV DNIMOOD HOJ SYD d0 LNNONV
HHIL ‘ONIM000 HNIYAd SSOT LHOHIEAM THNIL HDNINO0D ‘LHOHITA "IVILINI HZODVIEAY HHIL dNV ‘dHEM00D

‘SLEVYOH

9 HTIdVL



537

(2.40w)
'se8 Y)IIM DPIYOOD §ISE0od J0J dae UdAlS ereq

*£I10[4109[9 UM PIY00D BJIIM §ISBOL 983yl JO WIEd 4

|44 6°98 €80 ¥82 (4114 g8 QLI 9 Jopnous
¥oe 8°veE 9°Fg 8L% 8192 g8 gLT 9 Jiey dwna ‘3971
L'8% c'ge 8°9% (344 6792 g8 081 9 J1ap[noys
L'18 9°gg _ 6°09 T0¥% 0992 g8 08T 9 Jley dwnx ‘9]
) &4 v'ee ¥°8G 699 LILT g8 02T 9 ..wv_m::—w
g9°9¢ T°0¥ 2 9L 108 8¥L12 g8 02T 9 Jiey dwnx ‘897
Supjoo) Surang pdIsoazaq

L'ge 8°92 9°0¢ 618 1 LLT 6TE2 G8 SLY 9 Japinoys

0°9¢ g0¢ g've 1°8¥% ~_ 882 984¢ g8 BFAS 9 Jiey dwna ‘397

1°28 G 8°63 ¥EE 982 98838 a8 0Sr1 9 Japinoys

698 L1 9°98 4 4 95¢ azLe S8 081 9 Jrey duna ‘397

v'LE 18 1°9¢ 189 66¥ 10L2 g8 031 9 J1apnoys

6°0F 8°¥e P8¢ | g'8¢g 899 1892 98 0zl 9 Jiey dwna ‘89

Supjoo) a10jog PaIsodyo
TVHA
SyI 961 €Iy 1 Lyg GIEE 89 gLy 4 ur suoq ‘g-L
i at JAFA S 763 _ 103 69E3 89 gLT 4 up duoq ‘gI-01
¥'1g gzt 9Ly | 0¥ 28¥¢C gL 08T I pauoq ‘g-L
TLT ¥'62 8°9% | 00¢ 1003 Gl 0ST T pauoq ‘g1-01
£LL ¥'ee *19% | 8L¢ 6078 Sl 081 g up auoq ‘g-L
VI 922 *0°6¥ __ 108 ZELT SL 09T g ur suoq ‘gr-01
69T €03 «2'3¢ | $6% £8¥2 89 091 14 pauoq ‘G-l
9'vT 1’81 %47 | 92 9602 89 081 4 pauoq ‘Z1-01
T¢T S'6T N84 | 1441 1¥8¢ 8¢ 0ST 9 up suoq ‘g-L
0T 2’81 __ «3°9¢ __ 902 9983 a 89 08T 9 up auoq ‘gI-01
(psnunuo)p) Suppood Supng poIsolyad—SdId JHHEI
% % % 33 ‘no ‘uym ‘sw3 Do Do
wﬁxm%%o_ pue S[1IB[0A 2105 wowmm 5 .w%ww . um.qmvcm jse0y usAQ umwmmwm o 3o uopdposeq
Sunsoagaq ssof Suyyood : IY3PeM sanjesedwa,

(penunjuo)) 9 AIAVL



538

eSI g'¥2 | 122 | 424 | €081 19 09T 4 J9p[nous
921 161 “ 952 __ 813 I 60T 19 08T (4 391
0’12 T°L3 | 762 | (343 €291 QL 03T 6 Japnoyg
€03 0°9g | 688 | 298 SIET SL 0ZT 14 pauoq ‘Se]
0°ST 0°02 __ 8'ge __ 8L¢ L6LT SL 02Tl 184 So1
971 8’12 | T'12 1 682 L8ST 19 02T 1 J9prnoys
g6 T°¢t1 __ L0¢ __ 982 €911 L9 021 2 3o1
. Supjoo) 3urng pasoajad
£'¢ce %44 S'18 §12 | 144} EVI SL SLT 6 Japmouysg
g'ig £22 8% 1°92 | L1 | £3 4" SL SLY 2z pauoq ‘Zory
792 18T 892 0°92 | 9¢T 8181 SL L1 11 . 391
i .
6°L2 2'81 6°9% 1’61 | EET 9981 L9 SLY 4 I9pInoyy
9T 60T 8°ST T'02 “ 921 89LT L8 gLt 4 B
8°62 61 9°L2 9’81 891 68T SL 081 6 JI9pInous
€3¢ 1°¢2 20¢e 82¢ 203 92S1 SL 0ST 4 pauoq ‘3]
L1782 st 1°8% P44 881 081 SL 0ST 11 3oy
8°92% 9°q1 €82 6'GL S¥I 1071 L9 08T 4 Jap[noys
eFL L6 6°¢T [ 4 08T 08T L9 oSt 4 Jor1
1°92 0°81 L'%g §'92 982 2891 SL 021 6 Joprnousg
€62 ¢'1g 192 1524 $62 S0V SL 03T 4 pauoq ‘3o
q9'32 9°ST 912 8°LT | 9.3 6LLT SL 03T IT 3o
z'61 22T £91 VLI 903 L1291 L9 02T 4 J9pnoys
821 96 8L U8 44 L12 ZE81 L9 0ZT H -kl
3up{oo) 21033g PIISoLIa
gV
% % % 3 mo ‘upu swd Do Do - .
SSO[ SII11B[OA 12105 Iseox Iseoy udAQ S3SBOI
Huryooo pue w%:wm s .Mﬁo_wo J0 30 ‘ON nd jyo uopdrIossqg
dunsoazaa sso] 3uryoo) RLECHNY danjeasdwd,

(panupiuod) 9 HILV.L



539

'St 2°62 | b°8C | 0LT 0811 g8 QLT 9 uj suoq ‘'pu’ uro
¥rI e 44 __ ¥ve __ S*¥I 12v1 g8 SLT (48 ufo] JIUIDH
G881 ¥'68 | 8°F38 | L 144 08T1T cs 09T 9 up Juoq ‘pu’ uroy
0°¢T N 24 __ (44 __ T02 GIFT a8 08T (43 ujoy J93IUB)H
Jurqoo)d Suring pa3isoxyaq

[83 0°61 | 0°8% | $°¥e ! gq1 8631 a8 GLT | cl pauoq ‘pus ujoy

183 0°8T | 8.2 1 Y83 | g8l LITT g8 GLY 3 uj duoq ‘pud U0

9% g°9T | 2748 | 012 __ Lot VIET °8 SLT ST ufo[ JI93ud)n

|
8°92 LT 192 | 108 | TI8T L8IT a8 0ST 6 ur suoq ‘pus o
5§32 6'FT 93¢ __ 661 __ et LVFT g8 05T 81 uiof  J9ju’d)
3uryoo) 91039g PoIs0IIa .
3H0d
L3¢ | L0¢ | §'8% | 661 L8¥I Sl LY 6 1opinous
0°'sg | 128 | 628 | 203 T6ET Sl GLY 4 pauoq ‘3a7]
8°61 | G'Le __ g'se __ i1e S8LT SL LT 1T o1
g'1g 6°0¢ | 6°L% | SLT LEVT L9 GLT [ J9pInoys
¥er L'6% “ t 4 “ 687 €991 L9 SLT 4 e
8702 0°0¢ i 8°LT | YT 08%1 GL 0§81 | 6 JI2DNOUS
L'ig £TE | F-t4 | 692 LE9T gL 0¢rt g pauoq ‘397
LT T°¥8 ﬂ T8¢ __ 993 0E8T GL 08T 11 Jory
{(pPuunuo)) 3Suryood IJurIng p2Isoryad—dINVT
% A A 33 ‘o urw ‘swg Do Do
uﬁw&mcw%nm pue SIITI0A €108 v%MM M%MH..WU mgwmo.. s1seoYy uaA0 uwum.m.w.w 1no jo uondisag
Sunsoayag §S0] Sup{ood I : ELEIENNY ameIddway,

(panuniuo)) 9 ATAV.L



540

exceptions the groups of 7-9-rib roasts required more
time for cooking than the 10-12-rib roasts, if cooked to the
same stage of doneness and at the same oven temperature.
Although the boned and rolled shoulder veal roasts were
about the same weight as the leg roasts, the diameter of
the shoulder roasts was slightly less than the thickness of
the leg roasts, hence a shorter cooking time was required
for the shoulder roasts. The length and width of the lamb
legs varied considerably, but only the thickness was related
to the cooking time. The thicker the roast, the longer the
cooking time.

Roasts which were still frozen when cooking was started
required a longer time for cooking than those which had
been thawed, provided the distance to the center of the
roast was about the same and the same oven temperature
was used, with one exception. The group of beef roasts
boned and cooked at 150° C. to an interior temperature of
75°C., required longer for the thawed than for the frozen
roast (table 6). This was accounted for by the small num-
ber of roasts used in this group (one defrosted before and
one during cooking) and by the fact that the thawed roast
was much heavier than the frozen one. The average increase
in time of cooking (for all 41 groups of roasts) of the frozen
over the thawed roasts was about 36 percent, although the
variation for individual groups was from —4.5 to 80.8
percent.

FUEL FOR COOKING

Several factors influenced the fuel requirement for
cooking the roasts. Some of these factors were: the oven
used, the initial internal temperature of the roast, the size
of the roast, the degree of doneness to which the roast
was cooked, the cooking time and the oven temperature.
All the figures for the amount of fuel needed for cooking
(table 6) are for the gas-cooked roasts. Only 32 beef
roasts were cooked with -electricity.

Five ovens were used for cooking the roasts. Four of
the ovens were the same size and had similar insulation.
The placement of these four ovens was in two banks, with
one oven above the other. The fifth oven was smaller and
better insulated than the others. If the same oven tempera-
ture was maintained, the small oven required less fuel than
the other four ovens. The upper oven of a bank needed less
fuel than the oven directly below it. The requirement for
the upper oven was still less if the lower oven was being
used simultaneously with the upper one. More fuel was
required by the lower oven on windy days when there were
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drafts on the floor than on days when there was relatively
little wind. There were 46 beef rib roasts cooked in the
upper ovens, 46 in the lower ones. With one exception
the same oven temperatures were used for roasts of both
groups. The average cubic feet of gas used in the upper
ovens was 29.6, for the lower ones 387.7.

All 41 of the groups of roasts which were frozen when
cooking was started required more fuel than the correspond-
ing. groups which were thawed prior to cooking. This re-
sult was obtained in spite of the fact that the size of the
roast and the oven used were disregarded in the averages.

The size of the roast or the shortest distance to the
center of the roast affects the cooking time of all roasts.
Scatter diagrams were made which showed this relationship,
but otherwise no attempt was made to segregate these data.

The roasts cooked to an interior temperature of 58°
and 67° required less fuel than similar roasts cooked to
75°C., if the same oven temperature was used.

The amount of fuel required was linearly related to the
cooking time, if the same oven temperature was used for
similar roasts. .

Oven temperatures of 120°, 150° and 175°C. were used
for beef, veal and lamb roasts, but only 150° and 175° were
used for pork roasts. More fuel was required for similar
roasts cooked at 120° than at 150°, provided the roasts were
cooked to the same stage of doneness. With these two oven
temperatures the time required for cooking at 120° had
greater influence than maintenance of the oven temperature.
A longer cooking time was required for roasts at 120° than
for roasts at 150°. On the other hand, more gas was re-
quired to cook the roasts at 175° than at 150° in spite of the
fact that the cooking time was shorter at 175° than at
150°C. Here maintenance of the higher temperature was
the influential factor in determining the amount of fuel
needed.

The average amount of fuel needed for the 32 roasts
cooked in electrically heated ovens was 2.41 kilowatt-hours.

COOKING WEIGHT LOSSES OF ROASTS

Heavy weight losses are undesirable since they result in
a smaller number of servings from the cooked meat. The
total and volatile weight losses are given in table 6. The
last column (for roasts thawed prior to cooking) gives
the total weight losses (defrosting, holding and cooking).

Factors affecting the extent of the weight loss during
cooking were: whether the roast was frozen or thawed
at the start of cooking, the stage of doneness, the cooking
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time, the oven temperature, whether the roast was boned
or not boned, the surface area (particularly the cut surface
of muscles), and the composition of the roast. The effect of
some of these factors is readily evident by a study of the
data in table 6 or in the detailed data in the reports sent to
the National Live Stock and Meat Board. It is more
difficult to segregate the results for other factors.

FROZEN OR THAWED

It is well to recall that the average cooking time for
roasts which were frozen when cooking was started was
about a third longer than for roasts cooked under similar
conditions but thawed prior to cooking. Hence, it might
be stated offhand that the frozen roasts would have greater
weight losses during cooking than the thawed ones. A study
of the data indicates that the question cannot be answered
readily.

Half of the roasts of veal, lamb and pork were defrosted
during cooking, the other half prior to cooking. Of the
140 beef rib roasts 60 were defrosted during cooking. Beef
was the first meat cooked. From the data obtained, it
appeared that little or no difference in palatability of
these roasts could be attributed to the method of defrosting.
Data are reported in table 6 for 41 groups of roasts de-
frosted both before and during cooking. In 81 of these
groups the cooking weight loss was greater for the roasts
which were still frozen when cooking was started, but
opposite findings resulted with the other 10 groups. Other
work in this laboratory has shown that when thawed or
fresh paired roasts were cooked alike, except for the initial
temperature of the roasts, the roast with the lower tempera-
ture at the start of cooking required a longer time for
cooking and had greater weight losses during cooking than
the roast with the higher initial interior temperature.

In this connection it is interesting to study the data
for the paired lamb leg roasts; one roast of each pair was
thawed, the other frozen when cooking was started. Other-
wise the two roasts of a pair were treated alike. This
unit with paired lamb leg roasts was planned to answer some
puzzling questions indicated by the data from the pork
and beef roast studies.

In this unit with lamb roasts, as with other paired cuts,
the paired muscles (right and left from the same animal)
were similar as to age of the animal, the breed, the effect
of previous feeding, the composition of the muscle, the sur-
rounding fatty tissues, the ash content, the pH values,
the behavior of the colloidal proteins in loss of or binding
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TABLE 7. PAIRED LAMB LEG ROASTS. AVERAGE WEIGHT LOSSES
DURING COOKING AND TOTAL WEIGHT LOSSES (DEFROSTING,
HOLDING AND COOKING).

Weight 1) . Cooking loss Total
Kind of . No. of of ooking | weight
roast Defrosted | 1oasts | roast time Total Vt'i)llg- loss
gms. min. % % %
Defrosted Before vs. During Cooking
|
Leg Before 9 1782 | 206 22.7 16.0 23.2
Leg During 9 1802 Il 269 22.1 15.9 —
Shoulder Before 9 1506 | 205 27.2 19.7 29.1
Shoulder During 9 1539 | 276 28.3 21.4 —
Defrosted Refrigerator vs. Room
| |
Leg Refrigerator 6 | 1779 | 220 23.8 17.4 24.9
Leg Room 6 1762 I| 207 23.9 16.5 24.6
Shoulder |Refrigerator 6 1356 | - 182 27.1 19.5 29.6
Shoulder Room 6 1466 | 203 27.8 20.0 29.7

of water, and the effect of heat upon the muscle components.
Work in this and other laboratories (Sartorius and Child,
19) has indicated that muscles from the right and left side
of the same animal are more alike in these respects than the
same muscles from different animals.

The results with the paired lamb leg roasts were startling.
See table 7. It was found that weight losses during cook-
ing were practically the same for the frozen and the thawed
roasts. The frozen interior may have slowed the loss of
water from the interior of the roast.

THE STAGE OF DONENESS

In all instances, under otherwise standardized conditions,
beef roasts cooked to an interior temperature of 58° lost
less weight than similar roasts cooked to an interior tempera-
ture of 75°C. Likewise lamb roasts cooked to an interior
temperature of 67° lost less weight than those cooked to
75°. Note that the loss was considerably more for the
beef roasts cooked well done than for those cooked medium
done. For the four groups of “bone in” roasts this increased
loss in cooking well done over medium done varied from
about 33 to 63 percent. The differences in weight losses
for the lamb leg roasts cooked to 67° and 75° were not as
great as for the beef roasts cooked to 58° and 75°. Neither
was the difference in stage of doneness in lamb leg roasts
as great as with the beef roasts.

.

OVEN TEMPERATURE

The loss of weight during cooking was linearly related
to the oven temperature for all the groups of beef, lamb
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TABLE 8. PAIRED LAMB LEG ROASTS. MINIMUM, MAXIMUM AND
AVERAGE WEIGHT LOSSES OF LAMB LEGS COOKED AT HIGHER
AND LOWER OVEN TEMPERATURES. UNIT IL

Oven No. of Weight losses during cooking
temperature roasts Minimum Maximum Average
°C. % % %
120 18.4 25.9 22.0
150 4 22.7 27.8 25.9
175 27.6 30.0 28.3

and pork roasts with one exception. Center loin pork roasts
cooked at an oven temperature of 150° and 175° had the
same weight loss, 24.5 percent. Veal roasts cooked at 120°
had larger weight losses than those cooked at 150°, whereas
the losses were nearly the same at 150° and 175°. This
trend toward an .inverse relationship between oven tem-
perature and weight loss with veal roasts presumably lies
in the extremely long time required to cook the veal
roasts when the lowest oven temperature was used.

The average, minimum and maximum weight losses for
the paired lamb leg roasts, one roast of each pair being
cooked at a higher and one at a lower temperature, are
given in table 8. It is obvious that the two roasts of a
pair could not be cooked at three oven temperatures, so the
roast of a pair cooked at the higher temperature was rando-
mized. In all instances the roast of each pair cooked at
the higher oven temperature had a greater weight loss
than the roast cooked at the lower oven temperature.

BONE IN OR BONED

When cooked under the same conditions, boned roasts
usually lost more weight than similar roasts which were
not boned. In boning it was necessary to cut more muscle
surfaces. This probably brought about greater weight
losses in the boned roasts. Note that the veal leg roasts had
greater weight losses than the veal boned shoulder roasts,
table 5. The leg and shoulder roasts were obtained from
dissimilar cuts and the muscles of the leg veal roasts had
large cut surfaces. See fig. 1. The results with the paired
lamb leg roasts are given in table 9. The roasts of each
pair were cooked alike, but one was boned, the other
not .boned.

]‘\JXTENT OF CUT SURFACE

The 7-9-rib beef roasts had a larger total surface area
and a larger cut surface than the 10-12 ribs. In every
instance the 7-9 ribs had a greater weight loss during
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TABLE 9. PAIRED LAMB LEG ROASTS. AVERAGE INITIAL WEIGHT
OF ROAST, MINIMUM, MAXIMUM AND AVERAGE WEIGHT LOSSES
DURING COOKING OF BONED AND NON-BONED ROASTS. UNIT V.

Initial Weight losses during cooking
Type of No. of weight of
roast roasts roast Minimum | Maximum Average
gms. % % )
Defrosted Before Cooking
Bone in 6 1860 " 20.5 26.5 23.7
Boned 6 1460 26.6 30.5 28.4
Defrosted During Cooking
| !
Bone in 6 | 1831 | 16.0 26.4 22.7
Boned 6 | 1444 | 24.9 34.6 29.7

cooking than the corresponding 10-12-rib roasts, if con-
ditions were otherwise standardized. See table 6.

DRIPPINGS

The amount of drippings for each group of roasts can
be obtained by subtracting the volatile weight loss from the
total cooking loss. The drippings consisted largely of fat
and material that oozed from the roasts during cooking,
then coagulated. Note that the drippings composed a rela-
tively larger proportion of the total weight loss in fat roasts
like pork and a smaller proportion of the total weight loss in
the lean veal roasts.

DESCRIPTION OF COOKED ROASTS

The roasts which were frozen when cooking was started
were browner than corresponding roasts which were thawed
prior to cooking. This would be expected, as the frozen
roasts required longer to cook than the thawed ones.
Roasts which were cooked well done were darker than
those cooked medium done. Brownness of roasts was in-
tensified as the oven temperature was elevated. Beef rib
roasts cooked to an interior temperature of 58°C. and lamb
leg roasts cooked to 67° were more plump and less shriveled
than similar roasts cooked to an interior temperature of 75°.

