A T S N S P ——

EFFECT OF TWO METHODS OF DRY MEAT
COOKERY ON PALATABILITY AND
COCKING LOSSES OF SEMIMEMBRANGSUS

FAUSCLE OF BEEF ROUND

Thesis for the Degree of M. S
MICHIGAR STATE UNIVERSITY

Zenovia Jean Lukianchuk
1960



LIBRARY

Michigan State
University







EFFECT OF TWO METHODS OF DRY HEAT COOKERY
ON PALATABILITY AND COOKING LOSSES OF SEMIMEMBRANOSUS MUSCLE
OF BEEF ROUND

By
Zenovia Jean lukdianchuk

A THESIS

Sutwidtted to the Dean of the College of Home Economics
of Michigan State University of Agriculture and
Applied Science in partial fulfillment of

the requirements for the degree of

MASTER QF SCIENCE

Department of Foods and Nutrition
1960



ACKNOWLEDGMENTS

Gratitude and deep appreciation are expressed to Dr. Orace Miller for
the very generous and invaluable guidance, assistance, and encouregement
which she has contimuslly given throughout the preperation of this thesis,
Sincere thanks is extended to Dr. Elaine Rutherford for her interest and
helpful suggestions.

Grateful acknowledgment is due to Dr. Grace Miller, Dr. Elaine
Rutherford, Miss Mary Morr, Miss Doris Downs, and Miss Amne Douglas for
their faithful participaticn on the taste panel., A special note of thanks
is also expressed to Dr. J. Leon Newcomer and Mr. F, D, Borsenik for their
assistance in the study of heat penetration data, to Dr. Clifford L, Bedford
for his direction in the interpretation of color reflectance readings, to
Mr. Lyman J, Bratzler for his time and supervision in the procuring and di-

secting of the muscles, and to Dr, William Baten for his assistance in the
statistical treetment of the data.



ACKNOWLEDGMENTS , ¢ o o
LIST OF TABIES , ¢ ¢ »
LIST OF FIGURES o, ¢ o »
INTRODUCTION

REVIEW OF LITERATURE |,

Mascles of Beef Round

TABLE OF CONTENTS

L

Methods of Cooking Beef .

Conventional oven-roasting

L]

Cwld.rgindoopfat......o.
Factors Affecting Rate of Heat Penetration

Composition of the meat ¢ ¢ ¢ ¢ ¢ ¢ «

Weight and surface 2168 ¢ ¢ ¢ o o

Am.ooooooooooooo
Initial temperature of the meat .

Cooking method, temperature, time
Factors Affecting Cooking lLosses

Composition of the meat ¢ ¢ ¢ o o
M.0.0C.0.0.0Q..

Surface area

Factors Affecting Palatabtdlity Charscteristics of Meat

Am.ooooooooooooo
Cooldnguthod.tuupu*atuu.t_&:g.........

Cooked by Dry Heat

Aroma and flavor
Appearence and texture

L

o

[ J

® & © 6 & 6 6 0 & 0 0 0 o o

111

[ ]
0 W 0 O O \n \n & O+

B s

& B B b

o 14
e 15
e 15

18

e 23



TAELE OF CONTENTS (contd.)

TendeIness o ¢ ¢ e ¢ ¢ ¢ ¢ 0 060 0 00 0 00
Julciness ¢ ¢ e ¢ e e ¢ ¢ 06 0 00 0000 o0
Methods of Evaluating Palatabdlity o ¢ ¢ ¢ ¢ o o
Subjective evaluation ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o
Objective evaluation ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o

[ ]

Caombination subjective and objective evaluation

METHOD OF PROCEDURE ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 0 06 0 0 0 0 ¢ o
Materials Used ¢ ¢ ¢ e e e e ¢ 000 00 00 oo
Boof r10astS ¢ ¢ ¢ e 6 e ¢ 000 e 00 00 e

Fat for fXyer ¢ ¢ c ¢ ¢ ¢ ¢ ¢ ¢ e 0 0 0 0 0 o
Equipment ¢ ¢ ¢ ¢ 6 6 6 06 ¢ 6 6 600000
Preliminary Investigations ¢ ¢ ¢ e o ¢ ¢ ¢ ¢ o o
Amount and re-use of fat ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o
Determination of fat tempersture < ¢ ¢ « o o
Collection of Arippings ¢ ¢ ¢ e ¢ ¢ ¢ ¢ ¢ o o

Preparation of samples for objective testing

Preparetion of samples for subjective testing .

Preliminary taste panel « ¢« ¢ ¢ ¢ 0 ¢ o ¢ o o
Prercasting Preparetion ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 0o ¢ ¢ ¢ ©
The Sample ¢ o ¢ ¢ o 6 6 06 6 6 0 0000 0o
Cooking mwedia ¢ ¢ ¢ ¢ ¢ ¢ e ¢ 0 ¢ 00 00 0 o
Cooking Process ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ 06 ¢ 06 6000 0 o

Conventional method ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 0 o o

Mf‘tmthdooooooooooo.ooo
W%Cooked&nph e 006 0 00 0 0 0 0 0

iv

25
30
33

36

39
39
39

39

42
42
42
43

§ & &

3 8 &5 & &



TAELE OF CONTENTS (contd.)

Treatment of roasts before chilling . .
Treatment of roasts after chilling . .

Evaluation of Roasts
Subjective testing
Objective testing .

Heat penetration

Analysis of the data
RESULTS AND DISCUSSION

Heat Penetration .

pH

Smoke Podnt ¢ ¢ ¢ o
Cooking losses . .

Total losses .
Drip losses . »
Volatile losses

Volume losses .

Palatabtdlity . . »

Arome and flavor

Color and texture

Jmm.oo
Tenderness o «

SUMMARY AND CONCLUSIONS ,
LITERATURE CITED ¢ ¢ o o

APPENDIX

L

e o o o

L T B I



Table
1.

2.
3.
b,
5
6.
7o
8.

9
1C.

11,

13.

14,

LIST OF TABLES

Relation between rates of heat pemetration for cooidng in air
and in fat, three sample depths, at four degrees of doneness. .

Mean per cent cooldng and volume losses of six replications for
two methods Oof COOKeXYe ¢ ¢ ¢ ¢ 6 ¢ 6 06 606 ¢ 00000 e o oe

Analyses of variance of cooking and volume losses for two
uthodsofcookory.......................

Mean per cent volume loss, changes in linear measurements, and
totalwightlossfor‘hmmthodsofcoohery-.....o...

Average palatatdlity scoresl of six judges for six samples for
tvoutbodaotcoold.nc..........o..........

Analyses of variance of arcoma and flavor scores for two
uthodsofcooking......o................

Analyses of variance of color and texture scores for two
uthodsofcooldng.......................

Analysis of variance for changes in per ceant color reflectance
brought about by two methods of cooldng ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o

Average julciness scores and press fluid yields ¢ ¢ ¢ ¢ ¢ ¢ o o

Amalyses of variance of juiciness scores and press fluid
Yields for two methods of cooking ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o

Averege aeornl for softness, friabdlity, residuval tissue, and
general tenderness, and mean shear force readings (1b.) ¢ ¢ « «

Analyses of variance for softness, friatility, residual
tissue, and genersl tenderness scores, and shear force
readings for two methods of cookdng ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 06 0 ¢ o o

Correlation coefficients for all possible combdnations of
softness, friability, residual tissue, and general tenderness
scores, and Warner-Bratzler shear measurements. « ¢« ¢« ¢ ¢ ¢ ¢ o

Weight of rounds, muscle weight, maximum linear measurements of
muscles, and trismed sample weighte ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o

61

67

68

70

72
72

73

Yess

75

76

91



Table
15.

16.

17.

18,
19.

20,

21,

LIST OF TABLES (Contd.)

Changes in the rate of heat psnetration for five replications,
for three sample depths for two cooking methods ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 96

Determinations of pH for rew and cooked samples and the change
in pH for six roasts for two methods of COOKeIY ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 97

Coolddng wedight losses for six roasts for two methods of

OOOhl'yooooooooooooooooooooooooooooo 98
Volume loss for six roasts for two methods of cookery ¢ « ¢ ¢ ¢ o 99

Average palatability scores of six judges for six replications
forhvocookinguthods.....................100

Per cent color reflectance. Average of six replications for
two methods Of COOkeIYe ¢« ¢ 0o ¢ ¢ ¢ 6 ¢ 6 060 0606060606000 0 o101

Averege press fluid yields and shear forcomof cooked
samples for six replications for two cooking methods. ¢ ¢ ¢ ¢ ¢ ¢ 102



1.

