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INTRODUCTI ON

Good slicing quality in meat is a desirable character-
istic not ususlly secured in the canned product. The 1cng‘
‘pracessing time at high temperature during cenning causes
Hchanges to oceur in the muscle fibers and in the connective
tissue so that the meat tends to fall apart and be stringy.
These changes are not well understood and are suitable for
investigation from meny standpoints. For this study some
of the physical aspects of the slicing quality and the

palatability of canned beef have been considered.

The addition of table salt to meat during cooking is
known to affect the flavor. Some experimental work has shown
that immersion of cubes of beef in various brining solutions
prior to cooking improves the tenderness, julciness, and
texture as well as the flavor. Theé hydrogen ion concentra-
tion of meat is & factor of importance in the catalytic
changes that occur during aging of raw meat and during the
cooking or canning process. The lactic acld content of the
meat Influences to conslderable extent the pH under various
storage and cooking conditions. Since substances added to
the surface of meat, unless given a long time for penetration,
tend to affect only the surface portions, 1t was declded to

inject certain solutions into the meat. The substancea



selected for experimentation were sodium chloride, lactic

acid, and a mixture of the two substances.

In oider to have cuts of meat from the same anatomical
position, matching pairs of muscles were separated from the
carcass and divided into cuts. The cuts from one side of the
animal were injected and thosa from the other side served as
eontrols. Four animals of the ssme carcass grade and one
animal of a lower grade were used. After a suitable aging
period the cuts of beef were canned. The processing time for
the meat from thrée of the animals was & period conslidered
to be safe from a bacterioclogical standpoint; a longer
processing, typical of that often used in canning meat, was

unsed for the other two snimals.

The principal characteristics compared in the control
aﬁd in the injected samples follow: (1) slicing quality, as
indicated by number and character of slices obtained, by
weight of unsliceable meat, and by judges' scores for slice-
ability, (2) palatability, as determined by judges' scores for
arome, flavor of meat and of liquid, tenderness, Julciness,
and texture, and (3) microscople appearance of muscle fibers
and connective tissue of the rib portion of the longissimus

dorsl muscle.



REVIEW OF LITERATURE

References to the 8licing quality of beef in the
literature are practically nil, Indirectly this quality has
been considered from the standpoint of tenderness and tex-
ture of various meats. Much of the work pertaining to the
palatabillity of beef is relatsdkto fresh or to frozen beef
prepared by roasting, broliling, stewing, or cooking in deep
fat. Canned beef or other canned meat has been studled pri-
marily in regard to the bacteriological aspects and the
adequacy of processing methods or to the retention of

nutrients.

Considerable attention has recently been directed to
the physleal and chemical changes taklng place in living
muscle and to post-mortem changes cccﬁrring after slaughter

of animals for food.

Structure and Sbmpositian of 8keletal Muscle

In 1ts physical aspects skeletal muscle 1s made up of
bundles of muscle fibers held together with connective
fissue. This arrangement is apparent even to the unaided
eye, but becomes increasingly evident on microscopic examina-

tion. Maximow and Bloom (20) stste that skeletal muscle



fivers are from 10 to 100 or more microns in thickness and
the length 1s ususally shorter than that of the musele. The
boundary of the fiber 1s a transparent film (sarcolemma) and
within it are long parallel threads (myofibrils), interfibril-
lar substances (sarcoplasm), and nuclei. The myofibrils have
a maximum dlameter of 1 to 2 microns and extend parallel to
the long axis of the fiber giving the appearance of longi-
tudinal striations within the fiber. Along the length of
each fibril are alternate dark (A) and light (I) disks or
bands which appear as crosswlse strise in the muscle fiber.
The myofibrils are the contractile part of the fiber.

The connective tissue meshwork of muscle is deslgnated
as endomysium 1f 1t surrounds the fibers within a bundle; as
perimysium if it surroundas the bundle, and as eplimysium if
it forms the sheath around the muscle. Some fat globules
are located within the connective tissue, as are blood and
lymph vessels and nerves. The connective tissue has both
collagenous and elastlic fibers, the former being long,
straight or wavy and containing fibrils, whereas the latter
are usually branched and are lacking in fibrils. Collagenous
fibers usually have a parallel arrangement; the elastic ones
often appear singly. Tendons contain much collagenous tlssue

and ligaments are high in elastlc connective tissue.



Proteins of Muscle

The proteins making up the different parts of the muscle
have received cansiderable‘study. Bail@y (5) refers to
collagen and elastin as extracellular proteins and to the
protein components of the sarcéylaam and fibrils as intra-

cellular.

Intracellular protelns

Bailey (5) states that the fibrils conslist of myosin
{a globulin), & concentrated gel, and that sarcoplasm contains
 some proteins that are globulin-like and others that are
-albuminous in nature. Bate-Smith (6) in 1937 listed four
intracellular préteins, two of which, myosin and globulin X,
were said to be globulins and two, myogen and myocalbumin,
were albumins. He listed the perceniage composition of each
in muscle as the following: myosin, 63 per cent; globulin X,
9 per cent; and myogen and myoalbumin together, 10 per cent.
The isoelectric points were reperted as: myosin, pH 5.5;
globulin X, pH 5.2; myogen, pH 6.5-6.7; and myoalbumin,
pE 3.0-3.5.

Myosin has been studied more extensively than the other
intracellular proteins. Astbury and Bell (3, pp. 696-697)
atate that the patbtern of structure of myosin ls similar to

the keratin of mammalian halr and both belong to the large



group of fibrous proteins, the characteristics of which are
summarized in these words:

.« +» o« that the structural unit of the group

is a 'grid' consisting of long polypeptide

chains crosslinked by means of thelr gide-

chainsg, that the main-chains of this grid are

not normally in the sxtended configuration

but are thrown into & sequsnce of folds trans-

verse to the side-chains, and that when the

fibers are stretched the grid ls pulled out

flat, only to return to its folded configura-

tion when the tension 1s released.
The reversible transformation within the molecule from folded
to extended form is said to be the basis of the long-range
elastic propertles of the flbrous proteins. Astbury and
Dickinson(4) describe the myosin in muscle as being in the
form of long chalin-bundles of submicroscopic slize extending
approximately parallel to the axis of the muscle fiber.
They state that the protein chains are normally in the folded
configuration. They refer to “supercontraction" as the con-
dition thought to exist when & muscle 1s placed in hot water

or steam. More or deeper folds exist.

Astbury (2) reports the following values for the approxi-
mate number of amino acid residues (total 576) in what he
calls the more reliable amino aclids of rabblt myosin:
cyatine/a plus cysteine, 8; mgthienine, 15; serline, 23;
threohina, 21; tyrosine, 13; tryptophan, &; aspartic acid
plus amide, 45; glubtamic acid plus amide, 101; arginine, 27;
lysine, 47; histidine, 7; amides, 57. A small proportlon of
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pbosphérua is part of the permenent structure of myosin. He
emphasizes the packing together of side chains in trisds on
alternate sides of the main ehain énﬁ the alternate polar

and nonpolar arrangement of inﬁividual side chsins., '}ie
states that this kind of structural arrangement 1s in harmony
with the concept that myosin "is both the working elastic
mechanlism in muscle and also & principal enzyme (aéenosine

triphosphatase) in the elastic cycle” (2, pp. 85-88).

Szent-GyBrgyl (33, 34, 35) published work in 1945, 1947,
and 1948 in which myosin is recognized not as a single pro-
tein but as a complex made of two proteins. He assigned the
neme of aetoﬁyaain to the complex, rstained the name of
myosin for one of the proteina, and gave the new name of
actin to the ssecond protein. 3Since actin exists 1n both
globular and fibrous forms, he designated the former as
G-actin and the latter as F-~actin. The complex has both
globular and fibrous forms, G- and F~actomyosin, respectively.
3zent-CGyBrgyl enumerated several physical and chemical
characteristics for each of these proteins. The protein he
called myosin has an isoelectric point of pH 5;2, is soluble
in water gilving a limpid solution, behaves like a globulln
except for solubility in weter, has a tendency to form
threads when sllightly denatured, and is quantitatively pre-
cipitated from watery solution by small concentrations of

neutral salts, suech as XKCl, but the precipitate dissolves



an

again 1f the concentration of salt is inecreased. 1In regard
to the action of myosin with adenosine triphosphate, he
states (33, p. 13): "The ATP adsorption is an exceedingly
labile function of myosin . . ; ." He points out that as K
is adsorbed, myosin becomes more and more capable of binding
ATP also, Ca or Mg aslone in low concentration does not cause
ATP to be adsarbed,:but in the pressnce of KCl they greatly

‘increase the adsorption of ATP.

Actin 1s more stable than myosin, according to Szent-
Gybrgyl (33). 1t has an isoelectriec point of pH 4.7, is
readily denatured by heat, and 1s not precipitated by alkali
salts. The F- and G~ forms have widely different properties
and the transformation from one form to the other 1s thought
to occur in each cgntr&ctian cycle in living muscle. F-
actomyosin ls formed from F-actin and myosin and is described
by Szent-GyBrgyli as "a typleally fibrous collold with very
long particles” (33, p. 24). CG-actomyosin can be prepared by
bringing esbout contraction of the F- form. In explaining the
action of these proteins in nmuscle sction, he plectures acto-
myosin as an elongated particle composed of two parallel
parts, one of which is long and continuous (myosin) and the
ethér of which {actin) is discontinuous and capable of becom-
ing globular. The elongated part shrinks more raplidly than
its pertner, which causes the partlcle to bend into a

eireular shape, He represents the fibril as a spiral rod.
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Thls spiral nature of myofibrils is questioned by Speidel (32)
By the use of striated muscle from the sea spider, and, to a
limited extent, muscles of shrimp, frog, and rabbit, Speidel
wag able to show by means of photomicrographs that the cross
striae in the myofibrils are arranged transversely, not

spirally.‘

'Extracellular proteins

The principal extraeallular or structurel proteins in
muscle are collagen and elastin. The chief characteristics
of collagen, as stated by Bull (11), are the inelasticity at
body temperature, the high content of proline and hydroxy-
proline, the abllity to contract spontaneously to about one-
fourth of its length when heated to about 60°C., long range
elasticity of the contracted fiber while hot, and the spon~
taneous partial recovery of length on lmmersion of the fiber
in cold water after contraction. The thermally contracted
collagen has sn amorphous X-ray diffraction pattern. K
Astbury (2) states that few chemical analyses have been
carried out on pure collagen fibers; gelatin has been ana-
lysed much more extensively. He reports that the X-ray
patterns of collagen fibers and of oriented gelatin have the
same main features but differ in certain details such as high
spacings in true cocllagen that are lacking in the gelatin

pattern. The general molecular plan of the collagen group ls
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a repetition of glycine and imino residues along the poly~

peptide chains at intervals of three residues.

An outstanding characteristic of elastin 1s its elastic
- quality at room temperature. ﬁull (11) states that the
unstretched elastin from ligamentum nuchase has a completely
amorphous éiffraction pattern. Stretching to 200 per cent
extensien results in some orientation of X-ray spacings but
no new spaclngs occur. He mentlons the high proline content

of elastin.

Denaturation Qg proteins

Mirsky {(21) discusses denaturation of proteins in
general, theﬁ considers a Spﬁcial cage, that of denaturation
of myosin. FHe points out that the most frequent signs of
instability of protein, i.e., tendency to denature, are loss
of solubility and loss or impairment of & specific property.
Among the properties affected by denaturation, according to
this author, are: crystal form, solubllity, viscosity,
chemical changes, reversibility, formation of fibers, and
configuration. He states In connection wlith these properties
that many native forms of proteins have been crystallized but
not the denatured forms. ie says that at the iscelectric
point a denatured protein cannot be dissolved in neutral
salts as can native globulins; that denatured proteins are

more viscoua than native ones; the number of SH, 8-S, and
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phenol groups 1s increased by denaturation; and that denatura-
tion is & change from & campaet’te an extended configuration.
Ih writing of the reversibility of denaturatlon, he éitea
evidence that coagulation takes place in two steps, the first
‘being reversible, the second not reverasible, the latter
oceurring at a slightly higher temperature than the former.
Anson (1) enumerates the following agents which can cause
denaturation of protein te ocour: heat, surface action,
ultra-vioclet light, high pressure, organic solvents such as
aleohol, and reagents which can dlzsolve coagulated protein
such as acid, alkalil, urea, detergents, and others., He
states that the molecule of protein opens up and changes its

shape during denaturation.

Variations among Muscles sand among Animals

The manner in which meat is divided intec retall cuts in
the United States often results in the inclusion of several
muscles in each steak, roast, or pilece of meat to be cooked.
Eifférances in tenderness, texture, and other characteristics
of individusl muscles make 1t difficult to secure unifcrmly
well prepared meat. Ramsbottom and Strandine (28) made a
systematic study of some of the physiecal differences among
the major muscles constituting the beef carcass. Although
they were primarily interested in the factors responsible

for tenderness, they reported data on the ldentification,



location, composition, welght, pH, tenderness, and histo-
logical rating of B0 representative muscles in three heifer
carcasses of the same grade. The variation in fat content

of the muscles was found to be from an average of 1.5 per cent
in the extensor carpl radialis of the foreshank to an aversage
of 18.1 per cent for the intercostal miscles. The average
;‘mciature content of the first named muscle was 76 per cent,
whereas the latter contained 62.5 per cent molsture. The
average fat content of all muscles was 5.7 per cent; the
moisture, 72.2 per cent. The average welght of the smallest
mascle studled (sartorius) was 0.4 ponnd;'of the largest
(biceps femoris) 10.2 pounds. Comparisons of tenderness were
made by means of (1) histological rating of collagenous and
of elastlic connective tissue content, (2) shear force of both
raw and cooked beef, and (3) Judges' scores for tenderness of
the coocked meat. The lowest average shear force for a
1/2-inch cylinder of raw beef was 3.8 pounds for the longis-
simus dorsi muscle; the highest, 26.0 pounds for the
cutaneous muscle. For the cooked besf, the average shear
force values varied from 7.1 pounds (psoas muscles) to 16.3
pounds (rhomboideus). Correlations that were statistically
significant were found between the histologlecal rating of

the raw beef and the shear force of the cooked meat.

