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INTRODUCTION

Commercial meat tender izers that contain the proteolytic

enzyme, papain, are now on the market for consumer use, but few

reports were found in the literature regarding the effectiveness

of these tenderizers. According to Gottschall and Kies (1942),

the greatest use of papain as a meat tenderizer has been empir-

ical. The digestion of whole beef muscle have not been studied

quant itat ively

.

Tauber (1942, p. 441) reported that commercial tenderizer

preparations now available are usually spread on the surface of

the meat a few minutes before the meat is cooked, but the best

results are obtained when the enzyme is allowed to penetrate

into the meat by applying deep cuts. Lowe (1943, p. 234) stated

that if enzyme preparations are to give satisfactory results in

tenderizing meat, they should be injected uniformly throughout

all tissues.

The effect of tenderization is difficult to treat quantita-

tively, as pointed out by Gottschall and Kies (1942), because

adequate criteria of what constitutes tenderness in meat are

lacking. Tenderness is induced by the proteolytic enzyme as the

result of protein breakdown. Although the exact relationship

between the tenderizing effect and the protein digestion is not

known, the more the meat is digested, the softer the structure

of the meat. The purpose of this study was to determine the

effects of a commercial meat tenderizer on the tenderness as well



as on the flavor and juiciness of thick and thin round steaks,

sirloin tip steaks, and rump roasts.

REVIEW OF LITERATURE

Composition and Structure of Beef

For the purpose of chemical review Smith (1942) divided meat

into the anatomical elements, muscle and connective tissue, and

subdivided the latter again into fatty and non-fatty tissue.

Since the edible meat of a carcass consists of more or less inti-

mate mixtures of these tissues In varying proportions, Smith

(1942) reintegrated the anatomical differentiations when consider-

ing meat as it is eaten. He stated that meat that is ordinarily

considered lean may contain more fat than protein.

The composition of muscle as reported by Smith (1942) was

water 75, protein 18.5, soluble non-protein substances ."5.5, and

intracellular fat 3.0 percent. The intracellular fat represented

the variable amount of fat that is contained in the muscle cell

and did not take into account the abundant intercellular adipose

tissue. The protein content of the muscle was reported as extra-

cellular (collagen) and intracellular (myosin, myogen X, globulin

X, and myoglobin).

According to Szent-Gyorgyi (1946) cross-striated muscle con-

tains eight percent of myosin and about three percent of act in,

which makes 11 percent of actomyosin. He explains that this acto-

myosin is contained in the fibril which occupies about one-third

of the total volume of the muscle. The fibril thus contains no
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less than 33 percent of actoinyosin, which is strongly hydrated.

Szent-Gyorgyi (1946) defined "strongly hydrated" to mean that a

relatively great part of the water present is bound to the pro-

tein. He stated that actomyosin binds approximately an amount of

water equal to its dry freight, which would leave 66 percent of

hydrated actomyosin and 34 percent of free water or free space.

Thirty-four percent of free space means exceedingly close packing

of actomyosin molecules within the fibrils.

Smith (1942) pointed out that the extracellular protein,

consisting mainly of collagen, can be sharply differentiated from

the remainder of the muscle protein by its complete insolubility

in dilute mineral acid and this affords an easy method of de-

termining the amount present in muscles. He also stated that the

amount of extracellular tissue is one of the most important fac-

tors determining the physical properties of lean meat.

Skeletal muscle is an organ made up of fibers held together

by connective tissue and surrounded by a sheath of heavier con-

nective tissue. Each fiber is enclosed in a thin, colorless

elastic membrane called the sarcolemma, and the fibers are then

-rouped parallel to each other in bundles called fasciculi. The

perimysium is the connective tissue surrounding the fasciculus

and the entire muscle is enclosed by connective tissue known as

epimysium (Lowe, 1943, p. 205).

Lowe (1943, p. 212) described the fibers as being elongated,

cylindrical, and multi-nucleated, the nuclei being elliptical in

shape. The fibers vary in length and during growth increase in
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both length and diameter; the number of fibers does not increase

after birth. A fiber may extend the full length of the muscle,

or one end may terminate in the muscle. Generally it is the

fasciculus and not the fiber that extends the length of the

muscle

.

Brady (1957) reported that the diameter of muscle fibers was

larger for cows than for steers; that the diameter of the fibers

of fresh meat was larger than the diameter of the fibers of aged

meat; and the diameter of the fibers of aged meat was larger than

the diameter of this same meat after cooking. Brady (1937) found

no significant difference in the diameter of muscle fibers for

different muscles and stated that the number of muscle fibers in

a bundle may be taken as a measure of the size of the bundle and

as a measure of texture.

The function of connective tissue is to support all the other

tissues and organs in the body. Smith (1942) stated that in meat

it is most evident in the form of tendon, or gristle, but it is

also distributed in a finer state of subdivision throughout both

muscle and fatty tissue. The extracellular protein (collagen) in

finely divided connective tissue differs in no essential respect

from that found in other parts of the body. According to Smith

(1942) the solid constituents of the different forms of connective

tissue are practically identical, but the diffuse connective tis-

sue associated with muscles and fat differs from the compact form

found in tendon in one respect, i.e., in the amount of water

associated with it.
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Lowe (1943, p. 209) cave the following description of con-

nective tissue: "Connective tissue is characterized by a small

number of cells and much intercellular substance. It has many

iations and transitional forms. Tome is loose, llkt that

between organs; some is compact, as in heavy connective tissue

visible to the eye and some is dense, like that in tendons. It

always contains fibers."

Collagenous fibers are colorless and birefrigent, but when

they appear in large masses, the tissue is white and is often

referred to as white connective tissue (Lowe, 1948 | p. 209).

This author also stated that the main function of the collagenous

fibers is to bind and support other tissues; and that when ar-

ranged in wavy rows, the fibers can be stretched until the waves

are straightened, so they have flexibility but are not elastic.

According to Smith (1942) the properties of collagenous

tissue which most concern us from the viewpoint of the properties

of neat are the toughness and elasticity of the collagen fiber,

its easy conversion to the tender soluble gelatin by boiling, and

its inadequacy as a food protein. He pointed out that collagen

is completely digested by trypsin and when, as is usual, it is

accompanied by a considerable excess of protein of high biologi-

cal value, it will itself be quite efficiently utilized.

A second protein in connective tissue is elastin. Elastin

forms only a very small proportion of the diffuse connective tis-

sue and ordinary white tendon, but it is concentrated in liga-

ments. Elastin, according to Smith (1942), differs from collagen



In that it is practically indigestible and is softened little dur-

ing cooking. Lowe (1945, p. 210) stated that the elastic fibers

are thinner than the collagenous ones and that they branch readily

and stretch like a fish net. The ends of the single fibers often

appear curved. The fibers are extremely elastic and hence func-

tion when both elasticity and strength are required. The fibers

forming ligaments are arranged parallel to each other and are

bound together by collagenous fibers. Lowe (1943, p. 210) ex-

plained that when the fibers are massed together, as in ligaments,

the color is yellow; hence, the name yellow connective tissue.

Factors that Affect the Tenderness of Beef

Collagenous and Elastic Tissue Content . According to Mitch-

ell, Hamilton and Haines (1928) lean meat is essentially muscle

tissue but also it contains considerable and variable amounts of

connective tissue. They attributed the greater portion of the

toughness of meat to the connective tissue fibers rather than the

muscle fibers. Smith (1942) reported that there is a broad cor-

relation between the toughness of meat and its extracellular

(collagenous) tissue content.

Lowe (1943, p. 213) pointed out that toughness of meat may

be due to the muscle fiber and/or the connective tissue compo-

sition of meat. Toughness of connective tissue, as explained by

Lowe (1943, p. 213) depends upon its thickness and density, upon

the proportion of elastin to collagen and possibly upon the age

of the animal. Toughness of the muscle fiber depends upon the

development and density of the fiber from activity and possibly
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upon the changes brought about by age.

Studies of Mackintosh, Hall and Vail (1936) and of Husaini

et al. (1950) indicated that connective tissue is a major factor

in tenderness, Harrison et al. (1949) found that the most tender

roasts from four animals came from muscles and animals having

the least connective tissue.

Much work has been done to determine the collagen content of

raw meat; however, Bell, Morgan and Dorman (1941) were the first

to report on a study of the determination of collagen in cooked

meat. In 23 experiments on raw and cooked samples of beef shoul-

der, fillet, rump, and sirloin butt it was determined that 22 per-

cent of the collagen nitrogen of the raw meat was lost during

cooking . The meat was cooked for a fixed tire or until an inter-

nal temperature of 85° C. (185° F.) was reached. They found no

significant difference in the collagen content of the four cuts

studied but noted that the loss of collagen, presumably through

hydrolysis to gelatin during the cooking, was greater in the sam-

ples cooked for longer periods of tire.

Prudent (1949) made a study of the collagen and elastin con-

tent of four beef muscles from a steer of good grade and a cow of

cutter grade after storage for 1, 2, 5, 10, 20, and 30 days at

34° to 36° F. There was a significant difference in the collagen

content of the different muscles studied. These findings cor-

related with the tenderness ratings of the same muscles as re-

ported by Harrison et al. (1949). In Prudent 1 s (1949) study it

was found that the animal of Cutter grade contained more collagen

but slightly less elastin than the steer of Good grade. The data
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indicated that the collagen and elastin content of beef muscles

are not affected by storage at 34° to 56° P. for as long as 30

days.

