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INTRODUCTION

Those concerned with serving foods of high quality at moderate cost
roaagnine a two~fold problem in amchieving this goal. First, the best
quality of food, consistent with budget allowances, must be purchased.
Second, careful attention mﬁst be given to the details of preparation so
that the finighed product is both palateble and econcmiesl.

8ince the expenditures for maahu‘eanntituta a large percentage of the
total food budget, special attention to the selection and preparation of
this menu item is lmportant. The less tender cute of beef offer many
possibilities for veriety in the menu at moderate cost. To be most
sgceptable, these cute must be cooked in moist heat at relatively low
temperatures for a sufficlent period of time %o soften the large amounts
of collagen which they contain.

This study was made in an effort to secure informetion conscerning the
comparative palatability and portion cost of cuts from U. 8. Good and
U. 8. Choiece beef rounds cooked by molst heat,

Moist heat eeoking methods, widely used for preparation of the less
tender cﬁtm of beef, include pot roasting, bralsing, stewing and simmering.
In all of these methods the meat is surrounded by water or steam in a
sovered container, and it is recommended that the cocking process be
earried on at low temperature.

Softening of connective tissues and structursl proteins is dbrought

-ahout during e relatively long cooking period by the mstion of the moisture
on the tigeues. Continuing the cooking process to the point at which con-

nective tissues are completely dissolved results in a product which falls



spart when it is lifted from the pen or when attempts are made to slice it
for serving. Although such a product may be very tender, it is highly un-
desirable because it is likely to be stringy in texture, unsttractive in
sppearance, and very difficult to cut inte Augshm.g portions. If the
ceoking proceeda to the point at which the plasma proteins become rubbery
and tough, the desiradle tenderizing effect, which results from seftening
of the connective tiussue, is minimized. In preparing the less tender cuts
of heof it is obvioue, therefore, that contlinuved cooking after the collagen
and structural proteins have been softened has deleterious effects.

w.ggau cuts of beef, which contain relatively small amounts of
connective tissue, present = ﬁﬁ,ﬁga problem in caowwg. Since thene
cuts, in their uncocked state, are slready tender, the main objectives in
- cooking them are to develop flavor and to incresse the attractiveness of
their sppearance. The dry heat method has been ghown to be the most
effective means of achieving desirable cooked products from these tender
guts. The tender cuts generally cooked by dry heat inoclude steaks,
roasts, chops, and also ground meats from the less tender muscles. The
large outs, designated as roasts, are most satisfactorily ceoked in a
medium of dry air at low temperature. Smaller cuts, such as steaks, ghops,

and ground pattles, may be cooked by broiling, pan broiling, or frying.

" Gooking temperstures for these smeller cuts may be considerably higher

than the temperatures used for rossting since the cooking time is
somparatively short.
The effect 6f the extent of cooking on cuts from U. 8. Choice and

U, 8, Good heef rounds cooked by molst hent in this atudy was odserved



" 4in relation to chenges in cooking weight losses, palatability changes,
velume losses, and variation in the coat of the edible portion.
Objective tests, as well as palatability ecores, were used to evaluate
tenderness and Juleiness of the cooked meat.

It is hoped that the results of this study may be of interest to
those who are concerned with the preparation of palatable ments at

economical coat.
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of the vooked product include the smount and qualiw of the fat in meats,
nﬁditién of seasonings, addition of chemical substances for tenderiszing,
l&ngth‘@wwndﬁimq of storage periods, breed of animals, and methods
of butchering and entting of the carcass.

Crocker {25) stated that the small amount of blood~like flavor in rew
~ meat resides ohiefly in the Julce, not in the fiber. Meats cocked to the
rare stege appear to undergo the least change in flavor during cooking.
The slightly salty taste, charscteristic of raw beef, is probably due to
the presence qr lactie aecid, phosphoric aeld, sodium chloride, potassium
¢hloride, and other salts.

Development of the "meaty" flavor during the continued cooking of
meats, Crocker (25, 26) pointed out, is brought about by certain chemioal
changes in the fiber rather then in the julces. According to him, this
gso-called "meaty® flaver is largely oder which is released by chewing the
fivers. These odors and accompanying flavors of cooked meats he described
a8 fragrant, moderately acid, slightly burnt, distinotly caprylie, and
definitely mulfury. These flavors appear to inereass up to 3 or 3.5 hours
of cocking and then to diminish gradually. Chemical distillates of the
mascle and fat components of cooked beef, Crocker found, contain ammonla,
a fishy~suelling emine {possibly methylamine), an indole-like "metslliic"
odor, a erackery-smelliing derivative suggestive of ;aiparmine. and
hydrogen sulfide. The variety of chemicsl substances responsible for
these odors and flavors ig presumedly produced by fragmentation of the
constituent amino acids by deamination or decarbozylation and the simlte-

necus breskdown of the sulfur-bearing soine agids to yield hydrogen sulfide



and proplonie acid.

Howe and Barbella (42) reported that mest flavors, in the truest
sense, consist of stimmli given to the taste buds by inherent organic and
inorganie subetances such as water-soluble extractives, lipids, small
anounta of carhch&ﬁr&%an and salte, or compoﬁn&s produced from these
products and the proteins by cooking. Earlier investigations by Bumet
and Grindley (29) indieabad that the development of meat flavors is due
largely to cleavage of extractives in the meat juices and to cleavage of
fat by haM ing. ‘

Bendall (6) attributed the flavor changes in meat during cooking to
partial breskdown of the proteins to aminoe aclds and peptides, to destrue-
tion of ereatine (no taste) to creatinine (bitter), and to increase in pH
due to the coamgulation of the proteins by heat wlth subsequent development
of alkaline odors.

Bouthilet (9) reported a alése relationship between pH and flavor
changes during the cooking of poultry. In his study he ground the uncooked
flesh of a young cockerel, mixed it with phogphate buffer solution, boiled
the mixture, and graded each sample of flsvor evolved. At pH 1.0 to 4.0 a
gtrong chicken flavor was rapldly and completely distilled. At pH 6.2 the
chicken flavor had become mild and a "meaty" flavor was noted. Fronm
pH 6.2 to 7.0 the chicken flavor dissppeared. A%t pH 7.4 the odor of the
mixﬁuro waé described ss basic and there was evidénse of some piperidine.
When pH reached 8.0, sulfury odors were pronounced and the flavor was
likened to that of boiled egges. At pH 9.0 he reported ammonia and other
volatile amines to be the prédaminan$ odors.

From this study Bouthilet (9) reported the isolated flaver constituent



of poultry to be a weak aold, produced in the flesh during cooking. Fs
found that the compound was easily dialyszable through cellophane membranes
and that 1t ovuld be concentrated on the anion column of an fon exchange
operation. The flavor constituent, he reporied, counld bhe further purified
by steam diastillation.

High palatability ratings for aroma and flavor have been found to be
elosely related to the degree of finieh of the aniuals and the vieidble
fatnens of the cuts. FProm their studles of the relationehip of flavor and
Julciness to fatness, Barbells and co-workers (4) found thet the fat
content of 728 rid roasta of beef varied from 7.5 to 57.5 per cent. In-
eressed fainess appeared to be sssocismted with increased desirability of
flsvor. Considering the effect of various factors on flavor, they found
L5 per cent of the total sum of varianse in flaver attributadle to fatness,
26 per cent atbributable to age of animals, 24 per cent attridutable to
breeding.and 9 per acent attridutable to sex. They concluded that desir-
ability and intenalty of flaver of fat was largely related to age and that
intensity of flavor of the lean was also related %o age of the animale.
Brannamen and co-workers {(12) also reported intensity and demirability of
flavor of the lesn ment of roasts showed progressive improvement with
increased finich.

The effscts of ripening, sging, and storsge on flavor, aroma, and
tenderness of meats have been widely studied and have been shown to have
marked influence on palatability. Prom observing histological, physical,
and organcleptie changes in deef during sging, Harrison (37) found the
greatest improvement in palatability cecurred during the first 10 days of
storage at 34 to 6% ¥. Between 20 and 30 days of storage the beef



developed s musty odor and a "high® flavor. Paul (52), in a similar study
on besf, found the grestest inereage in palatability occurred during the
first 9 days of the storsge pericd. After that length of time, "gamey"
odors and flavors were observed and development of rancidity in the fat
was noted.

