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AN ABSTRACT OF THE THESIS OF

Jose Antonio Zaglul for Master of Science

Major: Animal Production

Title: Effect of papain treatment on beef tenderness.

This experiment involved two, three year old, fistulated
Holstein-Friesian steers from the Agricultural Research and Education
Center (A.R.E.C,) of the American University of Beirut.

Core samples of the various cuts were tested for temderness
by a Warner-Bratzler shear device. Between animal data showed no
distinet trend which would have indicated that one animal was more
tender than the other. Also, there were no significant tenderness
differences between sides of animals. Treatment differences, in
general, showed the papain treated samples to be more tender than
the controls. This was especially true in the cases of T-bones, rib
roasts and to some extent round steaks. However, in the case of
sirloins there was a trend indicating a greater degree of tenderness
in the control pieces.

An organoleptic panel found the treated pieces, of meat cuts,
to be more tender than the controls. The panel consistency rated the
flavor of treated pieces as being less desirable than that of the
controls.
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I. INTRODUCTION

The tenderness of beef is of primary concern to the entire
livestock industry. Studies on the various quality factors of beef
indicate that tenderness is the major factor desired by the consumer
(Rhodes et al., 1955).

The Middle Eastern consumer has traditionally preferred
mutton to beef. One of the reasons for this preference may be the
fact that cattle slaughtered in Lebanon and other countries of the
Mjddle East are of low quality when compared to Western standards. It
would be desirable to find a way to tenderize the local beef to make
it more desirable to the consumer. Such a method would make meat from
older and stressed animals more tender and more appealing to the
consumer thus increasing the quantity and quality of meat available as
a source of protein for Middle Eastern diets.

Important faetors causing variations in tenderness of beef
are: (1) chronological age of the animal, (2) inheritance,

(3) biochemical changes during the post-slaughter aging period,

(4) chemical constituents of miscle, (5) ante-mortem and post-mortem
treatment with enzymes, and (é) degree and dispersion of fat in the
carcass.

The objective of this study was to determine the effects of
a proteolytic enzyme (papain) on the tenderness and flavor of meat

cuts from steers of more than three Years of age.



II. REVIEW OF LITERATURE

Meat tenderness cannot be attributed to one or two factors
independently but it is rather a combination of interrelated factors.
Such factors are: (1) chronological age of the animal, (2) in-
heritance, (3) biological changes during the post-slaughter aging
period, (4) chemical constituents of muscle, (5) ante-mortem and
post-mortem treatment with enzymes, and (6) degree and dispersion

of fat in the carcass.

Age of the animal

Dunsing (1959) reported that consumer preference panels
consistently favored steaks from the carcasses of younger cattle,

Tuma et al. (1962) and Tuma et al. (1963) showed that tenderness and
Juiciness decrease with advancing maturity of beef cattle. These
reports agree with those of Webb et al. (1964) who reported that meat
from younger cattle ;aa significantly more tender than that from older
cattle.

Covington et al. (1970) found that moisture content decreased
progressively as maturity and ether extract increased. They studied
three maturity groups of steers (12 to 18, 18 to 30, and 30 to 80
months). Steaks from the youngest maturity group had a significantly
higher moisture content (P «<.05) than did those from the intermediate
or more mature groups. However, there were no significant differences

in shear forces among the longissimus steaks from the three maturity
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groups.

Inheritance

Huffman et al. (1967) indicated that differences betwsen breed
groups were significant (P «<.01) as measured by taste panel scores and
shear values. Steaks from Angus and Angus x Hereford animals were the
most tender, Hereford and Brahman x Hereford were intermediate in
tenderness and Brahman x Angus and Brahman steers were the least tender.
They also found a significant difference (P < .05) between feed levels
and breed groups. Full fed Angus, Brahman, Brahman x Hereford and
Angus x Hereford steers were more tender than the respective equalized-
fed (2 % of body weight per day) groups, however equalized-fed
Hereford and Brahman x Angus cattle were more tender than their
respective full fed groups. In the same study these workers injected
papain into the animals before slaughter and reported a significant
breed by papain treatment interaction (P < .05). The interaction
indicated a tenderizing effect in some groups but not in others. The
Brahman x Hereford group was improved to the greatest degree by the
papain injection, however, the papain-injected Brahman and Herefords
were less tender than respective Brahman and Hereford controls. It
was suggested that the fact that papain injection failed to tenderige
Brahman cattle indicates that, since Brahman cattle are, in general,
less tender than cattle of British breeding, higher levels of papain
injection may be required to tenderize them to the same degree as
comparable cattle of British breeding.

L]



Intramiscular fat

Intramuscular fat (marbling) is one of the most important
factors in grading meat. An early report by Husaini et al. (1950)
showed a significant but low correlation between tenderness and
marbling. Covington et al. (1970) indicated that steaks from
"moderate" marbled carcasses were significantly more tender than those
from "small" marbled carcasses. In the same study they also indicated
that shear values from lateral cores were significantly less tender
than those from medial or central cores. The lateral position also
was 3.43 to 3.67 percentage points lower in ether extract values than
those from the other two positions. This evidence supported a positive
marbling-tenderness relationship. However, Reddy et al. (1970)
investigated the influence of marbling and vascular distribution on
beef tenderness and found that the number and area of slight, moderate
and heavy fat deposits had no effect on tenderness. Neither total
number of blood vessels nor number per unit area significantly affected
tenderness. They also found that maturity had little influence on
number and area of fat deposits, although the most mature group had

the highest fat content.

