
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




------

~~ 11111 1111'2.5I . 0 Q~," 1I111~~ 1.0 28 
"'" 2.5 

~~ 11111~1 C~ 1111/32 
g~ 1'1'36 ~;" '11 ;;;- •

11C_ ~I!~j 1- Il.u_
I... , 

:: g~ I .0 
L. •1 1 1.1 ....... 


111 . L ~~ 11111 1.8 -
111111.8 

111111.25 111111.4 111111.6 111111.25 1I1111.~ 11111,·6 

MICROCOPY RESOLUTION TEST CHART MICflOCOPY RESOLUTION 1[SI CHART 
N41iONAL BliHiAU cf ',lANUM/(j,; 1%{ A 

http:111111.25
http:111111.25


, 

~~~~~~~~~~~~~~ 

~_ll~W)~J~

Technical Bulletin No. 440 ......... ~ "='" August 1934 


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 METHODl 

By Lucy M. ALEXANDER, associate specialist in foods, Foods and Nutrition Division, 

Bureau of Home Economics, and NANCY GRISWOLD CLARKI junior home 
economics specialist, Animal Husbandry Divi.gion, Bureau of Am~nal Industry 2 

CONTENTS 

Page Pnlle
Introduction __ ________________________________ 1 Shrinkage and rate of lJent penetration ns in-
Review of Iiterature___________________________ 2 fluenced by the method of cooklng •• _ '.______ 15 
Experimentnl procedure_______________________ 3 Oven-temperature varlations_. ______ ••____ 15 

History of samples_________________________ 3 Meat·temperature variations___ ••••____ ••• 20 
Roasting methods_________________________ 4 Results oC experime' is on cooking method.. 21 
Determination of cooking losses____________ 5 Estim.lting shrinkage ~ ;(l. cooking time of lambPlnn oC experiments____________________ ._. 6 nnd mutton on the basis oC experlmentel

Experimentnl error in determination oC shrink results. ____•••••••____ ._._____••__•• ___ ______ 22 
age nnd cooking time________________________ 7 Summary nnd conclusions ______...__••. _._____ 23

Llternture cited __ • __________________._._______ 21iShrinknge nnd rate oC heat penet.ration as in
fluenced by period oC ripemng of the meaL__ 9 Statement of cooperation ___ •• _________________ 26 

Shrinkage nnd rate oC heat penetration as in
fluenced by grade oC carcass__________________ 11 

INTRODUCTION 

, To the meat producer as well as to the consumel' the cooking 
ualities 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 chief points in determining grade. The grower ~ 

~ of course tries to put the right degree of finish on his lambs so they
.,....will be neither too fat nor too thin. Grade is a matter oj dollars and 
Q. cents to him when he figures up his production costs and sells his lambs. 
L&JBut even for the grower the economi.:l importance of grade does not 
(l)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 small thin lamb. For in the long run such points make an im

'M pression on consumer demand and react on market prices. 
'\'~i;j,\! See Statement oC Coo{JCrntlon, p. 26. . 

, Prepared in consultatIOn with other members oC the U.S. Department oC Agriculture pUblication com· 
mittee oC the cooperntive ment investigations, O. G . .Hauklns (cbalrman), L. B. Burk, Pnul E. flowe,
R. C. McPhee D. A. Spencer, and K. F. Wnrner. Acknowledgment is made to Elizabeth A. Engstrom
and Meda K. Ontes Cor laboratory and statistical assistance and to Lillian M. Grigg nnd Esther M. Lyerly 
for statistical assistnnce. 

67507°-34-1 
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As for consumers themselves, the value of such information to them 
is obvious. All classes-from hotel and Mstaurant keepers, to dieti
tians in institutions, to homemakers buying food lor their own fami
lies-need definite facts on the selection and cooking of meats. 
Information that relates the finish of the raw cut to shrinknge 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 institutional managers 
who buy in large quantities and store in their own coolers, the effect 
of ripening: or aging on cooking qualititJs of meat is a matter of interest. 
It is, of course, well known that ripening meat for se''''eral dnys makes 
it more tender. That ripening influences cookin~ shrinkage and the 
speed of cooking is not so well known, but it IS also of economic 
importance in the handling of meat. 

To research workers jn meat cookery, knowledge of the influence of 
finish and ripening 0::) ;thrinkage and speed of cooking is essen tial 
because these factors are inseparable from the meat itself. lTnless 
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 make sound recommendations to 
homemakers, institutional cooks, and manufacturers of cooking 
equipment. The fact tho.t 750 legs of lamb roasted by one standard 
method showed a range in shrinkage from 7 to 25 percent of the weight 
of the raw meat, and in cooking time from 25 to 58 minutes per pound, 
is striking proof of the difference made by the character of the meat 
itself. 

This bulletin represents an initial attempt to supply much-needed 
information on the factors that influence shrinkage and rate of heat 
penetmtion during roasting. It presents data on 7 different methods 
of roasting 1,185 legs of lamb and mutton, ranging in grade from Choice 
to Cull, and in I1pening period from 2 to 24 days after slaughter. 
Included also are chemical analyses Ot 30 le~s of lamb from Choice to 
Cull grade carcasses contributed by the AnImal Husbandry Division 
of the Bureau of Animal Industry. Without attempting refined 
correlation methods these data were used as a basis for estimating 
what shrinkage may reasonably be expected and how much time to 
allow for roastingleg of lamb or mutton of a given grade and a certain 
ripening period when using a particular method. 

The meat for these experiments was obtained through the coopera
tive meat investigations,3 a national pruject which affords a unique 
o.pportunity to study a large number of samples from animals of known 
hIstory grown, slaughtered, chilled, and stored under controlled con
ditions. A large proportion of the meat samples was cooked by one 
standard method for palatability tests in connection with production 
e:'.-periments, and addItional meat samples were used for the studies of 
cooking method",. 

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 

• UNITED STATE5 D!:PARTMENT OF AORICULTUR!:, BUREAU OF ANIMAL INDUSTRY. A STUDY O~ TnE 
FACTORS wmcII INFLUENCE TOE OUA/.ITY AND rALATABlLlTY OF IIEAT, 76 pp., Ulus. J027. [MlllIto' 
graphed.1 
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'by con1urolled methods up to 1931 when Weber, Loeffel, and Peters (7) 4 

published data on the shrinkage and cookin~ time of 66 legs of lamb 
all roasted by the standard method used ill the cooperative meat 
investigations.5 

These authors reported high con-elation between carcass grade and 
fat content as indicated by analysis of the wholesa~e cut commonly 
refen-ed 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 WitS, how
ever j considerable variation within each grade, the data showing 
raI!ges of 15 percent in any grade and 30 percent in the Medium grade. 

The cooking data reported by Weber and his associates show a 
range from 5.89 to 9.41 percent in evaporation losses, with most of the 
values falling 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 t.he cooking time i)er pound is slightly less for the fatter legs. 
Unfortunately they did not publish data on the shrinkage and cooking 
time of lamb of stated levels of fatness or of grade desigI1ation. 

EXPERIMENTAL PROCEDURE 

HISTORY OF SAMPLES 

With the exception of nine pail's of lamb le~s purchased in Washing
ton, D.C., markets, all the samples discussed ill this bulletin came from 
animals raised at Federal agricultural e:xperiment stations or at the 
State agricultural experiment stations of Indiana, Maryland, Missis
sippi, New Mexico, New York (Cornell), Tennessee, and West Vir

g~~~ every animal raised in the experiment stations there was a 
record kept of breed, sex, age, and feeding raiiion. In all, the 1,167 
legs of lamb and mutton of known history that were cooked represent 
11 breeds. A.s to sex there were rams, wethers, and ewes. The 
lambs varied in age from 4 to 12 months. Nineteen difi'erent feeding 
rations were used. 

