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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON D.C.

SHRINKAGE AND HEAT PENETRATION DURING
THE ROASTING OF LAMB AND MUTTON
AS INFLUENCED BY CARCASS GRADE,
RIPENING PERIOD, AND COOK-

ING METHOD!

By Lucy M. ALEXANDER, associale specialist in foods, Foods and Nutrition Divigion,
Bureau of Home Economics, and Nancy GriswoLd Cuark, junior homeé
economics specialisl, dAnimal Husbandry Division, Bureau of Anisgal Indusiry?
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INTRODUCTION

To the meat producer as well as to the consumer the cooking
qualities of the different market grades are important. With lamb
- @nd mutton as with other meats, the thickness of the fat covering on
carcass is one of the chiel points in determining grade. The grower
e of course tries to put the right degree of finish on his lamhs so they
=t WilI be neither too fat nor too thin. Grade is a matter ot dollars and
L cents to him when he figures up his production costs and sells his lambs.
te3But even for the grower the economiz importanee of grade does not
t ¢end there. He needs to know for instance how much weight his very
fat lamb loses in cooking and how much time is required to roast
very smali thin Iamb. For in the long run such points make an im- .
.., pression on consumer demand and react on market prices.

R S T ——
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As for consumers themselves, the value of such information to them
is obvious. All classes—froin hotel and restaurant keepers, to dieti-
tians in institutions, to homemaskers buyiug food for their own fami-
lies—need definite facts on the selection and cooking of ments.
Information that relates the finish of the raw cut to shrinkage of the
cooked meat and time in the oven is part of the scientific basis of
such a guide.

To distributors of dressed meat, and also to instibutional managers
who buy in lerge quantities and store in their own coolers, the effect
of ripening or aging on cooking qualities of meat is a matter of interest.
It is, of course, well known that ripening meat for several days makes
it more tender. 'That ripening influences cooking shrinkage and the
speed of cooking is not so well known, but it 1s also of economic
importance in the handling of meai.

To research workers in meat cookery, knowledge of the influence of
finish and ripening on .hrinkage and speed of cooking is essential
because these factors are inseperable from the meat itselfl. Ulnless
research workers know how the character of meat affects its shrinkage
and the rate of heat penetration, they cannot judge the merits of
different methods of cooking and mske sound recommmendations to
homemakers, institutional cooks, and manufacturers of cooking
equipment. The fact that 750 legs of lamb roasted by one standard
method showed & range in shrinkage from 7 o 25 percent of the weight
of the raw meat, and in cooking time from 25 to 58 minutes per pound,
18 s{;{r‘iking proof of the difference made by the character of the mest
1tself.

This bulletin represents an initiel attempt to supply much-needed
information on the factors that influence shrinkage and rate of heat
penetration during roasting. 1t presents dats on 7 different methods
of roasting 1,185 legs of Ianﬁ) and mutton, renging in grade from Choice
to Cull, and in ripening period from 2 to 24 days after slaughter.
Included slso are chemicuf analyses of 3Q legs of lamb from Choice to
Cull grade carcasses contributed by the Animal Husbandry Division
of the Buresu of Animel Industry. Without abtempting refined
correlation methods these dats were used &s a basis for estimating
what shrinkege mey reasonably be expected and how much time to
allow for roasting leg of lamb or mutton of a iiven grade and a certain
ripening period when using a particular method.

The meat for these experiments wes obtained through the coopera-
tive meat investigations,® & national project which affords & unique
opportunity to study alarge number of samples from animals of known
history grown, slaughtered, chilled, and stored under controlled con-
dittons. A large proportion of the meat samples was cooked by one
standard method for palatability tests in connection with production
experiments, and additionsl meat samples were used for the studies of

cooking mothods.
: REVIEW OF LITERATURE

Although research in meat cookery has been under way in the
United States for more than 30 years a review of the literature dis-
closes no information on the shrinkage of lamb and mutton roasted

3 UMITED STatEs DEPARTMENT OF AORICULTURE, BUREAY OF ANIMAL INDUaTRY. & STUDY OF TRE

w.cmngiwmcn INFLUENCE TITE QUALITY AND PALATABILITY OF MEAT. 76 pp., Ules. 1027 [Bfimec-
graphed.
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by controlled methods up to 1931 when Weber, Loeffel, and Peters (7)4
published data on the shrinkege and cocking time of 66 legs of lamb
"8l roasted by the standard method used in the cooperative meat
investigations.®
These authors reported high correlation between carcass grade and
fat content ns indicated by analysis of the wholesale cut commonly
referred to as the rack. The lamb carcasses of Choice grade showed
on the average 44 percent fat in the rack; of Good grade, 35.5 percent;
of Medium, 30.5 percent; of Common, 28 percent. There was, how-
ever, considernble variation within each prade, the data showing
ran%;as of 15 percent in any grade and 30 percent in the Medium grade.
The cooking data reporfed by Weber and his associates show a
range from 5.89 to 9.41 percent. in evaporation losses, with most of the
values folling between 8 and 9 percent. Drippings losses ranged
from 3.03 to 7.83 percent and cooking time from 27 to 33 minutes per
pound. These investigators concluded that while losses by evapora-
tion bear no definite relation to the fatness of lamb, drippings losses
are directly related to fatness—the fatter legs shrinking most—and
that the cooking time per pound is slightly %ess for the fatter legs.
Unfortunately they did not publish data on the shrinkage and cooking
ttme of lamb of stated levels of fatness or of grade destgnation.

EXPERIMENTAL I'ROCEDURE
HISTORY OF SAMPLES

With the exception of nine pairs of lamb legs purchased in Washing-
ton, D.C., markets, sl the samples diseussed in this bulletin came from
animals roised at Federal agricultural experiment stations or at the
State agricultural experiment stations of Indiana, Maryland, Missis-
sippi, New Mexico, New York (Cornell), Tennessec, and West Vir-
ginia.

For every animal raised in the experiment stations there was a
record liept of breed, sex, age, and feeding ration. 1In all, the 1,167
legs of lamb and mutton of known history that were coolied represent
11 breeds. As to sex there were rams, wethers, and ewes. The
lambs varied in age {from 4 to 12 months. Nineteen different feeding
rations were used.

After the animals were slaughtered, the carcasses were graded in
accordance with the standards esteblished by the Bureau of Agri-
culturel Economics (I). In a total of 938 lamb carcasses there were
213 of Choice grade, 463 of Good, 171 of Medium, 41 of Common, 22
of Cull, and 28 of unrecorded grade. The nine mution carcasses
were distributed by grades as follows: Choice, 2; Good, 3; Medium, 3;
Common, 1.

The legs of lamb and mutton were removed from the carcass
where they joined the loin or just forward of the external angle of the
ilium. They were then sawed apart, trimmed, and shaped up as if for
the retail market, The fell wus not removed.

The period of ripening the meat after slaughter ranged from 2 to 24
days, but most of it was aged from 4 to 9 days. Wide veriation in
ripening period was unavoidable in cases where as many as 100 or

+ Italle pumnbers io parootheses refer ta Literatura Cited, p. 25.

§ DMITED STATES DEFARTHENY OF AGRICULTURE, DUREAU oF TIOME EcoNoMIrs AND DBUREAU oF
ANIMAL INDUSTRY, METHODS OF COOKING AND TESTING MEAT FOR PALATARILITY, 36 pp., iline. 1033
[Mimecgraphed.]
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more lambs were slaughtered at & time, and a leg from each set aside
for Falatabﬂity tests, because the capacity of the cooking and jude-

ing laboratory was limited to eight logs a day. A special study of the
eﬁgects of varying the period of ripening was made on paired legs from
the same curcass in which one leg was cooked shortly after slaughter
and the other leg held back for Jonger ripening.

ROASTING METHODS

Al the legs of lamb and mutton were roasted by one of the fellowing
seven methods, differing from each other in oven temperatures end in
the stage of doneness to which the meat was cooked as shown by a
roast-meat thermometer,

Roasting method 1. By far the greatest number of samples was
rossted by the standard Yabomtory method adopted for leg of lamb
in connection with the cooperative meat investigations, since the
meat was cooked for palatability tests as part of production experi-
ments. According to this method, here designated as method 1, the
leg of lamb or mutton was prepared for the oven without salt, pepper,
or flour. Each leg was weighed, and then laid with the cnt-flesh and
pelvic-bone side up and the skin side down on a wire rack in a weighed
roasting pan. A roast-meat thermomater was inserted to the center
of the thickest portion of each leg and kept there throughout the cook-
ing to show when the desired stage of doneness was reached. The
leg, prepared in this way, was seared for 20 minutes at an average
oven temperature of 265° C. after which the cooking was continued
at 125° until the meat thermometer registered 76°, when the leg was
removed from the oven and weighed. The meat was rossted entirely
without a lid and without water added to the pan. The slow finish
at 125° yields & uniformly cooked product deemed especially desir-
able for judging.

