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WASHINGTON, D. C.

'SHRINKAGE AND COOKING TIME OF RIB
ROASTS OF BEEF OF DIFFERENT GRADES
AS INFLUENCED BY STYLE OF CUTTING

AND METHOD OF ROASTING'

By Lucy M. ALEXANDER, ussociale homs economics specialist, Foods and Nutrilion
Division, Bureau of Home Feonomics, and Nancy GriswoLp Crarg, formerly
junior home economics specialisl, Animal Husbandry Division, Bureau of Animal
Industry 2
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INTRODUCTION

When meat is cooked enough to be palatable, there is bound to be
some shrinksge. How to keep the shrinkage moderate and yet cook
the meat to the stage desired in & reascnable time, are questions on
which attention is eentering. Hence, for & standard cut such as rib
roast of beef, it is of practical as well as scientific interest to know the
relation of shrinkage and cooking time to the grade, the degree of
fatness, the style of the cut, whether standing or rolled—all factors
in the selection of the meat in the market. It is equally important
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from the standpoint of preparation to know how shrinkage and cook-
ing time are affscted by oven temperature and the stage to which the
mentb is cooked. With sufficient data assembled, it would be possible
to estimate how much shrinkage may reasonably be expected and how
much time to allow when roasting a certain cut and quality of meat,
for instance beef ribs of Good grade, under specified conditions of
cooking,

An ext.nsive literature has grown out of meat-cookery investiga-
tions conducted at the University of Illinois 40 years ago and recently
revived, with broader scope, in & number of State agricultural experi-
ment stations and colleges and in the United States Department of
Agriculture,

The main findings with regard to the shrinkage of beef are in general
accord. Tbe more fat o cut contains, the more fat and the less water
1t loses during cooking; alse Jor beef roasted to the rare or the medium
stage. ihe higher the oven temperature the greater is the loss of weight.
Searing = roust does not reduce the shrinkage as it was once believed
to do. But there is comparatively little published information that
links either g specified degree of fatness or the carcass grade to the
expected shrinkage of heef ribs when cooked by various methods.
Also, comparatively few figures have been reported on the shrinkage
of well-done beet or on the influence of the style of cutting a rib roast.
on the eooking logses.

investigators agree that the style of cutting influences the number
of minutes per pound required to roast beef ribs, but there are not
many figures available on rolled roasts.  When data on cooking time
have been reported in relriion to oven temperature, or the stage to
which meat was cooked, or to the style of cutting, in comparatively
few cases has the ment been deseribed as to its degree of fatness or its
carcass grade. ‘

Accordingly this bulietin presents data on eight different methods,
of roasting 595 rib cuts of beef, some stending and some rolled, and
ranging in grade from \". 8. Choice down to U. 8. Plain (formerly
Common). ~The different muthods of roasting include searing methods,
and the constant-temperature methods.

REVYIEW OF LITERATURE

SHRINKAGE

The literature of the past 45 years on ment shrinkage, or loss of
welght during cooking, deals with the causes and the mechanism of
shrinkage, with constituents lost hy the meat, and with factors that
influence the character and the extent of shrinkage.

In a series of experiments to determine changes taking ploce 1)
ment during cooking, Nothwang (27)¢ heated meat in boiling water
and in steam for varying lengths of time and found that the longer
the heating period the more weight the meat lost. Ferrati (77)
heated small pieces of meat in hermetically sealed tubes immersed
in water at different terperatures for 1 hour and Jound that; the higher
the temperature the more weight the meat lost. .

Histological investigations were conducted by Meiga (23, 24) 1o
determine why animal tissucs lose weight on fheating. Comparing
coagulative changes, changes in length, and changes in weight when

2 Italie numbers in parentheses refer to Lilerature Citeg, v 24,
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smocth and striafed muscles of the frog were heated to between 40°
and 50° C., Meips found that in both kinds of muscle the proteins
were coagulated, that in both there were changes in length, with
strigted muscle becoming shorter and smooth muscle longer, but that
neither showed any marked tendency to change in weight. However,
when heated above 50° both smooth and striated muscle shortened
and both lost water and consequently weight. Meigs concluded that
loss of weight was not a result of the coagulation of proteins but of
the passage of fluid out of the tissue interstices when tissues saturated
with fluid were heated above 50°. He stated that if such tissues were
held at higher temperature than 50° the loss of weight may be very
much more marked.

More recently McCance and Shipp (22), in. & study of the mechanism
of cooking losses of flesh foods (beef and fish), reported that lean meat
changes very little in volume below 60° to 63° C. They use the term
“shrink” for the reduction in volume that takes place when meat
tissues contract on heating and force out juice. These investigators
state that if meat could be made palatable below 60° the loss of weight
associated with cooking would be negligible.

According to McCance and Shipp, the loss of weight of meat during
roasting in dry air, that is, in an uncovered pan in a ventilated oven,
is made up nainly of fat, which melts out and drains into the dripping
pan, and of water, evaporated from the juice which is expressed
through ‘shrink.”  On reaching the surface of a piece of meat exposed
to dry air, the juice loses at least seven-eighths of its water content
by evaporation, and the remarning fraction of the water drips into
the pan, carrying with it salts and nitrogenous constituents. The
loss of salts and nitrogen is a small proportion of the loss of weight.
1 their findings regarding the constituents lost by meat during
roasting in dry air, MeCance and Shipp confirmed the earlier work of
Grindley and Mojonmier (14). Further evidence that the loss of
weight o) roasted meat consists mainly of fat and water appears in
date reported by Thille, Williamson, and Morgan (30) for beef ribs
roasted at 210° C. oven temperature,

As a result of the intensive investigations on the chemistry of meat
cookery conducted at the University of Illinois by Bevier, Grindley,
Sprague, and their associates, three factors were shown to influence
the character and extent of the cooking losses, namely, the composition
of the meat, the cooking temperature, and the doegree of cooking.
Grindley, McCormack, and Porter (18) in 1001 stated vhat the fattest
pieces of meat lost the most fat and the lenst water when pan-broiled,
boiled, or stewed. No experiments were reported on roasted meats.
However, sll investigators (1, 4, 5, 17, 18, 26, 30) who have made note
f the {at content of beef ribs before cooking have shown that the
is.eter the cut the greater was the fat or the drippings loss, and the
smaller the water or the volatile loss during roasting.

Shrinkage of meat was related directly to oven temperature by
Bevier and Sprague (3) wio found that total ceoking losses of seared
one-rib beef ruasts varied from 5.9 percent at 83° C. oven temperature
for the finish to 20.6 percent at 260°. More recently, Cline and her
associntes (8} roasted three-rib cuts to the rare stage as determined by
& meat thermometer and reported that the loss of weight ranged from
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6.78 percent for cuts cooked at 110° constant oven temperature to
30.44 percent for those cooked at 260°. Tor pairs of three-rib rossts
cookeé) to the rare stage, In & comparison of 125° with 173° oven
temperature for the finish after 20 to 30 minutes searing, Alexander
(1) found that the logs of weight averaged 11.5 and 17.4 percent,
respectively. Three-rit: cuts were roasted medium and well done by
Latzke (20) who reported for seared roasts that the loss of weight
ranged from 13.5 percent at 110° oven temperature for the finish to
22.5 percent at 175°.  Cover (9) reported for paired three-rib roasts
cooked medium rare that the loss of weight averaged 7.1 percent when
the oven temperature was 125° and 20.2 when 225° was used, Com-
paring these two oven temperatures for cooking three-rib roasts to
the well-done stage, Cover reported cooking losses of 23.0 and 37.5
percent, respectively.

Searing & roast at the outset does not reduce the amount it shrinks,
according to Stanley and Cline (29). They reported that rib cuts of
beef seared at 260° C. for 20 minutes and finished at 125° lost 11.23
percent of their weight; whereas rib cuis cooked ai & constant oven
temperature of 125° lost only 8.12 percent. They also found that
rib cuts seared at 288° for 20 minutes and finished nt 149° lost 17.36
percent, and rib cuts cooked at 150° constant oven temperature lost
11.31,

The stage to which meat is cooked has been shown to have o marked
influence on the shrinkage. Bevier and Sprague (3) cooked paired
left and right one-rib roasts of beef at the same oven tempersture but
for different lengths of time. The more thoroughly the roasts were
cooked the more they shrank. In 1904 Grindley and Mojonnier {14)
published experiments on the roasting of one-1ib roasts of beef to
rare, medium, and well-done stages as determined by their appearance
when carved. The cooking losses increased in proportion to the
degres of cooking. Latzke (20) used 125° C. oven temperature for
the finish after searing three-ib cuts and cocked them to different
stages as determined by meat thermometers in the center of the roasts.
She reported for rare roasts (described as very fat but no analyses
given) evaporation losses 8.08 percent, drippings losses 8.75; for
medium roasts, evaporation losses 11.92 percent, drippings losses
6.14; for well-done roasts, evaporation losses 14.93 percent, drippings
losses 7.37. Cover’s date cited above alsc showad that well-done
roasts shrank much more than medium-rare roasts.

The style of cutting beef ribs influences the amount they shrink,
according to Child and Esteros (7), who found that paired standing
and rolled two-rib reasts cooked at 149° C. oven temperature to 58°
internal temperature lost, respectively, 11.51 and 14.29 percent of
their weight.

COOKING TIME

The time required to roast beef ribs, expressed as the number of
minutes per pound, has heen shown to be influenced by the oven
temperature used, by the degree to which the meat is cooked, by the
fat content of the roast, its weight, and the style of cutting,

Preliminary to their study of factors that influence cooking time,

Sprague and Grindley (28) worked out a couvenient method of deter
mining when beef was rare, medium, or well done. They inserted
short chemical thermometers into beef rib roasts in such & way that
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the bulb was as nearly as possible in the center of the large muscle,
then cooked the meat to different temperatures, when they cut the
roasts open and observed the degree of cooking. According to Sprague
and Grindley (28, pp. 14~15), ‘i the inner temperature of a roast is
between 55° C. and 65° C. the meat will be rare; if it is between 65°
C. and 70° C,, it will be medium rare; &nd if between 70° and 80° C.,
it will be well done.” Subsequent investigators (7, 2, 4, &, 8, 9, 16,
19, 20, 25, 29) have been in general agreement that these meat tem-
peratures define rare, medium, and well-done beef,

Showing that oven temperature and stage of cooking influenced the
time required, Sprague and Grindley reported for two-rib rolled roasts,
finished at 195° C. oven temperature after being seared 15 minutes at
250°, 20.1 minutes per pound at the rare stage, 26.5, medium, and
34.4, well done. When finished at 100° oven temperature, however,
two-rib rolled roasts required 38.5 minutes per pound to be rare, 42.8,
medium, and 79.8, well done. Iatzke (19, 20) reported for three-rib
standing cuts of beef finished at 125° oven temperature after being
seared, 14.19 minutes per pound for rare, 16.44 for medium, and 22,91
for well-done roasts. For medium-done roests finished at different
oven temperafures after searing Latzke found cooking time to range
from 20.75 minutes per pound in an oven at 110° to 12.83 at 175°,
Stanley and Cline (29) published cooking time for 13 methods of
rogsting prime ribs of beef to the rare stage, showing that the number
of minutes per pound varied from 28.80 in an oven at 110° to 10.65 at
250°. Cover (9) reported that paired three-rib roasts required 22.7
and 11.6 minutes per pound, respectively, when cooked medium rare
at 125° and at 225° oven temperature. When cuts were cooked until
well done in a comparison of these oven temperatures, she found the
respective times required by paired three-rib roasts to be 42.2 and
19.0 minutes per pound.