After the animals were fJlaughtered, the carcasses were graded in 
accordance with the standards established by the Bureau of A.gri.. 
cultural Economics (1). 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 mutton 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 jojned the loin orJ'ust forward of the external angle of the 
ilium. They were then sawe apart, trimmed, and shaped up as if for 
the retail market. The fell was not removed. 

The period of ripening the meat after slaughter r~I!ged from 2 to 24 
days, but most of it was a~ed from 4 to 9 days. Wide varilttion in 
ripening period was unaVOIdable in cases where as many as 100 or 

• Italic numbers in parentheses refer to Literat.uro CIted, p. 25. 
• UNITED STATES DEI'ARTHEN~ or AGltlCULTUnE, DunEAU OF I1mlE ECONOMICS AND BUREAU OF 

ANIMAL INDUSTRY. METHODS or COOKING AND TESTING KEAT FOit PALATABILITY. 36 pp., ilIus. 1933. 
[MimOOi,'1'upbed.) 
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more lambs were slaughtered at a time, and a leg from each sot aside 
for palatability tests, because the capacity of the cooking and judg
ing laboratory was limited to eight legs a day. A special study of the 
effects of varying the period of ripening was made on paired legs from 
the same carcass in which one leg was cooked shortly after slaughter 
and the other leg held back for longer ripening. 

ROASTING METHODS 

All the legs of lamb and mutton were roasted by one of the following 
Beven methods, differing from each other in oven temperatures and 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 
toosted by the standard laboratory method adopted for leg of lamb 
in connection with the cooperative meat investigations, since the 
meat was cooktld for palatability tests as part of production experi
ments. According to this method, here designated as methocll, the 
leg of lamb or mutt,on was prepared fol' the oven without salt, pepper, 
or flour. Each leg was weighed, and then laid with the cut-flesh. and 
pelvic-bone side up and the skin side down on a wire rack in a weighed 
roasting pan. A roast-meat thermometer 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 I·eached. The 
leg, prepared in this way, was seared fol' 20 minutes at an average 
oven t!emperature of 265 0 C. after which t:le cooking was continued 
at 125° until the meat thermometer registered 76°, when the leg was 
removed from the oven and weighed. The meat was roasted entirely 
without a lid and without water added to the pan. The slow finish 
at 125° yields It 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 cookiug or more thoroughly cooked meat. At 76° C.lamb is 
between medium and well done and the juice is pink. Lamb is well 
done at 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 at 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. 

Roasting method 5. The meat was either seared as in method 1, 
or for 35 minutes at 250° C., and finished at 125°, to 8~<J im;ernal 
temperature. 

Roasting method 6. The meat was seored 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 0.11 e~..periments the ovens were gas heated, indirect in action, 
ventilated, equipped with glass doors and temperature regulators. 
Portable thermometers 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 penetration was determined by the number of 
minutes per pound reguITed in cooking. Total time in minutes 
includes thfl searing penod. The number of minutes per pound was 
calculated by dividing the total time by the weight in pounds of the 
uncooked leg. 

DETERMINATION OF COOKING LOSSr;.~ 

In these investigations shrinkagfl is defined as loss of weight during 
cooking. The shrinkage of each leg was determined as total loss of 
weight, and alSOl as two fractions of the total, namely, the pan
drippings loss and the 103s due to evaporation of water. Total shrink
age IS 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 collects 
in the r9asting pan. Loss 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 leg 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 value as such and 
can be discussed without reference to its fractions, it is frequ€iltly 
desirable to know what constituents of the meat went into the make
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 
analysis of the meat, 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 roast leg of lamb, the outstanding results on cooking losses are 
applicable to any kind of roasted meat. On the basis of principles 
established through chemical analysis it is possible to digcuss the 
evaporation and drippings fractions of the loss of weight as appro:\:i
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 reduction in volume brought about by 
the action of heat on meat proteins. According to these authors, the 
Joss 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 a ventilated oven. The rest of the 
water is lost by dripping into the roasting pan. The pan drippin~s 
contain also fat, salts, and protein, but the loss of salts and protem 
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 analysis it appears that the 
evaporation fraction of the loss of wei~ht is less than the true water 
loss but is a reasonably good approxImation to it. Pan drippings 
usually are mainly melted fat, but it is probabJe that the composition 
of the drippings varies considerably, hence this fraction of the loss of 
weight has no definition in terms of exact amounts of fat, water, 
protein, and salts. Althou~h exactness cannot be claimed for losses 
of meat constituents determmed as evaporated water and as pan drip
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pings, the writers believe that when applied to mea~ as it is cooked by 
practical, methods, these rough estimates of the water and fat loss 
have more value than loss of weight alone as a guide to the changes 
in volume, nutritive value, and palatability brought abol:.t by roasting. 

The reduction in volume of meat on cooking is of considerable 
importance .because it affects the appearance of the cooked cut and 
the number of servings obtainable from it. According to McOance 
and Shipp, loss of weight during cooking is a close measure of reduction 
in volume only for very lean meat, for which the loss ito. mostly water. 
The ordinary roast of course contains fat as well as lean and, as is well 
known, loses water and also melted fat during cooking. - The presence 
of fat complicates the relat,ionship between loss of weight Bnd 
reduction in volume. Although the volume of servable meat in a 
roast may not be reduced appreciably by the melting out of a con
siderable portion of the fat, it may be affeeted 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 relati9nships are not to be expected. 

For studying changes in nutritive value through cooking losses, 
insofar as this is possible, estimates of water and fat fractions of the 
loss of weight, though rough, obviously have merit. Water loss does 
not represent loss of nutritive value, but it does affect the concen
tration of constjf,uents left in the cooked meat. III this connection 
attention is called tu the limitations of indirect determination of the 
food value of a piece of cooked meat, since Grindley and Mojonnier 
(3) and also McOance and Shipp (4) state that little is known 
d the portion of the cooking losses contributed by skin and bone. 
Pan dripp!ugs made into gravies and sauces do not represent a loss of 
nutrients. Nevertheless under sorile circumstances it is desirable to 
know how much of the loss of weight went into pan drippings. This 
is particularly true when the drippin~s contain more fat than can be 
used. Under these conditions there IS a loss of nutritive value. At 
the same time it is scarcely fair to attribute this waste to cooking 
because not all this fat would have been eaten even if it had been 
retained by the roast. Under any conditions excessively fat meat is 
wasty. 

The palatability of a piece of cooked meat depends to some extent 
on its juiciness. Whereas loss 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 at present judged by organoleptic tests. 

PLAN OF EXPERIMENTS 

When planning experiments to show the effect of grade of carcass, 
period of ripening, and method of cooking, on shrinkage 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 same cut (the leg) from carcasses of difl'erent 
grades ripened to approximately the same extent. 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 were used, the left legs being treated one 
way and the right legs another. While such methods are tedious it 
is believed that they furnish the most information with. the least 
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effort and that for comparing methods of cooking or otherwise hand
ling meat, a small number of pairs is worth more than a much larger 
number of unrelated cuts. Preliminary to the tests on carcass grade1 

ripening period, and cooking method, 93 pairs of legs of lamb were 
cooked by methoa 1 to see how closely results on shrinkage and 
cooking time could be duplicated for the same meat, of the 5ame 
ripening period, cooked by the sarna method. 