The other methods of roasting, held in most cases to be better
adapted to household conditions, were based on method 1 but with the
exception of method 7 varied from it in the use of higher oven tem-
peratures or higher meat temperatures, resulting respectively either
in faster cooking or more thoroughly cocked meat. At 76° C.lambis
between medium and well done and the juice Is pink. Lamb is well
done ab 83° and is probably preferred this way by most people.

Roasting method 2. The meat was seared for 20 minutes at 265° C.
as in method 1, but finished &t 150°, to 76° internal temperature.

Roasting method 3. The meat was seared as in method 1 but fin-
ished at 175° C., to 76° internal temperature,

Roasting method 4. The meat was roasted at 175° C., without
searing, to 76° internal temperature.

Rossting method 5. The meet was either seared ss in method 1,
or for 35 minutes at 250° C., and finished at 125°, to 823 internsl
temperebure.

Roasting method 6. The meat wes sesred as in method 5 but
finished at 175° C., to 83° internal temperature.

Roasting method 7. The meat was roasted at 125° C., without
searing, to 76° internal temperature.

For sll experiments the ovens were gas heated, indirect in action,
ventilated, equipped with glass doors and temperature regulators.
Porteble thermemeters in the same relative position in the several
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ovens registered the oven temperatures, which were read through
the glass doors.

The rate of heat penetralion was determined by the number of
minutes per pound required in cooking. Total fime in minutes
includes the searing period. The number of minutes per pound was
calculated by dividing the total time by the weight in pounds of the
uncooked leg,

DETERMINATION OF COOEING LO3SES

In these investigations shrinkege is defined as loss of weight during
cooking. The shrinkage of each leg was determined as total loss of
weight, and also as two fractions of the total, namely, the pan-
drippinﬁs loss and the loss due to evaporation of water. Total shrink-
ge 1s the difference between the weight of the leg before cooking and
immediately on removal from the oven. Drippings loss is the weight
of the mixture of fat and juice which cooks out of meat and collents
in the roasting pan. T.oss of weight due to the evaporation of water
is the difference between total loss of weight and the weight of the
drippings. Unless otherwise indicated the shrinkage of each log was
calculated as percentage of the weight of the raw leg, trimmed, with.
the fell left on, and including bone.

While loss of weight of meat during cooking has valuc as such and
can be discussed without reference to its fractions, it is Trequeatly
desirable to know what constituents of the meat went into the male-
up of the loss of weight and how the original composition of the meat
was modified. The only way to do this with precision is by chemical
enalysis of the meet, raw and cooked, and of the pan drippings. For-
tunately, considerable work of this type was done by Grindley and
Mojonnier (3) and more recently by McCance and Shipp (4), and while
not on roest leg of Jamb, the outstanding results on cooking losses are
applicable to any kind of roasted meat. On the basis of prineiples
established through chemical analysis it is possible to discuss the
evaporation and c%rrippings fractions of the loss of weight as approxi-
mations to losses of the chief constituents of meat during roasting.

McCance and Shipp distinguish between ‘‘shrink” and loss of
weight. They define shrink as reductior. in volume brought about by
the action of heat on ment proteins. According to these authors, the
loss of weight of flesh (beef and fish) during roasting is made up of
water, fat, protein, and salts. The loss of weight due to evaporation
accounts for nearly all of the water lost during roasting in dry air,
that is, in an uncovered pan in & ventilated oven. The rest of the
wadter 1s lost by dripping into the roasting pan. The pan drippings
contain also fut, salts, and protein, but the loss of salis and protein
is a small proportion of the loss of weight when flesh is roasted in dry
air according to the results of chemical analysis. Most of the loss
of weight is therefore due to loss of water and of fat.

On comparing the cooking losses obtained by the writers’ methods
with those determined by chemical sanalysis it appears that the
evaporation fraction of the loss of weight i3 less than the true water
loss but is a reasonably good approximation to it. Pan drippings
usually are mainly melted fat, but it is probable that the composition
of the drippings varies considerably, hence this fraction of the loss of
weight has no definition in terms of exsct amounts of fat, water,
protein, and salts. Although exactness cannot be claimed for losses
of meat constituents determined as evaporated water and as pan drip-
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vings, the writers believe thet when applied to meat as 1t is cooked by
Eractwal\methods, these rough estimsates of the water and fat loss

ave more value than loss of weight alone as a guide to the changes
in volume, nutritive value, and palatability brought about by roasting.

The reduction in volume of meat on cocking is of considerab%
importance because it affects the appearsnce of the cooked cut and
the number of servings obtainable from it. According to McCance
and Shipp, loss of weight during cooking is & close measure of reduction
in volume only for very lean meat, for which the loss is mostly water.
The ordinary roast of course contains fat as well as lean and, ss is well
known, loses water and also melted fat during cooking. The presence
of fat complicates the relationship beiween loss of weight end
reduction in volume., Although the volume of servable meat in a
roast may not be reduced eppreciably by the melting out of & con-
siderable portion of the {at, it may be affected noticeably by the loss
of water. In order then to form a picture of volume changes, esti-
mates of fat and water fractions of the loss of weight are needed, even
if close relationships are not to be expected.

For studying changes in nutritive value through cooking losses,
insofar as this 1s possible, estimates of water and fat fractions of the
loss of weight, though rouglh, obviously have merit. Water loss does
not represent loss of nutritive value, bup it does affect the concen-
tration of consti*uents left in the cooked meat. In thigz connection
attention is called fu the limitations of indirect determination of the
food value of a piece of cooked mest, since Grindley and Mojonnier
(3) and also MeCance and Shipp (4) state that little i1s known
cf the portion of the eooking losses contributed by skin and bone.
Pen drippings made into gravies and sauces do not represent a loss of
nutrients. Nevertheless under serhe circumstances it is desirable to
know how much of the loss of weight went into pan drippings. This
is particularly true when the drippings contain more {at than can be
used. Under these conditions there is a loss of nutritive value. At
the same time it is scarcely fair to aftribute this waste to cooking
because not all this fat would have been eaten even if it had been
retained by the rosst. Under any conditions excessively fat mest is
wasty.

The palatability of & piece of cooked ment depends to someextent
on its juiciness. Whercasloss of weight in itself may have little mean-
ing as a guide to juiciness in determination of the palatability of
meats, the evaporation fraction serves as an indicator of the quantity
of juice, as ab present judged by organoleptic tests.

PLAN OF EXPFERIMENTS

When planning experiments to show the effect of grade of carcass,
period of ripening, and method of cooking, on shrinksge and cooking
time, everything possible was done to reduce the number of variables.
In the studies of the influence of carcass grade the same cooking
method was used on the seme cut (the leg) from carcasses of different
grades ripened to spproximately the same extens. To show the in-
fluence of ripening or of cooking method, the meat samples were as
nearly uniform as possible; that is, wherever possible paired legs
from the same carcass wers used, she left legs being Lreated one
way and the right legs another. While such methods are tedious it
is belisved that they furnish the most information with the least
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offort and that for comparing methods of cooking or otherwise hand-
ling meat, a small number of pairs is worth more than a muth larger
number of unrelated cuts. Preliminary to the tests on carcass grade,
ripening period, and cooking method, 93 pairs of legs of lamb were
cooked by method I to see how closely results on shrinkage and
cooking time could be duplicated for the same meat, of the same
ripening period, cooked by the same method.

l?umnm::g up, the order and arrangement of experiments were as
follows:

1. Determination of allowance for error in dats on shirinkage and
cooking time as revealed by 93 pairs of lamb legs cooked by method 1.

2. Determination of the effect on shrinkage and cooking time of
ripening 60 Ieft legs of lamb 2 to 6 days and the 60 corresponding
right legs 12 to 21 days, sll cooked by mathod 1.

3. Determination of the effect of carcass grade on shrinksge and
.cooking time—first, for a large quantity of lamb grading from Cheice
o Cu]% cooked by method 1; then, for small groups of lamb of &
range of grades cooked by methods 2, 3, 4, 5, and 6; and finally for
mutton of severa) grades cooked by methods 1, 2, and 3.

4. Determination of the effect of cooking method on shrinkage and
cooking time, using ss far as possible puirs of legs of lamb and mutton
for comparison of other methods with method 1.