Prudent (27) used a chemical method for determination of

collagen and elsstin in four beef muscles from each of two



animals. 8he found differences among the muscles and between
the animalé in the percentages of the collagen and elastin
nitrogen in relation to total nitrogen. The dairy cow
(carcass grade Cutter) had a higher collagen nltrogen buﬁ a
lower elastin nitrogen content than the steer (carcass grade
Good). She stated that the muscles of the cow were ameller
than those of the steer and that the fat and connective

tissue of the cow were bright yellow.

Paul (23)‘found a significant difference in the diameters
of muscle fibers'in various muscles as revealed by histo-
logical study. The differences among muscles were highly
significent after the meat was cooked. She grouped the mus-
cles according to dlameter of fibers as follows: smallest,
semitendinosus, psoas major, adductor; medlum, semimembranosus
and biceps femoris; largest, vastli. The gastroonemius muscle
had the largest fibers but they shrank the most, hence did
not fit well into the arbitrary groups. She found there was
no high correlation between the number of muscle fibers per

bundle and the‘tanderness of the meat.

Harrison (18) compared the histological characteristics
of four muscles from three grades of animals and found the
psoas major muscle, which is the most tender of the four, had
slender fibers with distinct cross strise. There was little

connective tissue 1in the psoas muscle compared to moderate or
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large amounts in the others. The muscle fibers of the older
animal were more gnarled and worn than those in the younger
anlmals. Fat located between the muscle fibers was notice-
able in the aged animal. The sections from two animals
contained larger amounts of collagen then sections from the

other two.

Deatherage and Hersham {15) found differences in the
initial tenderness levels of beef céttle as revealed by
Judges! scores for tenderness of broiled steak the second or
third day after slaughter of the animals. Paul and McLean
(25) used roasts from veal calves of three different carcass
welghte, approximately 50, 125, and 200 pounds. After roast-
ing to internal temperatures of 71°, 77°, 82°, or 88°C., the
cuté from the smallest anlmal were judged to be the most
tender, even though this meat had no apparent intramuscular

fat and very little fat between the muscles.

In another phase of the study Paul and MelLean (26)

- observed variations in\the histological structure of the
muscles from the hind quarter of veal. Differences in amounts
of connective tissue and in size of fasclcull were marked.

The semitendinosus and the blceps femoris muscles were judged
after cooking as the juleiest of the muscles studied. The
former of these muscles (Jjudged to be tender as well as

juicy) had much connective tissue with abundant elastlc filbers
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and the fascicull were medium in size. The latter muscle had
thick masses of connective tissue In the perimysium but most
of the fibers were collagenous rather than elastic. The
semimembranosus was described as the drliest and one of the
toughest of the muscles studied. The connective tissue was
relatively small in amount and most of the fibers were of

the collagenous type.

Influence of pH

According to Fenn and Maurer (16), the pH of intercellu-
lar fluide in living tissue (frog muscle) is 7.3 to 7.5 and
the pﬁ of the interior fibers is 6.9 or lower. They state
that post mortem a pH of 5.6 to 6.0 is common and a value of
5.3 18 possible. PRate-Smith (7) states that he found a range
of pH values of 5.36 to 5.80 for the paocas muscles of beef
from 25 carcasses and & range of 5.5 to 6.0 for the pH of
thigh muscles from 6 other beef‘animala. He makes the state-
ment that a variation in pH between 5.4 and 6.0, except for
occasional values outside this range, may be expected for
beef in full rigor. Ramsbottom et al. (29) in their study of
25 representative beef nuscles found & rangse of pH values
from 5.5 to b.8. In a later work on 50 beef muscles,
Kamsbottom and Strandine (28) reported a range of 5.5 to 6.0

and an average pH of 5.7.
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Hall, latschar, and Mackintosh (17) in studying the
‘problem of "dark cutting" beef found this kind of beef to
have an abnormally high pH. Among the other characteristics
observed were "low glucose, practically no glycogen, high
inorganiec phosphate, low oxidation potential, and rapid
oxygen uptake" (17, p. 8l). They give the value of pH 6.4
as characteristie of black beef and 5.4 for light beef. They
found approximatély 900 milligr&msvlacbia acld per 100 grams
bright rib eye meat having & pH of 5.50, whereas the addition
of approzim&tely 450 milligrams of lactic or pyruvic acid was
required to bring the pH of 100 grams of beef rib eye from
pH 6.50 to 5.50. They conclude that the difference of
primary importance between ﬁright and dark beef 1s the
difference in the amount of lactic acid present. They say
the cause of-dark cutting beef appears to be a deficiency of

glycogén in the tissues at the time of slaughter.

Winkler (39) was able to show a relationship between
the color of beef and its pH. He injected samples of minced
pork and of beef with solutions of dilute lactic acid or of
ammonia, stored the samples at 0°C. for 3 to 5 days, and by
means of a color comparator determined differences in color
and in the scatter of the wave bands. Choosing the curve
for the scatter of the red band for pork as typical (although
the pH curve for beef is sald to be simlilar), he points out

that from pH about 4.5 to 5.5 the meat becomes lighter



and beyond 5.5 darker in color. In another phase of the study
Winkler (40) teated the work required to shear raw beef and
pork samples (loin of beef from three animals) in which the
pH valuea had been adjusted by injectlion of lactic acid or
ammonlia solutions. He coneluded that the "addition of
sufficient lactle seld or ammonia to raw pork or beef made
the méat more tender" {40; p. 13). He pointed outla greater
variability in tenderness in beefl from different animals
than in pork, even though the samples were at the same pH.
Bate-Smith (7) in reviewing the significance of pH in
the ripening of bsef enumerates these characteristics of meat
at the upper end of thé pH range: dark color, slimy or
sticky feel, flabbiness, juice not readily expressed, high
electrical resistance; ssalt does not resdily pane;rate it
from curing plckle. He refers to them as defects in the
meat and bellieves they are related to the substance of which
the fibrils of the musclie 1s compossd. The main protein
constltuent, myosin, has an isoelectric polint a little above
pH 5.3 at which point there ls minimum of swelling. ke
describes the myosin of living muscle as a weak jelly, and
states that as the pH falls this jelly shrinks; at pH 6.5 to
6.0 the flbrils shrink apart and scatter light. He attributes
high electrical resistance and high pH to swelling of the
fibers and the accowpanying narrowness of the channels through

which ions can move freely. The stickiness at high pH's he
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says 1s due not only to swelling of the fibers but also to

some dissolution of myosin.

Post-mortem Changes during Aging of Beef

The outstanding change which occurs soon after siaughter
of the animal is a stiffening of the muscles, i.e., the
development of rigor mortis. Bate-Smith (7) in‘wéiting of
rigor mortis and aging of beef relates rigor to'glﬁcolysia
and the breakdown of adenosine triphosphate. The lactic acid
produced from the glycegen aaidifiea the muscle so that’tha
pH steadily falls from near 7.4 as circulation stops. He
emphasizes that the production of acid is not the cause of
rigor mortis even théugh a change in pH greatly affects the
physical characteristics of myosin. He states (7, p. 7) that
"when sufficient acid is produced, rigor always sets in when
the muscle reaches a pH in the neighborhood of 6.3." The
removal of adenosine triphosphate from muscle is cited by him
as the immedlate cause of the stiffening in muscle during
rigor. He does not state how rigor is resolved, but says
(7, p. 33):

| The actual c¢suse of the increase in ﬁender—
ness during the ripening process has not been
elucidated. The most likely theory is that it

is due to proteolysls by tlssue proteinase,
such as cathepsin.

Paul, Lowe, and MeClurg (24) noted a difference in the



fat of roasts cooked without storage and of those aged 1 day
or longer. In the former the fat was soft and oily, whereas
the fat of the latter was firm and brittle. The surface of
roasts stored for O or 1 day was dry; those stored 2 and 4
days were moist; by the 9th day molisture collected in the
paper about the roasts but the surface of the meat was fairly
dry; and at 18 days the surface was sticky. The roasts
cooked without storage developed rigor during the roasting
process, with the exception of the psoas major whiech had
become stiff before 1t was put into the oven. The psoas was
‘out of rigor by the tiwe the roasting was completed, but the
other muscles were stiff, hard, and very difficult to cut.
The authors (24, p. 224) dascfibe the‘éroeedure of trying to
cut the meat in rigor aé "similer to cutting & rubber cork.”
The stored roasts were out of rigor when cooked and the
tendernesg increased up to the 9th day of storage. With 18
days of storage the results were variable. Deatherage and
Harsham (15) compared the tenderness of beef at various
intervals of storage up to 41 days. They found a falrly con-
sistent tenderizing effect with increased storage up to 17
days; after that time some carcasses continued to Increase
steadily invtanderness and others became more tough at one

or more of the aging periods.

Harrison (18) compared the tenderness of three grades of

beef after aging periods of 1, 2, 5, 10, 20, and 30 days.



- 20 -

The average scores for all roasts indicated a gradual increase
in tenderness as aging progressed, with the greatest increase
cceurring in the first 10 days. For indivlidual muscles the
relation of tenderness to time of aging was not always linear.
She studled the histological structure of muscles at the
éifferent storage perlods. Disintegration of muscle fibers
was evident at about the 10th 8ay of storage in three of the
four animals and became increasingly evident at the 20th and
30th days of aging. This disintegration was described as
congisting of destruction of £he strise in strips of the

mascle fibers, resulting in increased fragility of fibers.

Prudent (27) analyzed samples of meat‘fram two of the
animals of Harrison's study to determine the amount of chemi-
cal breakdown occurring in collagen and elastin during
storage of the mest. §She found that the length of the stor-
age perlod had little if any effect on the degradation of
collagen and elastin of the muscles studied. The tenderiz-
ing effect which had occurred, as shown in the findings of
Harrison (18), could not be explained on the basis of the )
degradation of collagen and elastin during atarager«~mﬁﬁﬁé’&? foe

The length of the storage period has an effect on other
factors of beef than tenderness. Paul (23) reported an
increase in electrical conductivity with storage. Juiciness,

as indicated by judges! scores, gradually increased with

storage time; the amount of press fluld dropped markedly from
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the 2d to the 9th day of storage, then rose to a high figure
at the 18th day. The aroma scorss increased up to 9 days,
but dropped after 18 days of storage. The flavor of fat
became less desirable with the Incressed length of storage

period; by 18 days it had developed rancidity.

Paul measured the pH of raw beef from various muscles
during aging periods of 0, 1, 2, 4, 9, and 18 days. She
states that the changes during storage followed the usual
pattern, namely, "a drop followed by & slow rise"™ (23, p. 69).
The changes ln pH during storage wers computed to be highly
slgnificant and the differences between muscles %o be
significant. The muscles having the highest pH were also
sald to have had the strongest odor of any of the aged roasts

before cooking.

Harrison (18) reported ascidification of muscle post
mortem and described the chenge as rapid during the first 1
to 2 hours. There was & slow rise in the pH of the muscles
during storage. The average values for all ﬁuscles for 1, 2,
5, 10, 20, and 30 days of aging were 5.47, 5.45H, 5.47, 5.49,
5.51, and 5.88, respsctively.

The weight lost by roasts during various aging periods
was determined by Harrison (18). The loss was greatest for
the meat from the carcasses graded Good; Iintermediaste, for

the meat from the carcass graded Commercial; least, for that
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from the carcass of Cutter grade. The roasts lost slightly
more welght as the aging time Increased. HNusecles differed

In the amount of weight lost during aging.

Changes during the Cooking of Beef

The changes that ocecur during the cooking of beefl are so
complex that it 1s very diffiecult to determine the role of
the individual factors. Some studies have been made of the
effect of heating on portions of énimﬁl tissue composed
principally of eollageﬁoua or of elastic tissue, l.e., of

tendons and of ligaments, respectively.

Chenges In tendons and ligaments

Barrison (18) used strips of tendon from around the
anterior end of the longissimus dorsl muscle and from the
Achilles tendon. The strips were heated 1in distilled water
at 60°, 65°, 70°, and 95°C. for periods varying from 15
seconds to 30 minutes. She reported & progressive decreése
in length of tendons as the temperature was increased. With
increased length of time of heating, the length was found to
decrease in the first stages, with no further shortening
occurring as heating was continued. Softening occurred that
was evident in the lower shear force values for the heated
than for unheated samples. Strips of ligamentum nuchse were

heated in distilled water at 70° and at 95°C. for 30 minutes,
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and for 1 and 2 hours. The strips became thicker and wider

on heating than when raw. They tended to decrease in length
with cooking but the changes were small compared to those in
the tendons. Considerable variation in results was noted
among animals and even among samples from the same animal.,

The shear'forea values for the 1igements heated at 95° or 70°C,
showed evidence of a tenderizing effect on the elastic tissue.
This is contrary to the beliefl that cooking does not affect

elastic tissue.