Summing up, the order and arrangement of experiments were as 
follows: 

1. Determination of allowance for errol' in data on shrinkage 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 left legs of lamb 2 to 6 days and the 60 corresponding 
right legs 12 to 21 days, all cooked by method 1. 

3. Determination of the effect of carcass grade 011 shrinkage and 
. cooking time-first, for a large quantity of lamb grading from Choice 
to Cull cooked by method 1; then, for small groups of lamb of a 
range of grades cooked by met.hods 2, 3, 4, 5, and 6; and fmally for 
mutton of severaJ. gmdes cooked by methods 1, 2, and 3. 

4. Determination of the effect of cooking method on shrinkage and 
cooking time, using as far as possible pl1irs of legs of lamb and mutton 
for comparison of other methods with method 1. 

EXPERIMENTAL ERROR IN DETERl\iINATION OF SHRINKAGE AND 
COOKING TIME 

In order to decide from experimental data whether shrinkage 8,'l.d 

cooking time really are influenced 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 det.ermina
tion of shrinkage and cooking time is subject to some errur. It is, 
therefore, well to know how great this experimental error may be 
because unloss difl'erences between averages exceed their error they 
cannot be regarded as significant. 

For a measure of errol' in the data t.he difl'crence between duplicate 
determinations of shrinkage and cooking time was used. To make the 
duplicate determinations, corresponding lefG find right legs of lamb 
from the same carcass were cooked on the same day. Theoretically 
the right and left of each matched pair of lamb legs cooked on the 
same day by the same method should yield identical results. Where 
results are not, identical the discrepancies are here regarded as due to 
errol' 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 yea)'s the lamb was cooked by method 1 
over a period extending from 5 to 18 days after slaughter. Data on 
shrinkage and cooking t.ime w~re obtamed separately for the left 
legs and for the rights. After cooking, the lamb legs were jud~?:ed 
for palata.bility. 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 calculated on weight before cooking, shrinkage during 
cooking, and cooking time, and t.he difl'erences averaged. For the 
93 left le~s and the corresponding rights the weights before cooking, 
the shrinKage during cooking, and the cooking time were averaged. 
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For each item;t'te difference between the averages was calculated 
and the'standard error of the difference worked out according to the 

,. formula, O"M= .J:-1 by the method which Fisher (2, pp. 112-114) 

quotes from 1/ Student." The standard deviation, 0", is that of the 
series of differencos between corresponding left and right legs calcu
lated in the usual way as the root-mean-square of the dc'nations 
from the average of the series, and n is the number of samples used, 93. 
The data are presented in table 1. 

TABLE l.-Comparison of determinations of shrinkage and cooking time on 
corresponding left and right legs of lamb, each pair ripened the same period, and 
all cooked by the same method (method 1: seared 20 mimttes at 265° C., fini8hed 
at 125°, to 76° internal temperature) 

-
Shrlnkn~e during rQostinl( Oooklng time 

Weight

Number nnd cle· 01 tin· 


scription 01 snmples cooked 
 PerleI( l~\'nporntlon Drippings Tot.nl TOlnl pound 

Gram& Grams P~rcr.nt Gram.• Percent Gram& I'Percent 1\/muteR Minutc,93, leCt. ____•_______ • 2,4411 211 E.6 112 4.5 32.1 13.1 170 31.5 
93, right. ......_.... 2,438 211 8.6 114 4.6 170 31.6 
DlfIer~nee.......... +11 0 .0 -2 -.1 ~~ I ~:i 0 -.1 
Standard (levlntion. ±63.1 ±11.2 ±1.75 ±24.6 :1::.067 ±57.3 :1,2.30 ±19.7 ±3.!J8 
Standard error...... ;:1:6.6 ;:1:4.3 ±.18 ±2.6 ;:1:.10 ±6.0 :i-.25 ±2.1 :1:-.42 

According to Fishel' two averages are not significantly different 
unless the difl'erence between thrm is at least twice its standard error. 
In no case were the averages of the 93 pairs of duplicat.e determinations 
significantly difl'erent. However, according to the values found for 
standard errors in this study the averages of duplicate determinations 
of shrinkage and cooking time mnde on 93 pairs of legs of lamb could 
vary by chance nlone up to 0.36 percent evap01'l1tion, 0.20 percent 
drippings loss, 0.50 percent total shrinkage, and 0.84 minutes per 
pOlmd cooking time. These values are held to be significant differences 
;)etween 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 calculated 
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 uncooked leg, ± 14.5 
grams; weight lost by evap.:>ratioIl, ± 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 ]Jer pound. For averages based on lO samples, the 
calculated standard errors are as follows: Weight of uncooked leg, 
± 21.0 grams; weight lost by evaporation, ± 13.8 grams, ± 0.58 per
cent; weight lost by pan drippings, ± 8.2 grams, ± 0.32 percent; tota.l 
loss of weight, ± 19.1 grams, ± 0.80 percent; cooking time, total 
± 6.6 minutes, ± 1.33 minutes per potmd. Allowance up to twice 
these standard errors should be made for experimental error when 
comparing averages based on 20 or 10 samples, respectively. 

In generalizin~ from the results the writers realize that if data were 
available on an mfinite number of groups of the composition of those 
studied, differences between duplicate determinations of shrinkage and 

http:P~rcr.nt
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cooking time could not be expec ted to be exactly the same as those 
found in this experiment. At the same time these measures of experi
mental error are believed to be reasonable. They are useful through
out this bulletin as checks on the significance of differences to be 
ascribed to carcass grade, ripening, or method of cooking. Such 
checks are, of course, particularly helpful in judging the significance of 
results when averages are the onl y data reported, as frequently 
happens. 

The experimental error as estimated may seem large. Much of the 
variation in shrinkage and cooking time between 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 a greater ddference in 
the shrinkage and cooking time than when both were. trimmed off to 
about the same extent. Slower cooking and increased shrinlmge 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 roasting 
pairs of legs of lamb. Whether allowances for experimental error would 
need to be as large with other cooking methods cannot be stated but 
since the low oven temperature of 1250 O. exaggerates the role of 
factors in the meat itself that retard heat penetration, smaller experi
mental error might be expected if higher oyen 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 shrinkage and cooking time, it became apparent that the 
length of time lamb legs are ripened after slaughter afl'ects 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. The cooked meat was judged for palatability and 
the effect of ripening on the tendernes~ was reported by Warner and 
Alexander (6). 

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

67507°-34-2 
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TABLE 2.-Effect of ripening on shrinkage and cooking time of pairs of leg8 of lamb, 
averaged for lefls and rights ripened for different periods, and all cooked by the 
8ame method (method 1: 8eared 20 minute8 at 2650 0., fini8hed at 1250 

, to 76° 
internal temperature) 

Shrinkage during ronstlng 
Tnterml Weight oCNumber nnd drscription oC Ag!n~ Cookinghctwe~n uncookedsnmples period timetests leg Evnporn· Drip. 