No consistent difference between steer and heifer calves

relative to the collagen and elastin content of the lean was

reported by Mitchell, Hamilton and Haines (1928). in this same

study consistent differences appeared between retail cuts. The

lowest percentage of collagen for all calves was in the eye mus-

cle of the rib, but the tenderloin contained only slightly higher

amounts. Next in order in increasing collagen content were the

round, porterhouse, and sirloin. The chuck-ribs and navel con-

tained still larger percentages of collagen and the foreshank

tained the highest percentage.

There was a different distribution of elastin among these

cuts. The lowest percentage of elastin was found in the tender-

loin, sirloin, and the longissimus dorsi muscle. The porterhouse

and foreshank were next. The chuck-ribs and the round contained

throe tines as much elastin as the porterhouse and foreshank, and

the navel had the highest percentage of elastin.

Mitchell, Hamilton and Haines (1928) also found that the

~er muscle of the round contained a smaller percent of collagen

and elastin in most cases than the outer round. These data were

based en a study of 12 animals which ranged in grade from Common

to Choice minus. There were eight steers between one and four

years of age, three cows from five to eight years of age, and one

mature bull.
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The Cut of Meat . Studies made on the comparative tender-

ness of 25 representative muscles from "U. S. Good" grade beef

carcasses by Ramsbottom, Strandine, and Koonz (1945) indicated

that the tenderness varied from muscle to muscle and in a few

instances there were variations in tenderness within the muscle.

It was found that the biceps femoris and latissimus dorsi were

progressively more tender from the insertion to the origin If

the muscle. The longissimus dorsi and the multifidus dorsi were

somewhat less tender at the anterior end of the muscle. Most of

the 25 muscles studied ecreased in tenderness upon cooking, and

the decrease in tender oss wa3 associated with factors such as

the coagulation and denaturaticn of the muscle protein together

with varying degrees of shrinkage and hardening of the muscle

fibers. They also found that muscles with small amounts of con-

nective tissue were tender and muscles with large amounts of

connective tissue were tough.

In a later study on wholesale cuts of beef, Ramsbottom and

Strandine (1948) found that the muscles varied greatly in weight,

moisture, fat content, pH, and tenderness. The authors stated in

this report that most of the muscles of the round of good quality

beef v/ere suitable for steaks.

Age of the Animal . Mackintosh, Hall, and Vail (1936) meas-

ured the palatability, shear values, and collagen nitrogen factors

in beef from mature and yearling steers. The palatability factors

indicated little difference in the meat from these animals. How-

ever, the shear values and the amount of collagenous connective
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tissue present in the meat showed that beef from mature steers

was less tender than "beef from yearling steers,

A study made by Hiner and Hank ins (1950) indicated the ten-

derness of beef in relation to the different muscles and age of

the animal. Samples used in the study were from 52 animals and

the carcasses were aged from 12 to 15 days at 33° to 55° F. The

52 animals consisted of eight cows, approximately five and one-

half years of agej eight barren heifers, three years old; 25

900-pound steers, 16 months old; eight 500-pound steer calves,

seven months old; and three veal calves, two and one-half months

old. The carcasses averaged in grade from Good to Commercial.

After aging, nine samples were cut from the following loca-

tions: neck, foresl.ank, third rib, round bone of chuck, eighth

rib, third lumbar vertebra, tenderloin, loin end, and face of

round. The sample of round was subdivided into semitendinosus,

semimembranosus, and biceps femoris muscles, and each of the nine

cut rated for tenderness* As the age of the animal in-

creased, the tenderness decreased for each of the nine samples.

The difference in tenderness between voal and cows was highly sig-

nificant, whereas that between veal and beef from the 500-pound

steers was not significant.

The samples in each of the five age groups classified them-

selves into four tenderness groups? (1) the least tender, neck

and fore shank; (2) round; (3) chuck at the 3rd rib and across the

humerus bone, 8th rib, short loin, and loin end; and (4) the

tenderloin, the most tender. There was little difference in ten-
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derness between the three muscles of the round within each a

group. The semimembranosus muscle was slightly more tender than

the other two muscles.

Length of Aging Period . Several studies have been made in

ard to the increasing tenderness of beef stored at 55° F. from

two hours to 31 days. Ramsbottom and Strandine (1949) reported

on 10 beef carcasses which ranged in quality from Common to Good

and were tested at 2, 5, 8, 11, and 14 hours, 1, 2, 3, 6, 9, and

12 days after slaughter. Beef was more tender at two hours fol-

lowing slaughter than at any time thereafter for the next two to

six days. By the twelfth day beef which had been stored at

35° F. was considerably more tender than it was two hours after

slaughter.

A similar study was carried out by Paul, Lowe, and McClurg

(1944) in which a pair of rounds and a pair of psoas major mus-

cles from a "good" grade yearling steer were used. The muscles

utilized were the semitendinosus, semimembranosus, biceps femoris,

the vastus group, gastrocnemius, adductor, and psoas major. The

storage tires were 0, 1, 2, 3, 9, and 13 days; the roasts with

no storage tire were cooked within 3 hours after slaughtering the

animal. The other cuts were wrapped in Cellophane and stored at

approximately 35° F. There was a decided increase in tenderness

during storage as indicated by the scores and shear readings;

the juiciness also increased, but the cooking losses and total

cooking time did not change with storage.

Deatherage and Harsham (1947) studied the relationship
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between the tenderness of beef and the post-mortem age of beef.

Changes In the tenderness of 14 beef carcasses during aging at

33° to 35° F. were determined by estimating, after various inter-

vals of time, the tenderness of the respective longissimus dorsi

muscles by the subjective testing of broiled steaks.

One lot of 10 animals, graded TJ. S. Commercial and U. S.

Good, were slaughtered and tested 2, 6, 10, 17, 24, 31, and 38

days after slaughter. A second lot of 4 animals, graded tf* S.

3ood and U. S. Choice, were slaughtered and tested 3, 6, 10, 17,

24, 31, and 41 days after slaughter. After two or three days

aging, 12 of the animals ranged in tenderness between very tough

and tough to tough and slightly tough, whereas, two of the animals

ranged from slightly tough to tender. As a whole, the tougher

animals showed a break in tenderizat ion at about 17 days, at

which tiire there was a slight drop in tenderness from 17 to 24

days of aging. At 31 days there appeared to be some improvement

beyond the 17 to 24 day levels. The results indicated that unless

meat is going to be ripened for more than 4 weeks that two and a

half weeks is the maximum aging time for increased tenderness.

The physical, organoleptic and histological changes in three

grades of beef during aging was reported by Harrison et al.

(1949). In this study four muscles, (the paired psoas major,

longissimus dorsi, semitendinosus, and semimembranosus) varying

in tenderness, were taken from carcasses of four animals repre-

senting three grades (Good, Commercial, and Cutter). The muscles

were aged at 34° to 36° F. for 1, 2, 5, 10, 20, and 30 days. The
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greatest increase in the tenderness of the roasts occurred in the

first 10 days of aging. When individual muscles were considered,

tenderness was not always linearly related to aging. Tenderness

varied among the muscles, among the carcass grades, and among

aniirals within a given carcass grade. The most tender roasts

came from the best ^rade and the least tender from the poorest

grade carcasses.

Methods of Cooking . The preferred method of cooking depends

somewhat on the cut of meat. The methods generally employed aro

dry heat for the tender cuts and moist heat for the less tender

cuts. A number of studies have been made, however, in which

methods of dry heat cookery have been applied to the less tender

cuts of meat. The oven temperature and the length of cooking

time have been of most concern in these studies.

Cover (1937) found that round bone chuck and rump roasts

cooked to an internal temperature of 30° C. in an oven at 125° C.

were preferred, as evaluated by the paired eating method, to

roasts cooked to the same internal temperature when the oven

temperature was 225° C. Observations made in this study indicated

that the greater tenderness of the roasts cooked at the lower

temperature was due to the longer cooking time rather than to the

low oven temperature.

Later Cover (1941) reported that skewers decreased the cook-

ing tint and cooking losses but increased the toiighness of paired

round, arm bone chuck, and standing rib roasts of beef. The

greatest difference in cooking time was 5.2 hours between the
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skewered and unskewered round roasts. The least difference in

cooking time was 2.1 hours for the skewered and unskewered stand-

ing rib roasts. There was a greater difference in the palata-

bility scores, by the paired eating method, for the round roasts

where the difference in cooking time was greatest than for the

standing rib roasts where the difference In cooking time was

least. The judges preferred the roasts which were cooked the

longest. The results of this experiment lend further support to

the conclusions of the previous study and correlate with the re-

sults of a study made by Bell, Morgan, and Dorman (1941). They

cooked four standing rib roasts, two of which were pierced by

skewers, to an internal temperature of 87° C. in an oven main-

tained at 210° C. The skewered roasts reached the desired in-

ternal temperature in 17.3 minutes per pound of meat and the un-

skewered roasts took 21. 8 minutes per pound of meat to reach the

same internal temperature. The reduction in collagen produced by

cooking the unskewered roasts was 26 percent, whereas the reduc-

tion of collagen in the skewered roasts was only 18 percent.

Another study by Cover (1943) showed that roasts were always

tender when the rate of heat penetration was slow enough so that

it required 30 hours or more for them to lose their pink color.

In this study paired standing rib and arm bone chuck roasts were

cooked well done at oven temperatures of 80° C. and 125° C.

Paired bottom round roasts were cooked to both the well done and

rare stages at the two oven temperatures. The larger amount of

connective tissue in well done bottom round roasts cooked at
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80° C. appeared to be completely changed from its hard and tough

state to a moist, viscous mass which, while warm, was without

resistance to either the knife or teeth. The moisture loss from

these roasts was moderate in amount and the coagulation time was

very long. Cover (1943) suggested that the water of hydration

was released slowly enough from the meat protein so that it was

used effectively for converting the collagen into gelatin.