2,

3e
b,

5.

6.

LIST OF FIGURES

Location of samples for objective and subjective evaluation
of cooked roastS ¢ ¢« ¢ ¢ ¢ ¢ 6 6 0 0060060000000 e 00

Positioning potentiometer lsads: g = redius, b and g = 3/4-
andl/h-inchfmsm'faeo © @06 0606 0606 060000 0 00 0 0 o0

Inmrsi.ngaampleinl]&‘cfat ® ¢ 06 06060 0 00 0 00 0 0 00

Average time-temperature relationships during cooking for
thmunphdcpthsforhvomtbda..............

Average rate of heat penstration: Min,/°C rise for three
sample depths for two cookking methodS, ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o ¢ ¢ o

Reflectance spectra of beef: rew and cooked samples for roasts
from each cooking method (Average of six replications; two
mdi:gsporuplication)...................

Page

59

71



INTRODUCTION

Roast beef is a favorite menu item in many homes and institutions.
Palatability charecteristics and mutritive value are largely responsible
for this popularity.

Research has contributed substantially to the knowledge of deef
cookery and to the improvement of eating satisfaction in beef. Among the
factors influencing the acceptability of the finished product are the
cooking procedure, the degree of doneness, and the type and extent of
connective tissue inherent in the selected cut.

Cooking methods used for meats are of two genersl types: moist heat
and dry heat, In methods of cookery based on moist heat, the meat is sur-
rounded bty liquid as in stews, by steam as in cooking meat in steamers,
or in roasting pans with tight-fitting lids, Dry heat cooking methods
include those in which the meat is surrcunded by air in the oven, under
the broiler, over coals, or by a deep layer of hot fat,

The primary objective of this study was to secure comparative infor-
mation concerning the effect of two methods of dry heat cookery--conventional
oven~-roasting and deep fat immersion--on cooking losses and palatabdbility of
semimeabranosus muscle of U.S.DeA. Choice steer beef rounds.

It i3 an accepted fact that conventional oven-roasting usually neces-
sitates the selection of tender, more expensive cuts of beef, Tender
cuts of beef are those which contain relatively small amounts of elastin,
They include roasts from the rid, loin, and sirloin sections of the beef
carcass, DBecause the availability of these cuts from a single animal is
limited, their purchase constitutes a large percentage of the total meat
budget.



In comparison to the rib eye and tenderloin, the semimembranosus
muiscle, from the top round of beef, is less tender and, therefore, less
expensive, Cooking by moist heat is usually recommended for this type of
meat. During the cooking period, moisture in the presence of heat softens
the larger percentage of comnective tissue as well as the structurel pro-
tein. However, many homes and institutions on limited budgets find it
suitable to use selected cuts from top round of beef for comventional oven-
roasting so that beef roasts may be inclnded in their menus,

Optimn roasting temperatures involve the use of ovens for conslider-
able lengths of time. For the homemakesr, this factor often necessitates
the preparation of certain foods in advance or it limits the menu to those
items which do not require oven space, or to those which can be baked at
the same temperature used for the meat, lack of ovens at one's disposal
creates identical problems in quantity food service operations, Further-
nore, deep fat fryers in many quantity food service operations remain
idle for much of the week. Therefore, if comparadble palatability and
¥ield could be maintained, development of an additional method of dry heat
cookery, permitting utilitation of less tender, lower-priced cuts for
roasting as well as more efficient use of equipment,would be invaluable,

Directions for roasting meat usually indicate time required for
cooking in terms of mimutes per pound. At best these serve only as poor
guides, Time required for roasting to a specified degree of doneness
depends, in part, upon the rate at which heat is transferred from the
particular cooking medium through the meat. A study to determine the
thermal conductivity of beef muscle when cooked in fat and in air, and
consideration of the rate of heat penetration as it relates to weight and



shape of the roast may provide a more accurate basis for predicting ocook-
ing time for beef cooked in these media,

A second objective of this study, therefore, was to examine heat
penetration data from the two cooking methods and investigate the potential
for using such data as a valid basis for predicting cooking time for beef
round.

It is hoped that findings from this study will contribute to the
knowledge of beef cookery and be of value to those interested in effecting
the preparation of palatabls beef roasts with minimal cooking losses, and
maximal economies in cooking time, in the use of equipment, and in fuel
consumption.,



REVIEW OF LITERATURE

According to Lowe (52) important factors which affect the tendermess
of skeletal muscles of animals are (a) the age of the animal, (b) the iind
and amount of connective tiseus, and (c) the part of the carcass from which
the cut is taken.

Hiner and Hankins (45) studied the tenderness of beef in relation to
different muscles and age in the animal, From their work on fifty-two
carcasses they classified the muscles within a given carcass into four
major groups, ranging from the lsast tender to the most tender: neck and
foreshank; roundj rib, short loin, loin end, chuck at third ridb and across
humerus bones; and tenderloin,

Lowe (52) favors the classification of Hiner and Hankins and believes
that it is a better one than the division into the two groups, less tender
and tender. She further states that, in addition to varying degrees of
tenderness, muscles also differ in shape, weight, fat content, collagen
content, elastin content, and color, Differences in the size of fasciculi
and the amount of connective tissue cause variations in the texture or
grain of muscles,

In a study of the identification and comparative tendemess of fifty
of the larger muscles of beef, Ramsbottom and Strandine (74) reported that
the shear valuss of cooked beef of each muscle through the center of the
round ranged from 8.1 to 12,0 pounds, Because of the variation in tender-
ness of mascles in beef round they recommsnd, wherever possible, the
separation of tough and tender muscles for cooking.



Mascles of Beef Round

Tucker, Voegeli, and Wellington (90) divide beef round, cut according
to the Chicago method, into two mein areas, inside or top round and outside
or bottom round. The semimembrenosus and adductor muscles are the major
muscles of the inside round, Other muscles in this area are the gracilis
and pectinsus, The semitendinosus, also imown as the eye of the round,
and biceps femoris are the muscles of the outside round, The remaining
muscles--sartorius, vastus intermedius, vastus lateralis, vastus medialis,
rectus femoris, and tensor fasciae latae--because of their lesser pro-
portion are grouped together as the kmuckle or tip.

Methods of Cooldng Beef

Many research studies have besen conducted concerning meat cookerye.
Meat experiments were carried out at the University of Illinois as early
as 1898, FExtensive investigations by the United States Department of
Agriculture in cooperation with Agricultural Experiment Stations and
colleges have resulted in improved cooking methods for beef,

Directions for the cooking of meat in experimental work have been
specified by the Cooking Committee of the Cooperative Meat Investigations
(17)c These facilitate the comparison of results obtained in ome
laboratory with those in another., They are also designed to show differ-
euces in meat caused by various production and processing ﬁctou.

Methods of cookery used with msat are of two basic types: dry heat
and moist heat, Tender cuts are usually cooked by dry heat. The meat
is mmundodtvdrydrinthowon. under the broiler, over coals, or
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by a deep layer of hot fat, Less tender cuts are generally cooked by moist
heat and at temperatures at or near the boiling point.

Only research relating to conventional oven-roasting and cooking ty
deep fat immersion will be reviewed.

Conventicnal oven-roasting

For roasting meat uncovered pans are recommended. Although cooking
time is somewhat longer, cooking losses and mutritive losses are reduced
and the meat is more palatable,

According to Lowe (52) the oven temperature that produces the most
palatable product with a minimum weight and mutrient loss in a reasonable
cooking time with a small amount of fuel could be called the optimum
cooking temperature. In their experiments, Lowe et al (53) cooked a large
mmber of beef, veal, lamb, and pork roasts. They found the optimm oven
temperature to be 150 to 160°C, At lower temperatures, the cooking time
was longer and weight loss and fuel consumption were often greater than
at 150°C, In addition, roasts cooked at lower temperatures, to well-done
or very well-done, were tender but also dry. At higher temperatures, the
coolcing time was shorter tut the amount of fuel needed as well as cooldng
losses were generally greater. Roasts cooked rapidly were Juicler than
those cooked very slowly for the same degree of doneness.