Totnltlon pings 

DRV.' DRI13 Grams Gram~ O,R1II3 Oram.' MinU/€s3, lett•••_._. _____•___ •__....._•• ·1 S 1,027 102 60 20t tOO

3, rlght...._____ ••_•••••___••_••. 12 .. __ ..... ".,- .. 1,871 164 78 2112 154 


3, leCt•• _..... __•••• _••••••• __ ._. 3 0 2,420 270 150 420 20B 

3, rlght___••••__••••••••• ""'" 12 -.. _---- .....- 2,271 115 102 276 184 


8,lett........__ ••••__........... 3 10 2,370 2M 143 406 207

8, rlgl1t•••_____......__ ••••__ ..._ 13 ..,.-- .....-- 2,363 200 132 341 193 


S,lcCt........... _____•••••••_•••• 4 10 2,114 220 U3 332 181 

8, rlght. __••••_..._•••__••••••__ 14 .__ .- .. -..... 2,UOli 203 108 311 181 


6 10 l,RRO 178 57 20.1 100
~: ~T~k::=::::::::=::=:::=::::: 16 --_..... _- .. - J,800 100 81 240 1.~2 


8, leCt••••__......._.___......... 2 17 2,338 2.'>6 144 'Int 101

8, rlgl1L.___._._.__ ..._••_•• _••. 
 19 2,122 lfi2 1I7 2nO 151
-..... ------ .. 
8. leIL...__ •• _......__ • __•••••__ 3 17 2,2IiO 217 117 3a4 180 

8, rlghL......__ .....__....__ •••• 20 ...-..... --...... 2,024 174 III 268 156 

1I,lolt........______••__• ______• 
 4 17 2,025 1117 III 287 173 

II, rlght.... __ ••__ .... __.... __ ••• 21 ... _- ..-......... 1,832 137 82 218 140 


3, lott........___•. _______ ••• __ •• 
 3 18 2,124 251 134 385 193

3, rIght.•••___.......______..____ 
 21 --_ ........-....- 2,222 151i 126 2BI 160 


Averago ~/IO, lect.) • ____•••• 4 13 ~,171 22ll 1t5 338 184 

Avernge 60, right.) ....... 17 -.-....-..... -. 2,042 169 101 270 102 


Dltlerenco••___ ••• _•• _.......___ -..-...- -- ...................... +129 +54 +14 +(l.~ +22 

Stnndard rrror oC d[(lorence ..., .... __ ........ .............. :1,;13.4 :I,;,~.3 :I,;:J. t :1,;7.2 :1,;2.5
~" 

Testing the significance of the differences between the n.verllges of 
60 left und 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 t exceeded 2.576 and since for samples larger than 30 only 
one vn.lue in a hundred will exceed 2.576 by chance, the differences 
between the averages are clearly significant. 

On comparing the results in table 2 with those in table 1 it can safely 
be stated that longer ripening-made the differences and that lamb lost 
less in weight during roasting and took less time to cook as the ripening 
increll1sed. 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 
shrinkage as percentage of raw weight and on c.ooking time as minutes 
per pound. 

To show the effect of so many days' additional 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 to cook 
the lamb, the base should be the raw weight of the corresponding 
paired 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 sitgIificantly in raw 
weight when the same ripening was given to roth. .::lO, for an approxi
mation of the effect of 13 days' additional ripening as reIlectcd in 
percentage of shrinkage during cooking, the average I'RW weight of 60 
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left lega ripened 4 days, namely 2,171 grams, was taken as the base 
• 	 for the 60 rights also) and the following results were obtained: Evapo

ration loss, 10,3 and 7.8 percent; drippings loss, 5.3 and 4.7 percent; 
total loss, 15.6 and 12.4 percent. Similarly) the coo?cring time as 
minutes per pound was reduced from 38 to 34 by the extra 13 days of 
ripening given to the right legs. 

While tIns method of calculating brings out most forcefully that 
increased ripening reduces cooking shrinkage and cooking time, per
centage of sluinkage and cooking time in minutes pel' pound are 
usually figured on the basis of the raw wei~ht of a piece of meat at 
the time it is cooked. Comparing the relatIve sluinkage and rate of 
heat penetration of 60 left legs of lamb lipened 4 days and 60 cor
responding right legs ripened 17 days on the basis of the raw weight 
of each group at the time it was cooked, respectively 2,171 and 2,042 
grams, the following 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; cooking time, 38 and 36 minutes per pound. This method 
of calculation also showed that as lamb was ripened longer it shrank 
relatively less during roasting and cooked faster in proportion to its 
weight. 

The figures also showed a greater reduction ill the evaporation loss 
during roasting than in the drippings loss as lipening progressed. 
Tlns is reasonable because the meat dlied out in storage and its water 
content became lower. When cooked, the 60 legs of lamb ripened 
4 days weighed on the average 1,833 grams and the correspondmg 60 
ripened 17 days weighed 1,772 grams. The difference between the 
roasts when cooked, 61 grams, was less than before cooking, whlch 
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 Medium, 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 smail pro
portion of lambs in these lower grades. 

Included in thls sample of 749 are 32 left legs from the 93 pairs in 
table I, 13 lefts from the 60 pairs in table 2, 8 lefts from the pairs cited 
below, and 696 lefts not discussed elsewhere in thls bulletin. 

The ripening period fOl' the 749 lega ranged from 2 to 24 days after 
slaughter, with from one-half to two-thh'ds of the legs ripened from 
4 to 9 days and only one-seventh beyond 15 days. When avera~ed 
for the Choice, Good, Medium, Common, and Cull grades, the riperung 
periods were, respectively, 9, 10, 11, 10, and 10 days. 

All 749 legs were cooked by method 1 already described. Data on 
sluinkage and cooking time averaged for the five different grades are 
given in table 3. The standard errors were calculated by the formula" 

(1M = ~. The standard deviation, (I, in'thls table is the square root 
-yn-l 

of the sum of the squared deviations from the meap divided by the 
number of legs cooked, n. 
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TABLE a.-The effect of carca8S grade on 8hrinkage and cooking time of legs of lamb 
when roasted to specified internal temperatures 

METHOD 1. OVEN: 2650 O. FOR 20 MINUTES, 1250 FOR FINISH. MEAT: 760 

~. 