Ramsbottom et al. (29) compared the relative tenderness
of raw connective tlssue from the Infraspinatus and biceps
femoris muscles and found that more than 120 pounds (the
capaclity of the shearing devica) were raqﬁirad to shear lt.
After cooking, the force required was 21.5 pounds. Yellow
elastic tissue (ligamentum nuchae) had a shear force value of
81.1 pounds raw and 42.3 pounds cooked. Fatty tissue improvéd
materially in tenderness during cooking irrespective of the
content of connective tissue. The rectus femorls muscle
increased in toughness on cooking. Hence these suthors con-
cluded that factors other than connective tlssue and fat
have a considefable effect on tenderness of meat. They state
that coagulation and denaturation of protein are among the
factors which have a greater negative effect than the positive

effect of partial hydrolysis of collagen.



Changes in meat

Ramsbéttam and Strandina (28) tested the theory that
cooking tenderlzes beef. In thelr study of 5O representativs
 mnsc1es from three heifer carcasses gradéd Good, they found
that cooking the meat to‘an intarnal‘temperature of 76,7°C.
(170°F.) in lerd at 121.1°%. (250°F.) resulted in shear force
values that wers higher than for the raw meat for 35 of the
50 muscles. These results indicated a decrease in tenderness
with cooking. Ramsbottom et al. (29) reported that in pre=-
liminary tests the beef cooked in lard at 121.,1°c. (250°F.)
cooked more quickly to 170°F. than in the oven at 162.806.
{525°F.). The oven-cooked meat was conslistently more tender
and had less variability between muscles than the meat cooked

in deep fat.

Cover (12) studied the effect of extremely low rates of
heat penetration in relatlion to tenderness of beef. Two oven
temperatures were used, 80°. (176°E) for the experimental
roasts and 125°C. (257°F.) for the controls. She found that
the well-done stage as judged by subjective methods was
reached at an internal temperature of 70°C. for the experi-
mental roasts compared to an internsl temperature of 80°C. for
the control roasts. Similarly, the rare stage was reached at
58° or 59°C. with extremely slow roasting and at 63°C. with |

rossting at 125°C. A4 very much longer time in the oven was
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required at 809C. than at 125°C. to reach a gilven internal
temperature. The roasts cooked slowly were reported to be
more tender by &ll measures than those cocked at the higher
temperature, w1thout exception, the roasts whiech required as
‘mueh aé 59 houfs (in the 80°C. oven) to lose their pink color
~were tender, but the rossts cooked a shorter time (in elther
oven) were not always tender. Roasts from the extremely slow
oven lacked the usual plump appearance; those cooked to the
wallnéona stage were so tender as to offer no resistance to
cutting or chewing and the texture was described as mealy or
powdery in the mouth. - The actual molsture content was not

determined, but the meat seemed dry as it was chewed.

In the study of veal roasts cooked in ovens at 163°C;
(325°F.), Paul and Mclean (25) found that in general the
color and the palatability factors (flavor, texture, and
tenderness) improved with each increase of internal tempera-
ture (71°, 77°, 82°, and 88°C.) for the three slzes of
animals. Julciness decreased with increased internal tempera-
ture. Cooking losses and the cooking time increased as the
internal temperature was increased. The amount of soluble
nitrogen in the meat, contrary to the trend expected if
collagen 1s changed to gelatin, showed a decrease from the
raw meat through the various stages of céaking. The histo-
logical changes observed in the connective tissue of the

cooked veal were of two types: (1) an apparent swelling or
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"spreading” of the collagenous fibers particﬁlarly in the
semitendinosuas muscle, but no change in the elastlic fibers,
and (2) a disruption in the fine connective tissue sheath
(endomysium) of the individual muscle fibers. Both of these
changes would contribute to inereased tenderness in‘the meat.
They further point out that there was some evidence of disrup-
tion in the sarcolemma of the muscle fibers during cooking.
Thls was shown aé & change in the edges. of the muscle fibers
from a smooth, straight appesrance in the raw veal to a rough,
irregular outline iﬁ the rossted meat. The stalning reaction
of the cooked connectlive tissue was observed to be less
intense than that of the raw tissue. These suthors describe
in some detail the distribution and character of the collag-
enous and elastic tissue in each of the several muscles

- studled. (See Paul and McLean, 26.)

Bell et al. (9) used a chemical method for measuring the
tenderizing effect of cookling on meat. For bsel boiled in an
excess of water to 85°C., they reported a conversion of col-
lagen to gelatin to the extent of about 22 per cent. The
percentage of protein represented by gelatin in the raw meat
was 10.86 and that in the cooked meat was 8.37. Prudent (27)
secured results of an opposite nature. She found by chemical
determinations that cooking to 70°. by immersion in fat at
96° to 98°C. resulted in little 1f any changes in the

collagen and elastin content of the muscles studied.

P
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The pH values for cooked meat have been reported to be
slightly higher than for uncooked meat. Harrison (18) found
average pH values of 5.786, .74, 5.77, 5.78, 5.73,'and 5.87,
raép@ctively, for the cocked roasts aged for 1, 2, 5, 10, 20,
and 30 days. Bendall (10) cooksd beef at 100°C. for 1 hour
and found considerable shift to the alkaline side.

Arome and Flavor of Beef

Crocker (14) hes made a critical eanalysis of the flavor
of unaged beef and of the influence af boiling and of low-
temperature heating on the flavor. le states that the flavor
of raw meat is mostly in the guice,‘nat the fiber, and that
the flavor is "weak, sweetish, salty and generally blood-like"
(14, p. 180). BEe says that most of the flavor of cooked meat
comes from the meat fiber. He describes the flavor of cooked
beef in these words (14, p. 180):

This meaty flsvor, typical of cold roast

beef or pot roast, was apparently due to vola-

tile substence detected by the sense of smell,

even though chewing wae needed to release 1it.

It was fragrant, moderately acidic, only

slightly burnt, and distinectly caprylic. It

waa definitely sulfury.
He says that cooked meat flavor is essentially an odor, for
only a trace of sweetness was evident when the nostrils were
held. Some astringency in the mouth was noted. The effect

of length of time of boiling was studied and the flavor of

cooked beef was found to increase up to 3 1/2 hours of
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boiling, whereas after that time a gradual loss of flavor
ocourred. Beel bolled in a clitric seid solution (2 per cent
strength based on the weight of the meat) had an acetic-like
odor and capryliec flavor resembling corned beef. The pH of
the raw beef was 6, that of the meat cooked in citric acid
gsolution was 3.5. DBeef bolled iIn 1 per cent sodium bicarbon-
ate solution devalépad a pH of 8.87 and was sald (14, p. 180)
to h&ve "an aminiec and sulfury odor, suggestive of both clams
and eggs, with some piperidine evident" and the taste was
describsd as "very weak." Beef bones were found to contrib-
ute almost no flavcf but gave gelatin and tallow to
preparations. Marrow and tissue fats were sald to contribute

little meat flavor.

Effect of Added Bubstances

 In some preliminary investlgations Salr and Cook (30)
observed & relatlionshlp between the amount of drip from meat
(prior to freezing) and the pH of the tissues. They declded
to extend the study of this relatianahig by artificially
adjusting the pH of meat samples. They injected 20 milli-
liters of lactie seid or emmonium hydroxide of suitable con-
- eentration into 800~ to 900-gram pleces of pork, beef, and
matton with a calibrated 5-milliliter hypodermic syringe.
The injections were made at numerous uniformly distributed

points. Those samples not requiring an adjustment of pH were
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injected with 20 milliliters of distilled water., After
storage of the injected samples for 3 days at 0°C., the sam-
ples were minced and divided into experimental lots, some to
- be frozen and others to be left unfrozen as controls. These
investigators found & marked relation between the amount of
drip and the pH af the meat. The maximum drip was aht&ined‘
between pH 5.0 and pH 5.2 for all three kinds of meat. They
plotted curves for the drip from the frozen {(total) and un-
frozen (control) samples. The curves descended slightly on
the acid side to pH 4.4 (the lowest pH wvalue tested) and also
descended, but more sharply, on the alkeline side to about
pH 6.4. At pH 6.4 the difference in the drip from the con-
trbl and frozen samples (net drip, difference between amount
for control and frozen samples)} became zero and the amount of
drip was very small. The ahapﬁ‘of the drip curves was nearly
identical for the three kinds of meat, but the quantity of
liquid exuding from unfrozen beef was slightly less than the

amount from pork or mutton.

Snyder (31) studied the effect on cooking losses of the
addition of salt to the surface of beef roasts before roaste
ing and of the addition of salt to beef stew before cooking.

She reported the formation of a crusty outside layer and a
‘psn@tration of salt flavpr'ta the depth of less than 1/2 inch
bélow the surface of the roasts. There was a development of

gray color within the meat which corresponded to the depth of
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penetration of salt flavor. Eﬁ the case of the stews there
was sald to be no texture or color differences lIn the salted
and unsalted cubes, but there was an improvement in flavor

~ due to the addition of salt.

Crain (13) and Tofte (37) treated 3-inch cubes of beef
with three types of brining solutions: (1) salt, 10 gm. to
100 ce. water, (2) vinegar, 25 ec. to 75 cc. water, and (3)
"salt and sugar, 7.5 gm. of each to 100 cec. water. After
standing in the brining solution for 72 hours in the refrig-
erator, the‘cubearof maaﬁ were seared, then cooked in covered
stew pan or Dutch oven to an interior temperature of BOSDP.
(200°F. in the case of the vinegarutraatad meat). The brined
samples galned in welght prior to cooking; the controls lost
welght. Cooking losses were higher, however, for the brined
than for the unbrined samples. The vinegar-treated meat had
a lower pH than the controls, but the difference was more
&érkad in surface samples than in those from the 1ntefiar‘
The pH values were generally high&r for cooked than for raw
meat, Tofte reported law'pﬁisxfar vinegar-treated samples
even after cooking, but Crain found no significant differ~
ences after cooking due to vinegar treatment. All three
“brining ti@ahmenta resulted in tenderization of the meat,
except for one animal reported by Tofte, the meat of which
was maderataly tender before brining. The judges generally

- preferred the brined meat to the controls in flavor and in



Julciness, but the differences were much greater for salt or
salt-sugar treatment than for vinegar. Scores for aroms were
variable but in general were slightly higher in brined than

in control samples.

Both investigators (13, 37) described color changes in
thd brined samples. The ?inegar~tvaateé meat became purplish
gray in the outer portions and was dark on cooking; salt-
treated mesat was slightly gray. Many samples immersed 1in the
salt or the saltw-sugar solution developed lridescence on the
surface; only a few control or vinegar-treated samples had
this characteristlic. Brined samples failed to develop a
brown exterlor during sséring. Tofte (37) sﬁuéied the histo-
logieal efféat of brining the beef cubes. She found a
decresse in the distinctness of outline of‘the muscle fibers
and decreased clarity in differentisl staining of connective
tissue and muscle fibers as & result of the brining treat-
ment. In the slides of ebmkad meat the collagen was barely
apparent; the slastin showed no perceptible changs. The
amorphous appearance of'brined meat and the differences
between surface and interior samples of vinegar-treated meat

were less marked after coocking than while raw.

Bate~-Smith (8) reported the use of phosphate solution
to aid in tenderization of beef. The concentration glving

the greatest effect was 0.2 M, but aﬁ appreciable effect was
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noted with & fourth of that concentration. A suitable mixture
of mono- and di-hydrogen phosphate to give a pH value between
6 and 7 was used. The additlon of concentrated mesat stock'
from previous cooking was recommended by this investigator as
an alternative method of securing a tenderizing effect. Lowe
(19) describes short atudiﬁs in which 0.2 M and 0.4 M mixtures
of NaHoPOy and Nap HPO, were added to stews or in which the
beef was brined ln the phosphate solutions. The addition of
broth to stews was alsé studied. Kesults for any of these
treatments varied with the size of the beef cubes. In small
cubes, the salt solutlon penetrated a larger proportion of

the cube and tenderizing occurred. There was less effect on
large cubes. The flavor of the treated samples was generally

preferred by judges to that of the meat left untreated.

The immersion of cuts of beef in solutions of calecium
chloride was also reported by Lowé {19). The lower concen-
trations (0.1 M end 0.2 M) had no appreciable effect on
shearing strength, press fluid, or the qualities tested sub-
jectively. The higher concentrations (0.4 M and 0.5 M)
imperted a bitter flavor. Some welight gains and a higher
content of calcium in the brined than in the unbrined meat
were found, but the differences were less marked ln cooked

than in raw samples.
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Canning Procedures

Pirectlons for the commercial preparation and process-
ing of various frults and vegetables are available in the
literature, but the references for commercially canned meats
are very limited. A bulletin of the National Canners Asso-
ciation Research lLaboratory (22), which ocutlines canning
methods for several low-acld foods in metal containers, pro-
vides no time or temperature tables for msat and meat prod-
ucts but refers the reader to directions from research

laboratories connected with the canning industry.