Post slaughter aging

Post slaughter aging is probably the factor that is considered
most important for tenderness. Webb et al. (1964) reported that
tenderness improved during aging. In their study they found no
differences between carcasses aged at high temperatures for 3 days as
compared to those aged at low tempeﬁytures for 15 days. In another

experiment they showed that steaks from non-stressed steers were



significantly more tender than those from stressed steers during the
early stages of aging. Stress was accomplished by adrenalin injections
approximately one hour prior to slaughter. However, tenderness was
similar for steaks from the stressed and non-stressed cattle at the
termination of the 15 day aging period.

Bush et al. (1967) indicated that muiscle shortening was a
major factor affecting tenderness. Work by Gall et al. (1964) revealed
that muscle attached to the carcass became progressively more tender
during aging, whereas muscle excised immediately post-mortem first
became tough before becoming tender. Tenderness differences were
ascribed to the effect of the cold shortening phenomenom upon excised
muscle (Locker and Haggard, 1963). Bush et al. (1967) further
demonstrated that steaks from excised muscles held at 16°C for 2 days
were more tender than steaks from excised muscles stored at 2°C for
13 days. One reason they put forth for greater tenderness at 16°C is
that little or no isometric tension develops at this temperature.
Parrish et al. (1969) demonstrated that carcasses stored at 2°C and
15°C for 48 hours and at 2°C for 4 and 7 days showed the same tenderness
values. They therefore concluded that muscle remaining in the carcass
behaves quite differently from excised bovine muscle aged at 2°C and
16°C. Parrish et al. (1969) showed that storage temperatures (2°C and
15°C) did not affect tenderness of muscle attached to the carcass as
with muscle excised immediately after death and stored. Marsh et al.
(1968) in an investigation dealing with post-mortem miscle shortening _
and its effect on tenderness pointed out that significant toughness

developed from cold shortening in the muscles of lamb carcasses exposed



to low temperatures. This was contradictory to the findings of Parrish
et al. (1969) who showed that there was essentially no change in
tenderness of beef carcasses at four, seven or eleven days of post-
mortem storage. They suggested that thicker muscle mass and fat

cover may allow internal muscle temperature, even at low ambient
temperature to remain high enough to degrade energy supplies for
shortening before conditions for the cold shortening effect occur.
Perhaps without ATP and a slow rate of cooling, bovine mscle attached
to the carcass had lost the property of shortening or toughening before
it reached a cold environment conducive to cold shortening. They also
suggested that for post-mortem shortening to have any substantial
influence on tenderness, muscle must be removed from the carcass some-

time during the first 24 hours post-mortem.

Muscle physiology
The size of muscle fibers was reported by Lehman (1907) as a

factor contributing to tenderness in meat, the smaller the fiber the
more tender the meat. Brady (1937) suggested that texture was
dependent on size of the muscle bundle, the larger the bundle the
finer the texture and the finer the texture the more tender the meat.
Robertson and Baker (1933) found that fiber diameter was largest in
full-fed animals, intermediate for half-fed and smallest for those

on roughage only. Hiner et al. (1953), on the other hand, in an
experiment with a wide variety of beef samples, indicated that as

the age of the animal increased the diameter of fiber increased in all
muscles studied (P <<.01). They found a significant correlation

(P < .01) between fiber diameter and resistance to shearing. As fiber



diameter increased resistance to shearing increased.

Later investigations by Covington et al. (1970) indicated that
steaks from "moderate" marbled carcasses were significantly less tender
than those from the small marbled carcasses. Fiber diameter was not
significantly different for the two marbling levels, although the mean
for the moderate group was over two times larger than the small
marbled group. Covington et al. (1970) showed that the percentage
weaviness increased (r = 0.45) as shear values increased. If fiber
weaviness indicates degree of muscle contraction then, as the
correlation indicates, the greater the state of contraction the less
tender the muscle.

Deatherage and Harsham (1947) suggested that at least two major
factors are related to tenderness in meat, namely connective tissue and
miscle plasma. Later Husaini et al. (1950) reported that both
connective tissue as represented by alkaline soluble protein and muscle
plasma as represented by muscle hemoglobin are in part responsible for
tenderness in meat. Partman (1963) stated that tenderness changes in
the aging period were correlated with the dissociation of actin and
myosin. Khan and Van den Berg (1964) reported increased myofibrillar
protein solubility during post-mortem aging. McClain and Mullins
(1969) concluded that the variations in tenderness were related to the

dissociation of the actomyosin complex.

Engyme treatment

Hay et al. (1953) suggested that tenderness in meat treated
with papain was a result of protein breakdown induced by the enzyme.