Shrinkage during roasting Cooking
wel~htofOarcass grade Samples time per uneoo ed leg poundEvaporation Drippings 

Oholce________________________________ Number Grams Ptrcent Percent Minutes 
Good __________________________________ 168 2. 489:1:24. 9 9.1:1:0.14 6.3:1:0.11 34.3:1:0. 'n 
Medlum_______________________________ 389 2. 250:I:'n. 8 8.9:1: .09 5.3:1: .07 34.1:1: .17 
Common ______________________________ 142 1,805:1:32. 1 8.9:l:: .14 3.7:1: .11 34.6:1: .'n 
Cull. _________•________________________ 32 1, 498:l::53. 2 0.3:1: .20 2.3:1: .18 37.3:l:: .72 

18 1,117:1:58.0 10.2:1: .44 1.2:1: .09 40.0:1:1. 38 

ME'rHOD 2. OVEN: 2650 C. FOR 20 MINUTES, 1500 FOE FINISH. MEAT: 760 

Cholce __ ------------ __________________ 1 285 'n.OGood______••_____________•__ •_________ 10.812,288 8.312. 1 9.2 0.3 'n.6Common____________ •_____ •_____ •___ ._ 
1,412 II. 4 2.8 31.9 ~ I 

METHOD 3. OVEN: 2650 C. FOR 20 M,lNUTES, 1750 FOR FINISH. MEAT: 760 

Cholce_____ ••• __ ' ___ ' _________________ _ 2 2.556 10.8 7.1 20.2 
2 2,230 11.2 7.4 22.1

Good. _______________________ •• ______ __ 
M edlum_ .. _____________' ____ •___ •____ • 3 1,640 11.8 4.1 25.4Common ____ •• ______________________ __
Cull__________________________________ _ I 902 11.2 1.6 31.2 

3 1.027 11.8 1.3 26.4 

METHOD 4. OVEN: CONSTANT A'!' 1750 C. MEAT: 760 

Cholce______________________________ __ 

Good______________________________• __ _ 13.81
5 2.295 6.7 27.3 
Medlnm_______•____________ ' __ •______ _ 5 2.236 14.5 6.5 28.9 

7 1,701 13.6 5.7 29.4CommOll_ • __________ • ___ •• _'. ____ ••• __ 4 1,100 2.7 32.5 
4 945 9.3 2.0 34.4

Cull •• __ ••_____________ ._____________ . 13.6\ 

METHOD 5. OVEN: 2650 C. FOR 20 MINUTES, 1250 FOR FINISH. MEAT: 830 

Cholce••____ -- -- -- -•••_---- __ ---. __ -- --I 307 60.4Good_____ •_____ • _. ____ • __ • __ •______ •__ 19.21 8.012,2.050 1 1&8 7.7 64.4~I 
METHOD 6. OVEN: 2650 C. FOR 20 MINUTES, 1750 FOR FINISH. MEAT: 830 

349 26.918.71 8.2\2.ggg~~:-:::::::::::::::::::::::::::::::\ ~\ 2,097 1 20.0 7.2 26.1 

Additional tests of the influence of carcass grade on shrinkage and 
cooking time werc made on smaller groups of both lamb and mutton, 
using other methods of cooking. The lamb legs of different carcass 
grades, cooked by method 2 were ripened for 4 to 5 days. Those 
cooked by mcthod 3 were ripened, respectively, forChoicetIU'ough 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, D.C., market and thell' 
ripenin~ periods were not known, but for the remaining 19 the ripen
ing penods averaged as follows: 4 Choice grade 8 days; 3 Good, 8; 
5 Medium, 9; 3 Common, 7; 4 Cull r 8. Of the iamb 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
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Table 4 presents the data for mutton of different grades cooked by 

methods 1, 2, and 3. Of those cooked by method 1, ripening periods 
averaged 7 dll.ys for the Ohoice 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 mutton legs cooke<'l. by method 3 aver
aged 9 days for ChOice grade, 8 for Good, and 6 for Medium. 

TABLE 4.-The effect of carcass grade on shrinkage and cooking time of legs of 
mutton when roasted to specified internal temperatures 

METHOD 1. OVEN: 265°0. FOR 20 MINUTES, 125° FOR FINISH. MEAT: 70° 
'''OL ..__ 

Shrinkage during roasting 
WelghtoC Cooking'

Carcass grade Samples uncooked time por 
log Evaporation Drippings pound 

Cholco________________________________ Number Grams Percent Percent Minutes 
Oood__________________________________ 2 10.8 6.1 30.23,484/Medlum_______________________________ 3 3,146 10.2 4.0 27.0 
Oommon _____________________ •________ 3 2.7,16 13.0 3.1 32.7 

1 2,060 14.2 .4 34.4 

METHOD 2. OVEN: 265° C. FOR 20 MINUTES, 150· FOR FINISn. MEA'!': 76° 

II 28.2OoodOholce ___ -----_-- __ ----_--_-- --_-- -- ___I 3, 5371 8.1 I 25.03,2·12 14.015.2 I 4.7Medlum______________________________ _ 2,01).1 14.4 2.7 26.1
Common _____________________________ _ 2,8'16 20. U 1.0 27.1 

METnOD 3. OVEN: 205° C. FOR 20 MINUTl~S, 175° FOR FINISH. MEAT: 76° 

~I 
256 18.0 

3, ib.5 19.0
Oholce__ ----- _--- -------. _____________1Oood _________________________________ _ 14.81 0.71 
Medlum..____________________________ _ 2,873 15.2 3.5 !D. 9 

3,028 1 4.7 

The significance of differences between the gmdes in thc first section 
of table 3 was determined by the method of Fisher (2,p. 108). To com
pare any two means the standard errors were first sqUl1red to obtain the 
variances. In making use of the proposition that thc variance of the 
difference of two independent variates is equal to the surn of their vari
ances, the two variances were added. Thcn extmcting the square root 
of this sum the standard error of the differences between the means was 
obtained, and from this t calculated as usual. For significant results t 
should be at least 2. In the other experiments reported in tables 3 and 
4 the number of samples iri each grade was very small, so the standard 
errors of the means were not calculated. Instead, the data for the 
different grades were examined to see if they seemed to show the same 
trend as the larger samples and then the differences between grades 
were roughly checked by comparing them with the allowances made 
for experimental error of 10 samples as determined on page 8. 

With few exceptions, the data in tab;cs 3 and 4 show the same gen
eral trend in the relation of carcass gmde of lamb and mutton to 
shrinkage and cooking time independent of the method of cooking. 

Drippings loss, in percentage, WitS definitely reinted to cnrcnss 
grade. Choice grnde 111mb nnd mutton lost the most itS drippings, 
and as the carcass grade became poorer the drippin~s loss decreltsed. 
In table 3, method 1, where there are mltny sltmples III each gmde the 
decline in drippings loss was from 1 to 1.6 percent from grnde to grade 
below Choice. These differences are significant, but the slighb differ
ences between drippings losses of Choice Itnd Good gmde lltmb when 
cooked by methods 3, 4, and 5 Itre not in themselvessignificanb. 
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Shrinkage due to evaporation loss was not consistently related to 
carcass grade. In table 3, method 1, the data show ~b,at Ohoice, 
Good, Medium, and Common grade lamb did not differ significantly 
in evapomtion loss, but that Cull grade lamb lost slightly more. The 
next largest sample W!13 the 25 legs of lamb roasted by method 4. 
The data for this comparison of !Vades indicate no significant differ
ence in evaporation loss of ChOIce, Good, Medium, and Common 
grade lamb. Here a~ain Cull grade lamb differed from the other 
grades, but this time It lost less than they did by evaporation. 

The rate;...of heat penetration was influenced by the carcass grade 
where t;Jd,cn grade was reasonably well represented. According to the 
(taLa in table 3 there was no signific~nt difference in the number of 
minutes per pound required to roast Choice, Good, and Medium grade 
lamb by method 1, but Common and Cull grade lamb took longer to 
cook in proportion to the weight. The same result is suggested by 
the data on 25 legs roasted by method 4. In the other grade com
parisons in tables 3 and 4 results are not considered significant because 
of the smaH number of samples. 

Since tl:e same method of cooking was used in each group of carcass 
grade comparisons shown in tables 3 and 4, and since the ripening 
periods were kept much tho same on the average1 the causes of varia
tion in shrinkage and cooking time associated With carcass grade are 
not to be sought in cooking method or in ripening. According to 
Weber and his associates en the fatness of lamb determines the fat 
loss on cooking. Of course the legs that were cooked could not be 
analyzed for fat content. The corresponding uncooked legs were not 
analyzed either. However, there 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. When 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 linear correlation was +0.78 ± 0.009, 
indicating that the visible fat on the leg was closely related to the 
carcass grade of lamb. 

Data on the fat and water 00ntent 01 a small number of lamb legs 
from Choice, Good, Medium/ Common, and Cull ~rade carcasses have 
been contributed by the Animal Husbandry DiVIsion of the Bureau 
of Animd Industry and are summarized in table 5. 