The Bureau of Human Hutrition and Home Kconomlcs (38)
has published a bulletin for use in the home canning of meats.
The directions for the raw packing of beef, veal, pork, or
lamb as large pieces include the following selected points:
trimming away excess fat, placing pleces of meat in the cans
with the grain of the meat running lengthwise, filling tin
cans to the top with raw mest, preheating the open cans of
meat in waﬁer extending to about 2 inches below the rim for
a period of about 50 minutes in tin cans or to 170°F. for the
meat st the center of the Jar, sealing tin cans, and process-
ing at once in a steam-pressure canner at 10 pounds pressure
(240°F,) for 65 minutes for number 2 tin cans (75 minutes

for pint and 90 minutes for quert glass jars).
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A techniecal bulletin by Toepfer et al. (36) reports the
findings from experiments in processing inoculated packs of
low-acid foods by home canning methods. Recommendatlons were
formulated for varlous foods in certain sizes of cans based on
the date from the heat penetration studies. For pork and beef,
the recomnended processing temperature is 240°F. and the time
periods for certalin sizeé of canavar@ the following: beef in
quart jars, 90 minutes; pork in quart jars, pint jJars, number
3 or number 2 1/2 cans, and number 2 cans, respectively, 90,
90, 75, and 65 minutes. These investigators point out that
the processes may be more severe than necessary for home
canning, but no reduction is advisable until sufficient date
on heat resistance and thermal-death-time curves of spoilage

organisms in food medla are available.



EXPERIMENTAL PROCEDURE

Preliminary Investigations

In the preliminary part of the study, several differsnt
substances were tested for thelr effect on the slicing
quality and palatability of canned besef.- Sclugicns of phos-
phate, of chloride, and of secld in various concentrations and
mixtures were used, aﬁé the injected meat was stored for
different lengths of time before canning. For example, a
solution of mono~ and di-sodium phosphate in 0.1 M and 0.2 M
concentrationa was used for injection of beef cuts and the
meat was aged for 4, 9, or 14 days. Some other sclutions
tested were sodium chloride and a mixture of sodium echloride
with lactic acid or with mono-sodium phosphate for three
different aging periods. A few cuts of meat were injected
with calcium hydrogen phosphate solution or with this sub-
stance in combination with sodium ehloride. A few experiments
were done ln whilch the solution used for Injection was one of
the following: ascorbice acld, ascorbic acid and sodium

chloride, or ascorbic acid, sodium chloride, and lactic acid.

Little or no improvement in slicing quallty was noted
for injected samples in comparison with control samples with

phosphate or ascorbic acid treatment. Samples treated with
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sodium chloride, even though they showed no improvement in
sliceability, were found to be much more tender than the
controls. An improvement in the texture of the meat was
noted and the flavor was more deslirable than in the untreated
samples. Sodium chloride-lactlic aclid-treated samples showed
slicing quality that was slightly lmproved or similar to that

of the control samples without impairment In palatabllity.

On the basls of these preliminery findings, the treat-
ments selected for further investigation were the use of the
following three kinds of solutions for injection of the raw
beef prior to aging and canning: (1) sodium chloride,

(2) laectic acid, and (3) a mixture of sodium chloride and

lactic acid.

Selection of Animals

Five animals were used 1in the study after a period in
which meat from the same number of animals had been used in
preliminary investigations. All the animals were procured
by the Animal Husbandry Department of the College. Four
animals were steers of beefl type purchasgd from a farmer nesar
Ames, and the fifth was an aged dairy cow purchased from
another farmer. The four steers were identified asyﬁnimals
Vi, VIiI, ViIIi, and IX, respectively, and the cow, as Animal X.

The carcass grade of each of the steers was Commercial and
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that of the cow was Cubtter in accordance with U. 8. Government

gtandards.

‘Slaughter of Animals, Separation of Muscles,
and Division into Cuts

Each of the animals was alaughtered in the Animal Hus-
bandry abatto}r by E. A. Kline, Instructor in Animal Husbendry,
~and Julius T. Jensen, Meat Laboratory Assistant, or by stu-
dents under thelr direction. The carcass was divided into
halves and the two sides of beef were allowed to hang in the
cooler at 34° to 36°F. until the following day. The sides of
beef were divided into quarters between the 12th and 13th ribs
and matching pairs of musslea were separated frdm the carcass.
Belle Lowe, Professor of Feoods and Nutrition, Alma R. Plagge,
Hesearch Associate, and the author ssparated the muscles from
the carcass, divided the muscles iInto cuts, and carried on
the preparatlion of the meat for canning and subseduent

testing.

The muscles selected for use because of thelr suitable
sige, shape, and structure were the following: (1) longis-
simus dorsi, loin portion, (2) longissimus dorsi, rib portilon,
{3) psoas major and psoas minor, (4) semitendinosus,

(5) semimembranosus, and (6) biceps femoris.

Before division Into cuts, the extraneous fat and heavy



connective tissue were trimmed from the muscle. From three
pogltions wlthin each muscle, small samples of meat were
taken for hilstologlcal and for pH determinations. The loca-
tion of each position is indicated in the diagram of the
respective muscle (Flgures 1, 2, 3, 4, and 5). The approxi-
mate size of each histological sample was 3 ecm. X 1 em. x 1 om.
The sample was cut in half crosswise and the two piecsa were
plaesd in an individual bottle of formalin-physiological salt
solution for fixation. E¥ach sample for pH determination was
cut to a weight of 10 grams, wrapped individually in
moishure~vapor-prco£ cellophane, and frozen at -30°F. to be

kept for later assay.

The size and general shape of the besef muscles used in
the study were suited to canning 1n the number 2 size of tin
can (diameter, 3 7/16 inches; height, 4 9/16 inches). Some

advantages were that g@ieag‘af‘meat approximately the slze of

the container could be éut from the muscles, the canning
procedures could be carried out tc advantage, and suitable
samples for tesating could be secured from the canned meat.
For the experimental work of the problem, cuts of beef were
needed which would be large enough to fit the container
after removal of pH and histological samples and which would
provide for losses in welght during aging. By dividing each
of the smaller muscles into three parts and the larger

muacles into six parts, pleces of approximately the desired
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Cuts of beef for canning.

Histological and pH samples,
respectively, from muscle
before division into cuts
and after agling one day.

Histological and pH samples,
respectively, from beef
cuts aged elght days.

Histologlcal and pH samples,
respectively, from canned
beef.

Slices for scoring by judges.
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Figure 2. Psoas Major sand Psoas Minor Muscles.
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Cuts of beef for canning.

Histological and pH samples,
respectively, from muscle
before division into cuts
and after aging one day.

Hlstolegical and pH samples,
respectively, from beef
cuts aged eight days.

Histologlcal and pH samples,
respectively, from canned
beef.

8lices for scoring by judges.
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Figure 3. Semitendinosus Muscle.

A, B, and ¢ =~ Cuts of beef for canning.

a and b - Histologlcal and pH samples,
respectively, from muscle
before division into cuts
and after aging one day.

c and @ - Histological and pH samples,
respectively, from beef
cuts aged eight days.

e and f - Histologlcal and pH samples,
: respectively, from canned
beef.

g, h, and 1 =« B8lices for scoring by Jjudges.
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Figure 4. Semimambranesua Muscle.

A, B, C, b,
- E, and F

Cuts of beef for cenning.

a and b «~ Histological and pH samples,
respectively, from muscle
before division into cuts
and after aging one day.

e and 4 =~ Histologleal and pH samples,
respectively, from beef
cutes aged eight days.

e and £ - Histological and pH samples,
respectively, from canned
b&af .’

g, h, and 1 8lices for scoring by judges.
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Figuré 5. Biceps Femoris Muscle.

A, B, ¢, D,
E, and F =~ Cuts of beef for canning.
a and b -~ Histological and pH samples,

respectively, from muscle
before division lnto cuts
and after aging one day.

¢ and & ~ Histologlcal and pH samples,
respectively, from beef
cuts saged elght days.

e and f - Histological and pH samples,
‘respectively, from canned
beef.

-

€ h, and 1 Slices for scoring by judges.
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size were obtalined. The pleces were trimmed to approximately
600-gram welght (600 to 610 grems). When the plece was
élready smaller than the desired weight (in only a few cases),
a éacond piece or "filler" of meat from the aame’animal was

included to make a sultable total weight.

The welght of each of the matehing cuts of meat, trimmed
to ﬂizs as indlcated, was recorded and each cut was labeled
to Indicate sample number and orientation within the muscle.
Glass beakers of 600-mllliliter capecity had been provided
for storage of the individual cuts of meat. The piece of
meat in each case was put into the beaker so the anterior
(or proximal) end was uppermost. Control samples (those from
the left side of the carcass) were covered with moisture-vapor-
proof e¢ellophans held 1n place with a rubber band, and were
placed 1in the cooler at 34° to 36%°F. for aging. Samples to
be injected (those from the right side of the carcess) were
placed 1in the beakers and the Iinjection was earried out, as
described in another part of this paper, wlth the beaker
serving as container for any solution that separated from the
meat. The control eamples’were left uninjeocted so they would

be representative of beef as it is usually canned.
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Injection of Cuts of Meat

Equipment

The needles used for injection of the meat were made at
the College Instrument Shop and consisted of 4 hypodermic
ﬁaedles\meunt@d 3/4 inch apart in the shape of a square.

Each needle was approximately 3 inches long and had a bore of
spproximately l/lﬁ\inah. The instrument was screwed into the
nozzle of a pressure pump (one regularly used by the Animal
Husbandry Dapartmant for injecting hams and shoulders of
pork). The pressure exerted by the pump was 30 pounds per
square inch when the hand-control lever was pressed to the
limit. By insertion of & wedge below this lever, the device

wasg operated at a pressure slightly under 30 pounds.

Solutions used for injection

Three kinda of solutions were used for Injection of the
meat. The sodium chlorlde soclution was made in 15 per cent
strength by using the proportion of 150 grams of chemically
pure sodium chloride made to 1000 miliiliters with distllled
water. The solution was stirred until the salt dissolved
and was then filtered. Salimeter and temperature readings
were taken. In each case the tempersture was 22°C. (71.6°F.)
and the salimeter reading showed a saturation of 51 per cent.

(According to the statement on the instrument, 100 per cent



saturation equals 26.395 per cent sodium chloride, and the

instrument is calibrated to show the aaturation»at GOOF.)

The laetic acld solution was made by adding lactic acid
(85 per cent strength) to distilled water until the solution
:gave’readings’of pH 3.4 when tested with’the pH meter. Very
small amounts of lactic acid were asdded aﬁ one time and
repeated readings were taken until the desired pH had been

reached.

The solution eontainiﬁg a mixture of sodium chlofide and
lactic’agid was made by using & portion of the 15 per cent
sodium chloride solution already described ahd adding very
small amounts éf lactic acid (85 per ean£ strength) to it
until repeated readings of the pﬁ’mater indicated a pH of 3.4

for the solutlion.

The quantity of each of the three solutions made for the
treatment of the meat éamplea from each animal was 3500 milli-
liters (approximately 1 gallon). The solutions were stored
in glass jugs in the refrigerator at 4°C. for 1 or 2 days.
Several hours prior to use for injection of samples, the
containers of solution were removed from the refrigerator and

sllowed to come to laboratory temperature (17° to 19°C.).

YMethod gg injection

As has Dbeen stated, beef cuts from the right side of the
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carcass were Iinjected and the matching cuts frem'the left side
were used uninjected as controls. 8ince three or six cuts

had been secured from each muscle, 1t was possible to treat
one cut from each muscle, or two cuts in the case of the

large muscles, with each of the three soclutions. For Animal
Vi, the particular cut from each muscle to receive a particu-
~lar kind of treatment was determined by random selection; for
succeeding animals, the order was rotated. The design for

treatment of the cutaz from each animal is shown in Tsble 1.

Preliminary experiments had indicated that injectlion to
approximately 10 per cent increase 1In weight per cut would be
a sultable working standard. Since the samples had been
trimmed to welghts within the‘range of 800 to 610 grams, it
was declded to injJect the samples so that the weight of sample
plus injecting solution waes 60 grams above that of the sample
itself. Preliminary work had also shown that even though the
liguid was injected into the meat, some of it tended to flow
from the cut surfaces. By having the pilece of meat in the
beaker while it was being injected and during subsequent
storage, thils 1i§uid was held in close conﬁact with the meat,

even though all of it dld not stay within the Interior.

With the beaker of meat resting on one pan of & labora-
tory balance and weights sufficlent for a 60-gram increase on

the other pan, the 4-needle hypodermic instrument was inserted



Table 1. Design for Inj}ection of Beef Cuts. Position of
sample in muscle is 1ndieated in Figures 1, 2, 3,

4, and B.
beéium | L&ﬁtie Sodium chlorids
Animal chloride acid gnd lactic meid
no. Posi~ Sample Posi- Bample Posi~ Sample
tion no. tion 0. tion no.