EXPERIMENTAL ERROR IN DETERMINATION OF SHRINKAGE AND
COOKING TIME

In order to decide from experimental data whether shrinkage and
cooking time really are infl uenced by carcass grade, by ripening period,

or by method of cooking, it is necessary first to determine what Con-
stitutes a significant difference in results. Of course, every determina-
tion of shrinkage and cooking time is subject to some error. It is,
thercfore, well to know how great this experimental error may be
because unless differences between averages exceed their error they
cannot be regarded as significant.

For a measure of crror in the data the difference between duplicate
determinations of shrinkage and cooking time was used. To make the
duplicate determinations, corresponding left and right logs of lamb
from the same carcass were cooked on the same day. Theoretically
the right and left of each matched pair of lamb legs coolied on the
same day by the same method should yield identical resulis. Where
results are not identical the discrepancies are here regarded as due to
error in the experiment. The study was conducted as follows:

The paired legs from 93 lamb carcasses were selected for the test.
For each of 2 consecutive years the lamb was cooked by method 1
over & period extending from 5 to 18 days after slaughter. Data on
shrinkage and cooking time were obtained separately for the left
legs ang for the rights. After cooking, the lnmb legs were judzed
for palatability. Analysis of the data on palatability has been
published by Spencer (5).

For each of the 93 pairs the difference between the left and the
right, leg was caleulated on weight hefore cooking, shrinkage during
cooking, and cocking time, and the differences averaged. For the
93 leit legs and the corresponding rights the weights before cooking,
the shri.n%:age during cooking, and the cooking fime were averaged.
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For each item, the difference botween the averages was calculated
and the 'standard error of the difference worked out according to the

d—by the method which Fisher (2, pp. 112-114)

n—1
quotes from “Student.” The standard deviation, o, is that of the
series of differences between corresponding left and right legs calcu-
lated in the usual way as the root—mean—square of the deviations
from the average of the series, and = is the number of samples used, 93.
The data are presented in table 1.

formula, ox=

TanLs 1.—Comparison of delerminalions of shrinkage and cooking lime on
corresponding lefi and right legs of lamb, each pair ripened the same period, and
all cooked by the same method (method 1: seared 20 minwutes at 266° C., finished
at 185°%, to 76° inlernal lemperature)

Weight Strlnknga during ropsting Cooklng time

Number and do- | of un-
scription of samples | cooked

lege Evaporation Drippings Total Total ptl;f;d

Grame | Grams | Percent | frama | Percent | Grome | Percend | Afinudea| Minutes
211 £ 112 4.5 323 3.1 170 3.5
211 80 1 ' 325 13.2 170 3.8
N -2 . -2 -1 N -1
E= IR =76 | £24.0 .‘ 573 | L2080 | 0.7 3,98
4. =+. 18 +3.0( =+ ==0. 11 = 25 =+2.1 . 42

According to Fisher two averages nre not significently different
unless the difference between them is at least twice its standard error.
In no case were the averages of the 93 pairs of duplicate determinations
significantly different. However, according to the values found for
standard errors in this study the averages 05 duplicate determinetions
of shrinkage and cooking time made on 93 pairs of legs of lamb could
vary by chance alone up to 0.36 percent evaporation, 0.20 percent
drippings loss, 0.50 percent total shrinkage, and 0.84 minutes per
pound cooking time. These values are held to be significant differences
wetween two averages, each of which is based on 93 samples.

Since 93 is an unusually large number of samples in experiments on
cooking method, the standard errors for 20 and for 10 were caleulated
by dividing the standard deviations as found for the 93 by the square
root of 19 and of 9, respectively. Following are the standard errors
calculated for averages of 20 samples: Weight of uncoolked leg, +14.5
grams; weight lost by evaporation, 9.5 grams, +0.40 percent;
weight lost by pan drippings, £ 5.7 grams, % 0.22 percent; total loss of
weight, £13.1 grams, +0.55 percent; cooking time, £4.5 minutes,
+0.91 minutes per pound. Fov averages based on 10 samples, the
calculated standard errors are as follows: Weight of uncooked leg,
+231.0 grams; weight lost by evaporation, +13.8 grams, % 0.58 per-
cent; weight lost by pan drippings, 8.2 grams, = (.32 percent; totsl
less of weight, +19.1 grams, +0.80 percent; cooking time, total
+ 6.6 minutes, +1.33 minutes per pound. Allowance up to twice
these standard errors should be made for experimental error when
comparing averages based on 20 or 10 samples, respectively.

In genernlizing from the results the writers realize that if data were
available on an infinite number of groups of the composition of those
studied, differences between duplicate determinations of shrinkage and
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cooking time could not be expec ted to be exactly the same as those
found 1n this experiment. At the same time these measures of experi-
mental error sre believed to be reasonable, They are useful through-
out this bulletin as checks on the significance of differences to be
aseribed to carcass grade, ripeming, or method of cookine. Such
checks are, of course, particularly he% ful in judging the significance of
Eesults when averages are the only data reported, as frequently
appens.

e experimental error as estimated may seem large. Much of the
variation in shrinkage and cooking time getween left and right legs
was due to the manner in which they were shaped up as retail cuts,
for if the fat covering over the inside round was stripped off more
closely from one leg than the other there was o greater dilference in
the shrinkage and cooking time than when both were trimmed off fo
about the same extent. giower cooking and increcased shrinkage are
direct results of excessive trimming, Apparently other factors also are
involved in the differences between data from corresponding left and
right legs cooked on the same day by the same method.

It is emphasized that this study covers but one method of roastin
pairs of legs of lamb. Whether allowances for experimental error woulg
need to be os large with other cooking methods cannot be stated but
sincé the low oven temperature of 125° C. exaggerates the role of
factors in the meat itself that retard heat penetration, smaller experi-
mental error might be expected if higher oven temperatures were used.

SHRINKAGE AND RATE OF HEAT PENETRATION AS INFLUENCED BY
PERIOD OF RIPENING OF THE MEAT

During the course of the study to determine experimental error in

the data on shrinka%e and cooking time, it became apparent that the

length of time lamb legs are ripened after slaughter affects the cooking
losses and the rate of heat penetration, Therefore, lest differences due
to ripening be erroneously attributed to carcass grade or to cooking
method, a special study was made of this,

Sixty pairs of lamb legs were chosen and the lefts cooked within
2 to 6 days after slaughter, while the corresponding rights were held
from 8 to 18 days longer. All the legs were cooked by method 1
already described}.r The cooked meat was judged for palatability and
the effect of ripening on the tenderness was reported by Warner and
Alexander (6).

The data on shrinkage and cooking time for the corres onding left
and right legs were handled as described on page 7, and the results
are shown in table 2.

075075 —34—2
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TavLe 2.—Effzct of ripening on shrinkage and cooking time of pairs of legs of lamb,
averaged for lefts and righis ripened for different periods, and all cooked by the
same method (method I: seared 20 minules al 265° C., finished al 185°, fo 76°
inlernal lemperaiure)

Shrinkage during ronsting

> i 3 Tatervel | Weight of
Number 22&;;-:;:&;;40:1 of f}n?}nofi hetween | Hnenoked

lests teg Evapora-  Drip-
tion pinps Total

Daps rama Grams Grems Frama | Afinutes
3, left. .. . 4 ] 1,627 w2 2 i h) 168
3, tight. - I 1871 154 8 2 154

3, Toft. 2,420 270 150 429 208
3, right . 2,271 175 MR 270 2]

- 3 2,379 an4 143 40 a7
Byrlghte e e 2,303 208 i 21 193

8, lnft. . . 2114 220 na 132 181
8, right. . - 2,105 203 i68 31 181

By left e 1,880 178 57 205 16
8, right...... 1, 806 j1L] &i 240 152

- S ’ - 2,328 264 144 kit 101
8, right . ] 2,122 152 7 ) 13

E 2, 250 €7 nz kil 184
8, right 174 H w8 ) i)

13, lofy ] in a1 287 173
11, right . i 137 82 2{8 140

. 251 B3 385 133
AT+ 185 126 281 168

Avernge (60, beft oo E 223 Ha 133 134
Average (06, right) e 3 1% i3] 270 162

T hmmacirea - 45 +i4 405 422
Stnndard error of difforence - .. R =13, 3] &3 +7.2 +2.5

Testing the significance of the differenices between the averages of
60 left and 60 right legs, the value t (2) was calculated for each factor
by dividing the difference by the respective standard error. Since in
every case f exceeded 2,576 and since for samples larger than 30 only
one value in & hundred will exceed 2.576 by chance, the differences
between the nverages are clearly significant.