Oocurrence of rancidity in the fatty parts of meats has been shown to
be & very important f&c%gr in limiting the length of the storage period
for mests (13, 64, 65). Flavor and aroms in meats containing large amounts
of fat deteriorate much more rapldly than in leaner meats. Protecilon
from contmct with oxygen by sealed molieture and vaper-proof packaging has
been shown to delay the onset of rancidity (63). Freesing and low
temperature storage have also been found helpful in prolonging the storage
period for meate by delaying the development of undesirable aromss and
flavors. Low storage temperstures and freezing slso retard deterioration
of flavors attributable to the action of lypolytic and proteolytic enzymes
and mleroorgenisms.

The effect of feed on flavor of poultry was demonstrated by Mew (45)
in an experiment 1n which barley, corn, oats, and wheat were used as the
ohisf constituents of the diet. Other feedling experiments vaing various
fats and oils of pronocunced flaver and cdor have shown that flavor in fats
of the food animals may be affected by these distary constituents. Diets
which contain large amounts of unsatursted fatty acids are known to result
in soft fat in meat animals which has a greater tendency to become rancid
than fatty tiseue developed by animsls on a balanced dlet with normal fat
sources (13, bo, 41, &4, 65). ’

Flavors vary smong mscles of the eame animal owing to differences in
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11

and temperaturs were accompanied by an increased degree of softening of
the conneotive tissue. Winegarden (6?) elso found in her investigation
of the physical and hietological changes of connective tissuss of beef
@rin.g heating in water that the degree of softening of collagen increased
as temperature and time of heating increased. From this it was inferred
that euts of h‘of containing large amounts of collagen could be tenderized
by long cooking with molst heat. v

&;M changes in hintoiagimal structure were noted by Winegarden (67)
in collagen heated at 952 ¢ for 64 mimutes. Structural changes in
sollagen after heating were slso found by Barrison (37). Further studies
by Harrison led her to the conclusion that the histological strusture of
miscles was probably related to the tenderness of beef.

Individual muscles within a earcass vary markedly in tenderness. A
study by Ramebottom and co-workers (55) on the comparative tenderness of
£ifty of the large muscles of besl substantisted this 1dea. From the
results of their work, Ramsbottom and co-workers (56) saggested that ex-
tending the practice of grouping muscles of similar tenderness for
ontting roasts would be a great ald in preparing meats with maximum
palatability.

Although fatness of carcess ig related to carcass grade and carcass
grade appears to be related to tenderness, the work of Hanmking and Ellis
{34) indicates that variations in tenderness are caused mainly by factors
other than fatness as such. Their conelusions were besed on an extensive
study of the amount of fat and the shear force values for cuts from 728
caftle and 924 lembs.

Aging and ripening appear to have a marked effect on tenderness.
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Paul (52) ﬂeanw & decrease in force required to shear beef sanples as the
storage period increased from O to 18 days. She reported the most tender
miscles of awa,ypgﬁ guarter to be psoas rﬁuoa. gastrocnenius, and edductor,
in that order. No significent difference was found in tenderness among the
semitendinosus, semimembranosus, vasti, and biceps femoris macles.
Studies by Steiner (60) indicated that change in tenderness during ripen-
ing varies greatly with m&a,asa sex of the animal and from one animal to
another.

In studying the tenderising effect of aging on portsrhouse stesks,
Hiner and Hankine (38) reported that stesks sged 35 days were more tender
awvs eomparable aaawwu aged only 5 deys. In this investigation they found
that beef mged 5 days at W F and then frozen at -10° ¥ was as tender as
beef ripened 35 dsys st 3%° F.

Hiner and myaxwﬁa,aumv' using paired shert loins, observed that cuts
refrigerated at 34° F were the least tender of all the roasts checked in
thelir study om the effect of stormge temperatures. They found that roasts
frogen st ~10° ¥ and -40° F were more tender than those frosen at 20° #;
however, no significant difference in tenderness was noted between the
roasts frozen at -10° P snd -40° ¥. A similar conclusion regarding the
increased tenderizing effect of mﬁg&&aaaunua temperatures on beef wag
reported by MeClurg (47). He found that roasts frozen at -10° P eppeared
to be more tender than those frozen at 0° ¥.

The effect of cooking temperatures on tenderness has been widely
investigated. In gensral, low gooking temperatures are considered to
have a greater tenderizing effect on the less tender cuts than high cook-

ing temperatures. Cover (19) reported well-done round-bone chuck and rump
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roasts to be much more tender when cooked at 125° ¢ than when cooked at
225° €. Well-done standing rid roasts and half-hams were also found to
be more tender when cooked at the lower temperature than when cooked at
the higher temperature. ILittle difference was noted in the tenderness of
nedium-rare rib and chuck roasts cooked at these two temperstures. Cover
suggested that the tenderiging effects noted might be attributable to the
longer cooking time at the lower temperature rather than to the tempera-
ture alona.‘ﬂx

mend;;;eaa. as well as improvement of flavor, of canned beef was
found by Green (31) to be incressed by the injection of sodium chloride
solution and by the injection of & combination of sodium chloride and
lactie acld, Microscoplc observations led Green to the conclusion that
tenderness of canned beef was related to mieroscopic changes in muscle
and connective tissue during the processing of canned meat.

Shrinkage and denaturation of muscle fibers has also been reported
by some investigators to be related to tenderness. Sartorius and Child
(57) noted shrinkage in the dlameter of mscle fibers of the semi-
tendinosus of beef during coocking to 67° C internal temperature. During
the cooking process the muscle fibers coagulated and became less tender.
As eooking progressed, the fibers squeezed out fluilds and a loss in
weight and volume resulted. The extent of denaturation appeared to de- .

pend on the internal temperature reached during the cooking process.

Texture and appearance of cooked meats are ilmportant to those seek-
ing to please the consumer because of the profound influence of eye-
appeal in food selection. Although texture and appearance may or may



1k

not be directly related to flavor, poor ratings for these characteriastics
may csuse a consumer to aou_aﬁ a semple entirely on the basis of its poor
appearance. The effect of various factors on the appearance and texture
of cooked meats are seldom treated except in conjunction with the other
palatablility characteristics. Brady (10) reported thet texture is depen-
dent on the size of the fiber bundles in smscle, the larger bundles being
ﬁeagwwg@ with finer tsxture. He further suggested that fine muscle

texture is probably indicetive of tenderness.

Julcinsss of cooked meat 1g associsted with high palatability, and
both the guality and quantity of Julce appear to influence acoeptability.
Among factors which have been found to affect the julciness of cooked
meat are the amount of carcass finish, extent of cooking, method of cook-
ing, length snd donditions of ripening and storage, cooking tempersatures,
and breed of animals.

Repid increase wag noted by Barbella and co-~workers (4) in the
quantity of juiee in rossted Veef with incremsed fatness, determined by
ether extrasotion, up to s fat content of 22.5 per ceat. 3Breeding,
according %o this group, was the most important among the fastors con-
gldered in relation to the guantity of Juice in aeow@m heef. Other
factors considered were fatness, age, and sex. Fat bBeef roasts were
reported by Thille and go-workers {62) %o be less dry than lean roasts.

From & study of §y effect of storsge on palatebility charseter-
istics and physical changes in beef, Paul (52) noted a drop in the amount
of press fluid in the maecles during the first few Eu of slorage at

O 4o 36° F. This decrsase was followed by a sharp incresse in press
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flnld between the 9th and 18th day of storage. A report by Paul and
Child (53) on the effact of freezing indicated that unfrozen beef was
gignificantly bigher in press fluid than beef frozen 2nd then thawed at
175° ¢.

In studying the influence of four cooking media on the amount of press
fluid in beef rossts, Harrison (36), using samples taken near the murface
of the roasts, reported that ronsts cooked in alr were highest in press
flnid and those cooked in s‘tm were lowest. However, no significant
difference was noted in the amount of press fluld in samples taken from
the center of roasts cooked in alrv, fat, water, or steam. Judges'! scores
for julciness indieated no detectable diffarence in the effact of cooking
media used. '

&Mww””ﬂ§?nm u#udiea on the effect of exterlor temperatures on press fluid,
Child and E’ar#erius (17) reported romsting temperatures of 125°, 150°,
175°, and 2009 ¢ had no noticeable effsot on amounts of press fluid in
the semitendinosus muscle of heef heated to 58° C internsl teﬁparatm or
in pork leins cooked to B4° C internal temperature. Likewlse,standing
ribs, cooked to 58° C, showed approximately the same amount of press fluld
vhether cooked at 15@\" C constant tempersture, 200° C constant tempersture,
or at 150° ¢ me@ai@d by sesring at 260° C. -

Extengive investigations by meny w;;;ra have ghown a close relation-
gship between internal temperature and amount of press fluld. Ssrtorius
and Child (58), although they found no correlation between julciness scores
and amount of press fluid, reported a decrease in press fluid in semi-
tendinosue of beef by increasing internal temperature from 67° ¢ to 75° C.