Longissimus dorsi, loin portion

VI A le2 B 163 ¢ 164
Vil ¢ 188 A 186 B 187
Viix B 211 C 212 A 210
IX A 254 B 235 G 236
X c 260 A 258 B 259
Longlissimus dorsi, rib portion
VI c 187 B 166 A 166
VII A 189 c 191 B 190
VIII B 214 A 213 c 215
IX c 239 - B 238 A 237
X A 261 & 263 B 262
Psocas major and psoas minor
'S S A 188 G 170 B 169
VIiI B 193 A lg2 c 194
VIII c 218 B 217 A 216
IX A 240 C 242 B 241
X B 265 A 264 c 266
Semitendinosus
Vi B 172 A 171 c 173
VIiI c 19% B 196 A 195
VIIX A 219 c 221 B 220
. IX B 244 A 243 C 245
X C 269 B 268 A 287
Semimembranosus
VI D 17 A 174 B 1785
F 179 B i78 c 176
VII B 19¢ D 201 A 198
c 200 F 203 B 202
VIiiz A 222 B 223 D 225
E 226 ¢ 224 ¥ 227
IX D 249 A 246 B 247
F 251 B 250 C 248
X B 271 D 273 A 270
: C 272 ¥ 275 E 274

{continued)
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Table 1 (continued)

Sodium lactle Sodium chloride .

Animal chloride acld and lactic acid
no, Posi~ Bample Posi~ Sample Posi-~ Sample
tion no. tion no. tion no.

Biceps femoris

Vi E i84 A 180 B isl

‘ F 185 c 182 D 183

Vil B 205 E 208 A 204
D 207 F 209 C 206

VIII A 228 B 229 E 232
C 230 b 231 F 233

X E 256 A 252 B 283
F 287 ¢ 254 D 255

X B 277 E 280 A 276

D 279 F 281 C 278

lengthwise of the grain of the meat. Operation of the lever
. of the pressure pump as the Instrument was slowly withdrawn
permitted the solutlon to enter the meat. The needles were
inserted three times Iin each cut of meat so that the result-
ing polnts of injection were about equally spaced. - Usually
it was necessary to add a little more solutlon at thé top of
the beaker to bring the weight to the desired figure. Occa-
sionally it was necesaary to pour off & small amount of the
liquid to secure the proper welght of sample plus injecting
solution. After injection of the sample, the container of
‘meat was covered with moisture~vapor-proof cellophane and

stored in the cooler beside the respective control sample.
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Aging the Cuts

The control and injected cuts of beef were permitted to
remain in the cooler at 34° to 36°F. for a period of 1 week

after cutting (8 days after slaughter of the animal).

Canning the NMeat

Equipment

The canning equipment was of commercial type and was
located in the Food Processing Labor&tcry.' The steamer, can
sealer, and processing retort were operated by K. G. Tischer,
Research Associate Professor of Hortliculture. Plaln tin cans,
numbef 2 slze, were used as containers for the meat. The

1ids had & rubber-like sealing compound at the rim.

Preparation of samples

The cuts of meat, after aging 8 days, were taken from the
cooler, removed from the beakers, and individually welghed.
The "drip" and/or surplus solution were discarded without
weighing. From the anterior end of each cut, samples for
histologlical study and for piH determinsatlions were taken as

previocusly described.

Since 1t wes desired to heve & minimum of 20 ounces (567

grams) of raw meat to put into each c¢an, the plece was trimmed
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to a weight within the range of 568 to 578 grems. In a few
instances the "filler" of meat from the same enimal was used
to make up for the difference in weight. After a record of
1ts weight was made, the cut éf meat was put iInto the can
with anterior end of the cut uppermost. A thermometsr was
inserted in each of four pairs of representative cans so that
the bulb of the thermometer was near the center of the cut of
meat. The square of cellophane which had been over the top
of the besker during‘ﬁtoragé was transferred to the top of
the can to remain during the preheating of the meat before
sealing. From each animal 48 cans of meat were used for
processing plus some reserve cans, making a total of 56 for a
retort load. This number of cans was sufficient to fill the

retort to approxlimately one-third of 1ts capacity.

Preheating the meat

The cans of meat resting on metal trays were loaded into
8 three-compartment steamer for preheating. The doors of the
steamer were left slightly ajar so that atmospheric preasure
would be maintained. A pfaliminary test had shown that
approximately 1 hour of steaming was necessary for the meat
at the center of the can to reach a temperature of 170°F. or
higher. At the end of an hour of heating the cans were
removed from the steamer, the thermometers read, the cello-
phane covers removed, and the cans closed on the automatle

sealing machine.



Processing the mead

The cans 6f.meat were Iimmediately transferred to the

processing retort and arranged with metal racks separating

the tiers of cans. The retort was closed, the steam turned
on, and the automatic device for recording temperature.and
time within the retort was adjusted. Processing was carried
out at 10 pounds pressure (240°F.) for 65 minutes for the mesat
from animals VI, VII, and VIII; for 90 minutes in the case of
Animals IX and X. Within a minute after opening the steam

valve, the pressure had reached 10 pounds within the retort.

At the end of the processing period the steam was turned
off and the valves were adjusted so that running cold water
was circulated through the retort to cool the cans. The
cooled cans were dried and two of the reserve cans were plsced
in an incubator at 100°F. for observaetion of keeping quallty
at an elevated temperature. All the other cans remained at
room temperature overnight end then were transferred to the
cooler for storage at 34° to 36°F. until they were opened for
evaluation of the meat. The cans were stored in the cooler

because 1t was the only convenlent storage space avallable.

Evaluation of the Canned Meat

Preparation for evaluation

During an 8-day evaluation period, six cans of meat wers
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opened daily. The six cans opened on any particuler day were
from the sams pair of muscles and represented the thres kinds
of inJection. The order in which the meat from the various
muscles was tested was determined by drawing lots. The

| design for the order of evaluation of canned beef samples 1is
shown in Table 2. Hach day the six cans to be opened on the
following day were removed from storage in the cooler and

were allowed to come to room temperature.

Table 2. Deslgn for the Evaluation of Canned Beef Samples

Satsviouns
————

Animal Control and injected samples evaluated each day
no. l1st 24 34 4th 5th 6th Tth 8th
VI 168 180 165 174 162 171 181 175

166 183 1686 176 163 172 182 177
170 185 187 179 164 173 184 178

Vil 192 189 186 200 198 1956 204 206
193 190 187 202 199 196 2056 207
194 191 188 203 201 197 208 209

VII1 | 213 228 216 210 219 224 230 222
214 229 217 211 220 226 231 223
215 232 218 212 221 227 233 285

IX 243 234 2563 240 237 246 262 247
244 235 284 241 238 248 265 249
245 236 256 242 239 281 257 250

X 278 261 272 270 267 258 276 264
279 262 274 271 268 288 277 265
281 263 276 273 269 260 280 266




Before a can was opened, a measurement was taken of the
vacuum developed within the can by inserting a vacuum gsuge
through the 1id. Following this measurement the can was
opened and the liquid was drained into & bowl for welghing.

A portion of the liquid (approximately 35 milliliters) was
7poured into a screw-topped glass jar and put inta the refrig-
erator for storage at 4°C. until the following day when it
wag observed for the asmount of gelstion which had occurred.
The remainder of the liguid was poured into a 40é-millilitar
beaker for observation of the color and genefal appearance,
and for sampling by ﬁhe judges when scoring flavor of the
liquid. The meat from the can was welghed in the same bowl
that had baen used for the juiﬂe, samples for histeological
study and for pH determination were removed from the plece of

meat, and the meat was ready for slicing.

Slicing the meat

A hand-operated mechanical slicer with rétary blade was
used to slice the meat from each can. Slices were cut 3/8
inch in thickness. Slicing was begun at the anterior end of
the cut of meat, the end uppermost in the can. Individual
squares of waxed paper were placed on the platform of the
slicer to receive each slice as it came from the blade. The
papers were numbéreé to show the sequence of the slices.

Even when the meat was so crumbly as to not give a true sllce,
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whetever amount of meat came through the machine with one
revolution of the blade was placed upon the respective paper
and was later counted in determining the "possible number of
slices.” The slicings from each can of meat were arranged
consecutively on a tray for counting the number of slices

obtained and for observation of the quality of the slices.

In determining the count of slices, the meat was consid-
ered to be a slice if 1t held together for approximately
three~fourths or more of its area. Doubtful cases df "holding
together" were tested by yieking up the slice with a wire
clamp and suspending the slice vertically for about 5 seconds.
Distinctlon was made between slices as to quality, l.e., if
they held together for almost the entire area they were
classed as [irm slices; 1If they crumbled for about one;fourth
of thelr area they were classed as c¢rumbly slices. Crumbli-
ness more extensive than this meant that the meat was not
counted as a "slice obtained” but was considered to be part
of the "unsliceable portion." Weight of the total unsliceable
portion was recorded for each can and the count of these very
crumbly slices was considered in determining the "nossible
number of slices" from the can. While the slicings from each
can of meat were stlll spread out on the trays, abﬁervationa
were made of the color, iridescence, and general appearance

of the meat.
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Scoring the meat

Slices obtained from certaln relative positions in the
cut of meat were presented to each of the three Judges for
scoriné. Judge number 1 received the second slice (counting
from the anﬁerior end of the cut), judge number 2 the third
slicé, and judge number 3 the fourth slice (indicated as g,
h, and i, respectively, in Figures 1, 2, 3, 4, and 5). Each
slice was Indlvidually wrapped in waxed paper, marked with a
’code'number, and placed in an Individual plastic bag. One
such s8lice from each of the six cuts of meat to be judged
that day was presented to each judge for scoring and each
judge poured some of the liquid from the beakers into a cup
for tasting. Both the meat and the llquid were at room tem-
perature when scored. Sliceablility and the desirablility of
the following six palatablility factors were scored by the
judges: aroma, flavor gf_meat, flavor of liquid, tendefnesa,
juiciness, and texture. The scoring range for each factor was
& score of 10 for extremely good quality to a score of 1 for

extremely poor quality. A copy of the score sheet 1s gilven

in the Appendlx.

Celation of liquid

Observations were made of the amocunt of gelation that had
occurfed in the liquid during refrigeration for approximately

24 hours. The jJjars were taken from the refrigerator, the screw



cap was removed and the contents of the jar wers turned onto
a plate., If gelation had taken place, a thin-bladed knife
was run once around the interior of the jar to loosen the
jellled material from the glass. The rigldlity of the gél as
1t rested on the plate and as & knife was cut through 1t was
"observed. If the,méterial was still liquid, the consistency

was observed.

Measurement of pH

At three different stages there were samples removed for
pH determinations, nemely, (1) from three positions in the
‘muscle 1 day after slaughter of the animal and before the
muscle was divided into cuts,‘(z) from the anterior end of
the beef cuts on the 8th day after slaughter, and (3) from
the posterior end of the plece of canned meat before the slic-
ing was done. The positions within the muscle from which
these samples and also those for histologlcal study were taken
are shown in the diagrams of the respective muscles (Figures
1, 2, 3, 4, and 5). Each 10-gram sample for pH determination
was wrapped in molsture-vapor-proof cellophane and the samples
for 1 day were placed in a bag. Samples were stored tempor-
arily (ebout 2 hours) in the refrigerator at 4°C., transferred

to the quick-freezing compartment at the Meats laboratory for
freezing at -30°F., and finally stored at O%F. until the 13th
or l4th day, at which time the samples were removed for

measurement of the pH value.
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A Coleman pH meter was the instrument used for this
determination. The samples were prepared for tasting by
removing from zero storage, placing a few at a time at room
temperature (leaving the remainder in the refrigerator), cut-
ting four or fivs‘timea thraugh the 10-gram sémple with a
sharp knife, and exposing the cut pileces to the air for a few
minutes until the meat was partially thawed., The pieces were
placed In the stainless steel cup of a Waring biendor. |
Distilled water was added (25 milliliters for the raw meat,
30 milliliters for the canned) and the blendor was run for
30 seconds. This procedure resulted in meceration of the
sample and elevation of the temperature to approximately 25°¢C.
Some of the mash was placed in the cup of the pH meter and

the reading for the sample was taken.

Eiétological study

Seamples from the longissimus dorsi muscle, rib portion,
were selected for histological study. The}judges' ratings of
palatablllity factors had shown greater differences between
control and injected samples for this muscle than for the
othser muscles. Histological sections were cut elther 25 or
30 microns thick on the freezing microtome. Welgeri's staln
for elastic connective tissue and Van Gileson's stain for
collagen were used to selectively stain these compounds. The

muscle fibers appesred yellow-green to reddish orange, the



elastic tlssue blue-black, and the collagen bright pink with
this staining technique. The nuclel were not differentlated;
fat deposits were not stained but could be datected by the

shape of the colorless areas within the connective tissue.



RESULTS AND DISCUSSION

The purpose of the investig&tion, a8 stated earller in
this paper, was to study the effects on certéin physical and
organoleptic properties of canned beefl of ihjecting the raw
meat with solutlons of sodium chlefide, of laetic aeid, or of
sodium chloride and lasctic aclid. For each experimental cut
of‘beaf injected with appropriate solution, there was an
uﬁinjected control sample from the corresponding position on
the opposlte slde of the animal. Comparisons are made

between the results for the matching palrs of samples.