The fat content of beef ribs was related to cooking time by Thille,
Williamson, and Morgan (30), who roasted thee-rib standing cuts at
210° C. oven temperature to 65° at the center. For roasts described
as having “little or no surface fat” and weighing 2,790 g, 23.4 minutes
per pound was required, and for roasts with “‘thick layer of surface
fat” and weighing 3,666 g, 19.3. 'These investigators concluded that
exterior fat speeds up the rate of heat penetration but interior fat
may retard it. Nelson, Lowe, and Helser (26) reported that three-rib
standing roasts containing 9.40 percent visible fat and weighing 1,173
g required 24.6 minutes per pound, wherees those containing 34.56
percent visible fat and weighing 5,302 g cooked in 18.3 minutes per
pound, when all were seared for 20 minutes at oven temperatures
varying from 230° to 275°, finished at 125° and cooked rare (57°).
These investigntors stated that weight rather than degree of {atness
was believed to be responsible for the difference in cooking time of
the two groups of roasts.

The weight of a roast influences the number of minutes per pound
required to cook it, according to Sprague and Grindley, who reported
that for two-rib rolled roasts of the same character cooked by the
same method, one weighing 4 pounds 7 ounces required 27 minutes
per pound and another weighing 7 pounds 14 ounces required only
22.9 minutes per pound. These investigators concluded that, other
things being equal, the heavier the roast the less will be the time per
pound required to cook it,
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The style of cutting beef rib roasts has been shown to influence the
number of minutes per pound required for cooking. Sprague and
Grindley compared the cooking time of single short-rib standing roasts
with that of two-ri rolled roasts, using the samie oven temperature,
195° C., for the finish after searing. At the rare stage the standing
roasts required 16.3 minutes per pound and the rolled roasts 20.1.
Cooked until medium, the difference was greater, with 19.2 minutes
per pound requived by the standing roasts and 27.9 by the rolied
roasts, Alexander (2) compared the cooking time of two-rib stand-
ing with that of two-rib rolled roasts, using 300° F. (149° C.) for the
finish after searing, The standing roasts reached the rare stage in 16
minutes per pound, the medium in 23, and the well done in 33, in
striking contrast to the rolled roasts, which required, respeetively,
27, 37, and 51 minutes to the pound. Child and Esteros (7) reported
that two-rib standing and two-rib rolled roasts cooked to the rare
stage at 149° C. oven temperature reyuired, respectively, 23.00 and
35.48 minutes per pound.

EXPERIMENTAL PROCEDURE

DESCRIPTION OF BEEF SAMPLES

The mejority of the beef samples for which cooking data are reported
were from animals in meat-production experiments.  To provide addi~
tional data on style of cutting and method of cooking, cuts were pur-
chased in Washington,
D. C,, markets.

The 340 experi-
nental gnimals were
used In projects at
IFederal agricultural
experiment stations or
in cooperative projects
at the State agricul-
tural experiment sta-
tious of Arkansas,
Colorado, Louisiana,
Michigan, Mississippi,
AMlissouri, Nebraska,
North Carolina, Obie,
South Carolina, Vir-
winia, West Virginia,
Wisconsin, Wyoming,
Figone 1.— Eight-rily wholesale cut afbeel (New York or at the privately

style) divided into two three-rib and one two-rib owned Kine Ranch

refail rousts, . . pial 3

Kingsville, Tex.

After the ecxperimental amimals were slaughiered the carcasses
were graded by representatives of the Bureaus of Animal Industry
and Agricultural Keonomies and of State agricultural experiment
stations, in accordance with the standards established by the Bureau
of Agricultural leonomies (1¢). In a total of 340 beel carcnsses
there were 55 of Choiee, 129 of Good, 125 of Medium, and 31 of
Plein (formerly Common) grade.




SHRINKAGE AND COORING TIME OF BEEF 7

The cutting methods for experimental animals were in all but three
cases similar to the Chicago style and are described in the outline for
the cooperative mesat investigations,! The ribs were numbered 1
to 13, No. 1 being the 1ib next to the neck. The cut used as standard
for palatability tests included the 9th, 10th, and 11th ribs from the
left side of the carcass. The location of this rosst in a wholesale
1ib cut (New York style) is shown in figure 1. Three of the experi-
mental animals were represenied by the 12th and 13th ribs. One
animal of incomplete history from a Federn!l station was represented
by the pair of 6th to 13th ribs, inclusive.

The meat purchased in Weshington markets came from 77 carcasses.
Of the 77, 8 were graded as Choiee, 26 as Good, 18 as Medium, and
18 as Plain by representatives of the Bureaus of Agricultural Econom-
jes and Animal Industry, and 7 were not graded,

Portions purchased were the 6th to 13th ribs inclusive, tha 8th, 7th,
and 8th ribs, the 9th, 10th, and 11th ribs, and the 12th and 13th
ribs, but the number and location of the roasts varied with different
CATCASSES.

Rib cuts were cooked either as standing roasts or they were boned
and rolled before cooking. Al the 337 left 9th, 10th, and 11th rib
cuts from experimental animals were cooked as standing roasts.
(f the remaining euts from experimental animals and ths cuts pur-
chased on the market, 227 were coocked as standing roasts and 31 as
rolled roasts.

ROASTING METHODS

The etght methods of rorsting beef used in the esperiments differed
from each other in oven tfemperature. Four methods of roasting
employed s very hot oven for o short time at the start to sear the
meat, and an oven temperature to finish ranging from slow to very
hot. For the other four methods, constant oven temperatures, rang-
ing from slow to very hot, were used.

Differences in the stage of doneness to which the meat was cooked
are indicated by the following temperatures, determined with a ther-
mometer in the center of the thickest portion: A range of termmperatures
around 60° C. at which beef is considered rare; 70°, at which beef
has lost scme of its rosy pinkness and is medium done; 75°, at which
there is usually only a suggestion of pink juice and beef is called
medium to welfdone; 807, the well-done stage, at which beef usuall
bec?mes gray brown and is probably more done than most people

refer.
P ¥or sll experinients the ovens were gas beated, ndirect in action,
ventilated, umnsulated, and equipped with glass doors and ternpera-
ture regulators. Portable thermometers in the same relative position
in the several ovens registered the oven temperatures, which were
read through glass doors. Two units of four ovens each were used.

Roasts were prepared for the oven without salt, pepper, or flour.
Each rib reast was weighed and then placed fat side up in & weighed
open roasting pan. For the standing roasts the ribs acted as a natural
rack to keep the ment out of the drippings in the bottom of the pan.
Rolled roasts were supported on wire racks. Placed with the fat
covering uppermost, the roasts were self-basting. A rosst-meat

{ UNITED BTATES BUREAU OF ANtMAL INDUSTRY. A STUDV OF TAE FACTORS WRICH INTLUENCE THE
QUALITY AND PALATAHILITY OF MEAT, T8 pp., illus, 027, [Mimeographed.)
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thermometer was inserted into the center of the eye muscle and kept
there throughout the cooking period to show when the desired stage
of doneness was reached. The meat was cooked uncovered and with-
out water added to the pan.

QUICE SEAR AND BLOW FINIBE

Roasts were seared for 20 minutes at an average oven temperature
of 265° C. after which the cooking was continued in another oven
held at 125° until the meat thermometer registered 58°, when they
were removed from the oven and weighed. They were then allowed
to stand at room tempersbure until the internal temperature had
reached 62°, and again weighed.

For g aumber of years this method of cooking was the standard
laboratory method adopted for rib roast of beef In connection with
the cooperative meat investigations.® The greater number of the
samples reported in this bulletin wers cooked by this method for nalat-
ability tests as part of experiments involving production phases.

QUICK SEATt AND MODERAYTE TINISH

Roasts were seared a5 in the above method but the finishing oven
temperature was 150° €', and the meat was cooked to 60°, 70°, 75°,
and 80° internal temperature, respectively.

Or, rogsts were seared as described above but finished at 175° C. to
an internal temperature of 52° to 54° and allowed to stand outside
the oven until the temperature at the center rose to 62°,

QUICK SEAR AND RAPID TINISH

Rousts were seared as in the above methods hut finished at 225° (.
to an internal temperature of 50°, and allowed to stand outside the
oven until the temperature at the center rose to 62°.

CONETANT LOW TEMPERATURE

Roasts were cooked at 125° C, oven {emperature the entire time.
For mare roasts the meat was either cooked to an internal teraperature
of 53° and allowed to stand outside the oven until the temperature at
the center rose to 62°, orit was leftin the oven until the mest thermom-
eter registered 60°. Meat was cooked also to 70°, 75°, and 80°
internal temperature, respectively.

CONETANT MODERATE TEMPERATURE

Roasts were cooked at 150° C. oven temperature the enfire time to
en internnl temperature of 56°, and allowed to stand outside the
oven until the temperature at the center reached 62°  This constant
very moderate temperature method supersedes the standard labora-
tory method (quick sear and skew finish) formerly adopted for palata-
hility tests in connection with the cooperative meat investigations.

Or, roasts were cooked at 175° €. oven temperature the cntire
time. For rare rossts the meat was cooked cither to an internal
temperature of 52°, 54° or 58° and allowed to stand outside the oven

" UINiTRY: S3TATEY BUneaus oF TIaus 120oN0KIs and ANiMAL [NDUSTRY., METHODS OF COOKING ME4T
FOR PALATAMEITY. 86 pp., illus,  Hevised, 3085 | Mimeugraphed.)




