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Four meat cookery methods were compared using the adduc-
tor and vastus lateralis muscle of the beef round. The
methods compared were two braising methods, a dry heat
method called "oven-cooking", and deep-fat frying. The mus-
cles were dissected from the left and right rounds of six
beef animals, graded U. S. Choice. Each muscle was cut into
four l-inch steaks. The steaks were weighed, wrapped in
moisture-vapor proof cellophane, frozen and stored until
2y hours prior to cooking.

Steaks were cooked by all four cooking methods for
each scoring period. A panel of five judges scored the
steaks for aroma, appearance, tenderness, Jjuiciness, flavor
and general acceptability.

The change in moisture and fat content with cooking,
the pH of raw and cooked samples and the percent cooking
losses were determined. Objective measurements were made
of volume and surface aresa changes with cooking.

The chief source of variation among the palatability
scores was cooking method as shown by an analysis of vari-
ance made on each palatability factor. The variation 1in
Juleciness scores was assigned, however, to both cooking
method and difference betwéen rmuscles. The judges preferred
the oven-cooked and deep-fat fried steaks over the braised

steaks, as 1lndicated by general acceptability scores.



There was & significant difference in cooking losses
as a result of cocking method. The steaks cooked by braise
I had the highest percent total cooking loss and the oven-
cooked steaks had the lowest. The average weight of drip-
pings plus water was greater for braised II steaks than
for braised I steaks.

Results of objective tests were simlilar to the results
of subjective scores. Correlations between shear force and
tenderness scores and between juiclness scores and total
moisture were highly significant. Volume and surface area
changes followed the same general trend as cooking losses.
However, a significant difference found between muscles for
surface area changes was not present for total cooking losses
and volume changes. Highly significant correlations were
found between percent total cooking loss and volume change,
percent total cooking loss and surface area change, and
between volume change and surface area change. The pH
values for cooked meat'indicated that cooking method had
an eéffect on the degree of change in pH with cooking. The
oven-cooked stesks tended tc be more acid while the deep-fat
fried steaks were generally more alkaline than the braised
steaks.,

An analysls of covariance on the fat data showed that
there was a difference in the fat content of cooked samples
due to cooking method. The deep-fat fried steaks showed quite

a definite increase in fat content with cooking,
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INTRODUCTLON

All laboratory experimental work requires that the
investigator follow particular methods of procedure. In
meat cookery, roasting is the only method that is well
established. Years of experimentation with various roast-
ing procedures have rcsulted in one generally accepted
cooking method. This is not true, however, for other
methods of cooking meat. Rather recent investigations
in several laboratories have resulted in a mumber of
tentative methods for cooking steaks, particularly those
from the round of beef.

It was the purpose of this study to compare four cooking
methods, in an effort to contribute some information that
might lead to greater standardization of braising, deep-fat
frying and dry heat cookery methods for beef steaks.



REVIEW OF LITERATURE
Characteristics of Beef Muscle

Structure

Skeletal muscle 1s surrounded by fibrous tissue called
epimysium, which 1s continued into the muscle as the peri-
mysium and breaks the muscle into bundles of fibers called
fasciculi, Each fiber is surrounded by connective tissue
called endomysium and has its own thin, colorless, elastic

covering membrane, the sarcolemma (6, 43).

Composition

The two types of protein found in muscle are (a) struc-
tural proteins, consisting largely of collegen and elastin
end (b) intercellular proteins. The principal intercellular
proteins are myosin, actin, myogen and globulin X (6). These
proteins coagulate on cooking at a temperature of about 65° C.,

According to Cover (23), the toughness of meat can be
attributed to two structures, muscle fiber and connective
tissue. Lowe (43) states that the toughness of connective
tissue depends upon its thickness and density, upon the
proportion of collagen to elastin and possibly upon animal

age,



Investigators seem to agree that collagen is changed
to gelatin by heat in the presence of water. According to
Bendall (11) this conversion takes place in three stages:
(a) conversion of collagen A to collagen B which occurs
at 56=-60° C, and results in the shortening of collagen fiber,
(b) the uptake of water by collagen B and consequent swelling
and softening of the connective tissue and (c¢) the dissolu-
tion of collagen B to form a gelatin sol. The third step
occurs only if cooking at 100° C. is abnormally prolonged
or in pressure cooking at temperatures above 100° ¢.

Bogue (12) found that the hydrogen-ion concentration
of the hydrolyzing solution, the temperature of heating and
the duration of heating affected the hydrolysis of collagen
to gelatin. Hydrolysis was slowest at a pH of 4.5 to 6.0,
A temperature of 80° C. seemed to be most favorable for con-
version of collagen and a heating period of eight hours was
needed for complete softening of connective tissue.

Strandine, Koonz and Ramsbottom (62), after a chemical
analysis of beef and chicken muscle, concluded that the chief
cause of variation in tenderness of muscle was the difference
in structure and arrangement of the constituent anatomical
elements, the difference in structure within the muscle fibers,
or both factors. They felt that these causes had greater
effect on tenderness than did pH, fat, total protein or
moisture. In a classification of beef muscles on the basis

of bundle size and connective tissue pattern, they described



the vastus lateralis muscle as being composed of small fas-
¢iculi having very thin perimysium, and containing a medium
amount of both collagenous and elastic connective tissue.

The adductor was found to be a muscle with indisgtinect fas-
cicull and very uniform texture, to contain a medium amount of
collagenous connective tissue and only small amounts of elastic
tissue. In general, muscles with distinct fascicull and
abundant connective tissue were found to be much less ten-

der than those with smooth or homogeneous patterns. The
vastus lateralis and adductor muscle of the beef round

were chosen for the experimental work in this study.

Factors Affecting Cooking Losses and Palatability

After many years of study and investigation of meat
cookery, it has been shown that many factors are responsible
for losses from meat on cooking. These, in combination, re-
sult in shrinkage of animal fibers and loss of nutritive
value. Some of the major contributing factors are freezing,
grade of carcass, muscle, aging, temperature of cooking and

degree of doneness.

Effect of Freezing

During the freezing of meat, ice crystals are formed

which expand the muscle and put the center under pressure.



Ice crystals may rupture the tissue somewhat depending on
the freezer temperature and time of storagze (15, 43).
Since there 1s some tissue damage, a frozen steak oh de=-
frosting has a tendency to drip. Callow (15) found thawed
frozen meat to have a more open microstructure than fresh
meat, therefore leading to a greater loss of fluid. The
percentage of drip and loosely held muscle fluid as reported
by Empey (29) was less in muscles having a relatively low
concentration of hydrogen ions. Drip was reduced by 1n-
creasing either the osmotic pressure or the pH or both,
prior to freezing.

In a study using the 9-10 and 11-12 rib roast, Paul
(52) found that unfrozen beef had a significantly lower
total cooking loss than frozen beef, when roasts were cooked
to an internal temperature of 58° €, uncovered in a 175° c.
oven. Unfrozen beef also had a significantly higher press
fluid content than frozen thawed beef. Orr (50), however,
using frozen steaks from the longissimus dorsi ﬁnsclo versus
unfrozen steaks, found no appreciable effect in total cooking
loss through freezing. Any difference in losses was attri-
buted to difference in total cooking time.

It 1s generally agreed that freezing makes beef more
tender. In comparing frozen and unfrozen beef loin steaks,
Hankins and Hiner (36) found increased tenderness with
steaks frozen at -10° F, and --L|.Oo F. These temperatures

had greater tenderizing effect than +20° F.



Effect of Grade

Several investigators have found that the grade or
quality of the carcass affects the palatability of cooked
meat. This was especially marked when Good or Choice
grades were compared with Commercial or Cutter grades (3,

25, 37, 66). After comparing the longissimus dorsi muscle

of U. S. Good, U. S. Commercial and U. S. Utility grade

beef by roasting, Day (25) reported significant differences
in grade for aroma, flavof and tenderness. No consistent
pattern was noted for julciness and no significant differ-
ence was found for appearance and texture of the three grades.

Aldrich and Lowe (1) found ne significant difference
between U, S. Choice and U. S. Good grades, except for a
8lightly higher percent of press fluid in the choice grade.
Six muscles of the beef round were cooked by moist heat for
this study.

In e study of beef tenderness, Paul and co-workers (51) /
concluded that cooking losses were not appreciably affected
by grade. Two prime, two good and two commercial animals

were used in this study. The meat was cooked by oven roasting

and deep-fat frying.

Effect of Muscle

Where muscles from the same animal have been compared

by the same cooking method, investigators have concluded



that there is a definite difference in palatability factors
between muscles and in some cases differences within the
same muscle (1, 13, 26, 54, 55, 57, 58, 62).

Satorius and Child (58) reported that coagulation of
the protein of meat did not affect the tenderness of the
triceps brachli and adductor but the longlssimus dorsi
became more tender with coagulation. In a second study
using the same muscles (59), the adductor required more
pounds dr force to shear than the other two muscles and
was found to contain a smaller number of muscle fibers per
bundle when examined histologically. The press fluid did
not vary significantly among the cuts but the triceps brachii
contained more total moisture than the longlissimus dorsi.
The adductor had the greatest cooking loss and graded lowest
in texture, tenderness, and quality .and quantity of juice.

Brady (13) made a histological study of the same three
muscles used in the above study and reported no significant
difference in the diameter of different muscle fibers but
a significant difference in the number of fibers per bundle.
The adductor contained 138 fibers per bundle compared to
260 for the longissimus dorsi and 254 for the triceps brachii,

The vastus lateralis muscle of veal 1s described by
Paul and McLean (54) as a muscle containing a large amount
of comnective tissue, having many collagenous fibers and
& medium number of elastic fibers. The fascicull were not

Parallel. Fatty tissue was noticeable within the muscle.



Ramsbottom (55) found the vastus lateralis of U. S. Good beef
to contain medium amounts of both elastin and collagen. He
described the muscle as being "slightly tough",

In comparing the tenderness of representative beef mus-
cles, graded U. S. Good, Ramsbottom (57) reported the following
shear force readings using the Warner Bratzler snearing
machine: adductor (cooked), 10.6; vastus lateralis (cooked),
11.3; adductor (raw), 5.2;'and vastus lateralis (raw), 5.6.’
Brady (13) found a much higher average shear force reading
for the adductor (25.5), but his study included both cows and

steers.