Detailed tables of data sare given in tha Appendix as
follows: Table 1, Palatabllity of Canned Beef; Tables 2 and
3, Slicing Quality of Canned Beef; Tables 4 and 5, pH of
Beef; Table 6, Weight Changes before Cannlng; Table 7, Vieight
of Canned Meat and of Liguid; Tables 8 to 22, inclusive,
analyses of variance of canned beef scores for flavor, tender-
ness, Jjulciness, texture, and sllcing quality. Summary tables
and graphs of the results are included under the heading,

Results and Discussion.
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Palatabllity of Canned Beef

The palatability of the canned beef was determined by
judges'! scores for slix characteristics of the meat: aroma,
flavor of meat and of liquid, tenderness, juleciness, and
texture¢ The Judges were experlenced in evaluating meat with-
out the éddition of table salt during or after cdcking. The
three Jjudges were consistent in their ratinga of palatabllity
of the meat. Thls was shown by statistical analysls by
individual Judges of some‘of the scores given to samples of -
tha canned beef.‘ The uniformity of scoring was sufficiently
high that for the remainder of the statistical part of the
study, the results were analyzed on the basis of total scores,

rather than by scores of individual judges.

The results for four of the palatability factors (flavor,
tenderness, julciness, and texture) and for the judges'
rating of slicing quality were selected for statistical
analysis. Other results are considered from the standpoint of
trends shown, but not on the basis of statistical slignificance.
For purposes of treating the results statistically, Animals
Vi, Vii, and VII1I, the meat of which was processed for 65
minutes, were grouped together; Animals/IX and X, although of
different carcass grade but with the same processing time of

90 minutes, were placed in a second group.



Aroma

The averages of the aroma scores for the canned beef
from Animels VI, VII, and VIII were nearly identical for con-
trol and injected samples for the three kinds of injection.
These averaga\values for aroma, as shown in Table 3, lie
within the narrow range of 7.7 to 8.1l. For the meat of
Animal 1IX, which was processed for 90 minutes, the éverage
scores for aroma were slightly lower than for the meat for
the three animals processed 65 minutes. These data were not
analyzed statlstically and the differences may be too small
to be &ignifiéant. The meat of Animal X was judged to be
less desirable in aroma than thaet of the other four animals.
The average values for contrel and injectéd samples for the
three kinds of treatment, as shown in Table 3, were within
‘the range of 6.1 to 6.6. Animal X was the aged dairy cow

(carcass grade Cuttsr) and the meat, even before canning, was
‘noted to have a stronger odor than that of the other animals.
The injected samples for Animal X had slightly higher average
scores for aroma than the control for each of the three
tfeatments, but the differences are probably too small to be

significant,

Thus, on the basis of judges'! scores, it is evident that
injection of the meat had little or no effect on the aroma of

the canned meat. The samples processed 90 minutes had



Table 3. Averages of Palatability Scores.

Palatability seores

Animal®* No. of
no. muscles Arome

Flavor Tender- Julei- Tex-
Meat ILiquid ness ness ture

SODIUM CHLORIDE INJECTION

Control samples

VI 6 749 7eB 6.4 Ted Be7 5
Vi 6 8.0 75 8.6 7.4 6.4 6
VIII 6 7.7 7.6 8.1 T2 5.9 5
Av. (3 animals) 7.9 7.5 6.4 7.2 6.0 5
iX &6 7.5 T2 8.7 7.8 4.5 5
X 6 6.2 4,9 4.2 ) 4.4 4
Av. (2 animals) 6.8 6.0 5.0 7.6 4.4 H.2
Av. (5 animals) 7.5 6.9 5.8 7.4 5.4 5.6
Injected samples
VI 6 7.8 8.0 7.2 8.1 6.7 7.1
VII 6 7.8 8.2 7.5 8.6 6.6 7.2
VIIT 6 7.9 8.1 7.2 B.0O 6.6 6.9
Av. (3 animals) 7.8 8.1 Ted 8.2 6.6 7.1
IX 8 7.4 7.9 7.1 8.7 4.8 6.8
X 4] 6.6 5.7 5.2 8.7 5.4 6.1
Av. (2 animals) 7.0 6.8 6.2 8.7 5.1 6.4
Av. (5 animals) 7.5 7.8 6.8 8.4 6.0 6.8

{(continued)

#pnimals VI, VII, and VIII were steers, carcass grade
Commerecial, processed 65 minutes; Animal IX was a stesr,
carcass grade Commercial, processed 90 minutes; Animal X
was a cow, carcass grade Cutter, processed 90 minutes.
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Table 3 (continued)

Palatabiiity scores
Flavor Tender~ Julei« Tex-
Meat’ Ligquid ness ness ture

Animal  No. of
no. musecles Aroma

SO0DIUM CHLORIDE AND LACTIC ACID INJECTION

Control samples

Vi 6 7.9 7.5 6.5 7.7 6.3 6.2

ViI 6 8.0 7,6 8.8 7.6 6.3 6.3

VIII 6 7.7 7.6 6.2 7.0 6.2 6.0

Av. (3 animals) 7.9 7.6 6.5 7.4 6.3 6.2

IX 6 7.4 7.2 5.6 7.6 4.5 5.7

X 6 6.2 5.2 4.0 7.4 4.4 4.8

Av. (2 animals) 6.8 6.2 4.8 7.5 4.4 5.2

Av. (5 animals) 7.4 7.0 5.8 7.5 5.5 5.8
Injected samples ‘

Vi 6 8.0 8.0 7.4 8.4 6.9 7.8

VI 6 7.9 8.2 7.8 8.6 6.8 7.1

VIII 8 8.0 8.2 7.5 8.3 6.7 7.4

Av. (3 animsls) 8.0 8.1 7.6 8.4 6.8 7.4

IX 6 7.5 8.0 7.2 8.9 5.1 7.0

X 6 6.4 5.8 5.3 8.9 4.9 6.2

Av. (2 animals) 7.0 6.9 6.2 8.9 5.0 6.6

Av. (5 animals) 7.6 7.6 7.0 8.6 6.1 7.1

(continued)
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Table 3 (continued)

Palatability scores

Tex-
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Flavor
Meat Liquid
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slightly lower average scores for arome of the canned beef
than those processed 65 minutes. The scores for meat from
the aged dairy cow were markedly lower than for the other
animals, and only & slight improvement in aroma was noted as

a result of injection with any of the three solutions.
Flavor

An improvement in the flavor of the meat injected with
either sodium chloride solution or with sodium chloride and
lactic acid solution, in comparison with the control samples,
is shown by the data in Table 3 and Figures 6 and 7. An
enalysis of variance of the results shows that the differences

were highly significant.

The flavor dlfferences between muscles were not signifil-
cant for either group of animals, nor between animals of the
firat group. Within the second groﬁp, compbsaé of Animals IX
and X, the flavor differences between the meat of the two
animals were highly significant. The meat of Animal X, the
aged delry cow, was strong in flavor. The average scores for
this factor, as shown in Tabie 3, are 5.7 ahd 4.9, respec-
tively, for sodium chloride-injected and the controi ssmples,
whereas, for Animal IX the values are 7.9 and 7.2, respec-
tively. Similarly, for samples treated with combined sodium
chlorlide and lactic acid, Animal X had values of 5.8 and 5.2,

respectively, for injected and control samples, compared to
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8.0 and 7.2 for Animal 1X.

leetic acld Injection made no significant difference in
the flavor of control and injected samples of beef for either
group one or group two (Figure 8}. The flavor'differencea
between Animal IX and Animal x‘wera highly significant, as was

true in the results for the othar two kinds of injection.

Thus, injection of the raw meat with either sodium
chloride or with sodium chloride-~lactic acid solution was
shown to have a favorable effect on the flavor of the canned
meat, the differences between injected and control samples
being highly significant. Injection with lactic aecld, on the
other hand, made no significant difference in the judges'

rating of the flavor of the canned meat.

Flavor of the liquid

The results for the flavor of the liquid show the same
general pattern as those for the flavor of the meat, but the
level of scores ls maerkedly lower for the 1liquid than for the
meat, as shown by the average values in Table 3. Comments of
the judges as to flavor of the liquid included suoh descrip-
tive terms as "metallic"® and "pitter." For the older animal,
the liquid was‘said to have a "very strong flavor." For the
samples treated with elther solution containing sodlium

chloride, the judges repeatedly commented that the julce was
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"salty" or "a little too salty," whereaas the meat was not
similarly designated. Even though the flavor of the liquid
was often iIndlcated as salty, the average scores for flavor
of the liquid (Table 3 and Figures 9 and 10) were highér for
injected than for control samples for either of the solutions
containing salt. The lactic acid treatment had no consistent
‘effect on the flavor of the liquid, as shown in Table 3 and

Figure 1l.

Tenderness

The tenderizing effect of both sodium chloride and sodium
chloride~lactic acid treatment is shown by Judges' scores for
‘tendarneas of the canned beef (Tab1e 5). The analysis of
variahce indicates that the differences between injected and
cbntrol samples were highly significant. ILactic acid injec-
tion had no significant tenderizing effect on the meat.

| ¥For samples from Animals VI,‘VII, and VIII with sodium
chloride injection, there was no significant difference in
téhdernesb among animals, but there was a dirferenee; signifi-
cant at the .05 level, among the musclea. The psoas muscles
recelved high scores for tenderness; the longlssimus dorsi,
loin portion, was rated lower, in general, than the other
muaclesluflthese three animals. The average tenderness
scores for control samples of Animals IX and X (Table 3 and

Figure 12) were lower for the aged daliry cow than for the
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beef steer. The meat from both animals was made more tender
‘by Injection with sodium chloride sclution and the differences
" owing to treatment were highly significant. The tenderizing
effect was more marked for the meat from the older animal than

for the meat from the younger animal.

Results for sodium chloride and lactic acid in combina-
tion were similar to those for sodium chloride alone; 1.e.,
- the iﬁjacted cuts for both groups of animals received higher
average tenderness ratings than the control aamples‘(Table o)
and Figure 1l3. These differences were highly signiflcant. |
The differences in tenderness of muscles for the first group
of animals were signifioant at the .05 level; for the second
group, &t the .0l level. The psoas muscles ranked highest,
and the loin portion of the longlssimus dorsl muscle lowest,
in the average tenderness scores among the five animals. The
meat of the aged dairy cow would be expected to be less tender
than the meat of the steer, but for the samples iIncluded iIn
the sodium chlariée~1actic acid treatment, no aignificant
differences in tenderness between animals were shown. This
may be explalined on tﬁe basls of the long processing period
(90 minutes) for Animals IX and X during which time the
connective tissue may have become softened in the meat of
both animals. A second factor would be the small number of

animals in the group. The differences would have to be large
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to be classed as significent with only two animals in the

group.

Although the laectic acid injection ef‘beaf‘did ﬁﬂt havo
a signifieaﬁt effect on the tenﬁérness‘af the mﬁ§t (Figure 14),
the data showed there were differences in tendernaas‘among
ﬁuaoles that were significant at the _Ol‘level for Animalé Vi,
VII, and VIII, but only at the .05 level for Animals IX and X.
Differences among animals were highly significant for the
first group of animals, but not significant for the second
grcﬁp. The aéme factors, 1;8., the long processing period
and the amall number of degrees of freedom in the statlstical
analysis of the results, may explaih the faeé that the differ-
ences in tenéernesé between Animals IX and X were too small

~ to be significant.

In general, 1t may be sald that the tenderness of meat,
as revealed by judges'! scores, indicated differences among
muscles and to some extent among animals. Injection of the
raw meat with sodium chloride solution or with comblned sodium
chloride and lactlie acid solution resulted in improved tender-

ness of the canned beef,
Julciness

Judges' scores for juleiness of the camned beef showed no

significaent differences due to animal variation for either
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group, The muscle variation for Animals VI, VII, and VIII
wag not significant for samples Included in the teats with
sodium chlorlide but was highly signlificant for the sémploa‘
used with the other two kinds of treatment. Muscle differ

ences were not significant for Animéla IX and X.

In general, the judges' rating of julciness of the canned
beef tended to be medium or fairly low. Average éaoras rang-
ing from 6.9 to 5.6 for animals processed €5 minutes and from
5.4 to 4.2 for animals processed 90 minutes are shown in
Table 3. These results are shown graphically in Figures 15,
16, and 17. |

Injection of the raw meat wlith sodium chloride solution
improved the julciness of the samples processed for 65
mlnutes} but had no significant effect on those processed 80

minutes.

The improvement in juleciness brought about by 1njeetion
of the meat with the combination of sodium chloride and lactle
- acid solution was sigﬁifisant at the .05 level for both groups
of animals. In the meat processed 65 minutes, there was
inconsistency of results for the different muscles. The
vinjected aamplea nf bioeps’femaris and loin portion of longis-
simus dorsi were similar to or less juley than the control |
samples in contrast to lmproved or simlilar Julciness for

injected samples of other muscles (Figure 16).
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The muscle differences of the samples of meat included
in the experiments with lsctlc acid injection were not sig-
nificant for the animals of group two, but for group ons‘
there was & highly asignificant difference among muscles.

Meat from the loin portion of the 1éngiasimus dorsl and from
the semimsmbranaauﬁ ranked lower in juleciness than the other

muscles (Figure 17).

Improvament,in Juleiness of canned meat by injection
with sodlum chloride solution ef with & combination of sodium
chloride and lactic aclid solutlon was less marked than th@vr
improvement in tenderness. Lactle aeid iﬁjeetion had little

effect on either tenderness or julciness of the canned mest.
Texture

Texture scores showed considerable variation. The
differences among muscles were shown to be significant at tho
.05 level for the meat from Animals IX and X and also for the
aampiea included in the sodium chloride treatment from
Animals VI, VII, and VIII. The texture differences among
muscles were highly signiflecant for the samples included in
the other two injection treatments of the latter group. In
general the psoas muscles were considered by the judges to
have the most desirable texture; the longlssimus dorsi loin
and the semimembranocosus, the least desirable texture of the

muscles studied (Figures 18, 19, and 20). A highly
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aignifiaant improvement in the texture of the meat was shown
by injJection with socdlum chloride solution or with sodium
chloride and lactic acid solution. Average scores (Table 3)
for texture of the meat from the five animals were 6.8 and
5.6, respectively, for injected and controcl samples with
sodium chloride treatment; for the combined sodium chloride

and lactic scid treastment, 7.1 and 5.8, respectively.