They showed that papain treated meat was more tender than untreated



meat., However, they suggested that in addition to the action of the
tenderizer the procedure of "forking" the treated meat may have

affected tenderness to some extent. In the forking process both
surfaces of steaks were stuck with a fork from one side through to the
other side and from all surfaces to the center of roasts. They reported
no significant differences in either the aroma or flavor scores for
treated and untreated meat.

Hay et al. (1953) in an experiment in which top round, bottom
round, and rump roasts were treated with papain, reported that there
was a highly significant difference (P <C.01) in the shear values of
the treated and untreated broiled top round and braised round steaks.
In this experiment one-third of the roasts were untreated, one-third
were treated with the tenderizer and allowed to stand at room
temperature for one hour for each inch of thickness, and one-third
were treated with the tenderizer and allowed to remain in the
refrigerator at approximately 35°F (17°C) for 18 hours. The tenderness
scores as determined by a taste panel, and shear forces for the roasts
agreed in that the roasts treated at room temperature were the most
tender and those treated at refrigerator temperature were the least
tender. The differences among the tenderness scores and shear values
for the three groups of roasts were not significant. A possible
explanation of the difference in the tenderness of the roasts treated
with tenderizer might be that more of the papain was activated in
three hours at room temperature than in 18 hours at refrigerator
temperature. They could not explain why untreated roasts were more

tender than those treated at refrigerator temperature. However, Wang



and Maynard (1955) stated that the tenderizing property of any
proteolytic enzyme must depend on its ability to break down, degrade,
or hydrolyze definitive structural (protein) components of muscle.
They found that penetration of enzymes, applied in powder form or by
immersing the tissue in a 10% aqueous solution of the enzyme was
limited to the surface of the sample. In all cases penetration did
not exceed ! mm in samples treated for 60 minutes and was mch less
in those treated for a shorter time. In agreement, Tappel et al.
(1956) found that after meat was exposed for three hours to a thick
layer of papain powder there was no histologicai evidence of enzyme
activity. Below the superficial layer covered by enzyme powder, all
the muscle fibers were intact, with few noticeable disturbances in the
striation pattern. They concluded that since there was no histological
evidence of papain penetration or digestion of beef after exposure to
concentrated papain for three hours at room temperature, mere surface
treatment with papain was ineffective and that pre-cooking holding
periods were unnecessary. They also tried papain penetration into
cubes of meat by thé‘use of quinine sulfate and bromeresol green
indicator and found a penetration that ranged between one and 2 mm.
Since the maximum penetration was 2 mm they suggested that effective
distribution of papain within the meat cannot be accomplished by
natural diffusion or by papain hydrolytic activity.

Wang and Maynard (1955) found that papain attacked muscle
fiber proteins, nuclei of muscle fibers and of cells located in the

endomysia, but was inactive to collagen and elastic fibers at room

temperature., Tappel et al. (1956) suggested that probably the most
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important tenderization mechanism is the hydrolysis of muscle fiber
protein which accounts for three fourths of the edible portion of
beef. Papain hydrolyzes the sarcolemma and the muscle cell nuclei
before there is any apparent digestion of the muscle fibers themselves.
As measured by the transformation of soluble protein to amino-acids,
papain hydrolysis reaches a maximum at temperatures of 60° to 20°C.

It is probable that the heat-labile muscle proteins denature before
the relatively heatstable papain and then papain hydrolyzes these
denatured proteins with maxdimum effect.

Miyada et al. (1956), in an experiment comparing several
meat tenderizers, found that a commercial meat tenderizer containing
small amounts of papain produced a much higher relative hydrolysis of
miscle-fiber protein than did concentrated papain. This is an
exagerated effect caused by the dilution of papain in the commercial
meat tenderizer. They also indicated that collagen and elastin, which
together comprise the connective tissue of meat, the fraction to which
toughness has often been attributed, were found to be digested by one
or more of the enzym;s. Papain and ficin were found to digest elastin,
while rhozyme P-11, protease 15, and rhozyme A-4 showed slight but
definite digestion of elastin.

Hinrichs et al. (1962) showed that bromelain and papain
solubilize collagen maximally at pH 2-4.5. They also indicated that
sodium chloride concentration produced a small but significant increase
in solubilization of collagen, and at the same time, they showed that
ficin, bromelin, papain and trypsin cannot solubilize collagen until it

has been denatured. Denaturation p;oducea a swelling of the collagen
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fibers so that enzymes can penetrate and attack them. Collagen is not

attacked by these enzymes at low temperature, but is degraded quite

rapidly at elevated temperatures (60° to 70°C).



III. MATERIALS AND METHODS

Two three-year-old fistulated Holstein-Friesian steers
weighing 736 kgs and 618 kgs were slaughtered and dressed. The carcass
of each animal was divided longitudinally into equal halves. The
carcasses were then washed and transferred to a cooler at a temperature
of 2° to 3°C for 24 hours. After 2, hours the carcasses were divided
into the regular U.S5.A. style retail cuts. Each half carcass yielded
14 T-bone steaks, 8 sirloin steaks, 8 round steaks, 6 pot roasts No. 1,
and 2 pot roasts No. 2. The rib roasts were divided into steaks and
yielded 8 pieces per half carcass.