Veal roasts cooked at an oven temperature of 120° were
dry and crumbled easily when sliced. The connective tissue
of the roasts at this oven temperature was sticky and
gelatinous while the roasts were still warm. Presumably
this was caused by the change which took place in the
connective tissue during the long slow cooking, which for
veal leg roasts was over 11 hours.
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The interior appearance of the roasts varied with the
kind of meat and the stage of doneness to which the roasts
were cooked. The

Pelvic Bone interior of the beef
roasts which were
cooked to 58°C. (the
sdges'sices teémperature rose to
63° before the roasts
were carved) was
a pink or reddish
color. Lamb roasts
cooked to an inte-
rior temperature of
A 8 67° were also pink
when cut, the color

deepening after

Shear Sample

7 > ¢ carving. Roasts

g Cy cooked to 75° to 85°

RS o had a brown or

5557 : brownish gray cut
surface.

D Muscle Fat @ Bone

Fig. 3. Upper: Diagram showing section of PALATABILITY OF
leg of laml from which samples tor scorers, ROASTS
shear fgrceA:(\lndtpaes? fluid de}le.rminations we_x;e
removed. apte: rom a iagram opposite 3 i
b 18, reference b. g . The longissimus

Loiwer: The muscle used for the tests, the dOI‘Sl muscle of the

semimembranosus. A. Biceps femoris. B. Semi- i
tendinosus. C. Semimembranosus. D. Gracillis. be.ef rib and pOI‘k
Circle, sources of shear sample. Rectangle, loin roasts was the

source of press fluid sample. muscle from these
roasts used for all palatability tests.” The palatability scores
and the objective tests were made on two muscles from the
veal leg roasts, the biceps femoris and the semitendinosus.
The location of the lamb samples for scores and objective
tests is shown in fig. 8. Composite muscles from the boned
and rolled veal and lamb shoulders were used for scoring.
No objective tests were made on the shoulder roasts of veal
and lamb. '

The method of removing and the location of the shear
force and press fluid samples from the beef rib roasts is
shown in figs. 4 and 5.

The data obtained in the study indicated that, in general,
differences in palatability factors brought about by the de-
frosting method, i. e., in the refrigerator, at room tempera-
ture or in water, were small. The palatability scores for



the roasts defrosted
by these three meth-
ods are combined
and given in the
tables under the
heading “Defrosted
before cooking.”
No consistent differ-
ences were obtained
in the scores of
these roasts defrost-
ed before cooking
and those for simi-
lar groups defrosted
during cooking. Nei-
ther were the pal-
atability scores af-
fected by the type
of fuel used. There
were practically no
differences between
the scores for beef
roasts cooked by
gas and those cook-
ed by electrically
heated ovens. The
average palatability
scores are given in
table 10.
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Fig. 4. Beef rib roast. Upper: The scoring
samples have been removed and a cylinder for
shearing ' is being cut.

Lower: The 1l-inch cylinder for the shear
force tests has been removed and is shown in
front of the roast. The metal tube for re-
moving the shearing sample is also shown.

The following did affect the palatability scores in one or

more characteristics:

Fig. 5. The small rec-
tangular piece was taken
from the area adjacent
to the section from which
the shear cylinder had
been removed. This rec-
tangular piece was used
for press fluid tests. The
remaining part of the
roast was refrozen to ob-
tain data on cooked froz-
en roasts.

(1) carcass grade, (2) variation from
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animal to animal, (8) variation from muscle to muscle,
(4) whether the meat was initially tender or tough, (5)
whether the cut was boned, (6) the length of frozen storage
before cooking, (7) the stage of doneness in cooking and
(8) the oven temperature.

CARCASS GRADE

Of the beef rib roasts 40 came from Choice grade car-
casses, 76 from Good and 24 from Commercial. The palata-
bility, shear force and press fluid averages (disregarding
the stage of doneness and oven temperature) are given in
table 11. Since the stage of cookery is disregarded, the
averages in table 11 do not represent the entire picture.
Roasts cooked to an interior temperature of 58°C. were
always rated more juicy than those cooked to 75°C. Half
of the roasts from the Choice carcasses (20) were cooked
well done, none from those recorded as Commercial, and
only 12 from the Good grade were cooked well done. No
roasts from the Commercial grade carcasess were cooked
at an oven temperature of 175°C.

TABLE 11. ROASTS, AVERAGE PALATABILITY RATINGS FOR BEEF
ROASTS FROM CHOICE GOOD AND COMMERCIAL GRADE CAR-
CASSES. (THE STAGE OF DONENESS AND OVEN TEMPERATURE
HAVE BEEN DISREGARDED.)

Carcass No. of Scores Shear|Press

grade roasts| Aro- | Tex- Flavor %2?_‘ Juici- | foree| fluid
ma ture Fat Lean ness ness 1bs. %

Choice 40 6.0 | 5.8 5.1 5.9 5.9 4.0 16.2 | 46.4

00 76 6.0 | 6.0 5.2 5.8 5.7 4,1 20,1 | 46.0

Commercial 24 5.7 | 5.2 4.5 5.3 5.1 3.8 20.5 | 61.1

ANIMAL VARIATION

- Variation occurred in palatability scores from animal
to animal. This cannot be prevented when working with
biological material such as meat. Tenderness was the
palatability factor which most often varied among animals.
Differences occurred among animals in a given grade. To
illustrate, all cuts from some veal carcasses consistently
had low tenderness scores, notably those from animals
1, 4, 13 and 15; other cuts consistently had high tenderness
scores, especially those from animals 8, 6 and 14. The
biceps femoris muscle cooked at an oven temperature of
150°C. from animals 4, 13 and 15 averaged 5.2 for tender-
ness scores and 13 pounds shear force, whereas the same
muscle from animals 5, 6 and 14 (cooked at the same oven
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temperature) rated 5.8 for tenderness and 10.9 for shear
force. The semitendinosus muscle in the same order
averaged 6.1 and 6.6 for scores and 20.1 and 13.4 pounds
for shear force. Variation in tenderness also occurred
within a given grade of beef. To illustrate, the average
tenderness scores for the four beef roasts from animal 5
averaged 6.2, whereas those from animal 16 (same carcass
grade as animal 5) averaged 4.7. .

Variation in animals sometimes caused variations in
flavor scores. The average flavor scores for the four beef
rib roasts of animal 5 averaged 6.2, whereas those from
animal 14 averaged 5.3. The beef carcass grade for both
animals was Good.

MUSCLE VARIATION

It is common knowledge that the different muscles within
a single carcass vary in fenderness. In this study only one
muscle was scored for all roasts except the veal leg roasts.
The biceps femoris of the veal leg always rated lower tender-
ness scores than the semitendinosus muscle from the same
roast (see table 10). These results agree with those ob-
tained by Ramsbottom, Strandine and Koonz (17) and with
those of Paul, Lowe and McClurg (14).

INITIAL CONDITION OF CARCASS

The observations concerning effect of defrosting before,
versus defrosting during, cooking on tenderness of roasts
from the less tender carcasses were also interesting. The
results with veal roasts (all cooked at 150°C.) from the
left side of some of the less tender carcasses (4, 13, 15)
defrosted before and those from the right side defrosted
during cooking follow. Both the biceps femoris and semi-
tendinosus muscle from the left side of these animals (de-
frosted before cooking) rated higher in tenderness scores
and lower shear force than roasts from the right side of
these same animals (defrosted during cooking). The biceps
femoris averaged 5.7 for tenderness scores when defrosted
before and 4.7 when defrosted during cooking. The shear
force in the same order was 11.9 and 14.2 pounds. The
scores for the semitendinosus in the same order were 6.7
and 5.4, whereas the shear force was 18.4 and 21.9 pounds.
It is possible that these results are an anomaly, but they
merit further investigation.

The differences in tenderness scores of the roasts from
the more tender veal carcasses (5, 6, 14) were less marked
than for the roasts from the less tender carcasses, when
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one roast of a pair was defrosted before, the other during
cooking. The average tenderness scores for the biceps
femoris (before vs. during cooking) were 5.6 and 5.7, where-
as the shear force in the same order was 10.1 and 11.6
pounds. The scores and shear force for the semitendinosus
muscle in the same order were 6.5 vs. 6.7 and 12.4 vs. 14.4
pounds. If the cut of meat is initially tough and the fore-
going observations are not an anomaly, then defrosting be-
fore cooking may achieve greater tenderness than defrost-
ing during cooking. If the meat is initially tender, then
these two methods of defrosting (during vs.-before cook-
ing) may bring about no or only small differences in ten-
derness of the roasts.

BONED OR BONE IN

The juiciness scores for the boned beef roasts were
consistently lower than those for similar non-boned roasts,
provided the cooking conditions were standardized. In
some instances the differences between the average juciness
scores for the two groups were small, for other groups the
differences were large (table 10). The amount of press
fluid for the boned beef roasts was also consistently smaller
for boned than for the non-boned roasts. On the other
hand the boned leg of lamb roasts, with the exception of
one group, had higher juiciness scores than the non-boned
roasts, yet the weight loss during defrosting and cooking
was always larger for the boned roasts. The amount of
press fluid obtained for the boned leg of lamb roasts did
not check with the scores. The amount of press fluid was
lower for the boned leg roasts than for the non-boned ones.
Thus for the lamb roasts the press fluid data showed better
correlation with the weight losses than the juiciness scores.

LENGTH OF FROZEN STORAGE

One beef roast from a pair was held 90 days whereas
one from a second pair was held 92 days before cooking;
the corresponding roasts from each pair were held in frozen
storage 11 and 16 days, respectively. The roast held the
longer time rated lower than its mate in aroma, flavor of
fat for one pair (not the other), flavor of lean, and juiciness.

STAGE OF COOKERY

In general, beef and lamb cooked to a lower interior
temperature were scored more juicy than similar roasts
cooked more well done. Except for the one group of lamb
leg roasts defrosted during cooking (oven 175°C.) the per-
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centage of press fluid obtained was always greater for the
roasts cooked medium than for the roasts cooked well done.
Child and Fogarty (3) found the differences in the amount
of press fluid obtained from beef roasts cooked to an in-
terior temperature of 58° and 75°C. to be highly significant.
Approximately 11 percent more press fluid was obtained
at 58° than at 75°. Sartorius and Child (19) suggest that
when irregularities occur between organoleptic scores and
the amount of press fluid, the judge’s scores may be affected
by1 constituents of the roast which stimulate the flow of
saliva.

The percentage of press fluid obtained from beef roasts
cooked to an.interior temperature of 58° and lamb roasts
cooked to 67° varied from about 45 to 50 percent, whereas
for similar roasts cooked to 75° the amount of press fiuid
varied from about 35 to 44 percent. Veal roasts cooked to
an interior temperature of 85°C. yielded about 24 to 40
percent press fluid. The amount of press fluid varied from
about 42 to 44 percent for pork roasts cooked to an interior
temperature of 85°. Since the fat of pork roasts is soft,
there is the possibility that some fat as well as fluid may
have been pressed from the roast.

OVEN TEMPERATURE

There was little difference among juiciness scores or
percentage of press fluid of beef roasts cooked at an oven
temperature of 120°, 150° or 175°C. provided the roasts
were cooked to the same interior temperature. The results
for the lamb and pork roasts were similar to those for the
beef roasts, but the veal roasts cooked at 120° were scored
less juicy and had a lower percentage of press fluid than
the roasts cooked at 150° and 175°. The dryness of the
veal roasts cooked at 120° can be attributed to the large
cooking loss brought about by the unusually long cooking
time at this temperature.

Cover (6) has reported that a high oven temperature
did not consistently produce tough meat and on the other
hand cooking at a low temperature did not always produce
tender roasts. Cover’s results were obtained by cooking
different cuts of beef, half-ham roasts of pork, and leg of
lamb. This study confirms Cover’s findings. No consistent
differences in tenderness of roasts were found that could be
attributed solely to oven temperature.

AROMA

Aroma scores were affected by the length of frozen
storage. Roasts stored the longer periods had the lower
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aroma scores. It should also be reported that the scoring
panel, from comments on score cards, considered that the
distinctive lamb aroma and flavor were more pronounced in
the roasts cooked to an interior temperature of 67° than
in those cooked to 75°C. No members of the panel disliked
this "distinctive lamb flavor, as the aroma and flavor scores
of the roasts cooked to 67° were as high as those cooked
to 75°. Crocker (7) has reported that the distinctive flavor
of lamb decreases with longer cooking of the meat.

Before freezing, half of the lamb shoulders were stored
in a cold room, which contained some freshly smoked and
cured hams. The smoke aroma was absorbed and was still
noticeable in the cooked roasts. Although not natural to
fresh lamb, it proved a pleasant and not a disagreeable aroma.

FLAVOR

Flavor scores were influenced by animal variation, by
the length of time the roast was in frozen storage .and by
the carcass grade.

TEXTURE

The texture scores of beef roasts were affected by the
carcass grade, animal variation and muscle variation. Com-
mercial grade roasts were coarser than roasts from Choice
or Good grades and also had distinet chewy areas. The
judges tended to give lamb shoulder roasts slightly lower
texture scores than the lamb leg roasts.

TENDERNESS

Tenderness was influenced by the carcass grade. The
roasts from Commercial grade carcasses had lower fender-
ness scores than those from Choice and Good grade carcasses.
Tenderness varied from animal to animal within the same
carcass grade and from muscle to muscle within the same
carcass. Initially tough meat from some veal carcasses
was more tender if thawed before cooking was started than
if defrosted during cooking.

JUICINESS

Juiciness scores were influenced by the kind of roast,
whether boned or not, the stage of cookery and the oven
temperature. For veal, possibly the method of defrosting
also influenced the juiciness of the meat. Boned beef roasts
were usually ranked less juicy for both scores and press fluid
values that the non-boned roasts. However, for lamb leg
the juiciness scores were higher for the boned than the non-
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boned roasts although the press fluid was less for the boned
leg roasts. Roasts cooked well done were less juicy than
those cooked medium done. Veal roasts defrosted in the
refrigerator may have been more juicy than those defrosted
by other methods, or this may have been an animal variation.
If oven temperature is disregarded, the average juiciness
scores for the six veal roasts defrosted in the refrigerator,
the six in the room and the six in the water, for the
biceps femoris were 4.5, 4.1 and 4.0, respectively; the
average juiciness scores for the semitendinosus in the same
order were 3.2, 4.0 and 2.5; the scores for the shoulder
roasts were 4.9, 4.1 and 4.5 respectively.

PATRED ROASTS

The palatability ratings of the paired lamb roasts, for
which the cooking weight losses are given in table 7, are
shown in table 12.

COOKED FROZEN ROASTS

The remaining portions of some of the roasts, after
tests had been completed, were wrapped in cellophane, re-
frozen, stored, and later brought out for rescoring. The
beef, veal and lamb cooked roasts were stored at —17.8°C,,
whereas the pork roasts were stored at —23.3°C. The num-
ber of cooked roasts scored, the storage time with the initial
and second average scores are given in table 18. A l-inch
cylinder and a small rectangular piece had been removed
from the center of each roast so that the roasts could not be
wrapped as air-tight as when initially wrapped. For the

TABLE 12. PAIRED LA’\IB ROASTS AVERAGE PALATABILITY RAT-
INGS, SHEAR FORCE AND PRESS FLUID. (THE TWO ROASTS OF
](;ACH I;AIR WERE TRDATED ALIKE EXCEPT FOB THE VARIABLE

IVEN.

Scores

Shear| Press

Kind of De- No. of -
roast frosted roast | Aroma | T€X- Favor 'ggi Juici- fg;?e ﬁuﬂid

ture| Fat |Lean ness | ness

Defrosted Before vs, During Cooking
Leg Before 9 6.1 5.8 5559154 4.2 189 | 43.5
Leg During 9 6.1 59 | 5.6 | 5,9 | 5.3 | 4.4 ] 19.1 | 45.4
Shoulder |Before 9 6.0 5.4 | 5.6 | 5.9 | 6.1 | 5.0 — —
Shoulder |During 9 6.0 55156 |69 152] 4.9 — s

Defrosted Refrigerator vs. Room
|

Leg Refrigerator 6 6.0 \ 5.5 ‘ 57| 61| 5.4 | 4.4 | 19.3 | 43.5
Leg Room 6 | 6.0 || 5.8 | 5.4 ) 58] 50| 4.5 ] 18.2 | 42.0
Shoulder {Refrigerator 6 | 60 |53)56] 601} 54| 4.8 _— —
Shoulder |[Room 6 6.0 153 (561591551 4.9 — —_
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TABLE 13. FROZEN COOKED ROASTS. AVERAGE DAYS OF FROZEN
STORAGE AND AVERAGE PALATABILITY SCORES FOR INITIAL
AND SECOND SCORING.

Days in Scores
Kind of No. of | frozen | Scor-
roast ' [roasts| stor- ing | Aro-| Tex- | Flavor 'gg;‘_‘ Juici-
age ma | ture | Fat | Lean | pegs | N€SS
Beef 54 53.5 1st 6.0 5.7 4.8 5.7 5.6 4.0
Beef 54 59.3 2nd 5.8 6.0 4.9 5.6 5.6 3.5
Veal, leg 15 81.6 1st 5.8 —_ —_ 5.3 5.4 4.0
Veal, leg 15 242.6 2nd 4.1 — — 4,0 6.5 3.5
Lamb, leg 18 166.0 1st 6.3 5.8 6.0 5.7 5.9 4.3
Lamb, leg 18 162.3 2nd 5.3 6.3 4.9 4.9 5.8 3.5
PorkK, center 60 119.1 1st 6.0 | 5.5 5.9 5.9 5.0 4.7
Pork, center 59 205.5 2nd 5.4 5.6 5.0 5.4 5.5 4.3

second scoring the roasts were defrosted in their cellophane
wrapping in the room and were scored without reheating, as
reheating would have meant additional weight losses.

There was some discoloration on the cut surface, espe-
cially where the inch cylinder had been removed from the
roasts. This discoloration did not occur on all roasts, but was
found more frequently on the roasts that had been stored
for the longer periods of time. The results of the study indi-
cate that cooked roasts of beef, veal, lamb and pork can be
kept short periods, probably as long as 60 days in well regu-
lated freezer storage, without much deterioration in palata-
bility qualities.

A summary of the most important changes in the cooked
frozen roasts follows: The aroma scores of beef had slight
change, those for pork decreased, whereas those for veal
and lamb had decided decreases. The flavor scores for beef
had no change, whereas those for pork, lamb and veal were
lowered to a greater extent in the order named. The long
second storage for pork, lamb and veal roasts undoubtedly
had some effect on lowering the aroma and flavor scores.
There was a definite trend for all cooked roasts to become
less juicy with freezing. The second freezing and storage
produced no increase in tenderness of the beef and lamb
roasts. Long storage may have increased the tenderness
of the veal and pork roasts. Hankins and Hiner (9) have
reported that storage increases the tenderness of frozen
beef. The texture of the cooked beef and lamb roasts im-
proved slightly with freezing. It is possible that very
few of these changes, with the exception of juiciness, would
have occurred if the roasts had been stored 60 days or less.
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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
FOR ROASTS

The roasts were frozen and stored at —17.8°C. (0°F.),
with the exception of pork which was stored at —23.3°C.
(—10°F.). The 140 beef roasts consisted of ribs 10-12
and 7-9. Of this number 44 were boned and rolled. There
were 36 veal leg and 36 boned and rolled veal shoulder
roasts; 78 lamb leg, 12 boned lamb leg, and 66 boned and
rolled lamb shoulder roasts; and 60 center loin pork roasts,
30 pork loin end roasts and 12 boned pork loin end roasts.