Cline et al. (1930) stated that the palatability of the less

tender cuts can he Improved by cooking and that less tender cuts

of beef from good grade heifer can be roasted and broiled to give

palatable products if comparatively low temperatures are used.

During a four year investigation on the effects of methods of

cooking on the palatability and cooking losses of less tender

cuts, Cline et al. (1930) obtained the following results: (1)

low oven temperatures for roasting resulted in less cooking losses

and greater palatability than did high oven temperatures, (2)

high oven temperatures decreased juiciness and tenderness, (3)

roasts cooked to the well-done stage had greater cooking losses

than those cooked medium done, (4) there was little relation be-

tween the size of a roast and the percentage of cooking losses,

(5) a low oven terrraerature of 125° C. produced a more tender

medium-rare roast than a higher oven temperature of 165 C, and

(6) a low internal temnerature of a roast at the time it is put

into the oven increased the cooking losses and the time of cook-

ing.

Satorius and Child (1938) cooked the semitendinosus muscle
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to internal temperatures of 58° C, 67° C, and 75° C. and found

an increase in total losses with each increment in internal tem-

perature. The diameter of the muscle fibers decreased and tender-

ness increased with coagulation of the proteins up to 67° C. The

diameter of the fiber was not changed between 67° and 75° C, but

tenderness decreased from 67° to 75° C.

Methods of Increasing Tenderness

To be palatable, meat must be tender as well as flavorful.
r
The less expensive cuts of beef have a good flavor; however, due

to the large amounts of connective tissue, particularly in low

grade beef, these cuts are much less tender than the more ex-

pensive cuts.

Lowe (1943, p. 233) gave these methods for increasing tender-

ness: (1) mechanical means, (2) freezing, (3) aging, (4) enzyme

action, (5) cooking, (6) change in pH, (7) action of salts and

sugars, and (3) injections of water and saline solutions.

According to McCoy et al. (1949) differences in the tender-

ness of all types of aged and unaged beef were not affected by

freezing. However, they found that the differences in tenderness

between aged and unaged beef became less with increased frozen

storage time.

Hiner and Hankins (1951) studied the effects of freezing at

-13° C. in still air on the tenderization of different muscles

from beef animals of different ages. The five age groups of the

52 animals studied v/ere as follows: cows, 67 months; heifers, 37
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months; 900-pound steers, 14 months; 500-pound steers, eight

months; and veal calves, two and one-half months. The three

large muscles of the round were significantly tenderized by

freezing, with the exception of the semitend 5-.nosus muscle of the

500-pound steers and all three muscles from the round of the veal

calves. The semitendinosus muscle of the veal calves was slight-

ly less tender after freezing. In no age group was the tender-

izing of the fore shank significant. The tenderizing of the neck

sample was significant or highly significant in all age groups

with the exception of veal calves. Analysis of variance showed

that tenderizing due to freezing was highly significant song age

groups but not among samples from the same age grouo.

Tressler, Birdseye, and Murray (1952) compared the effects

of storage at -20° P. on grade A and grade C sirloin steaks.

The results showed that there was a gradual increase in the ten-

derness of both grades of meat for the period of the experiment,

and that the tenderness was more pronounced in the case of the

tougher steak than in the grade A sirloin. After five weeks

storage the grade C steak was as tender as the grade A steak

prior to freezing. In a later study Tressler and Murray (1932)

aged sirloin 3teaks four days at 1° to 3° C. and then cut, pack-

aged, froze and stored them at -18° C. for a month or longer.

When thawed, these steaks were as tender and of better flavor

than adjacent steaks aged six or seven days at 1° to 3° C. and

then tested immediately without freezing.

According to Lowe (1943, p. 233) the catheps in found in
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muscle tissue induces autolysis of the protein, thus increasing

the tenderness of meat. Beef required 14 to 20 days storage at

1.7° C. (35° F.) to bring about a desirable degree of tenderness

by this method.

Tauber (1949, p. 440) stated that "after death, animal tis-

sues undergo a gradual self-digest ion affected by autolytic

enzymes such as cathepsin, lipase, nuclease, and others present

in tissues. It is generally known that tissues frozen and then

thawed decompose much faster than tissues that have not been

frozen at all. Disruption of cells brings the substrate and the

enzyme closer together." Balls and Lineweaver (1939) found that

lipase action is considerable at low temperatures, whereas other

enzyme action is slight. According to Tauber (1949, p. 440) even

this slight action is important, owing to the fact that the first

phase of enzyme attack, which has taken place during freezing,

considerably hastens enzyme action when the materials are brought

to ordinary room temperature.

The hydrolysis of meat by tissue-bound enzymes is a desir-

able process and is greatly accelerated by treating meat with

various enzyme preparations (Tauber, 1949, p. 440). Lowe (1943,

p. 234) found that when papain, a proteolytic enzyme, was applied

to the surface of meat, as a liquid, dried powdered papain leaves,

or bruised fresh papain leaves, time was required for the enzyme

to act and then only a thin, powdery surface layer was formed

due to the breakdown of the surface protein.

Papain is the name of the powdered latex of the green fruit
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of Carica papaya. The fresh latex contains a very powerful

proteolytic enzyme system; however, due to its sensitivity to

oxidation, half of the proteolytic power is soon lost. Prolonged

oxidation renders the proteinases permanently inert. The inacti-

vation at first may be reversed by treatment with reducing agents

such as hydrogen sulfide and other sulfides, hydrogen cyanide,

and sulfites. The chemical nature of the groupings of the pro-

teinases has not been definitely established. Some fractions

contain sulfhydryl groups and for this reason commercial papain

cannot be kept too long. In normal times papain is the cheapest

source of the commercial proteolytic enzyme. Another desirable

property of papain is its relative resistance to heat (Tauber,

1949, p. 160).

Papain has been crystallized by Balls and Lineweaver (1939).

They state that the enzyme is activated by cyanide, sulfhydryl

compounds and the like, and will digest hemoglobin with a vel-

ocity comparable to the pancreatic proteinases. It also clots

milk and hydrolyzes hippurylamide. It is quite stable in dilute

alkali (up to a pH of 10.5) but is unstable in dilute acid (below

4.5). The isolated proteinase is but slightly soluble in

dilute salt solutions, particularly at low temperatures, and be-

haves like prolamine to the extent that it is soluble In 70 per-

cent alcohol. It is isoelectric at about pH 9.0 and has a

molecular weight of about 27,000 measured by osmotic pressure.

The proteinase contains 15.5 percent nitrogen, 1.2 percent total

sulfur, 1.0 percent cystine sulfur, and 0.0 percent phosphorus.
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Experiments by Gottschall (1944) showed that when inactive

or nearly inactive papain is used in the digestion of beef mus-

cles, the enzyme becomes progressively more active as the pro-

teolysis proceeds. He attributes this activation to the fixed

sulfhydryl groups of the muscle protein. Gottschall (1944) found

that more papain was activated in one hour at 70° C. than in 24

hours at 23° C. He stated that the more rapid activation at 70° C.

is probably caused by the uncovering of a greater number of sul-

fhydryl groups a3 the beef is digested.

The National Cooperative Meat Investigations Comnittee on

Preparation Factors (1942) stated that if the tenderness of meat

is increased by the cooking process, it is brought about by two

reactions: (1) the coagulation of soluble protein, which may be

a toughening process under certain conditions and (2) the hy-

drolysis of collagen to gelatin, which is usually a tenderizing

process. The total effect of these two processes depends upon

the composition of meat, its acidity, and the temperature and

rate at which it is cooked. If the protein coagulation predomi-

nates, as may occur In a cut low in collagen, the meat may become

tougher upon cooking. If hydrolysis of the collagen predomi-

nates, the tenderness of the meat may be increased by cooking.

They stated that tenderness of meat is increased with a low cook-

ing temperature.

A U. l

2 . Patent was issued in 1950 for a new aging process

which speeds the tenderizing of beef by delaying the chilling of

freshly slaughtered meat until after the period of rigor mortis
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has elapsed. According to this new process a freshly slaughtered

carcass is immediately placed in a chamber maintained at 90 per-

cent relative humidity and a temperature of 98.6° P. for four to

five hours at the end of which time rigor mortis is complete. The

carcass is then transferred to a cooler where the temperature is

approximately 34° P. Processing the meat in this manner acceler-

ates the transition period and toughening substantially is

avoided.

A tenderizing device which has been patented, Science News

Letter (1947), is an apparatus called a jet tenderizer. The jet

tenderizer is electrically driven and equipped with a needle fine

jet which sprays liquid at a very high pressure and drives drop-

lets of tenderizing fluid into the meat. The fluids may be liquid

fats, fiber softening enzymes, mild acid or anything else that

will accomplish the purpose.

The "Tenderay" process, described by McCarthy and King

(1942), consists of holding freshly slaughtered meat in a process

room for 48 hours at 15.6° C, (60° F.) with a relative humidity

of 85 to 90 percent in the presence of ultraviolet lamps. Ten-

derization by the Tenderay process takes place by a natural break-

down and softening of the meat ! s stringy connective tissue and

muscle fibers by enzymatic action (Science Digest, 1949). By

this process beef is tenderized in 44 hours which is 11.5 times

faster than under the customary refrigeration. The ultraviolet

radiation protects the meat from decomposition by bacteria and

molds.
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Some of the chemical changes that characterize the tenderi-

zation of beef by this process compared with standard low tempera-

ture (30 days at 35° F.) tenderization, reported by McCarthy and

King (1942) were s (1) a more rapid rise in sulfhydryl content,

(2) a more rapid increase in soluble nitrogen compounds, (3) a

comparable rate of disappearance of vitamin C, and (4) a more

rapid rise in hematin, a type of pigment in the press fluid.