Each piece of meat was then weighed and pierced from both sides
on a bed of nails protruding from a board. The nails were placed two
centimeters apart in all directions and protruded about five centimeters
from the face of the board. The piercing procedure was used to aid
penetration of papain into the meat (Hay et al., 1953).

Alternate pieces of each cut were then treated with a
comnercial papain powder (E. Merck product) at a rate of 0.3% of the
weight of the piece. The papain was applied by use of a common salt
shaker. After the control cuts were pierced, they were packed in
plastic bags, immediately placed in a freezer and stored for later
testing. After both surface of the treatment samples were sprinkled
with papain the pieces were allowed to stand for 30 minutes before they
were placed in a freezer to be stored for later testing.

Core samples were taken from each piece of the different cuts

12
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by use of a hand cork borer 2 cm in diameter. The cores were then
placed in an ordinary cupcake tin, to keep them separated, and roasted
in an oven for a definite period of time at 375°F (190.55°C). The
cores were then tested for tenderness using a Warner-Bratzler shear
device,

Five core samples were taken from each T-bone steak. The
cores were taken from frozen pieces and after thawing were roasted in
an oven at a temperature of 375°F (190.55°C) for five minutes., After
cooking, the cores were allowed to cool to room temperature, and then
tested for tenderness.

Four core samples instead of five were taken from rib roast
pieces and since the cores were longer they were broiled for ten
minutes instead of five minutes,

The sirloin cores, which were four per piece, were also
roasted at 375°F (190.55°C) for a period of five minutes and then
tested for tenderness by the shear device.

A second method used to test tenderness as well as flavor was
the taste panel method. Random sample pieces from the different cuts
and from both animals were evaluated for flavor and tenderness.

Sample pieces from the T-bones, sirloins and round steaks
were taken out of the freezer a few minutes prior to cooking. The
samples were paired (i.e. one treated and one untreated piece of the
same cut). While still frozen two sample pairs were roasted in the
oven at a temperature of LOO°F (204.44°C) for fifteen minutes on
each side, Thus each steak was roasted for 30 minutes. After cooking

each steak was cut into smaller piedes and put in a marked dish in
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order to properly identify each sample. The samples were then presented
to ten panelists who did not know which pieces were treated or untreated,
for an evaluation of tenderness and flavor. A five point scale was

used to evaluate tenderness and flavor. A score of five being most
desirable and one being the least desirable. Fach characteristic was
Jjudged separately. After the panelists evaluated the meat for
tenderness they were given a new evaluation sheet, asked to taste more
of the samples and score it for flavor.

The rib roasts due to their thicker size took 25 minutes for
cooking on each side at a temperature of LOO°F (204.44°C). While the
pot roast No. 1 took 40 minutes on each side at a temperature of 4,00°F
(204.44°C)

The pot roasts lo. 2, which were the largest of the meat
pieces were thawed prior to roasting and were cut into smaller pieces
for quicker cooking. Each piece was then placed in a roasting pan and
set on an electric range. Each piece was browned on both sides after
which water was added and the meat was allowed to cook for one hour and
20 to 30 minutes at medi um temperature. Since only two roasters were
available only one pair was cooked at a time.

Shear force data for tenderness was tested for differences
between treatments, sides and animals using the paired "t-test"
described by Snedecor and Cochrane (1972, p 93).

Taste panel evaluation scores for tenderness and flavor were
averaged over all samples of each cut. The paired "t-test" described
by Snedecor and Cochrane (1972, p 93), was used to test for treatment

differences.



IV, RESULTS AND DISCUSSION

Shear force data for tenderness were tested for differences
between animals, sides and treatments using the paired "t-test"
described by Snedecor and Cochrane (1972, p 93). The between animal
comparisons are shown in Table 1. Raw means for all comparisons are
presented in Appendix A.

The "t" values for T-bone steaks were all positive indicating
that animal No. 11 was more tender than animal No. 7. The differences
between the right sides (52) were significant (P << .05), however, the
differences between left sides (51) were not. When all steaks, control
and treated, of animal No. 7 were compared to all steaks of animal No.
11 the difference was highly significant (P <<.01).

When the round steaks were compared no specific pattern of
roughness was indicated. The "t" values were all very small and none
was statistically significant indicating that tenderness was
indistinguishable between the round steaks of the two animals.

In the case of sirloins most of the "t" values were negative.
The negative values indicated that the sirloins of animal No. 7 were
more tender than those of animal No. 11. The only significant
difference (P <C.05) occurred when right side (52) control steaks were
compared. All other differences were nonsignificant. Thus, the data
for sirloins gave an opposite indication of animal tenderness than did.

the T-bone steak data. .
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Table 1. Paired "t" tests. Tenderness differences between animals.
Shear force data.