However, they found no such decresase by inereasing internel temporature
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from 58° ¢ to 67% C. Rid rosats of beef cooked %o £1° C internal
temperature were reported by Noble and co-workers (50) to be julcier than
comparable roasts caoked to 75° 0. Beef rounds, secording to thelr study,
were Julicler at both tempersatures !;ha.n the corresponding rid roasts.
Increasing internal temperatures from 717 to 88° ¢ for ?vsa.l roosts,
aceording to Paul and Mclean {54), resulted in lower juleciness scores.
These workers also reported a highly significent difference smong indi-
vidual muscles in juleclness a#was for the three sizes of veal animala
used in the study. Child and Moyer (16) reported that samples taken from
the center of besf rossts contained more prege fluid than samples taken
neay #ha surface of the same roasts. This they attributed to differences
in internal tempersture of these mreas of the roasts. Simlilar tests on
pork ra&its. however, d4id not show sppreciable differences of press flumid

in gamples from different narts of the rossts.

Excessive cooking welght losses in meats have heen found by many
workers to be related to a decrease of palatability. The Julciness of
cooked meats appenrs %o he particularly affected by high cooking lossas.

Factors which have been atudied in relation to the total welght
loases of mest during cooking include the amount of finish ef the carcass,
coolkting temperatures and time, internal tempersture, carcess grade, degree
of ripening, individual muscle veriation, size of cuts, freezing, and
methods of thawing.

/MMIn early studies Grindley snd Mojcinner (32) reported an incresmse in
“ eooking losses with inoressed length of the cooking period and with higher

cooking temperatures ueed in preparation by bolling, saut“ing, pan-broiling,
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and roagting. According to their report, smaller relative losses were
noted in larger plsces of meat than in smaller »leces cooked by boiling
and roasting. They revorted grest differences in the smount end kind of
lonses from different outs of the zame kind of mm. -

Morgan =nd Helsen (89), from studies of ths effect of ueta,l skewors
en shrinkege and speed of heat ponetration 1in beef roasts, reported a
marked decremse in cooking time and cooking losses in rosats in which
gkewers wers used, They observed no appreelable increase in losses of
rossts cooked at 250° C over ronnts cooked mni 1759 € and suggested that
this waa probably explained by the reduction in totzl cooking time at the
higher temperaturs. e T

Studies by Alexander and Olark (1) of shrinkage during the roasting
of lamb and miz;’bi;on of Cholee, Good, Medium, Common, and Cull grades
showed greater cooking losses, principelly fat, from the higher grades.
Water losses did not follov grede consistently. Cooking losses and
sooking time decreased se the ripening peried increasaé./ They observed
that the sverage oven temperatures hed more effect on shrinkesge than
initial searing temperatures used in conjuetion with lower finighing
temperatures. On the whole, iwer oven temperatures regsulted in gnaller
shrinkage of romsts cocked %0 the medluvm-to-well-done stage. In roaste
cooked to &3° ¢ internal tampam.wm; no difference wasg noted between
12%ees of roasts cooked at 125% € and those cocked at 175° €. They con~
oluded from these studies that the degree of doneness influenced cooking
losges more then the oven tempamtum?}and mugreated that excesaslve
losses might be atiridbuitable to overcooking.

Another gtudy by Almnﬁ.ar and Clark (2) on the effect of grade,

R
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methods on gquality and palatabllity of beef, reported that low oven
temperatures resulted in lower cooking losses and greaber palatabllity
then dif high oven temperatures. They found no relation beiween size of
cul 2nd total pereentage of wnaJwMWPaaaumwa@ to thelr studies, the addition
of water to beef during the roasting pericd caused a decreass in palata~
Bility and an increase in total cooking wnaaam.mwmﬁmwaa_ gcores for this

-

study indicated that inersassd shrinkage was acoompanied By a decrease in

,

flaver, Juiciness, and aag&agﬁo&#%

\_Applicstion of hemt over 60° C to beef, fish, and flesis foods, accord-
ing to McOance and Shipp (46}, resulted in shrinksge of the proteins =mad
in tho expression of juices. Inoreasing the temperaturs from 80° ¢ to
100% € and from 100° © to 1200 C accelerated the rate of shrinkage. .

HeCane and Shipp also Found that half inch silces of veef, tmwaw»s@
about 50 groms, cooked in boiling water for & hours lost weight and water
vory rapildly during the firet 30 minutes of cooking and then lost no more.
Logses of 3alt, non-protein altrogen, and purine nitrogen occurred tarough-
out the sooking period but were nosh rapid during the first 30 mioutes of )
boiling.

Further studles by thess workers, using 1500 grem pieces of beef,
showed losses of weight comparable to those noted for the 50 gram wwaeaa‘
during & & hour boiling period. However, the rate of loss during the
garly pert of the cooking period wess siower for the larger pleces than for
the smeller ones. The entive & hour bolling period was necessary to bring
the large plecss to Lhe seme percentage of lowss shown by the 50 gram
pleces st the end of the first 30 mimtbes of cocking.

Another report by Mclance snd 8hipp showed that the greatest loass of
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Child and Baldelli (14), in their article reporting the development
of apparatus and methods for determining the amount of expressible press
finld in beef muscle, described s press used for objective evaluation of
Juleiness. Tanner and co-workers (61) also described a method for me-
ehanieal determination of ulciness of beef and pork muscle by means lof. a
bydraulic press. Their findings showed no close correlation between
resulta obtained by the hmmlie press method and the remltst of taste
panel scorss for julciness of beef cooked to 58° C interanl temperature.
At higher internal temperatures, however, they reported an inverse
relationship bstween the juiciness scores and the amount of expressible
fluid, as determined by the hvdmlia press method. From their resultse,
it appemrs that the type of meat (beef, lamb, or pork) seems to be a
somplicating factor in the scores for julciness. Thelr teats indiceted
that when the samples of these three types of meat ghowed the same
percentage of press fluld, beel samples were consistently rated highest
and pork samples lowest in jJulciness aecording to the judges' scores.
From reports of numerocus inveetigatlons, it appears that it is not always
possible to obtain consistent relationships between press fluid values
and subjective soores for julciness.

| Yarious devicea have been designed to determine the tendernesas of
foods. A shearing apparatus, which messures the pounds of force required
to cut through a gylinder of muscle of prescribed diameter, has proved
very satisfactory as an objective meaps of determining tenderness of meats.
By ueing careful technigues in the preparation of the sample and in cerry-
ing out the test, it is possible to achleve a high degree of correlation
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give a better indiecation of the sccepteblillity of cooked meats than elther
- kind of testing used slone. They pointed out thet subjective testing,
whereas 1t is difficult to control, may give valueble informstion concern~
ing the finighed product which cen be obtained in no other way. In spite
of the recogniszed deficiencies of subjective meoring as a measure of
palatability, Dove (28), has stated that all measures of the value of a
food, in the snd, must be liedle to the subjective response of the con-
sumer. He also suggested the use of a "subjective-objective! approach to
the problem of acceptability evalustion.

Bate-Smith (5) expressed the opinion that there may be much merit
in the use of weighted values for individual charapteristics making up
the total palatabllity evaluation of a given food when subjective methods
are used.

Recognizing the shortcomings of subjective metheds for determining
the acceptability of foods, many investigntors have combined this method
with various objective tests which have been devised for measuring
gertain palatability characteristics. At the present time, however, the
number of objective teste whick have proved gatisfactory for determining

acceptability ia #till rather limited.
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METHOD OF PROCEDURE

Preparation of the Pot Roasts
Two pairg of U. 8. Good and two paire of U. 5. Cholce grade beef
rounds, ramp on, were uged for this gtudy. Carcass grade designations,
throughout this study, refer to the new elassifications for beef grading
which became effective Jamuary 1, 1951. Pertinent information concerning
the rounds which were used follows.