SHRINKAGE AXD COOKING TIME OF BEEF 9

until the temperature at the center reached 62°, or it was left in the
oven unti} the meat thermometer registered 60°. Meat was cooked
also to 70°, 75°, and 80° internal temperature, respectively.

CONSTANT HIGH TEMPERATUHRE

Roasts were cooked at 235° C. the entire time to an internal fem-
perature of 62°.

DETERMINATION OF SHRINKACGE

In these investigations shrinkage is defined as loss of weight during
cooking. The shrinkage of each roast was determined as total loss of
weight, and also as two fractions of the total, namely, pan-drippings
loss and loss due to evaporation of water (74). Drippings loss 1s the
weight of the mixture of fat and julce that cooks oul of meat and
collects in the rossting pan or on a tray after removsl from the oven.
Loss of weight due to the evaporation of water is the difference
between total loss of weight and the weight of the drippings. TUnless
otherwise indicated, the shrinkage of eack roast was caleulated as
percentage of the welght of the raw cut, ready for the oven, trimmed,
and including bone.

On the basis of principles established through chemical ansalysis
(14, 22), it, is possible to discuss the evaporation and drippings frac-
tiens of the loss of weight as approximations to losses, respectively,
of water and of fat from meat during roasting. It appears that the
evaporation fraction of the loss of weight i3 less than the true water
loss but is & fairly good estimate of it. Pan drippings ususlly are
mainly melted {at, especially when beef is cooked to the rare stage in
2 slow oven. The composition of the pan drippings undoubtedly
varies considerably, hence this fraction of the loss of weight has Do
definition in terms of exact amounts of fat, water, salts, and nitrog-
enous constituents.

DETERMINATION OF COOEKING TIME

The total time of cooking recorded in minutes includes the searing
period but terminates on remeval of the roast from the oven. The
number of minutes per pound was calculated by dividing the total
time by the weight in pounds of the uncooked roast, ready for the
oven, unless otherwise indicated,

PLAN OF EXFERIMENTS

Preliminary io the studies on the influence of style of cutting and
of cooking tempersture on shrinkage and time, five series of experi-
ments were carried out.  In the first series wholesale cuts consisting
of eight ribs, the 6th to 13th ribs inclusive, wore divided into three
roasts containing, respectively, the Oth, 7th, and 8th ribs, the 9th,
10th, and 11th ribs, and the 12th and 13th ribs, as shown in figure 1.
Adjncent roasis were cooked by the same methiod in order to compare
their shrinkage and cooking time.

Since the 9th, 10th, and 11th rib roast is the sample vsed for palata-
bility tests on experimentul heel apimals in the cooperative meat
investigations,® the second series of preliminary tests was made on

¢ See fooluoles 4 awd §, pp. 7 nod 8.
1IRGES———3
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paired 9th, 10th, and 11th rib cuts from the same careass. These
were cooked in the same way for the purpose of obtaining shrinkage
and cocking time date to be used as checks for experiments in which
IEhe style of cutting or the temperature of cooking was to be a variable
actor.

In the third series, 9th, 10th, and 11th rib roasts of the same tem-
perature at the start of cooking but of different weights were cooked
by 1tl.ze same method to show how weight would influence the rate of
cooking.

In thge fourth series, 8th, 10th, and 11th rib roasts which fell within
& narrow range of weight but differed in temperature when placed in
the oven were cooked by the same method to show the relation of
nitial meat temperature to the time required for cooling,

In the fifth series of prebiminary tests the object was to show how the
length of the rib bones of standing roasts may affect shrinkage and
cooking time. Paired 12th and 13th rib roasts were sclected. The
bones were not disturbed on the left roasts but were sawed off short
from the rights. All were cooked by the same method.

For the experiments set up to show how shrinkage and cooking time
are inflaenced by the style of cutting a rib roast, paired standing
roasts from the same carcass were selected, one was left as a standing
roast and the other was boned and rolled, and both were cooked by
the same method.

Relations between oven temperature and shrinkage and cooking
time weré studied by using diflerent oven temperntures on paired left
end right roasts cut in the same way and cooked to the same meat
temperature ot the center. To relate the degrec of doneness of a
piece of beef to its shrinkage and cooking time, ronsts were cooked
rare, removed from the oven and weighed, put back into the oven
until medium, weighed ngain, and then returned to the oven to cook
until well done for the final weighing.

How the grade of beef determined shrinkage and cocking time was
indicated by comparing the shrinkage and cooking time of the samo
r1ib portion cocked by the same method when this cut came from differ-
ent grades.
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PRELIMINARY TESTS

SHEINEAGE AND COOEKING TIME OF DIFFERENT PORTIONS OF AN
EIGHT-RIB CUT OF BEEF

Thirteen eight-rib cuts of beef, containing the 6th to 13th ribs,
inclusive, were purchased in Washington markets. Included in the
13 cufs were 4 pairs, 1 pair each from Choice, Good, Medium, and
Plain carcasses, There were four single cuts, taken, respectively,
from three Good carcasses and one Plain carcass. The remaining
single cut was not graded.

The eight-rib cufs were each divided into three parts, as shown in
figure 1, for experiments on the shrinkage and cooking time of the
different portions. The left-hand adjacent 6th, 7th, and 8th rib,
9th, 10th, and 11th rib, and 12th and 13th rib standing roasts from
the four pairs of graded eight-rib cuts were cooked rare by the quick-
sear-and-slow-finish method. The corresponding right roasts” were
cooked rare by the lower constant-moderate temperature of 150° C.
The sets of adjacent roasts from the four single graded eight-rib cuts
were cooked rare by the higher constant-moderate temperature of
1756°. The adjacent roasts from the ungraded eight-rib cut were
cooked rare by the constant-high temperature of 235°. The data are
shown in table 1.

TaBLE 1 —8hrinkage and cooking itme of 8- and $-rib standing roasis from the
sawme 8-rib cut of beaf (6th to 18th ribs, inclusive)

Shrinkage during
Waight _ TOASHRE
Roesting method, oven and | Number und deseription of | of ua-
mest temperatures {° O roasts covked
ronst

 HEvap|
orne | 2T Imatel
Lion

Fer-

Quick senr {205%) and slow Grems . rent

finigh {125%): 4, lelt, 6th, 7th, and Sth ribs | 4,222 3 9.7
Meat, 58° Lo 02° frare)....iyd, left, 0th, 10th and 1ihriks | 2. GU5

i, lefl, 12th and 1W3thribs.. .| 2021

ture (154°).

Meat, 560 to G2° (rare)... 4, right, #th, 10th, and 11Lh

TiDS_ - veeemmecmceeco.| 8,518
1, right, 12tk and 13th ribs. | 1993

Constan! moderate tompors- r, right, 0th, 7th, and Sthribs.| 4, 520

Coonstant moderate tempera- ; ]r?:{tm}ubh,';'lh,audﬁthrihs. 4, 842

f
tare (175%): ' toft
Meat, 54° Lo 02° (rave).... F. iriiéiin}m:_li,h;mh. and th 4 006

g; J;i‘i}m 17th and 13tk ribs.__| 2,288

1, lefd, Gth, 7th, and Bt ribs.{ 5, 584
Loefe, b 10th, and Mthris| 4, 808
1, Ipft, 1200 apd 18th ribs.. | 3 274

Constent bigh temperature
(235%):
Ment, 82* {rare)

SHRINEKAGE AND COOXING TIME OF PAIRED HOASTS COOEED
BY THE SAME METHOD

Tke paired 9th, 10th, and 11th rib roasts from 20 beef carcasses
were purchased in Washington marlets.

Ten pairs of standing roaste were cooked by the guick-sear-and-
slow-finish method, and 10 pairs by & constent-moderate temperature.
Data on shrinkage and cooking time for the corresponding left and
right roasts nf the two series are given in tables 2 and 3.
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TABLE 2.—3hrinkage and coshing time of 10 pairs of S-rib standing reasis of
beef (Gth, 10th, 11th ribs), cooked by the same quick-sear-and-slow-finish method

[Owan: 205° O. for 20 minutes, 135° for fpishing. Meat: 58° {o 62° (rare)l

Weight of Tempera- Shrinkage during roasting Cooking

unecoked targ of time per

uneooked
Qrade of beel roast Tosst  |[Evaporation| Drippings | 'Tatal pound

Right | Left |Right] Tert |Right| Lot |Right Right|

Per- | Per- Pera
cenf cand
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1.9
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ol
o
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=
M| Epem

w| oooo | w: OOOOQ

o
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5.9
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1.4
a2
0.2

1501 1%.9
11.3 | 9.2
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1.6 } 19,8

Mean,. .
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Tasve 3—Shrinkage and cooking iHme of 10 pairs of 8-rib slanding roasls of
beef (8th, 10th, 1ith ribs), cocked by the seme consieni-moderate-temperature

method
fOwen: 175° C. Meat: 54° Lo 62° (rare)]

Welght af Tatnpera- Shrinkaps during rogsting

Cooking
time per
pound

turs of

“”fg:s‘ied uneooked

Qradn of beel roask Lvoporation} Drippings
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COOKING TIME AS INFLUENCED BY WEIGHT OF RAW CUT

Thirty-two standing roasts (8th, 10th, and 11th ribs) of the same
initial temperature (8° C.) but of different weights were chosen from
ment-production experiments. They were cooked by the quick-sear-
and-slow-finish method. The date appear in table 4.
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TaniLe 4.—Relation between the weight of 3-r1d standing roasts of beof (Oth, 10k,
11tk ribs) and the time reguired for cooling by the quick-sear-end-slow-finish

method
[Owen: 235° C. for 20 minutes, 125° for finishing. DMeat: 58° to 62° (rare}]

Cooking time per Cooking time per
Ranpge in pound Range in pound
Raasts ¢ weight of Roastst welght af —
{nomber) uncocked {number} uncooked
ronst Aver- Rango roast Aver-
REO age

Range

Qramas Minutes) Minutes Grams Minudes| Minuter
I, 250-1, 7400 220 | 21 3-23.0 .} 8804, 249 201 | 1T.6-21.8
1, 150-2, 240 A R | ! A4, 2504, 740 3 20.6-22,7
2, 250-2, 740 . 3 .| 4, 750-5, 240 N 18.5-190.5
2, ¥50-3, M40 23.3 .| 5, 250-5,740 X
3, 25003, 745 3 . 3 £, 7506, 249 f 16, G-18. 4

v All roasts were the same temperature (B° C.) nt the center when put into the pven,

COORING TIME AS INFLUENCED BY TEMFPERATURE OF CUT
WHEN PUT INTO OVEN

Seventy-six standing roasts (9th, 10th, and 11th ribs) within the
weight range 2,948 to 3,397 g, inclusive, were chosen from meat-pro-
duction experiments. These roasts differed in temperature when
placed in the oven. They were cooked to the same final temperature
by the quick-sear-and-slow-finish method. The data relating initial
meat temperature to time required for cooking are presented in table 5.