Comparison "t" value d.2.
T-bones

TISI (AT) = TIS1 (A11) 0.742 6

T8, (&) = 1,8, (4;) 1.358 6
¥*

T1S2 (A7) = T182 (A11) 3.092 6
¥*

T2$2 (A7) = T232 (A11) 3.001 6

between animals, over g

sides and treat&ants 3.966 27

Round Steaks

T,5, (A7) - T8, (A11) 0.151 3

T8, (A7) - T .8, (A11) -0.872 3

TS, (A7) - 1,8, (A11) 0.306 3

T8, (A7) - 1.8, (A11) -0.127 3

between animals, over

sides and treau;ents -0.362 13

Sirloins

T,S, (A7) - 1,8, (A11) 0.825 3

T281 (A7) - T2$1 (A11) -2.06l 3
*

T.8, (A7) - 1,5, (4,)) =3.746 3

T,8, (17) - 1,5, (A11) -0.969 3

between animals, over -1.748 15

sides and treatments



Table 1 (Continued).
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Comparison "t" value doLs
Rib Roasts
TS, (17) - T,8, (A11) 7.518" " 3
T8, (A7) - T8, (A11) 2,217 3
TS, (A7) - T,5, (4,,) 1.609 3
T,5, (A7) - T8, (A11) 0.725 3
prt gt oo 5657 s
Pot Roast No. 1
TS, (A7) - 1,8, (A11) -0.616 2
T,8, (A7) - T8, (A,,) 0.334 2
T,8, (A7) - 1.8, (A11) 1.802 2
T,8, (A7) - 1,8, (4,)) -0.170 2
between animals over 0.395 11

sides and treatments

T =

w
i

5,

A7 = animal No. 7
A,. = animal No.

11
#* =

=

treatment two (papain)

left side

(P
(P

= right side

.05)
.01)

11

T, = treatment one (control)
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The "t" values for the rib roast comparisons were all positive
as in the case of T-bone steaks., The difference, between the left
side (31) controls was highly significant (P <<.01). When all rib
roasts, control and treated, were compared, those of animal No. 11
were significantly (P<Z.01) more tender.

The "t" values for the comparisons of pot roasts No. 1 were
all very small and none were statistically significant. There was no
trend indicating a greater toughness or tenderness of either animal.

Since there was only one control and one treated pot roast No.
2 per side, no comparisons were made for that cut.

From the data of this experiment there was no clear indiecation
that one animal was more tough or tender than the other. T-bone and
rib roast comparisons indicated that animal No. 11 was the more tender.
However, sirloin data presented the opposite, that is, animal No. 7
was more tender than animal No. 11. Pot roast No. 1 and round steak
data were inconclusive,

The "t" values for comparisons between sides of animals are
shown in Table 2. Tﬁere was no discernible trend indicating that
either side of the carcasses was more tough than the other. Only in
the case of sirloins when treated cuts of the left side (81) were
compared to the treated cuts of the right side (52) was the difference
significant (P < .05). In this case the treated sirloins of the right
side were more tender than those of the left side. All other
differences between sides were nonsignificant and of no particular
pattern.

These data are in agreementl;ith the work of Covington

et al. (1970) who found that carcass traits of beef animals were



Table 2. Paired "t" tests. Tenderness differences between sides
of animals., Shear force data.

Comparison "t" value d.f.
T-bones

51'1'1 - 52'1'1 (A7) -1.016 6

8,7, - 8,1, (A7) -0.818 6

5,T, - S,T, (ATi) 2.323 6

5,T, - 8.1, (A11) 0.637 6

between sides over

treatments and animals ~0.078 =7

Round Steaks

8,7, - 52'1'1 (A7) -0.771 3

8,1, - S,T, (A7) 1.585 3

STT1 - 52T1 (A”) -0.236 3

S1T2 - 52'1‘2 (A”) 2.835 3

between sides over 1

treatments and animals 1.410 >
Sirloins

si'r1 - 52T1 (A7) 2,122 3

8,I, - 8,1, (A7) 0.030 3

S1T1 - 52'1'1 (111) -1.010 3

3*
5,7, - 52T2 (A11) 3.388 3
between sides over 0.916 15

treatments and animals



Table 2 (Continued)
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Comparison "t" value dets
Rib Roasts

s1'r1 - 82T1 (A7) ~1.148 3

STT2 - Ssz (A7) 2.327 3

5,1, - szT1 (A11) ~1.284 3

5,T, - ST, (A,j) -2.041 3

between sides over

treatments and animals =0.38% 15
Pot Roasts

S1T1 - sz'r1 (A7) -0.791 2

S1T2 i 82T2 (A7) -2.,030 2

STT1 - 52T2 (A11) 1.278 2

S1T2 - 32T2 (A11) -1.636 2

between sides over -1.272 11

treatments and animals

-3
i

treatment one (control)

treatment two (papain)

= left side

T

S

S, = right side
A, = animal No. 7
A

= animal No. 11
* = (P -05)
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bilaterally symmetrical. They also found that chemical and histological
characteristics of beef muscle did not differ between sides of the
carcass,

Table 3 shows the comparisons between treatments for tenderness
as measured by the Warner-Bratzler shear device. The "t" value for the
T-bone comparisons were all positive indicating that the treated
steaks were more tender. The overall comparison was highly significant
(P <.01).