Effect of Aging

The primary effect of aging on meat seems to be changes
in tenderness and flavor. It 1s thought that increased ten-
derness with aging is due to an effect upon muscle fibers.
Aging also results in an increase in soluble protein products
which when heated play an important part in the flavor of
meat (39).

Orr (50) concluded that appearance, aroma and julciness
were little affected by cold storage and that flavor of fat,
flavor of lean, texture and tenderness were more noticeably
affected.

Studying the histological, physical and organoleptic
changes in three grades of beef during aging, Harrison and

-



co-workers (37) found the aroma and flavor scores reached
their maximum within 10 days of aging and decreased after

30 days of aging. Aging of roasts increased tenderness

as indicated by shear force and judges' score. Griswold

(34) was able to find only small differences in flavor and
tenderness of meat aged 9 and 37 days at 3h° F. Deatherage
(28) reported increased tenderness of U. S. Good and U. 8.
Choice loins until 17 days, with no improvement 6r a decrease
in tenderness at 2l days, and some improvement at 31 days.
over 17 days.

Work that has been carried on concerning the tenderness
of beef carcasses immediately after slaughter has shown
varying results. Ramsbottom and Strandine (56) stated that
beef was more tender two hours after storage than at any
time after from two to six days. By the 9th to the 12th
day after slaughter the beef nad improved in tenderness so
that it was more tender than two hours following slaughter.
Paul and co-workers (52), however, found that roasts cut
from the semitendinosus and biceps femoris muscle of beef
were less tender ilmmediately after slaughter, and that ten-
derness increased with storage. Beef steaks, they found,
were tender immediately after slaughter, became less tender
with cold storage up to 2} hours, and returned to approxi-

mately their original tenderness with storage of 14 to

19 hours.
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Alexander (3), roasting lamb at various stages of
aging, reported that increasing the ripening period after
slaughter decreased the cooking shrinkage and shortened
the time required to roast leg of lamb. Cooking losses
tended to increase with storage through 24 hours and tnen
remain constant, according to Paul and co-workers (51)

from their study on the aging of beef,

Effect of Temperature of Cooking and Degree of Doneness

It 1s well known that cooking of any type causes meat
to shrink. Shrinkage may be due to some change in the
fibrous tissue or to coagulation of the muscle fiber. Ac-
cording to Andross (6) this shrinkage takes place during
the first 15 to 20 minutes of heating, owing to expulsion
ol wetcr, the prccess being greatest in bolling and stewing.
Reoasting and grilling he states also cause a loss of weater
by eveaporation and some shrinkagf;//

McCance and Shipp (46) stated that muscle tissue shortens
without change in volume or loss of weight wnen heated to
40° ¢. At 60° C., however, there is loss of weight caused
by increased shrinkage of the meat proteins, resulting ’
in expression of julces.

It is quite well accepted by most investigators thnat a

low oven temperature, especially for roasts, results in

smaller cooking losses and juicier meat (3, l, 19).
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The internal temperature to which tie meat is cooked
has also been shown to have a marked effect on cooking loss
and palatability (16, 23, 53). 1in general, with dry heat
cookery, Jjuiciness and tenderness decrease with increasing
internal temperature. Lowe and co-workers (ily) found
little difference in juiciness scores or percent of press
fluid of beef roasts cooked at oven temperatures of 120° C.,
150° ¢. or 175o C., provided the roasts were cooked to the

same internal temperature,

The Effect of Method of Cooking on Palatebility

and Cooking Losses

Roasting

After many years of study, roasting in the oven by
dry heat 1s quite standardized. This method for roasting
has resulted in a palatable meat with a minimum of cooking
losses, maximum retention of nutritive value and a minimum
cost per serving.

Numerous studies have been made on meat since Grindley
and co-workers (37) first studied the'losses invelved in
meat cookery in 189U at the University of l1llinois. Their
initiel study involved the nature and extent of cooking
losses, nutritive value of meats, changes taking place in
various cooking methods and the influence of cooking upon

the flavor and palatability.
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These workers concluded that the chief loss in weight
during the boiling, sauteeing and the pan-broiling of meat
is due to loss of water and fat. They also reported that
the longer the time and the higher the temperature of
cookling, other factors being the same, the greater the

losses resulting (33).

Aroma, appearance and flavor. One of the characteristic

changes produced by cooking meat is a change in color (43).
This change 1s due to an alteration in myoglobin; the myo-
globin becoming denatured, changing from red to pink, and
then to brownish grey (6).

Variation in aroma in roasting studies has been attri-
buted to grade (25) and to length of frozenvatorage (4hy) ;s
the longer storage meat having lower aroma scores.

Latzke (41) reported that high roasting temperatures
of 150° C. to 175° C. resulted in e browner, more pleasing
color but palatability was sacrificed.

The cooking of snimal muscle results in a "meaty" flavor
apparently owing to chemical changes taking place in the
fiber rather than in the juice. This “"meaty® flavor accor-
ding to Crocker (2)) is due to volatile substances detected
by the sense of smell, even though chewing is needed to re-
lease them. He states that beef flavor is complicated
chemically and consists more of odof than taste. It is

thought that the flavor of meat created by low temperatures
is due to the cracking of amino acid units of protein,
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particularly those of the fiber. Meat cooked at low tempera-
tures retains all of the salts and sugars noted in the raw

meat and therefore is more flavorful,
Andross (6) stated the flavor of meat was the summa-

tion of three factors: (a) odor affecting olfactory organs,
(b) taste, affecting the taste buds of the tongue and buc-

cal surfaces, and (c) texture.

Tenderness. Mgny studies of the roasting of meat
have shown that a low oven temperature for all or a
majority of the roasting period results in greater ten-
derness (3, 4, 19, 22).

Using constant oven temperatures of 125o C. and 225° C.
for roasting various cuts of beef, Cover (23) reported
greater tenderness for roundbone chuck and rﬁmp cooked at
the lower temperature as judged by a scoring panel. Rib
roasted at the lower temperature was preferred by 69 percent
of the judges. No significant majority was in favor of the
low temperature for lamb. The author felt that the differ-
ence in tenderness results might be due to the longer time
of cooking and not just the oven temperature.

Satorius and Child (58) compared the tenderness of
individuel beef muscles. With increasing internal temper-
ature the semitendinosus was found to be more}tender until
75o C. was reached, when it was found less tender than that
cooked to 67° C. The authors stated that from Sdo to 67° c.
collagen was being hydrolyzed with some coagulation of pro-
tein but from 67o C. to 75o C. muscle protein increased in



density and decreased in tenderness. The dlameter of the
rmuscle fibers decreased with increasing temperature to
67° C. No difference was noted in dismeter of fibers at
75° c.

Noble and workers (49) reported that toughening of
beef muscle took place during heating from 61° c. to 75° C.,

as shown by penetrometer readings.

Juiciness. Lowe (Y4l}) reported juiciness scores were
influenced by the kind of roast, whether boned or not, the
stage of cookery and the oven temperature. That is, the
lower the internal temperature and oven temperature, the
Juicier the cooked meat. A greater amount of fat in a roast
has also been found to increase juiciness (7, 30, 60, 66).
Barbella (7) eoncluded that the juice of beef rib roasts
increased quite rapidly with increase in fatness to 22.5%
Lfat and more slowly to 42.5%, after which there was no ap-

Pparent effect.

Cooking losses. Cooking losses during roasting are
affected primarily by cooking temperature, degree of done=-
ness, and composition of meat (33, 41, 4lj, 64). The higher
the internal temperature and the higher the oven temperature
the greater the cooking loss. Thille (63) reported that
the greater the degree of surface fat, the larger the
cooking loss. Satorius and Child (59) found the opposite

true, however. It appears that a layer of fat not in excess
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may help hold in juices and not contribute greatly to
drippings, while a large layer of fat on melting will
increase cooking losses considerably. Grindley and Mojon-
nier (53) stated that in the roasting of meat the chief
loss was due to the removal of both fat and water.

The semitendinosus muscle was found by Child (17)
to have a 24% to 37% cooking loss when cooked to an inter-
nal temperature of 75° C., while an internal temperature
of 580 C. yielded a loss of only 9% to 15%. An average
loss of 27% for well-done lamb roasts was reported by
Alexander (3). The adductor muscle averaged & cooking
loss of 18.24% when cooked by roasting to an internal
temperature of 58° C. (59).

Braising

Braising is browning meat and cooking slowly in a

covered utensil in a smell amount of liquid (5).

Aroma, appearance and flavor. Using temperatures of

90° C., 90° C. + 4O minutes, 90° C. + 50 minutes and 90° C.
+ 120 minutes for beef pot roasts, Lowe and workers (lLL)
found aroma and flavor scores varied only slightly. Cline
(18) reported 1little change in flavor in heel of round pot
roasts, braised with or without water. Tests made on 88
Pairs of less tender cuts from U. S. Medium grade beef

cattle showed the flavor of the lsan to be more desirable
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when braised to internal temperatures of 75°-85° C, than
when oven roasted (18).

Aldrich (1) found an internal temperature of 90° C.
+ one hour for pot roasts resulted in the development of
undesirable sulphury flavors, undesirable odors and a loss
of attractive appearance. The meat braised to‘an internal

temperature of 90° C, was found to be more acceptable.

Tenderness. The few bralsing studies that have been
conducted have shown that long cooking periods have a slight
tenderizing effect on meat (1, 18, 4l). This was thought
to be due to greater conversion of collagen to gelatin. As
braising studies were generally performed on cuts containing
considerable amounts of connective tissue, this reason
seems probable., |

Cline (18) reported heél of round cuts braised with
water, to bé siightly less tender than cuts braised without
water. The cooking periocd, however, was shortened when
water was added. Pork chops braised without added water
scored higher in all palatability factors including ten-

derness when compared to chops braised with added water (L7).