TasLe 5.—Relation between the temperature of 3-rib slanding roasts of beef (Sth,
10th, 11th ribs) when puf inio the oven and lime required for cooking by the
quick-sear-and-slow-finish method

[Qwen: 265° C, for 20 minutes, 126° for flnishing. Moat: 58° to 62° (tare)]

’ Cooking time

Range in tem- |Average welght
perptura of of uncooked Total FPer pound
uneooked roast roast

Average Range Average

Minutes Minutey | AMinufey
153 140-165 22,
15 137~166
145 114-167
13g 120158
128 113-144
130 126-13¢
123 123-123

SHRINEAGE AND COORING TIME AS INFLUENCED BY LENGTH
OF THE RIB BONES

Three pairs of 12th and 13th rib roasts were purchased in Wash-
ington markets. One pair was graded Choice and the other two pairs
Medium.

To determine how the length of the rib bones influenced the shrink-
age and cooking time, the le{t roasts were cooked as received from the
market, but from the corresponding right roasts several inches of bone
were sawaed, making bloeky short-rib cuts.

All roasts were cooked rare by & guick-sear-and-moderate-finish
method and taken from the oven and weighed. The roasts were then
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returned io the oven fo cock to the medium-done stage, when they
were again weighed. Again the roasts were put back into the oven and
cooked well done, when the final weights were taken. For each stage
of cooking the shrinkage and cooling time were calculated. Results
are given In table 6.

Tapie 6.—8hrinkage and cooking time of 3 pairs of 2-rib slanding roasts of beef
{18tk and 18th ribs), as affected by the lenglh of the rib bones

. Shrinkage during Cooking
i Tem- roasting time

* Weight | pera-
Reosting mathod, over and | Nomber and deserip- | of un- | ture
mest temperatures (° C.} tinn of rewt - cooker | of un-
ronst ; cooked
ronst

Evap-
org-
tien

Driy-
pings

Qutlck sepr (205°) and modsrate Pur- | Per-
Anish (166°): ot 1 o A c;n; ﬂéﬂ!

, 1oft, long bones , 157 X . .1

Meat, 80° {rara) {g, right, skort bones...| 2, . ; - 3

; 3, leit, loog bones . A 14.
Meat, 70° {medivm) {3, right, shorb bomes_..| 2,7 . .

3, leli, long hones
hleat, BI° (well dong) {3, e

The five series of preliminary experiments showed, respectively, the
following results. Three portions of the same eight-rib cut shrank
somewhat differently and cooked at different rates. When the center
portion, the 9th, 10th, and 11th rib cut, was paired with the same
cut from the same carcass and cooked by the same method there was
considersble variation in shrinkage and cooking time within pairs.
For single 9th, 10th, and 11th rib cuts of the same tempersture, the
greater the weight, the faster was the rate of cooking. ¥orgroups of
9th, 10th, and 11th rib cuts averaging approximately the same in
weight the lower the meat temperature, the slower was the rate of
cooking. The length of the rib bones of 12th and 13th rib cuts affected
the shrinkage and the number of minutes per pound required for cook-
ing but not the total time. These resuits suggest that probably
factors other than the particular one under investigation were opera-
tive. For example, weight, temperature, and proportion of bone were
operating factors in every experiment.

According to table 1, the data on the shrinkage of adjacent roasts
from the same wholesale rib of beef showed a progressive decrease in
evaporation loss and with one exception an increase in drippings loss
from the chuck end to the loin end of the cut. The total shrinkage of the
6th, 7th, and 8th rib roasts was greater than for the 12th and 13th
rib roasts, bus that of the 9th, 10th, and 11th rib roasts was not related
consistently to the others for all cooking methods used.

The relstive shrinkage during cooking of the three adjacent roasts
is believed to be explained chiefly on the basis of composition. Data
of nearest application are those of Hall and Emmett {15) who reported
physical analyses of four adjacent retail rib euts from the same whole-
sale cut, giving the percentage of lean and visible fat, respectively, as
follows: For 6th rib, 61.43 and 23.72 percent; 7th and 8th ribs, 56.00
and 27.81 percent; Sth and 10th ribs, 54.26 and 31.41 percent; and
11th and 12th ribs, 49.44 and 37.44 percent. The progressive inerease
in drippings loss from the 6th, 7th, and 8th rib to the 12th and 13th
rib portion parallels the progressive increase in fat content reported
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by Hall and Emmett. This result would be expected, because the
higher the fat content of beel roasts the greater Is the drippings loss
during cooking, according to data published by Alexander (7}, by
Black and his associstes {4, §), by Hankins {17}, by Helser (18),
by Nelson, Lowe, and Helser (26), and by Thille, Williamson, and
Morgan (30). As regards evaporation loss, the inverse relation
observed here between fat content and evaporation loss has been noted
by all the above investigators.

The data on cooking time of the adjacent roasts were variable,
but for those cooked by quick-sear-znd-slow-finish and by constant-
moderate-temperature methods the 9th, 10th, and 11th rib portion
required the smallest number of minutes per pound. On the basis
of their relative weights, the 6th, 7th, and 8th rib cuts would bave
been expected to require the smallest number of minutes per pound,
and the 12th and 13th ribs the greatest, with the 9th, 10th, and 11th
ribs intermediate. The meat temperature, however, was an inter-
fering factor, as 1t was the smallest for the heaviest roasts and the
largest for the lightest rossts. It is very difficult to keep roasts of
different weights at the same temperature. Another interfering
faetor should be considered for the 6th, 7th, and 8th rib roasts. In
this portion of the eight-rib cut there is a heavy covering of smell
muscIlJes over the eye and this covering seems to slow down the rate

o{ he(sll.t penetration into the eye where the meat thermometer is
paced. . . . . .

As given in table 1, the relative shrinkage and cooking time of
adjacent 6th, 7th, and 8th and 9th, 10th, and 11th rib roasts cooked

by the quick-sear-and-slow-finish method were in general accord with
data on these two cuts published by Nelson, Lowe, and Helser (26),
as follows: Volatile cooking losses, 10.7 and 8.9 percent; drippings
losses, 7.2 and 8.6 percent; minutes per pound for cooking, 19.3
and 16.8.

In table 6, the date on shrinkage show that on the average the
roasts with long bones lost relatively more of their raw weight than
the short-rib roasts at every stage of cooking. The greater shrinkage
of the roasts with long bones is believed to be accounted for by therr
greater surface of fat and lean, alse possibly by their extra amount of
connective tissue and bone. With regard to conmective tissue and
bone, it is interesting to note the observations of Grindley and Mo-
jonnier {14) and also of MeCance and Shipp (22) that little is known
of the portion of the cooking losses contributed by those constituents.

The data on shrinkage show also more difference in the drippings
losses than in the evaporation losses of the two series of roasts. This
is reasonable because the rib ends of Choice- and Medium-grade
roasts usually contain more fat than lean, and extra length of ribs
 would be expected to contribute more to drippings losses than to
evaporation losses.

As regords the shrinkage and cooking time data for paired 9th,
10th, and 11th rib cuts, shown in tables 2 and 3, the discrepancies
within pairs are believed to be partially explained by differences In
weight end in temperature between corresponding left and right roasts.
The results of cooking roasts having rib bones of different lengths
seem particularly applicable to the data on paired roasts in fables 2
and 3, although cuts and cooking methods differed. It goes without
saying that the composition of a rib roast as regards lean, fat, and
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bone is governed to o considerable extent by the way the ribs are cut
out of the carcass and trimmed. So unless a pair of roasts were turned
out exactly alike, which is practically impossible to do, they would
not be the same in composition, and could not be expected to shrink
identically or require precisely the same number of minutes per pound
when cooked by the same method.

The only published data on pairs of beef roasts cooked by the same
method, so far as the writers know, are those of Sprague and Grindley
(28) whe reported the cooking time of seven pairs of two-rib rolled
roasts. All the roasts were seared at the start for 15 minutes atb
250° C. and then finished at 195° oven temperature. Two pairs of
roasts were taken from the oven when the meat temperature was
43°, three pairs at 55°, and the other two were allowed to remain in
the oven until they renched 76°. The differences in the time of cook-
ing per pound of the paired roasts renged from 0.4 to 3.6 minutes.
Sprague and Grindley were of the opinion that slight differences in
the position of the thermometers in the paired roasts were responsible
for the differences in cooking time. No doubt this wes a factor in
the tests reported here.

These results from preliminary experiments suggest that an eficient
way to compare different methods of cooking is to use paired left
and right cuts from the same carcass, trimmed to match as nearly as
possible and kept at the same temperature. These resvlts aleo indi-
cate that when comparing different cooking methods it is well to
repeat tests as many times as possible, to use diffierent grades and
cuts of meat, and to guard ageinst attributing too much significance
to small differences between averages. Consistent variation through
a series of pairs is what counts when deciding whether one method of
cooking affects meat differently from another.

SHRINKAGE AND COOKING TIME AS INFLUENCED RY STYLE OF
CUTTING BEEF RIBS

STANIHNG AND ROLLET} THREE-RIR LOASTS

Ten pairs of 6th, 7th, and 8th rib cuts of beef were purchased in
Washington markets. Six pairs were Good grade and four phirs
Plain grade beef.

The right roasts were weighed as standing roasts, then boned and
rolled. Right rolled roasts and left standing roasts were cooked by
the same method and shrinkage and cooking time determined. In
addition, the shrinkage and the cooking time of the rolled roasts were
caleulnted, respectively, as percent and as minutes per pound of the
weight before boning and rolling.

Iive pairs of left, standing and right, rolled roasts were cooked by
8 (uick-sear-and-moderate-temperature method to 60°, to 70°, and
to 75° C. meat temperature.  Three of the five pairs of roasts were
cooked to 80° but, of the other two pairs, only the stunding roast of
Good grade and the rolled roast of Plain grade reached this stage.

‘Il:)? data on pairs which reached the same stage arve presented in
table 7.