DEFROSTING TIME

The principal determinants of defrosting time, when
roasts were wrapped in a single covering, were the defrost-
ing temperature and the size of the roast. The defrosting
time was inversely proportional to the defrosting tempera-
ture, and large roasts required longer than small ones.
Estimating roughly, about half as long a time was required
to defrost in the oven at 120°C. as in water, about half as
long in water as in the room, and more than twice as long
a time in the refrigerator as in the room. The defrosting
time during cooking was shortened as the oven temperature
was elevated. The average defrosting time during cook-
ing for the various groups of roasts in an oven at 120°C.
was as follows: beef roasts from 2.834 to 3.03 hours, veal
1.78 to 2.15, and lamb 1.87 to 1.98 hours. No pork was
cooked at 120°. The defrosting time in the oven at 150°
for pork roasts varied from 0.57 to 0.60 hours.

WEIGHT LOSSES

Boned cuts lost about three times-as much weight dur-
ing defrosting as the non-boned ones.

Weight losses during cooking increased as the roasts
were cooked more well done, with elevation of the oven
temperature, with increase of cut surface of the muscle,
and with boning of the cut. Sometimes the cooking weight
loss was greater for roasts defrosted during cooking, some-
times the weight losses of non-defrosted and defrosted
roasts were similar.

FUEL

The amount of fuel needed for cooking varied with
several factors. These factors included the size of the
roast, the stage of doneness and the oven temperature.
Under otherwise standardized conditions, less fuel was
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il’?eded for the 150°C. cooked roasts and more at 120° and
5°,

COOKING TIME

The cooking time varied with the oven temperature, the
stage of cookery, the size of the roasts and the condition
of the roasts—i. e., thawed or frozen at start of cooking.
Frozen roasts requlred about a third longer cookmg time
than the thawed ones, although the increase in time for
cooking of frozen over thawed roasts varied from —4 to
80 percent. One frozen roast, which was mueh smaller
than the thawed one, required less time for cooking than
a thawed one, which accounts for the —4 percent.

PALATABILITY

Palatability scores were affected by variation in animals,
variation in muscles, the kind of roasts, the stage of done-
ness and the oven temperature. Palatability scores were
not appreciably affected by the method of defrosting.

RECOMMENDATIONS

The data of the study indicate that an oven temperature
of 120°C. is a poor one for roasts which were frozen when
cooking was started, for the following reasons: (1) The
cooking time was unduly long, (2) more fuel was required
at 120° than at 150°, and (8) there was no rewarding in-
crease in palatability, though a few roasts did seem more
tender. Besides, it was found that at 120°C. there was a
greater oozing and coagulation of fluids over the cut surface
of the roasts than at higher oven temperatures. Then, too,
some ranges will not safely maintain as low a temperature
as 120° C. (250°F.).

The results obtained in this study indicate that 150°C.
is an excellent temperature for roasts which were frozen
when cooking was started. This temperature for frozen
roasts is the-same as that recommended by the Committee
on Preparation Factors, of the National Cooperative Meat
Investigations (4, p. 90), for fresh beef, veal and lamb
roasts. This committee recommends 175°C. for pork roasts.

There were only minor differences, if any, in the palata-
bility scores between roasts cooked at 150° and 175°. The
advantage of the 175° temperature over the 150° oven was
the shorter cooking time required. The disadvantages of
the 175° oven over that of the 150° were the greater
weight loss of the roast during cookmg plus the larger
amount of fuel necessary.
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BRAISED BEEF POT ROASTS

Data on defrosting of braised beef pot roasts are re-
ported in this section. When the braised cuts are the same
thickness and come from approximately the same location
in the carcass as the pan-broiled and pan-fried cuts, the re-
sults for braised cuts are reported with them.

The cuts for the braised beef pot roasts were obtained
from the four heifer carcasses which were purchased for
this project. The cuts consisted of the arm bone, clod, in-
side chuck and the outer round. Most of the cuts were 2
inches in thickness, although some were 1 inch thick and
others 1.5 inches. All were boneless except the arm bone
cut. One pot roast was wrapped per package.

PROCEDURE

All cuts were browned in a Dutch oven over a surface
burner. The temperature of the Dutch oven was approxi-
mately 175° C. (850°F.). The temperature of the metal
surface of the Dutch oven was controlled by aid of a
griddle thermometer. The amount of fat used for brown-
ing was 10 grams each for the arm bone, the clod and the
inside chuck. For the outer round cuts 20 grams of fat
were used. The fat and the Dutch oven were preheated
5 minutes before browning of the pot roast was started.
Most pot roasts were browned 6 minutes on each side, a
total of 12 minutes. A few pot roasts were browned 8
minutes. The time for browning was determined in pre-
liminary tests and varied with the thickness and kind of
cut. See fig. 6.

After brown-
ing the second |
side, the pot
roast was turn-
ed, a trivet was '
placed under the
roast, and the
boiling water
added. It was |
planned to add
just enough boil-
ing water to

Fig. 6. Beef arm bone pot roasts. Left: Trivet
each pot roast placed beneath browned roast. Thermometer in place

d to determine temperature of meat.

so that it woul Right: Lid Dutch oven with th t t
ght : on ermometer
be evaporated at regulate temperature in Dutch oven. °



562

the end of the cooking period. The amount of water added
follows:

Arm bone pot roast 100 and 150 ml.
Clod pot roast 150 ml.

Inside chuck pot roast . 100 and 150 ml.
Outer round pot roast 150 and 200 ml.

After the boiling water was added, the Dutch oven was
covered. The temperature above the meat was determined
by insertion of a mercury thermometer in a cork through
a hole in the lid. The flame was adjusted to keep the
temperature above the meat at 90° to 95°C. (194° to 203° F.).

To determine the effect on palatability and weight
losses, some pot roasts were cooked until the interior
temperature of the roast reached 90°C. Other pot roasts
were held definite periods of time after the temperature
of the pot roast had reached 90°. The holding periods were
40, 50, 90 or 120 minutes.

WEIGHT OF POT ROASTS

The pot roasts varied in weight with the cut from which
they came. They also varied in weight within a given cut,
depending on whether the muscles were becoming larger
or smaller as successive cuts were removed. The variation
in weight is given in table 14.

DEFROSTING TIME .

The defrosting time, i. e, the time for the interior
temperature of the pot roast to reach —2° and 4°C., was
not determined for roasts which were defrosted during
cooking. The time for defrosting the pot roasts which
were defrosted prior to cooking varied with the defrosting
temperature, the kind of pot roast and the thickness of the
cut. See table 15.

TABLE 14. BRAISED BEEF POT ROASTS. VARIATION IN WEIGHT
OF CUTS USED FOR BRAISED POT ROASTS.

No. of Thickness Weight of cut
Cut roasts of cut | ainimum |Maximum | Average

in, gms. gms. EmS.

Arm bone 23 2.0 1139 2129 1756
Clod 10 2.0 576 1004 766
8 1.5 430 582 518

10, 1.0 272 560 : 396

Inside chuck 24 2.0 291 818 605
Outer round 17 1.5 357 504 429
14 1.0 241 471 316
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TABLE 15, BRAISED POT ROASTS. AVERAGE TIME FOR THE IN-
TERIOR TEMPERATURE TO REACH —2°C. (28.4°F.) AND 4°C.
(39.2°F.) AND THE AVERAGE WEIGHT LOSS DURING THAWING.

Initial Defrost-
cut Method | no | Thick. | weight Time to reach wine
u efrost- . ness [
ing cuts cuts —2°C, 4°C. loss
in. gms. hrs, hrs. %
| |

Arm bone Refrigerator| 6 2.0 1825 14.0 29.4 1.9
Outer round |Refrigerator| 3 1.5 428 6.3 23.8 8.4
Refrigerator| 2 1.0 375 5.9 18.5 5.8
Arm bone Room 8 2.0 1730 4.2 1.2 1.9
Inside chuck|Room 12 2.0 670 3.2 5.4 2.6
Outer round [Room 10 1.5 425 2.2 4.2 7.4
Room 11 1.0 303 1.9 3.2 5.5

DEFROSTING WEIGHT LOSSES

The outer round pot roasts had the heaviest weight loss
during thawing. The arm bone pot roasts had the largest
area of cut surface but the smallest weight loss during
thawing (table 15). The defrosting weight data indicate
that some muscles lose moisture more readily during thaw-
ing than other muscles. The biceps femoris, which com-
posed the major portion of the outer round, is a rather
coarse-textured muscle, and apparently loses its moisture
readily during defrosting. The 1-inch outer round pot roasts
lost less than the 1.5-inch outer round cuts, probably because
of the shorter defrosting time.

COOKING TIME

The time required for the interior temperature of each
pot roast to reach 90°C. varied. This variation resulted
from differences in the thickness and in the initial tempera-
ture of the pot roast. Obviously thicker roasts required a
longer cooking time than the thinner ones. Pot roasts
having an initial temperature of 4°C. at the start of cooking
required a longer cooking time than those having an initial
temperature of 25°C. See table 16.

WEIGHT LOSSES DURING COOKING

The data for the weight losses during cooking of the
pot roasts are interesting (table 16).

The work of McCance and Shipp (12) gives background
for a discussion of some of these data. McCance and Shipp
found that application of heat above 60° C. “to beef, fish, and
flesh foods led to shrinkage of their proteins, and the ex-
pression of juices. This is the only cause of salt loss when
meat is heated in steam or in air, and the important cause
for loss at all times.” They found the rate of shrink was
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TABLE 16. BRAISED POT ROASTS. THE CUT ITS THICKNESS TIME
OF COOKING, AVERAGE INITIAL WEIGHT, WEIGHT LOSSES DUR-
ING COOKING, AND TOTAL WEIGHT LOSSES (DEFROSTING, HOLD-
ING AND COOKING). (INSIDE CHUCK POT ROASTS ARE PAIRED.)

'1;,%‘!{1‘ Time cooked Weight losses
Thick- y Initial
No. of ature Defrost-
Cut cuts ness | qutat é&ofggr Total | Weight Ci%ok- ing and
start . & cooking
in, °C. min. | min. gms. % %
Defrosted Before Cooking
Arm 8 2 4 50 | 149 1776 29.0 30.2
bone 6 2 25 50 112 1680 28.2 30.2
Inside 12 2 4 90 162 6563 36.5 38.5
chuck 12 2 4 40 114 653 35.8 37.4
Outer [ 1.5 4 120 179 392 37.4 42.2
round 3 1.5 25 120 180 401 37.7 42.6
2 1.5 4 0 81 394 33.7 37.4
2 1.5 25 0 49 380 33.4 39.5
5 1 4 120 167 300 38.1 41.4
4 1 25 120 157 277 40.0 42.5
3 1 4 0 37 288 33.0 36.6
2 1 25 0 33 302 35.3 42.2
Defrosted During Cooking
Arm | | ]
bone 9 2 — 50 166 1718 29.8
Clod 10 2 —_— 90 181 765 32.9
8 1.5 —_ 90 155 518 31.7
10 1 — 90 136 396 32.5
Inside 6 2 —_ 90 161 544 34.3
chyck 6 2 _ 40 128 536 34.8
Outer 4 1.5 120 189 438 38.9
round 1 1 120 178 336 38.8

accelerated by raising the temperature from 80° to 100°
and in turn from 100° to 120°C.

When McCance and Shipp cooked pieces of beef 1 inch
in thickness and weighing about 50 grams in boiling water
for 6 hours, they found that the loss of weight and loss of
water were very rapid during the first half hour, then the
loss ceased. The loss of salt, non-protein nitrogen and
purine nitrogen was most rapid during the first half hour
but continued, however, at a reduced rate throughout the
entire 6 hours of cooking. The loss of fat, total nitrogen
and protein nitrogen was also most rapid during the first
half hour, and although loss from these sources was much
smaller than the loss for other constituents, it continued
at a reduced rate during the entire cooking period. The
total loss in weight for these small pieces of beef was
around 45 percent, whereas about 55 percent of the total
water was lost. McCance and Shipp found that the per-
centage loss of water always exceeded the percentage loss
of weight.
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McCance and Shipp also cooked pieces of beef weighing
1,500 grams in boiling water for 6 hours. Here they found
the loss in weight to be the same as for the 50-gram pieces.
But the loss in weight of the 50-gram pieces occurred dur-
ing the first half hour of cooking with little or no loss dur-
ing the remainder of the 6-hour cooking period. At the
end of the first hour, the 1,500-gram pieces had lost about
20 percent in weight, and 5 hours of cooking were required
before the weight loss of the large pieces was equal to that
of the smaller ones.

The work of McCance and Shipp seems to warrant the
following conclusion: When cooked in boiling water, the
time for a given weight loss (up to maximum) to occur
depends upon the size of the piece of beef. This time will
be less for a smaller piece, longer for a larger one. When
cuts are cooked in air or fat instead of water, the rate of
heat conductance through the particular cooking medium
must also be considered.

During browning of the pot roasts heat transfer should
have been rapid, as the meat was in contact with the metal
surface of the Dutch oven. After browning, the pot roast
was placed on a trivet, which held the meat above the small
amount of water. The gaseous medium surrounding the
roast was a mixture of steam and air. Steam probably re-
placed most of the air during cooking. The temperature of
this gaseous medium was held at 90-95°C. Hence, the in-
terior temperature of the meat, though held at 90-95° for
2 hours, did not exceed 95°C.

The data, table 16, indicate that the greatest loss in
weight of the pot roasts had occurred by the time the in-
terior temperature reached 90° and that continued cooking
beyond this period did not increase the cooking weight
losses to a great extent. The work of MecCance and Shipp
suggests that this is a logical result. Note, table 16, that
the paired inside chuck pot roasts were cooked to an in-
terior temperature of 90°. One roast of the pair, taken
from one side of the animal, was held at this temperature
90 minutes, whereas its mate taken from the other side of
the same animal was held at this temperature 40 minutes.
Both had nearly the same weight losses, 36.5 and 35.8 per-
cent, respectively. Yet the cooking time of the former was
162, of the latter 114 minutes. The paired inside chuck
pot roasts (defrosted during cooking) had losses of 34.3
and 34.8 percent, respectively, when held under conditions
similar to the preceding pot roasts.

Losses for similar pot roasts were practically the same
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whether the initial temperature at the start of cooking
was 4° or 25°C., yet the cooking time was always longer
for the pot roasts whose initial temperature was 4° than
for those at 25°.

The weight losses of the arm bone pot roasts defrosted
before and those defrosted during cooking were about the
same. Inside chuck roasts defrosted during cooking had
slightly lower cooking weight losses than those defrosted
prior to cooking. There were too few roasts in the outer
round groups to be able to make valid comparisons.

PALATABILITY

There ~Wa.s little variation in the average aroma scores,
regardless of the time of cooking, the type of pot roasts,
orbthe initial temperature of the roast at start of cooking,
table 17.

Texture scores were affected more by variation in the
kind of muscle than by the method of defrosting or the

TABLE 17. BRAISED POT ROASTS. AVERAGE PALATABILITY
SCORES. (HIGHEST POSSIBLE SCORE FOR ANY FACTOR, 7.)

Initial
Time Scores
No, | Thick| 110 | held
Cut louts| PSS | ature ggg‘g A Tex- Flavor 'gee:_a_- Juici-
of cut - [ATOMA ) ture |77 | nes: ness
in. °C., Imin. Fat | Lean s
Defrosted Before Cooking
Arm 9 2 4 50 5.9 4.5 4.9 5.5 5.3 2.3
bone 6 2 25 50 5.8 4.7 4.9 5.7 6.2 2.6
Inside |12 2 4 90 5.9 3.6 5.0 5.6 5.2 3.8
chuck |12 2 25 40 6.9 3.8 4.8 5.4 4.0 3.8
Outer 6 1.5 4 120 5.9 4.6 4.6 5.5 6.1 2.1
round 3 1.5 25 120 5.9 4.4 4.9 5.5 6.2 2.3
2 1.5 4 0 5.8 4.9 5.3 6.1 4.3 3.2
2 1.5 25 0 6.0 4.9 4.7 5.7 4.0 3.2
5 1 4 120 5.8 4.7 4.4 5.0 6.0 2.3
4 1 25 120 5.9 4.6 4.9 5.4 6.0 2.5
3 1 4 0 5.9 4.6 4.8 5.7 3.7 3.2
2 1 25 0 6.1 4.7 4.3 5.8 3.8 3.0
Defrosted During Cooking
Arm | ]
bone 9 2 — 50 6.0 4.9 4.8 5.6 5.6 2.1
Clod 10 2 — 90 5.9 4.4 5.0 5.8 6.0 3.6
8 1.5 —_ 90 6.0 4.7 5.1 5.7 6.7 3.7
10 1 — 90 5.9 4.6 5.3 5.6 5.2 3.0
Inside 6 2 — 90 5.8 4.0 4,8 5.2 4.4 3.2
chuck 6 2 — 40 6.0 4.1 5.3 5.5 3.9 3.3
OQuter 4 1.5 120 5.9 4.5 5.1 5.6 5.8 2.5
round 1 1 120 5.8 4.8 5.0 5.0 6.0 2.3
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time of cooking. The average texture scores (the method
of defrosting, the time of cooking, the initial temperature
and the thickness of the pot roast being disregarded) for
all inside chuck pot roasts was 3.8, for arm bone 4.7, clod
4.6, and for the outer round 4.6.

Flavor scores varied very little. Scores for the flavor
of lean were not affected by the method of defrosting.
Average flavor of lean scores were about the same for arm
bone, clod and inside chuck roasts. There was a trend for
the flavor scores of the outer round pot roasts to be lower
for those held 120 minutes after the interior temperature
of 90° was reached than for similar roasts cooked only until
an interior temperature of 90° was reached.

The average tenderness scores were affected by the time
of cooking. Inside chuck roasts cooked 90 minutes after
the interior temperature had reached 90° were rated more
tender, by both tenderness scores and shear force values,
than those cooked only 40 minutes after the interior tem-
perature reached 90°. The difference in tenderness scores
for outer round pot roasts is more striking than for the
inside chuck roasts. The average tenderness score of all
outer round pot roasts held 120 minutes after an interior
temperature of 90° was reached was 6.0, whereas that of
the pot roasts cooked only until 90° was reached was 4.3.

The juiciness scores for all pot roasts were low. This
was expected, for the weight losses of braised meat during
cooking have been found to be high. Outer round pot roasts
held 120 minutes after their interior temperature reached
90° were scored less juicy than similar pot roasts which
werti1 not held after an interior temperature of 90° was
reached.

SUMMARY FOR BRAISED POT ROASTS

The braised pot roasts consisted of arm bone, clod, in-
side chuck and outer round cuts. Pot roasts were cut 1,
1.5 and 2 inches in thickness.

The data indicate that the greatest loss in weight dur-
ing cooking of the pot roasts had occurred by the time the
interior temperature of the roast had reached 90° and that
continued cooking beyond this period increased the cooking
weight losses only slightly.

The aroma and flavor scores varied very little, and in
general were not affected by the method of defrosting or
the kind of pot roast. Texture scores varied with the kind
of roast. Tenderness scores were higher for roasts cooked
for varying periods of time after an interior temperature
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of 90° was reached than for those cooked only until 90° was
reached. Juiciness scores were low for all pot roasts, for
the cooking weight losses were high. Outer round pot
roasts held 120 minutes after their interior temperature
reached 90° were scored less juicy than similar pot roasts
for which cooking was stopped when their interior tempera-
ture reached 90°.

BROILED STEAKS AND CHOPS

Steaks were obtained from the short loins of the four
animals killed at the station and from two pairs of short
loing (animals 40 and 41) purchased from an Iowa packer.
The loins from one of the latter animals were not matched,
i. e., were not cut from the right and left side of the same
animal. The killing date for animals 40 and 41 was April 10,
1945. The tenderloin muscle was removed from all of the
short loins, so that only the
longissimus dorsi muscle was
used in the tests. Steaks from (

animals 2 and 4 were not
boned, those from the remain-
ing animals were boned.

The location of the various A
lamb chops is shown in fig. 7.