Juiciness. In general, braising methods resulted in
greater cooking losses than other cooking methods described
in several studies. Therefore, braised meat was found to
be less juicy (18, L8, 60, 67). Cline's (18) results on

less tender cuts of U. S. Medium beef braised to varyling
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internal temperatures from 75-85° C. were not in agreement.
She found decreased cooking losses, decreased cooking time
per pound and & slightly more juicy meat when the cuts were
braised rather than oven roasted. Most investigators
cooked their meat to higher internal temperatures, however.
Low juiciness scores and high weight losses for all
braised meat were reported by Lowe and workers (4l;). Long
holding periode after pot roasts had reached 90o C. resulted
in drier meat than roasts cooked to just 90° C. (1, Ll).

Cooking losses. As was mentioned earlier, the cooking

losses of braised meat are large. Experiments on braising

that have been reported in the literature showed a cooking

The longer the meat was bralsed the higher the internal

temperature up to the maximum, and the greater the cooking
losses (1, U4, 60). The reason for higher internal tempera-
tures and longer cooking periods than for other cooking
methods was the need for the softening of larger amounts

of connective tissue.

Broiling

Broiling is to cook by direct heat (5).

Aroma, appearance and flavor. Lowe (4lj) stated broiler

temperatures of 150° C. and 175° C. produced attractive
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looking steaks while a 200o C. temperature resulted in con=-
siderable charring. The higher temperature also produced
steaks of poorer flavor. Hayes (38), however found the
200° C. oven to give more attractive steaks than either a
175° ¢. or 250° C. oven. She worked with l-inch steaks,
broiled to an internal temperature of 58° C., three inches
from the heat, while Lowe broiled l-inch steaks two inches
from the heat and 2-inch steaks four inches from the broiler
unit, to internal temperatures of Sdo c. and 75° C.
McLachlan (47) reported a 225° C. oven produced steaks
which were rated higher for aroma and appearance but lower

for flavor than steaks cooked in a 175° C. oven,

Tenderness. Cline (21) found the porterhouse and rib
steaks to be more tender than sirloin or round. The range
of the judges' tenderness scores was 2.8 to 6.8 with 2.8
being the score for the center muscle of the bottom round.
Averages for the tenderness of the round were 4.0 or
"glightly tough" as indicated by the score sheet. In a second
study Cline (20) found the rib and round less tender than
the porterhouse and sirloin. The muscle of the bottom round
graded low in tenderness even in the steer and heifer.

McLachlan (L4,7) reported broiling temperature had an
effect on the tenderness of steaks from the beef loin.
Steaks broiled at an oven temperature of .L75o C. required

fewer pounds to shear than steaks broiled at 225° C.
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Porternouse steak was reported the most tender in this studye.
éline's (20) "modified roasting method" which consisted of
searing the steak with one turning in a closed gas broiler,
pre-heated to 500o F. and transferring to a gas broiler set
at 275° F., produced a more tender steak than the constant
oven broil of 350o F.

Lowe and workers (L) felt there might be a trend for
well-done steaks to be scored less tender than those cooked

to a lower internal temperature.

Juiciness. Steaks broiled at an oven temperature of
225° ¢, were Juicier than steaks broiled at 175o C., accor-
ding to Mclachlan who cooked steaks from the beef loin to
an internal temperature of 580 C. Lowe and workers (4l)
compared medium-done loin steaks to well-done steaks and
reported the well-done steaks were always scored less juicy.
They recommended broiler temperatures of 135o c., 150° c.
and 175o C. for all palatability factors. Lower temperatures
did not improve palatability and required a longer time for
cooking. The 200o C. temperature was considered acceptable

for 2-inch steaks.

Cooking losses. The cooking losses of broiled beef

steaks seem to be dependent, in general,on the final inter-
nal temperature and the broiler temperature (38, U4, 47, 65).
Lowe and workers (4l;) found, as did Tucker (65), that

well=done steaks always lost more weight in cooking than
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less well-done steaks. Lowe reported a 35% greater weight
loss in well-done steaks, than medium-done steaks, while
Tucker reported an average welght loss of 28% for well-done
loin steaks and 20% for the same steaks cooked rare to
medium-done.

McLachlan's (47} results for her work on porterhouse,
cludb _and sirloin steaks showed a 225o C. oven temperature
gave greater cooking losses than a 175o C. temperature. Tne
range for the percent totai loss for the higher temperature
was 25.36% to 28.24%, and 20.14% to 25.36% for the lower tem=-
perature. Hayes (38) agreed that a 250° C. oven resulted
in greater cooking losses than & 175° C. oven.

Cline (21) compared the percent cooking loss of rib,
porterhouse, sirloin and round steak with results showing
that cooking time and thickness of the steak influenced
losses. Her data showed a loss of 17.93% for the round as
compared to 21.24% for rib, 2l1l.42% for porterhouse and
23.95% for the sirloin. The round steek was not as thick
as the other steaks compared, therefore a shorter cooking

time and a smaller cooking loss resulted.

Deep-fat Frying

Deep-fét frying is cooking in a deep layer of fat (5).
Little has been reported in the literature on cooking
losses and palatability of meat as affected by a deep-fat

frying method.
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Temperature of fat. Temperatures that investigators

nave used for fat in which meat nas been cooked are quite
varied. Ramsbottom, Strandine, and Koonz (57) cooked beef
in lard at 121.1° C. Harrison and workers (37) used a tem-
perature of 96-98° €. for the lard in which they cooked
beef roasts. Orr (50) fried beef steaks in vegetable
shortening at 150o C.' According to Lowe and workers (4l)
135° C. and 150° C. were found to be the best temperatures

for deep-fat frying beef patties.

Palatability. Lowe and workers (4li) reported that
beef pattles fried ih deep-fat had a browner, crisper crust
than patties fried in shallow fat. They also found consid-
erable variation in the palatability scores of shallow and

deep-fat fried meat.

Cooking changes., McCance and Shipp (46) thought that

in deep=-fat frying the evaporation of moisture from the
meat must be intense since the flesh is surrounded by a
liquid immiscible with water at a very high temperature.
They reported the loss of salts quite small, however.

Orr (50) reported cooking losses of 17.96% to 23.53% for
unfrozen longissimus dorsi steaks aged from O to 167 hours

and cooked in deep-fat to an internal temperature of 63° C.
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Shallow=fat Frying

A few investigators have been interested in shallow-
fat cookery for meat. A very early study on the sauteeing
of meat resulted in the conclusion that meat lost 2.15%
of 1ts nitrogenous matter and 3.07% of its ash in the fat
in which it was cooked, while cooked meat contained 2.3
times more fat than before cooking (33). Tucker (65)
determined the total cooking loss of round steaks fried
in shallow fat to be 15%, 14% being volatile loss.

Methods of Evaluating the Palatability of Meat

Subjective Methods

Although investigators have recognized the limitations
of a taste panel for Jjudging the palatability of food, there
are still factors which cannot be judged objectively. 1In
the case of meat, color, aroma and appearance are better
scored by a taste panel and are important factors in deter-
mining flavor (6, 2i}). Juiciness and tenderness are usually
analyzed both subjectively and objectively and a highly
significant correlation is often found between the two

methods of testing (13, 19, 25, 27).

Objective Methods

Several tests have been developed for measuring physical

characteristics and determining the chemical composition of
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meat. Some of the primary objective tests used for meat
investigations are shear force, pH readings, volume and
surface area changes, fat determinations and moisture de=-

terminations.

Shear force. Mechanical methods for testing the ten-

derness of meats have been used for a number of years (42).
Bratzler (1) developed in 1930 a shearing device which he
tested on roast rib of beef and concluded there was & defi=-
nite correlation between the shearing values and the judges'
scores.

In 1934 Lowe (42) compared the differcnces in the Standard
New York testing labofatory type penetrometer and the dyna-
mometer designed by Bratzler. The correlation coefficient
calculated for the two devices was not significant for raw,
rare and well-done meat. The author felt a shearing device
held greater promise than the penetrometer for measuring
the tenderness of meat.

Recent studies have made considerable use of the
Warner-Bratzler shearing device as a tenderness measure
(1, 25, 45, 55, 57} This device, which measures the number
of pounds of force required to cut through a core of meat
of specified diameter, has proved satisfactory in many ex-
periments. Several investigators have reported high corre-
lations between shear force results and tenderness scores.

Deatherage and Garnatz (27), however, were not in agreement
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with these results. They found the differences in shear
force in pounds were not as great as differences in taste
panel scores. Correlation coefficients were not signifi-
cant. These authors felt that tenderness scores and shear
strength did not measure the same property of mcat and

that shears may be only related to tenderness.

pHe According to Bate-Smith (10) the pH reached by
meat at the completion of rigor mortis depends on three factors
(1) the initial PH, (2) the glycogen content of the muscle
at the moment of death, and (3) the buffering power of the
muscles. The normal initial pH of raw beef muscle has been
found to range from 5.2 to 5.80 (66). Meat, on cooking,
becomes more alkaline (8, 11, 15, 31, 50). Bendall (11)
reported a rise of .30 on the heating of chuck steak. The
same rise was noted 10 minutes after heating at 100° C.,
after one hour at 100o C. and after 3 hours of pressure
cooking at 126° C. Bard and Tischer (8), in their study,
found the pH value of raw beef to range from 5.52 to 5.61
and to increase from 5.95 to 6.05 after LO to 120 minutes
of processing.

It has been shown that shrink in cooked meat is less
when the pH is high than when it is low (15). A high pH
also decreases the tendency for thawed muscle to drip
(9, 29).

Winkler (68) concluded that toughness in pork was at a

maximum at 5,0 to 6.0 and that with either a higher or lower
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PH the meat was progressively more tender. Results from
beef studles were similar but the authors felt that maxi-

mum toughness range was at a lower pH.