On comparing the results in table 2 with those in table 1 it can safely
ba stated that longer ripeningmade the differences and that lamb lost
less in weight during roasting and tock less time {0 cook as the ripening
increased. However, since the meat lost weight all the time it was in
cold storage, there was less to cook the longer the ripening continued.
This fact has to be considered in showing the effect of ripening on
shrinkege as percentage of raw weight and on cooking time as minutes
per pound.

To show the effect of so many days’ additionsl ripening, as for
example the average interval of 13 days in table 2, on the percentage
of shrinkage and on the number of minutes per pound required $o cook
the lamb, the base should be the raw weight of the corresponding
peired legs when the first set was cooked. The right legs were not
weighed at the time the lefts were cooked. However, table 1 shows
that left and right legs of lamb did not differ si%niﬁcuntly n raw
weight when the same ripening was given to both. So, for an approxi-
mation of the effect of 13 days’ additional ripening as reflected in
percentage of shrinkage during cooking, the average raw weight of 60
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left legs ripened 4 days, namely 2,171 grams, was taken gs the base
for the 60 rights also, and the following results were ohtained: REvapo-
ration loss, 10.3 and 7.8 percent; drippings loss, 5.3 and 4.7 percent;
total loss, 15.6 and 12.4 percent. Stmilarly, the cooking time as
minutes per pound was reduced from 38 to 34 by the extra 13 days of
ripening given to the right legs.

While this method of calculating brings out most forcefully that
increased ripening reduces cooking shrinkage and cooking time, per-
cent:]).fe of shrinkage and cooking time in minutes per pound are
usually figured on the basis of the raw weight of o piece of meat at
the time 1t is cooked. Comparing the relative shrinkage and rate of
heat penefration of 60 left legs of lamb ripened 4 days and 60 cor-
responding right legs ripened 17 days on the basis of the raw weight
of each roufp at the time it was cooked, respectively 2,171 and 2,042
grams, tﬁw ollowing values were found: Evaporation loss, 10,3 and
8.2 percent; drippings loss, 5.3 and 5.0 percent;total loss, 15.6 and 13.1
percent; cooki.nF fime, 38 and 36 minutes per pound. This method
of caleulation also showed that as lamb was ripened longer it shrank
relgt.lively less during roasting and cocked faster in proportion fo its
welght.

The figures also showed a greater reduction in the evaporation loss
during roasting than in the drippings loss as ripening progressed.
This 15 reasonable because the meat dried out in storage and its water
content hecame lower. When cooked, the 60 legs of lamb ripened
4 days weighed on the average 1,833 grams and the corresponding 60
ripened 17 days weighed 1,772 grams, The difference between the
roasts when cooked, 61 grams, was less than before cooking, which
was 129 grams.

SHRINKAGE AND RATE OF HEAT PENETRATION AS INFLUENCED BY
GRADE OF CARCASS

For detailed studies on the influence of carcass grade on shrinkage
and cooking time, the writers chose from production experiments a
sample of 749 legs of lamb, including 168 of Choice, 389 of Good, 142
of Nfedi am, 32 of Common, and 18 of Cull grade. From the statistical
standpoint larger samples of Common and Cull grades would be
preferable, but the production experiments yielded only a small pro-
portion of lambs in these lower grades.

Included in this sample of 749 are 32 left legs from the 03 pairs in
table 1, 13 lefts from the 60 pairs in table 2, 8 lefts from the pairs cited
below, and 696 lefts not discussed elsewhere in this bulletin.

The ripening period for the 749 legs ranged from 2 to 24 days after
slaughter, with from one-half to two-thirds of the legs ripened from
4 to 9 doys and only one-seventh beyond 15 deys. When averaged
. for the Choice, Good{ Medium, Common, and Cull grades, the ripening
periods were, respectively, 9, 10, 11, 10, and 10 days.

s All 749 legs were cocked by method 1 already described. Data on
shrinkage and cooking time averaged for the five different grades are
given in table 3. The standard arrovs were calculated by the formula,

Gy —E—I- The standard deviation, o, in this table is the square roof
o —

of the sum of the squared deviations from the mearn divided by the
. number of legs cooked, n.
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TaBLE 3.—The effect of carcass grade on shrinkage and cooking time of legs of lamb
when roasted io specified inlernal temperaiures

METHOD 1, OVEN: 206° C. FORI 20 MINUTES, 125° FOR FINISH. MEAT: 78°

Bhrinkago during ronsting Cooking

time per
Tvaporation | Drippiogs pound

Walght of
uncocked leg

Carcnys grade Aamples

Qrama Percent Mfinutes
2, 48024, 0 010 14 N 3 34, 3=£0. 27
2, 26027, B 8 04 G2 , . 3. 14 AT
i, 90532, § 8,84 .14 3 . M. 04,27
1, 408563, 2 0.8+ .20 7.3+ .72
1, 1172:68. & 10. 24 .44 40. 01,38

FOR 20 MINUTES, 15° FOR FINISH. MEAT: 7°

2, 8%
2,288
1,412

2, 556 0.
2 230 L
1,
1
1.

1,048
1,027

METHOD 6 OVEN: 286° C, FOR 20 MINUTES, 12;° FOR FINISH, MEAT: B°

3 2, 367 19,2
&

8.0
2, 350 188 77

METHOCD 0. OVEN: 205° C, FOR 20 MINUTES, 175 FOR FINISH. MEAT: B3°

Chalea__. 2,348 18,
| 207

7 8.2
Qoo ... 0.0 7.2

Additional tests of the influence of carcass grade on shrinkege and
cooking time were made on smaller groups of oth lamb and mutton,
using other methods of cooking. The lamb legs of different carcass
grades, cooked by method 2 wero ripened for 4 to 5 days. Those
cookad by method 3 were ripened, respectively, for Choice through Cull
grades, 8, 8,9, 7, and 7 days. Of the 25 legs of lamb cooked by
method 4, 6 were purchased at a Washington, f).C., market and their
ripening periods were not known, but for the remaining 19 the ripen-
ing periods averaged as follows: 4 Choice grade, 8 days; 3 Good, §8;
5 Medium, 9; 3 Common, 7; 4 Cull, 8. 0% the lamb legs cooked by
methods 5 and 6 those of Choice grade were ripened 8 days and of
Good grade 7 days. Data are shown in table 3.



http:6.3:1:0.11
http:9.1:1:0.14

BHRINKAGE DURING ROABTING OF LAMB 13

Table 4 presents the data for mutton of different grades cooked b
methods 1, 2, and 3. Of those cooked by method 1, ripening periods
everaged 7 days for the Choice grade, 7 for Good, 5 for Medium, and
5 for Common. Mutton legs cooked by method 2 were ripened 4, 5,
4, and 5 days, respectively, for Choice, Good, Medium, and Common
grades. Ripening periods for mutfon legs cooked by method 3 aver-
aged 9 days for Choice grade, 8 for Good, and 6 for Medium.,

TasLe 4.-—The effect of carcass grade on shrinkage and cooking time of legs of
mutlon when roasied lo specified inlernal lemperalures

METHOD !, OVEN: 265°0. FOR 20 MINUTES, 126° #OR FINISH. MEAT™: 78°
L

hrink: r N
Wolght of Shrinkage during ronsting Cooking ™

Carcass grade Snmples thne per
Eynporatlon | Drippiogs potrog!

Minktes
30,2

Nuniber Percent Fercen
4 6.3

]
8

FOR 20 MINUTES, )

1 3, B3T 14.0
t 3,202 15,2
i 2,033 4.4
1 2,844 2.0

FOR 20 MINUTES, 175° FOR FINISH., MEAT:

1 3, 250 1.8
2 3,028 i b
2 2,871 6.2

The significance of differences between the grades in the first section
of table 3 was determined by the method of Fisher (2,7. 108). To com-
pare any two means the standard errors were first squared to obtgin the
varignees, In making use of the proposition that the variance of the
difference of two independent variates is equal to the sum of their vari-
ances, the two variances were ndded. Then extracting the square root
of this sum the standard error of the differences between the means was
obtained, and from this? calculated as usual, For significant results ¢
should be ntleast 2. In the other experiments reported in tables 3 and
4 the number of samples in each grade was very sinsll, so the stendard
errors of the means were not calculated. Instend, the dsba for the
different grades were examined to see if they seemed to show the semae
trend as the larger samples and then the differences between grades
were roughly checked by comparing them with the sllowances made
for experimental errov of 10 smmples as determined on page 8.