Cooldpg in deop fat

Reports on the use of deep fat as a cooking medium for experimental
work on beef rossts have been few. Harrison (40) compared the palatability
of beef roasts cooked at the same temperature in four different medias



air, steam, water, and fat, Harrison, Lowe, McClurg, and Shearer (41)

used fat held at temperatures of 96 to 98°C to cook beef mmscles to an
internal temperature of 70°C, In their study, Ramsbottom, Strandine, and
Koonz (76) cooked beef muscles to 76.7°C using a fat temperature of 121.1°C,
Recently, Visser et al (92) compared tender and less tender beef muscles,
:mmir-du. S, Good long hind quarters, cooked to internal temperatures
of 55, 70, and 85°C, by oven roasting at 149°C, cooking in deep fat at
110°C, and cooking in deep fat at 100°C,

Smoke point. Llowe (52) states that the chesdcal and physical character-
istics of a fat are important and that it is preferable to use fats with
high smoking temperstures for frying. Through experiments made on dough-
nats, Lows, Pradhan, and Kastelic (54) presented information on the smoke
points of continuwously used cooking fats. They found that the initial free
fatty acid content was lowest in oils, slightly higher in hydrogenated
shortenings, and highest in lards. During cooking, the free fatty acid
content of all fats increased and the smoke point was lowered. However,
this relationship tended to be greater in fats with an initial low fatty
acid content. Lowe (52) also pointed out that the fatty acid content of
animal fats varied with the location in the body and with the feed the
animal had received,

In a study to determine whetber the smoke point is affected by the
determination method, Swartz (84) used the official cup of the American
011 Chesidists® Society, a small iron skillet, an enameled kettle, and an
iron Dutch oven. Smoke points for all-hydrogenated fats varied from 171
to 222°C, Those determined by the official method were higher in every
case and the use of larger utensils resulted in a lower smoke point,



Vail and Hilton (91) reported smoking temperatures ranging from 245
to 190°C for 17 vegetable fats and oils. They found that when samples
were heated for 2-, 6-, 12-, and 20-hour periods the percentage of free
fatty acids increased with each increment of time. Although the rate of
increase wvas not consistent, as the percentage of free fatty acids in-
creased the smoling temperature of the fat decreased.

Factors Affecting Rate of Heat Penetretion

The time required for cooking meat is usually estimated in terms of
mdmtes per pound. At best, this can only serve as a generel guide., Im-
portant factors which cause variations in cooking time required for meat
are! composition, size, shape, extent of aging, initial temperature,
metbod of cooking, cooking temperature, and degree of doneness.

Composition of the meat

The constituents of a cut of meat have different rates of heat con-
ductivity. Towson (89) cooked paired prime ribs of beef at 125 and 200°C
to an internal tempersature of 63°C, During cooking, temperatures were
recorded at the center, which was 2 inches from either cut surface of the

longiseiims dorei musecle, and at 0.5 inch beslow the surface of tho fat
over the top of the roast, She found that when the surface fat was deeper
than 0.5 inch, so that the thermometer btulb was imbedded in the fat, heat
penetraeted the 0,5 inch layer of fat more slowly than the 2 inches of
lean.

Lowe (52) studied the rate of heat penstration in muscular and fatty
tissue., Pint jJars were filled with lean beef, lean pork, fat pork, and



suet, A thermomster was inserted through the rubber cork in the lid of
each jar and positioned in the center of the jar. Jars were placed in a
processing container and heated in boiling water and steam for 3 hours.
Results showed that heat penetrated the lean beef most rapidly, followed
bty lean pork, fat pork, and suet.

Thille, Williamson, and Morgan (88) experimented with three-rib beef
muu«okdmmpnbotdtozzj‘cmmw‘tao%
until an internal tempersture of 65°C was reached. They found that fat
Played a significant role in the speed at which heat penetreted the meat
and concluded that, because of the change in heat conductivity as fat
passes from a solid to a liquid, exterior fat speeds up the heat penetre-
tion rate, but interior fat may retard it,

According to Lowe (52), meat composition affects the duration of
terperature rise more than the extent, Meat containing a great deal of
fat and meat that has a very thick layer of surface fat requires a long
time for the immer temperature to reach its maximum point, Such a roast
may take 1 to 1.5 hours to resch its maxiwum inner temperature after the
cooking process is stopped, while a lean roast of the same weight and
shape, cooked under the same conditions, may take only 12 to 30 minutes.

Weight and gurface ayes

As the size of a piece of meat increases, its weight increases in
greater ratio than ite dimensions. Because heat must travel from the
surface imvard, the greater the surface area the shorter is the cooking
time. Thus, if other conditions are standardized, large roasts will re-
quire fewer minutes per pound than smaller similar cuts (52).
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In their study of 5-, 10-, and 15-pound top round beef roasts,
Marshall, Wood, and Patton (57) found that a longer total cooking time
was required as size and degree of doneness increased. However, fewer
mimutes per pound were required for cooking the larger roasts, The dif-
ference in average total cooking time increased with the degree of done-
ness until an intermal temperature of 75°C was reached, after which it
appeared to stabtilize or decrease. This difference was greater between
the 5~ and 10-pound roasts than between the 10- and 15-pound roasts,
Approximately 1 to 1.5 hours longer were required to cook the 10-pound
roasts than the S5-pound ones. Average total ocoking time of the 15-pound
roasts was approximately 0.5 to 1.5 hours more than for the 10=pound
roests,

Lowe (52) states that in larger pleces of meat, the size of the piece
my not be too important a factor in affecting the temperature rise of the
interior after cooking has been stopped. However, a piece of meat may be
so small or thin that the inner temperature does not rise after the cook-
ing proocess has stopped, because of rspid ocooling from the surface.

Aging
Paul and Bratzler (65) studied the effect of storege by cooking
steaks from semimembrancsus and adductor muscles in deep fat., When the

mscles were considered separstely, increased storsage tended to shorten
cooking time, but to imcrease cooking losses for sesimembrenocsus steaks.
In the adductor, cooking time also decressed slightly with increased
storage, while cooking losses did not differ significantly.

Hanson, Stewart, and Lowe (39) observed that cooking time decreased
significantly as the time between killing and cooking of New York dressed



broilers increased. Heat penetrated the muscles more rapidly as post-
mrtem changes progressed.

Initia) tespersture of the meat

Cooking time is influenced by the tempersture of the meat at the be-
génning of the cooking period. Meat having a temperature of 0 to 5°C
requires a longer time than meat having an initisl tempereture of 20°C,
Meat frozen when cooking is started requires a longer cooking time, Part
of the heat is used to melt the ice before the temperature can be elevated
above the freezing temperature of the meat (52).

Cooidng methed, temperature, time
Meat may be cooked in four mediums——water, steam, fat, or air, If

the tesperature of these cooking media is constant, cooking time depends
largely apon the rate at which heat is conducted in the partiocular cook-
ing medium being used, Since the specific heat of air is 0,24 and of oil
1s 0.41 to 0,43, meat reaches a definite interior temperature faster in
011 than in air of the same temperature (52).

Cover (18) investigated the rate of heat penetration in beef cooked
in water and in an oven of the same tempersture., She reported coolking
time was short in “moist heat™ as compared with “dry heat"™ of the oven,
Harrison (40) found that cooking time for beef was shortest in water
followed ty fat, steam, and air. She also noted that the rate of temper-
ature rise for roasts cooked in the oil medium was approximately the same
throughout cooking. However, after oven roasts reached a temperature of
50 to 55°C, the rise in temperature at the center of the roasts was
slower than in the first part of the cooking period.