Volume and surface area, Changes in volume have been

determined for roasts by measuring their length, width and
depth before and after cooking, and by water displacement
tests (1, 25, 37). Harrison (37) found that all roasts
decreased in width and all but one increased in thickness.
Aldrich'es (1) results for pot-roasts were very similar,
According to McCance and Shipp (46) muscle tissue shortens
without change in volume or loss of welght when heated to
uo° C. At 60o C., however, there is loss of weight caused
by increased shrinkage of the meat proteins causing ex-
pression of juices. Aldrich (1) found volume losses fole-
lowed the pattern of total cooking losses., Marked decreases
in volume and dimensions of all cuts were noted at 90° C.
Braising roasts to an internal temperature Qf 90° Ce plus
one hour resulted in volume losses of 25.3%, while braising
to an internal temperature of 90° C. resulted in a 19.6%
volume loss.
In cooking small cuts such as steaks, the change in
surface area is used as an indication of change in muscle

fiber diameter. PFluid is lost from muscle fibers as the
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weight and volume decrease (43). Satorius and Child (58)
found the diameter of muscle fiber to decrease with in-
creasing temperature to 670 C. No decrease in the diameter
of muscle was observed from 67° C. to 750 C. It could be
concluded that this shrinkage was complete at 67° Cc. for

that particular cooking method.

Moisture. Grindley and Emmett (31), as early as 1905,
obtained about 34% of the juice from raw meat by grinding
and then pressing the meat in a compound screw press. The
first mechanical device, however, for the determination of
the moisture in cooked meat was developed by Child and
Baldelli (17) in 1934. This instrument, called a presso-
meter, was used to extract muscle fluld from meat by sub-
jecting small samples to a pressure of 250 pounds. Child
and go-workers used the pressometer in several cooking studies.

Tanner and co-workers (63) described a method of de-
termining juiciness of cooked meat by means of a hydraulic
laboratory press. Correlation coefficients calculated be-
tween committee scores and percent of expressible juice
were relatively low when the hydraullc press was used to
extract julce from beef muscle cooked to 58° C. internal
temperature, Their study showed that the type of meat
scored by the judges made a difference. When beef, pork,
and lamb containing the same percentages of press fluid
were rated by the judges, beef samples received the highest

scores for julciness.
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Several investigators have been interested in the total
moisture content of raw and cooked meat, rather than, or in
addition to, press fluid (55, 58, 59). Most of the workers
reporting a method of determining moisture have dried sam-
ples in an air oven plus additional drying in a vacuum
oven, or completely dried samples in a vacuum oven. The
percent moisture was calculated by difference in weight of
the original and dried sample. In several studies at
Michigan State College, meat samples have been dried in a
forced air apparatus*, as a method of determining total
moisture,

Grindley (33) reported the average percent moisture
of beef round as being 75.53%. Satorius and Child (58)
found the adductor to contain 73.57% moisture, which de-
creased during roasting to 70.46%. The roasts were cooked
to 58° C., The vastus lateralis muscle contained 73.9%
moisture according to Ramsbottom (55). Otner muscles of
the round have been reported to be Th.4% and 73.3% moisture
(55, 60).

Fat., In general two types of chemical methods are
used for the determination of fat in meat. In the first,
dried material is extracted with a suitable solvent, usually
ether, in a continuous extraction mpparatus, the solvent

then evaporated, the residue weighed and reported as fat.

4% Brabender semi-automatic moisture tester
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In the second method the material is saponified and the
fatty acids which are set free are estimated by suitable
means (46).

The ether extract method was used by the majority of
the investigators reporting in the literature since they
were Interested in the total fat content of meat rather
than the fatty acids only.

Barbella and workers (7) found the fat content of
beef rib roasts varied from 7.5% to 57.5%. The whole beef
carcass averaged 10.95% fat according to Grindley and
Emmett (31). Andross (6) found fat to vary from muscle
to muscle, the sirloin having 27% fat, the fillet 22%.

Fat determined on the wet basis showed a range of
2.47% to 3.49% for muscles of the round of beef (57, 58,
59).



EXPERIMENTAL PROCEDURE
Description of Experiment

Four cooking methods were compared using the adductor
and vastus lateralis muscle of the beef round. The methods
used were a dry heat method called "oven cooking", two
braising method, and deep-fat frying.

The rounds of six beef animals were secured from a
local meat packer after aging from 10 to 14 days. The
two muscles to be used in this study were dissected from
the left and right round of each animal. All animals were
graded U. S. Choice.

The muscles were cut into l-inch steaks. Steaks were
compared both objectively and subjectively. One muscle was
cooked for each scoring period using all four cooking methods.
The cooking treatments were assigned to the muscles so that
each two treatments would appear together twice on paired

steaks (Figure 1).

Preparation of Samples

Both muscles of each animal yielded four pairs of
l-inch steaks. Two adjacent steaks were used for each cook-

ing treatment. All steaks were wrapped with a drugstore
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in pairs.
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wrap in cellophane, sealed with scotch tape, labeled and
frozen. Each steak was weighed before and after wrapping.
The storage period for the steaks ranged from 33 to
110 days, the vastus lateralis muscle having the longest
storage.
Each steak was allowed to thaw 2 hours in the labora-
tory refrigerator before cooking. The weight of each frozen
wrapped steak was recorded, in order to check on any weight

losses during frozen storage.
General Procedure

It was necessary to use two steaks for each cooking
method, since one steak did not yield enough materisal for
both subjective and objective tests on raw and cooked sam-
Ples.

After recording the weight of each thawed steak, one of
the two steaks used for each cooking method was halved. The
steak to be halved was chosen at random (Figure 1). The
half ateak was wrapped securely in cellophane, sealed with
scotch tape and returned to the refrigerator to be used
later for moisture and fat determinations, and pH readings.
The remaining one and one-half steaks were weighed as one
steak and the weight recorded for determination of total
cooking loss. The one-half steak, which was cooked, was

used for determination of volume and surface area loss in
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;ooking, part of the shear values and pH. The center of
the whole cooked steak was sliced for judging, and the re-
rainder reserved for moisture ané fat determinations (Table 1).

The volume and surface area of each half steak was de-
termined before cooking by methods described later in this
section.

Thermometers were inserted into the thickest portion
of the lean tissue to record initial internal temperature,
temperature rise during cooking and maximum temperature
reached.

The following data were recorded for each set of steaks:
weight before and after cooking, size and thickness, cooking
time, temperature during cooking, maximum internal tempera=

ture, cooking loss in grams and percent cooking loss.

- TABLE 1
USE OF TWO ADJACENT STEAKS COOKED BY EACH METHOD

e

One steak (cooked) One-hsalf steak (cooked) One-half steak (raw)

Subjective scoring Surface area Total moisture
Total moisture Volume Fat content
Fat content pH pH

Shear Shear

The internal temperature when placed in the oven, volume of
water added and weight of water plus drippings were recorded

for the braised steaks.
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Methods of Cooking

Two methods of dry heat cookery and two methods of
moist heat cookery were used in this study. Steaks were
cooked to the internal temperature found most satisfactory
in previous studies for the particular method. The inter-
nal temperature to which steaks were cooked differed for
each cooking method. Since investigators have found thaf
the internal temperature of meat continues to increase af-
ter removal from the oven, maximum temperature rise was re-
corded. A time-temperature curve was made for each cooking

method.

Braise I

This method was developed by the Michigan State College
food research leboratory and found to be preferable to other
bralsing methods tested on particular muscles of the beef
round.

The steaks were browned one minute on each side in a
heavy Dutch oven, preheated to 2u6° C. on an electric range.,
A griddle thermometer was used to determine the temperature
of the Dutch oven. A rack with 1/2-inch legs was placed
under the steaks, Fifty ml. of water was added, the pan
covered and transferred to a gas oven set at 121o C. The

steaks were cooked to an internal temperature of 98° c.
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plus one-half hour beyond the time of reaching 98° C., The

final temperature reached was 99.5° ¢.

Braise II¥

The steaks were hbrowned three minutes on each side in
a heavy Dutch oven, which had been preheated to 232o C. on
a thermostatically controlled electric grill. A griddle
thermometer was used to regulate the temperature of the
Dutch oven. A rack with 1/2-inch legs was placed under
each steak, 50 ml. of water added, the pan covered, and
transferred to a gas oven set at 121o C. The steaks were
cooked to an internal temperature of BOO C. The maximum

temperature reached was 84-85° C,

Oven-cooking

A rack having Li-inch legs was preheated 15 to 20 min-
utes at 232° C. in a gas oven, over & pan l-inch deep.
The ateaks were placed on the preheated racks and cooked
to an internal temperature of 71° C. Maximum temperature

o
reached was 72 C,

Deep-fat Frying

Fifteen pounds of fat™* was heated to 150° C in an
electric deep-fat fryer. The steaks were placed on edge

# Method used at MSC for work under BHNHE contract AlS-31905.
#+  Vegetable shortening without added emulsifier
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in the fat, against the slde of the frying basket, so that
the thermometer was out of the fat. All steaks were cooked
to an internal temperature of 65° C., then drained one minute
per side on brown paper toweling to remove excess fat. The

maximum temperature reached was 72o C.
Palatability Scores

A panel of five judges from the Foods and Nutrition
Department scored the steaks for appearsasnce, aroma, flavor
of lean, julciness, tenderness and general conclusion.

The highest possible score was ten and the‘lowest one, for
each factor. A sample score sheet is shown on page 94
of the Appendix,

Five 1/8-inch slices were cut from the center of each
warm steak, The slices were cut across the width of each
steak with the grain. Each slice was divided into three
parts, the center piece being as nearly uniform in size as
possible and used for recording the number of chews. Each
Judge was given one slice for scoring, with the whole steak
being available for rating aroma and appearance. Four
steaks cooked by the four cooking methods were scored each
time, the order of judging being randomized for each scoring
period.
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Objective Tests

Shears

Five to seven half-inch cylindrical cores were taken
from steak cooked by each method. Cores were sheared on a
Warner-Bratzler shear stress apparatus. The readings from

each steak were averaged.

Volume

The average weight of a quart saucepan of water was
calculated after many preliminary weighings. A string was
tied around each steak and the steak lowered into the filled
pan of water, causing the water to overflow. The exterior
of the pan was wiped free from water, the pan ﬁeighed and
the weight recorded. This welght was subtracted from the
initial weight, thus giving the weight in grams of water
displaced. This test was used before and after cooking, the
difference in water weight recorded and the percent change

in volume by cooking calculated.