PROCEDURE
WRAPPING B
One steak was wrapped in
each package. Each member
of the scoring panel was given
a whole chop of the 0.5-inch
loin and the 1-inch lamb rib
chops for scoring and half of
the 1- and 2-inch loin chops.
Hence, a package constituted
a unit for cooking and scoring
and contained from two to
four chops. Numbering for all
steaks and chops was started
from the posterior portion of
theEl:oin or ribs. )
ach chop in a package
was identified as to its source ahﬁ‘,’g the Dasons, Of lamb chops
(from anterior, middle or pos- Tro Z-nch sirloln chops.
terior) by inserting toothpicks Four 0.5-Inch loin chops.
along the edge of a chop—one,

o (= O | O |Oolo)no

vamr S

Four l-inch rib chops.



two or three halves,
or none. Thus each
chop could be identi-
fied, even after cook-
ing. This made it
possible for each
scorer to receive a
chop for palatability
tests from the same
relative position
from each animal.

Paraffined cards
or two thicknesses
of cellophane sepa-
rated the chops in
each package. See
fig. 8. The two 2-
inch sirloin and the
two 2-inch loin chops
were placed side by
side for wrapping,
making the package
4 inches in thick-
ness. See fig. 9. The
four 1-inch lamb rib
chops were wrapped
as shown in fig. 10.
Thus the thickness
of the package of
1-inch rib chops was
2 inches. This differ-
ence in the thick-
ness of the sir-
loin and loin chops
versus the rib chops
should be recalled
when defrosting
times of the pack-
ages are considered.

COOKING

It was difficultto
regulate the temper-
ature of the electric
broiler at our dis-
posal, hence only
three steaks were
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Fig. 8. The shaped piece of paraffined card-
board was placed between chops to make their
separation easy while still frozen.

Fig. 9. As shown above, the two sirloin and
the two loin chops in a package were placed
side by side for wrapping.

Fig. 10.
were packaged as shown above.
were placed side
was 2 inches in thickness.
of toothpicks to identify the chops.

The four I.inch lamb rib chops
0 Two chops
by side so that the package
Note the halves
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cooked by electricity. The remaining steaks and all the chops
were cooked in the broiler of a gas range. A Wilder thermom-
eter mounted in an adjustable rack was used to control the
broiling temperature. The bulb of the Wilder thermom-
eter could be lowered or raised by means of the adjustable
rack so that it could be placed the same height as the upper
surface of the steak or chop. The broiler was raised or
lowered by placing it in different notches. The tops of the
2-inch cuts were approximately 4 inches, those of the 1-inch
ones about 2 inches from the broiler burner. The broiler
door was left open, and the temperature, as indicated by the
thermometer, was controlled by manual adjustment of
the broiler’s gas cock. The placement of a steak on the
broiler with thermometers is shown in fig. 11, that of the
1-inch rib lamb chops is shown in fig. 12.

The broiler temperatures used are given in table 18.

The interior temperature change of the steak or chop
during cooking was followed by inserting a bulb of a right-
angle meat ther-
mometer midway of
the main muscle.
The broiler was
drawn out far
enough to read the
temperature of the
cut every 5 or 10
minutes.

The time for turn-
ing of the cuts was
determined in pre-
liminary tests. The
steaks were turned

11. Broiling a 2-inch loin steak. Note when the interior

Fig.
that the right-angle thermometer bulb is placed i
in the steak. The broiler thermometer in an .tempera'ture given
adjustable rack is at the right. in table 19 was

reached, the lamb
chops were turned when the temperature given in table 20
was reached.

The minimum, maximum and average weights for the

various groups of broiled steaks and chops are given in
table 21.

DEFROSTING TIME

A loin steak is shown defrosting in fig. 13. It was found
that the defrosting temperature, the thickness of the steak



. Fig. 12. Broiling the four I.inch rib lamb chops. The bulb of the
right-angle thermometer is in one chop. Broiler thermometer is at the back,

TABLE 18. BROILED STEAKS AND CHOPS. BROILER TEMPERA-
'é‘ggII{EEADND INTERIOR TEMPERATURE TO WHICH THE CUT WAS

Cut Broiler temperature Interior (t:?lrzxperature

°C. °C.

Steak 135 76

Steak 150 58 or 75

Steak 175 58 or 75

Steak 200 58

Lamb sirloin chops 120 or 150 75

Lamb loin chops 120, 150, or 175 67, 75, or 83

Lamb rib chops 120, 150, or 175 67 or 75

TABLE 19, BROILED STEAKS. INTERIOR TEMPERATURE OF STEAKS
WHEN TURNED.

Broiler temperature, °C, 135 150 175 200
|
Steaks cooked to, °C. 75 58 | 75 58 75 58
|
Size of steak and state | Temperature when turned, °C.
2-inch, thawed 57 40 57 35 57 35
2-inch, frozen 60 19 52 20 —_ 15
l-inch, thawed —_ 37 —_ 40 —_— 37
1-inch, frozen — 36 — 35 — 36




TABLE 20.

BROILED LAMB CHOPS.
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INTERIOR TEMPERATURE OF

LAMB CHOPS WHEN TURNED AND INTERIOR TEMPERATURE TO

‘WHICH COOKED.

Interior

s Interior

Kind of chop Broiler temperature temperature
and thickness tempgéature t(éovgll{xégh when_turned

" Qc. OC.
Sirloin, 2-inch 120 or 150 75 50 and 72
Loin, 2-inch [ 120 67 42 and 64
Loin, 2-!nch [ 120, 150, 200 75 50 and 72
Loin, 2-inch ’ 120 83 58 and 78
Rib, l-jnch | 175 | 67 50
Rib, 1-inch | 120, 175 | 15 50
TABLE 21, BROILED STEAKS AND CHOPS. THE MINIMUM,

MAXI-
MUM AND AVERAGE WEIGHT OF STEAKS AND LAMB CHOPS.

Thickness Weight
Cut of cut No. of -
packages | Minimum [ Maximum | Average

in, gmSs. gms. gms.
Loin steak, boned 2 23 ‘ 411 564 483
Loin steak, bone in 2 20 | 532 716 627
Loin steak, boned 1 20 | 201 273 238
Loin steak, bone in 1 4 | 284 326 306
Lamb sirloin chops 2 48 613 887 717
Lamb loin chops 2 72 449 693 518
Lamb rib chops 1 48 | 428 608 487

or package of lamb chops, and the total mass of the cut
influenced the time required for defrosting, tables 22 and 23.
Under otherwise standardized conditions and excluding
the lamb 1-inch rib chops (all the remainder were 2 inches in
thickness), the time necessary for steaks and chops to reach
an internal temperature of —2°C. was two and three times,
respectively, longer in the room than in water, and about
three times longer for defrosting both steaks and chops in
the refrigerator than at room temperature. To reach an
interior temperature of 4°C. required two and three times
longer for steaks and chops, respectively, in the room than
in the water and five and six times longer in the refrigerator
than in the room.

The shortest average time to reach an interior tem-
perature of —2° for cuts thawed during cooking was 4.1
minutes for the 1l-inch lamb rib chops broiled at 175°C.;
the longest time was 27 minutes for the 2-inch loin steaks
broiled at 150°C.
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The 1-inch steaks
and chops required
a shorter defrosting
time than similar 2-
inch cuts. A package
of lamb chops re-
quired longer to de-
frost at room or
refrigerator temper-
ature than a pack-
age of steaks. But
it must be re-
membered that the det‘roistinlg3 'atAxx}ogn:l'xw{gr%%ee(}'alt(S?e steak, bone in,
package of lamb
chops was thicker than the steaks.

The lamb sirloin and the lamb loin chops were the same
thickness (2 inches), but the width, size and weight of the
sirloin chops was greater than that of the loin chops. The
sirloin chops required longer than the loin chops to defrost
in the refrigerator and at room temperature.

TABLE 22. BROILED CUTS. AVERAGE DEFROSTING TIME AND DE-
FROSTING WEIGHT LOSSES FOR STEAKS AND LAMB CHOPS
THAWED BEFORE COOKING. (1 STEAK, 2 LAMB SIRLOIN, 2 LAMB
LOIN _AND 4 LAMB RIB CHOPS PER PACKAGE. CHOPS WERE
SEPARATED FOR_WATER DEFROSTING, BUT ALL CHOPS IN A
PACKAGE WERE WEIGHED TOGETHER.)

N De-
Kind No. of Initial Defrosting time frosting
of cut packages | WelBht |po_ goc | 4o, wfgf;"

gms. hrs. hrs. %
Defrosted in Refrigerator

Steak, loin, 2-inch 13 544 7.0 22.6 3.0

Steak, loin, 1-inch 12 246 3.8 11.4 4.0

Lamb, sirloin, 2-inch 12 750 10.8 38.9 2.8

Lamb, loin, 2-inch 18 573 9.5 29.8 2.4

Lamb, rib, 1-inch* 22 512 7.2 25.5 0.8

Defrosted in Room

Steak, loin, 2-inch 12 541 2.6 4.2 1.9

Steak, loin, 1-inch 12 245 1.3 2.5 2.0

XY.amb, sirloin, 2-inch 12 786 3.6 6.0 1.7

Lamb, loin, 2-inch 18 563 3.1 5.1 1.6

Lamb, rib, 1-inch* 22 516 2.1 4.1 0.8

Defrosted in Water

Steak, loin, 2-inch 6 547 1.5 2.4 2.5

Steak, loin, 1-inch 6 227 0.7 1.2 3.0

Lamb, sirloin, 2-inch 6 757 1.2 1.7 0.9

Lamb, loin, 2-inch 18 576 1.3 1.7 0.9

Lamb, rib, 1-incht 14 474 0.2 0.4 1.0

* 12 of these chops were broiled, 10 were pan-broiled.
1 6 of these chops were broiled, 8§ were pan-broiled.
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TABLE 23. BROILED CUTS. DEFROSTING TIME OF STEAKS AND
LAMB CHOPS DEFROSTED DURING COOKING. (1 STEAK, 2 LAMB
SIRLOIN, 2 LAMB LOIN AND 4 LAMB RIB CHOPS PER PACKAGE;
CHOPS VVERF SEPARATED FOR COOKING, BUT ALL CHOPS IN A
PACKAGE WERE WEIGHED TOGETHER.)

Broiler Initial Time to reach
Kind of Ne. of temper- weight
cut packages | ature cut —2°C. 4°C.
°C. gms. min. min.
Defrosted During Cooking
|
Steak, loin, 2-inch 3 135 533 27.0 38.7
Steak, loin, 2-inch 6 150 579 22.3 35.2
Steak, loin, 2-inch 3 115 664 20.0 33.7
Steak, loin, 2-inch 3 200 471 11.7 24.3
Steak, loin, 1-inch 3 150 274 6.3 13.0
Steak loin, 1-inch 3 175 254 5.0 9.3
Steak, loin, 1-inch 3 200 239 4.7 6.7
Lamb, sirloin, 2-inch 9 120 765 23.9 39.2
Lamb, loin, 2-inch 9 150 734 25.0 36.8
Lamb, rib, 1-inch 12 175 574 19.7 32.7
Lamb, rib, 1-inch 4 120 492 7.5 15.0
Lamb, rib, 1-inch 4 150 490 6.3 11.8
Lamb, rib, 1-inch 10 175 497 4.1 8.8

WEIGHT LOSSES DURING DEFROSTING

Valid comparisons may be made for the weight lost
during thawing by the lamb chops (table 22), as the cello-
phane wrapping was not removed for defrosting. However,
half of the steaks defrosted in the refrigerator and in the
room were wrapped, the remaining ones were unwrapped.
If other conditions were the same, the unwrapped steaks
lost more weight than the wrapped ones. The 12 1-inch
steaks defrosted in the refrigerator were boned. The aver-
age weight loss of the wrapped ones was 3.2, of the un-
wrapped ones 4.9 percent. For brevity, weight losses of
wrapped and unwrapped steaks are combined for the data
in table 22. Boned steaks, because of the greater surface
exposure of the muscle, lost more weight during thawing
than the mnon-boned ones, but in general, the differences
were not as great as for the roasts. With the exception
of the 1-inch steaks defrosted in the refrigerator, there
were both boned and non-boned steaks in each group (table
22) but the distribution was not uniform.

The weight lost during defrosting was greatest for the
lamb chops defrosted in the refrigerator, least for those
defrosted in water.
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THE COOKING TIME

The cooking time was influenced by the broiler tempera-
ture, the stage of doneness to which the cut was cooked,
the thickness of the cut, whether frozen or thawed at the
start of cooking, and the total mass of the cut (table 24).

The cooking time decreased with the elevation of the
broiler temperature.. Cuts cooked well done required more
time for cooking than those cooked less well done. The
2-inch cuts needed more time for cooking than the 1-inch
cuts. The cuts defrosted during cooking averaged about
44 percent more time for cooking than those defrosted
prior to cooking, although the record shows considerable
variation (table 24), from 6 to 88 percent. The lamb sir-
loin chops, although the same thickness as the lamb loin
chops, needed a longer cooking time than the loin chops,
provided the conditions were similar.

FUEL FOR COOKING

More fuel was required for the steaks and chops which
were frozen when cooking was started than for those which
were thawed beforehand (table 24), provided other con-
ditions were standardized. More fuel was used for cuts
cooked well done than for those cooked medium done. An
exception was the 2-inch loin steaks broiled at 175°C.

The effect of broiler temperature on the amount of fuel
needed was similar to that noted for roasts. The amount
of fuel used was not linearly related to the broiler temper-
ature. Loin lamb chops broiled to an interior temperature
of 75° needed more fuel at 120° than at 150° and more at
200° than at 150°. The amount of fuel for the loin 1-inch
steaks was linearly related to the oven temperature, but the
differences in amounts of gas consumed at the various
broiler temperatures were not great.

COOKING WEIGHT LOSSES

The weight lost during cooking varied with the oven
temperature, the stage of cookery, whether the cut was de-
frosted before or during cooking, and the thickness of the
chops (table 24). For results with paired lamb chops
see table 25. Other factors which might have affected the
cooking weight losses to a greater or lesser extent, but are
not readily apparent in the data in table 24, are the time
of cooking and the composition of the cut.

The differences in weight losses for similar groups of
steaks and chops cooked to the same stage of doneness but



576

g'e1 918 L'8 8'1% 682 89 007 g qoul-1 ‘urog
6'FL 6805 0°8 1°L5 ¥9¢ 89 SLT € Youj-T ‘urory
g'sT 6°9T L TFe 1234 89 0ST € youl-t ‘ujory
86T 0°%Z 981 0°a¥ 1L¥ 8¢9 002 b4 youi-g ‘uroy
g'LT 9767 a1 6°99 £99 88 SLT |4 your-g ‘ujory
1°2% 'L 0°ST 5’88 92§ G2 08T € Yauf-g ‘ujory
ST 9702 bET 892 ZE€9 89 061 g Your-g ‘uro
18 292 ST 2901 EEg gL SET 4 youi-g ‘urog
Supoo) Surang parsoasd
6°LT FOT G 91 g9 0'FI i £ 8¢ 003 9 Jour-1 ‘ufory
L'91 L6 g1l 69 8 ¥I 0¥3 8¢ LT e YOu[-T ‘ufory
T8t 96 901 e°g £'81 092 89 05T b4 yout-1 ‘ujory
2°%2 8°¢T 66T 0°0T L°63 68¥ 89 003 9 your-g ..:_oq
§'9% 181 S'v3 01 £y LY S QLT |4 qour-g ‘uroy
0% €Tl 8'81 9°0T 168 119 89 QLT g your-g ‘urory
L°Lg S'6I L1798 TET 9'gL T09 gL 081 € yaur-g ‘uiorp
9°91 60T SPL 6 8'0¥ 699 8¢ 0ST 8 Your-g ‘uyory
9°LT 9°18 [ 24 60T g'5L j4 44 SL 124 £ your-g ‘ao
Sujoo) ax0jd3g PpoIS0IIaq
SIVHILS
% % % 3} ono ‘urut swd Do Do
|11}
M:mwwwoo “R[OA 8101, posn 4 owp} .:..w . mnp J91103g mwum.m.umuﬂ.ﬂmn mo
Bunsoaga ss0[ Surieo) Beng UB00) F0 IPM A aanjesodwiag,

IND HOIHM OL HIALVHHJINAL ANV HHALVYHAINAL NHAO HHIL ‘VILVA ONIMO0D 'SLND a@1I0¥d

((DNIXIO0D ANV ONIQTIOH ‘ONILSOUAHd) SSOT LHDIAM 'TVIOL ANV
SSOT LHDIHEM UZuvHOOO THAA A0 LNNONWY ‘HNIL DNIMNOO0D ‘LHOTHM TYILINI HOVUIAV HLIA 'dEM00D SVAA

e AI1dVL



577

9°61 0°Fe _w 99T 219 689 SL 0032 € youy-g ‘urof
0°61 T7ve 0°0T 6'9¢ L6V 9 el L Yyour-1 ”nﬂm
291 S°62 _ 96 L'1e 137 L9 SGLT g yourt ‘ard
¢61 0°'ge 80T 0°09 i [(3:34 gl oct [ 4 qoul-T ‘ary
SLT 0°L3 88T £'TL | it gL 08T £ qoug-g ‘ujoy
1A 44 L'Ee 18T 980T | 98L gL 08T 6 ysuf-g ‘ufears
9°9T 8°8% F 0T 0°F9 Z6¥ SL 021 b4 Your-T 'ana
3o £'2E 261 0°g9T ¥6¢Q £8 021 1 your-g ”EO‘H
991 9°Fg [ 4 T80T PLe SL 0z1 9 yoaul-g "ugo
gel S6T ¥el 0°88 099 19 031 |4 yoaug-z ‘'ujory
144 ¥'1g 861 68F1 $9L gL 031 6 Youj-g ‘uioLIs
Supoo) 3ulang paisoaa(q
|
808 191 962 “ 0°8T 198 6¢9 Gl 002 6 your-g ‘ujox
¥°92 8'eT 9°68 g8 g'%% 808 SL gLl 6 your-1 ‘qria
0°18 TI1 §°02 8L L'03 a6¥ L9 gLl 6 YourpT ‘qia
8°92 L’ST 92 G'6 7’88 |54 gL 0ST ¥ YOUE-T ‘qIy
&34 6'ET L'18 9°0T L6y | 9¥e 9L 08T [ Yyour-z “ugo1
9°0e ¥'ig | £°62 8F1 S'LL m_ 09L SL 091 | ¢4 your-g ‘ulolaig
3°9¢ ST 8°%C 6°6 €09 | (4] gl 021 ¥ YOUR-T ‘qra
q'1g 0°0g g0¢ ear $GIL 98¢ €8 02T 6 youy-g ‘urorp
L'8T g9l 9'ge 12T 8°E8 699 9 02T 81 your-g ‘urox
9°91 801 g’ ST 9°6 9°09 orsg L9 03T 6 your-g ‘ujorf
9°%¢ 2'eg FAl &4 0°LY rogt 29 QL 031 G youl-g ‘urors
Burqoo) aaojag paysoayaq
SAOHD dIVT1
% % % 13 mo ar ‘sw3 Do Do
oI
M:Wwﬂov “EIOA 1BoL posn owny mo nd Jaf1oag mwwumwn“a o
SunsoazaQ Ss0[ Sursoo) eng Surood 3o JudPm aanjraodwag,

(ponupiue)) g ATAVL



578

at different broiler temperatures were not always consistent.
In general, the total weight losses during cooking of the
1. and 2-inch loin steaks (cooked medium done) increased
with the elevation of the broiler temperature. Sometimes
this increase was large, sometimes only slight, and in one
instance (1-inch steaks defrosted before cooking and broiled
at 200°) the loss was less at the higher temperature. The
weight losses of the 2-inch steaks (cooked well done) were
greater at 150° than at 135°C. The data for paired lamb
chops, Unit II, table 25, indicate that the total cooking
Eveight losses increased with elevation of the oven tempera-
ure.

Steaks and chops cooked more well done always lost more
weight than those cooked less well done. These results
were consistent for all cuts. The groups of chops cooked
well done averaged slightly more than 35 percent greater
weight loss than those cooked medium done. The total
weight loss during cooking was greater for the steaks and
chops defrosted during cooking than for those defrosted
prior to cooking. This is logical, for the former always
required a longer cooking time than the latter. However,
the paired lamb leg roasts lost about the same weight,
whether defrosted during or before cooking. The 2-inch
steaks and chops required a longer time for cooking and
had greater weight losses than those 1-inch thick.