McCarthy and King (1942) quoted work done by Oppenheimer and

Stern, in which they stated that the quick rise in sulfhydryl

groups probably serves both to increase proteolytic activity and

to inhibit oxidation of ascorbic acid.

The tenderness of IT. S. Commercial grade animals was com-

pared to the tenderness of U. S. Good grade animals in a study

using the Tenderay process (Deatherage and Reiman, 1946). Ten-

derness values were obtained by duplicate testing of broiled

short-loin steaks by a palatability panel consisting of six

tasters. The U. S. Commercial grade carcasses showed somewhat

greater improvement in tenderness when treated by the Tenderay

process than the U. S. Good grade carcasses.

EXPERIMENTAL PROCEDURE

Meat Used

Paired rounds from three carcasses, graded U. S. Commercial,

were used in this study. The untrimmed rounds were purchased from

a Kansas City packing house and cut in the animal husbandry meats

laboratory at Kansas State College. The thin covering of fat
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noticeable in Plate I is indicative of the low quality meat. One

of the rounds from animal three was marked with tape to illus-

trate where the cuts ?/ere taken and is shown in Plates II and

III. Plate IV shows the face of the round and the division into

top and bottom round steaks.

The rounds were cut into top and bottom round steaks, sir-

loin tip steaks and rump roasts as follows:

4 1.5-inch steaks per pound
Top round 8 1.5- inch steaks per pair of rounds

24 1.5-inch steaks, total

Bottom 2 2.0- inch steaks per pound
round 4 2.0-inch steaks per pair of rounds

12 2.0- inch steaks, total

4 0.5- inch steaks per round
8 0.5-inch steaks per pair of rounds

24 0.5-inch steaks, total

Sirloin 4 1.0-inch steaks per round
tip 8 1.0-inch steaks per pair of rounds

24 1.0- inch steaks, total

3 3.0- inch roasts per pound
Rump roast 6 3.0-inch roasts per pair of rounds

18 3.0-inch roasts, total

The three pairs of rounds were cut the same day. ^acb cut

of meat was wrapped in Cellophane and waxed locker paper, and

labeled. The meat was then frozen in a blast freezer at -10° F.

and stored at 0° F. until it was used. The thaw loss of each cut

was calculated from the weight of the frozen meat and the weight

of the thawed meat. All the cuts from animal I were cooked

first; the cuts from animal III were cooked next, and the cuts

from animal II were cooked last. This order of cooking was de-

termined by randomization.



EXPLANATION OF PLATE I

Top row, paired rounds from animal I.

Bottom row, left, paired rounds from animal II.

Bottom row, right, paired rounds from animal III
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EXPLANATION OF PLATE II

Top Round

The location of the one and one-half- inch top round

steaks is indicated by strips of tape on the right

of the round.

The location of the one-inch sirloin tip steaks is

indicated by strips of tape on the left of the round.
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EXPLANATION OF PLATE III

Bottom Round

The location of the two-inch bottom round steaks and

the one-half-inch steaks is indicated by strips of

tape on the left of the round.

The location of the one-inch sirloin tip steaks is

indicated by strips of tape on the right of the round,
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Statistical Design

32

The steaks and roasts were cut as pairs. One steak from

each pair was treated with a commercially prepared meat tender-

izer* containing the proteolytic enzyme, papain, and the other

steak was untreated. The steak from each pair that was treated

was chosen at random. The following design was used for apply-

ing the treatment to the rump roasts?

Latin Square:

Left

I II IIIAnimal
Prox- Roast
imal A»
End
(Rump)

Distal
End
(Shank)

B 1

C

T2 Tl T3

Tl T3 T2

T3 T2 Tl

Animal I

Right

II III
Roast

A T3 Tl T2

B Tl T2 T3

C T2 T3 Tl

Treatments

:

Tl Untreated or control
T2 The tenderizer was allowed to act on the

meat for one hour at room temperature for
each inch of thickness

T3 The tenderizer was allowed to act on the
meat for eighteen hours, total time, at
refrigerator temperature.

* Adolph ! s Meat Tenderizer
Non-seasoned tenderizer contains salt, dextrose,

hydrolyzed vegetable protein, calcium
stearate and vitazyme brand vegetable
enzyme made by a secret process from the
tropical papaya melon.

Seasoned tenderizer contains salt, pure spices, dex«
trose and vitazyme.
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Application of the Tender izer

The seasoned tenderizer was used on the sirloin tip steaks

and the non-seasoned tenderizer was used on the top and bottom

round steaks and rump roasts. Six grams of tenderizer per pound

of meat were used for all treated cuts. This amount was deter-

mined by preliminary experimental work.

A salt shaker was used to sprinkle a weighed amount of the

tenderizer on the treated cuts. The meat was forked before and

after applying the tenderizer. The tenderizer was applied to two

sides of the steaks and to the entire surface of the roasts. The

steaks were allowed to stand at room temperature for one hour for

each inch of thickness. One-third of the roasts were untreated;

one-third were treated with the tenderizer and allowed to remain

in the refrigerator at approximately 35° F. for eighteen hours;

and one-third were treated with the tenderizer and allowed to

stand at room temperature for one hour for each inch of thickness.

The thickness of the steaks and roasts was determined by measur-

ing the height of the steaks and roasts in four places and taking

the average.

Methods of Cooking

The methods of cooking used for the various cuts were:

(1) broiling, top round steaks; (2) braising, two- inch bottom

round steaks; (3) pan-frying, one-half inch bottom round steaks

and the one- inch sirloin tip steaks; and (4) roasting, rolled
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rump roasts.

The steaks that were broiled were placed on a wire rack

eight inches in height set in a shallow pan. The roasting pan

was then placed in a rotary gas oven (Plate V), maintained at

400° F. The steaks were cooked to an internal temperature of

150° F. It was unnecessary to turn the steaks because the heat

reached the steaks uniformly from all sides.

The braised steaks were slowly browned for seven and one-

half minutes on each side in 20 grams of suet, then placed on a

rack in covered enamel roasters with 30 grams of water. The

steaks were then placed in a rotary gas oven heated to 300° F.

and cooked to an internal temperature of 176° F. <

The one-half- inch bottom round steaks and the sirloin tip

steaks were pan-fried in 20 grams of suet for three minutes on

each side for each one-half-inch of thickness. The skillet was

heated to 400° F. and the gas flame was adjusted to maintain a

temperature between 375° F. and 425° F. while the meat was fry-

ing. A griddle thermometer was used to check the temperature of

the skillet.

The roasts were placed on a wire rack one inch in height

which was set in a shallow roasting pan. They were then roasted

in a rotary gas oven maintained at 300° F. to an internal tem-

perature of 150° F.

The internal temperature of 150° F. for the broiled steaks

and rump roasts and the cooking time for the pan-fried steaks was

determined by preliminary experiments. At this internal tempera-
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ture or after the given frying time, the meat was medium-well-

done.

Two pair or a total of four broiled, braised or one-inch

pan-fried steaks, or three roasts were cooked and tested for

palatability, shear value, and press fluid yields, at one tine.

Three pair or a total of six one-half-inch pan-fried steaks were

cooked and tested for palatability, depth of penetration, and

press fluid yields in one period.

Data Obtained

Palatability Scores . A panel of eight judges tasted and

scored the meat for aroma, flavor of the lean, tenderness, and

juiciness. The tasting was done in a tasting laboratory espe-

cially designed for this purpose, Plate VI. Scores were given

within the range of 10, extremely good, to one, extremely poor,

for each palatability factor, Form 1, Appendix. Each judge also

rated the samples according to his first, second, third, etc.

choice, depending on the number of samples being tasted. Tender-

ness scores were given on the basis of the number of chews it took

to completely masticate a bite of meat of a certain size. The

thickness of the samples, one-eighth of an inch, was regulated by

cutting the meat on a General home slicer, Plate VII, and the sam-

ple for each judge was taken from approximately the same location

in the cut every time. The scores of the judges were averaged

for each factor and for each cut of meat.

Cooking Losses and Change in the Shape of the Meat . Total
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cooking losses were calculated for all cuts from the weight of

the meat just before and Immediately after cooking. In addition,

volatile losses and dripping losses were determined for the rump

roasts and broiled steaks. A record of the change in the shape

of the steaks was made by tracing one surface of each cut before

and after cooking and measuring, in centimeters, the length,

width, and thickness of the cut before and after cooking. The

thickness of each steak was measured in four places and the

average measurements were used to designate the thickness of the

meat. The measurements for length were taken as nearly as pos-

sible between the same points on each steak; the measurements

for width were done in the same maimer. The dimensions of the

steaks were marked on the tracings and for permanent record the

original tracings were copied on to clean paper. Plates VIII

through XI give examples of the drawings made of the cooked

steaks and indicate the areas from which samples for palatability

were taken for each steak, and samples for press fluid yields,

shear values, and penetrometer values when they were used.

Shear Values . Samples of cooked meat, one inch in diameter

and parallel to the fiber axis, were removed from the meat with

a sharp edged, metal cylinder, Plate XII. These samples were

used to measure tenderness by mechanical means. One sample from

each roast (Plate VII), and two samples from the broiled (Plate

XIII), braised, and one-inch pan-fried steaks were cut on the

V/arner-3ratzler shear apparatus, Plate XIV. This apparatus meas-

ures the number of pounds of force required for a dull blade to
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EXPLANATION OF PLATF XIV

Warner~3ratzler Shear Apparatus
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cut through a cylinder of meat one inch in diameter. The values

obtained from four shears on the sample or samples taken from the

cut were averaged and called the shear value for the cut.