Surface Area

The shapes of the raw and cooked steaks were drawn on
brown paper, traced on onion skin paper and measured with
a planimeter. The percent change in surface area by cooking

was calculated,
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2

A pH reading was made for both raw and cooked stesaks.
A five gram sample of meat was minced with a sharp knife,
added to 45 ml. of distilled water and allowed to stand 20
minutes. The liquid portion was decanted and the pH of the
liquid determined with a Beckman pH meter. Duplicate

readings were made on each steak.

Total Moisture

The samples reserved for moisture content were tightly
sealed in moisture-~vapor proof cellophane and placed in a
refrigerator. The maximum time any sample was held was 27
hours.,

Preliminary work showed that a more homogeneous sample
resulted if the meat was blended with distilled water in a
Wering blendor. The amount of water needed for a smooth
slurry depended on the method of cooking and whether the
meat was raw or cooked. The raw meat required less water
for blending than the cooked meat. With most raw samples
equal weights of water and meat resulted in a smooth blend.
Braise I required 100 to 120 grams of water for a 50 gram
sample of meat, while the other three cooking methods needed
only 75 to 100 grams of water for a satisfactory mixture.
The time necessary for blending was approximately two minutes.
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Ten gram samples were dried at 1200 C. In a Brabender
semi-;automatic moisture tester until the weight changed
less than 0.05% during a half hour interval. This required
two to two and one-half hours. As the ratio of water to
meat varied in each sample, the percent molsture was cal-

culated accordingly from the Brabender reading.

Samples for fat determinations of the raw and cooked
meat were taken rrom the same blended mixture as was used
for moisture readings. Ten gram samples were weighed into
fat-free filter paper and dried in aluminum drying pans
at a temperature of 120° C. The samples were held in a
dessicator until time for fat extraction.

Fat was extracted with ether#., The fat extraction
process was carried on for three hours in a closed apparatus.
A preliminary analysis showed the three hour period to be
satisfactory for complete extraction of fat from the dried
samples. The percentage of fat was calculated on the basis

of dry weight,
Statistical Methods

Analysis of variance was made and correlation coeffi-

cients were calculated gccording to methods recommended by

# Goldfisch fat extraction apparatus.
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Snedecor (61l). Correlations were calculated between the
following pairs of items: change in surface area and total
ccoking loss, surface area and volume change, volume change
and total cooking loss, Jjudges' juiciness scores and mois-
ture content, judges' juiciness scores and fat content,

shear force and judges' tenderness scores.



DISCUSSION OF RESULTS

Freezing and Thawing Losses

The adductor freezing losses were negligible. A few
steaks lost as little as 0.5 of a gram during storage.

All but ten of the 8 steaks of the vastus lateralis lost

welight durlng frozen storage. This loss generally ranged

from 0.5 of a gram to 1 gram except for two steaks which

lost 1.5 and 2 grams. The vastus lateralis muscle, how-

ever, was stored one to six weeks longer than the adductor.
An analysis of variance made on the percent thawing
losses showed the difference in animals highly significant.
A nhighly significant interaction was also present. It was
Noted, for example, that the adductor of animal I showed
the highest average thawing loss, 2.1%, while the vastus
lateralis of the same animal had one of the lowest thawing

losses for that muscle, 0.88%. For animal II the vastus

lateralis muscle had the highest average thawing losses,
1.28%, and the adductor had next to the lowest thawing loss
for all adductor muscles, 0.59% (Table 2).

Looking at the animals, rather than the individual
Mmuscles, animal I had the highest thawing loss and animal

VI the lowest, with average percentages of 1.4,9% and 0.69%.
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The muscles and animals having the highest thawing
loss did not necessarily have the highest cooking and
moisture losses except for the aaductor of animal I, which
showed both the highest thawing loss and the greatest per-
cent decrease in moisture of all adductor muscles., The
greater thawing losses for particular animels did not appre=-

cilably affect the Judges' Jjuiciness scores.

TABLE 2
AVERAGE PERCENTAGE THAWING LOSSES

Animal Adductor eastus oen o
T 2.10 .88 1.49
11 Tl 1.28 1.01
III «59 .95 77
IV 1.20 .95 1.07
v 71 1.15 «93
VI .76 .63 -69

Palatabllity Factors

The average dally judging scores for each steak are
Shown in the Appendix, page 95-10l. The highest possible
Score a steak could receive for any particular palatability

factor was ten, the lowest, one.
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Appearance

Average scores and analysis of variance for appearance
(Table 3) indicate that the chief source of variation among
the scores can be attributed to the difference in cooking
method. The deep-fat fried and oven-cooked steaks scored
higher in appearance than the bralsed steaks. The braised
I steaks, which were browned at a higher temperature and
cooked a longer time than the braised II steaks, aiso re=-
ceived higher average scores for appearance. The braised II
steaks were greyish in color rather than brown. Some of
the Judges disliked the appearance of the oven=cooked steaks.
During the fast cooking of these steaks, the juices were
pushed out on top of the meat and partially coagulated.
During braising and deep-fat frying this same expression of
julces was no doubt present but the juices were lost in the
deep-fat or pan drippings. The material which was left on
the surface of the oven-cooked steaks was reddish-brown in
color and of soft consistency. The surface of the meat un-
der the coagulated material was also a bronze-red color.
This condition seemed to improve as the steak cooled. The
deep-fat fried steaks were quite dark brown in color and
crisp on the exterior,

The difference between muscles was not statistically
significant, although the vastus lateralis muscle received

slightly higher scores for the oven-cooking &nd deep-fat
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TABLE 3

AVERAGE SCORES AND ANALYSIS OF VARIANCE
FOR APPEARANCE SCORES

Method of Cooking Muscle
Adductor Vastus Lateralis
Braise I 6e1 549
Braise II 5.5 5.1
Oven-cooking TeT 8.0
Deep-fat Fry 8.0 8.3

Analysis of Variance

Source D;g::;:m?f Mean Square P
Total ' 47
Cooking Method 3 22.6080 79 .55%%
Muscle 1l «0002 Q1
Animal 5 1722 <1
Error 38 2842

#:Significant at 1% level



frying methods and slightly lower scores for the braising

methods.

Aroma

The average scores and analysis of variance for aroma
are shown in Table 4. The main variation as shown by the
analysis was due to cooking method, and was significant at
the 1% level.

The braise I and deep-fat frying methods were given
the highest scores for aroma by the scoring panel. Both
methods resulted in browner steaks, especially the deep-fat
fry. This greater browning probably was the chief factor

in development of aroma.

Flavor

The main source of variation in flavor among the
steaks was cooking method as noted from average scores and
analysis of variance (Table 5).

The judges preferred the flavor of the deep-fat fried
and oven-cooked steaks, with a slight preference for the
oven-cooked. The steaks cooked by either Wraising method
were scored almost identically and more than one full
scoring point lower than the other two methods, on the one

to ten scale used for acoring in this study.
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AVERAGE SCORES AND ANALYSIS OF VARIANCE
FOR AROMA SCORES

———

—

———

Method of Cooking Muscle
Adductor Vastus Lateralis
Braise I n T4
Braise II 6.3 601
Oven-cooking 6.9 6.8
Deep-fat Fry T4 7.2
Analysis of Variance
Degrees of
Source Freedon Mean Square F

Total L7
Cooking Method 3 3.6991 10,073
Muscle «2002 <1
Animal 5 «3310 <1
Error 38 »3673

#%Significant at 1% level
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TABLE &5

AVERAGE SCORES AND ANAIYSIS OF VARIANCE
FOR FLAVOR SCORES

Method of Cooking Muscle
Adductor Vastus Lateralis
Braise I 5.8 SeT
Braise II | 5.9 S.6
Oven-cooking | 73 7.5
Deep-fat Fry 7.1 Te3

Analysis of Varience

Degrees of

Source Freedom Meen Square F
Total 47
Cooking Method 3 9.9502 26,063
Muscle 1 .0052 <1
Animal 5 3159 <1
Error 38 .3818

##Significant at 1% level
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The oven-cooked and deep-fat fried stcaks reached the
same maximum internal temperature of 72o C. as compared to
85° C. and 99.5° C. for the braised steaks. This fact mey
sccount somewhat, for the better flavor, since studies have
shown that lower internal temperatures and dry heat generally
result in a more flavorful meat, through retention of salts
and nitrogenous bases. McCance and Shipp (46) reported very
small losses of salts in deep-fat frying. Andross (6)
stated that moist heat cookery, such as boiling or stewing,
leached out extractives and resulted in loss of flavor.

Another factor which may have contributed to a better
flavor for the oven-cooking and frying methods is the rela-
tively high heat used in their cookery which resulted in a
quick browning of the outside of the meat and a shorter
cooking period, therefore, flavor was improved and extractives

retained.

Tenderness

Cooking method accounted for the greatest part of the
variation in tenderness between steaks as shown by average
scores and analysis of variance for tenderness (Table 6).
There was a significant difference in cooking methods at
the 1% level.

Steaks cooked by oven-cooking and deep-fat frying re=-
celved the highest tenderness rating, with the oven-cooking
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TABLE 6

AVERAGE SCORES AND ANALYSIS OF VARIANCE
FOR TENDERNLSS SCORES

Method of Cooking Muscle
Adductor Vastus Lateralis
Braise I 6.2 6.6
Braise II 5.5 5.5
Oven~cooking 7.6 7.1
Deep-fat Fry 7.4 6.7

Analysis of Variance

Source D§§§§§2m°f Mean Square F
Total L7
Cooking Method 3 7.8?36 10,364
Muscle 1 «3675 <
Animal s .8108 1.07
Error 38 « 7607

##Significant at the 1% level
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method being given a slight preflference. The braised Il
steaks were scored lowest in tenderness by the scoring‘panel.

From the results that have been published for tender-
ness studies, it would appear that the protein of oven-
broiled and deep-fat fried steaks had not coagulated at
72o C., to the point that it had toughened and become dense.
Yet there evidently was some change in collagen as both
muscles have been reported to contain medium amounts of col-
lagen.