Marshall, Wood, and Patton (58) also observed that the rate of in-
crease in internal temperature lessened as roasts approached the rare
stage. They suggest that since this is an endotherwmic process, less heat
is available to raise the temperature of the roast. Marshall and co-
workers (58) found the rate of increase in internsl temperature was least
in a3 93°C oven. Meat cooked to well-done at this temperature had a final
internal temperature only 5°C less than that of the oven, |

If other conditions are constant, cooking meat rare requires less
time than cooking it medium or well-done. Marshall, Wood, and Patton (58)
also reported a wide variability in cooking time which was particularly
striking for roasts cooked to 70 and 80°C in a 93°C oven, lLess variation
was evident for roasts cooked at the higher temperatures, 107 and 121°C.
Cooking times were most uniform for roasts cooked to 60°C,

From their experiment, Visser et al (92) reported time-temperature
curves for roasts cooked in fat were steeper and shorter than those for
comparable oven roasts, They estimated that at a given temperature the
heat conductivity of liquid fat is about 6 times that of air. The fat
transferred heat to the meat more rapidly than did the air in the oven,
although the temperature of the fat was lower than that of the oven,

According to Lowe (52), the lower the inner temperature at which the
cookding is stopped, the greater is the tendency for the rise of inner
temperature. This is due to the variation between the inner and surface
heat, At internal temperatures of 75°C or above there is usually little
or no rise in temperature after cooking is stopped.

Visser et al (92) reported no internal temperature rise of oven
roasts cooked to 55, 70, or 85°C, However, when meat was cooked in deep
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fat at 110°C, the internal temperature of roasf.s cooked to 55°C rose 10

to 13°C, and the temperature of roasts cooked to 70°C rose 5 to 6°C,

The rise in temperature of roasts cooked to 85°C was negligible. Intermal
temperature rise for roasts cooked in deep fat at 100°C to 45 and 65°C was
spproximately 10 and 5°C, respectively, whereas the rise for roasts cooked
to 85°C was negligible. Thus, for roasts cooked in deep fat, there were
no samples representative of rare and medium-done meat.

Factors Affecting Cooldng losses

The total loss that occurs during the cooking of meat includes both
volatile and dripping losses. The greater portion of volatile loss is from
the evaporation of water, while the drippings include fat, water, salts,
and nitrogenous and non-nitrogenous extractives. Depending on the temper-
ature of the cooking medium and the stage to which the meat is cooked,
total losses occurring during the cooking of meat may vary from approxi-
nately 5 to more than 50 per cent (52), In general, factors which may
influence cooking weight losses are the same as those which affect the
rate of heat penetration.

Composition of the peat

In early research on the cooking losses of meat, Grindley and Mojonnier
(35) obeerved that both water and fat accounted for weight loss in roasted
meats. lowe (52) pointed out that the ratio of evaporation losses to
dripping losses was higher for lean meat and lower for fat meat, Black,
Warner, and Wilson (6) found meat from supplement-fed steers showed more
dripping loss and less evaporation loss during cooking than did meat froa
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thinner, grass-fed cattls, Thille, Williamson, and Morgan (88) roasted
standing ribs of beef at 210°C to an internal temperature of 65°C and
fourd the average total weight loss was 29 per cent for lean roasts and
33 per cent for fat-covered roasts, These workers attributed the differ-
ence in total weight loss to the rendering out of surface fat.

Orade
From studies of beef roasts ranging from Choice to Camner grade,
Alexander (2) reported well-fattened beef ribs of high grade had greater
dripping losses and lower volatile losses than did lean ribs of low grades,
Dripping losses from roasts cooked at an oven temperature of 125°C to 58°C
internal temperature varied from 3.7 per cent for Choice grade to 0.4 per
cent for the Canner gradej; evaporation losses runged from 6.5 per cent
for Choice to 10,9 per cent for the Camner grade. The results of Black
ot al (6) were in agreement with these findings. In their work, Alexander
and Clark (3) noted that among roasts classified according to grade, those
in the highest grade usually showed smaller evaporation losses and larger
dripping losses, irrespective of style of cutting or method of cooking.
Masuda (59) reported no significant difference in volatile losses
attributable to grade; differences in dripping losses due to grade were
significant only at 90°C internal temperature., The average dripping
losses at 90°C for Good and for Choioe grades were significantly higher
than for Commercial grade. There was no significant difference between
average total cooking losses attributable to grade at any of the intermal
temperatures, In working with longissimus dorsi muscles of U, S, Utility,
Commercial, and Good grades of beef cooked to 80°C at 149°C, Day (29) found
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no significant difference attributable to grade in average total cooking

losses, volatile losses, or drip losses,

Surface area

Extensive investigations (42,53) showed that compact pleces of meat
with small sarface areas have less cooking weight losses than cuts which
have irregular shapes and greater surface areas. In their work with 5-,
10-, and 15-pound cuts of Choice top rounds of beef, Marshall, Wood, and
Patton (57) found that the size of the roast affected total preparation
losses., Cooking losses for 10- and 15-pound roasts were significantly less
than for the 5-pound roasts at all degrees of doneness except rare.

Aging

Moran and Smth (61) observed that longer ripening periods after
slaughter reduced cooking losses. Harrison (40) noted roasts with a
longer ripening period had less weight loss when cooked in air than when
cooked in steam, fat, or water. In cooking steaks in fat, Paul and
Bratzler (65) found cooking time decreased with increased storage, and
cooking losses tended to increase with cooking time.

Cooldng method, iemperature, time

Cline and co-woriers (16) reported that both cooking losses and cook-
ing time were affected by the initial temperature of roasts, Roasts with
low internal temperatures at the beginning of the cooking period showed
greater cooking losses than did roasts with higher initial temperatures,

The effect of four methods of defrosting meat and the mamner and
temperature of cooking upon weight loss and palatabdility of roasts were
compared by Lowe and associates (53). Frozen cuts of meat required a
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longer cooking time than comparable cuts which were thawed. However,

data for 41 groups of roasts indicated cooking losses for frogzen cuts were

not almays greater than those of the defrosted meat, In 31 of these groups
weight loss was greater for roasts which were frozen when cooking started.

The other 10 groups of roasts gave opposite results,

Cline et al (16) reported results of several methods of roasting beef.
They seared prims ribs and cooked them at different oven temperatures.
They concluded that searing increased cooking losses and low oven temper-
atures were correlated with low cooking losses, From their studies, Child
and Satorius (14) found cooking losses in beef were greater when meat was
roasted at constant temperatures of 200 and 175°C or seared at 260°C for
20 mimates and finished at 150°C than when roasts were cooked at a constant
temperature of 150°C,

Cover (23) observed cooking losses for paired three-rib roasts cooked
nediun-rare avum'ged 71 per cent when a 125°C oven was used and 20,2 per
cent when a 225°C oven was used. lLowe (52) found 12 pairs of two-rib
beef roasts cooked at 150°C showed 7.7 per cent cooking loss at 55°C
internal temperature and 16,6 per cent cooking loss at 75°C internal
temperature. Other workers (2, 53) have reported similar findings.

The effect of five different intermal temperatures on the cooking
welght losses of roasts prepared from tender cuts of beef was studied by
Masuda (59). As was expected, the total cooking losses increased with
each rise in the internal temperature of the meat. The cooking losses of
the strip loin at each of the intermal temperatures were significantly
lower than those of any of the other cuts with the exception of the
posterior round at 50°C internal temperature. Generally, at 50, 60, and
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70°C internal temperatures, the average total cooking loss of the rolled
rib roasts was higher than that of the top round cuts; tut at 80 and 90°C,
round cuts showed higher cooking losses than rolled ribd cuts,

In their experiment with top round beef roasts cooked to intermnal
tewperatures of 60, 65, 70, and 80°C in a 149°C oven, Marshall and co-
workers (57) found cooking losses increased with degree of doneness up to
the medium~-well done stage and were greater in 10- and 15-pound roasts
than in 5-pound roasts at all degrees of doneness except rare,

In a recent study, Marshall, Wood, and Patton (58) compared prepa-
ration losses, cooking time, and yield of 10-pound pieces of Choice grade
top beef round roasted to three internal temperatures (60, 70, and 80°C)
at three oven temperatures (93, 107, and 121°C). Thay concluded that
tctal losses were greatest in the 93°C oven, and at all oven temperatures
there were greater losses at the higher internal temperatures. Evaporation
losses varied with oven temperature and increased with intermal tempere-
ture in low temperature roasting of beef, Drip losses increased as both
oven temperature and internal temperature of the roast increased.