Five pairs of left, standing and right, rolled roasts were coolced by
a glonst-m1t-modcmtc—ten1pcmturc method. The data are given in
table 8.
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TaBLE T.—8hrinkage and cooking time of paired S-rib roasis of beef (6th, 7th, Sth
ribs), standing and rolled, cooked by a quick-seer-end-moderate-finish method

Shrinkage during Cooking

Temi- roasling time

Roasting  method, Waight] per-
oven and meat | Qrada | Number and descrip- | of un- | aturo
tsmporatu res | of heafl tioo of ronsts cookat | of nn- By
= C.} roast |evoked | =¥EPf Drip. Total |Tatal | Fe

Toast | oo [pings 2| ponnd

Quick sear (265%) Per- i -
and moderato c:nrt a‘:ﬁz
fimish {150%): {3 laft, standing_____._ .52 X 4.2 Y 3 4

[

4, right, rolied.._. k
3, right, standing. 52 4
, 1eft, standing.
2 rlght rolled .
2, ripht, standin,
{3 teft, standing

”
288
on

Pltio

-

£
Hgsny
AT D B O A D O

Good .
Meat, 80° (rate). [ {

3, ripght, rolled....
k) rlrzht. standing.,
{2 lelt, smn(hug

diam).
Plain .12, rlght Tulled
2, right, standin
Cood |3, Helit wobiod
—co " Toadl o rlght, rotle
Meat, 75° (e, 3 right, standine
2, Jelt, ﬁtandmg
Pluin |42, rlght rollad, |
2 rIl:hT. stnndmg.
{ . lelt, stnn(img
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2, r!;:ht rolled...
2, right, standing_.
{l left, standing.

sERBERRES
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Gaood .
Meat, 80° (well
done).
Plain .
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1 Weight of right, roasts, trimmed ond includiog bore, before Leing made into rolks.
t Bhrinkage nnd cookmg time of rolled roasts when calculated on the basis of their weights as standing
roasts,

TaBLE 8.—8hrinkage and cooking time of & pairs of 3-rib roasts of beef (6th, 7th,
8th ribs), standing and rolled, cooked by a constani-moderate-lemperature method

Elrinkage during | Cooking

"
P'em- roasting time

. . Weipht | pera-
Rgﬁzﬁ_ﬁ]d I&g;rht:g: Number and deeerip- | ofun- | lure |—
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- onst | eooked P Drip-

oru- P i
ronst tion Mogs
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Copstent  moderale Per- | Per- fin- | Min-
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3, lefi, stending 3, HH) . . 4.2 18.9

Good 3 ri;.gl. rulle(t]l ji

o =, right, =tonding

Meut, 80° (rare}-. {2 Ieﬂ., stuudilu, .
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STANDING ANL ROLLED TWO-RIB ROASTS

Four pairs of 12th and 13th rib cuts of beef of Good grade were
purchased in Washington markets.

As in the tests made on the paired 6th, 7th, and 8th rib cuts, the
right 12th and 13th rib roasts were boned and rolled, and cooked by
the same method as used on the left, standing roasts. Two pairs of
left, standing and right, rolled roasts were cooked by a quick-sear-and-
moderate-temperature and the other two pairs by a constant-moder-
ate-temperature method. Data are given in table 9.

TasLs §.—=Shrinkage and cooking time of paired 2-rib roasts of beef (12th, 15th ribs)
of Good grade, standing and rolled, cooked by quick-sear-and-moderale-finish and by
consiant-moderate-temperature methods

Sbripkape during | Conkiog
Tem- roasting time
. Weight| pecn-
Roasting methad, oven andl Number and doserip- | of un- | ture
meat temperatures (7C.) tiem of ToRsts engked | of un- CETOD
ronst | cooked [ Drip- Tolal} Totat] 0T
ronst | iy | DIy pound
1 Per- | Per- | Per- | Min-1 Min-
Quiick sear (I65°) and oder- i Groms | € et | cend | cent | wtes | wiea
ate finish (1565} 2 el standing. . ..... 2, 840 GO| 80| 84150 2i4] 181
Aleat, 00° {tnre} L ._ ... _. 2, right, roMled _ {1 TOINE| T.E| 18T 144 20.68
2, right, standing 13,845 | .o LGN Rl R a5
2, left, standding . n.0]10.6; 7.4 ] 18.0 141 22,5
Meat, 70° {medium)....._ {2, right, roiled __ . ol d| 848|220 174 358
2, riehi, standing. ... . V3,045 | oo oo 210.5] 16.3 16.8 [uuno. 125.9
2, Joft, standing ... .. 3 RO 48] 8.8 12330 154 20.4
Meat, 80° {well doned. .. _|{2, right, rojled_._...._. 4,344 7.0110.8 11,0 | 30.3 | 223 ] 467
2, right, sianding ___._ 13,085 | as LN N IR 1 Elcc s O S 133. 4
Constant modernle Lempers-
tare (173°); 2, left, standing. ... .| 2570 6511005 55145 1w03] 191
Ment, 60° {rare)_ .. _.... 2, right, rolled, . 1,831 A M3} 6| 26.4) 135 318
2, right, standin LoV PTG PPN | 1238
2, left, standing . 2, 670 ALY B1P10.68)] 120) 220
Meat, M2 {wmedivm).. .. __ 2, right, ralled .. .. o] L0 LE|INT| V.4 851 155 | 86.4
2oright, stondine. v 2a72 ) P 3|S5 IS E ... 1273
JE. left, standing. . ... 2, 570 6516l 73250 164 8.9
Mest, 80° {well done) ... Fe2 right, rollod 1 1,631 iMool 6|3z W0 44y
I o, right, standing...... PIRETE .. MITE2LYGE PG| ol 133.5
|

See fyobnotes Lo table 7.

As a whole, the results of these experiments on paired standing and
rolled roasts were in general agreement in showing that the shrinkage
and cooking time of standing roasts were relatively less than those of
rolled ronsts. The small differences in average initial temperature of
the paired roasts probably did not exert an important influence on
the cooking time.

The figures on relative shrinkage of standing and rolled two-rib
roasts, each caleulated as percentages of their weight when ready for
the oven, are in general agreement with resulis published by Child
and Esteros (7). Cooking-time relations between standing and rolled
roasts confirm the findings of Sprague and Grindley (28), of Alexander
(2}, and of Child and Isteros {¥). Sprague and Grindley were of the
opipion that the [aster cocking of standing roasts was explained by
the greater surface exposed in proportion to cubic contents as com-
pared with rolled roasts.

As shown in tables 7, §, and @, the total shrinkege of the rolled
roasts, expressed as percentage of their weight before being boned,
was, with one exception, consistently less than that of standing roasts
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cooked ss suck. This result would seem to indicate that boning and
rolling a rib rosst reduced its cooking shrinkage, wheteas just the oppo-
site might be expected from the fact that rolled roasts had to remain
in the oven so much longer than standing roasts in order to cook to
any given stage of doneness at the center. That the cooked meat of
roﬁ, roasts contains less juice than that of standing voasts was re-
ported by Child and Esteros (7). Their findings would of course indi-
cate thaf the edible portion of rolled roasts actuelly shrinks more than
that of standing roasts, Therefore, in looking for the source of the
reletively greater shrinkage of the cuts cooked as standing roasts in
the tests reported here, it 1s suggested that bone and connective tissue
may have been important factors. Fossibly the bone and connective
tissue contributed so large a proportion of the shrinkage of the cuts
cooked as standing rossts as to more than ofiset a probably greater
shrinkage of the edible portion of the cuts cooked ss rolied roasts.

SHRINEAGE AND COOEKING TIME AS INFLUENCED BY
METHOD OF ROASTING

COMPARISON OF METHODS WHICH INCLUBE SBEARING
Thirty-six pairs of 9th, 10th, and 11th rib rossts representing
Choice, Good, Medium, and Plain grades were purchased in Wash-
ington markets. All were cooked as standing rossts.

TaBLE 10.—Shrinkage and cooking lime of paired S-rib standing cuts of beef {Oth,
10th, 11th ribs), roasted to the rare slage; quick-sear-and-slow-finish methad com-
pared with quick-sear-gnd-moderate-finish and with quick-sear-gnd-rapid-finish
methods

{ .
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Twenty-five pairs were used in a comparison of the quick-sear-and-
slow-finish method with & quick-sear-and-modetate-finish method,
The remaining 11 pairs were used to compare the quick-sear-and-slow-
finish method with the quick-sear-and-rapid-finish method. 'The re-
sults of the tests are presented in table 19.

COMPARISGN OF CONSTANT-TEMPERATURE METHODS

The pair of 6th to 13th ribs, inclusive, from an experimental animal
of unrecorded grade were boned and rolled and used for a comparison
of the constant-low temperature with a constant-moderate tempera-
ture method.

TanLe 11.—S8hrinkage and cooking time of o pair of S-rib rolled roasts of beef
(6th to 13th ribs, inclusive); constant-low-lemperature compared wilh constani-
moderate-temperature method

Meat lempern- Sbrinkape durin -
Number {Welght| Location ture ¥ ronsting g C.“"!"
Oven lemperature | ond de- | of un- { of meat Lng
[C ) sr_'frimion eooked tharmulm~ n e Dri T';)*;Fr“
of ronsts | romst erer "O- Svape-f Drip- | o
caoked [CO0Kedi L orT| Dings | Totud | pound
Per- Per- Per- | Min-
Crd ey °C. A cent eend cent titex
Chuek. . 4 60
Constanl levs £125%).( 1, feft 1, 415 {Middle-... g Eé 1T L4 8.3 25.4
i
i} i}
Constent moderate | 1, right 4, 402 { & 66 11.3 41 18,4 17.8
{175%]. i a2
4 0
Counstant low (125%) | 1, left 4, 414 { 3 g Ej 13.4 kX 17.0 Ml
a 0
“gostaut moderate | 1, Tight, 4, 402 1] T4y 158 8.4 22.0 9.0
{1757, 0
4 75
Constant Iow (125%).f 1, laft 4,415 1 ;D 16. 9 5.6 2.5 41.0
§ 7
f 75
Constant modernte | 1, right 4, 402 0 B [y 152 .48 25.8 2.8
(175°;, i} 2
4 a0
Constant low {125% | t, left 4,418 4 a 201 8.8 o0 in?
3 B
i B0
Constnnt modernte | 1, right 4,402 ] Bl oy 0.2 £l 4.3 72
155% 6 94 ,

! 3 meat thermometars were Dlaced in enclt roast, 1 in the ehuck end, 1in the middle, and 1 {n the lofn
end, Encliof the ronsts was weighed ot 4 succassivestoges, when the chuck end reached 60°, 702,75, and 80°
., respeciively.