The steaks braised to an internal temperature of 98° C,
+ 1/2 hour, however, were scored more tender than the steaks
braised to an internal temperature of 80° C. It would appear
from these results that there is considerable more softening
of collagen with the longer braising period, which would
counteract somewhat the toughening of intercellular protein
as far as final tenderness scores are concerned. At a tem-
perature of 80° C., evidently both forces are working together
to oppose tenderness, that is, the temperature is high enough
to coagulate the protein considerably, yet not nigh enough
or the cooking period long enough to convert large amounts
of collagen to gelatin. Dean (26) reported that connective
tissue was little affected by braising at internal tempera-
tures of 850 C. and when an interior temperature which decom-
poses the connective tissue is held constant, the tissues

eventually break entirely and the fibers of meat separate.
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No signiticant difference was found in tenderness be=-

tween muscles.

Juiciness

Variation in juiciness scores can be attributed to
both cooking method and muscle as seen in Table 7, where
average scores and analysis of variance for juiciness are
shown.

Both braising methods were scorcd as "dry" with the
braise I being the driest, averaging 3.3 for both muscles.
One judge described the meat as being "strawy".

The oven=cooked steaks were considered to be the
julciest with the deep-fat fried steaks not quite a scoring
point lower.

Several investigators have concluded that braising re-
sults in large cooking losses and rather dry meat. This
study agrees with the findings that the longer the meat
is braised the less julcy the meat.,

Since the oven-cooked and deep-fat fried steaks were
cooked to a lower internal temperature, cooked a shorter time
and were cooked by dry heat methods, juicier steaks would
be the expected result.

The slightly higher juiciness scores for the vastus
lateralis muscle when cooked by each method were statistic-

ally significant at the 1% level. Aldrich (1) also found
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TABLE 7

AVERAGE SCORES AND ANALYSIS OF VARIANCE
FOR JUICINESS SCORES

Method of Cooking Muscle
Adductor Vastus Lateralis
Braise 1 3.0 3.6
Braise IIX .6 5.1
Oven-cooking 8.1 8.4
Deep-fat Fry 73 7.8

Analysis of Variance

Source Dggg:ggm?f Mean Square F
Total 47
Cooking Method 3 63.5736 20,19
Muscle 1l 2.5209 8.013
Animal 5 .0983 <1
Error 38 <3149

meSignificant at 1% level
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vastus lateralis muscle slightly more juicy than the adductor.
Satorius and Child (58) reported the adductor scored lower
than the triceps brachii and the longissimus dorsi in quan-
tity of juice.

General Acceptabllity

The scores for general acceptability followed the trend
for tenderness scores, with cooking method again belng the
chief factor in variation of scores (Table 8).

The oven-cooking and deep-~fat frying methods were equally
acceptable with average scores for both muscles being 7.2
and 7.l respectively. The braising methods were scored prac-
tically two scoring points lower and both methods were equally
acceptable to the judges. The braise I method received an
average score of 5.5 and the braise II an average score of
5.3 for both muscles. Even though the scores were very much
alike, the impression should not be left that the braising
methods gave the same results. The braised I steaks were
scored higher in aroma, appearance and tenderness but were
rated very dry, while the braised II steaks were juicier
and just as flavorful, so consequently, general acceptability
scores were much the same for each method.

The oven-cooked and deep-fat fried steaks, however,
paralleled one another on practically all palatability

factors.
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TABLE 8

AVERAGE SCORES AND ANALYSIS OF VARIANCE
FOR GENLRAL ACCEPTABILITY SCORES

Me thod of Cooking Muscle
Adductor Vastus Lateralis

Braise I S.l 5.5
Braise II 5.3 Se2
Oven-cooking Te2 7.1
Deep-fat Fry 7.1 7.0

Analysis of Variance

Source Degrees of Mean Square F
Freedom
Total 47
Cooking Method 3 11.7235 }3.92i=¢
Muscle 1 .0352 <«
Animal 'S 2632 <1
Error 38 2669

##Significant at 1% level
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Cooking Changcs and Time-Temperature Relationships
The original percentagesfor total cooking losses and
decrease in surface area are found on page 101 and 102

of the Appendix.

Total Cooking Losses

The total cooking losses were greatest for the braised 1
steaks with an average of L5.04% for both muscles, and least
for the oven-cooked with an average loss of 23.49% for both
rmuscles (Table 9). The braise II and deep-fat frying losses
were similar in the vastus lateralis, but with the adductor
the deep-fat fry resulted in almost a L% smaller loss than
braise II. The analysis of variance showed the variance in
total cooking loss attributable to cooking method signifi-
cant at the 1% level (Table 10).

It appeared that the two muscles might have reacted
differently to the cooking methods, but interactions calcu-
lated between the various sources were not statistically
significant. The 2% greater cooking loss in the vastus
lateralis by braising II and deep-fat frying was not signi-
ficant. The greater loss by deep-fat frying might be par-
tially accounted for by & longer average cooking time for
the vastus lateralis. This longer period for cooking was

due to a nine-minute cooking periocd for the deep-fat fried
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TABLE 10
ANALYSIS OF VARIANCE FOR PERCENT TOTAL COOKING LOSS

R —e

Degrees of

Source Freedom Mean Square F
Total L7 ,
Cooking Method 3 936,.4086 110,974
Muscle 1 © 1.0150 el
Animal 5 5.3825 <l
Cooking x Muscle 3 9.1598 1.09
Cooking x Animal 15 9.8162 1.16
Muscle x Animal 5 9.7166 1.15
CxMxA 15 8.4381

##Significant at 1% level
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steaks from animal IV, The average cocking time was about
six minutes. This steak measured one-quarter to one-half
inch thicker than the other steaks. Aldrich (1) found cuts
from the auuuctor to have higher cooking losses than the
vastus lateralis. The adductor consistently averaged over
a 35% cooking loss and the vastus lateralis from 30-35%
cooking loss in her study. In this study there was a trend
toward these results for braise II but not for braise 1
where total cooking losses were much the same for each

muscle.

Drip and Volatile Losses

The percent drip and volatile losses were not determined
as such for any method but oven-cooking. The welght of the
added water plus drippings was recorded for the braising
methods.

The primary loss of weight in the oven-cooked steaks
can be accounted for as volatile loss. Only an average of
1.99% was found to be drip loss, while an average of 21.6%
was volatile loss (Table 9). As was mentionedvearlier in
discussion of appesrance, the juices tended to be prushed
out on top of the steak during the fast cooking at 232o c.
and settled back into the meat on cooling, therefore the
Julces were not actually lost. There was very little fat

covering the meat to contribute to dripring loss.
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The braise II resulted in a _reater averase weight of
water plus drigp'ngs than the braise I, However, there were
four cooiting pericds out of the total of twelve where the
opposite was true (Table 9). Two opposing forces were un-
doubtedly responsible for these results; drippings lost from
the meat and the loss of liquid through evaporation. Ob-
Jective and subjective tests showed that braise I was less
Juicy and contained 1less moisture than braise II, so even
though the drip loss was probably greater from braise I the
greater evaporation from the pan left smaller amounts of
drippings. The juices from the braised I steaks appeared
to be slightly more concentrated than the juices from the

braised II steaks.

Change in Surface Area

It has been shown many times by investigators that cuts
of meat on cooking become smaller or shrink. A shrink in
surface area 1s one of the factors contributing to this total
change in size. This study found all steaks to decrease in
surface area with cooking (Table 11).

Since the steaks were cut across the graln and were
placed cut side down for tracing their size, it would seem
that a decrease in surface area indicated a shrinkage in the
diameter of muscle fibers or a change in connective tissue

resulting in greater compactness of the fibers.
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The analysis of variasnce and average readings for sur-
face area showed that both muscle and cooking method were
largely respcensible for variaticn between readings (Tables
11, 12).

The adductor had from 1.11% to 14.23% greater surface
area decrease than the vastus lateralis muscle. The greatest
difference between muscles was noted in the oven-cooking and
the least difference in the deep-fat frying method. The
fibers of the vastus lateralis evidently were less affected
by the braising method and the high temperature of the oven-
cooking than the fibers of the adductor. The greater amount
of elastin in the vastus lateralis undoubtedly affected this
shrinkage (62).

Steaks cooked by bralise I had the greatest decrease in
surface area and steaks cooked by oven-cooking the least.
For both muscles the greatest decrease in surface area with
cooking was 34.99% and the smallest decrease was 10.33%.

Correlations calculated between total cooking loss and
surface area were statistically significant at the 1% level
(Table 13). This verifies results of other investigators
that shrinkage of fibers is accompanied by loss of water and
fat.