All but one of the "t" values for comparisons made between
treated and control round steaks were positive., Thus, treated round
steaks were generally more tender than the controls, However, none of
the differences were significant,

Comparisons between control and treated sirloins expressed,
mostly, very small and negative "t" values. Thus, it would seem
that the control sirloins were slightly more tender than the treated
steaks. However, since all differences were nonsignificant it is
probably realistic to interpret, from the data, that there were no
real tenderness diffe;ences between the control and treatment.

When the between treatment comparisons were made for rib roasts
the "t" values were strongly positive though they lacked statistical
significance. One startling exception to the trend occurred in the rib
roast data. In animal No. 11 comparisons, a significant (P <C .05)
negative difference occurred meaning that the controls were signifi-
cantly more tender than the papain treated pieces, This result
differed sharply from the other rib roast comparisons and cannot be

explained other than by random error.
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Table 3, Paired "t" tests, Tenderness differences between treatments.
Shear force data,

Comparison "t" value d.f.

T T-bones

T,5, - T8, (A7) 0.786 6
3

TS, - T8, (Av) 3.521 6
%

TS, - T8, (A11) 4.093 6

T182 - '1‘281 (A11) 1.632 6

between treatments over i

sides and animals b.489 27

Round Steaks

TS, - T8, (A7) 2.806 3
7,5, - T8, (A7) 0.508 3
TS, - T8, (A11) 0.790 3
TS, - T8, (A11) -0.945 3
BEDE i o £
- Sirloins
T,8, - T,5, (A7) 1.101 3
TS, - T8, (Av) -0.121 3
T,5, - T.8, (A11) -1.613 3
T,5, - T8, (A11) -1.831 3
between treatments over ~0.069 15

sides and animals



Table 3 (Continued)
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Comparison "t" value d.f.
Rib Roasts
T,8, - T8, (A7) 3.028 3
T132 - T8, (A7) 2,027 3
3

T1S1 - T2$2 (A11) -l .391 3

1,8, - T,8, (A”) 1.036 3

between treatments over

sides and animals 1.880 15
Pot Roast No.

TS, - T8, (A7) -1.006 2

T1S2 - Tzs1 (A7) 1.512 2

T1S1 - T252 (A”) -0.364 2

T152 - '1'251 (A”) 0.912 2

between treatments over 0.596 11

sides and animals

T, = treatment one (control)

3
il

treatment two (papain)

S, = left side

&z
I

right side

A,? = animal No. 7

A” = animal No., 11

# = (P .05)

##* = (P .,01)



Comparisons between control and treated pot roasts No. 1
were all nonsignificant and did not indicate any trend of toughness
or tenderness.

When all cuts were considered, the general trend was for the
treated meat to be more tender than the control. This was especially
true in the cases of T-bones, rib roasts and to some extent round
steaks. Only in the case of sirloins was there a trend indicating a
greater degree of tenderness in the control pieces. However, the
differences were not significant.

The data for treatment differences is in general agreement
with the work of Hay et al. (1953) who found a highly significant
difference (P .01) in the shear values of control and papain treated
top round steaks.

Tenderness was also evaluated by a ten member organoleptic
panel. A five point scale was used to score the pieces for tenderness
and flavor. Table L shows the "t" values for between treatment

tenderness differences as evaluated by the organoleptic panel.

Table 4. Paired "t" tests. Tenderness. Panel evaluation.

Cuts "t" value d.L.
T-bones 5.2707 76
Round steaks 0.2265 3L
Sirloins 3721 40
Rib roasts 0.84L05 26

#*
Pot roast No. 1 2.7433 27
Pot roast No. 2 2.669h* 20

# = (P ,05) # = (P ,01)
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All values were positive indicating that treated samples
were more tender than the controls. The panelists judged treated
T-bones and sirloins to be much more tender than their control
counterparts. The "t" test differences were highly significant
(P <.01). The treated pot roasts No. 1 and No. 2 were also
significantly (P <C.05) more tender than the controls. The difference
in the round steak and pot roast comparisons were not significant though
the treated steaks were deemed more tender by the panel. Thus, the data
show that papain treatment did have a significant tenderizing effect on
most of the cuts. These data are in general agreement with the work of
Hay et al. (1953).

There was limited agreement between the taste panel and shear
press evaluations of tenderness. Treated T-bone steaks were found to
be significantly more tender, than the controls, by both methods of
evaluation. Treated round steaks were also more tender, than the
controls, as evaluated by both methods. However, none of the
differences were significant.

Both methods rated papain treated pot roasts No. 1 as more
tender than controls. The difference was significant when measured
by the taste panel, while the shear force difference, though positive
was nonsignificant.

Disagreement between the two methods occurred in the case
of sirloins. The organoleptic panel rated papain treated sirloins as
significantly (P< .01) more tender than controls. When the same
sirloins were cored and measured for tenderness by the Warner-Bratzler

shear press the control pieces were found to be the most tender. The



26

contradiction between the shear press and organoleptic panel evaluations
of tenderness was unexplainable from the data of this experiment.