TABLE 5.-TVater and fat content of lamb legs of Choice, Good, Medium, Common, 
and Cull grades determined by chemical analysis and expressed as percent of 
weight as p1lrchased 

Wat~r content Fat content 
Carcass grade Samples 1-------,----1·---,----

Average Range Average Range
----------------1---Number Percent Percent Percent PercentChoico_______________________________________ _ 

7 51. 8 48.6-54.8 18.2 15.2-21.4 
Medlum_______________________________••_____ _ 
Good_________________________________________ _ 

9 53.7 49.8-57.5 14.7 ll.!H7.5 
7 54.4 49.2-58.5 11.6 10.2-13.4Common____••• ____________•_______ •__________ 2 53.9 52.9-54.9 8.2 8.1- 8.4CulL___• ____ •________________________________ • 
5 55.2 52. 0-58. 1 4.7 1.4- 7.4 

---""----------'---'----'-----'----'---
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According to these data the fat content of leg of lamb as purchased 
varies directly with the carcass gmde. The higher the grade the more 
fat there is in t·he leg. The water content of leg of lamb as purchased 
varies less consistently with carcass grade, but from these data 
appears to be ~reater for Cull lamb than for Choice. 

On cOlhpanng 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 such as ripening and cooking method being equal. 

The range in water and fat content of lamb l'lg 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 variation 
existed in each grade as shown by the standard er~'or of t.he means of 
the large samples (table 3). Averages based on a small number of 
samples therefore cannot be expected to be the same as if a large 
number 11au been used. 

It is unsatisfactory to attempt to explain the rate of heat penetra
tion by the chemical composition of meat. The weight of a leg of lamb 
as well as the fat find 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 or heat penetration, as for example in 

. Choice, Good, and Medium grades. However; with a sharp decrease 
in fat content and in weigl1t, such as found in either Common or Cull 
lamb, the speed of cooking declines. 

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
scribed (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·TJo'MPERATURE VARIATIONS 

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 slowly at 125° until the thermometer inserted in the 
meat registered 76°. From the 749 legs of lamb roasted by this 
method and sUlmnarizeu in table 3, the 18 Cull grade legs were omitted 
as not representative of the lamb ordinarily found on the market. 
Tills leaves 731 of Choice through Common grade, ripened for an 
average-of 10 days. Shrinkage data and cool~ing t~e were averaged 
for these 731 samples and are presented graphically ill 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, 0, 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 I
COOKING LAMB COOKED TO 76 ·c.J 

731 SINGLE LEGS J
METHOD I. A WI~~~;;::::~-r-~OVEN: 26~ "t., ,20 MIN. 

:::::: F:~ISH { ~"i"~"'''i'''''i''''~''''i'''!''===,._.,,'a' .-
OVEN, 26~ ·c. ,20MIN 6 

125 ·C. FOR FINISH 


20 PAIRS OF LEGS 


OVtN: 265 ·C. ,20MIN. 6'METHOD 2 ~iiiiF:'~--i-. 
150 ·C. FOR FINISH ',. ,................ 


LAMB COOKED TO 83 ·C. 

METHOD 5. 
OVEN: 265 ·c, ,20 MIN 
125 ·C. FOR FINISH 

o 5 10 15 • 20 25 30 
SHRINKAGE (PERCENT) 

_ TOTAl.. LOSS ~ EVAPORATION l.OSS ~ DRIPPINGS LOSS 

FIGURE I.-Avernge sllrinklige oC scverallots oC lamb legs during rOllSting as alTected by variations in oven 
tempera<ure and in cooking to dllTerent stages oC doneness. The losses are expressed as percent oC the 
weight oC the uncooked cut. 

of legs of lamb cooked 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 shrinka~e and cooking time were averaged the 
following results were obtarned: Evaporation 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 illethod 1, but for the oven temperature uses 1500 C. for the finish. 
The two methods were compared on pairs of le~s of lamb and mutton 
to show the effect on shrinkage and cooking tune when the finishing 
oven temperature was raised from 1250 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 carcasses, 

METHOD .OF 
COOKIN.G I LAMB COOKED TO 76 ·c. 

METHOD I. 731 SINGLE LEGl I 

OVEN' 265 "c. ,20 MIN. A 
12S'C FOR FINISH 

METHOD I. I I 
I 

OVEN: 265 ·C. ,20 ... IN'{B 
12.5°C. FOR FINISH 

20 PAIRS OF LEGS 
METHOD 2 I 
OVEN: 265°e. ,20 MIN. B 
150 ·c. FOR FINISH I I
METHOD I. 
ovrN: 265 ·C. ,20 MIN. {C
125 'C. FOR FINiSH 

8 PAIRS OF LEGS 
METHOD 3 CI 
OVEN' 265 "c. ,20 MIN. 
175'C FOR FINISH I
METHOD I J 
OVEN' 265 'C. '20MIN.{D
125 aC FOR FINISH 

21 PAIRS OF LEGS 
METHOD 4 I 
OVEN:t75 "c. CONSTANT D 

LAJ COOKED TO 83·C.j 
2~ SINGLE LEGS I IMETHOD 5. 

OVEW265'C.,20MIN E -
125'C fOR FINISH 

METHOD 5 I I I I I 

OVEN: 26S·C. ,20 MIN'{F
125 aC, FOR FINISH 

10 PAIRS OF LEGS
METHOD 6 
OVEN: 265 'C•• 20 "IN 
175°C FOR FINISH 

F
I 

J I I 
o 10 20 30 40 50 60 

COOKING TIME (MINUTES PER POUND) 

FIOURE 2.-A verago time required (or heat to penetrate Inmb legs ronsted by vnrious mothods nnd to 
various degrees of donencss. 'rho cooking time is expressed us minutes per pound of the uncooked cut. 

but finish grades assigned in the cooking laboratory indicated that all 
were of a moder&.te to a very high degree of fatness, except 1 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 graphically in figures 1 and 2, as groups Band B f 

• 

Of the four pairs of mutton legs, the left legs cooked by method 1 
are reported with five others in the first section of table 4, and their 
mates cooked by method 2 appear in the second section of the table. 
The ripening period range.d 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 aItd 4.1 percent; total loss, 16.9 and 20.3 percent; minutes per 
pound, 32.8 and 26.8. 

According to method 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 pairs 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 
repo).ts data on the 11 legs of lamb cooked by method 3. Omitting 
the 3 pairs of Cull grade samples, the remaining 8 pfLirs averaged 8 
days ripening. Shrinkage and cooking time for the 8 pairs cooked, 
respectively, by methods 1 and 3 are shown graphically in figures 1 
and 2, groups 0 and 0'. The 3 pairs of Cull grade lamb legs were 
ripened 7 days on the avemge. SlU'inkgge and cooking time for these 
3 pairs of Cull grade legs cooked by methods 1 and 3 averaged, respec
tively, as follows: Evaporation 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 cooking 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; minutes 
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 Iamb 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 left leg!' !ooked by method 1 and 
for their mates cooked by method 4 and are shown gl'l1phically in 
figures 1 and 2, as groups D and D'. When the four puirsof Cull 
grade lamb legs, ripened 8 days, were averaged to show shrinkage and 
cooking time for the two methods of roasting, the following results were 
obtained, respectively, for method 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; minutes pel' 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 at 265°. Since the two Iilearing 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 legs of lamb were corlwd by this method. Eleven legs were 
from carcasses graded Choice, Good, Medium, find Common. The 
remaining 12 were not graded. The ripening period for 21 of the 23 
legs l'anged from 3 to 10 dRYS, averaging 7. The shrinkage and cook
ing time were averaged for the 23 legs, and the l'Csults are 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 
graphically in figures land 2, group F, are included in the group of 23 
and are discussed in detail below. 