Table 1. Data on Beef Bounds Used in Study

Animel Ho.  Cavosss Orade Weight of Rounds® Slsughter  Cubbing
1 U. 8. Good  59.00  60.50  L17/s1  bj2p/s1
1v U, 8. Good 76.25 75.00 6/15/51 6/25/51
b4 U. 8. Cholce 67.00 68.50 h/17/51 Liz?/51

U. §. G 23.2% 73,00 6/15/51 6/25/51

The rounds were purchased from the Iows Packing Qompany of Des Moines

and wers delivered to the animsl hmsbandry meat laboratory where they were
allowed to hang in the cooler at 34 to 36° ¥ until the tenth day after
slaughter. Cute were then prepmred by disseoting the semitendinosus,

rectus femoris, vastus lateralis, and adduebor muscles from the rounds.
These musclea were irimmed for cooking as »aﬁq»g pot roasts. The biceps
femoris was dissected and out orosswise into three parts and the semi-
membranosus was divided into two parts to make all cuts as comparable as

possible in size and shape.

wﬁa»&v« in pounds afier 10 days ripening at 34 to 369 F¥.
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Storage of Pot Roumsts
After the muscles were digsected and trimmed for pot rossts, they
were labeled, wrepped in heanvy locker cellophsne, and frozen at -30° C for
a period of 24 to 72 hours. They were then removed to atorage lockers and
held at -10° € until the time of defrosting prior to cooking. Storage

periods for the outs ranged from 31 deys to 53 days.

Preparation of Pot Romstes for Cooking
Cuts were defrosted at refrigerator temperature, 7 to 10° G.‘ for 36
to 48 hours ﬁm ‘an approximate internsl temperasture of 0% ¢ before cooking.
Upon removal from the refrigerator, the pot roasts were unwrapped and
weighsed. ﬁ’a:tm of the uncooked pot roaste was tsken by the displacement
method in water at 25 to 27° C. Messurements of length, width, and depth
were taken for esch cut. & thermometer was inserted in eamech cut so that

the buldb wag at the genter of the cut.

The Cooklng Process

Eech pot roast, wlthout browning, was placed on a trivet in a pre-
heantsd Duteh oven with the mead thammaﬁr extending through a hole in the
1id. Hach Dutch oven wae then placed in a separate gas oven, which had
been prehested to 150° C. The ovens were equipped with glass panel doors
for easy obsarvation of thermometers.

Beadings for pot .amaat and oven temperatures were recorded at 20
ninute intervals until the cuts reached 80° ¢ internal temperature. Aa
the internal temperature approsched 90° C, readings were taken with
incrensing frequency. Oas conmumption records were kept throughout the

preheating and cocking perlods.
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Samples for scoring were wrapped in heavy cellophane or slipped into
plastic envelopes as soon as they were cut.
Samples for shear forge tests

Samples for the btesting of tenderness on a shearing apparsatus, were
removed from the center of the 2.5 inch section taken from the anterior
end of the zaecle an degoribed above. The apperatus was previously eon-
atmwtéd, slong the principles of the Warner-Bratzler shearing apparatus in
the Iows State College ingtrument shop. The removal of thia sample was
effected with a ateel cylinder, 1 inech in dlameter, sharpened to a cutting

edge at one end. The sample was wrapped in heavy cellophane until teuts'

were made on 1it,

Samples to be tested for press fluld were obtained from a center strip
of the one~fourth inch slice adjacent to the last slisce removed for scoring.
This strip was wrapped in heavy cellophane until tested. At the time of
testing, three ssmples of desired slize, welghing between 1.5 and 2.0 grams,
wore cut from esch strip with disgecting seissors and weighed on an
snelytical balance. They wers wrapped immedistely in standardized rmslin
sovers with double blotting paper pads, one-half inech equare, on the top
and bottem of the wrapped semple. This sample was then wrapped in a

second muzlin cover and tested on the pressomeber.

Teats and Records
Bubjective tests
One sample of sach pot romst was scored by & panel of four Judges.

Scoring was based on a seale of O to 10 for aroma, sppearance, flavor,
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texture, teanderness, and julcinesa. Descriptive terms for these charscter-
iatlcs were also listed for checking by Judges.

Appenrence of drippings for each pot romst was subjsctivaly evaluated
by observation of the drippings in 500 milliliter graduate cylinders.
Objective $ests

Total logses ware recorded for all pot roasts at 90° ¢ and after the
holding perisd for those whieck were hold one hour after resching an
internsl temperature of $0° C.

Drippinge wers weighed for all pot rossts when the internal temperae
tura‘af the pot romats raached 900 0. Drivpings were weighed again at the
end of the one hour holding period for those pot roasts whiech were held an
hour after resching an internal temperature of 90° C.

Velatile losses were figured by deducting the dripping losses from
the total losses for pot roasts at $0% ¢ internal temperaturas and after
the holding pericd. |

Yolume losses wers obtained for pot rossts by notiag changes in dias-
placement of the uncooked ents as compared with digplacement of the pot
roaste al an interpal temperature of 96° ¢ and after the holding period.

Fat lossos in the drippings wers measursd sfter the warm dripplags
were poursd into 500 milliliter graduste cylinders and cooled. Readings
were taken la 21111liters and multlplied by 0.9 to covert the fat loss
from volume to weight.

Juiciness was objectively evaluated by determining the amount of
press fluid whimh could be expressed from semples of known welght under
pressure of 250 pounds per square inch for 5 minutes in the pressometer.

Samples were prepared zs previously descrived. After pressing, sauples
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were uawrapped al once and welghed sisin on an aamlytical dalance. The
percentage of press fluld was caleulatsld by dlviding the differsace
between the initial and the pressed welghts by the initisl weight of the
saeple. Three samples from the sample strip of each pot rozcat wers tested
by the pressometer method. |

Tenderness wag objectively mezsured by testing ssmples, prepared as
previcusly described, on the shesring spparatue, which messures the foree
in pounis required to cut through e eylinder of muscle 1 lach in diameter.
Five shear readings were made from the semple btaken from each pot rosst.
Huel zonsumpbion rscord

Puel consumption records included both the gaes required for pre-

heating the ovens to 150° € and that wsed for the cooking snd holding

periods.

The cost data included the inltial cost »f the rounds, dedunetions
for trim 2and waste from the wholesele eut, the percentage coolting weight
loases, and the cost of fuel used in the entire cosking peried, including
the preheating of the ovens.

The purchase price of the first psir of U. 8. CGood grade rounds was
$0.5700 per pound and of the second pair wes §0.5595 per pound. Unit
price of the first peir of U. 8. Choice grade rounds wes $0.5950 and of
the second pair was $0.3555. Market conditions at the time of the
gsecond purchase were such thet there was ne difference in the uniy cost
between the Cholce and Jood grades of this particulsr wholesale cut.
Generslly, however, the buyer would expect the unit cost of the Cholce

grade to be slightly higher than thst of Good grade rounds.



30

Cost of fuel for this study was based on the rate of $1.00 per 500
cubie feet of gagl . Pael cost for regsular institution use, however,
would not be likely to constitute as large a part of the edible partion
aam gince the rate decreases appreciably as the total consumption of

gas increases.

1M$B Gaa Company rate.
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RESULTS AND DISCUSSION

Cooking Welght Lossea
Zotal losses

The total cooking weight losses of cuts from U. 5. Choice and U. S.
Good rounds cooked to 90° ¢ internal temperature were very similar.

From an sverage of all cuts, from both left and right sides, it was found
that aversge total cooking losses for Good cuts were only 0.60 per cent
higher thsn for comparsble Choice cute at 90° C internal tempersture.

See Table 2, which containe the data for the average total cooking weight
losses for cuts from two pairs of Gocd rounds and two pairs of Cholge
rounds, graded according to the specifications of the new grading antem
for beef which became effective in January of 1951. Analysis of varience
of total cooking losses showed F walues %0 be non-eignificant for carcass
grades, for animels, and among animals of the same grade.

Much greater varietion in percentage of total cooking weight losses
wae noted among different cuts of the same round then between the two
grades of beef. For the nine cuts used from the two pairs of Good rounds,
cooked to 90° C internal temperature, aversge total losses ranged from
29.9 to 40.3 per cent. The range of average total cooking loeses among
corresponding Cholece cuts was from 30.0 to 38.3 per cent. Analysis of
varisnce shoved the varistion in total cocking losses attributable to
individusl muscles to be aignificant at the 1 per cent level of probability.

The varistion of total cooking losses among the individual cuts is

clearly shown in FPlgure 1. Among the cuts which consistently incurred a

total cooking loss greater than 35 per cent in both Choice and Good grades
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Table 2. Avernge persentsge total cooking welight losses of
Us 8, Good and U. 8. Cholce cuts. Muscles from
left side cooked to 90 C; those from right side cooked
to 90° ¢ snd then held in 150% C oven 1 hour longer.