TOTAL WEIGHT LOSSES

The total weight losses, i. e., the defrosting, holding and
cooking losses for the cuts thawed before cooking, were
greater in 18 out of 19 comparable groups (table 24) than
the total cooking losses of the chops defrosted during
cooking.

APPEARANCE OF BROILED STEAKS AND CHOPS

Steaks were broiled at 135°, 150°, 175° and 200°C.;
chops were broiled at 120°, 150°, 175° and 200°. TUnder
comparable cooking conditions the steaks and chops became
browner as the broiler temperature was elevated. Steaks
and chops defrosted during cooking always had browner
exteriors than similar steaks or chops which had been thawed
before cooking. As the steaks or chops were cooked moure
well done the exterior became a darker brown, with charred
areas for the thicker steaks or chops at the higher broiler
temperatures. The 2-inch steaks or chops were browner
under the same cooking conditions than those 1-inch thick.

Spattering of the fat occurred during broiling at 200°.
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The interior color of steaks cooked to an interior temper-
ature of 58° was gray near the surface of the steak and
light red or pink in the center. In general, the gray layer
became deeper as the broiler temperature was elevated.
The interior color of steaks cooked well done (75°) was
gra%r throughout, sometimes with a slight pink area in the
center.

Broiler temperatures of 150° and 175° produced attractive
looking 1- and 2-inch steaks. At 200° there was considerable
charring. The 1-inch steaks were cooked more satisfactorily
at 200° than those 2 inches in thickness.

The interior color of the lamb chops varied as they
were cooked more well done. From a deep pink for chops
cooked to 67° the color changed to gray.or light pink at
75°. At an interior temperature of 83° the interior was
entirely gray.

PALATABILITY

The average palat-

W ability scores of the
broiled steaks and

lamb chops are given

il in table 26, those
A for the paired lamb
! chops in table 27.
The areas from
X which samples for
scoring from some
chops were obtained
are shown in fig. 14.
To a greater or
lesser extent there
was variation in cuts
from animal to ani-
mal. Because of this,
three steaks or
chops per group are
too small a number

- upon which to base
: conclusions. Com-
DMulcll Fcl @Bme A-Thermometer ments Will be made

upon the scores re-
Fig. 14, Upper: A tracing of one side of the i
anterior of t’he two loin gchops. Location of corded In table_26,
%he th%rmorgetier and samples for scoring (be- but more weight
ween dotted lines). should be attached
Lower: A traci f one side of the anterio 3
of the four rib c111rxl3%s? e sideo € T to the data’ g'lVe:n
for paired chops in

table 27.
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The steaks which were cooked well done were always
scored less juicy than those which were cooked medium
done. This same result was also obtained with lamb chops.
There may be a trend for the well done steaks to be scored
lower in flavor of lean and tenderness than those less well
done. The 1l-inch steaks were rated more juicy than the
2-inch. thick ones, if broiled under the same conditions.

When the two chops of a pair were treated alike except
for one variable, the average scores for the matched pairs
of lamb chops indicate that defrosting in the refrigerator
versus at room temperature had no effect upon any of the
palatability factors. However, both the sirloin and rib
lamb chops defrosted during cooking tended to be less tender
than those defrosted prior to cooking. The chops cooked
less well done were scored more juicy than those cooked
more well done. There was also a trend for the more well
done chops to be rated less tender than the chops cooked
less well done. The chops of pairs cooked to an interior
temperature of 67° and 75°C. received the same scores for
flavor of lean, but the chops of the pairs cooked to 83° were
rated lower for flavor of lean than those cooked to 75°. Lamb
chops cooked to an interior temperature of 67° had the
most intense lamb flavor and were the juiciest of all the
chops. For most people the fat might seem slightly under-
cooked. Chops cooked to 83° were bland in flavor and shri-
veled in appearance. They were charred to the extent
that the flavor was affected. There was a trend for the
chops broiled at 200° to be scored less tender and less juicy
than those broiled at 150°.

SUMMARY FOR BROILED STEAKS AND CHOPS

The defrosting temperature, the thickness of the steak
or the package of lamb chops, and the total mass of the
cut influenced the time required for defrosting. For both
defrosting in water and defrosting during cooking, steaks
were unwrapped and lamb chops were unwrapped and
separated. -

The defrosting time was shortened with elevation of
the, defrosting temperature. The average time for all
2-inch steaks and chops to reach —2°C., when defrosted
in water, was 1.8 hours; to reach 4°C., 1.9 hours. In com-
paring the time for room and water defrosting, it was found
that steaks required twice as long, lamb sirloin and lamb
loin chops three times longer in the room than in water.
The lamb rib chops, however, required 10 times longer in
the room than in water. Steaks and chops required about
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three times longer in the refrigerator than in the room to
reach —2°, but it took approximately five times longer for the
steaks and six times longer for the lamb chops to reach
4°C. The defrosting time during cooking was shorter with
the higher broiler temperature.

The 1-inch steaks and chops required a shorter time for
thawing than the 2-inch ones. When steaks or chops were
the same thickness, a longer defrosting time was necessary
for the heavier cuts.

Boned steaks usually lost more weight during thawing
than the non-boned ones.

When the thickness of the cuts was the same, the cook-
ing time was shorter with the higher broiler temperatures,
for the cuts cooked less well done, for cuts thawed before
cooking and for smaller cuts.

With otherwise standardized conditions more fuel was
required to cook the frozen than the thawed cuts, and more
for the well done cuts than for those less well done. Fuel
consumption was not always linearly related to the broiler
temperature. The intermediate broiler temperatures re-
quired the least fuel. ’ '

Cooking weight losses for paired chops increased with
elevation of the broiler temperature, with cooking more
well done, and for cuts defrosted during cooking.

The defrosting method did not affect the palatability
scores with the possible exception of those of the sirloin
and rib lamb chops defrosted prior to cooking. Well done
steaks and lamb chops were always scored less juicy than
those less well done. There was also a trend for the well
done chops to be scored less tender than those less well
done and for the chops broiled at 200° to be scored less
tendeg,cless juicy and of poorer flavor than those broiled
at 150°C.

RECOMMENDATIONS

All the steaks used in this study were obtained from
Good grade carcasses, all the lamb chops from those of
Choice grade. With these and the limitations indicated
in tables 26 and 27 the following recommendations are
made. Desirable steaks are obtained at broiler tempera-
tures of 185°, 150° and 175°C. and chops at 120°, 150° and
175°C. The two lower broiler temperatures did not in-
crease the palatability of the cuts and required a long time
for cooking. A broiler temperature of 120° required more
fuel for chops than 150°. A broiler temperature of 200°
was too high for the 2-inch cuts, both thawed and frozen.
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There was some charring at this temperature with a re-
sulting shriveled appearance of the cuts and a lowering
of some palatability ratings. A broiler temperature of 200°
was more successful with the 1- than with the 2-inch cuts.

PAN-BROILED, PAN-FRIED AND BRAISED
STEAKS AND CHOPS

The history of the beef loin steaks has been given in
the section on broiled steaks and chops. The beef inner
round steaks were obtained from animals 1, 2 and 4, which
were killed in the Animal Husbandry laboratory. The inner
rounds were removed and cut into 1- and 0.5-inch steaks.
The steaks were numbered from the rump end of the round.
They were wrapped and labeled in the same manner as the
beef loin steaks.

The veal loin and veal rib chops were divided into seven
units for cooking. Two chops were wrapped in each pack-
age, the one from the posterior location being identified
by insertion of a toothpick. With the exceptions noted, all
the chops in a package were weighed together and constituted
a unit for scoring and cooking. The location of the veal
chops is shown in fig. 15. A typical group of chops for the
first five units is shown in fig. 16. The kind of chop, its
thickness, the unit in which it was used, the numbers from
18 carcasses, and the method of cooking are given in the

T

T

- p————| | —— - —|

IMR| IR 145 10[9R | 73[R 37|R IR

Rib Chops. Loin Chops.

Fig. 16. The location and numbering of veal chops from the right side
of animal 1.
Loin chops: .
1R, two 1-inch chops used in unit I
37R, two l-inch chops used in unit II
73R, two l-inch chops used in unit IIX
109R, two 1-inch chops used in unit IV
145R, two 0.5-inch chops used inunit V

Rib chops:
1R, two 1l-inch chops used in unit VI
37R, two 0.5-inch chops used in unit VII
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Fig. 16. Typical veal chops from the loin section, wrapped two to a
package. Left: two l-inch loin chops used in unit I.

Second from left: two 1l-inch loin chops used in unit II.
Middle: two l-inch loin chops used in unit IIL,

Second from right: two l-inch loin chops used in unit IV,
Right: two 0,5-inch loin chops used in unit V. See fig. 15.

following tabulation. The veal rib chops were cooked and
scored separately, the posterior chop of each package being
braised, the anterior one pan-fried.

Veal loin 1-inch Unit I 1R-36L. Pan-fried

Veal loin l-inch Unit II  37R-72L.  Pan-fried

Veal loin 1-inch Uit III 73R-108L Braised

Veal loin l-inch Unit IV 109R-144L Braised

Veal loin  0.5-inch Unit V 145R-180L. Pan-fried

Veal rib l-inch Unit VI 1R-36L.  Pan-fried and braised
Veal rib 0.5-inch Unit VII 37R-72L  Pan-fried and braised

The location of the 1-inch lamb rib chops and the 0.5-
inch lamb loin chops is shown in fig. 7. The l-inch lamb
loin chops used for frying were obtained from the same
location as the 2-inch loin chops, fig. 7, but from different
animals. The 1l-inch lamb rib chops used for pan-broiling
came from animals 25 to 45, inclusive, the 0.5-inch loin chops
from animals 1 to 86, and the 1-inch lamb loin chops from
animals 37 to 45, inclusive. There were four 1l-inch and
0.5-inch chops per package. The 0.5-inch loin lamb chops
were wrapped stacked one above the other and separated
by cellophane. The wrapped package was 2 inches in thick-
ness. See fig. 17. The 1-inch loin lamb chops were wrapped
similar to the 1-inch rib lamb chops. See figs. 10 and 17.
Thus the wrapped 0.5-inch loin, the 1-inch loin and the
1-inch rib lamb chop packages were all 2 inches in thickness.



Fig. 17. The wrapped 0.5-inch and 1l-inch loin lamb chops.

Left: The four 0.5-inch loin lamb chops, stacked one above the other.
Thickness of package 2 inches.

Right: The four l-inch loin lamb chops, one chop above a second, then
fitted together, so that the thickness of the package is 2 inches.

This should be recalled when comparing defrosting tfmes
for these chops thawed in the refrigerator and room.

The lamb arm bone and shoulder chops used for braising
were obtained from carcasses which were not used for bone
and rolled shoulder roasts, animals 36 to 45, inclusive. The
chops were cut 1 inch thick and wrapped two to a package,
one chop above the other.

The pork chops all came from the rib section of the loin.
The cuts were numbered from the posterior end of the rib
section. The four 1-inch pork chops came from animals 1-7,
13-19, and 23 (fig. 2). The eight 0.5-inch chops came from
this same section but from animals 8-11 and 20-21. The
1-inch chops from animals 12, 14 and 25 were used in pre-
liminary tests. Two chops were used for scoring. These
chops came from the same side, from adjacent positions,
the one from the posterior being identified by insertion
of a toothpick. They were wrapped in the same package,
given a single number, weighed, and cooked together.

COOKING

All pan-broiled and pan-fried steaks and chops were
cooked in Griswold cast-iron frying pans. The size of the
pan (a No. 6, 8, 9 or 10) used depended on the area of
the steaks or chops to be cooked. A No. 6 Griswold cast-
iron Dutch oven was used for braising the veal chops, a
No. 9 for the braised lamb arm bone and shoulder chops
and for the pork chops.

No fat was used for pan-broiling. For cuts which were
pan-fried, bland lard was added to the pan before pre-
heating. The amount of fat used in cooking varied as
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follows: inner round steaks, 5 grams; veal 1l-inch loin,
15 grams; braised arm bone and shoulder 1-inch chops, 15
grams; and pork chops, 5 grams. Cooking was over burners
of a gas plate or range, the desired temperature being
maintained by manual regulation of the gas petcock. The
frying pan or the Dutch oven was preheated 5 minutes
for all steaks and chops, except the pork chops for which it
was preheated 3 minutes.

During cooking the interior temperature of the 2- and
1-inch steaks and chops (except the braised lamb arm bone
and shoulder chops, which had too much bone to use a
thermometer, and the pork chops), which were pan-broiled,
pan-fried and braised, was determined by inserting the bulb
of a right-angle, mercury meat thermometer midway of
the depth of the main muscle, the arm parallel to the bottom
of the iron pan or Dutch oven. TFor braised pork chops a
short, tubular thermometer was used. This necessitated
the raising of the lid of the Dutch oven to read the tempera-
ture during the cooking of the pork chops. For veal braised
chops, the arm of the right-angle thermometer carrying
the reading scale was extended, by a cork through a hole
in the lid of the Dutch oven. All 0.5-inch chops, whether
pan-broiled, pan-fried or braised, were cooked for a given
time, since these chops were too thin to obtain accurate
temperatures with a thermometer. The braised 1-inch arm
bone and shoulder lamb chops were also cooked a definite
period of time.

The temperature of the Dutch oven above the braised
chops was obtained by a tubular thermometer inserted
through a cork (see fig. 6). - This cork was then placed in
a hole in the lid of
the Dutch oven. The
temperature above
the braised pork
chops was main-
tained at approxi-
mately 90° to 95°C,,
that above the veal
chops at 88° to 95°,
and that above the
arm bone and
shoulder lamb chops
90° to 95°.

Pan-broiling  of Fig. 18. Pan-broiling loin steak, Rightangle
the loin steaks is thermometer inserted in steak and griddle ther-
illustrated in ﬁg 18 mometer registering temperature of the pan,
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The manner of placing the lamb rib chops in the iron pan
for broiling is shown in fig. 19. The 1-inch lamb loin chops
were pan-fried and were placed in the pan in the same man-
ner as the 1l-inch lamb rib chops. The 0.5-inch lamb loin
chops had the flank or tail ends turned toward the center
of the pan. After four packages of the 0.5-inch lamb loin
chops had been cooked, the tail ends were cut off the re-
maining chops, because the tail ends were too long to fit
into the pan readily. For the chops which were defrosted
before cooking, the tail ends were removed when defrost-
ing was completed but before cooking was started.

For the braised veal chops three searing temperatures
were used, 1560°, 175° and 200°C., whereas two temperatures,
150° and 175°, were used for the braised veal rib chops.
All of the chops were seared a definite time on each side;
this time varied according to the searing temperature and
whether the chop was thawed or frozen. After searing
the chops were lifted, a trivet placed under them, the gas
flame turned low, and for all braised chops except those
used in unit III, 10 milliliters of water were added. The veal
chops were not turned after searing was completed. The
amount of water added after browning for the veal loin
chops, unit III, was varied. The amounts used were 0,
25 and 40 milliliters.

After the arm bone and shoulder lamb chops were
browned at 175°, a trivet was placed under them and 100
milliliters of water were added. The chops were then cooked
an additional 90 minutes.

Waterless braising was used with the pork chops. The
Dutch oven was heated to 150°, the chops added, then the
cover was placed over the Dutch oven. The chops were
turned when the interior temperature was approximately
49°C., and cooking
was stopped when
the temperature
reached 85°.

The kind of cut,
whether thawed or
frozen at start of
cooking, the pan
temperature, and
the interior temper-
ature when turned
and when cooking

Fig. 19. Pan-broiling 1-inch lamb rib chops,
showing the manner ot placing chops in the pan. WasS stopped are
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TABLE 28, PAN-BROILED AND PAN-FRIED 2- AND 1.INCH CUTS.
THE METHOD OF COOKING, PAN TEMPERATURE, STATE WHEN
COOKING WAS STARTED, AND INTERIOR TEMPERATURE WHEN
TURNED AND WHEN COOKED. (BRAISED PORK CHOPS INCLUDED;
FOR BRAISED VEAL SEE TABLES 30 AND 31.)

Thick Pan Interior temperature
Cut ness | Method State |temPera-|\=gen When
cooked ture turned cooked
in. °C, °C. °
Beef loin steak 2 Broil Thawed | 150 58
Beef loin steak 1 Broil T and f* | 135 20 58
1 Broil T and f | 150 20 58
1 Broil Thawed i 200 35 58
Beef inner round 1 Fry Thawed | 120 35 58
1 Fry ‘| Frozen [ 120 30 58
1 Fry Thawed | 150 35 58
1 Fry Frozen I 150 | 30 58
1 Fry Thawed | 175 | 30 68
|| 1 Fry Frozen i 175 ; 20 58
Veal loin, unit I | 1 Fry T and £ | 150 | 51 85
]I 1 Fry T and f ; 175 1 51 85
Veal loin, unit 11 1 1 Fry T and £ | 150 61 75 or 8D
l! 1 Fry T and f ‘I 175 51 85
Veal loin, unit VI! 1 Fry Frozen ‘I 150 I| 75
Lamb loin |1 Fry Thawed | 120 55 75
| 1 Fry Frozen | 120 | 25 75
|1 Fry Thawed | 150 | 55 75
i 1 | Fry Frozen ll 150 | 25 75
Lamb rib | 1 Broil T and £ | 120 50 75
| 1 Broil T and £ | 150 50 75
: 1 Broil T and £ ‘I 150 45 67
Pork | 1 Fryv T and £ | 150 | 50 | 80 or 85
| 1 | Fry T and £ | 175 | 50 | 80 or 85
| 1 | Bralse Thawed | 150 | 49 | 85

*1 and f — thawed and frozen.

given in table 28. Only three 2-inch loin steaks were pan-
broiled. These steaks were turned three times during cook-
ing in an effort to lessen the charring of the surface. The 0.5-
inch cuts, the method of cooking, the time when turned, and
the cooking time are given in table 29. The searing tempera-
ture and the time for braised 1-inch and 0.5-inch chops
are listed in tables 30 and 31, respectively.

WEIGHT OF CHOPS

The loin is not uniform in width and thickness, hence
the weight of the chops varied with the location in the
loin from which they were taken, table 32. The weight
of the cuts also varied from animal to animal and with
the amount of flank ends or tail ends left on the cuts.
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TABLE 29. PAN-BROILED AND PAN.-FRIED 0.5 INCH CUTS. THE
METHOD OF COOKING, THE PAN TEMPERATURE, THE TIME
WHEN TURNED AND THE COOKING TIME.

Thick- Pan | Time | cooking
Method tempera-| when

Cut ness  |oooking| —State ture | turned time

in. °C. min. min,

Beef inner round 0.5 Fry Thawed 120 6.5 13.0
0.5 Fry Frozen 120 15.5 24.0

0.5 Fry Thawed 150 5.0 9.0

0.5 Fry Frozen 150 12.0 19.0

0.5 Fry Thawed 175 3.5 5.0

0.5 Fry Frozen 175 8.5 14.0

Veal loin, unit vV 0.5 Fry Thawed 150 6.0 11.0
0.6 Fry Frozen 150 9.0 15.0

0.5 Fry Thawed 175 5.0 9.0

0.5 Fry Frozen 175 6.0 11.0

Veal rib, unit VII 0.5 Fry Thawed 150 6.0 12.0
0.6 Fry Frozen 150 9.0 15.0

0.5 Fry Thawed 175 5.0 10.0

0.5 Fry Frozen 175 5.5 - 10.0

Lamb loin 0.5 Broil | Thawed 150 3.5 7.0
0.5 Broil | Frozen 150 8.0 13.0

0.5 Broil | Thawed 175 2.6 4.0

0.5 Broil | Frozen 175 4.5 1.5

0.5 Broil | Thawed 200 1.5 3.0

0.5 Broil | Frozen 200 3.5 5.5

Pork 0.5 Fry Thawed 175 6.0 11.0
0.5 Fry Frozen 175 10.0 18.0

TABLE 30. BRAISED 1-INCH CHOPS. SEARING TEMPERATURE AND
SEARING TIME, (BROWNING TEMPERATURE IS LISTED AS PAN

TEMPERATURE.)