Three meat thermometers were placed in each rolled roast—one in
the center of the thickest portion, or chuck end, one in the center of
the thinnest portion, or loin end, and one in the center halfway be-
tween the two ends. Each roast was cooked according to the ther-
mometer in the chuck end and was taken from the oven and weighed
when the temperature of this portion reached 60°, 70°,75°, and 80° C,,
respectively. The corresponding temperatures In the middle and in
the loin end were recorded. The data are shown in table 11.

COMPARISON OF SEARING AND CONSTANT-TEMPERATURE METHODS

All the cuts used in comparing searing and constant-temperature
methods of roasting were purchased in Washington markets.

For a comparison of the quick-sear-and-slow-finish with a constant-
low-temperature method 10 pairs of three-rib cuts (9th, 10th, and 11th
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ribs) were selected. The grades represented were Choice, Good,
Medium, and Plain. The cuts were all cooked as standing roasts.
The date arve given in table 12.

The quick-sear-and-slow-finish method was also compared with
two constant-moderate-temperature methods employing, respec-
tively, 150° and 175° C. For the former comparison four pairs each
of 8th, 7th, and 8th, 9th, 10th, and 11th, and 12th and 13th rib
roasts were cooked {p. 11). The data are presented in table 1. The
latter comparison was made on seven pairs each of three-rib (6th, 7th,
8th ribs) and two-rib cuts {12th and 13th ribs), taken from seven
carcasses. Four represented Choice, Good, and Medium grades and
three were of unrecorded grade. All cuts were cocked as standing
roasts. The data for the 6th, 7th, and 8th rib roasis are given in
table 13, and those for the 12th and 13th rib roasts in {able 14.

Tasre 12.—Shrinkage and cooking tiwme of 10 pairs of 3-rib slanding culs of
beef (Gth, I10th, 11ih ribs), roasied lo ihe rure slage; guick-sear-and-slow-finish
compared with constani-lme-temperature method
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Tapue 13.—Shrinkage and cooking time of 7 pairs of 3-rib slanding culs of beef
{(Gth, Tth, 8th ribs}, roasted to the rare stage; the quick-sear-and-slow-finish compared
with a constoni-moderate-temperature method
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TaBLE 14 —S8hrinkage and cooking time of 7 pairs of B-rib standing culs of beef
(12th, 13th ribs), roasted to the rare stage; the quick-sear-and-slow-finish compared
with a constani-moderale-temperatiore method

Shrinkage durioy Caok
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TaBLE 15.—S8hrinkage and cooking time of paired 3-ribh standing culs of beef {(Gth,
Pth, 8th ribs), reasted lo rare, medivm, medivm-well-done, and well-done stages; a
quick-sear-and-moderate-finish compared with a constgnt-moderale-temperafure
method
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A quick-sear-and-moderate-finish was compared with a constant-
moderate-temperature method, using five pairs of three-rib cuts (6th,
7th, and 8th ribs) and 11 pairs of two-rib cuts {12th and 13th ribs).
Good and Plain {formerly Common) grades of beef were represented.

The three-rib cuts were cocked as standing roasts. Within pairs,
the Good grade roasts were not carried to comparable stages of done-
ness beyond 70° . The data for the {esis are presented 1n table 15.

Of the two-rib cuis five pairs were cooked as standing roasts and
six pairs as rolled roasts. The data for the standing roasts are pre-
sented in table 16 and for the rolled roasts in table 17.

TanLE 16.—8hrinkage and cooking time of § pairs of 2-rib standing cuts of beef
{12th, 13th ribs), roasled to rare, medium, and well-done slages; o quick-sear-and-
moderate-finish compared with a constant-moderale-temperaitre method
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MEAT-TEMPERATURE COMPARISONS

To show how the stage to which beef is cooked influences the
shrinkage and cooking time, cuts were cooked rare, medium, medinm
to well done, and/or well done, as determined by a meat thermometer
in the center of the thickest part of & roast. Data obtained for the
same roasts at these different stages are presented in tables 6, 7, 8, 9,
11, 15, 16, and 17.
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TanrLe 17.—Shrinkage and cooking time of B pairs of 2-rib rolled culs of beef
(18th, 13tk Tibs), roasted to rare, medium, and well-done stages; o guick-sear-and.
moderate-finish compared with a canstant-moderate-temperature method
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DSCUSSION OF RESULTS

According to the data in table 10, the lower the oven temperature
used for the finish after searing the smaller was the shrinkage and
the longer the time required in cooking 9th, 10th, and 11th rib stand-
Ing roasis to the rare stuge. Results are in general accord with the
findings of other investigators (7, 8,8, 20, 29).

The shrinkage data in table 11 show that, when eight-rib rolled
roasts were rare in the chuck end, the one cooked by the constant-
low-temperature method shrank much less than its twin coolted by the
constant-moderate temperature. However, as the roasts were cooked
more thoroughly the differences in shrinkage became less until they
were comparatively small by the time both had reached 80° C. in
the chuck end. The rate of heat penetration as indicated by the
cooking time was always slower when the oven temperature was 125°
than when it was 175°, with the spread in time increasing as the
meat temperature increased. Results with respect to the shrinkage
and cooking time of these roasts at the rare stage are in general
accord with the findings of Cline and othr g (8) and of Stanley and
Cline (29) for standing roasts.

The data reported in table 12 show that 9th, 10th, and 11th rib
standing roasts eooked by the quick-sear-znd-slow-finish method
shrank more and required less time than when g constant-low-tem-
perature method was employed. Since the two cooking methods
differed only in the initial quick sear, this experiment revealed the
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effect of searing on the shrinkage and the cooking time of rare beef
roasts. Results showed that searing not only did not reduce shrink-
age as it was formerly believed to do but actuslly increased it sig-
nificantly, There was proportionately greater increase in drippings
thap in evaporation loss, so the extra loss associated with searing was
mainty fat. Searing reduced the cooking time. These findings as to
the effect of searing on shrinkage snd cooking time are in general
accord with those published by Stanley and Cline (29).

Experiments comparing the quick-sear-and-slow-finish method with
two constant-moderate-temperature methods revealed that three-rib
end two-rib standing roasts behaved somewhat differently. Data
in table 1 showed that the three-rib ryoasts cooked by the first method
shranic less and cooked more slowly than when a constant temperature
of 150° C. was used, but that the two-rib roasts shrank more and
required a little less time. According to the results reported in table
13, the three-rib roasts cooked by the quick-sear-and-slow-finish
method shrank less and cocked more slowly than those cooked at a
counstant temperature of 175°. In contrast, the findings with respect
to shrinkage of the two-rib roasts cooked by these two methods, as
shown in table 14, were varigble and on the aversge there was little
difference associated with the method of cooking. More time was
required to cook two-rib roasts by the quick-sear-snd-slow-finish
method.

Also in the experiments which compared & quick-sear-and-moderate-
finish with a constant-moderate-temperature method, the three-rib
and two-rib roasts behaved somewhat differently &s shown in tables
i5, 18, and 17. According to the date in table 15 the three-rib
Good-grade standing roasts shrank somewbat less when seared. Also
the figures for the three-rib Plain-grade standing roasts cooked by the
searing method were smaller as to evaporation and total losses, but
larger ss to drippings losses. The rate of cooking was slower by the
former method than by the latter.

The results for two-Tib standing roasts in table 16 showed that those
of Good grade cooked by the quick-sear-and-moderate-finish method
shrank less than when & constant-moderate oven tempergture was
used. For the Plain-grade roasts there was little difference in shrink-
age between these methods at any stage of doneness of the meat,
The tate of cooking was slower when the searing method was used.
Date in table 17 for the rolled two-rib roasts show that evaporation
loss was practically the same when the different methods were used,
but that both drippings and total loss were slightly greater for cuts
that were sesred. With the exception of the Plain-grade roasts at
the rare stage, in table 17 the rate of cooking was slower when the
searing method was used.

Taken as & whole, the results presented in tables 15, 16, and 17 sug-
gest that the shrinkage differences associated with the particular oven
temperatures {that is, up to 175° C. as the highest constent tempers-
ture) are relatively unimpertant. Judging by the cooking time data
in these tables it nppears that a guick sesr followed by a moderate
temperature of 150° usually functioned the same as a lower average
oven temperature than 175° for the entire time.

The data shown in tables 6, 7, 8, 9, 11, 15, 16, and 17 revealed con-
sistently that for any piece of mest the more thoroughly it was cooked
the greater was the shirinkage and the cooking time, regardless of
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the grade of beef, the rib portion, the style of cutting, or the oven
temperature used. Results concerning the eflect of the stage of
doneness on shrinkage and cooking time are in general accord with the
published work of other investigators (1, 2, 8, 9, 11, 14, 20, 21, 22, 28,
24, 27, 28).

When all the experiments on cocking methods are taxen into consider-
ation it can be said that, in general, smaller shrinkagc was associated
with lower oven temperature, when beef was coolred rare or medium,
independently of whether searing miethods or constant-temperature
methods of roasting were employed. At the well-done stage, however,
shrinkage was less definitely related to oven temperature.

In order to explain why roasts cooked to approximately the same
rare or medium stage at the center shrank differently, depending on
the oven temperature used, it is necessary to examine the uniformity
of the cooking from center to surface, and thus to get a rough idea
of the relative proportions of rare, medium, and well-done meat.
It 1s a. common observation on cutting into & piece of meat cooked at
low oven temperature that, when the center is vare, the rest of the
roast is rare and juicy almost to the very edge. On the other hand if
& high oven temperature Is used, the outer portions of a roast are
well done, often overdone and dried out, by the time the center
reaches the rare stage, and of course the proportion of rave meat is
small. Fortunately, the uniformity of cooking in terms of mest
temperature has been studied by several investigators who placed
thermometers in different portions of the same rosst to determine
meat temperature gradients in relation to various oven temperatures.

The first work of this kind, so far as the writers know, was reported
by Sprague and Grindley (29), who seared four two-1ib rolled roasts
of beel at 250° C. for 15 minutes, then finished two at 100° and the
other two at 175° oven temperature. When the roasts finished at
100° reached the rare stage at the center there was a difference of only
5° In meat temperature between the center and a point about a quarter
of an inch under the surface, but a corresponding difference of 13°
for those finished at 175°. That 1s, there was probably a larger
proportion of rare meat in the roasts finished at 100°.  Shrinkage was
not reported.