With few exceptions, the data in tabies 3 and 4 show the snne gen-
eral trend in the relation of carcass grade of lamb and mutton to
shrinkage and cooking time independent of the method of cooking,

Drippings loss, in percentage, was definitely related to carcsss
grade, Choice grade inmmb and mutton lost the most as drippings,
and as the carcass grade became poorer the drippings loss decreased.
In tsble 3, method 1, where there sre many samples in each grade the
decline in drippings loss was from 1 to 1.6 percent from grade to grade
below Choice, ese differcnces aro significent, but the slight differ-
ences between drippings losses of Choice and Good grade lamb when
cooked by methods 3, 4, and 5 are not in themselves significant,
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Shrinkage due to evaporation loss was not consistently related to
carcass grade. In table 3, method 1, the data show that Choice,
Good, Medium, and Common grade lamb did not differ significantly
in evaporation loss, but that Cull grade lamb lost slightly more. The
next largest sample was the 25 legs of lamb roasted by method 4.
The data for this comparison of grades indicate no significent differ-
ence in evaporation loss of Choice, Good, Medium, and Common
grade lamb. Here again Cull grade lamb differed from the other
grades, but this time it lost less then they did by evaporation.

The rate of heat penetration was influenced by the carcass grade
where c4ch grade was reasonably well represented. According fo the
dsia in table 3 thers was no significant difference in the number of
minutes per pound required to roast Choice, Good, and Medium grada
larub by method 1, but Common and Cull grade lamb took longer to
cook in proportion to the weight. The seme result is suggested by
the data on 25 legs rossted by method 4. In the other grade com-
parisons in tebles 3 and 4 results are not considered significant because
of the small number of samples.

Since the same method of cooking was used in each group of carcass
grade comparisons shown in tables 3 and 4, and since tlljle ripening
periods were kept much the same on the average, the causes of varie-
tion in shrinkage and cooking ime associated with carcass grade are
not to be sought in cooking method or in ripering. According fo
Weber and his associates {7) the fetness of lamb determines the fat
loss on cooking. Of course the legs that wers cooked could not be
analyzed for fat content. The corresponding uncooked legs were no$
analyzed either, However, thers was recorded at the time of cooking
a visual estimate of the relative fatness of each leg of lamb and mutton.
These judgments of “ finish”” were made by the writers, following the
system started in 1927 by D. A. Spencer of the Animal Husbandry
Division of the Bureau of Animal Industry. On the basis of appear-
ance the legs of lamb ranged in fatness from an extremely large
amount to none visible and were graded in five classes. 1en the
finish grades of the legs were compared with the official grades for the
carcasses for 924 lambs, a sample which included many of those dis-
cussed here, the coefficient of f'mear correlation wes +0.78 +0.009,
indicating thet the visible fat on the leg was closely related to the
carcass grade of lamb.

Data on the fat and water content of & small number of lamb legs
from Choice, Good, Medium, Common, and Cull grade carcasses have
been contributed by the Animal Husbandry Division of the Bureau
of Animel Industry and are summarized in table 3.

TanLe 5.—Water and fat content of lamb legs of Chotce, Good, Medium, Common,
and Cull grades delérmined by chemical analysis and evpressed as percent of
weight as purchased

Water conlent " Fat content

Carcass grode
Average Raunge Average Renge

Pereent Pereent Percent Percent
Chaiee. - . - 7 5.8 48. 6-54.8 18.2

{oud - B3.7 44, 8-57. & .7
Medlom - . 40.2-58. 5 11.6
Common A 52 0-54. 9 8.2
Cull [N - . 5. 52.0-58, 1 4.7
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According fo these data the fat content of leg of lamb as purchased
varies directly with the carcass grade. The higher the grade the more
fat there is in the Jeg. The water content of leg of lamb as purchased
varies less consistently with carcass grade, but from these data
appears to be greater for Cull lamb than for Choice.

On comnparing drippings and evaporation loss of leg of lamb of the
different carcass grades as shown in table 3 respectively with the fat
and water content as shown in table 5, it appears that composition
determines what the character and relative amount of the shrinkage
will be, other things suchas ripening and cooking method being equal.

The rn,n%e in water and fat content of lamb log in table 5 indicates
considerable variation within grades, consequently it is to be expected
that shrinkage also will vary within grades. A good deal of variztion
existed in each grade as shown by the standard error of the means of
the large samples (table 3). Averages based on & small number of
samples therefore cannot be expected to be the same as if a large
number bad been used.

It is unsatisfactory to attempt to explain the rate of heat penetra-
tion by the chemical composition of meat. The weight of & leg of lamb
as well as the fat and water content undoubtedly influences the num-
ber of minutes per pound required to cook it. There appears to be a
considerable range in fat content and in weight over which these
factors do not influence the rate 01 heat penetration, as for example in

. Choice, Good, and Medium grades. However, with a sharp decrease
in fat content and in weight, such as found in either Commeon or Cull
lamb, the speed of cooking cleclines.

As far as it is possible to make comparisons, the results are in general
accord with those reported by Weber, Loeffel, and Peters (7).

SHRINKAGE AND RATE OF HEAT PENETRATION AS INFLUENCED BY
THE METHOD OF COOKING

Seven methods of roasting lamb and mutton were employed,
including five different oven temperatures and two meat tempera-
tures, or stages of doneness. These methods have already been de-
seribed (p. 4). In comparative tests methods 2 to 7 were always
checked against method 1, since it is the one by which the largest
number of samples were cooked. Wherever possible, both legs from
the same carcass were used, the leg from one side cooked in one way
and the corresponding leg in another on the same day. This arrange-
ment keeps the composition of the meat essentially the same for each
comparison of two methods of cooking and so reduces the number of
variables in an experiment;

OVEN-TEMPERATURE YARIATIONS

As already stated, for method 1 lamb or mutton was seared for 20
minutes at an average oven temperature of 265° C., then the cooking
continued very slowTy at 125° until the thermometer inserted in the
ment registered 76°. From the 749 legs of lamb roasted by this
method and summarized in table 3, the 18 Cull grade legs were omitted
2s not representative of the lamb ordinarily lound on the markes.
This leaves 731 of Choice through Common grade, ripened for an
average-of 10 days. Shrinkage data and cooking time were averaged
for these 731 samples and are presented graphicsﬁly in figures 1 and 2,
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group A. Data for three other groups of legs of lamb cooked by this
method are also shown in figures 1 and 2, B, C, and D. These groups
contain, respectively, 20, 8, and 21 legs of lamb, in part the mates of
samples reported in table 3. Table 6 contains data on another group

METHOD OF i ]
COOKING LAMB COCKED TQ 76 °G.

T3l SINGLE LERS
METHOD 1.
OVEN: 265 2omin, A R TS
125°C. FOR FiNISH T T

METHOD L

QVEN: 265 "C. ,20MIN.
125 "¢, FOR FINISH

METHOD 2
OYEN: 265 *C. 20 MIN,
150 °C. FOR FINISH

P

METHGD |,
OVEN: 265°C. ZOMIN, R T T e
125 °C. FOR FiINISH |

. 8 PAIRS QFLEGS
METHCD 3.
OWEN: 265"C. ,20MIN {
ITE%, FOR FldiSH T T

METHQD 1.

OVEN: 265°C. 20 MIN

125", FOR FINISA ;
21 PAIRS OF LEGS

D e g
OVEN! 175 T.CONSTANT | |boprremrrremre —

T

LAMB COOKED TO 83 °C.

OVWEN: 2857 .20 MIN

METHOD 5.
E
125 °C. FOR FINISH {

METHOD, 5. —— ————
OVEN: 265"5 eomiv | F \\x\\\\\\»\\\\\m“\\wmw
125° FOR FINISH T

12 PAIAS OF LEGS
METHOD &, - - 3
OVEN: 2657 ,20 min, | F i e T e R e e Ry
15" FOR FIRISH R A T A TRt

5 10 15 20 25
SHRINKAGE {PERCENT )}

EER ToTAL LOSS 27 [VAPORATION (053 2] GRIPPINGS LOSS

Flaure 1 —Average surinkuge of savernl lots of lamb legs durlog rossting as affected by varistions jn aven
tetmperacira and In cooking lo different sloges of doneness. The fpsses ate expressed s percent of the
weight of the nncooked cut.

of legs of lamb cvoked by method 1. Since the pairs of legs were
cooked to compare different oven temperatures they are discussed in
detail below.

Nine left, legs of mutton were cooked by method 1 as reported in
table 4. The ripening period ranged from 4 to 9 days, averaging 6.
When the figures for shrinkage and cooking time were averaged the
following results were obtained: Evgporation loss, 11.7 percent;
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drippings loss, 3.8 percent; total loss, 15.4 percent; minutes per
pound, 30.6.