Thick- to rgagra- Browning time Cooked
Cut ness State tuL;'e ist 2nd to
side side
in. °C. min. | min.| °C.
Veal loin, unit IIT 1 Thawed 175 2¢ 2% 82
Veal loin, unit IV 1 Thawed 150 5 5 82
1 Frozen . 150 5 3 82
1 Thawed 200 1.76| 1.76 82
1 Frozen 200 2 2 82
Veal loin, unit VI 1 Thawed 150 5 4 82
1 Frozen 160 6 |3 82
' 1 Thawed 175 4 3 82
1 Frozen 176 5 4 82
Lamb arm bone chop 1 Thawed 175 6 6 —
1 Frozen 176 6 [} —_
Lamb shoulder chop 1 Thawed 175 6 6
1 ¥Frozen 176 6 6

* Not long enough.
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TABLE._31. BRAISED 0.5-INCH CHOPS. TURNING AND COOKING
TIME. (BROWNING TEMPERATURE IS LISTED AS PAN TEM-
PERATURE.)

Pan [Time turned
Thick- Cooking
Cut ness State tertm;_era- ist | 2nd time
ure | side | side
in. °C. min. | min. °C.
Veal loin, unit V 0.5 Thawed 150 6 11
0.5 Frozen 150 9 15
0.6 Thawed 175 5 9
0.5 Frozen 175 6 11
Veal rib, unit VII 0.5 Thawed 150 5 4 12
0.5 Frozen 150 6 5 16
0.5 Thawed 175 4 3 10
0.5 Frozen 175 5 4 12

TABLE 32. PAN-BROILED, PAN-FRIED AND BRAISED CUTS. THE
MINIMUM, MAXIMUM AND AVERAGE WEIGHTS.

Thick- | No. of Weight of cut
Cut ness gagcé(s- Minimum | Maximum | Average

in. gms. gms. gms.
Loin steak 2 3 451 496 475
Loin steak 1 21 181 321 237
Beef inner round 1 15 528 1083 788

0.5 24 307 6567 448
Veal loin, unit I 1 36 327 697 476
Veal loin, unit II 1 36 300 444 368
Veal loin, unit III 1 36 177 287 228
Veal loin, unit IV 1 36 149 294 201
Veal loin, unit V 0.5 3 71 128 8
Veal rib, unit VI 1 2% 125 221 173
Veal rib, unit VII 0.5 2% 67 134 99
Lamb loin 1 18 450 632 523
Lamb loin 0.5 72 134 312 182
Lamb rib 1 42 379 590 472
Lamb arm bone chops 1 20 422 563 465
Lamb shoulder chops 1 20 356 476 405
Pork 1 60 256 400 316
Pork 0.5 48 125 207 169

* There were 36 packages of chops for both units VI and VII. However
the chops were separated, cooked and scored separately. The posterior
chop of each package was braised, the anterior one fried.

DEFROSTING TIME

The defrosting temperature had the greatest influence
on the time required for thawing. The length of time
for thawing decreased in the order given for each defrost-
ing method: in the refrigerator, at room temperature, in
water and during cooking. See tables 33 and 34.

Chops 0.5 inch in thickness defrosted in a shorter time
than those 1 inch thick for a given method of defrosting.
In turn the 1-inch steaks and chops defrosted in a shorter
time than those 2 inches thick.
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In general, the defrosting time for the veal chops by
a given method was linearly related to the weight of a
chop or a package of chops.
Of interest is the defrosting time for the paired (right
and left chops from the same animal) arm bone and shoulder

A pair of these chops was defrosted at the

TA]IiIIW-‘g §r3 PAN-BROILED, PAN-FRIED AND BRAISED CUTS. DEFROST-

IME. THICKNESS OF CUT,

NUMBER OF PACKAGES, AVER-

AGE INITIAL WEIGHT, DEFROSTING TIME AND WEIGHT LOSSES
DURING_ DEFROSTING FOR CUTS DEFROSTED BEFORE COOKING.

(1 STEAK, 2 VEAL, 4 LAMB AND 2

CHOPS SEPARATED FOR WATER DEFROSTING.)

PORK CHOPS PER PACKAGE.

i Defrost-
cut Thick- | No. f(f I"‘i“'ﬁ‘t Defrosting time ?ght
u ness ack- |we weig!
gges ght |pg __20¢, 4°C, Toss
in. gms. hrs. hrs. %o
Defrosted in Refrigerator

|
Steak, loin 2 See table 22
Steak, loin 1 “ “ “
Beef, inner round 1 4 825 7.05 22.7 5.7
Beef, inner round 0.5 6 464 e 11.7 4.7
Veal loin, unit I 1 6 524 5.12 26.35 2.3
Veal loin, unit 11 1 12 370 4.47 23.81 2.1
Veal loin, unit III 1 12 242 3.15 23.18 2.4
Veal loin, unit IV 1 None
Veal loin, unit v 0.5 6 92 1.57 12.25 2.0
Veal rib, unit VI 1 6 174 3.24 27.44 2.2
Veal rib, unit VII 0.5 6 93 6.26 29.41 1.6

|
Lamb loin 1 6 | 509 10.4 25.90 1.1
Lamb loin* 0.5 12 | 269 7.40 21.90 1.1
Lamb rib 1 See table 22
Lamb arm bone 1 4 457 9.10 21.0 1.4
Lamb shoulder 1 4 409 9.00 20.70 0.8
Pork 1 18 316 6.0 21.2 0.5
Pork 0.5 12 163 6.4 19.3 0.8

Defrosted in Room

| |
Steak, loin 2 See table 22 |
Steak, loin 1 ‘“ “ ‘“
Beef inner round 1 5 720 2.3 3.2 3.0
Beef inner round 0.5 6 421  — 2.7 3.3
Veal loin, unit I 1 6 450 2.46 4.34 2.3
Veal loin, unit II 1 12 347 1.73 3.51 1.4
Veal loin, unit ITI 1 12 231 1.31 2.80 1.6
Veal loin, unit IV 1 12 188 1.08 2.54 1.1
Veal loin, unit V 0.5 6 84 1.01 2.18 2.0
Veal rib, unit VI 1 6 160 0.94 2.34 1.8
Veal rib, unit VII 0.5 6 93 0.77 2,02 1.6
Lamb loin 1 6 546 2.0 3.4 0.6
Lamb loin* 0.5 12 270 2.5 4.2 0.7
Lamb rib 1 See table 22
Lamb arm bone 1 4 | 435 1.5 2.7 0.8
Lamb shoulder 1 4 II 406 1.6 2.6 1.2
Pork 1 18 | 316 1.8 3.6 0.4
Pork 0.5 12 | 175 1.0 1.8 0.9

* Flank ends removed after defrosting.
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TABLE 33 (Continued)

i Defrost-
cut Thick- | No. ﬁf I“i}’i‘llt Defrosting time pght
u ness pack- |we weig
i 8at lmo—2oC. | 4°C. Toss
in. gms. hrs. hrs. %
Defrosted in Water
|
Steak, loin 2 See table 22
Steak, loin 1 ¢ “ “
Beef inner round | s 3 ' 368 _ 1.1 3.1
Veal loin, unit I 1 6 470 0.22 0.61 1.4
Veal loin, unit 11 1 None
Veal loin, unit I11 1 12 212 0.13 0.40 0.7
Veal loin, unit IV 1 12 2238 0.17 0.47 0.3
Veal loin, unit v 0.5 6 87 0.04 0.1 2.1
Veal rib, unit VI 1 6 ¢ 162 0.22 0.56 0.3
Veal rib, unit VII 0.5 6 101 0.11 0.35 1.6
Lamb loin 1 None
Lamb loin* 0.5 12 297 0.17 —_— 2.2
Lamb rib 1 See table 22
Lamb arm bone 1 4 481 0.20 0.41 0.2
Lamb shoulder 1 4 392 0.26 0.46 0.9
Pork 1 12 318 0.5 0.8 0.6
Pork 0.5 12 | 175 0.4 0.8 +0.8%

* Flank ends removed after defrosting.
t Gained weight.

TABLE 34. PAN-BROILED, PAN-FRIED AND BRAISED STEAKS AND
CHOPS. DEFROSTING TIME. THICKNESS OF CUT, METHOD OF
COOKING, NUMBER OF PACKAGES USED, COOKING TEMPERA-
TURE, AVERAGE INITIAL WEIGHT AND DEFROSTING TIME.

Thick- No. | Fan | Initial Defrosting time
Cut ness Method %zg:g:s- ture weight To —20°C.| 4°C.
in, °C. gms. min. min.
Defrosted During Cooking
| l
Loin steak 1 Broil 3 | 135 297 7.3 9.7
1 Broil 3 : 150 262 4.3 6.0
Beef inner round 0.5 Fry 2 | 120 872 10.2 —
0.5 Fry 2 | 150 756 7.7 _
0.5 Fry 2 II 175 876 8.8 _
Veal chops Not determined | } |
Lamb loin 1 Fry | 3 | 120 525 6.0 8.7
1 Fry | 3 II 150 518 5.5 6.9
Lamb loin 0.5 Not determined |
Lamb rib 1 Broil 4 120 496 6.3 8.0
1 Fry 3 120 525 6.0 8.7
1 Broil 12 150 432 5.3 7.1
1 Fry 3 | 150 518 5.5 6.9
Lamb arm bone 1 Braise | 8 175 482 — —
Lamb shoulder 1 Bralise 1 8 175 415 —_ —
Pork 1 Fry | 5 150 315 3.8 6.4
1 Fry | 2 150 353 6.5 10.5
1 Fry | 3 175 295 2.5 5.5
1 Fry | 2 175 300 3.0 6.0
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same time and by the same method so that room or re-
frigerator temperature (unless placed on different shelves
in the refrigerator) was not a variant. In general, the
pairs defrosted in the refrigerator reached —2° and 4°
in about the same time. The greatest variation in re-
frigerator defrosting of these paired chops was for a
pair of shoulder chops, one of the pair taking 21.6, the
other 18.1 hours to reach 4°C. Their weights were 377
and 357, respectively.

Since chops defrost more rapidly in the room than in
the refrigerator, it was surprising to note that 1.3 and 2.2
hours were required for the two packages of a pair of arm
bone chops to reach —2°, whereas the same pair required
2.5 and 3.6 hours in the same order to reach 4°. The weight
of the two packages, respectively, was 433 and 426 grams.

DEFROSTING WEIGHT LOSSES

The weight lost during the thawing period, particularly
for steaks, was rather large (table 33). The extent of the
weight loss was similar to weight losses of boned roasts.
The same explanation for this large loss holds in each
case, 1. e., a large cut area of the muscle increased the
drip loss. There may have been variation in susceptibility
to drip in the meat from different animals, for based on
the results of refrigerator and room defrosting, beef steaks
lost the greatest weight, veal losses were intermediate,
whereas lamb and pork had about the same losses, which
were smaller than those for beef and veal.

UNIFORMITY OF COOKING BY PAN-BROILING AND
PAN-FRYING

Analyzing cooking weight losses and palatability data
for cuts of meat cooked by pan-broiling and pan-frying
should be a nightmare for a statistician. Cuts cooked by
these methods are not cooked as uniformly as by broiling
or roasting. Since the cooking weight losses are for all
chops cooked at the same time, the figures for cooking
losses probably do not vary as much as the palatability
scores. It would appear from looking at fig. 18 that the
lamb chops should cook uniformly, as they are very even
in thickness.

Here is an illustration: The compiler of this report had
finished scoring a 0.5-inch, pan-broiled lamb chop. Its in-
terior was brown. It was dry, wizened, and had a poor
flavor. Another panel member was scoring a similar chop
from the same lot, cooked at the same time. It was pink,



597

plump and juicy in appearance. Panel members doing a
. good scoring job should have scored the two chops differently.
The chops did receive different ratings. Anyone who has
tried to analyze data knows what a statistician would think,
and rightly, when he sees the panel members’ scores for the
same sample of chops, unless he knows the reason for the
difference in ratings.

The explanation for the lack of uniformity is clear.
Heat causes the muscle fibers to shrink along their length.
In certain areas the muscle will pull away from the bone
and form a pocket. The part not touching the pan cooks
more slowly. Connective tissue around the edge of a cut
will shrink and cause cupping, an area in which a portion
of the meat stands up in a half sphere from the pan. Cup-
ping will occur in patties, which do not have a layer of
connective tissue around the edge of the cut.

Steaks, chops and patties which are frozen at the start
of cooking also will cook unevenly. Even if the sample is
uniform in width, some irregularities of the surface usually
occur in freezing. TUnexplained irregularities occur in cook-
ing any kind of meat. But they occur more frequently in
pan-broiled and pan-fried cuts.

COOKING TIME .

There were 33 groups of similar steaks or chops cooked
under the same conditions, except that part of the steaks
were frozen, the others thawed when cooking was started.
The cooking time was longer in 31 of these groups for the
chops defrosting during than for those thawed before cook-
ing. In two groups the time was tied. See table 35.

If other conditions remained the same, the cooking time
was longer for the thicker steaks or chops than for the
thinner ones.

The cooking time was inversely related to the pan or
searing temperature, with two exceptions. The cooking
time was sometimes longer for chops cooked more well
done, sometimes the opposite was true.

COOKING WEIGHT LOSSES

All groups of beef steaks were pan-broiled, and if con-
ditions were otherwise unchanged, those defrosted during
cooking lost more weight than those thawed prior to cook-
ing. Sometimes the weight lost during cooking was far
more than for similar steaks thawed prior to cooking, some-
times it was only slightly more. See table 35.
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The pan-fried veal loin steaks of unit I lost slightly
more weight if defrosted during cooking than if thawed
prior to cooking. Opposite results were obtained with unit
II. For lamb loin and rib chops the cooking weight losses
were sometimes greater for those defrosted during cooking,
sometimes for those defrosted prior to cooking. With the
exception of one group, the pork chops frozen at start of
cooking lost more weight than those which were thawed.

In general, cooking weight losses were greater for chops
(veal and pork) cooked more well done than for those
cooked less well done. \

In general, there was progressive increase in cooking
weight losses for steaks and chops as the cooking or sear-
ing temperature was elevated. However, for the 0.5-inch
inner round and the 0.5-inch lamb loin chops, losses de-
creased as the temperature was elevated. Further work
on the cooking of steaks and chops of less than an inch
in thickness, particularly with pan-broiling and pan-frying
at different cooking temperatures, may be indicated.

TOTAL WEIGHT LOSSES

The total weight losses (defrosting, holding and cook-
ing losses) for cuts defrosted before cooking were greater
than the total weight losses for the steaks and chops de-
frosted during cooking (total cooking losses) in 24 out of
32 groups that can be compared (table 85). Since the tails
of the 0.5-inch loin lamb chops were too long to fit into the
cooking pan, they were removed. This was done after de-
frosting but before cooking, hence the total weight losses
for these chops were not caleulated. The defrosting weight
loss of the 12 0.5-inch loin lamb chops defrosted in the
refrigerator and in the room was 0.4 percent for both groups.

FUEL

The average amount of fuel required for cooking the
cuts of the different groups of steaks and chops is given
in table 85. The most striking result for the fuel re-
quirement is the very small amount required for pan-broil-
ing or pan-frying as compared with broiling.

PALATABILITY

Comment has been made upon the lack of uniformity of
cooking of pan-broiled or pan-fried steaks and chops. This
should be considered in studying the scores given in table 36.

There was not much variation in the aroma scores of the
pan-broiled steaks and chops. In general, the aroma scores
of the pan-fried chops were similar to those which were
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pan-broiled, with two exceptions. These two exceptions
were the veal chops for units VI and VII, both for those
defrosted before and those defrosted during cooking. These
low aroma scores can be explained by the unintentional
variable, which is a long frozen storage for part of the
chops of unit VI and for all those of unit VII. Braised
chops, in general, received somewhat lower aroma scores
than those which were pan-broiled or pan-fried.

Loin steaks received higher texture ratings than the
inner round steaks.

The greatest variation in the flavor of lean scores was
caused by length of frozen storage and the amount of water
added for braising. The 1-inch rib veal chops of unit VI
in frozen storage for 172-189 days before cooking had an
average flavor-of-lean score of 5.0. The remaining chops
of this unit which were in frozen storage for 326-329 days
had an average flavor-of-lean score of 4.5. The 1-inch loin
veal of unit I stored 121 days had a flavor score of 5.7. The
0.5-inch rib chops of unit VII had an average storage period
of 350 days and had low flavor scores for the chops de-
frosted prior to cooking as well as for those defrosted dur-
ing cooking. '

The addition of more water in braising affected the flavor
of lean of veal 1-inch loin chops of unit III; the flavor
scores decreased as the amount of water added for braising
was increased; the average scores for 0, 15 and 30 milliliters
of added water were 4.8, 4.3 and 8.7, respectively.

Animal variation was responsible for the widest variation
in tenderness scores, and particularly for the veal chops.
For example, the chops from animals 3 and 4 received the
same treatment, yet the 18 veal chops from animal 3 had
an average tenderness score of 6.4, those from animal 4
an average of 1.9. The low tenderness scores of the veal
loin (unit V) and the veal rib (unit VI) chops is partly
but not wholly due to animal variation.

Beef inner round steaks were rated less tender than beef
loin steaks. The braised veal chops (units II and IV) de-
frosted before cooking were rated less tender than the pan-
fried chops (units I and II), but the results were not so
consistent as for similar veal chops defrosted during cooking.

The only consistent difference in juiciness scores was
for the veal chops. The 0.5-inch loin and rib veal chops
were rated less juicy than those 1 inch thick.

The paired lamb chops (836 from the left side defrosted
before and 36 from the right side defrosted during cooking)
had practically the same average scores for all palatability
factors.
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PATTIES

The time for defrosting frozen patties during cooking,
at room temperature and in the refrigerator was determined.
Since the meat was ground no patties were defrosted in
water. Secondary objectives to be sought varied somewhat
with the different types of patties. Frying in shallow and in
deep fat at different temperatures were compared for beef
patties. The unseasoned veal-pork patties consisted of
three-fourths veal and one-fourth pork. They were pan-
broiled at two temperatures. Lamb patties were broiled
and pan-broiled, two cooking temperatures being used for
each method. Part of the pork sausage patties were
seasoned, part were unseasoned.

The sausage was pan-broiled, using two temperatures.

SOURCE OF MEAT AND ITS GRINDING

The meat for patties was obtained from portions of the
carcasses or cuts not used for other parts of the study.
The meat for all types of patties was ground in an Enter-
prise electric grinder. The meat was run through the
grinder twice, once using a No. 10 plate with 3g-inch holes,
and once using a No. 12 plate with 5/32-inch holes.

SEASONING OF THE PORK PATTIES

The ground pork was divided into three lots. No season-
ing was added to lot A; pepper and sage were added to lot
B; and salt, pepper and sage were added to lot C. The
proportion of seasoning added to the ground pork was that
given in “Farm Meats,” by Helser (10). These proportions
gave a rather highly seasoned sausage. The proportions of
seasoning were: to each 50 pounds of ground pork, 1 pound
of fine salt, 2.5 ounces of finely ground black pepper and
3.0 ounces of finely powdered sage.

WRAPPING THE PATTIES

About 4 ounces of ground meat are considered an average
serving, except when it is to be served in buns. For buns,
2.5 ounces is considered a good serving. The amount of
meat in each 4-ounce patty was approximately 120 grams
for beef and 112 grams for the other meats. It was neces-
sary to wrap the patties rapidly, hence no attempt was made
to weigh closer than 2 grams of the intended quantity.
The 2.5-ounce patties contained about 70 grams of meat.
The 4-ounce patties were made in two sizes, thick and thin.
The measurement of each patty was 1 x 3 or 0.5 x 4 inches.
The 2.5-ounce patties measured 0.5 x 3 inches. It is more
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difficult to cook the
thick patties well
done than the thin
ones. Hence all pat-
ties containing pork,
the sausage and
veal-pork, measured
0.5 x4 inches.