According to data published by Latzke (20) for a three-rib roast of
beef seared at 250° C. for 20 minutes and finished at 125° oven
temperature, when the meat temperature at the center was 61°, it was
75° near the surface, and the intermediate temperature was 65°.
Latzice also published data on the distribution of meas temperature
in a three-rib roast seared as above and finished at 175° oven tem pera-
ture, showing that when the center temperature was 56°, it was 98°
near the surlaee, and the intermediate femperature was 66°. These
meat {emperatures suggest that there was probably a smaller propor-
tion of well-done meat in the roast finished at 125° than in the one
fimshed at 175°. For several cuts cooked by the former method
Latzke reported average shrinkage of 18.09 percent and for several
cooked by the latter method, 22.49 percent.

Thille, Willinmson, and Morgan (30) roasted three-rib cuts of beef
at 210° C. oven temperature, placing several meat thermometers in
each roast. When the nieat temperature at the center was 65°, 1t was
102° just under the fot on the surfece, and about 90° one-half inch
from the edge. The average shrinkage of rossts cooked at 210°
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oven temperature to 65° at the center was 30.8 percent, according to
data published by these investigators.

Taken as & whole, the data published by Sprague and Grindley,
by Latzke, and by Thille, Williamson, and Morgan indicate that the
lower the oven témperature the grester is the uniformity of cooking
in @ ronst that is rare or medium at the center. The fact that the
proportions of rare, medium, and well-done meat in & roast vary
considerably with the oven temperature used is significant in relation
to shrinkage.

Accerding to Ferrati (11}, McCance and Shipp (22), and Meigs
(23, 24) the temperature to which muscle is heated determines how
much weight it will lose. The higher the temperature of meat the
more juice is squeezed out by the heat-shortening of the tissues and
consequently the greater is the loss of weight. Also, of course, fat
is rendered out in proportion to the time (30} and the temperature of
heating, adding further to the loss of weight. Wben the shrinkage
data reported by Latzke and by Thille and her associates are com-
pared with the meat temperatures reported by them, it is evident
that the amounts the roasts shrank were closely associated with the
propertions of rare, medium, and well-done meat. The more nearly
rare a roast was throughout, the smaller was the shrinkage and the
more nearly well done, the greater the shrinkage.

Tt is possible to make general application of the data cited from
Sprague and Grindley, Latzke, and Thille and her associates to the
resulis obtained in the experiments here reported. By analogy, it
would be expected that the roasts cooked rare at the center contained
the largest proportion of rare meat when the constant low oven tem-
perature of 125° C. was used and the smallest at the constant high
oven temperature of 235°. Comparing the shrinksge data In tables
12 and 1 for 9th, 10th, and 11th rib standing roasts cooked by these
two methods, there would seem to be no doubt that the temperatures
“to which the meat was heated in the roast as a whole were mainly
responsible for the amount of shrinkage. The other methods used,
whether searing or constani-temperature methods, functioned as
average oven temperatures higher than 125° and probably lower than
235°. Therefore, it is reasonable to find a progressive rise in the
shrinkage of yoasts cooked yare at the center as the average oven
temperature stepped up nhove 125°.  Of course it is reasonable also
to find that the more thoroughly roasts were cooked at the center,
using the same oven temperature, the greater was the amoun. they
shrank.

Tor roasts cooked well done at the center there are no published
data showing meat-temperature gradients from center fto surface
in relation to oven temperature, so Tar as the writers know. Accord-
ing to data reported for eight-rib rolled roasts in table 11 diflerent
parts came closer together in temperature the Jonger the roasts were
in the oven. These were end-to-end temperatures in a long roll
but it is possible that oven temperature may make Iess difference on
the uniformity of cooking from cenier to surface of roasts carried to
the well-done stage than only to the rare stage. This idea is borne
out by the shrinkage data in tables 11, 15, and 16, which show in
general that as roasts were cocked more thoroughly at the center
the less difference the oven temperature made on shrinkage. That
the time required in cooking was also a factor related to shrinkage
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was apparent in these tests. When one oven temperature was lower
than another the spread in cooking time widened as the mesat was
cooked more thoroughly. An excessively long time was required
to cook meat well done when the oven temperature was 125° C., and
it is significant that the shrinkage was almost as great as when 175°
was used for shorter time. It appears to be impossible to cook meat
thoroughly done without having it shrink on the average not less than
20 to 25 percent of its raw weight.

SHRINKAGE AND COOKING TIME OF BEEF RIBS
ACCORDING TO GRADE

Of special interest to meat producers and to those consumers who
are looking for pointers on selection is the shrinkage and cooking time
of rib roasts of beef of different grades. This section brings together
for the different grades represented here the date on the same rib
porfion cooked by the same method.

For & _comparison of the shrinkage and cooking time of 9th, 10th,
and 11th rib standing rossts according to grade, 337 were chosen
from meat-production experiments snd cooked by the quick-sear-and-
slow-finish method. 'This sampie includes the euts reported in tables 4
and 5. The data for 337 roasts are presented in table 18.

TasLe 18.—8hrinkage and cooking lime of 8-rib standing roasts of beef (9th, 101k,
11tk ribs), by grade, cooked by the same quick-sear-and-slow-finish method

(Oven: 265° C. for 20 minutes, 125° for fpishing, BMeat: 55° Lo G2° (rare)]

Shrinkege during roasting
Weight of un- | Temperglure of Cooking time
cooked ronst | oneepked roast o per pound
Grade of Roasis Evaporstion Drippings
heef
Aver. | Stand- Aver | Stand- Aver. | Stend- Aver- | Stand- Aver. | Stsnd- )
age | Mdde-| 00T | ard de- age [oardde-| To0 |ard de| TLHT Dard de-
8¢ |vintion; "% |viation] 6% [vigtion| %89 |istion| 28 wintion
Number| Grams | Cirams e, 20, | Percent | Percent | Percent | Percent | Ainutes| Minutes
Choica___. Gl | 4,028 941 a1 2.8 7.0 G. 490 5.3 1.2 20. % .3
Qoed___... 136 | 3, 506 789 L 3.4 7.3 i.2 4.0 L2 @1 14
Mediom. 125 1 3,209 34 10.5 2.0 8.4 1.3 3.4 & .2 1.9
Flain ... 31 2,348 G 12.0 3.0 8.0 i.4 2.4 .BS 0.7 L9

Grade comparisons can be made of 9th, 10th, and 11th rib standing
roasts cooked by this same quick-sear-and-slow-finish method in tables
2, 10, and 12. Tables 3, 10, and 12 also contain dais by grades for
this cut cooked by other methods.

The data according to grade for 6th, 7th, and 8th rib standing
roasts were combined from tables 1, 7, 8, 13, and 15, and are presented
in table 19, together with several of the cuts which did not appear in
paired comparisons at 75° andjor 80° C. The grade comparisons of
6th, 7th, and 8th rib rolled roasts are found in tebles 7 and 8.

The data according to prade for 12th and 13th rib rolled roasts
combined from tables 9 and 17 are presented in table 20, together
with those for three cuts from experimental animals cooked by the
quicle-sear-and-slow-finish method, which do not appear elsewhere in
this bulletin.

The data according to grade for 12th and 13th rib standing rosasts
were combined from tables 1, 6, 8, 14, and 16 and are given in table 21,




SHRINKAGE AND OO0KING TIME OF BEEF

29

TaBLE 19.—Skrinkage and cooking {ime of 8-rib standing reasis of beef {6th, 7ih,
8k ribs), by grade

Roasting method, oven and
meat temparsiures (€

Grade ol
beef

Weight
of ugn-

cooked
roast

Tamper-
aturs of
uncoaked
roast

Bhrinkaga during

TOASLIngE

Evap-
ora-
tion

Drip-
pings

Quict: sear {265%) and slow
finub {125%):
Meat, 8% 1o 62° (zare)...

Quick sear (2€5°) and moder-
gte finish {150%):
Meat, 56° {rare}

Meat, 70° {(medinm}

Meat, 75° (medium woll
done).

Meat, 84° (well done}....

Constant moderate tempeora-
ture {156°);
Meat, 36° to 82° (rare)...

Constant moderate tempern-
ture (175°):
Meat, 52° to 62° (zETe)_._

Meat, 70° (medium)

Meat, 75° fmedinm well
done),

Ment, 80° (well done). ...
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TaBLE 20.—Shrinkege and cooking time of 2-rib rolled roasis of beef {1%th, 13th
ribs), by grade

Roasting method, ovan and
meat tamporatures (°C.)

Crrade of
bee!

Weight
af un-

cooked
rossk

Temper-
aturc of
uneookad
rgast

Shrinkage during

roastiog

Evap-
ora-
tion

Drip-
pngs

Quick sear (205°) and slow
finish {125%):
Meat, 537 to 52° (rare)._

Quick sear (265°) and mod-
erate fnish {150°):
Meat, &0° {rarg)
Meat, 70° (medinm)
Maat, 80° {(wall dope).__.
Constant moderate tempera-
ture (175°)
Meat, 80° {rare)
Meat, 70° {madinm)

Meat, 80° {well done). .

{

Good..-.-

Good......
Plain,

Plain. ...
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TABLE 21.—S8hrinkage and cooking lime of 2-rib slanding roasts of beef (12th, 13th
ribs}, by grade

T
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With comparatively few exceptions, there was the same general
trend in the relation of grade to shrinkage independent of the method
of cooking. The higher the grade of beef the greater was the drippings
loss, except in isolated instances where there were very few samples
to represent the grades compared. In table 18, where there are
many samples in each grade, the differences between the average
evaporation losses were tested by the method of Fisher (12) and 1t
was found that Good grade lost significantly less than Medium-grade
roasts.  As between Choice and Good, and between Medium and
Plain, however, differences would not be statistically significant, but
in this series they indicated that as grade declined evaporation loss
increased. In the smaller groups there were several reversals, as
might be expected.

The results obtained are believed to be explained chiefly by the
average fat content of beef of different grades. Data on the fat
content of 234 9th, 10th, and 11th rib cuts which were analyzed by
the Bureau of Animal Industry have been published (7). As would
be expected from the fact that Tat is one of the chief factors in deter-
mining grade, the higher the grade the greater on the average is the
fat content of the 9th, 10th, and 11th rib cut. Tn Chatfield’s (6)
classification of beef sides by fatness, thin beef is claimed to correspond
to Plain grade, medium to Medium grade, fat to Good, and very fat
to Choice and Prime, and the fat content, of the entire side of beef

.

is closely related to the fat content of the wholesale rib cut. Therefore,
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although no similar data were available on the 6th, 7th, and 8th rib
and 12th and 13th 1ib cuts, it would be expected that their fat content
would be related to grade in the same general way as that of the
analyzed 9th, 10th, and 11th rib cuts.