Cover (20) studied the effect of metal skewers on cooking time and
coolkcing losses, Paired round, armbone chuck, and standing rib roasts were
cooked to the well-done stage with and without skewers at an oven tespere-
ture of 125°C, Total loss of weight was reduced in skewered roasts Ly
about 35 per cent while cooking time was shortened by approximately 30 to
45 per cent. ‘

The total losses of meats roasted in covered and uncovered pans were
compared by Grindley and Mojonnier (35). Analysis of the data showed that
welght losses were greater for covered than for uncovered roasts,
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Harrison (40) noted roasts cooked in deep fat had the greatest loss
in weight and volume, while those cooked in air had the least loss. Total
losses obtained from comparable cuts cooked in steam and in water were
similar and gave intermediate values,

In their recent study, Visser et al (92) found that as the internal
temperature of the meat increased, average cooking time increased signifi-
cantly, and was accompanied by a significant increase in cooking losses
for all beef round roasts except those from the adductor and posterior
semimembranosus muscles cooked in 100°C fat, The effect of internal temper-
ature on cooking time and losses was most pronounced in oven roasts and
lsast pronounced in those cooked in deep fat at 110°C, When the end
t emperature wvas 55 or 70°C, losses were greater for roasts cooked in deep
fat than for oven roasts, However, when the meat was cooked to 85°C,
losses were similar for all methods.

Factors Affecting Palatatility Characteristics of Meat Cooked hy
Dry Heat

Extensive research has shown that the eating quality of meat is
dependent upon numerous and varied factors, Carcass grade, sex, breed,
mscle differences, aging, freezing, and method and extent of cooking are
included among factors influencing the acceptability of the finished prod-
uct, The palatability characteristics considered in judging cooked meats
are: aromm, flavor, appearance, texture, tendermess, and juiciness.

Aroms and flavor

Although flavor and odor components of meat are not well defined,
these qualities, in a properly cooked piece of meat, are largely



responsible for appetite appeal.

The weak, blood-like flavor of raw meat, Crocker (26) points out, is
primarily in the juice, rather than in the fiber. The slightly salty
taste, characteristic of raw beef, is probably due to the presence of
lactic acid, phosphoric acid, sodium chloride, potassium chloride, and
other salts, Kramlich and Pearson (49) found the flavor constituents of
raw beef and beef juice fractions largely water soluble.

Cooking develops the "meaty” flavor which Crocker (26) states is
presusably brought about hy certain chaudul.ehnngoa in the fiber, not in
the juices, The variety of chemical compounds forwmed during cooking in-
clude amwonia, amines, an indole-like odor, hydrogen sulfide, and acids
such as acetic and propionic, Complex comtdnations of small amounts of
these compounds result in the fragrant and distinctive “meaty”® flavor,
which is largely an odor. These pleasant, slightly burnt, moderately
acid, sulfury odors and flavors intensify to about 3 hours of cooking and
then gradually decrease.

Howe and Barbella (46) attribute flavors of cooked meat to the
atimi.‘l. given to the taste buds by inherent organic and inorganic sub-
stances such as water-soluble extractives, lipids, small amounts of
carbohydrates, and salts, or compounds resulting fraﬁ these products and
the proteins,

Kramlich and Pearson (49) found flavor constituents of longissimus
dorsi muscle of beef rib were largely water soluble in both raw and cooked
fractions. Cooking before extraction of the sample increased flavor
threshold, This suggests that full flavor development may be due to heat-
ing of juice and fibers together.
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Grade. Several investigators (29,36,59) have observed that carcass grade
influenced the palatatdlity of cooked meate Day (29) reported significant
differences in grade for arcma and flavor when longissimus dorsi muscles
of U.S. Good, Commercial, and Utility grades were compared after roasting,
Mesuda (59) worked with top rounds, sirloin hutts, strip loins, and
rolled ribte cut from three grades of beef carcasses, Cholce, Good, and
Commercial, Statistical analysis showed average aroma and flavor scores
of Cormercial grade roasts to be significantly higher than those from Good
and Cholce grade roasts. In comparing 40 Choice, 76 Good, and 24 Com-
mercial grade rib roasts, lowe et al (53) obtained highest scores for
aroma and flavor from the Cholce grade., Griswold (36) found Prime grade
beef gave higher palatability scores than Commercial grade.

Degree of finish and fat content. From their study on the relation of

degree of finish in cattle to meat flavors, Branaman and co-workers (10)
obeerved that the scores on intensity and desirability of flavor of lean
meat showed progressive improvement in the meat with increased fat.

Simon, Carroll, and Clegg (80) studied the effect of degree of fimish
on differences in quality factors of beef. Results indicated that flavor,
juiciness, and tenderness differences became more apparent with increas-
ingly wider differences in degree of finish and carcass grade, Flavor
appeared to be associated with intrarmuscular fat. However, the relation-
ship of per cent carcass fat with quality scores did not show striking
correlation, Dunnigan (32) worked with Choice and Utility grades of sir-
loin butts cut in two styles, bone-in and bone-cut, and reported fat

roasts scored significantly higher than lean roasts in aroma, flavor, and
tendermess.
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Kramlich and Pearson (49), in working with beef and beef juice
fractions, found that neither fat content nor fat-free dry matter were
responsible for differences in flavor when flavor threshold and gross
chemical analysis were campared.

Deterioration in palatabtdility of beef, pork, and lamb during freezer
storage at temperatures between -7.78 and -17.8°C, was found by Hiner,
Gaddis, and Hankins (43) to be due primarily to the oxidation of fat.
They also noticed that the desirebtdlity of the flavor of the fat was the
best subjective index among the palatabdlity facters studied.

Aging. According to Lowe (52), aging includes the entire storage period
fron the time of slaughter until the time the meat is cooked. The effects
of aging have been shown to have & marked influence on palatability. From
observing histological, physical, and organoleptic changes in beef during
aging, Harrison et al (41) found little variation in aroma and flavor
scores for roasts aged from 1 to 20 days, although the higheet average
scores were received by roasts aged 10 days., When roasts were stored
longexr than 20 days, aroma and flavor scores were definitely lower than
for roasts stored less than 20 days. lowe (52) observed that aging meat
20 to 40 days imparted optimum flavor. Meat aged longer than 40 days
WSually had too "high" a flavor for most of the judges in her laboratory.
Gx2 swold and Wharton (37) studied the effect of storage conditioms on
the palmtability of beef. The aroma and flavor of meat stored 37 days at
1T vere slightly stronger then for meat stored 9 days at the same temper-
tre.  Meat which had been stored 48 hours at 15°C under ultre-violet

Ugits wems more desirable in appesrance and odor than meat held under



simdlar conditions without ultra-violet lights. These lights decreased
the growth of bacteria on the meat surface.

From their investigation on the changes in bteef induced by storege,
Paul, lowe, and McClurg (68) reported that the greatest increase in palata-
Hlity of small cuts was obtained with a 9-day storage period at 1.7°C.
Further storage resulted in decreased desiratdlity of aroma and flavor and
development of "gaminess" in the lean and rancidity of the fat.

Freezing, Hiner, Gaddis, and Hankins (43) stored cellophane wrapped,
lard-coated, vacuum packed, and exposed beef, pork, and lamb chops at =7.,78,
~O.44, =17,8, and -81,1°C, The exposed meat had a good covering of fat,
which partially prevented it from drying ocut. Cellophane and lard-coating
were equally satisfactory in protecting frozen cuts from molsture loss.
The most dessication occurred in the exposed cuts, Development of un-
desirable flavor was not attributable to fat oxidation alone but appeared
to be related to moisture loss as well, The original quality of all the
meat declined repidly in all types of protection studied except the vacuum
packe Temperatures of -17.8°C and below gave the best protection to the
meat,

In a study concerning the effect of four different packaging materials
on frozen meats, Simpson and Chang (81) found that alumirmum foil or glassine-
laminated paper was more effective than polyethylene-coated paper or btutch-
er wrap in retarding rancidity development. They used storage temperatures
of -17.8, -28,8, -34.4, and -40°C and observed that temperatures of -28,8°C
or lower gave the best protection to the meat.
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Method and extent of cooldng. In comparing the effect of different cook-
ing methods, Griswold (36) found beef round roasted at 121°C scored high

in acceptablity and flaver. Stech and West (83) reported similar findings.
From their experiments with 10 methods of roasting prime ribe of beef,

Cline et al (16) observed a definite correlation between cooking losses and
flavor of the lean. All roasts which ranked low in cooking losses rated
high in palatability. They also noted tender cuts cooked in the oven at
125° with the addition of water had lower flavor and aroma scores than
comparable cuts cooked in the oven bty dry heat at 125°C,

The findings of Clark and Van Duyne (15) indicated that oven cooking
resulted in more palatable top rounds than did cooking sisdlar roasts in
the pressure saucepan. dJudges preferred the flavor of the lean and fat of
the meat roasted in the oven and considered the meat cooked in the pressure
sauce pan too dry.