Change in Volume

Along with a change in surface area, cooking results

also in a change in volume. The water displacement test used
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TABLE 12
AVERAGE PERCENTAGES AND ANALYSIS OF VARIANCE
FOR DECREASE IN SURFACE AREA

Method of Cooking Muscle

Adductor Vastus Lateralis
Braise I 34.99 27.59
Braise II 31.11{. 16091
Oven-cooking 18.49 10.33
Deep-fat Fry 24,09 22,98
Analysis of Variance

Source D;gz:ggm?f Mean Square F

Total L7
Cooking Method 3 573.6946  13.30%%
Muscle 715.5669 16,59
Animal 5 34.7061 <
Error 38 43.1299

#Significant at 14 level
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TABLE 13
CORRELATION BETWEEN VARIOUS SCORING MEASURES

Percent change in volume and total cooking loss 0676l L3¢
Percent change in surface area and total cooking loss 0.64.82:

Percent change in surface area and percent change

in volume 04,5996+
Shear force readings and tenderness scaqres =0.55993#
Percent decrease in moisture and juiciness scores 0.7152:%
Adjusted1 fat percentages and jJuiciness scores 0.1098

1
Adjusted fat percentages and Julciness scores
(without oven-cooking method) 0.1610

##Significant at 1% level

1 Adjusted for variations in fat content of raw samples
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in this study showed that all steaks decreased in volume
during cooking, the percent change depending upon the
cooking method (Table 14). This change during cooking
would indicate not only a decrease in fiber diameter but

a shortening of muscle fibers, since both width and length
of fibers are concerned in volume changes. The amount of
elastin connective tissue and the change in collagen con-
nective tissue no doubt also contribute to the degree of
volume change.,

The decrease in volume with cooking followed, in
general, the same pattern as total cooking loss. The
difference between muscles found for surface area was not
noted in volume changes (Table 15). The chief variation
in volume readings was attributed to cooking method, sig-
nificant at the 1% level, and animals, significant at the
5% level. Both braising methods and the deep-fat fry had
large losses in volume as compared to the oven-cocking
method. There was not as great a difference in the first
three methods for volume as was found in total cooking
losses and surface area., The deep-fat fry more nearly
paralleled the oven-cooking method in cooking losses and
vsurface area decrease. These findings would seem to indi-
cate that the frying and braising methods resulted in the
same degree of shrinkage in fiber length but the braising
methods had greater effect on shrinkage of the fiber dia-

neter and loss of fluid.
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TABLE 1l
PERCENT DECREASE IN VOLUME WITH COOKING

Muscle Braise I Braise II Oven-cooking Deep-fat
Adductor I 39.34 30.28 13.73 36,69
II 29.51 33.34 18.47 22.26
III 37.70 34.29 28.41 36.76
Iv 37.29 36.82 22,91 36.26
v 50.29 43.07 41.51 33.34
VI 43.90 34.81 20,92 43.01
Average 39.67 35.44 2L.33 34.72
gzgzgzlis I 47.57 29.20 17.65 32.83
II 43.52 35.36 30.68 37.67
Il 37.78 28.06 28.78 37.59
Iv 36.09 38.20 25.00 36.55
\'f 51.18 37.80 27427 39.68
VI 42.19 37.88 26.81 43.12

Average 43.06 3442 26.03 37.91
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TABLE 15

ANALYSIS OF VARIANCE FOR DECREASE IN
VOLUME WITH COOKING

Source D;g::;gmof Mean Square F
Total L7 |
Cooking Method 3 5&9.8253 21,004
Muscle 1 39.5125 1.51
Animal 5 103.5822 3.96%
Error 38 26.1784

##Significant at 1% level
#Significant at 5% level
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A highly significant positive correlation existed
between volume and total cooking losses and also between
surface area and volume, the first showing the greater
correlation (Table 13).

The main animal difference seemed to be in animal V,
This animal showed & greater overall volume decrease than
the other animals, as well as greater surface area decrease
and slightly greater total cooking losses (Tables 11, 1l,
30). |

Time-Temperature Curves

The time-temperature curves for the four cooking
methods are shown in Figures 2 and 3. The two muscles had
slightly different time-temperature curves, chiefly due to
the differences in initial internal temperature. The steaks
of the vastus lateralis muscle showed temperatures 3-5° C.
higher at the beginning of the cooking period. This differ-
ence was undoubtedly due to the higher room temperature
during the spring months when the vastus lateralis muscle
was cooked, The steaks with the higher initial internal
temperatures within each group had been left at room tem-
perature a longer period before cooking. Several tests
had to be made on steaks before cooking, thereby necessi-
tating longer holding periods for the steaks cooked by deep-

fat frying and oven-cooking methods.
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Fig. 2. Average time-temperature curves for beef
steaks from the adductor muscle.
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Fig. 3. Average time-temperature curves for beef
steaks from the vastus lateralis muscle.
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Each cooking method had a different end-point for temper-
ature but the oven-cooking and deep-fat methods resulted 1in
the same maximum temperature after removal from their cooking
medium. The deep-fat fried steaks showed an average internal
temperature rise of 7° C. after removal from the deep-fat,
while the oven-cocked steaks showed only an average internal
temperature rise of 1° C. These results indicate that the
rate of heat penetration through a fat medium at 150o c.
was much faster than heat penetration through air at 232o C.
The steaks cooked in deep-fat reached 650 C. in an average
of 5.5 to 6 minutes, while it took the oven-cooked steaks
15 to 16.5 minutes to reach 71° C. The braised II steaks
showed an average internal temperature rise of u.5° C. after
removal from the oven while the braised I steaks reached a
maximum temperature of 99.5° C. in the oven and did not show
a rise after removal.

Comparing all methods of cooking, braise II had the
slowest rate of heat penetration and the deep-fat fry the
fastest rate. The temperature of the oven-cooked and braised
I steaks moved at relatively the same rate to 71° C., when
the oven-cooked steaks were removed from the oven. However,
this comparison is made on different cooking temperatures,
the oven-cooked steaks being in a 232° C. oven and the
braised I steaks in a 122° C. oven. This would indicate
that water conducts heat more rapidly than air, even

though the braised II steaks in this study showed the
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slowest heat penetration. It must be noted that the braised

steaks were cooked at a very low oven temperature. Lowe (43)

stated that meat reached a definite interior temperature

very much faster in water than in air of the same temperature.
The difference in the rate of heat penetration for the

two braising methods, cooked at the same oven temperature,

can probably be accounted for by the varied browning periods.

Evidently the fast two-minute browning at 2)4,6o C., used for

braise I, accelerated the penetration of heat, as compared

to the slower six-minute browning period at 232° C. for

braise II., The difference ;n time, for steaks cooked by

the two methods, to reach uo° C. was only 1/2 to 1 1/2 minutes

but the difference at 70° C. had increased to five minutes.

No plateau was noticed for any cooking method except at

98° ¢, for the braise I method, but cooking was generally

slower for all methods, except deep-fat rrying,-after 50o Ce.

was reached.

Objective and Chemical Tests

Shear Force

The original shear force values are shown on page 103
of the Appendix. Each reading is an average value for
five to seven cores.

The analysis of variance for average shear force

readings showed no significant difference due to cooking
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method (Table 16)., This is not in agreement with judges'
scores for tenderness but a highly significant correlation
was found to exist bepween Judges!' scores for tenderness

and shear force (Teble 13). This would seem to indicate
that the two devices were testing the same factor but the
judges' scores indicated that there were greater differences
in tenderness than was found with the shearing machines.

The shear values were highest for the braised II steaks
for both muscles, and the deep-fat fry for the vastus lateralis
muscle, showing them to be the least tender of the steaks
compared. There was little difference in shear values for
the other three cooking methods using the adductor. The
braise I method was found to yield the most tender steaks
from the vastus lateralig muscle. Interaction between the
various sources were not significant (Table 16).

Difference between muscles was significant at the 5%
level for shear values (Table 16). The adductor was sheared
with fewer pounds of force for all cooking methods except
braise I, This method of cookery had greater tenderizing
effect on the vastus lateralls than any of the other cooking
methods. Studies have shown that the vastus lateralis has
more distinct fascicull and a larger amount of elastin con-
nective tissue than the adductor (62). This fact would

account for the difference in tenderness,



TABLE 16

AVERAGE READINGS AND ANALYSIS OF VARIANCE

FOR SHEAR FORCE IN POUNDS
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T e e T e e e —————=
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Method of Cooking Muscle
Adductor Vastus Lateralis

Braise I 8.60 8.30
Braise II 9.42 10.29
Oven-cooking 8.01 9.11
Deep-fat Fry 8.02 10.43
Analysis of Variance

Degrees of F

Source Freedom Mean Square
Total | L7
Cooking Method 5.0990 2.03
Muscle 12.5256 5.004%
Animal 2.6704 1.07
Cooking x Muscle 3 3.6939 1.47
Cooking x Animal 15 2.4240 <1
Muscle x Animal 5 L.6249 1.84
2.5071

CxMxA 15

#Significant at 5% level
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Cooking increased the alkalinity of all samples as
indicated in Table 17. The average pH of the raw stesks
ranged from 5.48 to 5.51, while the average pH of the
cooked steaks ranged from S.67 to 5.79. The pH averages
showing the most marked effect of cooking method were the
averages for oven-cooking. These steaks were slightly
more acidic than the steaks cooked by the other methods.,
The vastus lateralis muscle was more alkaline when deep-fat
fried and braised by method I than the adductor cooked by
these methods. Otherwise, the bralising methods resulted
in identical pH average readings for both muscles. The
oven-cooking method also showed s imilar pH readings for
both muscles.

The lower internal temperature of the oven-cooked
steaks does not seem to account for the lower pH values,
since the deep-fat fried steaks reached the same maximun

internal temperature, yet were much more alkaline.

Total Moisture

The raw steaks in this study were found to contain from
71.81% to 74.74% moisture, with the adductor averaging
72.71% and the vastus lateralis 73.79% (Table 18). All
steaks decreased in molisture content with cooking, the

method of cooking determining the amount. The oven-cooking



TABLE 17

AVERAGE pH READINGS FOR RAW AND COOKED STEAKS

— am———

—— ———

Method of Cooking Adductor Vastus Lateralis
Raw Cooked Raw Cooked
Braise I 5.48  5.71 5.50 5.76
Braise II S.49 5;71 5.50 5.71
Oven-cooking 5.48 5.68 549 5.67
Deep-fat Fry 549 S5.71 5.51 5.79
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TABLE 18
PERCENT MOISTURE IN RAW AND COOKED SAMPLES

Muscle g;e§25: Braise I Braise II ngig;g Deep-fat
Adductor I  72.86 5h.22 58.32 68.19 57.73
I1 71.81 53.77 66.1Q 64.57 67.74
III 72.70 57.15 §1.95 65.19 60.50
IV 71.89 57.75 62.85  66.80  61.01
v 73.61 56.93 61.63 6L4.23 66,76
VI 73.38 57.75 60,50 67.57 6L.43
Average 72.71 56,26 61.89 66.09 63.03
Vastus
Lateralis I  73.30 57.15 63.75 69.38 619
IT 73.15 55.35 61.73 65.64 6L4.80
IIT  72.90 Syl 62,48  61.82  60.42
IV 74h.74 56,13 63.98 69.51 58.73
vV  74.51 56,75 60.75 68.26 61.58
VI 7h.1h 55.03 6l .87 66,69 62.45
Average 73.79 55.81 62.93 66.88 62.03

#Duplicate samples from four steaks
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method resulted in the smallest decrease in moisture,

approxinately 9%, and braise I the largest decrease,
approximately 23% for both muscles (Table 19). Braise I

averaged about a 7% greater decrease in moisture than

braise II, The deep=fat fried steaks which reached the
same internal temperature as the oven-broiled steaks con-
tained at least 3% less mois ture on the average after

cooking, Original percenteges for decrease in moisture with
cooking are found on page 104 of the Appendix.