Lactic amcid treatment had no significant effect on the
texture scores of the canned beef. The average texture
scores for the five animals were, respectively, 5.9 and 5.7

for the injected and uninjected meat (Table 3).

Thus, & marked improvement in texture was found in the
canned meat as a result of injection of the raw beef with
either sodlum chloride solution or with the solution in which
sodium chloride was combined with lactic acid. WNo signifi-
cant change in texture was brought aboﬁt by injection of the

meat with lactlie acld sclution alone.

The uniformity of penetration of any of the solutions
injected into the beef cuts was not determined. An effort was
made to insert the needles so the distances between openings

would be approximately’equal' The pressure pump was operated
es evenly as possible, but there was no automatic control to
insure the uniform delivery of a specific asmount of solution

within a given area of the meat. Unequal distribution of the



solution within the meat may account for some of the variations

observed in the results.

Histological Appearance of Beef Fibers

The rib portion of the longissimus dorsi muscle was used
for histological study. Lengitudinal microscepic sections
were made of the fresh muscle aged 1 day, of the beefl cuts
aged 8 days, and of the canned beef. The effects of the
three kinds of injection on the microscopic structure of the
muscle fibers and the connective tissue were noted. FPhoto-
micerographs were taken of certain representative sectlions.
Moat of the pilctures were of samples from Animal X. Sections
were used which show the appearance of the meat from that
muscle at the different aging perlods, with different kinds
of injection, and after canning. A few pictures of sections

from other animals were Iincluded for comparison.

Sections for microscoplic examination were small and
represent only a limited area of the muscle. And, as has been
previocusly mentioned, the injected solutions may not have been
distributed uniformly throughout the muscle. An effort ﬁaa
made to obtain areas typical of the major portion of the

section.

The samples of beef which had recelved certain of the

treatments were especlially difficult to section for mounting



on slldes. Sodium chloride-treated samples were very trouble-
some. The uncooked samples were ﬁuch more diffleult to

handle in sectioning and in mounting than the cooked ones.
Hence, the apgearancé of the samples from the five animals

was taken 1nto‘conaideratian‘for the following descriptions.
Disintegration appeared more slowly in the fibers of Animal
VIII than in the musclé fiﬁers of the other animals. This is
reflected in the low tenderness scores of the canned beef

from Animal VIII, particularly for control samples.

Harrison (18) has described the appearance of longitudi-
nal sections of beef from various muscles after aging from
one to 30 days. Each muscle had certain characteristics and
the muscle fibers changed with aging. Very wavy, kinked
fibers were Qharaetariatic of fresh muscle tissue, although
waves did not always form in the fresh samples. Another
characteristic of lack of aging was the longitudinal stria-
tions. ’Thevlongitudinal stristions predominated in the wavy
fibers and often in the straight fibers of freshlj cut beef.
Harrison observed no longlitudinal striase Iin the psoas muscle
at any aging peried. She did observe very heavy longlitudl~
nal striations in the 1ongissimus dorsli muscle flbers.
Sometimes both longitudinal and cross strlae were distinct

in some areas of a fiber, giving a checked appearance.

As the muscle aged the contractions were not so great



and the fibers were less wavy. The longitudinal striae
gradually became less distinct in most areas of the fibers,
the cross ones morse distinct;'although~the 1angitudinal ones
sometimes remeined in the waved filbers. With further aging
Harrison (18) and Paul (25)‘beth observed disintegration or
disappesrance of the striations. This first occurred in
narrow areas or cracks at wide intervals. With longér aging
these dlsintegrated areas increased in size and numbers.

The appearance orydisihtegration of the striae and its
increase with aging were correlated with the increasing

tenderness in a majority of the muscles.

The rate at which disintegration appeared varied in
different muscles and was more rapld ln the same muscle in

some animsls than in others.

Fresh muscle

The appearance of the muscle fibers of the rib portion
of the longlssimus dorsi muscle after 1 day of agling is shown
in Figure 21. The wavﬁ fibers and the contracture nodes are
characteristic of fresh muscle. Longitudinal strliae are
visible in parts of the flbers, but the magnificatlion for the

photomicrograph was not great enough to show them clearly.
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Figure 21. Fresh, Longissimus Dorsi, Rib Portion,
Middle Position. Aged One Day.
Animal X. - (Magnification 150x)
This section is typical of fresh
muscle. The fibers are wavy and
contracture nodes are present.
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Sodium chloride injection

Since the control samplas aged 8 days had not been
injected, they represent raw haéf cuts whieh had aged a
longsr time'than the samples from the fresh muscle. The
upper picture in Figure 22 is a photomiérograph of a control
sample from the sodium chloride-treated serles of cuts. This
gsection has thevtypieal appearancé of uncocked mest in which
some resclution of rigor has taken plaée, The fibers are
nearly straight, shallow waves are present, and the sccordion-
pleated effect of the freah mascle has dlsappeared. The
longitudinal atriaa are atill distinct, particularly in waved
portions of the fibers, and the sarcolemma is smooth except

where & few cracks in the fibers havs occurred.

The typical appearance of the raw beef injected with
sodium chloride and aged 8 days is illustrated in the lower
picture of Figure 22. The aectibn was cut partially trans-
verse of the fibers. 1In addition the connectlive tlssue dild
not hold the muscle fibers together In the sodlium chloride-
treated meat. The segments of the fibers, however, show many
eracks and broken places and much disintegration. The cross
striase predominated over the longitudinal ones. These are
characteristics which would be expected to contribute to
tenderization in meat. It is interesting that for this par-

ticular sample of cenned beef (number 261) the judges' score



Figure 22. Sodium ﬁhloride Injeeticn. Longissimus
Dorsi, Rib Portion. Animal X.
Upper: Aged Control Sample No. 261.
{Megnification B856x)
Lower: Aged, Injected Semple No. 261.
(Magnification 150x)
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for tenderness of the control sample was 7.0 and of the
injected sample, 9.3 (Table 1, Appendix), indicating that the

injected sample was rated more tender than the control.

A cut of mest from anoﬁher animal (Animal IX) receiving
the‘sodium chloride injection and aged for 8 deys 1is illus-‘
trated in the upper pilcture of Figure 23. The fibers are
falrly straight, and the disintegration fissures are not as
numerous &8 in Animal X, but the parallel course of the fibers
has been maintained better than in Animal X. 1t appears that
the tenderizing effect of sodium chloride was not as exten-
sive in this cut of meat as In thet of Animal X. The tender-
ness score received by this cut of meat after canning (Table 1,
Appendix) is higher than for its control (8.7 for the
injected; 8.3 for the control), but not as high as the score
of 9.3 for the sodium chloride-injected cut of the same

muscle in Animal X.

The histologlcal appearance of uninjected canned beef 1s
shown in Pigure 23, lower picture. The section 1s from the
sodium chlorlde-treated series of Anlimal X, but was a control
sample. The filbers have a dense, compact appearance and
follow a falrly straight course. The whole sectlion has a
rather foggy appearance. An examination under high power
shows the edges of the fibers to be uneven. There is much

granular material, probably disintegration products of
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Upper:

Lower:

__Jiq,

Figure 23, Sedium Chloride Injection. Longlssimus
Dorsi, Rib Portion.

Aged, Injected Sample No. 239.

Animal IX. (Magnificetion 150x)
Canned, Control Sample No. 261.

Animsl X. (Magnification 115x)
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collagen since this granular material was found only in the
canned beef sections, near the edges of the fibers and
between adjacent ones, or within extensive areas of whole

fibers.

Microscopic sections of the canned beef injected with
sodium chloride solution have the same dense, compact appear-
ance as the canned control samples. The fibers are generally
straight and parallel, but have numerous disintegrated aresas.
Granular materlal 1s located within disintegrated areas of
the fibers as well as along the edges of flbers and between
adjacent ones. Little connective tlssue is visible between

the fibers.

Harrison (18) noted the opague appearance of the sec-
tions from cooked beef roasts, and Paul (23) reported a
decrease in the diameter of the muscle fibers with cooking,
as observed from mlcroscoplc sections of raw and cooked

roasts.

Sodium chlprida and lactic acid Iinjection

A control sample is shown in FPigure 24, upper picture.
The beef had been aged 8 days and was a cut from the same
mascle of Animal ¥ as the control sample of the sodium

chloride series.

The fibers in the section are typlcal of those found in
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R TL rf_ﬁ o FR

Sodium Chloride and Lactlic Acid Injection.
Longissimus Dorsi, Rib Portion. Animal X.
Aged, Control Sample No. 2863.
(Magnification 150x)
Aged, Injected Sample No. 263.
(Magnification 150x)
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other cuts aged 8 days. There are some waved fibers, but
not so many as in the fresh sections. Shallow waves with
falrly distincet longitudinal striatlions, some nodes, and a
few disintegration cracks in the fibers can be seen. The

cross strise pradominate in the straight flbers.

A section of the matching injected sample aged 8 days is
shown in Figure 24, lower picture, The disintegration of the

fibers is more pronounced than in the control sample.

The histologlical sections of the control and injected
samples of canned meat from the rib portion of the longlssimus
dorsi muscle are pilctured in Figure 25, The disintegration
cracks are more numerous and the areas more extensive in the
injected than in the control sample. This 1s in keeplng with
the higher tenderness scores given by the judges to the sodium

chloride~lactic acld-injected meat than to control samples.

Examples of canned beef injected with combined sodium
chlorlde and lactic aclid from two other animals are shown in
Flgure 26. The upper picture represents meat from the
longissimus dorsi, rib portion, of Animal VII, which was
processed 85 minutes; the lowsr plecture, meat of Animal IX,
which was processed 90 minutes. Both sections show straight
fivers that are dense and compact and that have considerable
disintegration. Granular material 1s present within and

between the fibers. The meat processed the longer time has a
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g o i
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Figure 25. Sodium Chloride and Lactic Acid Injection.
Longissimus Dorsi, Rib Portion. Animal X.
Upper: Canned, Control Sample No. 263.
(Magnification 150x)
Lower: Canned, Injected Sample No. 263.
‘ (Magnification 150x)
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Figuré 26. Sodium Chloride and Lactlc Acid Injection.

Upper:

Lower:

Longissimus Dorsl, Rib Portion.
Canned, Injected Sample No. 191.
Animal VII. (Magnification 115x)
Canned, Injected Sample No. 238.
Animal IX. {(Magnification 165x)
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larger emount of disintegration (probably animal variation)
in the fibers and looks more fraglle than the meat processed

the shorter time.

Lactlic acld injection

The aged samples of the serles treated with lactic acid
were found to have histologlcal features very nearly like
those of the control samples. The disintegration is a littie
more pronounced and the fibers slightly less wavy in the cuts
receiving the lactic acid injection than in the controls.
(See Figure 27.)

The canned samples of the lactic acid series are
illustrated in Figure 28. The areas of disintegration are a
little more extensive in the injected than in the uninjected
cut of beef but, otherwise, the two cuts are similar in
microscople structure. This agrees with the uniformity of
the scores given by the judges to the palatability factors of

control and lactic acid-treated sampleé of canned beef.
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Figure 27. Lactic Acld Injection. Longlssimus Dorsi,
Rib Portion. Animal X.
Upper: Aged, Control Sample No. 262.
' (Magnification 150x)

Lower: Aged, Injected Sample No. 262.
(Magnification 150x)



Upper:

Lower:

AT ey

lectic Acid InjJection. Longissimus Dorsi,
Rib Portion. Animal X.
Canned, Control Sample No. 262.
, ~ (Magnification 150x)
Canned, Injected Sample No. 262.
(Magnification 150x)
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Slicing Quality of Canned Besef

The slicing quality of the canned beef was evaluated in
three ways: (1) by count of the number of slices obtained
from each can, (2) by weight, and (3) by judges' scores.
Slices were classified as firm or crumbly. If practically
the whole section held together after cutting on the machine
1t was celled a firm slice. If between three~fourths and the
whole slice held together it was classifled as crumbly. If
less than three-fourths of the slice held together 1t was
grouped with the unsliceable portion. Slices were rated by
the scoring panel on the proportion of the slice holding
together. The scores were based on a value of 10 for

extremely good sllcing quality and 1 for poor quality.

The averages of the numbers of slices obtained for flrm,
crumbly, and total slices are shown in Teble 4. Varlability
in the sliceabllity of the canned beef occurred among
muscles and among anlimals. Furthermore, cuts from the same

muscle sometimes gave variable resulis.

None of the three types of injection lmproved the slic-
ing quality appreciably. The average figures (Table 4) for
the firm slices from samples of all animals in the sodium
chloride series were 38.8 and 39.3 per cent for the control

and injected cuts, respectively. The results are presented
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Table 4. Averages of Numbers of Slices Obtalned.