It was desirable
to have the patties
as uniform in size
as possible. T'O do Fig. 20, 'Three sizes of patty rings and three
this, three polished packages of patties.
steel rings were T
made with the following inside measurements: 1 x 3,
0.5 x 4, and 0.5 x 3 inches. After the ground meat was
weighed, it was placed on a paraffined disk. A metal ring
was placed over the disk and the patty was shaped. Four
patties were stacked together and a fifth disk was placed
on the top to aid in maintaining the shape of the patties
during wrapping, freezing and defrosting. See fig. 20.

All the 0.5-inch patties had the cellophane folded around
the cylinder in a lock fold and the ends gathered and tied
as close as possible to the end of the package. For the
1-inch patties the cellophane was folded at the ends and
fastened with scotch tape.

DEFROSTING

For defrosting during cooking the packages of patties
were unwrapped and the patties separated. The lamb, veal-
pork and pork patties were defrosted unwrapped in the
room and in the refrigerator. Part of the beef patties were
left wrapped for defrosting in the room and refrigerator.
However, part of the beef patties had the cellophane cover-
ing removed for defrosting, but the package was otherwise
left intact.

COOKING THE PATTIES

Beef patties were cooked at 110°, 120°, 130°, 140°, 145°
and 150°C.; the veal-pork and pork sausage pattles were
cooked at 150° and 175°; the lamb patties at 185° and 150°.
If the work were to be repeated, 135° and 150° only would
be used for all kinds of patties.

The methods of cooking were broiling, pan-broiling,
pan-frying and deep-fat frying. A Griswold iron pan was
used for pan-broiling, pan-frying and deep-fat frying. Four
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patties, the contents
of one package, were
cooked at one time.
Each panel member
was given one patty
for scoring. See fig.
21 for broiling, fig.
22 for pan-broiling
and fig. 28 for deep-
fat frying.

The fat used for
deep-fat and shal-
low-fat frying had
little odor or taste. The amount of fat used for shallow-
fat frying beef and veal-pork patties was 5 grams. This
amount of fat was sufficient for the beef but too small for
the veal-pork patties. No fat was used for the pan-broiled
patties. The pan and fat or the pan was preheated 5
minutes, the broiler and rack 15 minutes.

In deep-fat frying the patties were submerged in the fat.
The patties were not placed in a wire basket, as no basket
wide enough in diameter to cook four patties at one time
was available. Some foods which are cooked in deep fat are
not turned during cooking, as the hot fat covers the entire
surface, browning and cooking the food uniformly. But the
patties, like dough-
nuts, tended to float
to the surface of
the fat. This float-
ing was more pro-
nounced with pat-
ties which were
frozen when cook-
ing was started.
This made it neces-
sary to turn the pat-
ties.

The initial amount
of fat in which the
four patties were
cooked varied with
the size of the fry-
ing pan and the
thickness of the pat-
ties. The fat was

Fig. 21. Broiling 1-inch lamb patties.

Fig. 22. Upper: Pan-broiling pork patties.
Lower: Turning beef patties. used to fry 8 or 11
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succeeding lots of patties.
After each use it was strained
through cheesecloth and cool-
ed. New fat was added as
needed to start with the same
initial weight of fat for a
given package of patties. Al-
though some fat clung to the
surface of the patty when it
was removed from the fat,
very little new fat had to be
added to the pan. The amount
of fat lost on the surface of
the patty was nearly counter-
balanced by the fat cooking
from the patty. : .
So that the pan-fried and pacgs 23 Deepfat frying bee
pan-broiled patties might be
browned evenly, they were shifted before turmng Shift-
ing consisted in revolving the patty 180 degrees, so that
the portion of the patty at the edge of the pan was turned
to the center. The cooking, shifting and turning times for
the different patties are given in table 37, for the broﬂed
lamb patties cooked to a definite 1nter10r temperature in
table 38.

DEFROSTING TIME

The cellophane wrapping was removed and the patties
separated for defrosting during cooking, but the time for
the interior temperature of the patties to reach —2° and
4°C. was not determined for these patties. The time for
defrosting in the refrigerator and in the room is given
in table 89. Much longer was required for defrosting in
the refrigerator than in the room. Defrosting time in the
refrigerator sometimes varied widely because of the use of
the refrigerator and consequent variation in the refrigerator
temperatures. See the defrosting time for pork sausage
patties.

The defrosting time was also affected by the size of
the package of patties. The 0.5 x 3-inch patty package de-
frosted in a shorter time than the 0.5 x 4-inch package.

DEFROSTING WEIGHT LOSSES

The cellophane wrapping of the packages of patties de-
frosted in the refrigerator or in the room, with the ex-
ception of part of the beef patties, was not removed for
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TABLE 37. PATTIES. KIND, SIZE. METHOD OF COOKING, COOKING
TEMPERATURE, SHIFTING, TURNING AND COOKING TIME.

Size Cciglé‘ilflg Time when
Kind patty Method pera- :
patty cooking ture |Shifted | Turned |Shifted Off
in. °C. min. min, min. min.
Defrosted Before Cooking
Beef 1x3 Pan-fried 120 13 23 27 33
0.5x3 120 4 7 10 12
0.5 x 4 120 4 7 10 12
0.5x3 150 3 5 6 8
0.5x4 150 3 5 6 8
Beef 1x3 Deep-fat 110 — 7 — 14
1x3 fried 120 — 5 — 10
0.5x3 120 — 5 —_ 1
0.5x4 120 —_ 5 —_ 7
| 0.6 x3 140 — 3 — 5
0.5x4 140 —_ 3 — 5
Veal- 0.5x4 Pan-fried 150 | 7 10 14 17
pork 0.5x4 175 1| 5 8 11 13
Lamb 0.5x4 Broiled | 135 —_ 12 — 20
0.5x4 | 150 ] — 16
|
Lamb 0.5x4 Pan-broiled 135 4 | 8 11 13
1x3 ' 150 5 8 10 12.5
Pork 0.5x4 Pan-broiled | 150 7 13 17 23
0.5 x4 | 175 | 7 13 15 20
Defrosted During Cooking
|
Beef 1x3 Pan-fried 120 12 | 22 33 42
0.5x3 120 6 11 16 20
[ 0.5x4 120 6 11 16 20
| 0.5x3 150 5 8 12 14
I 0.5 x4 | 150 5 8 12 14
Beef 1x3 Deep-fat 110 — 10 — 18.5
0.5x3 fried 120 — 7 — 16.5
0.5x3 130 _ 5 —_ 7.5
0.5 x4 130 —_ 5 —_ 7.5
0.6 x4 145 —— 3 —_ 5.0
Veal- 0.5x4 Pan-fried 15¢ 8 12 17 21
pork 0.5x4 175 7 10 14 17
Lamb 0.5x4 | Broiled 135 — 16.5 — 27
0.5x4 150 — 15 — 25
|
Lamb 0.5x4 Pan-broiled 1356 | 6 13 18 21
l 0.5x4 150 ll 9 11 16 22
Pork 0.5x4 Pan-broiled 150 ! 11 19 26 34
0.5 x4 175 10 17 | 22 28

defrosting. Part of the defrosting weight loss was due to
the small portions of ground meat which stuck to the wrap-
ping and the paraffined disks. No drip collected in any of the
packages of ground meat. The patties defrosted in the re-
frigerator, table 39, with the exception of those of lamb,
had smaller weight losses during defrosting than those
defrosted in the room. For part of the beef patties, the
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TABLE 38. BROILED LAMB PATTIES. INTERIOR TEMPERATURE OF
13311381;%%8 PATTIES WHEN TURNED AND WHEN COOKING WAS

Size of Cooking Interior temperature when
patty ‘When tempera-
defrosted ture Turned Off
in, °C, °C. °C.
1x3 Before cooking 135 40 75
1x3 Before cooking 135 50 83
1x3 Before cooking 150 40 75
1x3 Before cooking 150 50 83
1x3 During cooking 135 40 75
1x3 During cooking 135 50 83
1x3 During cooking 150 40 75
1x3 During cooking 150 59 83

TABLE 39. PATTIES, AVERAGE TIME FOR PATTIES DEFROSTED
IN THE REFRIGERATOR AND IN THE ROOM TO REACH —2° AND
4°C. AND THE WEIGHT LOSS DURING DEFROSTING.

Initial
. No. Size weight Time to reach ‘Weight
Kind ok tt ack —| loss during
patty- Eﬁges' patty page. —20C. 4°C, defrosting
in, gms. hrs. hrs. To
Defrosted in the Refrigerator '
Beef 6 1x3 478 8.4 32.3 1.9
9 0.5x3 280 7.2 20.9 1.9
6 0.5x4 493 I 9.6 32.6 1.3
Veal-pork 8 0.5 x 4 446 l’ 6.8 39.0 0.5
Lamb 14 1x3 436 8.9 21.4 1.2
10 0.5 x4 439 9.2 31.2 1.5
Pork A 12 0.5x4 448 5.7 21.8 2.1
B 12 0.5x 4 446 9.3 32.8 1.2
(o] 12 0.5x4 442 | 16.0 25.0 0.0
Av. pork 36 0.5 x4 445 | 103 | 26.5 1.1
Defrosted in the Room

Beef 12 1x3 479 3.5 5.6 2.3
9 0.5x3 277 2.9 4.7 2.5
11 0.5 x4 473 3.8 5.8 2.5
Veal-pork 8 0.6x4 447 5.1 7.1 1.2
Lamb 14 1x3 437 3.7 5.4 0.8
10 0.5x4 440 4.4 6.1 1.1
Pork A 12 0.5x4 453 3.4 4.7 3.6
B 12 0.5x4 448 3.5 5.3 3.5
C 12 0.5 x 4 447 4.0 4.8 0.8
Av. pork 36 0.6 x 4 449 3.6 4.9 2.6

cellophane wrapping was removed, but otherwise the pack-
age was left intact. These unwrapped packages had a
much higher weight loss during defrosting than the wrapped
packages owing to the loss of volatile constituents. Dis-
regarding the size of the package and the method of de-
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frosting, the 32 unwrapped packages lost 3.1 percent where-
as the 21 wrapped packages lost 0.6 percent.

COOKING TIME

The time for cooking varied with the thickness of the
patty, the method of cooking and the cooking temperature.
Most of the patties were cooked a definite time, which had
been determined in preliminary tests. It was found that
the cooking time was shortened as the cooking temperature
was elevated. Cooking in deep fat required a shorter time
than cooking in shallow fat. The broiled 1 x 3-inch lamb
patties were cooked to a definite interior temperature. The
cooking time for the fried and pan-broiled patties is given
in table 40, for the broiled 1 x 8-inch patties in table 41.

SPATTERING OF THE FAT

There was little spattering of the fat at temperatures of
120° or lower. Spattering of the fat increased as the tem-
perature. of the pan was raised above 120°. There was no
spattering of the fat in deep-fat cooking. During the cook-
ing in deep fat, the escaping steam from the patty gave the
fat the appearance of boiling. See fig. 23.

APPEARANCE OF THE COOKED PATTIES

The pan-fried and pan-broiled patties, like the pan-fried
and pan-broiled chops, often cupped or humped in the center.
When this occurred the patties were unevenly browned on the
surface and unevenly cooked in the interior. Beef patties
cooked in deep fat were sometimes hollow in the center. Be-
cause not enough time was spent in the preliminary tests with
beef patties, there was uneven cooking of the different sized
patties at different temperatures. Beef patties cooked in
deep fat tended to have crisper and browner crusts than
similar patties cooked at the same temperature in shallow fat.
The deep-fat fried beef patties had less pink in the interior
than similar pan-fried patties.

Broiled lamb patties tended to stick to the rack of the

broiler and had a more ragged appearance than those which
were pan-broiled.

The veal-pork and pork patties were all 0.5 inch in thick-
ness and were cooked until the interior was gray or brown in
color. The surface might be unevenly browned when the
patties cupped during cooking. :
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COOKING WEIGHT LOSSES

The weight losses during cooking varied with the kind
of patty, the method of cooking and the stage of cookery,
tables 40 and 41. Defrosting before versus during cooking
had no consistent effect upon the cooking weight losses.
Sometimes the weight losses were higher for the patties
defrosted during cooking, sometimes for those defrosted
before cooking. There were also no consistent weight
losses owing to the cooking temperature.

Pork sausage patties had the highest welght losses dur-
ing cooking, approximately 48 percent, nearly half the
weight of the patty. Part of this heavy loss was un-
doubtedly caused by the loss of fat from the sausage during
cooking. This is shown by the large drippings weight loss,
which was principally fat. The reader can find drippings
loss by subtracting the volatile logs from the total cook-
ing weight loss, table 40. For the pork sausage the drip-
pmgs weight losses averaged about 18 percent. The drip-
pings weight loss of the beef and lamb patties averaged
about 8 percent.

Pan-broiled lamb patties had heavier weight losses than
broiled patties of the same thickness and diameter. There
were only three groups of pan-fried and deep-fat fried beef
patties which were comparable, i. e., patties of the same
size cooked at the same temperature. In two of these
groups the weight loss was greater for the deep-fat fried
patties; in the third group the loss was about the same.

Broiled lamb patties cooked to an interior temperature of
83° had greater cooking losses than those cooked to an
interior temperature of 75°C., table 41.

In general the weight losses of the patties were high,
but this is typical of pan-fried and pan-broiled cuts.

FUEL CONSUMPTION

Broiling requires approximately four times as much
fuel as pan-frying or pan-broiling. The amount of fuel
required was greater for the 1-inch than the 0.5-inch
patties under otherwise unchanged conditions. Likewise the
0.5 x 4-inch patties required more fuel than those 0.5 x 3
inches in size.

PALATABILITY

The beef patties were in frozen storage from 98 to 123
days, the veal-pork patties from 23 to 30 days, and the
lamb patties from 21 to 59 days. The sausage patties will
be discussed later.
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TABLE 41. BROILED LAMB PATTIES. THE COOKING TEMPERA-
TURE AND THE AVERAGE INITIAL WEIGHT OF PACKAGE, THE
COOKING TIME, THE COOKING WEIGHT LOSSES AND TOTAL
LOSSES (DEFROSTING, HOLDING AND COOKING) OF 1 x 3-INCH
%%%‘%‘Iﬁs BROILED TO DEFINITE INTERIOR TEMPERATURES.

Initial i
No. Temperature weight Cionogk- Amount Cooking losses Total
gz%}é' Broiler | Patty p:gc(l;- time fuel Total |Volatile| l0sses
°C. °C, gms. min, cu. ft. Do % %
Defrosted Before Cooking
4 135 75 435 28.2 8.2 314 20.3 32.0
4 135 83 433 40.1 8.8 36.9 25.3 37.5
4 150 75 432 25.7 9.2 33.0 21.9 33.5
4 150 83 428 25.7 9.9 35.2 24.6 35.7
Defrosted During Cooking
|
4 135 75 | 434 44.0 10.1 35.9 24.4 —_
4 135 83 l 440 57.8 10.8 42.3 30.6 —
4 150 75 432 36.9 11.4 35.6 25.0 —
4 150 83 | 438 42.6 12.6 ° 40.7 29.9 —

The pan-broiled and pan-fried patties were like the pan-
broiled and pan-fried chops in that they might hump up
during cooking, causing uneven browning on the surface
and uneven cooking in the interior of the patties. Since
patties within a package varied in uniformity of cooking,
they also varied in palatability.

The palatability scores, table 42, show only a few con-
sistent differences. Sometimes a score for a given palata-
bility factor of a deep-fat fried patty differed considerably
from a similar patty cooked at the same temperature but
in shallow fat. But there was no consistent trend—some-
times the deef-fat, sometimes the pan-fried patty received
the higher score. The scores for the various groups of
deep-fat fried patties varied considerably. The eleventh
group of patties, however, had as high scores as the first
group fried in a given fat. The 0.5-inch lamb pan-broiled
patties received about the same scores as the broiled ones.

The aroma and flavor scores of the veal-pork patties
defrosted before cooking were consistently lower than for
the veal-pork patties defrosted during cooking. The veal-
pork patties also had lower scores for aroma and flavor
than the beef and lamb patties. The aroma scores of the
16 packages of veal-pork patties defrosted before cooking
varied from 5.0 to 6.0 and averaged 5.45. The aroma
scores of the eight packages of veal-pork patties defrosted
during cooking varied from 6.0 to 6.3 and averaged 6.2.
The flavor scores of the 16 veal-pork patties defrosted be-
fore cooking varied from 3.7 to 4.7 and averaged 3.9, where-
as the flavor scores of the eight packages of patties de-
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(HIGHEST POSSIBLE SCORE FOR ANY FACTOR, 7.)

AVERAGE PALATABILITY SCORES.

PATTIES.

TABLE 42.
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TABLE 43. BROILED LAMB PATTIES. AVERAGE PALATABILITY
SCORES OF LAMB PATTIES COOKED BY BROILING TO TWO
%ﬁ%%%% O7F') DONENESS. (HIGHEST POSSIBLE SCORE FOR ANY

il

Kind No}.{ Slztni Temperature Scores
patty pacx- | patty |proiler| Patty Tender{| Juict-
ages in. vy o, Aroma! Flavor ness ness
Defrosted Before Cooking
Lamb 4 1x3 135 75 5.9 5.9 5.4 5.0
4 1x3 135 83 5.8 5.5 5.1 4.1
4 1x3 150 75 6.0 5.9 5.4 4.7
4 1x3 150 83 5. 5.8 5.4 4.8
Defrosted During Cooking
Lamb 4 1x3 135 75 6.0 5.8 5.4 4.3
4 1x3 135 83 5.6 5.4 4.7 3.5
4 1x3 150 75 6.0 5.7 5.1 4.3
4 1x3 150 83 5.7 5.4 4.9 3.5

frosted during cooking varied from 5.0 to 5.7 averaging
5.3. There was a trend for the patties defrosted before
cooking to be less juicy than those defrosted during cooking.
However, there was more overlapping for the juiciness
scores for the veal-pork patties than for the aroma and
flavor scores.

The only explanation that can be offered for the low
aroma and flavor scores of the veal-pork patties defrosted
before cooking is that the pork affected the flavor. The
pork was purchased on a local market and was evidently
far enough oxidized so that in spite of a short frozen
storage period, the long time necessary for defrosting be-
fore cooking allowed oxidation to proceed until it affected
both the aroma and flavor. This explanation is, in part
at least, emphasized by the fact that ground veal, which
contained no pork and was used in the preliminary tests
to determine cooking times at the two cooking temperatures,
had no off flavor.

With one exception, table 43, the lamb patties cooked
to an interior temperature of 83° were considered less juicy
than those cooked to an interior temperature of 75°C. This
is a logieal result as it was found that the more well done
patties had higher weight losses and hence were more dry
than less well done meat. There was also a trend for the
more well done patties to be scored lower in aroma, flavor
and tenderness (harder) than those less well done.

SAUSAGE PATTIES
DuBois, Tressler and Fenton (8) found that salt added
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to pork sausage tended to hasten deterioration in flavor of
the sausage during frozen storage. Some seasonings as
sage and pepper protected the sausage againgt deterioration.
The primary interest in this study with patties was to de-
termine the defrosting time, but it also seemed worth while
to study the effect of the seasonings on the quality of the
sausage. Because of unforeseen circumstances, it is not
fair to compare all the palatability scores of the different
series of sausages with each other, table 44. The time
intervals for frozen storage varied too widely for the
different series. Miss Riedesel cooked the patties of series
A and part of series B before she stopped her work on the
project. Miss Amick, much later, completed cooking series
B and all of series C. The average storage time for series
A (no salt or seasoning added) was 189 days (varied from
179 to 199 days); for series B (pepper and sage added)
267 days (varied from 199 days to 298 days); and for
series C (salt, pepper and sage added) 348 days (varied from
342 to 355 days). The longer storage time for series C
and for part of series B could have been the cause of de-

TABLE 44. SAUSAGE PATTIES. AVERAGE PALATABILITY SCORES
OF UNSEASONED PORK _ SAUSAGE (A), SEASONED SAUSAGE_(B)
(PEPPER AND SAGE), AND SEASONED SAUSAGE (C) (SALT, PEP-
PER AND SAGE). (HIGHEST POSSIBLE SCORE FOR ANY FACTOR,
7. ALL PAN-BROILED.)