According to method 6 lamb was seared the same as by method 5 
and cooked to the same stage, 83° 0., but the finishing oyen tempera
ture was 175°. Ten pairs of legs of lamb were roasted by methods 
5 and 6 to show the effect on shrinkage and on cooking time caused by 
raising tha oven temperature for the finish from 125° to 175° for well
done lamb. Eight pairs were from carcasses graded Ohoice and Good 
(table 3) and were ripened for an average of 8 days. The remaining 
two pairs were from ungraded carcasses of unkno,,'n ripening period. 
The data for slu'inkage and cooking time of the 10 pairs were averaged 
for the two methods of cooking nnd are shown graphically in figures 1 
and 2, as ~roups Fend F'. 

Accordrng to method 7 lamb was 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 slu'inkage and 
cooking time. Eight 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 purchased at a 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 fire shown in table 6. 

TABLE 6.-Effect of searing on shrinkage and cookinr, i'i7lle of paired lamb leg8when 
roasted to 76° C. internallemperalllre 

Shriukage during ronsting CookingNumher nnd Weight 01Roasting method and oven timedescription uncookedtemperature per01 sllmples leg gvaporl\· prlp. Total poundtlon ptngs 

Gram.' Percent Percent Percent ,\[;nult8
Method I: 2650 C. lor scaring; 12.50 lor 10, lelt•••.•• 2,058 10.8 4.0 15.7 30.3 

finishing.
Method 7: 1250 C. cntire timo ••••••••• 10, right ••••• 2,O'JI 3.4 11.8 44.78.41 
Dlffcrence........................................... -3.~ +2.4 +1.5 +3.0 -5.4 

Standllrd error of the dIlTerence ...................._. :1:18. 0 :1:.44 :1:.27 :1:.63 :1:1. 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, 0, and D, and the seared group in table 6. 
Although all were cooked by method 1, they show discrepancies in 
sluinkage and also in cooking time as minutes per pound. If the 
groups Band 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 
group A. The shrinkage of group a was unaccountably low for 
lamb ripened 8 days. 

To show the effect of varying the oven temperature on the shrink
age and cooking time of lamb and mutton, the means of the paired 
samples in groups Band B', a and 0', D and D', and F and pi', also 
for the two groups each of Oull grade lamb and of mutton of several 
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grades, and for t.he seared and unseared groups in table 6, were 
tested for significant differences as described on page 7. In addition, 
the differ~nces between means were further checked by comparing 
them with allowances for experimental tlrror (p. 8). 

Results showed that for lamb and mutton of Choice through Com
mon grade when cooked t.o an internal temperature of 76° C., the 
higher oven temperatures employed in methods 2 aud 3 caused 
greater shrinkage than method 1 and cooked the meat more quickly .. 

On comparing method 4 with method 1 (groups D and D'), 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 finding is significant. The 
data in table 6 show that searing itself not only does not decrel1,se 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 If1SS 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. From 
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, tIllS 
time in response to variations in oven temperature during roasting. 
Whereas Choice, Good, Medium, and Common grade lamb when 
cooked to 76° C. 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, 
smce Cull lamb took proportionately much longer to cook at 125° 
than at hlgher 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 methods 5 and 6 in groups F and F', figure 1. Thls is a different 
result from the comparison of methods 1 and 3, although in the two 
experiments the same oven temperatures were contrasted. The find
ing with respect to lamb cooked 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 J? and F', figure 2. 

MEAT TEMPERATURE VARIATIONS 

Method 5 and method 1 differ only in the stage to whlch lamb is 
cooked, respectively 83° and 76° C. Although there were .no pairs of 
legs of lamb cooked by these two methods there were several groups 
containing unrelated samples, namely, groups A, B, 0, or D for 
method 1 and E or F for method 5. 

Similarly the shrinlmge and cooking time of group 0' cooked by 
method 3 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. 
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Statistical tref\tment is not necessary to show the obvious enects 
01,1 shrinkagp8nd cooking time brought about by varying the stage of 
dbneness or internal meil,t temperature. For the two groups 0' and 
F', however, the cooI?ng time was compared b:r Fisher's method (2~ 
pp.114-118). The difference between the mean,) was further checked 
by comparison with allowances made for experimental error (p. 8). 

According to the results, lamb roasted well done. 83° 0., shra,.lk 
much more thanl!\lnb roasted only to the medium-tc:"well-done stage, 
76°. The increase in the shrinkage associated with raising the meat 
temperature 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 
greatly increased; in fac~ in many individual cases it was doubled. 
These 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 ascribed 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 might be attributed to grade, but it 
is believed to be relatively small. 

Similarly, an allowance should be made for the effect of the com
position of the meat on the shrinkage and cooking time for lamb 
cooked to 83° O. 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 {lase the data for lamb cooked to 83° showed a 60 percent 
increased shrinkage over lamb cooked to 76°. With the higher oven 
temperatures used in methods 6 and 3, little longer time is required 
to raise the meat temperature from 76° to 83°. In groups 0' 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 cooking 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 results show that the oven 
temperature, the stage of <loneness, and the length of time required 
to bring the meat to any p:'lrticular 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 meat to a par
ticular stage of doneness, as would be expected. The more thoroughly 
the meat was cooked, the longer 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 weH done, 76° 0., except for the 
small lean legs of Cull grade lamb. They required proportionately 
much longer time to cook in a very slow oven (125° after searing) than 
in a 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 seaimg, whereas only half as long was needed when seared 
roasts were finished at 175°. 
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ESTIMATING SHRINKAGE AND COOKING TIME OF LAMB AND 

MUTTON ON THE BASIS OF EXPERIMENTAL REBULTS 


Of special 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 infOl'mntion from t,he Division 
of Livestock, Ments, and Wool of the Burenu of Agriculturul Eco
nomics, the bulk of the market supply of lnmb reaches the consum.er 7 
to 10 dnys after slaughter and consi8ts of Oholce, ·Good, and Medium 
grades with the. greatest number falling in the lower third of the Good 
grade. 

"...'he datn in table' 3 indicate thnt 101' HiS logs of Ohoice grade lamb 
ripened for an average of 9 days, prepnred for roasting with the fell on 
and without seasoning, and roasted by method 1, in 95 percent of trif!.ls 
the average total loss of weight would full between 15 and IG percent. 
Similarly for 389 Good grade lamb legs ripened for an average of 10 
days, the .~talloss of weight would be about 14 percent, and for 142 
legs of Medmm grade lamb aged 11 days on the aVCI'ftge, from 12 to 13 
percent. It is roughly estimllted for lamb of Common and Oull grades 
when ripened for an average of 10 days and cooked by method 1 that 
the total loss of weight will fall between 11 and 12 percent. 

The time required to cook Ohoice, Good, and Medium grude lamb 
legs by method 1 is estimated to Itverage 34 to 35 minutes per pound, 
but varies considerably for individunllegs. It is exceedingly difficult 
to predict cooking time for low-grade lamb when this method of cook
ing is llsed, but 40 to 45 minutes per pound is reasonable. 

There were so few legs of Inmb in each of the seyernl carcass grades 
when other methods of cooking were used, as appenrs in table 3, that 
estimates by grades are not nttemptcd. 