Effect of Treatment Logses in@urrodeby Losses incurred by
cooking to 90 C cooking to 90° C
plus 1 hour hold-
ingat 1500 C
Carcass Grade Good Cholce Good Choice
Moseles, left side
Rectus femoris 38.7 6.8
Semitendinosus 29.9 31.0
Biceps femoris, upper 32.7 33.0
Bigeps femoris, middle 34,1 33.9
Bigeps femoris, lower 32.7 30.1
VYastus lateralis 8.2 3.7
Semimembranosus, upper 36.3 37.7
Semimembranosus, lower 37.2 36.9
Adductor 36.8 38.3
Average of all cuts 34.8 3.9
Museles, right side
Rectus femoris 36.6 7.8 o8 bo.2
Semitendincsus 20.5 30.1 36.6 35.6
Biseps femoris, uprer 31.7 30.0 7.0 35.2
Biceps femoris, middle 34,9 33.1 39.2 37.6
Biceps femoris, lower 32.0 3.1 37.7 36.8
Vagtus lateralis 36.2 31.2 9.5 37.1
Semimembyanosus, upper 37.1 36.0 40,6 38.8
Semimembranosus, lower ho.3 38.3 k3.7 k1.2
Adduetor 37.5 37.9 4o.3 ho.?
Average of all cuts 38,2 33,9 9.6 38.2
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wore those taken from the rectus femoris, adductor, and the upper and
lower semimembranosus muscles. The lowest total cooking losses occurred
conslstently In both grades in the semitendinosus, which averaged 30.2
per cent loss in Good grade and 30.6 per sent less in Choice grade.
Aversge total cooking losses for the wvastus lateralis and the three cuts
from the biceps femoris fell in a less distinet pattern between 30 and
35 per gent.

No significent differvencs was notted iu tho jodal losses between the

Cholce and Good cuts held an additional hour at 150° ¢ after the pot
yoasta had resched 90° C internal temperature. The average total loss
for the Good cute after the holding period was only l.4 per cent greater

than for comparable Choice cuts. The total losses after the holding
period ranga& from 36.6 %0 40.8 per cent for Good and from 35.2 to 40.7
per cent for Cholce grade.

During the additional hour of holding after the internal temperature
of the pot romshs had reached 90 €, Good cuts incurred an additional
average loss of 4.4 per cent and Choice cuts incurred an additional average
loss of 4.3 per gent of their initial welght., The rate of loss obviously
was glower during this last hour of holding than in earlier stages of coock-
ing. The amount of increases in total loss during this period was large
enough, however, to warrant the attention of those poncerned with the
eponomical production of walimpyapmre& mead .

During the holding peried after the pot romsts had reached an internal

temperature of 9@”‘@, the inorenge of intarnal‘ﬁamparatura showed ne
congistent pattern among the individuel cuts or between the grades of beef.

Pinal internal temperatures after the holding period ranged from 920 € to
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986 ¢+ The final internal temperature of two thirds of all the cuts, which

were held an hour after they had reached 90° ¢, was within the renge

batween 95° C and 9?° €. In the case of the upper semimembrancsus from the

round of Cholee animal 1II, the internsl temperature dropped from 90° g to 83°

C after the objective measurements were taken. During the one hour holding

period, the internal temperature of this cut increased only to 87° C.
Cooking time, expressed in terms of minutes per pound of raw welght,

showed a fairly consistent pattern among the individuel ocuts cooked to

90° ¢ internal temperature. The adductor muscles required 3% minutes per

pound, and the upper diceps femoris xaquired an aversge cooking time of

50 minutes per pound to reach 90° ¢ internal temperature. The soolking

time for other ouss fell within this range. Since an arbitrary holding

period of one hour was set for all cutw, without regard for the size of

the ocut, the figures for total cooking time per pound do not give 2 true

piature of tﬁ@ differences in the iata of hgat penatration among the

different cuts whigh wers held the sdditionsl hour.

Dripping losses, as shown in Table 3, did not vary signifieantly
between Good and Choice grades cooked to 90° ¢ internsl temperature.
The average dripping loss of all Good cuts, cooked to 90° €, was 1.0 per
cent less than the loss for corresponding Choice cuts. The data showling
the wide range in persentages of dripping losses for lndividual cuts in
both CGood and Choloe cuts are included both in Table 3 and in Figure 2.
Analysis of variance of dripping losses showed differences attributadble

to individual cuts to be significant at the 1 per cent level of
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Table 3. Average percentsge dripping losgses of U. 5. Good
and U. 3. Ghaiaa eute. Maseles from left side
ea@kua ts 90° ¢; those fram right side cooked to
90 ¢ and then held in 150° € oven 1 hour longer.

¥ffect of Treatment Logses 1naurraa by Logses inocurr gd by
eooking to 90° ¢ cooking %o 90" C
plus 1 huua h@ld»
ing at 150
Carcass Grade Good Choice Good Cholce
Maseles, left aide
Reetus femoris 25.7 23.4
Semitendinosug 12.2 11.8
Biceps femorls, upper 11.9 11.1
Biceps femoris, middle 15.9 11.9
Biceps femoris, lower 10,9 15.2
Vastus lateralis 16.7 18.6
Gemimembranosus, upper 18.9 19.4
Semimemdranosus, lower 23.k 20.4
Addunctor 23 2 22 05
Aversge of all cuts 17.6 17.1

Muscles, right side

Rectus femoris 25,7 26.k 16.6 19.1
Semitendinosus 11.8 13.0 5.9 6.h4
Bicepe femoris, upper 10.2 11.4 4.0 7.3
Biceps femoris, middle 14.3 13.3 11.4 11.0
Biceps femoris, lower 12.3 16.6 .2 10.8
Vastus lateralis 13.0 16.9 10.3 11.7
Semimembranosus, upper 19.2 18.2 15.7 15.0
Senimembranosus, lower 6.4 18.4 5.8 15.4
Adductor 22.3 22.4 19.7 21.0
Average of all cuts 15.0 17.4 10.4 13.1
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provability. The rrwﬁuur femoris snd adduetor mmscles had the higheat
dripping losses, whereas the Aripping losses of the semitendinosus and
upper bleeps femoris were consistently lowesd.

Continued heating of the m% rorsts for an hour after they hed
reached an internal temperature ef 90° ¢ oansed considershle svaporstion
of dripping losses. Dvaporation of drinpings in aseveral instances was so
great that nothing remained in the kettles at the end of the cooking
period except a charred vesidus which wes unfilt for use in savces or
gravies. 7The relative decrease in the percentage of drippings Auring the
sdditional hour of holdlng was almost the same for cuis from both grades
of rounds.

Yolatile losses

Average volatile losses, as shown in Table 4, did not vary es
markedly hetween Choice and Good grades as smong cuts of the same grade.
in sverage of volatile lousses for all Good euts, coocked to 90° ¢ internal
tomperature, wes L.5 per cent higher then the average for comparsble
Cholge cute. The range of aversze volatile loases wes 10.9 to 3.0 per
gent for Good cuts and 11.3 to 22.0 per cent for Cholce cuts cooked to an
internal temperature of %a 0.

Average volatile losess for outs which had been held en additional
hour after they had veached 50° G, were 4.1 per cont greater for Good cuts
than ‘fw comparable Cholee euts. During the holding perioed volatile
losses inerenged 9.0 per cent for Soud euts end 8.6 per cent for Cholce
subs., The date showing the percentage of volatile losses incwrred for all
pot Poasts at an internal temperature of 90° ¢ and also the inecreased

losses incurred during the holding peried for pobt roasts which were held
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Table &, Aversge percentage volatile losses of U. $. Good
and U. 8. Cholce cute. Muscles from left side
cooked to 90° C; those from right side cooked %o
90° C and then held in 150° ¢ oven 1 hour longer.

Effect of Treatment Losges innurrag by Losses inaurrgd by
' cooking to 90 C cooking to 90" €
plus 1 hour hold-
1 % 150° ¢
Carcass Crade Good Cholce Good Cholce
Museles,; left side
Rectus Ffemoris 13.0 13.6
Semitendinoms 17.6 19.1
Bigeps Temoris, upper 20.9 21.9
Bigeps femoris, middle 12.3 22.0
Biceps femoris, lower 21.9 14.9
Vagtus lateralis 18.5 18.1
Semimembrancsus, upper 17.4 18.3
Semimenbranosus, lower 13.9 16.5
Adductor 13.6 13.8
Avarage of all outs 17.2 17.8
Muscles, right gide
Rectus femoris 10.9 11.3 24.2 21.1
Biceps femoris, upper 21.4 18.6 33.0 28.0
Bigeps femoris, middle 20.6 19.7 27.8 26.5
Biceps femoris, lower 19.7 4.5 33.5 26.0
Vastus lateralis 23.2 14.3 30.0 25.%
Semimembranosus, upper 18.0 17.8 2.9 23.8
Semimembranowus, lower .0 19.8 37.9 25.8
Adduator : 4.8 15.5 20.6 19.7

Average of all euts 20.2 16.5 29.2 25.1
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Tadle 5. Average percentage volume losses of U, 8. Good
end U. 5. Cholce cuts. Muscles from left side

cogked %o 90" C; those from right side cooked to
90° ¢ and then held in 150° © oven 1 hour longer.