Method 2 employs the same searing and the same meat temperature
as method 1, but for the oven temperature uses 150° C. for the finish,
The two methods were compared on pairs of legs of lamb and mutton
to show the effect on shrinkage and cooking time when the finishing
oven tempserature was raised from 125° to 150°, Twenty pairs of
legs of lamb and four pairs of legs of mutton were cooked by these two
methods. Four pairs of the lamb legs came from graded carcasses
(table 3). The remaining 16 pairs were from ungraded ecarcasses,

METHOD GF T T
COCKING LAMB COOKED TO 76 °C.

METHOD I, SINGLE LEGS I
OVEN! 265C. 20 M, ) e
12%°C FOR FINISH

METHOD 1.
OVEN: 263°C, , 20 MiN. (g _—
125 "C. FOR FIHISH 20 PAIRS OF LEGS

MENTOD2 =

OVEN: 25570, ,20 MIN,
150°C, FOR FIHISH

METHOD I
OVENT 265 °C. ,20 mu.{c
125°C, FOR FINISH

METHOD 3
OVEM: 2657, ,20 MIN.
175 °C FOR FINISH

METHOD |

OVEN: 265 T, 20 MIN.
125 °C FOR FINIiSH
METHGD 4 {
DYEN:IT5 % CONSTANT

8 PAINS OF LEGS
¢! —

g== =,
2| PAIRS OF LEGS

W ———|

|

LAMB COQKED 70 83°C.

METHOD 5 23 SINGLE Leos |
OVEN'265"C.,20 MIN  E
125°C FOR FINISH

METHOD 5
OVEN: 265"C. ,20 MIN.
125°C. FOR FINISH {

F

10 PAIRS QF LEGS

F Q IIO ZID 30

GODKING TIME { MINUTES PER POUND )

Finung 2.—Averape time required Ior heat to penetrute lumb legs raasted by voricns maethods and to
virious degrees of doneness. ‘Tha cooking time is expressed as minutes per pound of the uncooked aut,

METHQD &
OVEN: 265 6., 20 MIN
175 °C FOR FINISH

but finish grades assigned in the cooking lnboratory indicated that all
were of a mederste to a very high degree of fatness, except I pair which
probably would have been graded Common. The ripening period
ranged from 4 to 9 days, and averaged 7. Shrinkage and cooking
time of the 20 pairs of legs were averaged for the two methods of cook-
ing und are shown graphieally in figures 1 aund 2, as groups B and B’.

Of the four pairs of mutton legs, the left legs cooked by method 1
are reported with five others in the first sectiori of table 4, and their
mates cooked by method 2 appear in the second section of the table.
The ripening period ranged from 4 to 5 days. Following are the
averages, respectively, for the four pairs of legs of mutton cooked by
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methods 1 and 2: Evaporation loss, 13.4 and 16.1 percent; drippings
loss, 3.6 axd 4.1 percent; total loss, 16.9 and 20.3 percent; minutes per
pound, 32.8 and 26.8.

According to methed 3 lamb and mutton were seared the same as
in method 1 and cooked to the same stage, 76° C., but the finishing
oven temperature was 175° instead of 125°. Eleven puairs of lamb
legs and five pairs of mutton legs were cooked by these two methods
to show the effect on shrinkage and cooking time of raising the oven
temperature from 125° to 175° for the finish after searing. Table 3
reports data on the 11 legs of lamb cooited by method 3. Omitting
the 3 pairs of Cull grade samples, the remaining 8 peirs averaged 8
days ripening, Shrinkage and cooking time for the 8 pairs cocked,
respectively, by methods 1 and 3 are shown graphically in figures 1
and 2, groups € and ¢’. The 3 pairs of Cull grade lamb legs were
ripened 7 days on the average. Shrinkage and cooking time for these
3 pairs of Cull grade legs cooked by methads 1 and 3 averaged, respec-
tively, as follows: Iivaporation loss, 11.3 and 11.8 percent; drippings
loss, 0.7 and 1.3 percent; total loss, 12.0 and 13.1 percent; minutes per
pound, 49.4 and 26.4.

Of the five pairs of legs of mutton the right legs cooked by method
3 were reported in the third section of table 4, and the lefts cooked by
method 1 included in the first section of the same table. The ripening
period averaged 7 days. The shrinkage and cocking time for the
five pairs of mutton legs cooked by methods 1 and 3 averaged, respec-
tively, as follows: Evaporation loss, 10.4 and 15.2 percent; drippings
loss, 3.9 and 4.6 percent; total loss, 14.3 and 19.8 percent; mmutes
per pound, 28.9 and 19.5.

Method 4 employed a constant moderate oven temperature, 175°
C. without searing, and the lamb was cooked to 76° internal tempera-
ture. Twenty-five pairs of legs of lamb were used to compare method
4 with method 1. Table 3 contains data on the 25 legs that were
cooked by method 4. When the 4 pairs of Cull grade Jamb legs were
omitted, the ripening period of the remaining 21 pairs averaged 8 days
so far as information is available {p. 12). The data for shrinkage and
cooking time were averaged for the 21 Jeftlege :ooked by method 1 and
for their mates cooked Uby method 4 and are shown graphically in
figures 1 and 2, as groups D and I’. When the four pairs of Cull
grade lamb legs, ripened 8 days, were averaged to show shrinkage and
cooking time for the two methods of roasting, the following resulis were
obtained, respectively, for methed 1 and method 4: Evaporation loss,
10.6 and 9.3 percent; drippings loss, 1.8 and 2.0 percent; total loss,
12.4 and 11.3 percent; minufes per pound, 43.4 and 34 4.

Prior to the adoption of the standard laboratory method for palata-
bility tests lamb was cooked well done to 83° C. {method 5), By
this method the legs were seared either for 35 minutes at 250° or for
20 minutes ab 265°. Since the two searing methods did not appear
to affect the shrinkage differently, no distinction is made here. After
searing, the finishing oven temperature was 125°. Twenty-three
single Jegs of Iamb were cooked by this method. Eleven legs were
from carcasses graded Cloice, Good, Medium, and Common. The
remaining 12 were not graded. The ripening period for 21 of the 23
legs ranged from 3 to 10 days, averaging 7. The shrinkage and cook-
ing time were averaged for the 23 legs, and the results ars shown
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graphically in figures 1 and 2, as group E. The 10 single legs of lamb
cooked by method 5, for which shrinkage and cooking time are shown
gru hicaﬁry in figures 1 and 2, group I, are included in the group of 23
and are discussed in detail below.

According to method 6 Jamb was seared the same as by method 5
and cooked to the same stage, 83° C., but the finishing ¢ver tempera-
ture was 175° Ten pairs of legs of lamb were roasted by methods
5 and 6 to skow the effect on shrinkage and on cooking time caused b
raising tha oven temperature for the finish from 125° to 175° for well-
done lamb. Eight pairs were from carcasses graded Choice and Good
(table 3) and were ripened for an average of 8 days. The remaining
two pairs were from ungraded carcasses of unknown ripening period.
The data for shrinkage and cooking time of the 10 pairs were averaged
for the two methods of cooking and arc shown graphically in figures 1
and 2, as groups Fend F7.

According to method 7 lamb wak cooked the same as in method 1
except that it was not seared. Ten pairs of legs of lamb were roasted
by methods 1 and 7 to show the effect of searing on shrinkage and
cooking time. Kight pairs were from Good grade carcasses and
ripened for an average of 8 days. The remaining two pairs were from
carcasses graded Medium, but since they were purchasad at o market
their ripening period was not known. The data for shrinkage and
cooking time of the 10 pairs were averaged for the two methods of
cooking and are shown in table 6.

Tasve 6.—Effect of searing on shrinkage and cooliing time of paired lamb legswhen
roasied g 76° C. inlernal lemperalure

Shirfnkuge during ronsting Cooking

Numher and [Welght ol Lime

teseription Juncooked
of sumples loge Evaporn-  Drip-
tion pings

Ronsting methoid and gven
. Lelpernture

por
Total poundd

) Grams | Percent | Percent | Percent | Minules
MI?TJ"UI[]i 13 205° C. for searing; 125° far | 10, lefL 2,058 10.8 4.9 15,7 30,3

nizhing,
Method 7; 125° €. entire Lima 10, right.... | 2,001 8.4 3.4 1.8 4.7

—33 +24 +1.5 +3.8 —5.4
+I18.0 +. 44 =+, 27 = 63 +=1.77

Before discussing the effect of varying the oven temperature, atten-
tion is called to the data for the four groups of lamb legs in figures 1
and 2, designated as A, B, €, and D, and the seared group in table 6,
Although all were cooked by method 1, they show discrepancies in
shrinkage and also in cooking time as minmutes per pound. If the
groups B and D and the seared group in table 6 had been ripened 10
days on the average instead of 7 or 8, it is believed that the shrinkage
and cooking time would have been nearer to the values shown for
%roup A. The shrinkage of group ¢ was unaccountebly low for
amb ripened 8 days.