Press Fluid Yields . Press fluid yields were obtained on the

roasts, broiled, braised, and one-inch pan fried steaks. The

visible fat and muscle sheath were trimmed from the cooked meat

used for press fluid determinations and the meat was ground in a

Universal No. 3 food grinder. The fluid was pressed from 25

gram samples of the ground meat in a Carver Laboratory Press,

Plate XV. A 2.25-inch metal cylinder was lined with two thick-

nesses of cheese cloth and a piece of 5.5 centimeter filter paper

was placed on top of the cheese cloth in the bottom of the cylin-

der. The ground meat was added to the cylinder in three layers

with a piece of filter paper between each layer. A piece of

filter paper and a leather disc were placed on top of the last

layer of meat , then a heavy metal plunger was placed in the

cylinder. The packed cylinder was placed in a shallow stainless

steel pan and the entire assembly was placed in the hydraulic

press. Pressure was gradually applied over a period of 15 min-

utes according to the following schedule:

Pressure* in
pounds

5,000
7,500

10,000
10,000
12,500
15,000
16,000
16,000

ft The pressure in the schedule refers to the load on the
1.25-inch ram of the test cylinder. The maximum load on the
meat v/as 4,000 pounds per square inch.

Time in
minutes

1,,0

2,,0

5,,0

5,,0

7,,5

10,,0
11,,0
15,,0
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When the pressure was released, the pan and cylinder were

removed from the press. The cylinder was removed from the pan

and any fluid or fat still clinging to the bottom of the cylinder

was scraped into the pan with a rubber policeman. The fluid in

the pan was poured into centrifuge tubes that were graduated to

0.1 milliliter and any fluid or fat remaining in the pan was

scraped into the tube with a rubber policeman. The tubes were

placed in the refrigerator and allowed to stand overnight. The

next day the tubes were read and the total volume of press fluid,

the volume of fat, and the volume of serum were recorded. Dupli-

cate determinations were made on each sample.

Penetrometer Test . The "Precision" Universal Penetrometer

was used to measure by mechanical means, the tenderness of the

one-half- inch pan-fried steaks, Plate XVI. This apparatus meas-

ures in tenths of millimeters the depth of penetration into a

sample of meat. A 100-gram and a 50-gram weight were used to

force the test rod into the meat. A sample, varying from one to

one and one-half inches in length (Plate XVI), was taken from the

cooked steak and used for this test. The average of six pene-

tration readings for each sample was considered an index as to

the tenderness of the steaks.

Consumer Preference Test . A consumer preference test was

made to determine if a group of 100 people had a preference for

meat treated with the commercially prepared seasoned and non-

seasoned tenderizers or for meat that was not treated. Three

one-inch sirloin tip steaks were used for this test. One steak



EXPLANATION OF PLATE XVI

"Precision" Universal Penetrometer

Samples of one-half-inch steak ready to be tested.
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was not treated, one steak was treated with the seasoned tender-

izer, and one steak was treated with the nonseasoned tenderizer.

The three steaks were broiled to an internal temperature of

150° F. in an electric broiler. The steaks were cut into bite

size samples and each sample pierced with a toothpick, A white

toothpick was used for the untreated steak, a toothpick dipped

in red food coloring was used for the seasoned, and a toothpick

dipped in green food coloring was used for the nonseasoned sam-

ple. One hundred judges, selected at random during the first day

of Hospitality Days at Kansas State College, tasted the three

samples offered them and listed their preference according to the

color of the toothpick.

Analysis of Variance

A separate analysis of variance was run on the total cooking

losses, tenderness, flavor, and juiciness scores for each cut of

meat used in the study. Also a separate analysis of variance was

run on the shear values, penetrometer readings, and press fluid

yields, when they were used.

RESULTS AND DISCUSSION

Thaw Losses

The average thaw losses for the different cuts of meat from

three animals are shown in Table 1. The one-inch pan-fried

steaks lost the most weight during thawing and the roasts lost

the least weight during thawing. The average thaw losses for the

broiled, braised, and one-half-inch steaks varied only 0.4 per-

cent. The percentage thaw loss for the top and bottom round
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steaks from the right and left sides of the animals varied only

0.1 percent. There were greater variations in the thaw loss be-

tween the right and left sides for the sirloin tip steaks (0,6

percent) and the rump roasts (1,0 percent).

Table 1« The average thaw losses for steaks
and roasts from three animals.

: Loss
Cut : Pet.

Broiled steaks 2.5
Braised steaks 2.2
Pan-fried steaks (0.5 in.) 2.1
Pan-fried steaks (1.0 in.) 3.3
Rump roasts 0.7

Cooking Time and Cooking Losses

Broiled Steaks . The average cooking time per pound of meat

for each treatment is given in Table 2. The treated broiled

steaks required 1.3 minutes per pound less cooking time than the

untreated steaks. The treated steaks cooked in 26.3 minutes per

pound and the untreated in 27.6 minutes per pound of meat.

The following plan was used for statistical analyses of the

data obtained from the steaks:

Source of variation

Treatment
Animal
T X A
Position
Remainder

Total 23 11 23

P/F

Broiled 3raised Pan-fried

1 1 1
2 2 2
2 2 2
3 1 3

15 5 15
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The differences were considered statistically significant if the

F value reached the five percent level of significance and highly

significant if it exceeded the one percent level. The terms sig-

nificant and highly significant will he used in this manner

throughout the discussion of the statistical analyses.

The total cooking losses, Table 2, were less for the treated

than for the untreated steaks. This result is in line with the

shorter cooking tirce for the treated steaks. The total cooking

losses for the treated steaks was 23 percent and for the untreat-

ed steaks 24.8 percent, a difference of 1.8 percent. Analysis of

variance showed that this difference between treatments was not

great enough to be significant, however, the difference in total

cooking losses among animals was significant. The volatile loss

was less for the treated than for the untreated steaks but the

dripping loss was less for the untreated than for the treated

steaks.

Braised Steaks . The length of cooking time per pound of

meat, Table 3, was considerably less for the treated than for the

untreated steaks. The average cooking time was 22.5 minutes per

pound for the treated steaks and 28.3 minutes per pound for the

untreated; a difference of 5.8 minutes per pound.

The total cooking losses, Table 3, were 33.4 percent for

the treated steaks and 30.4 percent for the untreated. Analysis

of variance showed no significant difference between the treat-

ments for the total cooking losses. Volatile and dripping losses

were not calculated as such for the braised steaks.



Table 3. Average cooking time and total cooking losses of
braised steaks.
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:

Animal :

Cooking time
in. /lb. •

•

Cooking losses
Pet.

*
• Treated : Untreated i

I Treated : Untreated

I

II
III

Average

21.0
23.7
22.9

22.5

31.3
25.4
28.2

28.3

31.9
36.5
31.8

33.4

29.8
30.3
31.0

30.4

One-half- inch Pan-fr ied Steaks. The one-half

«

-inch steaks

were fried in 20 grams of suet for three minutes on each side, or

a total time of six minutes, and the cooking time per pound was

not calculated. The total cooking losses, Table 4, were 17.7

percent for the treated and 19.0 percent for the untreated steaks-,

a difference of 1.3 percent. Analysis of variance showed that

this difference between treatments was not great enough to be

significant. The volatile and dripping losses were not calcu-

lated for the one-half- inch pan-fried steaks.

One- inch Pan-fried Steaks . The one-inch steaks were fried

in 20 grams of suet for six minutes on each side, a total cooking

time of 12 minutes, and as in the case of the one-half-inch

steaks, the cooking time per pound of meat was not calculated.

Table 4 gives the total cooking losses for each treatment.

The total cooking losses were 16.5 percent for the treated and

15.9 percent for the untreated steaks, a difference of only 0.6

percent. This difference between treatments was not great enough

to be significant when analyzed statistically.



Table 4. Average total cooking losses of one-half-inch and
one-inch pan-fried steaks.
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Animal
One-half-inch

'/>

: One- inch

Treated x Untreated : Treated : Untreated

I

II
III

Average ,

19.7
16.8
16.6

17.7

16.8
20.9
19.4

19.0

16.3
15.5
17.6

16.5

16.1
15.1
16.

6

15.9

Rump Roast s. Table 5 shows the average cooking time per

pound of meat and the percentage of volatile, dripping, and

total cooking losses for the untreated roasts, the roasts treat-

ed with the tenderizer at room temperature, and the roasts

treated with tenderizer at refrigerator temperature. Both of the

groups that were treated with the tenderizer cooked in slightly

less than 45 minutes per pound. The roasts that were not treat-

ed, cooked in 52.3 minutes per pound; thus, the treatment with

the tenderizer decreased the cooking time by approximately seven

minutes per pound when the meat was roasted at 300° P.

It is interesting that there was not any difference in the

cooking time required for the roasts in which the tenderizer re-

mained on the meat for three hours at room temperature and for

those in v/hich the tenderizer remained on the roasts for 18 hours

at refrigerator temperature before cooking. The internal tem-

perature of the roasts at the time they were placed in the oven

was lower for the roasts treated at refrigerator temperature than
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for the roasts treated at room temperature or the untreated

roasts. The last twc -roups of roasts remained at room tempera-

ture for three hours before cooking tine.

The following plan was used for statistical analyses of the

data obtained from the roasts:

Source of Variation P/F

Side (left and right) 1
Treatment 2
Animal 2
Position 2
rror 10

Total 17

Analysis of variance showed no significant difference among the

treatments in the total cooking losses. However, the average

total cooking losses, Table 5, were least for the untreated group

and highest for the group treated at room temperature. The dif-

ference was 1.7 percent between the untreated roasts and the

roasts treated at room temperature and 1.1 percent between the

roasts treated at refrigerator temperature and those treated at

room temperature.