The organoleptic panel also evaluated the flavors of each
piece of meat. A five point scale was used. A score of five indicated
a very desirable flavor with one being very undesirable. The "t" values
for comparisons between treatments are shown in Table 5. The "t" values
for all cuts wére negative meaning that the panelists consistently found

the papain treated pieces to be less desirable in terms of flavor.

Table 5. Paired "t" tests. Flavor. Panel evaluation.

Cuts "t" value d.f.
T-bones ~7.0229** 76
Round steak -2.4,268" 34
Sirloins -1.9189 40
Rib roasts -1.0703 26
Pot roasts No. 1 -0.1761 27
Pot roasts No. 2 : -1.5610 20

* = (P .05)

w» = (P .01)

Significant differences occurred in the case of T-bones
(P < .01) and round steaks (P <<.05). These data are contradictory
to those of Hay et al. (1953) who found that papain treated steaks

were more juicy and had a better flavor than their control counterparts.



27

However, the results of the experiment reported here are consistent
and cannot be rejected as chance occurences. It is believed that one
of the flavor problems of the treated meat in this experiment resulted
from an apparent lack of penetration of the papain. The outer layer
of the treated pieces was very soft and sticky and panelists often
complained of the "mushiness" of the samples. Some panelists also
disliked the appearance of the treated samples after cooking. One
possible explanation of the large "t" value for T-bones may be the
fact that these samples were the first to be evaluated by the panelists.
The soft sticky exterior was very new and strange to the panelists and
may have prejudiced their opinion. Then as they continued with the
other cuts, they apparently became accustomed to the treated samples.
Two panel members actually commented that by the end of the tasting
sessions they had changed their opinion about the treated meat.

However, this was not the opinion of the majority of panelists.



V. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Two three-year-old, fistulated Holstein-Friesian steers
weighing 736 kgs and 618 kgs were slaughtered and dressed. After
cooling at 2-3°C for 2/, hours the carcasses were divided into U.S.A.
style retail cuts. The cuts were T-bone steaks, sirloin steaks, round
steaks, pot roast No. 1, pot roast No. 2, and rib roasts. Each piece
of meat was pierced from both sides on a bed of nails to assure
penetration of papain into the meat cuts. Alternate pieces from each
cut were treated with a commercial (E. Merck Product) papain powder
at a rate of 0.3% of the weight of the piece. All pieces were stored
at -20°C for L weeks at which time core samples were taken for testing
with a Warner-Bratzler shear device.

All cuts were evaluated for tenderness and flavor by an
organoleptic panel. T-bone, sirloin, and round steak samples were
paired and roasted in.the oven at a temperature of 1,00°F (204 .44°C)
for fifteen minutes on each side.

Rib-roasts and pot roasts No. 1 were roasted for 50 and 80
mimites, respectively, at a temperature of 400°F (204.44°C).

The pot roasts No. 2, which were the largest of the meat
pieces, were thawed prior to roasting and were cut into smaller pieces
for quicker cooking.

Shear force data for tenderness was tested for differences
between animals, sides and treatments using the paired "L" test.

There was no clear indication of a tenderness trend between

28
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animals, although T-bone and rib-roast comparisons indicated that one
animal (No. 11) was the more tender. However, sirloin data indicated
the opposite. Pot roast No. 1 and round steak data were inconclusive.

Differences between sides were nonsignificant and of no
particular pattern. Only the treated sirloins of the right sides were
more tender than those of the left side in animal No. 11. Since this
result was an isolated one, it was considered as experimental error.

In treatment comparisons the general trend was for the treated
meat to be more tender than the control. This was especially true in
the cases of T-bones, rib roasts, and to some extent round steaks.
Only in the case of sirloins was there a trend indicating a greater
degree of tenderness in the control pieces. However, the differences
were not significant.

Tenderness was also evaluated by taste panelists. The data
show that papain treatment had a significant tenderizing effect on
most of the cuts. The only exception was the rib roast and round steak
comparisons which had nonsignificant values. There was little agreement
between the taste panel and shear press evaluation of tenderness.
Disagreement between the two methods occurred in the case of sirloins.
The contradiction could not be explained.

Flavor was also evaluated by the taste panelists. This was
probably the most significant test as far as practical conclusions are
concerned. The "t" values for flavor were all negative, meaning that
the treated samples were inferior in flavor to the untreated ones.
T-bones were highly significant (P < .01), while round steaks were

significant at the 5% level (P <.05).



30

Panelists found the cooked treated samples, mushy, sticky in

the mouth, and unpleasant in appearance.

Conclusions
From the results of this study, it can be suggested that
papain sprinkled in a powder form over the surface of beef cuts, at
the rate of 0.3% of the weight of the cut does improve tenderness, but
has a negative effect on flavor. Because of the flavor the treated

meat was not appreciated by the panelists.