To show the eflect of varying the oven temperature on the shrink-
age and cocking time of lamb and mutton, the means of the paired
samples in groups B and B, € and ¢/, D and D', and F end F*, also
for the two groups each of Cull grade lamb and ¢f mutton of several
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grades, and for the seared and unseared groups in table 6, were
tested for significant differences as described on page 7. In addition,
the differsnces between means were further checked by comparing
them with allowances for experimental error (p. 8).

Resuits showed that for lamb and mutton of Choice through Com-
mon grade when cooked to an internal temperature of 76° C., the
higher oven temperatures employed in methods 2 and 3 caused
greater shrinkage than method 1 and cooked the meat more ctuickly. )

On compering method 4 with method 1 (groups I’ and ['), lamb of
Choice through Common grade roasted at a constant moderate oven
temperature, 175° C., shrank more than when it was first seared at
265° and then finished at 125°. This findirg is significant. The
data in table 6 show that searing itsell not only does not decresse the
shrinkage of roasts as was once thought, but actually increases it,
with the drippings loss increased proportionately more than the
evaporation loss. In the case of method 1 and method 4, however, a
method that included searing caused less shrinkage than a constant
temperature roasting method. The data in groups D) and D’ suggest
that method 4 gave higher average temperature than method 1. KFrom
these results it appears that in roasting meat shrinkage is affected
more by average oven temperature than by initial searing.

Cull grade lamb again proved different from the higher grades, this
time in response to variations in oven temperature during roasting.
Whereas Choice, Good, Medium, and Common grade lamb when
cooked to 76° . Internal temperature shrank more as the oven
temperature was raised from 125° to 175°, Cull lamb treated similarly
did not shrink significantly more at the higher temperatures. It
appears that the time in the oven had some effect on the shrinkage,
since Cull lamb took proportionately much longer to cook at 125°
than at higher oven temperatures.

For lamb of Choice and Good grades cooked to 83° C., raising the
oven temperature from 125° to 175° for the finish after searing did
not increase the shrinkage significantly according to the comparison
of metheds 5 and 6 in groups F and 7/, figure 1. This is a different
result from the comparison of methods 1 and 3, althougl: in the two
experiments the same oven temperatures were contrasted. The find-
ing with respect to lamb cocked to 83° is significant because it is
contrary to the general belief that a low oven temperature always
holds down the shrinkage of meat. That the long time required to
cook lamb well done in a very slow oven decidedly affected the
shrinkage is clear from the data in groups F and ¥, figure 2.

MEAT TEMPERATURE YARIATIONS

Method 5 and method 1 differ only in the stage to which lamb is
cooked, respectively 83° and 76° C. Althou%h there were no pairs of

legs of lamb cooked by these two methods there were several groups
containing unrelated samples, namely, groups A, B, €, or D for
method 1 and E or F for method 5.

Similarly the shrinkage and cooking timc of group ¢’ cooked by
method 8 can be compared with those of the unrelated group F’
cooked by method 6, figures 1 and 2. These two methods also differ
only in the stage to which lamb is cooked, respectively 83° C. for
method 6 and 76° for method 3.




BHRINEAGE DURING ROASTING OF LAMB 21

Statistical treatment is not necessary to show the obvious effecta
ofi shrinkago and cooking time brought about b varying the stage of
doneness or internal meat temperature. For the two groups ¢’ and
F’, however, the cooking time was compared by Fisher’s method (2,
gp. 114-118). The difference between the mean was further checked

y comparison with allowances made for experimental error (p. 8).

According to the results, lamb roasted well done, 83° (., shreak
much more than Jainb roasted only to the medium-te-well-done stage,
76°  The increase in the shrinkage associated with raising the meat
temperatunz from 76" to 83° was almost 100 percent when the low
oven temperature of 125° was used for finishing after searing, as in
methods 1 and 5. Figure 2 shows that the cooking time was also
%reatly increased; in facs in many individual cases it was doubled.

hese groups, as already noted, were made up of unpaired legs of
lamb, so they differed in composition, hence the difference in shrinkage
and cooking time cannot be aseribed entirely to method of cooking.
In addition there were some cases where the grade composition was
not known. This probable dissimilarity makes it impossible to esti-
mate how much of the difference mighs be attributed to grade, but it
is believed to be relatively small,

Similerly, an allowance should be made for the effect of the com-
position of the meat on the shrinkage and cooking time for lamb
cocked to 83° . and only to 76° when the oven temperature was
moderate, or 175°, for the finish after searing, as in methods 6 and 3.
In this case the data for lamb cooked to 83° showed a 60 percent
incrensed shrinkage over lamb cooked to 76°. With the higher oven
temperatures useg in methods 6 and 3, little longer time is required
to raise the meat temperature from 76° to 83°. In groups £ and F/

of figure 2, the difference between the means is insignificant, but since
the groups were small and the legs were not paired, the results are not
conclusive for cocking time.

RESULTS OF EXPERIMENTS ON COOKING METHOD

Summing up these experiments on the effect of method of cooking
on the shrinkage of lamb and mutton, the resuits show that the oven
temperature, the stage of doneness, and the length of time required
to bring the meat to any particular stage of doneness all combined
to influence the shrinkage during roasting. The lower the oven tem-
perature, the longer was the time required to cook the mest to a par-
ticular stage of doneness, as would be expected. The more thoro ughly
the meat, was cooked, the Ionger was the time required, as would also
be expected. Low oven temperatures held down shrinkage except
when the time required was excessively long in proportion to the
weight of the roast. The lower the oven temperature the less was the
shrinkage of lamb cooked medium to well done, 76° C., except for the
smell lean legs of Cull grade lamb. They required proportionately
much longer time to cook in a very slow oven (125° after searing) than
in & moderate oven (175° after searing) and showed no significant
difference in shrinkage. Also for lamb cooked well done (83°) shrink-
age was not significantly different at these same oven temperatures
because 1 hour per pound was required when 125° was used as the
finish after searing, whereas only half as long was needed when seared
roasts were finished at 175°,
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ESTIMATING SHRINKAGE AND COORING TIME OF LAMB AND
MUTTON ON THE BASIS OF EXPERIMENTAL RESULTS

Of Siiﬁial interest to meat producers and to those consumers who
are looking for pointers on selection is the shrinkage expected of the
different grades of lamb. According to information from the Division
of Livestock, Meats, and Wool of the Bureau of Agricultural Eco-
pomics, the bulk of the ruarket supply of lamb reaches the consumer 7
to 10 days after siaughter and consists of Choice,Good, and Medium
grages with the greatest number falling in the lower third of the Good
adaea.

Vhe data in teble 3 indicate that for 168 legs of Choice grade lamb
ripened for an average of 9 days, prepared for roasting with the fell on
and without seasoniung, and roasted by method 1,in 95 percent of trials
the average total loss of weight would fall between 15 and 15 percent.
Simularly for 389 Good grade lamb legs ripened for an average of 10
days, the total loss of weight would be about 14 percent, and for 142
legs of Medium grade lamb aged 11 days on the average, from 12 to 13
percent. It is roughly estimated for lamb of Common and Cull grades
when ripened for an average of 10 days and cooked by method 1 that
the total loss of weight will {all between 11 and 12 percent.

The time required to coock Choice, Good, and Medium grade lamb
legs by method 1 is estimated to average 34 to 35 minutes por pound,
but varies considerably forindividuallegs. Itis exceedingly difficuls
to predict cooking time for low-grade lamb when this method of cook-
ing is used, but 40 to 45 minutes per pound is reasonable.