Appearance and texture

Because eye appeal influences food selection, texture, appearance,
and coler are important characteristics of meat.

From a study of factors influencing the tenderness and texture of
beef, Brady (8) stated that texture is dependent on the size of the fiber

bundles in the muscle, the larger bundles being associated with finer
texture,

Crade, Satorius and Child (78) reported that judges® scores showed no
significant difference between medium and good grades in the externmal
appearance of longissimus dorsi and adductor muscles roasted to 58°C in a
150°C oven. However, they observed a significant difference between
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grades in the external appearance of the raw mascles,

In her work with the longissimus dorsi of beef from U,S, Good,
Cosmercial, and Utility grades, Day (29) reported that, for appearance and
texture, the analysis of taste panel scores indicated little difference
between grades, Masuda (59) found the average appearance scores from
cooked samples of Commercisl and Good grede roasts were significantly high-
er than scores for samples from comparable cuts of Choice grade roasts.

No significant difference in texture scores attributable to grade was
observed.

Color. Although some red corpuscles with their hemoglobin remain in the
capillaries when the blood is drained from the animal at the time of
slavghter, myoglobtin is the chief pigment producing the pink to red color
in muscle. Bernofsky, Fox, and Schweigert (5), in studying the effect of
cooking on myoglobin, reported that pigments extracted from cooked fresh
beef consist mainly of oxymyoglobtin., The amount of pigment remaining un-
denatured in a piece of cooked meat depends upon its temperature and how
long it has been held at that temperature.

Tappel (87) found reflectance spectrophotometry useful in studying
hematin pigment changes in the cooking of beef and in characterizing the
hematin pigments of cooked beef. Choicg beef tenderloin steaks were
broiled to medium-rare and well-done. The entire visible spectra from
400 to 600mu was recorded. He observed that hematin pigments have a rela-
tively sharp and characteristic reflectance spectra minima, Brown pigments
of cooked beef are characterized as mixed denatured globdin nicotinamide
hemichromes,
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Method and extent of cooking. DBramblett et al (9) studied five muscles
from paired beef rounds wherein one muscle from each pair was cooked at
63°C for 30 hours and the other at 68°C for 18 bhours. The meat cooked at
63°C yielded higher appearance and texture scores than the meat cooked at
68°C,

Marshall and co-workers (58) roasted top round of beef at three oven
temperatures to three internal temperatures. They found that appearance
tended to be scored lower as degree of donenees increased, ms&bh due to
the relatively drier appearance and the ragged edges. Roasts cooked to
well-done developed a hard crust which was difficult to cut, causing the
meat to tear during slicing.

From their study, Visser et al (92) reported that the external
appearance of all roasts cooked in the oven or in deep fat was similar,
However, the surface of meat cooked in hot fat was the gray-browm color of
cooked meat, but not the rich btrown characteristic of the oven roasts,

The center of deep fat roasts cooked to 45°C was a bright pink which grad-
ually faded to a gray-brown around the edge. The center of roasts cooked
to 65°C was a 1ight pink that faded to gray-brown about half way through
the roast, whereas the interior of roasts cooked to 85°C was a uniform

gray-brown. The inside appearance of oven roasts was typical of rare,
medium-, and well-done meat.

lendarness

Since nearly everyone who eats meat notes its tenderness, this quality
in meat is universally desired. Factors which affect the tenderness of
neat have been the subject of many investigations.
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Composition of the meat, Black, Warner, and Wilson (6) studied the effect

of grade and feeding of grain supplement to steers on the quality of beef,
From judges® scores and mechanical shear tests they found meat from steers
fed the grein supplement was more tender than meat from grass-fed steers.
Simon, Carroll, and Clegg (80) observed that differences in tenderness
became more apparent with increasingly wider differences in degree of finish
and carcass grade.

Cover, King, and Butler (25) measured the per cent separable fat and
the per cent ether extract in studying the effect of fatness, They reported
a wide scattering of tendermess rating for meat from different carcasses,
Agreement between fatness and tenderness was low encugh to indicate that
a consuwer who buys fat or well-marbled loin steaks may be disappointed in
tenderness. Using sixty-nine grain-fed cattle, Hankins and Ellis (38)
founrd no significant correlation between fat content determined bty ether
extract, and tenderness of cooked longissimus dorsi muscle. They concluded
that variations in tenderness are caused mainly by factors other than fat
content,

Ramsbottom and Strandine (74) investigated the comparative tenderness
of samples from eight muscles of U.,S., Good beef and observed no relation-
ship between the amount of fat within the muscle and shear force results
for raw or cooked samples, They emphasized that the amounts of collagenous
and elastic connective tissue in the miscle influenced the tenderness of
the cooked muscles,

Brady (8) stated that texture is an indication of tenderness and, the
"finer"” the texture, the tenderer the meat.
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Age, sex, apd grade. To determine the effect of animal age on the tender-
ness of the meat, Hiner and Hankins (44) used animals varying in age from
25 months to 5,5 years. Tenderness decreased as the age of the animals
increased. From their experiments, Satorius and Child (78) concluded that
meat from steers was more tender than that from cows.

lowe et al (53) cooked 40 Choice, 76 Good, and 24 Commerclal prime
ribs at oven temperatures of 120, 150, and 175°C to internal temperatures
of 58 and 75°C. According to palatability scores, tenderness was in-
fluenced by carcass grade. Commerclal grade roasts received lower tender-
ness scores than roasts from Choice and Good grade carcasses. Choice
grade was scored slightly higher than Good, Masuda (59) also reported
that average tendermess scores for samples from Choice grade roasts were
significantly higher than those from Commercial and Good grade roasts.
Shear force readings and tenderness scores indicated a probable high
negative correlation.

In their study, Cover, King, and Butler (25) obtained a wide scatter-
ing of tenderness ratings for different animals within a grade. Tenderness
ratings were as high for meat in some carcasses of lower grade as for
weat from other carcasses in higher grades. This would suggest that, for
their sample, carcass grade was not satisfactory as an exact indicator
of tenderness in meat.

Animal and mascle variations. Noble, Halliday, and Klaas (62) found very
small differences between tenderness averages for corresponding left and
right wholesale rib cuts when the cuts were cooked in the same manner,
They also noted that rib cuts were one and one-half times more tender
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than first round cuts from the same animal,

Ramsbottom and Strandine (74) observed individual miscles within a
carcass varied markedly in tenderness. They reported the longissimms
dorsi and the psoas major averaged higher in tenderness than any other
mscles with the exception of the internal oblique. However, Griswold (36)
found no significant difference in palatatility or shear values between
the semimembranosus and biceps femoris muscles of beef.

Aging. Ramsbottom and Strandine (75) reported that beef was more tender
two hours after slaughter than at any time after two to six days., Between
the 9th to 12th day after slaughter, beef was even more tender than it
had been two hours following slaughter.

Paul and co-workers (66) used the semitendinosus and biceps femoris
mscles in comparing steaks fried in deep fat with roasts cooked in the
oven after 0, 5, 12, 24, 48 to 53, and 144 to 149 hours of cold storage
following slaughter. They found tendermess changed with storage. Roasts
were least tender immediately after slaughter and as storage tiwe in-
creased, tenderness increased., Steaks were tender immediately after
slaughter, became less tender with storage up to 24 hours, and returmed
to their original tenderness at the end of the storage period. These

results are in agreement with the earlier and similar findings of Paul
and Child (67).