The volatile loss, Table 5, was least for the roasts treated

at refrigerator temperature and greatest for the untreated roasts.

The dripping loss was the least for the untreated roasts and the

greatest for the roasts treated at refrigerator temperature.

Plate XVII shows three roasts before cooking and Plate XVIII

shows the same three roasts after cooking. These roasts were

representative of the roasts used in this study. The tenderizer

can be seen on top of the roast at the right in Plate XVII.
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This was the roast on which the tenderizer was allowed to act at

room temperature for three hours before cooking. The roast in

the center was treated with the tenderizer and allowed to stand

at refrigerator temperature for 18 hours. Note that the tender-

izer is not noticeable on the surface of this roast. Also, the

surface of the roast treated at refrigerator temperature was

slimy before cooking which was not the case for the roast treated

at room temperature. The roast on the left was untreated.

Comparison of the Treated and Untreated Cuts . The cooking

time per pound of the broiled and braised steaks and the roasts

treated with tenderizer was less than for the untreated steaks

or roasts. The cooking time per pound was not calculated for

the pan-fried steaks, as these steaks were cooked a certain

length of time based on the thickness rather than the weight of

the steak. The treated pan-fried steaks appeared to be more

well done than the untreated steaks when cooked for the same

length of time. Also the treated broiled, braised, and roasted

cuts cooked to a given internal temperature had the appearance

of being well done while the untreated cuts cooked to the same

internal temperature had the appearance of medium doneness. The

breakdown of the muscle of the cuts treated with the tenderizer

probably allowed for a faster rate of heat penetration and may

account for the shorter cooking tire.

A comparison of the total cooking time and the total cooking

losses of the broiled steaks show that both were less for the

treated than for the untreated steaks. For the braised steaks

and the roasts, the cooking losses were less for the untreated
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cuts, whereas the cooking time was less for the treated cuts.

The cooking losses were less for the treated one-half-inch pan-

fried steaks than for the untreated steaks, but the cooking

losses were less for the one-inch untreated pan-fried steaks

than for the treated steaks.

Change in Shape

Table 20, Appendix, represents the percentage increase or

decrease in thickness, length, and width of the broiled steaks.

The figures were not averaged becatise there was a wide variation

in the percentage changes within each dimension measured and the

treatment did not seem to have any effect on the direction in

which the meat shrank. All the treated steaks decreased in

thickness; six decreased and six increased in length, whereas,

five decreased, five increased, and two did not change in width.

Eleven of the untreated steaks decreased in thickness and one

increased; ten steaks decreased and two increased in length;

five decreased and seven increased in width.

The percentage increase or decrease in thickness, length

and width of the braised steaks is shown in Table 21, Appendix.

All of the treated steaks decreased in thickness and length;

four treated steaks decreased in width, one steak increased,

and one steak did not change in width. All of the untreated

steaks decreased in thickness and length; four steaks decreased

in width and two steaks did not change in width.

Table 22, Appendix, represents the percentage of increase
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or decrease in thickness, length, and width of the one-half-

inch pan-fried steaks. Seven of the treated steaks decreased,

one increased, and four did not change in thickness; all treated

steaks decreased in length, seven decreased in width, four in-

creased, and one did not change in width. Nine of the untreated

steaks decreased, two increased, and one did not change in

thickness; ten untreated steaks decreased, one increased, and

one steak did not change in length; eight steaks decreased, two

steaks increased, and two steaks did not change in width.

Table 23, Appendix, represents the percentage decrease or

increase in thickness, length, and width of the one-inch pan-

fried steaks. Seven treated steaks decreased, four increased,

and one did not change in thickness; seven treated steaks de-

creased and five increased in length; three steaks decreased,

seven increased, and two did not change in width. Seven of the

untreated steaks decreased, two increased, and three did not

change in thickness; seven untreated steaks decreased and five

increased in length; six steaks decreased and six increased in

width.

When meat is cooked it usually shrinks in the direction of

the fibers. However, both the fibers and connective tissue tend

to contract and large amounts of connective tissue may cause the

meat to shrink in directions other than with the length of the

fibers. The steaks in this study were cut across the fibers so

that the fibers ran parallel to the dimension called thickness.

Most of the broiled and braised steaks, both those treated with
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tenderizer and the untreated steaks, decreased in thickness or

shrank in the direction of the fibers. However, there was some

variation in the direction of shrinkage of the pan-fried steaks.

This variation in the sirloin tip pan-fried steaks was perhaps

due to the fact that more muscles v,rere present in these steaks

than in the top or bottom round steaks. With a greater number

of muscles, there would be more heavy connective tiesue because

of the sheath around each muscle. Although the one-half-inch

pan-fried steaks contained the same two muscles as the two-inch

braised steaks, they may have had more connective tissue than

the two-inch steaks because they were cut closer to the distal

end of the bottom round. Also the thickness of the steaks and

the method of cooking may have attributed to the differences in

the change in the shape of the thick and thin steaks from the

bottom round.

Flavor and Aroma

3roiled Steaks . The palatability scores, Table 6, indicated

little difference in either the flavor or aroma of the treated

and untreated broiled steaks. The average flavor score was 8.1

for the treated steaks and 7.9 for the untreated steaks. Aroma

scores averaged 7.4 for the treated and 7.3 for the untreated

steaks. Analysis of variance showed no significant difference

in flavor due to treatment.

Braised Steaks . The average flavor score was 7.5 for the

treated braised steaks, Table 6, and 7.0 for the untreated.
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The aroma of the treated steaks was also preferred by a small

margin. The judges 1 aroma scores averaged 7.8 for the treated

and 7.6 for the untreated steaks. Analysis of variance showed

no significant difference in flavor due to treatment, hut the

difference in flavor among animals was significant.

One-half- inch Pan-fried Steaks . The flavor and aroma scores

of the one-half-inch pan-fried steaks are given in Table 7. Ac-

cording to the terminology on the score card (Form I, Appendix)

the judges scored the flavor of the treated steaks slightly above

"good" (8.2 points) and the flavor of the untreated steaks between

"medium plus to good" (7,5 points). When analyzed statistically,

this difference was not significant. The judges* average scores

for aroma were 7.4 points for the untreated and 7.1 points for

the treated steaks.

One- inch Pan-fried Steaks . The sirloin tip steaks were

treated with the seasoned tenderizer. The judges' scores for

flavor are given in Table 6. The treated steaks were scored

slightly above "good" (8.1 points) and the untreated were scored

slightly below "good" (7.9 points), a difference of 0.2 point.

Analysis of variance showed that this difference was not great

enough to be significant. The one-inch pan-fried or sirloin tip

steaks were treated with the seasoned tenderizer. All other

treated cuts were treated with the non-seasoned. For the first

few tasting periods, at least half of the judges preferred the

flavor of the untreated steak to that of the steak treated with

the seasoned tenderizer, but by the last of the tasting periods
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for these steaks, more of the fudges preferred the steaks treated

with the seasoned tender izer than the untreated. This trend is

indicated by the flavor scores for each animal, Table 6. The

steaks from animal I were cooked and tested first and the judges 1

scores show that the untreated steaks were preferred for flavor;

animal III was cooked and tested next and the steaks treated with

the seasoned tenderizer were preferred to the untreated, but not

by as large a margin as for treated steaks from animal II which

were cooked last. The most frequent comment made by the judges

regarding the seasoned tenderizer concerned the pronounced gar-

lic flavor. Some of the judges liked this flavor and some did

not; no doubt this was a deciding factor concerning the flavor

score for the steak treated with the seasoned tenderizer. The

judges 1 average scores, Table 6, for aroma were higher by 0.3

point for the untreated than for the treated steaks.

Rump Roasts . Analysis of variance showed no significant

difference in the flavor of the roasts attributable to treat-

ments. However, the average score, Table 8, was 0.2 point higher

for the untreated roasts than for the roasts that were treated at

room temperature, and the roasts treated at room temperature were

scored 0.1 of a point higher than the roasts treated at refrig-

erator temperature.

The aroma scores were the same for the untreated roasts and

those treated at room temperature, but the roasts treated at re-

frigerator temperature were scored 0.1 of a point lower. The

range of the aroma scores was 7.7 to 7.8.
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Comparison of the Flavor of the Treated and Untreated Cuts

.

Average scores for flavor of the treated broiled, braised, and

pan-fried steaks were slightly highei* than for the untreated

steaks; however, the average scores were higher for the untreated

roasts than for the treated roasts. Table 9 gives the average

scores for each treatment and method of cooking.

Table 9. Average flavor scores for each method of cook-
ing.

Method of cocki • rnreated i i Untreated

Broiled 8.1 7*9
Braised 7.3 7.0
Pan-fried (0.5 in.) 8.2 7.5
Pan-fried (1.0 in.

)

8.1 7.9
Roast 7.7 T2

7.6 T3
7.9

T2 Treated three hours at room temperature.
T3 Treated eighteen hours at refrigerator temperature.

The average flavor scores, Table 9, and the preference

ratings, Table 10, for each treatment, were in agreement in that

they both indicate a preference for the treated steaks. "?ach

judge rated the samples according to her first, second, third,

etc. choice, depending upon the number of samples being tasted.
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Table 10. Preference ratings for broiled, braised, and pan-
fried stoaks.