The difference in muscles was not statistically signi-

ficant even though the vastus lateralis muscle showed a

greater decrease in mois ture with cooking than the adductor

for all methods except braise II,
The correlation coefficient calculated between judges'

scores for Jjuiciness and percent decrease in moisture was
highly significant (Table 13). The correlation was positive

since the greater the decrease in moisture the lower the

Judges'! scores for julclness.

Fat

Table 20 indicates that the fat content of the indivi-
dual raw samples was quite different. Realizing that the

fat content of the original sample would affect the percent
of fat 1in the cooked sample, it was decided to use analysis

of covarlance on these data. The analysis indicated that
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TABLE 19

AVERAGE PERCENTAGLS AND ANALYSIS OF VARIANCE [fOR
DECREASE IN MOISTURE CONTLNT WITI COOKING

. e m e m e e e - ——

lethoa of Cooking Muscle
Ldcductor Vastus Lateralls
Braise I 22.67 2Lh.23
Braise II 15.09 14.73"
Oven-cooking 8.89 9.31
Deep-fet Fry 13.17 16,08

Analysis of Variance

Degrees of

Source Freedom Mean Square F
Total L7
Cooking Lethod 3 417.1272 38, L34
Muscle 1 16,7797 1,56
Animal 5 8.14919 aQ
Error 38 10.8545

##Signifricant at *he 1% level



78

gg*fT 90°2T Of°TT 9T°1I 69°8T  09°TT OT*ft oL°M IA
2heee Lo*gl  STfT €9t Sl*te  le°st 06°€T Lo*M A
TL°Sz T2°9T  @9°€T l2°ST  hslt Lt 29°Lz L6°Te AL
ho'te ef*6T  g92°g2  9r*02  T2°9t feest €0°QT LE°T2 III
22°gT SE€°LT 06T S5°02 €8°ST  g0°91 95°9T l2°l2 II
6Tt shett  o6°et 6T°€e 2L €T xawuﬂ f9*€T oOe°1T I uﬁHMmeum
9L°g e2t°h 15°6 L9°6 sttt f6cot SL°0T g9°c2t IA
9€°ST €h°€2  L°ST  05°L 20T 9f°MT SHe€T 0f°TT A
L6°T2 §9°02 6L°TT GL°S2  60°QgT  €6°12 tige6T L6°L2 AT
L0°92 26°6T Ef*Sz  hEtoz  T2*hT  TH'6 S6°9T  6€°1 III
6T°TT TH'TZ2 Hl°9T 6T°S2  hoor  92°*e 62°91 €5°Se2 II
66°LT @M°6  2g°9T ~9€°0z  oOh*€z  Ho°€T SE°ST QTI°TI I I030mpPY
pPexo0n MBY POY009H zam vemuoo zwm PON00) MBY
18J-deeq BuTo00o=-ueA( II eervayg I esysag

e

m——

(s18eq Laq)

SAVALS @EN00D ANV MVY NI LVd LNIOUHS

02 w gvg



79

the difference in cooking method was not due just to thre
fat content of the raw meat. Variation in fat content as
affected by cooking method was statistically significant
at the 13 level (Table 21).

The averagze percent fat for all steaks cooked by
each method showed the deep-fat fried steaks to contain
the highest percentage of fat and the oven-cocked steals
the lowest. When the average percent fat in the cooked sam-
ples was adjusted to correct for difference in the raw
samples the cooking methods ranked in the same order as

far as fat content but the values were somewhat changed
(Table 22).

It would appear from these analyses that the deep-fat
fried steaks absorbed some of the fat in which they were
cooked. Grindley and Mojonnier (33) reported similar re-
sults in an early study of frying. They found that meat
fried in shallow fat contained 2.3 times more fat than be-

fore cooking. The deep-fat fried steaks were the only

steaks showing quite a consistent trend toward increased

fat with cooking. Table 20 indicates, however, that within
each cooking method there were many instances of increased
fat content. Satorius and Child (58) reported that cooked
roasts from the longissimus dorsi muscle showed a 35-40%
increase in fat over the raw roast. Thille (6l4) studied
both fat and lean rossts and reported that the center of

the cooked roasts had greater fat content than the raw meat.



TABLE 21

ANALYSIS OF COVARLANCE FOR FAT CONTENT
OF RAW AND COOKED STLILKS

80

Degrees of

Source Freedom Mean Square F
Error 37 2.2899
Cooking Method
plus Error L0
Difference due to
Cooking 3 Sh.01hl 5 o813

##Significant at 1% level

TABLE 22

AVERAGE ORIGINAL AND ADJUSTEDl FAT PERCENTAGES

FOR COOKED STEAKS

Avereage Ad justed
Cooking Method Percent Fat Percentages
Braise I 16,37 15.86
Oven=-cooking 15,96 15.47
Deep-fat Frying 18.40 16.71

1 Adjusted for varlation in fat content of raw samples
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An explanstion suggested by Lowe (43) for this increase in
fat during cooking is that the phospholipins combined with
the proteins may be released by coagulation and more readily
extracted by ether from cooked than raw meat.

A factor that must be considered in comparing the effect
of cooking method on fat content 1s the relationship of
moisture to fat content. The samples from cooked steaks
with a lower moisture content would undoubtedly have a higher
concentration of fat, gram for gram, than steaks containing
more molsture. However, the loss of fat in drippings from
the steak cooked a longer time, would counteract somewhat
this concentration of fat. Looking at the adjusted averages
in Table 22, it would appear that the second factor was
more responsible for the fat content of braise II since it
had the second highest average percent fat and was cooked a
shorter time than Braise I. In the case of the oven-cooking
method, the greater molsture content could have accounted
for the reduced amount of fat in the sample. Since the
percent fat in braise I and the oven-cooked steaks was much
the same, 1t might be presumed that these two opposite
forces produced the same results.

An analysis of variance of the percent fat in the cooked
meat showed the difference between animals to be significant
at the 1% level (Table 23). The chief variation in fat

content between raw samples was also attributed to a difference
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TABLE 23

ANALYSIS OF VARIANCE FOR FAT IN COOKED STEAKS

Degrees of Mean Square F

Source Freedom
Animal 5 448412 Ly o 18sex
~Muscle 1 35.6282 1.99
Method of Cooking 3 13,6815 <1
Error 38 17.9237
#uSignificant at 1% level
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in animals, as found from an analysis of variance of per-
cent fat in the original samples.

Realizing that the fat content of both raw and cooked
meat might have an effect on the judges' juiciness scores,
the percent fat content for each steak was adjusted to re-
move the effect of variation in the raw samples. These ad-
Justed percentages were then used to calculate & correlation
coefficient between fat content and julciness scores. A
signiricant correlation, however, was not present. A
slightly better correlation was obtained when the oven-cooking
method was omitted from the analysis, yet not statistically
significant (Table 13). The moisture content of the steaks
evidently had much more influence on the judges' juiciness

scores than the fat content.



SUMMARY AND CONCLUSIONS

Four meat cookery methods were compared using the
adductor and vastus lateralis muscle of the beef round. The
methods compared were two braising methods, a dry heat method
called "oven-cooking", and deep-fat frying. The muscles were
dissected from the left and right rounds of six beef animals,
graded U. S. Choice. Each muscle_was cut into four l-inch
steaks. The steaks were welghed, wrapped in moisture-vapor
proof cellophane, frozen and stored until 24 hours prior to
cooking.

Steaks were cooked by all four cooking methods for each
scoring period. A panel of five judges scored the steaks
for aroma, appearance, tenderness, juiciness, flavor and
general acceptability.

The change in moisture and fat content with cooking,
the pH of raw and cooked samples and the percent cooking
losses were determined. Objective measurements were made
of volume and surface area changes with cooking.

The chief source of variation among the palatability
scores was cooking method as shown by an analysis of variance
made on each palatability factor. The variation in Juiciness
scores was assigned, however, to both cooking method and

difference between muscles. The judges preferred the oven=-
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cooked and deep-fat fried steaks over the braised steaks,
as indicated by general acceptability scores.

There was a significant difference in cooking losses
as a result of cooking method. The steaks cooked by braise I
had the highest percent total cooking loss and the oven-cooked
steaks had the lowest. The average weight of drippings plus
water was greater for braised II steaks than for braised I
steaks.

Results of objective tests were similar to the results
of subjective scores. Correlations between shear force and
tenderness scores and between julciness scores and total
molsture were highly significant. Volume and surface area
changes followed the same general trend as cooking losses.
However, a significant difference found between muscles
for surface area changes was not present for total cooking
losses and volume changes. Highly significant correlations
were found between percent total cooking loss and volume
change, percent total cooking loss and surface area change,
and between volume change and surface area change. The pH
values for cooked meat indicated that cooking method had
an effect on the degree of change in pH with cooking. This
was particularly noted with the oven-coocking and deep-fat
frying methods. The oven-cooked steaks tended to be more
acid while the deep-fat fried steaks were generally more
alkaline than the braised steaks.
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An analysis of covariance on the fat data showed that
there was a difference in the fat content of cooked samples
due to cooking method. The deep-fat fried steaks showed
quite a definite increase in fat content with cooking.

On the basis of these findings it appears that:

l. Oven-cooking and deep-fat frying resulted in more
palatable stesks from the adductor and vastus lateralis
than the braising methods compared in this study.

2. Steaks braised to an internal temperature of 80o Ce
were julcler than steaks cooked to 99.5° C, plus 1/2 hour
but were less palatable as far as aroma, appearance and ten-
derness were concerned.

3. Oven-cooked steaks had the lowest total cooking
losses and highest molsture content, while the braised I
steaks had the highest total cooking losses and the lowest
moisture content.

4. Deep-fat fried steaks increased in fat content during

cooking.
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