Freezing. In her study on the tenderness of precooked and fresh frozen
roasts of beef, Dahlinger (27) reported that Warner-Bratzler shear measure-
ments were significantly higher for precooked roasts. Taste panel scores
for tenderness, however, indicated a preference for the fresh frozen beef

roasts.
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Paul and Child (67) observed no significant difference in the tender-
ness of meat which was not frozen and meat which was frosen at -18°C,
According to Ramsbottom (73), freezer storage at -23°C or lower for seven
years did not significantly change the tendermess of beef steaks.

Method and extent of coolipg. From their study, Ramsbottom, Strandine,
and Koonz (76) found most beef mscles were made less tender by cooking,

some did not change significantly, and other muscles becams more tender.
They concluded that since connective and fatty tissues were made more
tender bty cooking, decreased tenderness of certain cooked muscles might
be associated with factors such as coagulation and denaturation of muscle
protein together with varying degrees of shrinkage and hardening of the
mscle fibers.

Cover, Bannister, and Kehlinbrink (24) showed that tenderness has
more than one component and that longissimus dorsi and biceps femoris
mscles differed markedly in tenderness response to certain cooking
conditions,

Child and Satorius (14) roasted semitendinosus muscles from beef
round at oven temperatures of 125, 150, 175, and 200°C to an internal
temperature of 58°C, They reported no difference in the shear force
tests for these roasts. In studying the relationship between oven tem-
perature and tenderness, Cover (23) used constant oven temperatures of
125 and 225°C to roast beef to an internal temperature of 80°C. Round-
bone chuck, rib, and rump roasts were more tender when cooked at 125°C
than when cooked at 225°C, However, no difference in tenderness was
shown in medium-rare rib and chuck roasts cooked at 125 and 225°C,
Relatively small differences in total cooking time were observed, In
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anotbher study, Cover (19) noted the effect of oven temperatures of 80 and
125°C on beef tenderness. Results of this experiment showed that roasts
were always tender when cooked at 80°C, However, they were dry, mealy,
and flavorlsss. '

Several investigators have studied the effect of roasting meat at
121°C, Stech and West (83) reported products were tender, moist, and had
good flavor. Oriswold (36) stated that roasting at 121°C was a superior
method for cooking beef round except for the dry appearance of the surface,.

Noble, Halliday, and Klaas (62) deterwined the tenderness of beef
cooked to 61 and 75°C internal temperature in a 149°C oven. From the
penetrometer readings, they concluded that toughening occurred during
heating from 61 to 75°C,

From her study Harrison (40) reported that the taste panel found
meat cooked in fat more tender than oven roasts., However, shear score
values were lower for roasts cooked in air, Visser et al (92) found little
difference in sudbjective tenderness scores for samples roasted in a 149°C
oven and those cooked in fat at 110°C whereas, scores for samples cooked
in 100°C fat were slightly lower. Generally, shear values were a little
lower for oven roasts than for those cooked in fat, These workers observed
that, irrespective of degree of doneness, shear values and tenderness
scores did not vary significantly for a given mmscle.

Juiciness

Juiciness enhances palatability and quality and, therefore, influences
the acceptabllity of cooked meat. From her studies in standardizing
methods of roasting beef, latzke (50) stated that juiciness can be measured
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to some extent Yy the amount of cooking losses in msat, Other workers
(9,69) have also observed an inverse relationship between juiciness and
cooking weight losses.

Composition of meat. Barbella et al (4) used 728 ridb roasts to study the

flavor and juiciness of beef in relation to fatness and other factors.
They noted that juiciness of roasts increased quite rapidly with increase
of fatness up to 22,5 per cent and more slowly from that point to 42,5
per cent. There appeared to be no apparent relationship between fatness
and julciness beyond the 42.5 per cent level, Thille, Williamson, and
Morgan (88) reported that fat-covered beef roasts were less dry than lean
roasts, |

From their study, Child and Esteros (13) observed that standing rid
roasts scored higher than comparable boned roasts when tested with a
pressometer or scored for julciness by a panel.

Grade and muscle. Day (29) concluded that there was little difference in
average subjective scores for julciness of U,S, Utility, Commercial, and
Good grade cuts cooked to the same degree of doneness, She obtained a
significant positive correlation between press fluid tests and juiciness
scores at the 5 per cent probability level,

Masuda (59) found no significant difference in juiciness attributabdle
to grade. However, average julciness scores of strip loin were signifi-
cantly higher than those of any other cut whereas, scores for center cuts

of top round averaged lower in juiciness and tenderness than did any of
the other cuts.
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Aging and freezing. Harrison (40) observed little variation in juiciness
scores of roasts aged from 1 to 20 days at 0°C, From their investigation,
Paul, lLowe, and McClurg (68) reported a gradual increase in juiciness
scores during 18 days of aging. Press fluid decreased and then increased
sharply during storage. They attributed this to changes in the water-
tinding powers of the proteins and the permeability of the cell membranes.
Paul (64), in studying the effect of storage on palatability characteristics
and physical changes in beef, also noted a reduction in press fluid during
the first few days, followed by a sharp increase between the 95th and 18th
day of storage.

From a study concerning the effect of freezing, Paul and Child (67)
reported that unfrozen beef roasted at 175°C to 58°C was significantly
higher in press fluid than frozen beef cooked at 175°C to the same degree

of doneness,

Method and extent of cooking. Noble, Halliday, and Klaas (62) found beef
rib roasts cooked to 61°C juicier than comparable roasts cooked to 75°C,
According to their findings, beef rounds yielded more juice than rib roasts
at both degrees of doneness. Satorius and Child (79) reported a decrease
in press fluid in the semitendinosus of beef by increasing the internal
temperature from 67 to 75°C. However, they obtained no such decrease by
increasing internal temperature from 58 to 67°C,

Cline et al (16) cooked beef at oven temperatures of 110, 163, 191,
218, and 260°C, to an internal temperatwre of 57°C. From their investi-
gations, it appeared that high temperature decreased the juiciness of
roasts, Child and Satorius (14) found that oven temperatures of 125, 150,
175, and 200°C did not affect the press fluid of beef muscles cooked at
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58°C, In their study, Bramblett and co-workers ($) noted that meat cooked
at 63°C for 30 hours gave greater press fluid yields and higher scores for
julciness than meat cooked at 68°C for 18 hours.

According to Harrison (40), panel members found no significant differ-
ence in juiciness of meats cooked in four media. There was no significant
difference in the amount of press fluid at the center of roasts due to
cooking mediums; btut there was a highly significant difference in the
amount of press fluid from samples one-half inch below the surface of
roasts which was attributable to different cooking mediums. Meats cooked
in air had the most press fluide Cuts cooked in fat were next, followed
by water and steam,

In their study, Visser et al (92) noted beef cooked in a 149°C oven
or in deep fat at 100°C was Juicier than beef cooked in fat at 110°C,
Juiciness scores and press fluid yields for oven roasts and those cooked
in deep fat at 100°C usually decreased significantly as the intermal
temperature of the roasts increased. There were fewer differences in

juiciness attributable to internal temperature for roasts cooked in deep
fat at 110°C,

Methods of Evaluating Palatability

Food acceptability is primarily dependent upon the stimulns of the
sense organs of the individual, Although some objective tests provide
information which substantiates subjective appraisals of color, texture,
tenderness, and juiciness, determination of odor and taste in food can
not be made objectiveljr.



Subjective evaluation

In subjective scoring methods the qualitative and quantitative aspects
of the characteristics under consideration are based on the opinions of
judges. Lowe and Stewart (55) classify subjective tests into two categories:
(a) preference or acceptance tests and (b) difference or psychometric tests.
Because psychometric tests can determine quantitative difference by scoring
or rating food quality factors, they are valuable research tools,

Scoring tests, According to lowe (52), scoring tests are made more fre-
quently than any other sensory tests. Single palatability factors are
assigned a nmumerical rating by the scorer. The scorer is expected to detect
differences 1n the samples, if they exist, and to assign a quantity factor
to these ratings.

Paired samples. Cover (22) used paired samples for scoring meat, In this

method, the scorer was asked to determine which of two samples was the
more tender. A recent experiment by Cover (21) showed trained personnel
were able to distinguish successfully between the following components
of tenderness--softness, friability, and tenderness of connective tissue.
This method of partitioning tenderness into seversl components seems to
offer increased opportunities for relating chemical and physical changes
to certain kinds and degrees of tenderness.