: : Treated : Untreated
Cut ; Choice : % : %

37

Broiled steak ?
n*

?? *£
55
71

33

Braised steak ?
n
? ?! £3

50
75

29
37

Pan-fried steak 3rd 46 54
(0.5 inch thick) 4th 20 80

79
67

24
Pan-fried steak 2nd 62 38
(1.0 inch thick) 3rd 25 75

87

The average flavor scores, Table 9, and the preference

ratings for the roasts, Table 11, are in agreement in that they

both indicate a preference for the untreated roasts. In a number

of cases the Judges commented that the flavor of the treated

roasts was too strong and also the texture was "mushy" or

"mealy" . The surface area for the roasts was much less than for

the other cuts, thus the concentration of tenderizer in contact

with the surface of the meat was greater. Also the tenderizer

remained on the roasts for a considerably longer time than for

the other cuts of meat.

1st 63
2nd 58
3rd 45
4th 29

1st 67
2nd 67
3rd 50
4th 25

1st 71
2nd 63
3rd 46
4th 20
5th 21
6th 33

1st 76
2nd 62
3rd 25
4th 13
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Table 11. Preference ratings for rump roasts.

Choice

Treatment

Tl : T2 : T3
jo ; j : £__

First 76
Second 16
Third 30

12 12
38 46
40 30

Tl Untreated.
T2 Treated three hours at room temperature.
T3 Treated eighteen hours at refrigerator tempera*

ture.

Tenderness

Broiled Steaks . The judges scored, Table 6, the treated

broiled steaks between tender and very tender (8,4 points), and

the untreated steaks just slightly above medium plus (7.1

points). Analysis of variance showed that this difference was

highly significant.

The average shear force values for the treated steakr

,

Table 6, was 18.1 pounds and 25.9 pounds for the untreated; a

difference of 7.8 pounds. Analysis of variance showed that this

difference also was highly significant. Since a high score and

a low shear force indicate tender meat, these two methods of

measuring tenderness were in agreement that the tenderizer was

effective in making these steaks mere tender.

Braised Steaks . The range in the tenderness scores of the

braised steaks, Table 6, was from 7.4 for the treated to 6.2 for

the untreated steaks. When analyzed statistically, this differ-
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ence between treatments was not significant.

The shear value, in pounds, Table 6, was 17.9 for the

treated steaks and 26.9 for the untreated. Analysis of variance

showed this difference between treatments was great enough to be

highly significant. Also the variation in the shear values

among animals was very highly significant.

One-half-inch Pan-fried Steaks . The treated steaks were

more tender than the untreated steaks as shown by the scores

given in Table 7. The average scores give a tenderness rating

of 3.2 for the treated and 7.1 for the untreated steaks. Analy-

sis of variance showed no significant difference between the

treatments.

The treated pan-fried steaks were more tender than the un-

treated as determined by the penetrometer. The average depth of

penetration into the samples of the treated steaks was 7.1 milli-

meters and 6.7 millimeters into the samples of the untreated

steaks. This difference was not significant, but the interaction

between treatment X animals was highly significant.

One- inch Pan-fried Steaks . The average scores for the one-

inch pan-fried steaks, Table 6, were between tender and very

tender (8.4 points) and between tender and medium plus (7.2

points) for the untreated. Analysis of variance showed this

difference to be highly significant.

The average shear force value, Table 6, was 20.6 pounds for

the treated and 27.9 pounds for the untreated steaks, a differ-

ence of 7.5 pounds. Analysis of variance showed this difference
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was great enough to be significant.

Rump Roasts . The average tenderness scores and the average

shear force values, in pounds, of the rump roasts are given in

Table 8. Analysis of variance showed no significant differences

between treatments when measured by either of these methods.

The judges' scores and the shear force readings were in

agreement in that the roasts treated at room temperature were

the most tender, and t^ose treated at refrigerator temperature

were the least tender. However, the difference in tenderness

among the three groups as determined by the palatability com-

mittee was slight; the range in scores was 7.5 to 7.8. The

average shear force for the roasts treated at room temperature

was 13.9 pounds whereas, the average shear force for the un-

treated roasts was 18.3 pounds and 19.3 pounds for the roasts

treated at refrigerator temperature.

A possible explanation for the difference in the tenderness

of the roasts treated with the tenderizer might be that more of

the papain in the tenderizer was activated at room temperature

in three hours than at refrigerator temperature in eighteen

hours. Gottschall (1944) reported that more papain was acti-

vated in one hour at 70° C . than in twenty-four hours at 23° C .

,

this might also apply to the difference between room temperature

and refrigerator temperature. There is no explanation for the

untreated roasts being more tender than the roasts treated at

refrigerator temperature.
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Table 12. Average tenderness scores, shear values, and pene-
trometer readings for each cut.

Cut :

Score
(points)

: T :Unt :T2 : T3

Shear value
(lbs)

T :Unt :T2 : T3

Penetrometer
(mm)

T r Tint

Broiled
Braised
Pan-fried
(1.0 in.)

Pan-fried
(0.5 in.

)

Roast

8.4 7.1
7.4 6.2

8.4 7.2

8.2 7.1
7.7 7.8 7.5

18.1 25.9
17.9 26.9

20.6 27.9

7.1 6.7
18.3 13.9 19.3

T2 Treated one hour at room temperature for each inch of
thickness.

T3 Treated eighteen hours at refrigerator temperature.

Comparison of the Tenderness of the Treated and Untreated

Cuts . Table 12 gives a summary of the average scores and the val-

ues obtained by mechanical means for testing tenderness of all

cuts. This table shows quite clearly that for each method of

testing, the treated steaks were decidedly more tender than the

untreated steaks. The scores for the treated broiled and pan-

fried steaks ranged between tender and very tender, while the

scores for the untreated steaks ranged between medium plus to

tender. The shear values for the broiled and one- inch pan-fried

steaks were over seven pounds less for the treated than for the

untreated steaks. The tenderness scores for the braised steaks

were less for each treatment than for the other methods of cook-

ing. However, the tenderness scores for the treated braised

steaks averaged 1.2 points higher than for the untreated, and the
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average shear value shows the treated steaks to have required

nine pounds less shearing force than the untreated. In general,

according to the shear values, the rump roasts were more tender

than the steaks.

Juiciness

Broiled Steaks . The average juiciness scores and press

fluid yields for the broiled steaks are given in Table 6. The

juiciness scores show that the untreated steaks were slightly

more juicy (0.5 of a point) than the treated steaks. This dif-

ference was highly significant.

The press fluid yields indicated very little difference in

the juiciness of the two treatments; however, they showed the

treated steaks to be more juicy by 0.1 of a milliliter. When

analyzed statistically the difference was not significant.

Braised Steaks . The judges* scores for juiciness, Table 6,

averaged 5.1 points for both the treated and untreated steaks.

This score was the lowest score for juiciness given any cut of

the meat used in this study. It should be pointed out that the

braised meat was cooked well done, whereas all other cuts were

cooked medium done. This accounts for the difference in juici-

ness as the more well done a piece of meat, the less juicy it

is.

The average press fluid yield was 7.1 milliliters for the

treated and 7.8 milliliters for the untreated steaks. Analysis

of variance showed no significant difference in juiciness between
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treatments for either of the methods of testing.

One -half- inch Pan-fried Steaks . The juiciness of the one-

half- inch steaks was measured only by the judges' scores. The

average scores, Table 7, ranged from 7.2 for the treated to 7.5

for the untreated steaks. This difference was not great enough

to be significant when analyzed statistically.

One- inch Pan-fried Steaks . The juiciness scores for the

one-inch steaks, Table 6, averaged 7.8 points for the treated

steaks and 8.6 points for the untreated steaks. The difference

of 0.8 point was great enough to be highly significant.

The press fluid yields were also higher for the untreated

steaks. Measured in milliliters the average yield of the treated

steaks was 8.8 and the untreated steaks 9.4. Analysis of vari-

ance showed that this difference was not great enough to be sig-

nificant.

Rumn Roasts . The average juiciness scores and the average

press fluid yields, expressed in milliliters, are given in

Table 8. The press fluid yields indicated the roasts treated at

refrigerator temperature were only slightly juicier than the

other roasts (0.5 point). Analysis of variance showed no sig-

nificant difference in juiciness among treatments. However,

there was greater variation in treatment as measured by juici-

ness scores. The scores were as follows: untreated 7.6, treated

at refrigerator temperature 7.1, and treated at room temperature

6.7. Analysis of variance of the scores showed a significant

difference in the juiciness of the roasts given the three treat-

ments .
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Comparison of the Juiciness of the Treated and Untreated

Cuts . Table 13 summarizes the juiciness scores and the press

fluid yields of each cut studied. The scores were higher for

all the untreated than for the treated cuts, the difference was

great enough to be highly significant for the broiled and one-

inch pan-fried steaks and significant for the rump roasts. The

differences in juiciness between the treated and untreated cuts

as determined by the press fluid were not great enough for any

one cut to be significant. In two instances, the broiled steaks

and the roasts treated at refrigerator temperature, the press

fluids were slightly higher for the treated than for the un-

treated cuts.

Table 13. Summary of the average juiciness scores and press
fluid yields for each cut.

Cut

S core
(joints

)

Unt Ti

Broiled 7.0 7.5
Braised 5.1 5.1
Pan-fried
(1.0 in.) 7.8 8.6

Pan-fried
(0.5 in.) 7.2 7.5

Roast 7.6 £

T3

6.7 7.1

Press fluid yields
taj

T Unt

9.0 8.9
7.1 7.8

8.S 9.4

8.0

T2 T3

7.8 • .5

There was a considerable difference in juiciness as measured

by the scores and the Carver Laboratory press. The juiciness

scores showed a greater difference between treatments than the

press fluid yields. The treated cuts may have seemed to be less
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Juicy to the judges because they appeared more well done.