Effect of Treatment Logses in@uﬁrqg by Losses incurred by
cooking to 90 ¢ acoking to 90° ¢
plus 1 houg hold~
ing at 150" ¢
Caronse Orade Good Choice Good Choice
Muscles, left side
Reatus femoris 28.9 19.4
Semitendinomus B.7 11.7
Biceps femoris, upmer 20.6 17.8
Biceps femoris, middle 21.5 18.8
Bieeps femoris, lower 22.4 13.8
Vastus laterslis 23.1 25.0
Semimembranosus, upper 23.7 27.3
Semimembranosus, lower 24.0 25.7
Adduetor ' 274 28.9
Average of all cuts 22.3 20.9
Mugoles, right side :
Reotus femoris 22.3 17.6 32.4 28.5
Biceps femoris, upper 9.7 6.6 15.2 16,6
Biceps femoris, middle 11.4 16.4 25.2 21.9
Biceps femoris, lower 12.9 12.5 26.8 27,1
Vastus lateralis 21.3 14,9 27.6 24.5
Semimenbryanosus, upper 22.5% 23.6 27.7 26.5
Semimembranosus, lower  Z1.5 22.1 32.1 28.4

Average of all cuts 16.7 16.6 26.2 2k b
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Table 6. Average palatability scores: aroma and flavor of
’ suts from U. 8. Cholce and U. 8. Good beef rounds.

Palatability Charsoteristic | Aroms Flavor
Carcass Grade Good Choice Good Cholige
Cuts cooked to 9&“ 0 Internal Temperature
Hectus femoris 6.9 6.8 5.8 5.7
Semitendinosus 7.3 7ol 6.3 7.2
Blceps Zemoris, upper A 7.2 6.2 6.3
Biceps femorie, middle 6.9 7.4 6.3 5.9
Bloeps femoris, lower 7.3 7.4 6.3 6.6
Vastus lateralis 6.8 5.8 5.6 5.3
Seminembranosus, upper 6.6 7.4 5.7 6.2
Penimembyancsus, lower 6.4 6.5 5.2 4.7
MM@I ' ?03 ?02 501@ 5-3
Average of sall cuts 7.0 7.0 5.9 5.9
Cuts cooked to 90° € Internal Temperature
plus one hoeur additional cooking at 15@ 0
Rectus femoris 6.8 6.9 L5 8.2
Semitendinosus 7.3 7.4 6.0 5.5
Bigeps femoris, upper 6.3 6.7 k.9 5.0
355”& £“Wﬁ“. m&ﬁﬂh 602 6'? 500 502
Bleeps femoris, lower 6.7 6.7 4.9 4,9
Yastus lateralis 6.2 £.9 h.5 k.3
feninenbranoeus, upper 6.4 6.b k.7 5.1
Semimembranoeus, lower 4.6 5.5 3.0 3.9
Addustor 6.2 6.2 h.6 .5
Average of all cubs 6.3 6.5 .7 4.8
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significant st the 1 per cent level of probability. Coolkting treatment

had the highest ¥ value of all affecting factors and was significant at

the 1 per cent level of probablility., The F velue for the interrelationship
of treatment and musples showed this factor to be significant at the 5 per
gont probe®ility level. Variation of aroman scores attributadle to the
Judges was aleo found to be significant at the 1 per cent level of proba~
bilivy. mﬁwa&gwaﬁgaﬁ@a betwesn massles and jndges and hetween tresd-
mente and Judges wers sleo found to be Impertent sources of variance of
aTous. YCOTHH.

In the statistical analysis of flavor scores, mources of variation
appeared to he attributable to differences among Individual animals, among
aninales of the same grade, among Individual musoles, Detween treatments,
among Judgoes, and the interrslationship between jJudges and muecles. The
highest P. wvalue in the analysis of varisnce of flavor scores, simmificant
at the 1 per cent level of probability, indiocated that differsnces among
the judges wae an impertant sourcs of varistion. The P value for treat-
ments was alao very large and indicated that differences in flaver scores

atiributable to sooking wa@gga wvare also highly significant.

The sxternal appearance of the two grades of pot roasts was very
similar in sﬁ respecta. The cubts of both grades were nicely browned on
al)l sarfacaes slthough no searing ireatment was used. Color of the pot
roasts cooked to 90° O internal temperature manged from medium brown to
desp red-~brown.

The outs which were held an additional hour after they had reached |

90% ¢ internal tempersture wers darker and less attractive in appearsnce
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Table 7 and Pigure 7. EHowever, average scores for the cute held the
additionsl hour after they reached 90° ¢ internnl temperature showed a
drop of 1.2 points for Good grade snd 0.9 point for Choice grade below
average scores for comparable euts cooked only to 90° C imbernal
tempersture. The deterieration of appearance of the pot roasts during
the extrs hour of holding {s shown graphically in Pigure 8. Among the
most pronounced changes in appearance which oocurred during the holding
poriod was the maried derkening of large areas on the surfags of the
gsliced muacles. These splotches were dark brown or dark grayish brown.
Iarce areas of the glices also becams highly iridescent after exposure to
the aiyr. Fiber ends appeared fuzzy and dry in the cut sectione of the
miocles whioch had undergone the extra cooking perioed.

Sourcee of varlstion in %@33&3_ scores, as determined by enalysis
of variance,insluded treatment, judges, mascles, individual animels, and
interrelationships of these factors. Ths P value for grade was non-
significant. ,

The aversge texture score for all Choice cuts cooked to maa o
internal tempeérsture was axactly the game as for corresponding Good outs
cooked in the same way. Average texture scores for cuts held an
additional howr after reaching w@a € were also the same for both grades
and ghowed only a drop of 0.2 point below scores of the cuts cooked Just
%o w% € internal Lemperaturs. Texture gcores are ghown in Table 7, and
the graphic ﬁ%mﬁa&?ﬂg of texture scores for the two grades ie
included in Figore 7.

The analysis of variance for texture socores showed that the differ-

snces among individual mmaecles and also among the judges and the
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Table 7. Aversge palatability scorss! sppearance and texture
of cuts from U, 8. Choloe and V. 8. Good besf rounds.

Pelatablility Charscterlatic Appearance Texture

Caronss Grade Good Choice food Choloe

fute e&@keé to 90° G lnteraal Temperature

Rectus femoris 6.3 £.1 6.0 5.9
Senitendinoms 8.2 7.8 7.4 7.2
Biceps feroris, upper 6.7 6.9 6.4 €4
Blceps femoris, middle 6.6 6.8 4.8 4,7
Biceps femoris, lower £.3 8.7 LR 6.2
Vastus lateralis 6.0 5.8 6.2 6.2
Semimembrancsns, upper 7.0 7.5 7.2 7.3
Semimembravosus, lower 5.9 6,1 3.9 b2
Adductor £.7 6.5 £.7 £.6
Aversge of pll outs 6.6 £.7 8.0 6.0

Cute cooked to 90° ¢ Internsl Temperature
plus one hour additionsl cooking at 150° ¢

Rectus femoris 6.2 £.3 6.4 6.4
Semitendinoeus 7.0 6.6 6.9 6.9
Biceps femoris, upper 5.1 8.3 6.6 6.2
Biceps femoris, middle 8.6 5.7 5,2 4,7
Biceps femorie, lower .9 5.6 5.6 5.8
Yestus laterslis 5.1 8.4 5.3 5.
Senimembranosus, upper 5.0 6.5 6.6 7.3
Semimembrancsus, lower 4.5 5.0 3.4 3.9
Adductor 5.4 5.9 5.9 5.8
Averces of all cuts 8.4 5.8 5.8 5.8
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interrelationship between these two factors were the most obvious sources
of wvariance. All pf these factors were significant at the 1 per cent
level of probebility. Sources of variation in texture scores which were
slignificant at the 5 per cent level included variation in the individusl
‘aniﬁa&s and among animels of the seme grade. Neither grade of carcsss nor
cooking trestment hed significant ¥ walues in the analysis of variance of

texture goores,

Tenderness
From comparison of the average tenderness scores and of the average

shear force realdings of the Good and Choice cuts cooked %o 90° ¢ internal
temperature, it appeared that there wes no lmportant difference in

tendsrness between the two grades. As indicsted in Table 8 and Figure 9,
the eorresponding muscles from the two grades, cooked by both methods,
followed the same pattern of relative tenderness, with the exception of

the Good grade rectus femoris cooked to 90° Cinternal tempersture.
A slight tenderizing effect of the additional hour of cooking after

the pot rossts reached an internal tempersture of 90° C was svident both

in the scores of the judges snd in the shear foroe resdings. As may be
noted in Figure 9, there wns 2 very cloge relationghip between the
subjective tendernems test, indiested by the scores of the judges, and
the objective test for tenderness, indicated by the shear foroe readings.
In evaluating these methods for determining tenderness, the following
negative correlations were found between the tenderness scores and

pounds shesr foroe.