There were so few legs of lamb in each of the several carcass grades
when other methods of cooking were used, ss appears in table 3, that
estimates by grades are not attempted,

Having shown that ripening has a definite eflect on shrinicage and
cooking fime, the writers offer here estimates of shrinkage and cooking
time based or. averages of five groups of legs of lamb cooked by method
1 ab different periods of ripening. The ripening periods averaged 4, 8,
10, 11, and 17 days, respectively, for 60 samples (table 2}, 51 {(from
groups B, C, and D, figs. 1 and 2 and the searcd group in table 8), 731
(table 3 and group 4, figs. 1 and 2), 93 (table 1}, and 60 (table 2).
From the date it is estimated that for 60 legs of lamb including 29
Choice grade, 26 Good, 3 Medium, and 2 Comunon, ripened 4 days
and cooked by method 1, shrinkage may be expected in 95 percent of
trisls to vary from 15 to 16 percent. Similarly for 51 legs of lamb
rapging in grade from Choice to Common, avernging between Good
and Medium and ripened 8 days, the shrinkage is estimated at 14 to
15 percent; for 731 legs of lamb ranging in grade from Choice to
Common (table 3), averaging Good grade, and ripened for an aver-
age of 10 days, at 14 percent; for 93 legs of lamb made up of 21 of

otee, 50 of Good, 21 of Medium, and 1 of Common grade, ripened
for an average of 11 days, at 13 percent; and for 60 legs of lamb mainly
Choice to (Good, as already noted, ripened for an average of 17 days, at
13 percent.

ooking tine as minutes per pound is estimated for groups of the
composition of the above, respectively at 38 to 39, 37 to 39, 34 to 35,
31 to 32, and 35 to 37. The cstimates for lamb ripened 11 and 17
days are not belioved to be typical. However, they serve well to call
attention to the fact that although longer ripening malkes lamb cook
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faster, thers are other factors involved also, and it is not possible to
make close estimates for individunl legs on the basis of a certain num-
ber of days of ripening. In fact, so far no satisfactory basis has been
found for close estimates of cooking time for individual legs of lamb
roasted by method 1. Because this is so, method 1 is difficult even
for the laboratory and is not recommended for household use. How-
ever, since it is the method by which the largest number of samples
has been cooked, it is the basis for estimating the shrinkage and cook-
ing time for the other methods. With the exception of methods 5
and 7, the others are held to be more practical.

For the general market supply of leg of lamb rossted by methods
2, 3, 4, 5, 6, and 7, estimates of shrinkage and cooking time ars very
rough because they are based on small samples, respectively groups
B, O, IV, B and F' in figures 1 and 2 and the unsenred group in table
6. When method 2 is used, the shrinkage is predicted to range be-
tween 15 and 18 percent and the cooking tirne from 25 to 27 minutes
per pound on the sverage.

For leg of lamb roasted by method 3 shrinkage is estimated at 17
t0 20 percent and cooking time at 23 to 24 minutes per pound. How-
ever, since the shrinkage figures are based on only eight pairs which
showed rather low cooking losses, they are helioved to be smaller
than should occur in the long run. The estimated cooking time, on
the other hand, is believed to be too high. '

For lamb roasted by method 4 shrinkage is estimated at 17 to 20
percent and cooking time at 24 to 26 minutes per pound on the aver-
age. Incidentally, as between methods 3 and 4, if meat of the same
composition were used, the searing in mothod 3 would be expected
to increase shrinkage 3 to 5 percent, and to decrease the cooking
time about 5 minutes per pound. _

For leg of lamb cooked well done, 83° C., by methods 5 and 6,
shrinkage is estimated at 25 to 30 percent, whether the finishing
temperature after searing is 125° or 175°,  Cooking time is estimated
at 1 hour per pound for method 5 and Lalf an hour per pound for
method 6.

For leg of lamb roasted by method 7 shrinkage is estimated at 10
to 11 pereent and cooking iime at 39 to 41 minutes per pound.

"The number of mutton samples was too smell to provide & reliabla
basis for predicting shrinkage and cooking time, but as far as can be
iiudgcd from the data leg of mutton will shrink somewlhat more than
g of lamb of the same grade and cook more quickly in proportion
to its weight. This is contrary to a general belief that larger pieces
of ment shrink proportionately less than do small ones, but is in
aecord with the belief that very large cuts cook faster in proportion
to their weight.

SUMMARY AND CONCLUSLIONS

The influence of careass grade, period of ripening, end method of
cooking on the shrinkage (loss of weight) and rate of heat penetra-
tion during roasting was determined in a series of experiments on
1,185 legs of lamb and mutton, including Choice, Good, Medium,
Common, and Cull grades, ripening periods of from 2 to 24 days
after slaughter, and seven different cooking methods. Studies on
cooking method included variations in oven temperatursc snd varia-
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tions in the stage of doneness to which lamb was cooked as deter-
mined by a roast-meat thermometer. Oven temperature was raised
from 125° C. to 175° for the finish after 20 minutes searing at 265°,
and the effects on shrinkage and cooking titne compared, and con-
s*ant-temperature roasting at 125° and at 175° was compared with
the sear at 265° plus finish at 125°, Also the lamb was cooked to
two stages: 76°, medium to well done, and 83°, well done.

A preliminary study was made to determine what is a significant
difference in shrinkage and cooking-time data for averages of 10, 20
and 93 legs of lamh roasted by the standard laboratory method vse
for palatability tests in the cooperative meat investigations,

The higher the grade of lamb and mutton the greater was the
shrinkage, due mainly to the rendering out of mors fat into the
drippings from the better finished high-grade meat. Since pan drip-
pil;ﬁs are usually made into gravies and sauces they do not neces-
sarily represent a loss of nutntive value. Although drippings some-
times contain more fat than can be used, this excess fat should not
be locked upon as cooking waste because it probably would not have
been eaten even if it hnd%)een retained by the roast. Whereas drip-
pings loss decreased with grade, the water lost by evaporation during
roasting did not follow grade consistently. Choice, Good, and Medi-
um logs of lamb cooked more rapidly in proportion to their waight
than larhb of Common and Cull grades.

Increasing the length of the ripening period after slaughter de-
creased the cooking shrinkage and shortened the time required to
roast leg of lamb. As the ripening period of lamb increased beyond
2 days after slaughter, the cooking shrinkage heceme smaller and the
rate of heat penetration more rapid. The decrease in loss of weight
in thie oven is of special interest because it offsets to some extent the
loss of weight in the cooler during storsge. No studies were made
on fuel consumption in relation to ripening, but of course with faster
heat penctration there would be less fuel required per pound of meat
cooked.

Among the studies on oven-temperature variations as influencing
shrinkage, the comparisons of the constant low and constant moder-
ate temperature methods with a method that includes an initial sear
and o slow finish are of specia! interest. The average oven tempera-
ture for the combination of 265" C. for 20 minutes searing and 125°
for finishing was higher than 125°, the constant low temperature
used. There was a difference of 4 percent in the shrinkege of lamb
legs roasied by these two methods and the smaller loss was associated
with the lower average cooking tempersture. That is to say, the
unseared legs shrank less. In contrast, the average oven temperz-
ture for the combination of 265° for 20 minutes searing and 125° for
finishing was lower than 175°, the constant moderate temperature
used. Again there was a difference of 4 percent in the shrinkage of
lamb legs roasted by the two methods, and the smaller loss was
associated with the lower average cooking temperature, which how-
ever in this case included an initial sear. This time the unseared
legs shrank more. This goes to show that searing in itself does not
reduce shrinkage, as was onece thou%ht, but actually makes a roast
lose more weight, though the oxtre loss is mainly fat. The signifi-
cance of these results lies in the fact that it is the average oven tem-
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perature which has more influence on shrinkage than does the initial
Sear.

As & whole the studies show that the lower the oven temperature
the smaller was the shrinkage of leg of lamb cooked to the medium-
to-well-done stage (76° C.). At the lowest oven temperature used,
constant 125°, the shrinkage averaged 12 percent and the cookin
time 45 minutes per pound. When lamb l2zs were first seared,
and then finished at different oven temperatures, at the lowest
finishing temperatura, 125°, tho meat shrank 13 percent, whiie at
the highest, 175°, the shrinkage averaged 17 percent. The cooking
time ranged from an average of 36 to an average of 24 minutes per
pound, respectively.

In contrast when leg of lamb was cocked well done (83° CJ by
these same oven temperatures, 125° and 175° following searing, the
shrinkage was not significantly different, averaging 27 percent.
The cooking time aversged 60 minutes per pound %y the former
method and 25 by the latter. Without doubt the time influenced
the shrinkage.

These tests on the influence of cooking method showed that the
stage to which leg of lamb was cooked made more difference on
the shrinkage than the oven temperature that wes chosen. The
results bring out an important point in ment cookery with respect
to controlling shrinkage: The stage of doneness to which ment is
cooked in roasting may make more difference on the shrinkage than
the specific oven temperature used. This is a good argument for the
use of & roast-meat thermometer in addition to an oven thermometer
because the meat thermmometer shows when the desired stage of
doneness is reached and prevents overcooking and excessive
shrinkage,

On the basis of experimental data estimates of shrinkage and
cooking time were worked out to apply to lamb and mutton as the
consumer is likely to find it on the market, when cooked by the
methods described in this bulletin.
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