Recommendations

From the results obtained, this method is not recommended for
any practical use. The papain applied in the powder form produced an
overtenderization of the outer layers of the meat samples producing
the "mushiness" mentioned before. It may be useful to try other
papain dosage levels rather than limit the study to only one level.
It will also be of great help to have a larger number of animals
available for such an experiment.

It is also retommended that other methods of papain

administration be investigated.
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Appendix A
Table 6. Means for between animal comparisons. Shear force data*.
Animal No. 7 Animal No. 11

T-Bones
T1S1 1.60 1.52
'1‘231 1.42 1.29
T152 1.68 1.39
T252 1.52 1.24
Overall 1.56 1.36

Round Steaks
TTS‘I 142 1.40

1.52

T2$1 1.39 5
T1S2 1.48 1.44

. 1.2
T252 1.23 5
Overall 1.38 1.40

Sirloins

- 1.6
T.S, 1.76 3

- 1.88
Tzs1 1.58

1-

T182 1.57 i

" 171
T252 1.58 7
Overall 1.62 1.75



Table 6 (Continued).

Animal No. 7 Animal No, 11
Rib Roast
T1S1 1.65 1.39
T281 1.71 1.42
T132 1.79 1.48
T252 1.50 1.47
Overall 1.68 1.4
Pot Hoast
T,S, 1.36 1.66
T281 1.28 1.23
T,5, 1.88 1.31
T252 1.23 1.70
Overall 1.4 1.48

# = All means are pounds of resistance to the shear
T, = Treatment one (;ontrol)

T, = Treatment two (papain)

S, = Left side

S, = Right side



Table 7. Means for between sides comparisons. Shear force data*.
Left Side Right Side
T-bones
T1A7 1.60 1.68
T2A7 1.42 1.52
T1A” 1.52 1.39
TzAn 1.29 1.24
Overall 1.46 1.46
Round Steaks
T2A7 1.39 1.23
T1A11 1.40 1.44
T2A11 1.52 1.25
Overall 1.43 1.3%
Sirloins
T1A7 1.76 1.57
T2A7 1,58 1.58
T1A11 1.63 1.77
T2A11 1.88 1.7
Overall 1.71 1.66

37



Table 7 (Continued)

Left Side Right Side
Rib Hoasts
T1A7 1.65 1.79
T2A7 1.71 1.50
T1A11 1.39 1.48
T2A11 1.42 1.47
Overall 1.54 1.56
Pot Roasts
T1A7 1.36 1.88
TZA7 1.28 1.65
T1A11 1.66 1.31
T2A11 1.23 1.70
QOverall 1.38 1.6L

# = All means are pounds of resistance to the shear.

= Treatment one (control)

= 3
il

o = Treatment two (papain)

7 = Animal No. 7

"

> >

= Animal No. 11
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Table 8. Means for between treatment comparisons. Shear force data*.

Treatment one (control) Treatment two (papain)

T-bones
S1A7 1.60 1.52
52A7 1.68 1.42
S1A11 1.52 1.24
82A11 1.39 1.29
Overall 1.55 1.37
Round Steaks
S1A7 1.42 1.23
52A7 1.48 1.39
STA11 1.40 1.25
sznﬂ 1.44 1.52
Overall 144 1.35
Sirloins
S1A7 1.70 1.58
82A7 1.57 1.58
311\” 1.63 1.
82A11 1.77 1.88

Overall 1.67 1.69
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Table 8 (Continued)

Treatment one (control) Treatment two (papain)

Rib Hoasts
S1A7 1.65 1.50
52A7 1.79 171
3 T
SIA‘H 1.39 L7
1.42
SzA” 1.48 L
Overall 1.58 158
Pot Hoasts
1.68
514\7 36
1.88 1,28
Sy
% 1.70
S,A,, 1.66
1.31 1.23
3211” 3
Overall 1.55 1.47

# = All means are in pounds of resistance to the shear.
8, = Left side ‘

S, = Right side

A7 = Animal No. 7

A11 = Animal No. 11



Table 9. Means for organoleptic panel evaluation of tendernesa*.

Treatment one Treatment two
(control) (papain)
T-bones 3.05 3.76
Sirloins 2.98 3.60
Round steaks 3.41 3.35
Rib Hoasts 3.65 3.85
Pot Roast No. 1 2.93 3.66
Pot Roast No. 2 3.60 L.25

*
Higher values indicate greater tenderness.

*
Table 10. Means for organoleptic panel evaluation of flavor .

Treatment one Treatment two
(control) (papain)
T-bones - 3.70 2,97
Sirloins 3.68 3.23
Round Steaks 3.82 3.06
Rib Roasts 3.92 3.08
Pot Roast No. 1 3.66 3.63
Pot Roast No. 2 3.80 3.60

*Higher values indicate more desirable flavor.
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Appendix B

List of abbreviations

Adenosine triphosphate ATP
Agricultural Hesearch and Education Center AREC
and others (et allii) et al.
centimeter(s) cm
correlation coefficient r
degrees centigrade °c
degrees farenheit p
degrees of freedom d.f.
kilogram(s) kg
less than <
millimeter(s) mm
percentage %
probability P