Temper- Scores
Series )%i%k- ature
ages co«;lémg Aroma Flavor nggsr- ;L‘:}igé'
Defrosted During Cooking
A 6 150 6.0 5.9 5.4 5.0
B [ © 150 5.2 4.4 5.2 4,5
(o] 6 150 3.2 2.8 5.8 3.6
A 6 175 6.0 6.0 5.4 4.8
B 6 175 5.0 4.3 5.0 4.4
C 6 175 3.5 2.8 6.0 4.3
Defrosted in Refrigerator
A 6 150 6.0 5.9 5.3 5.0
B 6 150 5.0 4.2 5.0 4.0
C 6 150 5.3 4.5 6.0 4.2
A 6 175 6.0 5.8 5.3 4.9
B 6 175 5.0 4.1 5.0 4.0
C 6 175 4, 4.8 6.0 4.7
Defrosted in Room

A [} 150 6.0 6.0 5.5 5.0
B 6 150 5.0 4.8 5.1 4.3
C 6 150 3.2 3.2 6.0 4.6
A 6 175 6.0 6.0 5.4 4.8
B 6 175 5.0 4.4 5.0 4.5
o] 6 175 4.2 3.2 6.0 3.9
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terioration in flavor as well as the salt. It was also found
that the sausage was too highly seasoned for many palates.
None of the members of the panel scoring the C series was
on the panel for scoring the A series. The average palata-
bility scores of the sausage are interesting, even with the
differences in storage time and of the scoring personnel.
In general, the aroma and flavor scores decreased with
lengthening storage of the sausage, particularly for patties
defrosted during cooking and at room temperature. The
most interesting scores, however, are those for series C
(same storage time throughout the cooking period and the
same scoring personnel). The average flavor scores for
the 12 patties of series C defrosted during cooking was
2.8; for the 12 defrosted at room temperature 3.2; and for
the 12 defrosted in the refrigerator, 4.65. The only ex-
planation that can be offered is that during the long de-
frosting period in the refrigerator the deteriorated products
had time to volatilize. This is the opposite explanation from
that offered for the veal-pork patties, but the storage time
was long for the pork and short for the veal-pork patties.
These scores, however, varied too widely and the variations
were too consistent to be ignored.

In general, there were no great differences between the
palatability scores for a given series of pork sausages
when cooked at 150° or 175°.

SUMMARY AND CONCLUSIONS

Defrosting times, as in the other sections of this study,
were affected to the greatest extent by the thawing tempera-
ture and to a lesser extent by the size of the package. Thaw-
ing times were longest in the refrigerator, intermediate
in the room, and shortest during cooking. The weight lost
during defrosting was greater for the patties thawed in
the room than for patties thawed in the refrigerator.

The cooking time varied with the thickness of the patty,
the method of cooking and the cooking temperature. Deep-
fat fried patties cooked in a shorter time than those which
were pan-fried. .

Cooking weight losses varied with the kind of patty,
the method of cooking and the stage of cookery. Pork
sausage patties lost more weight, approximately 48 per-
cent, than the other types of meat. Patties which are pan-
fried and pan-broiled may be browned and cooked unevenly
because of humping of the patties during cooking.

Palatable patties may be obtained by broiling, pan-
broiling, pan-frying or deep-fat frying. A cooking tempera-
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ture of 110°C. should be avoided because of the long time
required for cooking the patties at this temperature. Less
fuel is required for pan-broiling and pan-frying than for
broiling.

Patties held too long in frozen storage deteriorate in
flavor,

BEEF KNUCKLES, BEEF AND VEAL STEW, BEEF
SHANKS, BEEF HEELS OF ROUND, AND PORK
HOCKS COOKED IN WATER

SOURCE OF CUTS

The beef knuckles consisted of the large muscles from
the round. They were obtained from the four beef animals
killed for this project and previously described. Each of
the eight knuckles was cut into halves. In the initial plan
the knuckles were to be roasted, but by mistake cooking
was started in water.

The 16 cuts of beef shanks were taken from the four
animals used in the study. The beef heels of round, un-
like the shanks contained no bone, and were also from the
four animals. Each heel of round was divided into two
parts. Beef cubes were in two sizes, 1 and 2 inches. Most
of the cubes had layers of fat and lean. See fig. 24. The
cubes were obtained from any portion of the carcass large
enough to give the desired size and which had not been
used for other parts of the study.

The veal was cut in 1-inch cubes, and like the beef cubes

Fig. 24, Two wrapped packages of beef cubes and two packages readv
for wrapping.
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the meat was obtained from miscellaneous muscles These
cubes contained very little fat.

The 12 pairs of pork hocks were obtamed from hogs
1-12, inclusive.

WRAPPING

All cuts were wrapped in one layer of cellophane using
a lock fold. The ends of the cellophane were secured by
scotch tape. Four 2-inch beef cubes were wrapped in a
package, so that the dimension of the package was about
4 X 4 x 2 inches. - The 1-inch packages contained 20 cubes.
These cubes were stacked two high, two wide and five long,
giving a package approximately 2 x 2 x 5 inches.

DEFROSTING

The beef knuckles were defrosted in the refrigerator and
in the room. The beef heels of round were defrosted in
the room and during cooking. The beef and veal stews, the
beef shanks and the pork hocks were defrosted in the re-
frigerator, in the room, in water and during cooking. The
defrosting conditions were the same as for other units of
this study, except that the amount of water used for de-
frosting was the same quantity used for cooking that
particular cut.

The cellophane wrapping was removed from all cuts
defrosted during cooking and in water, for half of the beef
knuckles defrosted in the refrigerator, for half the beef
stews defrosted in the refrlgerator and room, and for all
the beef shanks.

The amount of water used for cuts thawed in water is
given in table 45. The cut was cooked in the same water
in which it was defrosted. The amount of water used in
thawing veal stews was 100 grams, but an additional 100
grams was added for cooking half of the veal stews.

TABLE 45. THE AMOUNT OF WATER USED IN COOKING THE CUTS,

Amount of water Temperature maintained
Cut used in cooking for cooking
gms. °C.
Beef knuckles 200 85-97
Beef stews 200 85-97
Veal stews 100 88-93
Veal stews . _. 200 88-93
Beef shanks 400 '88-93
Beef heels round 200 85.-97
Pork hocks Half weight hock 94-97
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COOKING

The cuts were all cooked in covered saucepans. A
thermometer was placed through a cork and the cork then
inserted in a hole in the lid so temperature could be regu-
lated. All these cuts, with the exceptions noted, were cooked
at a simmering temperature. A simmering temperature is
low enough so that the water does not boil, but may and
did vary considerably in this study. In addition, in main-
taining the low temperature, sometimes the flame under
the pan was extinguished. The veal stews were cooked
more uniformly than the other cuts. It was not necessary
to add more water for cooking these simmered cuts. The
cuts were cooked until they were easily pierced with a fork
and the fork could be readily withdrawn from the meat.
Both the cooking temperature and the manner of determin-
ing the end point for cooking econtributed to many irregu-
larities in cooking time, doneness of the meat and the
palatability scores, particularly tenderness and juiciness.

Four of the 1-inch and two of the 2-inch beef cube
packages were cooked in boiling water. Boiling is an easy
way to regulate the cooking temperature. A comparison
of the effect of simmering versus boiling upon the cooking
timcla, fuel consumption and palatability scores seemed worth-
while.

DEFROSTING TIME

The chief determinants of defrosting time were the size
of the cut and the thawing temperature. The larger cuts
required a longer defrosting time than the smaller ones.
The defrosting time varied inversely with the thawing
temperature, being longest in the refrigerator and shortest
during cooking. The time for a given cut to reach —2° and
4°C. during cooking was not determined. See table 46. For
the beef half knuckles, 2-inch beef stews, the beef shanks
and the pork hocks, there was very little difference in the
time required to defrost in the room and in water. The
amount of water used for these cuts was not enough to
cover them so that defrosting in water was practically
the same as defrosting in the room.

DEFROSTING WEIGHT LOSSES

The defrosting weight losses of the half knuckles appear
to be related to the time required for defrosting, table 46.
The half knuckles defrosted in the refrigerator had heavier
defrosting weight losses, 4.75 percent, than those defrosted
in the room or water, 3.2 and 3.9 percent respectively. Note
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TABLE 46. CUTS DEFROSTED IN WATER. THE AVERAGE DEFROST-
ING TIME AND DEFROSTING WEIGHT LOSSES.

Initial i { 3
. No. weight Detrosting time Defrosting

Kind of pack- pack- weight

cut ages age To —2°C. 4°C. losses
gms. hrs. hrs. %

Defrosted in the Refrigerator
Beef knuckles 8 1704 16.8 48.9 4.8
Beef stew, 2-inch 6 556 5.0 22.7 2.0
Beef stew, 1l-inch 6 368 4.7 26.0 2.1
Veal stew, l-inch 6 293 1.8 19.6 2.8
Beef shanks 4 996 7.2 34.5 1.4
Pork hocks 6 310 3.5 20.9 1.2
’ Defrosted in the Room
Beef knuckles 4 1703 5.1 8.6 3.2
Beef stew, 2-inch 6 564 2.0 3.8 1.8
Beef stew, l-inch 6 373 2.1 4.1 1.8
Veal stew, l-inch 6 295 1.6 3.2 0.8
Beef shanks 4 1035 2.9 5.4 1.3
Beef heels round 8 1060 4.4 7.9 2.4
Pork hocks 6 319 1.6 4.0 1.5
Defrosted in Water *

Beef knuckles 4 1686 5.3 9.5 3.9
Beef stew, 2-inch 3 620 2.0 3.8 2.4
Beef stew, l-inch 3 344 1.0 2.3 +1.6*
Veal stew, 1-inch 6 295 1.2 2.5 —
Beef shanks 4 1150 2.9 5.3 1.2
Pork hocks 6 0 1.3 2.8 2.4

* A gain in weight,

that the defrosting weight losses for the cuts only partially
covered by water in this section of the study are larger
than for cuts defrosted in water in the preceding sections.
The unwrapped and wrapped half knuckles defrosted in the
refrigerator had weight losses of 4.8 and 4.7 percent re-
spectively. Drip accounted for about 60 percent of the de-.
frosting weight loss of knuckles defrosted in the refri-
gerator and at room temperature.

The 1-inch veal cubes (covered with water during de-
frosting) gained weight during the thawing period.

~ COOKING TIME

The cooking time was longer for 2- than for the 1-inch
beef cubes, and in turn longer for the 1-inch beef cubes than
for the 1-inch veal cubes, table 47. The cooking time for
boiled stews was less than half as long as for those which
were simmered, table 48,

The cuts taking the longest time for cooking did not
always require the most fuel, table 47. This was un-
doubtedly influenced by the fluctuating, simmering tempera-
tures. Less fuel was used for boiled stews, table 48, than
for the simmered ones. Here the principal determinant for
the amount of fuel used was the short time necessary
for cooking boiled stews.
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TABLE 47. CUTS COOKED IN WATER. AVERAGE INITIAL WEIGHT,
COOKING TIME, AMOUNT OF FUEL USED, COOKING LOSSES AND
TOTAL WEIGHT LOSSES (DEFROSTING, HOLDING AND COOKING).

Initial

No. | weight |Cooking| Amount | Total | = moia)
Kind of fuel cooking
pack- | pack- time losses
cut ages age used losses
gms. min. cu. ft. % %
Defrosted Before Cooking
Beef knuckles 16 1700 196 3.1 37.7 41.9
Beef stew, 2-inch 15 570 301 5.2 33.7 35.3
Beef stew, l-inch 15 364 262 5.2 0.7 31.7
Veal stew, l-inch 18 295 - 104 2.6 3.0 33.3
Beef shanks 12 1061 197 3.2 23.9 25.2
Beef heels round 8 1060 208 3.4 1.6 34.0
Pork hocks 18 302 212 2.8 20.8 22.3
Defrosted During Cooking
Beef stew, 2-inch 3 608 310 5.4 3.1
Beef stew, 1-inch 3 365 277 9.9 1.1
Veal stew, l-inch 6 301 110 T 2.3 1.4
Beef shanks 4 1008 199 3.3 25.1
Beef heels round 8 1127 185 3.5 32.9
Pork hocks 6 343 193 2.7 19.7

COOKING AND TOTAL WEIGHT LOSSES

The method of defrosting the cuts thawed before cook-
ing, i. e., refrigerator, room or water, did not affect the
weight losses during cooking, so the results for these three
methods of thawing were combined, table 47.

The pork hocks, the cut having a small proportion of
muscle with a large amount of bone and collagenous tissue,
- had the least weight loss during cooking. The beef shanks
also had a high proportion of bone and had next to the
smallest weight loss. The half knuckles, the stews and the
heels of round contained no bone. All the stews and the
heels of round had about the same weight loss. The weight
loss for the half knuckles was the largest of any of the cuts.

TABLE 48. CUTS COOKED IN WATER. THE AVERAGE COOKING
TIME, FUEL CONSUMED, COOKING WEIGHT LOSSES AND TOTAL
%V%Iga{lg?;SSES OF BEEF STEWS COOKED BY SIMMERING AND

Initial

No. |weight [Cooking| Fuel Cooking Total
Kind pack- [ pack- time used losses losses
ages age :
gms. min, cu. ft. % %o
2-inch Cubes
Beef, simmered 18 576 303 5.3 33.3 34.9
Beef, boiled 2 499 130 4.0 29.7 33.1
1-inch Cubes
Beef, simmered 18 365 265 " 5.9 30.8 31.6
Beef, boiled 4 346 93 3.6 30.7 31.8
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Half of the veal stews were cooked in 100 grams of
water, the other half in 200 grams. The cooking weight
loss for the stews defrosted before cooking in the two
amounts of water was 31.7 and 34.1 percent, respectively.
In the same order the loss was 83.7 and 29.2 percent for
the stews defrosted during cooking.

The defrosting weight loss for the cuts thawed before
cooking added to the cooking weight losses made the total

weight losses higher for the thawed cuts than for the frozen
ones.

PALATABILITY

The average palatability scores of the cuts defrosted be-
fore and during cooking were similar for a given kind of
cut, table 49.

The average aroma scores for the different kinds of
cuts varied from 5.6 to 6.2, the flavor of fat scores from
4.1 to 5.3, and the flavor of lean scores from 5.2 to 5.9.
Tenderness scores also varied with the kind of cut, 4.1 to
5.5. This variation in tenderness scores would be ex-
pected when the miscellaneous character of the cuts and the
varied muscles within the cuts are considered. Tenderness
scores of individual units within a group also varied con-
siderably. For example, the lowest and highest tenderness
scores for the six packages within a group of veal stews
defrosted during cooking, in the refrigerator, at room tem-
perature or in water were 2.7 to 5.6, 4.7 to 6.0, 3.0 to 5.7,
and 3.0 to 5.3 in the order given. The average tenderness
scores for the four methods of defrosting in the order

TAg(I:agRg.s CUTS COOKED IN WATER. THE AVERAGE PALATABILITY

No Scores
Kind pack- Tex- Flavor Tender-| Juici-
ages |Aroma | yure |Twat | Lean| ness | neess
Defrosted Before Cooking
Beef knuckles 16 .0 5.0 5.3 5.9 5.5 2.7
Beef stew, 2-inch 16 .0 — 5.1 5.8 5.2 4.2
Beef stew, 1-inch 15 .9 — 5.4 5.5 5.3 4.6
Veal stew, Il-inch 18 .6 — — 5.2 4.6 3.8
Beef shanks 12 .9 4.2 5.3 5.5 4.4 3.3
Beef heels round 18 .0 5.3 5.5 5.9 5.1 2.6
Pork hocks 18 6.1 4.6 5.8 5.8 5.3 4.4
Defrosted During Cooking
Beef stew, 2-inch 3 .1 —_ 4.9 5.8 5.0 4.3
Beef stew, 1-inch 3 .9 —_ 5.1 5.5 5.3 4.8
Veal stew, 1-inch 6 .6 —_ — 5.4 4.1 4.2
Beef shanks 4 .8 4.1 5.3 5.5 4.3 3.0
Beef heels round 8 5.7 5.4 5.4 5.5 4.8 2.1
Pork hocks 6 6.2 4.4 5.9 5.8 4.8 4.7
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TABLE 50. CUTS COOKED IN WATER. AVERAGE PALATABILITY
%gj(&)’ll‘?gg OF BEEF STEWS COOKED IN SIMMERING OR BOILING

N Scores

I(gggs pagl'{- Flavor | Tender- | Juici-
ages Aroma, Fat Lean ness ness

2-Inch Cubes
Beef, simmered 18 6.0 5.1 5.8 5.2 4.2
Beef, boiled 2 6.1 5.5 6.0 5.3 4.3

1-Inch Cubes
Beef, simmered 18 5.9 5.4 5.5 5.3 4.9
Beef, boiled 4 6.2 5.3 5.4 5.5 4.5

given were 4.1, 5.3, 4.5 and 4.0. Again this variation would
be expected when the miscellaneous character of the muscle
as well as the divergence in tenderness of the meat from
the veal carcasses is recalled. Tenderness scores of in-
dividual half knuckles varied from 4.0 to 6.2. The car-
casses from which the knuckles were obtained were far
more uniform than those of the veal, but the cooking time
for the half knuckles varied from 140 to 280 minutes. The
weight of the 16 half knuckles varied from 1,512 to 2,146
grams. Obviously the cooking time is out of line, indicating
that the cooking temperature varied considerably.

The juiciness scores of the different kinds of cuts varied
from 2.1 to 4.7. Beef knuckles, beef heels of round, and
beef shanks all had low average juiciness scores. The
cooked edible portion of the cooked hocks was rather muci-
laginous and received the highest average juiciness scores
with the exception of some of the stews. The average
juiciness scores of the beef half knuckles defrosted in the
refrigerator, at room temperature and in water were 3.2,
1.9 and 2.5, respectively. Scatter diagrams indicated little
relationshop between juiciness scores and weight of the
knuckles, between cooking time and weight of the knuckles,
or between juiciness scores and cooking time. Because of
the lack of control of the cooking temperature for knuckles
and variation in juiciness scores within a group, little em-
phasis can be given to the average juiciness scores of
beef knuckles defrosted by the three methods.

The palatability scores of the beef stews which were
simmered or boiled were practically the same for all factors
(table 50). It should be noted that these scores are based on
six samples cooked in boiling water and 36 samples in
simmering water. It is probable that these results would
not apply if Utility or Commercial grade carcasses had been
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used instead of those of Good grade. The resuits, however,
are interesting and may warrant further investigation.

SUMMARY AND CONCLUSIONS

The cuts cooked in water were a mixed collection. The
cubes of beef and veal for the stews were obtained from
miscellaneous musecles or groups of muscles. Because of
the miscellaneous character of the cuts, considerable vari-
ation was to be expected in weight of the cuts, cooking time,
amount of fuel required, cooking weight losses and palata-
bility ratings.

The cuts, with the exception of six stews, were cooked
at a simmering temperature. Unfortunately the simmer-
1ng temperatures varied widely. This led to variable cook-
ing time. Cuts were tested for doneness by piercing with
the tines of a fork, which also gave variable results.

The welght losses durmg cooking were high, which is
reflected in the low juiciness scores. The cuts containing
bone lost less than the cuts consisting only of muscles.
And, in addition, if the cut had considerable collagenous
material, which held water rather tenaciously, as in pork
hocks, the cooking weight loss was low.

The average palatability scores for all factors of a given
cut were very similar for cuts defrosted before and for those
defrostéd during cooking. The average palatability scores
for a given factor varied widely within a group of cuts.
When the variation in cooking temperature and time is con-
sidered, this would be expected. Divergence in average
palatability scores was also great between the different kinds
of cuts. This divergence would also be expected when the
miscellaneous character of the cuts is considered.

The six beef stews which were cooked in boiling water
had about the same -average palatability scores as the 36
beef stews cooked in simmering water; they also cooked in
about half as much time as the simmered stews and re-
quired less fuel for cooking. The results with boiled and"
simmered stews might not apply if meat from Commercial
or Utility carcasses were used.
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