Difference tests. Three methods of conducting subjective difference

tests were discussed by Peryam and Swartz (71). In the triangle test
three samples were presented to the judges at the same time. They were
asked to select the odd sample from the other two identical samples. In
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the duo-trio test, judges were presented a control and then two samples of
unknown order. They were asked to pick the sample which was different

from the control, In the dual standard test two odor samples were presented
to the judges. They were asked to study them and note differences. A
second pair of samples was given to the judges and they were matched with
each of the first samples. Peryam and Swartz (71) recommended the triangle
test for discrimination, the duo-trio test for taste, and the dual standaid
test for odor,

According to Davis and Hanson (28) considerable information was lost
in the use of the triangle test if intensity designation was not made or
if the test was utilized only for those jJudgments in which the odd sample
was recognized. They presented a new method of evaluating the results of
the triangle test in which intensity designation was required. All judg-
ments were evaluated in terms of an I-value which was directly related to
the probatdlity of chance occurrence of the judgment. The inclusion of
partially corrected judgments provided for increased efficiency hy re-
ducing the number of trials necessary to detect a difference at a given
level of significance, Simon, Carroll, and Clegg (80) compared the tri-
angle method with a quality judgment procedure (scoring) in evaluating the
effect of degree of finish on differences in quality factors of beef,
Although the results of the two procedures were in agreement, they reported
that triangle testing was not as sensitive as scoring in evaluating
products of a high degree of variability,

Problems inpherent in subjectlive evaluation. Several investigators (7,
47,51) have discussed problems involved in the subjective method of testing.
Boggs and Hanson (7) observed that each judge tends to weigh the various
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factors by his own standards, In some cases, fatigue was found to be a
disadvantage, but in meat, it was not necessarily important (51).
Psychological and physiological factors have also been shown to influence
judges® scoring (55).

The importance of scientific technique for constructing score cards
wvas emphasized by Sweetman (85). Qualities should be selected and weighed
according to the investigation being made.

Autborities in the field of taste panel work suggest that equipment
and enviromment be controlled. Air-conditioned rooms were advantageoua in
preventing odors of paint, coffee, smoke, or other such aromas from inter-
fering with accurate detection of differences in samples (31). According
to Foster, Pratt, and Schwartz (33) isolation of the judges gave more
accurate results, To assure optirum results, china, silver, and glass
mst be used; placing the samples on paper dishes was unsatisfactory (70).

Overman and 1i (63) recommended that the reliability of the judg-
ments should be checked to obtain maximum validity from taste panel scores,
They suggested methods for measuring the consistency and discriminating
ability of taste panel members., Despite the limitations, subjective
testing is considered essential in determining food acceptability.

Objective evaluation

According to Lowe and Stewart (55), objective tests can be repro-
duced and are more applicable to the needs of the control laboratorye
Subjective ratings of tenderness, juiciness, and color of meat may be
substantiated by objective measurements.
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Tendernegs. MNumerous devices for measuring the tenderness of meats have
been invented. Noble, Halliday, and Klaas (62) were successful in using
the Bew York Testing laboratory penetrometer for comparing the tenderness
of left and right sides of the same animal. Proctor et al (72) reported
a recording strain-gage denture tenderometer. The instrument consisted
of a complete set of human dentures, According to initial tests, the
machine had good potentialities for aiding in solving the problem of
standardization of criteria for tendomed measurements.

Bratszler (11) improved the Warner shearing machine by standardizing
the shape and size of the cpening and the type of cutting edge. This
modified machine, known as the Warner-Bratzler Shearing apparatus, has
been widely used for tenderness determinations, Seversl investigators
(1,78) have established a high degree of correlation between taste panel
scores for tenderness and shear force readings, @nﬂ co-workers
(82) determined tenderness in raw and cooked beef muscles with a tender-
ness press, which was a modification of the Carver juice press. A panel
and the Warner-Bratzler shear apparatus were also used to measure tender-
ness of the cooked meat. Correlations between press and Warner-Bratzler
shear were significant,

Julcipess, Development of a method for objective evaluation of juiciness
of meats was based on the principle of expressing fluid from meat samples
of known weight. In 1934, Child and Baldelli (12) reported an apparatus
called the pressometer and standardized a method for determining the
percentage of press fluid., Studies (13,29) have shown a correlation be-
tween pressometer readings and taste panel juiciness scores.
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Tannor, Clark, and Hankins (86) reported the development of a
hydreulic press which determined expressible juice content of meat.
However, their findings showed no close correlation between results ob-
tained by the hydraulic press method and the taste panel scores for
juiciness of beef cooked to an internal temperature of 58°C.

Color. Tappel (87) illustrated the usefulness of reflectance spectro-
photometry for measurement and identification of hematin pigments in meats.
The entire visible spectra from 400 to 600mu was recorded. He found that
hematin pigments have a relatively sharp and characteristic reflectance
minima,

Combination subjective apnd objective evaluation
Perhaps the type of evaluation most widely applicable to all foods

is the subjective-objective approach, lLowe and Stewart (55) pointed out
that objective tests for organoleptic qualities must measure those
characteristics which are correlated with acceptability. A partly
subjective, partly objective method for comparing tendermess of different
meat samples was described by Lowe (52). It consisted of counting the
mmber of chews necessary to masticate the sample to a i:ndotord.nod end
point, The samples were sliced on a machine so that the fibers were all
the same length, and samples of the controlled dimensions were used,
Scorers standardized the end point of mastication and determined a specific
gradation of their own scores in relation to the number of chews required
for complete mastication of the sample., Examples of the use of a combdn-
ation of subjective and objective methods of evaluation are shown in the
research done on tenderness and juiciness (59,77).
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METHOD OF PROCEDURE

To compare cooking losses, palatatility, and rate of heat penetration,
roasts were cooked by two methods under controlled conditions. The con-
ventional roasting method employed by Douglas (30) in a related project has
been followed as closely as possible, Standardized procedure for cooking
ty deep fat immersion was established through preliminary investigations
in the laboratory.

Materials Used

Beef roasts

Six pairs of U,S.D.A, Choice grade steer beef rounds, rump on, weigh-
ing approximately 65 to 75 pourds per round, were procured through the
Michigan State University Department of Animal Husbaendry, Six days after
slaughter, the semimembranosus ruscles were dissected and surface fat was
removed, The muscles were trimmed to provide roasts of approximately
1440 grams each, and standardized with respect to linear measurements for
length, width, and depth, The samples for roasting were individually
wrapped in heavy freezer paper, coded, blast frozen, and stored at -20°C
until defrosting prior to cookding. Storage periods ranged from 173 to 189
days. Data relative to weight of rounds, weight of muscles, muscle linear
measurements, and trimmed sample weight are shown in Table 14, the Appendix,
page 91,

Fat for fryer
Two 50-pound boxes of all-purpose, hydrogenated vegetable fat were
obtained from the Michigan State University Food Stores,



Equipment
Most of the equipment used in this study is comparable to that found

in institutional kitchens. However, special pileces of equipment were used

to facilitate accurate collection of data.

Weighing and measuringe A 4.5-kilogram capacity torsion balance was used

to weigh the samples, fat, pans, racks, and drippings to the nearest gram.
Total drip obtained from cooking by deep fat immersion was collected in a
graduated beaker. Readings were recorded in milliliters and converted to
grams,

A device consisting of three rulers was used to measure the length,
width, and depth of each sample. Two vertical 18-inch rulers, numbered
from the bottom to the top, were connected by a horizontal 24-inch ruler
with numbers reading from left to right. The left vertical ruler, secured
on a metal foot, could stand alone. The horizontal ruler could be moved
up and down; while the right vertical ruler could be moved toward or away
from the left ruler. To measure the length, each sample was placed between
the vertica‘l rulers so that the rulers touched the meat on both ends at the
longest point, For width determination, the rulers were. adjusted so they
touched both sides of the sample. To measure the depth of the sample, the
horizontal ruler was lowered until it touched the meat, Each time the
ruler was adjusted until it matched both vertical rulers at the same inch
marking. Measurements for width and depth were recorded at the anterior,
middle, 