The color of the juice pressed from untreated samples was

a bright red, whereas the juice from the treated cuts was a dull

dark red color. This dark red color was more pronounced in the

juice from the roasts than from the steaks. McCarthy and King

(1942) found a more rapid rise in the hematin type pigment in

the press fluids of samples of meat tenderized by the Tenderay

process.

Consumer Preference Test

The results of the consumer preference test for broiled

untreated sirloin tip steaks and broiled sirloin tip steaks

treated with the seasoned or the nonseasoned tenderizer are

given in Table 14.

Table 14. Consumer preference for untreated sirloin tip steaks
and sirloin tip steaks treated with seasoned or non-
seasoned tenderizer.

Choice : Treatment : Percent

Seasoned tenderizer 40
1st Nonseasoned tenderizer 53

Untreated 7

Seasoned tenderizer 38
2nd Nonseasoned tenderizer 41

Untreated 18

Ninety-three percent of the consumers indicated a pref-

erence for the meat treated with the tenderizer; 40 percent

chose that treated with the seasoned tenderizer and 53 percent
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that treated with the nonseasoned tenderizer. According to the

comments of the consumers, flavor alone seemed to be the con-

tributing factor for the difference between the seasoned and non-

seasoned samples, and tenderness was the contributing factor for

the preference of the treated to the untreated steak,

SUMMARY

The purpose of this study was to determine the effects of a

commercial meat tender izer on the palatability, especially the

tenderness, of thick and thin round steaks, sirloin tip steaks,

and rump roasts.

The meat used for this study was three pair of rounds from

Commercial grade beef. The steaks were cut as pairs and one

steak from each pair was treated with the tenderizer for one

hour for each inch of thickness and the other steak was untreated.

The top round steaks were cut one and one-half inches thick and

were broiled. The bottom round was cut into two-inch and into

one-half-inch steaks; the thick steaks were braised and the thin

steaks were pan-fried. The sirloin tip was cut into one-inch

steaks which were pan-fried.

The rump was boned and rolled and three three -inch roasts

were cut from each rumpj one-third of the roasts were untreated,

one-third were treated with the tenderizer and allowed to stand

at room temperature one hour for each inch of thickness, and one-

third were treated with the tenderizer and allowed to Stand in

the refrigerator eighteen hours. The method of cooking v/as

roasting.
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Total cooking losses were determined for each cut of meat,

and volatile and dripping losses were calculated on the broiled

steaks and the roasts. The cooking time per pound was deter-

mined for the thick steaks and rump roasts. Changes in the

shape of the steaks were recorded by tracings made before and

after cookin;/.

A palatability committee scored the cooked meat for aroma,

flavor of the lean, tenderness, and juiciness. Objective tests

for tenderness and press fluid yield were carried out on the

cooked meat by means of the Warner-3ratzler shear apparatus, the

Precision penetrometer, and the Carver Laboratory oress.

A consumer preference test was made to determine if a group

of 100 people had a preference for meat treated with the com-

mercially prepared seasoned and nonseasoned tender izers or for

meat that was not treated.

Statistical analyses, showed no significant difference in

the total cooking losses due to the action of the tenderizer for

any of the cuts of meat. The average total cook:*ng losses were

less for the broiled and one-hslf-inch pan-fried treated steaks

than for the untreated, but the cooking losses were less for the

untreated braised steaks, the one-inch pan-fried steaks, and the

rump roasts.

The cooking time per pound of the broiled and braised steaks

and rump roasts treated with the tenderizer was less than for

the untreated steaks or roasts. The treated cuts appeared more

.1-done than the untreated when cooked the same length of time

(pan-fried steaks), or to the same internal temperature (broiled
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and braised steaks and rump roasts).

Most of the broiled and braised steaks, both those treated

with the tenderizer and the untreated steaks, decreased in

thickness or shrank in the direction of the fibers. There was

some variation in the direction of the shrinkage of the pan-fried

steaks

•

Average scores for the flavor of the treated broiled,

braised, and pan-fried steaks were slightly higher than for the

untreated steaks. The average scores for flavor were higher for

the untreated than for the treated roasts. The average flavor

scores were in agreement with the preference ratings of the

judges for the treated and untreated samples. The difference in

the scores for the treated or untreated samples was not signifi-

cant according to statistical analysis of the data.

The tenderizer used in this study was effective in increas-

ing the tenderness of the broiled, braised, and pan-fried steaks,

and the rump roasts treated at room temperature. Statistical

analysis of the tenderness scores indicated that the increase in

tenderness was highly significant for the broiled and one-inch

pan-fried steaks. When the shear values were analyzed statis-

tically, the increase in tenderness due to treatment was highly

significant for the broiled and braised steaks and significant

for the one-inch pan-fried steaks. The tenderizer was not ef-

fective in increasing the tenderness of the rump roast treated

at refrigerator temperature.

The juiciness scores were higher for the untreated cuts than



97

for the treated cuts. Statistical analysis showed that this dif-

ference was highly significant for the broiled and one-inch pan-

fried steaks and significant for the rump roasts. The differ-

ence in juiciness between the treated and untreated cuts as

measured by press fluid yields was not great enough to be sig-

nificant. However, in two instances, the broiled steaks and the

roasts treated at refrigerator temperature, the press fluid

yields were slightly higher for the treated than for the un-

treated cuts.

In the consumer preference test 95 percent of the consumers

indicated a preference for the meat treated with the tenderizer;

40 percent chose that treated with the seasoned tenderizer and

55 percent that treated with the nonseasoned

.
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INTFODUCTION

Commercial meat tenderizers are now on the market for con-

sumer use, but few reports were found in the literature regard-

ing the effectiveness of these tenderizers. Therefore, the

purpose of this study was to determine the effects of a com-

mercial meat tenderizer on the palatability, especially the

tenderness, of thick and thin round steaks, sirloin tip steaks,

and of rump roasts.

PROCEDURE

The meat used for this study was three pair of rounds from

Commercial grade beef. The steaks were cut as pairs and one

steak from each pair was treated with the tenderizer for one hour

for each inch of thickness and the other steak was untreated.

The top round steaks were cut one and one-half inches thick and

were broiled. The bottom round was cut into two-inch and into

one-half-inch steaks; the thick steaks were braised and the thin

steaks were pan-fried. The sirloin tip was cut into one-inch

steaks which were pan-fried.

The rump was boned and rolled and three three-inch roasts

were cut from each rump; one-third of the roasts were untreated,

one-third were treated with the tenderizer and allowed to stand

at room temperature one hour for each inch of thickness, and one-

third were treated with the tenderizer and allowed to stand in

the refrigerator eighteen hours. The method of cooking was



roasting.

Total cooking losses were determined for each cut of meat,

and volatile and dripping losses were calculated on the broiled

steaks and the roasts. The cooking time per pound was deter-

mined for the thick steaks and rump roasts. Changes in the

shape of the steaks were recorded by tracings made before and

after cooking.

A palatability committee scored the cooked meat for aroma,

flavor of the lean, tenderness, and juiciness. Objective tests

for tenderness and press fluid yield were carried out on the

cooked meat by means of the Warner-Bratzler shear apparatus, the

Precision penetrometer, and the Carver Laboratory press.

A consumer preference test was made to determine if a group

of 100 people had a preference for meat treated with the com-

merically prepared seasoned and nonseasoned tenderizers or for

meat that was not treated.

RESULTS

Statistical analyses showed no significant differences in

the total cooking losses resulting from the use of the tender-

izer for any of the cuts of meat. The average total cooking

losses were less for the broiled and one-half- inch pan-fried

treated steaks than for the untreated, but the cooking losses

were less for the untreated braised steaks, one- inch pan-fried

steaks, and rump roasts.

The cooking time per pound of the broiled and braised steaks
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and rump roasts treated with the tenderizer was less than for

the untreated steaks or roasts. The treated cuts appeared more

well done than the untreated when cooked the same length of tine

(pan-fried steaks), or to the same internal temperature (broiled

and braised steaks and rump roasts).

Most of the broiled and braised steaks, both those treated

with tenderizer and the untreated steaks, decreased in thickness

or shrank in the direction of the fibers. There was some vari-

ation in the direction of the shrinkage of the pan-fried steaks.

Average scores for the flavor of the treated broiled,

braised, and pan-fried steaks were slightly higher than for the

untreated steaks. The average scores for flavor were higher for

the untreated than for the treated roasts. The average flavor

scores were in agreement with the preference ratings of the

judges for the treated and untreated samples. The difference

in the scores for the treated or untreated samples was not sig-

nificant according to statistical analysis of the data.

The tenderizer used in this study was effective in increas-

ing the tenderness of the broiled, braised, and pan-fried steaks,

and the rump roasts treated at room temperature. Statistical

analysis of the tenderness scores indicated that the increase in

tenderness was highly significant for the broiled and one-inch

pan-fried steaks. When the shear values were analyzed sta-

tistically, the increase in tenderness due to treatment waa

highly significant for the broiled and braised steaks and sig-

nificant for the one- inch pan-fried steaks. The tenderizer was



not effective in increasing the tenderness of the rump roast

treated at refrigerator temperature.

The juiciness scores were higher for the untreated cuts

than for the treated cuts. Statistical analysis showed that

this difference was highly significant for the "broiled and one-

inch pan-fried steaks and significant for the rump roasts. The

difference in press fluid yields between the treated and un-

treated cuts was not great enough to be significant. However,

in two instances, the broiled steaks and the roasts treated at

refrigerator temperature, the press fluid yields were slightly

higher for the treated than for the untreated cuts.

In the consumer preference test 93 percent of the consumers

indicated a preference for the meat treated with the tenderizer;

40 percent chose that treated with the seasoned tenderizer and

55 percent that treated with the nonseasoned.