Table 8. Average tenderness scores and shear force readings
- of cuts from U. 8. Cholce and U. 8. Good beef rounds.
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Tenderness Evaluation Scores Pounds Shear Force
Carcass Grade Good Cholce Good Choioe
Cuts aenkoé M 907 C Internal @!mamwra
&mitmﬁimmm 7.0 7.7 18.7 15.4
Bicepw femoris, upper 7.4 7.7 1.4 9.9
Bigeps femorias, middle 6.0 7.0 17.7 15.5
Biceps femoris, lower 7.4 7.8 11.5 - 10.7
Vantus lateralis .4 7.2 15.0 18.1
Semimenbranosus, upper 7.7 8.1 10.4 15.5
Semimembhranosus, lower 4.9 4.8 26.0 27.8
Adductor 6.% 6.6 23.2 22,7
Average of all cuta £.8 7.0 16.6 16.4
Cuts caoked to 90° ¢ Internal Temperat a
plus one hour additional cooking at 150
Rectus femoris 6.3 6.8 13.7 7.3
Semitendinogus 7.8 8.0 13.9 12.2
Biceps femoris, upper 8.4 8.4 5.6 b.6
Biceps femoris, middle 7.7 - 8. 10.9 7.9
Biceps famoris, lower 8.4 8.4 7.2 B4
Yagtua lateralis 7.2 7.3 22.1 14.6
Semimembranosus, wpper 8.1 7.9 8.7 9.6
Semimembranomus, lower 5.8 6.0 26.8 23.4
Adductor 6.8 6.2 20.3 21.9
Average of all cute ?oh’ ?n§ 4.4 11.8
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Grade Cocked to 90° € Held ) hour

after reaching 90° ¢
Good == B179%* r =-.BlOL**
Cholee £ ==7307% | r =-.Blg3ee

~ From these very high correlations it mppearsd that the two methods
wore messuring the seme characteristic. Three of the four correlations
were significant at the 1 per cemt lovel of probability snd the fourth
" correlstion smlso had a numerical r-value so close to the 1 per cent
probability level that it was also highly significant.

Anslysis of varisnce of tenderness scorss indicated that eénking
treatments, individual mmscle differences, and differences attributadble to
the judges were all important sources of varianse. XEach of these factors
had ¥ values which were siznificant at the 3. per cent probability level.
hww‘ralatwmiyg among these factors were also highly siznificant as
sources of Migatian in tenderness scores. No significant ¥ values were
found for carcass grade or for interrelationship of carcass grade with
~any other factor.

In the analysis of varience for tenderness, as determined by shear
force readings, F values for mmscles, treatments, and smong animsls of
the same grade wers found to be significant at the 1 per cent level of
probability. Individual animal differences were also found to constitute
3 aéuma of variation, and sn F walue for thig factor was found to be

significant at the 5 per cent level of probability. No significent B
| value was found for carcass grade or the interrelation of carcass grade
with any other facter.

The graphie presentation of the tenderiging effect of the sxtra



hour of eooking on the various cuts of Good and Oholee beef round is shown
in Plgure 8. As may be noted in this figure, a ww»@wa tenderizing effect
generally appeared to result from the holding period after the pot roasts
had reached 90° € internal temperature. With the exception of the rectus
femoris of ae& grade and the upper semimembranosus of Choice grade, this
tenderizing effect seemed to be apparent to the scorers. Since the
coxrrelation between scores and ghear force readings was very high, the
tYendorizing effect, as indiocated by the objective method, was not grephed.

It is obvious that the effect of the slight increase in tenderness,
attributable to prolonged cooking, was more than off-set by the
%»aﬁ»aggen of the other palatability characteristics Q»wﬁér 6 mnd B).
Development of highly gﬁamwﬁ@ga odors and flavors, loss of attraciive-
ness of servings, wyw marked decresse in Julciness during the extra hour
of cooking indicated that the slight increase in tenderness was of

relatively 1ittle importance to the acceptadility of the product.

Eﬁ?ﬁﬁﬂaas in juleiness, as determined by the average scores of the
Judges, were not perceptible between the Choice and Good grades elther
when the cuts were cooked to 90° € internal temperature or when the cuts
were held an additionsl hour after reaching 90° C.

hﬂyawﬁi». @39.&33«. on the basis percentage of press fluid, was
practicslly the same Zor Choice and Good grade cuta cocked to 90° € .
internal temperature. When cuts were ccoked an additional hour afier
they had reached wéa € internal temperaiu:u, the average press fluid
figure for Cholee cute was 2.92 per cent higher than it was for the

average of the corresponding Good cuts. (Table 9) .
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Table 9. Average julciness soayres and percentage nreass fluld of

cute from U. 8. Cholce and U. 8. Good beef rounds.

Juicineas Dvaluation

Soores % Press Fluld
Carcass Grade Goed - Cholce Bood Cholce
Cuts cooked %o %‘jﬁ ¢ Internal Temperature
Rectus xmﬂﬁ 3;@ &2 31 .3&' 35.12
Semitendinesus 5.6 5.5 38.99 38.77
Eiceps foworis, upper 5.7 5.7 38.85 39.41
Bicepn femoris, middle 4.3 h.2 35.91 36.00
 Biceps femoris, lower L7 50 33.45 95.77
VYastus lateralis 4.9 k.3 35.63 36.46
Semimenmbranosus, upper 3.6 k.0 36.57 37.88
Semimembranosus, lower 3.4 3.b 33.40 1.07
Adduetor 3.4 3.6 30.47 28,84
Averags of all outs .3 oy 34,96 35,59
Cuts cocked to 0% ¢ Internal Tempersture
plus one hour sdditionsl cooking at 150° ¢
Rectus femoris 2.4 2.6 32.80 32.68
Senitendinpsus 3.9 2.9 31.43 5.7k
Bioeps femoris, upper 2.6 2.2 34,95 35.82
31@@3 fmﬂ?i‘, middle 205 3‘1 31035 3209?
Bioeps femoris, lower 2.2 2.k 31.79 35.19
Vastus laberalis 2.8 2.3 27.78 3494
Semimembranosus, upper 2.1 2.4 30.12 32.69
Semimembranosus, lower 1.5 1.9 26.81 27.38
Adductoer 205 2.0 26.83 3203“'
Average of all euty 2.5 2ok 30.42 33.34
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The drying effect of the extra hour of cooking is clearly demon-
strated in Figure 8. Samples from the pot roasts cooked for the
additional hour were freguently so dry thet some judges commented that
mastication of the meat was extremely difficult. This lack of Juleciness
was described by such terms as powdery and excelslor-like. It was
frequently reportsd that these seasples were so dry that it was diffloult
to moisten them sufficiently with salive to swallow them.

Good correlation was found between the judges' scores for juiciness
and the perventage of press finid in the samples which were cooked to
90° € internal twpaéamn. For these cuts from Good grade rounds, the
correlation between the mubjective and objective measurements of julciness
was r=+.8089“, which was eignificant at the 1 per cent level of proba-
bility. For euts from Cholce grade rounds, cooked to 90° C internal
temperature, the correlation beiwsen the two methods for determining
Juiciness was r :4-.’?733*. which was significant at the 5 per cent level
of probability. Correlations of the methods of evalusting julciness were
not found to be significant for the either Choice or Good grade when the
pot rossts were cooked beyond an internal temperature of 90° c.

The regults of the subjective and objective methods for determining
Juiciness are ghown graphically in Plgure 10. A definite similarity in
pattern may be noted between the two methods in results for pot roasts
cooked to %” ¢ internsl temperature. However, great divergence of
trends 1s apparent in the results of the testing of cuts cooked an
additional hour after reaching 90° C.
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Table 10. Distribution of weight among constituent
' partes of beef rounds used in study. (Pounds).