Tge published analyses of @th, 10th, and 11th rib cuts showed that
there was considerable variation in fat content within grades. It is
therefore not surprising to find in the shrinkage data in table 18 that
standard deviations were high in large groups representing the same
grade, and that when small groups were compared the data on shrink-
age were not generally in close accord.

The number of minutes per pound required in cooking was not
significantly related to carcass grade, although slight trends were
observed. For example, in table 18, where there were large numbers
of 9th, 10th, and 11th rib standing roasts in each grade, the time
data suggested a tendency for Good- and Medium-grade rib roasts
to cook relatively more rapidly than either Choice or Plain. When
the averages for Good aud Plain roasts, which differed most in the
series, were tested by Fisher's (12) method, {=1.63 and p=0.1,
indicating that the difference was not great enough to be really sig-
nificant. A similar result was obtained by testing the diflerence
between the averages for Good- and Choice-grade roests. In the
small groups of 9th, 10th, and 11th rib standing roasts cooked by
various methods there appeared to be no relationship between grade
and cooking time. Good-grade beef tended to cook at a more rapid
rate per pound than Plain, as shown for 6th, 7th, and 8th rib and
12th and 13th rib standing roasts. There was a consistent difference
between rolled roasts of Good- and Plain-grade beef, with Good beef
cooking the more rapidly in minutes per pound and the spread in-
cressing beyond the rare stage. The number of 6th, 7th, and 8th
rib and 12th and 13th rib roasts in any grade, however, was very small.

In trying to explain the siight trends observed between the number
of minutes per pound and carcass grade, the respective influence of
weight and temperature must be taken into account. On the basis
of weight it would be expected that, on the average, the higher the
grade the smaller should be the number of minutes per pound required
m cooking. The initial temperature of the rossts was a complicating
factor, operating in many cases to make the heaviest roasts, which
were often the coldest, require more time than would have been needed
had they been less cold at the start.

Furthermore, two attributes of grade that must have influenced the
rate of cooking are fat content and conformation, or thickness of
fleshing (/0). Thille and her associates (30) reported that Tat roasts
required fewer minutes per pound than lean roasts. According to
Lowe (21), the thicker a rib roast is in proportion to its width the
slower is the rate of cooking. Also, the higher the grade the smaller
is the proportion of bone (6). On the basis of fat content, the higher
the grade of beef the fewer minutes per pound required in cooking.
On the basis of conformation and bone content, however, the higher
the grade the more minutes per pound required.

It is bot possible to state quantitatively the extent of the influence
of these separate factors, but apperently the net effect was such as
to indicnte that grade did not exert an important influence on the
rate of cooking. It is suggested that conformation, bone content,
and temperature together may have slightly more than offset weight
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and fatness in the Choice grade. In contrast, itis possible that weight
and leanness in combination counteracted the effect of conformation,
bon? content, and temperature where Plain was compared with Good
grade,

The only portion of the data on shrinkage and cooking time accord-
ing to grade that can be compared with results reported by Cover (9)
concerns three-rib standing roasts (9th, 10th, and 11ith ribs) cooked
at constani-low oven temperature, in table 12. For six Good, eight
AMedium, and eight Plain roasts, Cover’s findings are, respectively,
as follows: For raw weight in grams; for volatile cooking loss and for
total cooking loss, ench expressed as percent of the raw weight; and
for the number of minutes per pound required to cook the meat
medium rare, 3,866, 5.0, 6.9, 20.8; 3,165, 5.6, 7.0, 24.4; 3,283, 5.5,
7.3,22.4,

’ SUMMARY AND CONCLUSIONS

In a series of experiments on 395 rib roasts, which represented
U. S. Choice, Good, Medium, and Plain (formetly Comruon) grade
beef, studies were made on the influence of the style of cutting and
of the temperature of conking on the shrinkage (loss of weight) and
cooking time. Btanding roasts were compared with rolled roasts,
The 8 methods of roasting employed oven temperatures ranging from
125° to 265° C. Constant temperature roastine methods were gom-
pared with these including an initial sear at high temperature. Beef
was cooked to four stages of doneness 23 determined by a roast-meant
thermometer: Rare, about 60°; medium, 70°; medium-well-done,
75%; well done, 80°.

Preliminary experiments were conducted on three-rib and two-rib
roasts from the sume eight-rib cut, on paired roasts cooked by the same
methed, on roasts that differed in weight, on roasts that dilfered in
temperature when placed in the oven, and on roasts with long and
short Tib bones.  According to the results, adjacent portions ol the
cight-rib cut differed in shrinkage and rate of covking. Paired cuts
ulso differed more or less in shrinkage and rate of cooking. Heavy
ronsts cooked more mptdly in relation to weight than did lizht ones.
As would be expeeted the colder & roast was at the start the longer
time 1t required. Roasts with long rib hones shrauk slightly more
than those with the bones sawed off short and cooked in practienlly
the sume toial time but in fewer minutes per pound. The results of
these preliminary experiments were applicable 1 a general way to the
interpretation of data obiained in experiments on the style of cutting
and the tempersture of cooking, also in grade comparisons.

When roasts were classified according to grade, the datn on shrink-
age showed that, on the average, the higher the grade the smaller wus
the evaporation loss and the larger the drippings loss, independent
of the slyle of cutting or of the method of cooking. This result is
consistent with the relative avernge fatness of the different grades of
beel.  TFat content is one of the most important factors in determining
grade; on the average the bigher the fat content the higher the grade.

Within grades shyinknge varied considerably, even when the
location of the cut was the same and the same cooking method was
used. Hence, grade differences with respect to shrinkage were con-
sistent only where Lhere wus o large number of the smne cuts in eacli
grade and the same cooking methed was used throughout, This
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condition was fulfilled within reason for the 9th, 10th, and 11th rib
standing roasts of beef cooked to the rave stage by a quick-sear-and-
slow-finish method. The average shrinkage by grade for these roasts
was, respectively, for evaporation and drippings fractions, as follows:
U. 8. Choice, 7.0, 5.3; U. S. Good, 7.3, 4.6; U. S. Medium, 8.4, 3.4;
U. 8. Plein, 8.9, 2.0. With cooking time expressed as minutes per
pound, grade did not seera to exert an important effect on the rate of
cooking. There was, however, & slight trend toward faster cooking
in relation to the weight of U. 8. Good beef as compared with the same
1ib cut of U. 8. Plain beef.

Standing end rolled three-rib and two-rib cuts were cooked to the
rare, medium, medium-weli-done, and/or well-done stages, using a
quick-sear-and-moderate-finish method, and also & constant-moderate
oven tempersture method. Compearison of shrinkage and cooking
time of standing and rolled roasts, on the basis of their respective
weights when ready for the oven, showed that standing roasts shrank
less and cooked more rapidly than rolled roasts. Forexample, a group
of standing roasts when rare lost, on the average, 16.2 percent and
required 19.4 minutes per pound, whereas the corresponding rolled
roasts cooked by fhe same method lost 18.3 percent and required 30.7
minutes per pound. On the other hand, when the shrinknge of the
rolled ronsts was expressed 2s percentage of their weight before being
boned, it was 13.5 percent, that is, somewhat less than that of the
standing rossts.

These results seem to indicate that boning and rolling a rib roast
reduce shrinkage. However, the standing roasts were exposed to the
oven heat for less total time and therefore it might be expected that
they would lose relatively less than the rolled roasts. Also, other
investigators have reperted that standing roasts are juicier than rolled
roasts, indicating smaller loss from the edible portion when the bones
were left in. Hence it is believed that the greater relative shrinkage
of the standing roasts came from hone and connective tissue rather
than from the edible portion.

Of the factors studied, cooking temperature had the greatest in-
fluence on shrinkage and cooking time. In general, when roasts were
cooked rare or medium, as determined by a thermometer in the center
of the thickest portion, the lower the oven tempernture the smaller
the shrinkage and the slower the rate of cooking. For instance, an
eight-rib rolled roast (6th to 13th ribs, inclusive) that was cooked
rare at 125° C. oven temperature shrank 9.3 percent and required
25.4 minutes per pound; whereas the corresponding cut in an oven at
175° shrank 16.4 percent and required 17.8 minutes per pound. At
the well-done stage, however, shrinkage was less definitely relnted to
oven temperature, as shown by 27.0 percent shrinkage for the roast
in the 125° oven and 28.3 percent for that in the 175° oven. The time
required was, respectively, 47.7 and 27.2 minutes per pound. These
figures serve also to emphasize that the more thoroughly beef is cooked
the more it shrinks. Fven with very slow cooking at low oven
femperatures it was not possible to cook meat well done and keep
shrinkage low.

Comparisons of constant-temperature roasting with methods that
included an initial sear, using paired cuts, confirmed the findings of
other investigators that searing in itself does not reduce shrinkage as
it wes formerly thought to do. But whether searing methaods or con-
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stant-temperature methods were associnted with greater shrinkage of
rousts was dependent not on searing alone but on average oven tem-
perature and on the cut used.  For example, a combination of a quicl
sear (265° C. for 20 minutes) with a reduced temperature of 125° for
the finish obviously functioned as a higher aversge oven temperature
than did 125° the entire time.  The result was that a group of seared
three-rib standing roasts (0th, 10th, and 11th ribs) cooked rare shrank
more than unseared corresponding roasts as shown by the figures,
respectively, 14.7 and 10.6 percent. On the other hand, this same
quick-senr-and-slow-finish methad functioned as a lower average
oven temperature than a constant temperature of 175°, as indicated by
the comparative time required in cooking to the rare stage three-rib
standing reasts (6th, 7th, and 8th ribs) and likowise two-rib standing
roasts (12th and 13th ribs). Seared roasts, in this comparison of
roasting methods, shrank less than unscared ones as shown by the
figures for three-rib roasts, respectively, 14.2 and 21.] pereent, and for
two-rib ronasts, respectively, 14.1 and 14.7 percent, Furthermare,
these and other similar results sugyested that the shrinkage of twao-
rib roasts was less consistently governed by oven temperature than
that of three-rih roasts,
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