Having shown that ripening has It definite effect on shrinkage and 
cooking time, the writers ofl'er here estimates of slll'inkage and cooking 
time based or; averages of five groups of legs of lamb cooked by metbod 
1 at different periods of ripening. The ripening periods averaged 4, 8, 
10, 11, and 17 days, respectively, for GO samples (tll.ble 2), 51 (from 
groups B, 0, and D, figs. 1 and 2 and the seared group in table 6), 731 
(table 3 and group A, figs. 1 and 2) 93 (table 1), and 60 (table 2). 
From the datil. it is estimated thnt for 60 legs of lamb lllcluding 29 
Ohoice grade, 2G Good, 3 IV[edium, and 2 Common, ripened 4 days 
and cooked by method 1, shrinknge may be expected in 9,5 percent of 
trials to vary from 15 to 16 percent. Similarly for 511egs of lamb 
rav,ging in grade from Ohoice to Common, nvernging between Good 
and Medium and ripened 8 days, the shrinkage is estimn.ted 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 ayer
age of 10 days, at 14 percent; for 03 legs of lamb made up of 21 of 
Choice, 50 of Good, 2i of Medium, and 1 of Oommon grode, ripened 
for an average of 11 days, at 13 percent; and for 60 Jegs of Iamb mainly 
Ohoice to Good, as already noted, ripened for an avernge of 17 duys, at 
13 percent. 

Oooking time as minutes per pound is estimated for groups of tho 
composition of the aboye, respectively at 38 to 39, 37 to 39, 34 to 35, 
31 to 32, and 35 to 37. 'rhe estimntcs for lamb ripened 11 and 17 
days are not believed to be typical. }Iowever, they serve well to call 
attention to the fact thn.t although longer ripening makes lamb cook 
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faster, ther>3 are other ~actors involved also, and it is not possible to 
make close estimates for individullllegs on the basis of a certain num
ber of days of ripening. In fact, so far no satisfactory bnsis has been 
found for close estimates of cookin~ time for individual legs of lamb 
roasted by method 1. Because Hns 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 
fLnd 7, the others a.re held to be more practical. 

For the general market supply of leg of lamb roasted by methods 
2, 3, 4, 5, 6, and 7, estima.tes of shrinkage and cooking time are very 
rough because they are based on small samples, respectively groups 
B', 0', D', E' and F' in figures land 2 and the nnseal'ed group in table 
6. 'WIlen method 2 is used, the shrillkage is predicted to ran~e be
tween 15 and 18 percent and the cooking tirne from 25 to 27 mmutes 
pel' pound on the average. 

For leg of lamb roasted by method 3 shrinkage is estimated at 17 
to 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 ure believed to be smaller 
than should OCCUI' in the long run. The estimnted cooking tin1e, on 
the other hn.llcl, is believed to be too high. • 

For Imnb roasted by method 4 shrinknge is estimated at 17 to 20 
percent and. cooking time at 24 to 26 minutes pel' IJOlllld. on the aver
age. Incidentnliy, as between methods 3 ttnd 4, if meat of the same 
composition were used, the seming in method :3 would be expected 
to increase shrinkage 3 to 5 p<.'l'ccnt, and to decrease the cooking 
time about 5 minutes per pound. . 

For leg of lamb cooked well done, 83° C., by met.hods 5 uno 6, 
shrinkage is estimated at 25 to 30 percent, whetlltll' the finishing 
tempemtme nIter searing is 125° 01' 175°. Cooking time is estinmted 
at 1 hour pCI' pound for met.bod 5 und hulf nn hour pel' pound for 
method 6. 

For leg of 111mb roasted by method 7 shrinkage is estimated at 10 
to 11 percent and cooking time at 39 to 41 minutes pel' pound. 

'rho. number of mutton samples was too small to provide a reliable 
busis for predicting shrinkage and cooking time, but as far as cun be 
judged from the data leg of mutton will shrink somewhat more than 
leg of lamb of the same gmde and cook more quickly in proportion 
to its weight. This is contrary to a general belief that larger pieces 
of meat shrink proportionately less than do small ones, but is in 
accord with the belief that very large cuts cook faster in proportion 
to their weight. 

SUMMARY AND CONCLUSIONS 

The influence of carcass grade, period of ripening, and method of 
cooking 011 the shrinkage (loss of weight) and rate of heat penetra
tion during roasting was determined in a series of e~-perinlents on 
1,185 legs of 111mb and mutton, including Choice, Good, Medium, 
Commoll, and Cull gmdes, ripening periods of from 2 to 24 days 
after slaugllter, nnd seven difl'erent cooking methods. Studies on 
cooking method included variations in oven temperature and 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 time compared, and con
s~~nt-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 preliminarv 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 lamb roasted by the standard laboratory method used 
foryn.latability tests in the cooperative meat inv8stigations. 

The hIgher the ~rade of lamb and mutton the greater was the 
shrinkage, due mamly to the rendering out of more fat into the 
drippings from the better finished high-grade meat. Since pan drip
pings are usually made into ~ravies and sauces they do not neces
sarily represent a loss of nutntive value. Although drippings some
times contain more fat than can be used, tIllS excess fat should not 
be looked upon as cooking waste becl1use it probably would not have 
been eaten even if it had been retained by the roast. Whereas drip
pings loss decreased with grade, the water lost by evaporation during 
roasting did not follow grade consistently. CholCe, Good, and Medi
um legs. of lamb cooked more rapidly in proportion to their w'3!ght 
than lamb of Common and Cull grades. 

Increasing the length of the ripening period after slaughter de
creased the cqoking shrinkage and shortened the time required to 
roast leg of lamb. As the ripening period of lamb increased beyond 
2 days after slaughter, the cookin&, shrinkage became smaller and the 
rate of heat penetration more rapId. The decrease in loss of weight 
in tlie oven is of special interest because it offsets to some extent the 
loss of weight in the cooler during storage. No studies were made 
on fuel consumption in relation to ripening, but of course with faster 
heat penetration 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 a slow finish are of special interest. The average oven tempera
ture for the combination of 2650 C. for 20 minutes searing and 125° 
for finishing was higher than 125°, the constant low temperature 
used. There was it difference of 4 percent in the shrinkage of lamb 
le~s roasted by these two methods and the smaller loss was associated 
WIth the lower average cooking temperature. That is to say, the 
unseared legs shrank less. In contrast, the average oven tempera
ture for the combination of 265° for 20 minutes searing aud 121)° for 
finislling 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 tem~erature, which how
ever in this case included an initial sear. TIlls time the unseared 
legs shrank more. TIllS goes to show that searing in itself does not 
reduce shrinkage, as was once thought, but actually makes a roast 
lose more weight, though the \lxtra 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 a 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 cooking 
time 45 minutes per pound. When lamb l;~gs were first seared, 
and then finished at different oven temperatures, at the lowest 
finishing temperatur3, 125°: tho meat shrank 13 percent, while at 
th~ highest, 175°, the shrinkage averaged 17 percent. The cooking 
time ranged from an avernge of 36 to un average of 24 minutes per 
pound, respectively. 

In contrast when leg of lamb was cooked well done (83° C.) by 
these same oven temperatures, 125° and 175° following searing, the 
shrinkage was not significantly different, averaging 27 percent. 
The cooking time averaged 60 minutes per pound by 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 was chosen. The 
results bring out an important point in meat cookery with respect 
to controlling shrinkage: The stage of doneness to which meat 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 a roast-meat thermometer in addition to an oven thermometer 
because the meat thermometer 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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