Carcass Animal Tatal as Shrinkage Bona & Edible Raw Weight

Grade Purchaged Weste Trim Pot Roasts

tood 1 123.00 3.00 20,17 35.71 64.12
v 1%4.00 2.7% 26.18 48,38 86 .69
Total 277 .00 5.78 46.35 94,09 130.81

Choice i1 13%.00 350 22.56 7 .52 65,32
111 148.00 1.75 26.058 54,26 65.94
Tosal 287.00 5.25 48.71 101.78 131.26
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Zable 11. Platribution of costs among constituent
parts of beef rounds used in study.

Carcoass Animel Wholessle Initial Edibdle Tont of Average

Grade - Fumber  Unit Cost Qost of Trim = Uncooked Cost per
Rounds as Cost ¢  Pot pound, Raw
Purchased $0.40 Roasts  Pot Hoasts
Per 1b.
Good 1 $0.5700 $70.11 $14.29  $55.82
1v $0.5595 86.16 23.3% 62.81
Tota) | 156.27 37.64  118.63 $0.906%
Choice 11 $0.5950 82.71 19.01 63.70
111 0.5599 82.81 21.70 61.11

Total 16%.52 ho.71 124.81 0.9509
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roastes was determined is shown in Table 12. Thie figure was obtalined by
dividing the total coat of the raw cuts of each grade by the total cooked
weight of the roassts preparad by each of the methods previocusly described.
From thess calcoulations it was found that of the cuts cooked to 90° ¢
internsl temperature the Good grade pot roasts cost $1.4026 per pound and
the Cholce grade pot roasts cost $1.4731 per pound. The inorease in
sooking losses during the additional hour of cooking after the pot roasts
reached an internsl temperature of 90° © resmulted in rather sizable
incremses in the cosgt per pam of the cooked mest. For the cuts which
received the additional hour of cocking the cost of Good grade cooked
meat was $1.5081 per pound and of Cholce grade $1.5460 per pound. Thus,
it appeared that on the besis of cost per pound of cooked weight, the
Good grade cute cooked to 90° ¢ internal temperature were the most
economical.

The total cost of the edible portion of the corked pot rossts,
tabulated in Table 13, included the cost of fusl as well as the actual
cost of the meat. On the basis of total cost of edible portion,Good grade
cuts cooked to 96°  internsl temperature averaged $0.011k less per
portion than the correaponding Cholce cuts. On the same basis, the CGood
grade cuts which were cocked an additional hour after reaching 90° ¢
internal temperature averaged $0.0055 less per portion than the
corresponding Choice cuts cooked in the same way.

The continned cooking of the cuts after they had reached 90° C
resulted in an incresse in total cost of $0.0177 per 2.5 ounce portion
for Good grade pot roasts and an increase of $0.0118 per portion of

Cholce grade pot roasts. Althouzh these increases in cost per portion



67

Table 12. Cooked beef ocuts: coat per pound snd per portion.

Carenns Aniwmal Weight of Total Cost Welght Cooked Cost 2.5 oz.
@rad.n Baw %ﬁa, of Raw of Cutes Cuts Cooked
' Pounds Cute Cooked  Coat Portion
Pounds 1 1b.

Outs Cooked to 90° C Internal Temperature

Good I Left  32.61 $29.57 21.33
IV Left 33,70 30.56 21 .54

Potal 66,31 60.13 b2.87  $1.4026 $0.2192
Cholce  II Left  32.27 30.68 20.70
11T Left  32.23 30.65 20,94

Total 64.50 61.34 S B1.6h 14731 0.2302

Cuts Cooked to 90° 0 Internal Temperature
Plus One Additional Hour

Good I Bight 91.51 28,58 19.15
IV Right 32.99 29.92 19.64

Total &4.50 48, 50 38.79 1.5081 0.2356
Cholce  II Right 33.05 31.43 20.22

IiI Bight 33.71 32.05 20.84

NI Aheekeeneiiem e

Total 66.76 63.48 k1.06 1.5460 0.2k16
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Table 13. Total edible portion cost of U. 8. Good and U. 3. Choice cuts.

f?»amméa Cout of Tuel Cost ¥ Total Coet Velght Potal Coat

Grade Cuts Pot $1.00/500 . of Pot Cooked Pound 2.5 oz.
Rossted Cu. B, Roagts Roasgta, 1lb.

Cuts Cooked te 90° Internal Temperature

Good $60.13  $ 1.0250 $ 61.1550 Lz.87 ¢ 1.k265 § .2229
Cholee 61,34 1.1068 62.4480 41 .64 1.4997 2343
Cuts Cooked to 90° ¢ Internal Temperature

Plus One Additiocnnl Hour

Bood, 58.50 1.2326 59.7326 38.79 1.5399  .2406
Cholce 63.48 1.2076 6k .6876 41.06 1.5754 2461
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seem very small, the figure gains significance when viewed from the

- standpoint of the foods operator. Multiplying the slight increases in
portion aegt by probable muber of portions to he :erv;d makes these
figures worthy of consideration by food managers concerned with

economical operation.
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SUMMARY AND COHCLUSIONS

The first objective of this study was the comparison of the
palatablility characteristies, coocking weight losses, and edidble portion
cost of cuts from U. 8. Cholce and U. 8. Good beef rounds (1) cooked by
moist heat to 90° C and (2) cooked an adaitional hour after 90° C
internal temperature had been reached by the cuts. Grade designations
are those of the new federal grading system which became effective on
January 1, 1951. A summary of the results of the comparison of the twe
grades follows.
1. J¥rom the gecores of the judges it appeared that there was
no ‘éanuﬂtem preference between pot roasts from Choice
and Good rounds for flaver, aroma, texture, tenderness,
or julciness. This was true both for pot roasts cooked
to an internal temperature of 90° ¢ and for those cooked
an additional hour after they resched 90° C internal
{emperature.
2. émaumun was graded slightly higher by the judges for
 the Choiee cuts than for the Good cuts afer the
additional holding period of an hour after the cuts
reached an internal temperature of 9@° ¢.
3. Average values of the shear tegt for tenderness indicated
that Choice cuts were slightly more tender than Good cutbs
at the end of the extra hour of coocking.
L4, The objective test for julociness indiocated s slightly
highor pémmtm_a of press fluid in Cholce cuts than in
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appearance in samples of both Good and Choice grades which
were cooked an additional hour after they reached an internal
temperaturs of 90° C. |

Tenderness, eveluated both from the scores.of the Judzes
and from sheer tests, lncreased gomewhat for cuts from both
grades when the cooking vas contimied for aa hour after the
internal tempersture of the cuts reached 90° C.

From the snalysis of varlasnce of scores for the palatability
cherecteriatios it was found thet the effsct of cooking
treatuent was significant at the 1 per cent level of proba-
bility for aroma, flaver, julciness, appearance, and
tenderness. The F velue for treatment as a source of
variance in texture ssores was not significant.

Total cooking welght losses during the additional hour of
holding at 15@° ¢ increased 4.4 per cent for Good cuts and
4.3 per cent for Cholce cuts. During this period volatile
losges inorossed markedly and total dripping losses decreased.
The sost of 2 2.5 ounce portion of Good grade cuts increased
$0.0177 when the cooking periocd was extended an hour beyond
the time at which the pot roasts had sn internmal temperature
o 90° C. The additional hour of cooking increased cost of
Cholee grade cuts $0.0118 per portion.

Prom the findinge of this study the fellowlng conclusions were drawn.

1,

U. 8. Good grade beef rounds, prepared by pot roasting as
desorived in thie study, compare favorably with U. 8. Choice
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in eabing quality snd offer an opportunity for some savings
in purchagsing. Sinece there was no eignificant difference
found 1a the total cooking losses between the two grades,
the ﬁiffa?enaes in final edidle portion cost appear to be
chiefly attributable to the differencea in the initial unit
cost of the uncocked cuts.

Contimed cooking of the pﬁt roasts of b@hh Good and Choice
beef younds in this study, after they had reached an internal
temperature of 90° C, resulted in & marked deterioration of
aroma, flavor, juleiness, and appearance. The longer cook-
ing perlod had a slight tenderizing effect on both Good and
Cholae cuts. However, this tenderizing effect was more
than ofi-get by the accompanying loss of Juiciness and
appearance and the devslopment of undesirable flavors and
odors. This longer sooking period, which resulted in
additional total cooking losses of 4.4 per cent for Good
and 4.3 per cent for Choice pot rossts, brought about
marked losses in palatebllity and slso inereased the cost
of edible portion for both grades of meat.
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