Animal No. of No. slices Possible Slices
no. muscles obtained no. cbtained

Firm Crumbly slices Pirm Crumbly Total

% % £

‘SO0DIUM CHLORIDE INJECTION

Control samples

Vi 6 5.0 3.9 10.5 48,1 37.1 85.2

Vil 6 3.9 3.4 11.2 34.0 3l.4 65.4

VIII 6 4.8 3.7 11.2 44.1 32.2 76.3

Av, (3 animals) 4.6 3.7 11.0 42.1 33.6 75.6

1X 6 33 3.1 1l.1 32.7 26.8 59.5

X 6 4.7 4.5 11.4 40.1 39.6 79.8

Av. (2 animals) 4.0 3.8 11.2 36.4 33.2 69.6

Av. (5 animals) 4,3 3.7 11.1 39.8 33.4 73.2
Injected samples

Vi 6 6.0 2.8 10.4 58.2 26,0 84.2

VII 6 4.0 3.3 11.3 34.4 29.4 63.9

VIII 6 2.8 3.6 11.1 27.4 32.7 60.1

Av. (5 animala) 4ed 3.2 10.9 40.0 29.4 69.4

1X 6 2.3 1.6 10.6 24.0 14.8 38.8

X 3] 6.3 3.4 11.6 52.6 31.1 83.7

Av. (2 animels) 4.3 2.5 11.1 38.3 23.0 61.2

Av. {5 animals) 4.3 2.9 11.0 39.3 26.8 66.1

(continued)
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Table 4 (contihued)

Anigfl gg;ogia obtained Nno. obtained
Firm Crumbly slices Pirm Crumbly Total

7 % %

SODIUM CHLORIDE AND LACTIC ACID INJECTION

Control samples

Vi 6 37 4.7 10.6 3348 44.9 78.1
Vil 6 5.1 Sed 11.3 45.2 297 4.9
VIIiI 6 Sel 4.9 11.3 31.0 42.9 739
Av. (3 animals) 4.0 443 1l.1 36.5 39.2 75.6
IX 6 2.0 2.1 10.2 20.1 20.3 40.4

X 6 5.5 1.9 11.8 47.3 16.2 63.4

Av. (2 animals) 3.8 2.0 11.0 53.7 18.2 51.9
Av. (5 &nimals) Ge9 Sed 11.0 35.4 50.8 66.1

Injected samples

Vi 6 4.3 4.3 10.6 39.8 42.2 - 82.0
Vil 6 Se4d S8 10.8 31.7 36.2 66.8
VIII 6 Se8 5.2 10.9 36.0 46.6 81.6
Av. (5 animalﬂ) Se8 4.4 10.8 35.5 41.3 76.8
IX 8 1.2 2.8 10.4 13.4 26.6 40.0

X 8 ' H.l 3D 11.2 44.6 31.2 75.8

Av. (2 sanimals) 3.2 3.2 10.8 29.0 28.9 57.9
Av. (5 animals) 346 39 10.8 32.9 56.4 60.2

(continued)
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Table 4 (continued)

No. slices  Possible Slices
Animal No. of obtained no. obtained

no. muscles St u
Firm Crumbly #&lices  Firm Crumbly Total

% B2 z

LACTIC ACID INJECTION

Control samples

VI 6 B2 B.T  10.8  47.3 B34.3  81.6
VIl 6 4.2 2.8  11.4 . 37.5 26.2 63.7
VIII 6 3.6 2.7  11.3 33.4 23.5 56.9
Av, (3 animals) 4.3 3.1 11.2 39.4 28.0 67.4
IX 6 2.2 2.4 10.8  20.9 22.2 43.1
X 6 5.8 1.9 11.2  51.4 17.2  68.6
Av. (2 enimals) 4.0 2.2  11.0 36.2 19.7  55.8
Av. (5 animals) 4.2 2.7  11.1  38.1 24.7 62.8

Injected samples

VI 6 3.9 4.0  10.9  34.4 37.4 71.8
VII 6 4,8 2.2  10.9  42.3 19.9 62.2
VIII 6 6.5 1.9  11.2 58.6 16.6 75 .2
Av. (3 animals) 5.1 2.7 11.0  45.1 24.6 69.7
1X 6 2.2 2.2 10.6  20.8 21.5 42.2
X 6 6.2 2.9 11.0 56.6 26.0 82.6
Av. (2 animals) 4.2 2.6 10.8 38,7 23.8 62.4
Av. (5 animals) 4.7 2.6 10.9  42.5 24.3 66.8
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graphically for each animal in Figure 29.

Sodilum chloride and lactlic acld together were no more
effective thén sodlum chiloride alone in improving the alicing
quality of the beef. The figures féf the average pércentages
of firm slices from the five animals were 35.4 and 32.9,
respectively for control and injected samples in the sodium
chloride-lactic acid series. The rasulﬁs for individual

animals are shown in graphs, Figure 30.

The results with laetic acid injection were only slighﬁly
more favorable than for the other two kinds of injection.
vThe averages for the flrm slices from the five animsals were‘
42.5 per cent for the injected meat and 38.1 per cent for the
uninjected samples. However, the variability of results for
the diffarent animals (Figure 31) was so large that no real

improvement in slicing quality was secured..

Thé averages of the jﬁdg@s* scores for alicing quality'
ofﬂtha canned beef are given in Table 5. The differences in
scores between the éentr01 and injeéted samplea were not “
large enough to be significant with the sodium chloride
series. The differences between muscles as to slieing quality
were highly significant. The semitendinosus was rated the
highest of the muscles in sliceabllity; the semimembranosus,
the lowest. Within the group composed of Animals VI, VII, and

ViII, the differences among animals were not slignificant,
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‘Longissimus L.ongissimus Psoas major and
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Figure 29, Number of Firm Slices.
Bodium chloride injection.
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Longissimus Longissimus Psoas major and
dorsi {loin) dorsi(rib) psoas minor
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Flgure 30, Number of FPirm 8lices. _
Sodium ohloride and lactic acid
injection, '
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Figure 31. Number of Firm Slices.
Lactic acld injection.
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Table 5. Averagee‘of Judges' Ratings of Sliceabllity and
Averages of Sliceability on Basis of Weight.

", Slice- . Sliceability on basis
An;ﬁ?l gﬁ;cggs - abllity Canned Unslice- Sliceable meat
' - score meat able meat (by difference)
gm. gm. gn. %

' SODIUM CHELORIDE INJECTION

Control samples ,
383 46 338 87.8

VI 6 7.6
VII 6 7.6 292 111 281 71.4
VIII 6 7.9 370 75 296 80.2
Av. (3 animals) 7.7 382 77 305 79.8
IX é 7.0 377 132 245 65.2
X 6 7.2 357 69 288 81.0
Av. (2 animals) 7.1 367 100 266 73.1
Av. (5 enimals) 7.5 376 86 290 7.1

Injected samples

VI 6 7.8 370 45 325 87.9
VII 6 6.8 384 125 259 68.9
VIII 6 6.7 356 12 231 64.6
Av. (3 animals) 7.0 . 370 99 272 73.8
IX 8 5.0 364 198 166 45.7
X é 8.3 364 47 317 87.1
Av. {2 animals) 6.6 364 122 242 66.4
- Av. (5 enimels) 6.9 368 108 260 70.8

{continued)
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Table 5 {continued)

Slica—‘ 8lieeability on basis of wt.

Aniﬁ?l gg;cigs abllity Canned Unslice- Sliceable meat
- socore ‘meat able meat (by difference)
gm. gn. gm. %

SODIUM CHLORIDE AND LACTIC ACID INJECTION

Control samples

VI 8 7.8 382 69 312 82.0
VII 6 7.5 387 82 305 79.3
VIII 6 7.2 372 80 202 78.6
Av. (3 animals) 7.5 380 77 303 80.0
CIX 6 5.4 369 194 175 47.5
X 6 7.5 267 124 243 67.0
Av. (2 animels) 6.4 368 159 209 57.2
Av. (5 animals) 7.1 375 110 265 70.9
Iﬁjacted samples
VI 6 8.4 379 56 323 85.3
ViI 6 6.2 384 113 270 71.4
VIII é 7.6 356 56 300 84.3
Av. (3 animals) 7.4 33 75 208 80.3
IX 6 6.1 361 195 166 46.0
X 6 7.9 366 68 209 81.5
Av. (2 animels) 7.0 364 132 232 63.8
Av. (5 animals) 7.2 369 o8 272 3.7

{continued)
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Table 5 (continuad)

Animel N f Slice~ VSIiéeabilitx on basis of wt.
nnﬁa mgécgea abllity Canned Unslice- Sliceable meat
o , acore meat able meat (by difference)

gne. ‘ gm. gme.

LACTIC ACID INJECTION

Control samples

VI 6 8.2 379 57 322 84.5

Vil 6 6.2 306 124 272 68.6

VIII 8 6.6 371 146 225 60.7

Av. (3 animals) 7.0 382 109 273 71.3

IX 6 5.8 374 191 183 49.0

X 6 7.3 365 101 264 7%.0

Av. (2 animals) 6.6 370 146 224 61.0

Av. (b animals) 6.8 377 124 253 67.2
Injected samples

VI 6 7.6 37 84 288 77.8

VII 6 7.0 371 111 260 69.8

VIII 8 7.3 357 69 289 81.2

Av. (3 animals) 7.3 366 88 279 76.3

IX 8 Be3 35 182 175 49.2

X 8 7.6 345 56 290 83.9

Av. (2 animals) 6.4 351 119 232 66.6

Av. (5 animals) 7.0 360 100 260 72 .4
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but the differences between Animals IX and X were highly

gignificant.

The scores for sliicing quality of the injJected samples in
the sodium chloride-lactic acld series werse not significantly
different from the control samples. [uscle differences were
significant at the .0l level for Animals VI, VIiI, and VIII,
but the differences were not quite large enough to be sig-~
nificant for Animals 1X and X. The meat of Animal X sliced

significantly better than that of Animal 1X.

lLactlc acid injection made no sigﬁificant difference in
judges! scores for slicing quality. NMuscle differences were
significant at the .05 level. The judges rated the meat of
Animal X significantly higher in slicing quality than the
meat of Animal IX. A possible explanation of the higher
rating 0£ Animal X in sliceasbility than for Animal IX ls thsat
the connective tissue of the aged dalry cow (Animal X)Awas
firm enough, even after processing for 90 mlnutes, to hold

the muscle filbers together.

The percentage values for sliceability calculéteé by
deduction of the weight of the unsliceable meat from the
weight of the meat in the can (See Table 5) are in good agree-
ment with the values cbtained by count of slices and by |

judges' ratings of sliceability.
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pH Values

The average pH values for the raw meat are apgroximately
Se 45, regardless of aging 1 or 8 days or the kind of injec¢-
tion (Table 6). The range smong the average values for the
five animals 18 5.61 to 5.37. Canned beef had higher pH
values than the raw meat and the meat of Animal X, elther
cooked or uncooked, was higher in pHE value than the meat of
the other animals. Animal X was the aged dalry cow and the
meat of this animal was a dark red color. The raw meat was
sticky and rubbery and had a rather strong odor. Hall (17)
“reported & relationship between dark color in beef and high
pH values. Bate~$mith (7) enumerated qualities found in beef
having high pH values, among which were dark color, slimy or
aticky feel, and flabbliness. The kind of injectlion had little

apparent effect on the pH values of the raw or canned beef.

Weight Changes

The animals used in this series of experiments were
fairly uniform in weight. The live weights of the four
steers were 8l6, 800, 830, and 930 pounds, respectively; the
weight of the dalry cow was 965 pounds. The warm dressed
welghts of the half carcasses were, for left and right hélves
of each animal, respectively:s 231, 232; 222, 216; 230, 233;
280, 2753 and 195, 190 pounds. The cow had the highest
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" Table 6. Averages of pH Values.

. . Beef muscles Beef cuts Canned
Anfi?:l?l gSQeggs (uninjected) aged eight beef
, , aged one day days
pH PH PH

SODIUM CHLORIDE INJECTION

left muscle Control samples
VI 6 5.38 5.44 5.80
ViI 6 5.42 5.44 5.68
Viil 6 5.40 5.38 5.756
Av. (3 animals) 5440 5.42 5.74
IX 6 5.38 5.37 5.64
X & 5.6} 5.55 5.93
Av. (2 animals) ' - BJ.BO 5.46 5,78
Av. (5 animals) 5.44 5.44 5.76
Right muscle Injected samples
V1 6 5.39 H.43 5.77
Vit 6 B.44 5.49 5.65
Viil 6 5.42 5.41 B5.73
Av. (3 animals) 5.42 5.44 5.72
IX 6 5,38 5.42 5.62
X 6 5.60 5.54 5.86
Av. (2 animals) 5.49 5.48 5.74
Av. (5 animals) 5.45 5.46 5.73

(continued)



PBeef cuts

Animal — No. of (uninjected) - aged eight beef
aged one day days

SCDIUM CHLOKIDE AND LACTIC ACID INJECTION

Left muscle

V1 6
ViI 6
VIIiI 8

Av. (3 animals)

IX 6
X 6

Av, {2 animals)

Av. (5 animals)

Right muscle

Vi 6
VII 6
VIII 6

Av. (3 animals)

IX 6
X +]

Av. {2 animals)

Av. (5 animals)

{same as for
sodium chloride
injection)

(same as for
sodium chloride
injection)

{continued)

Control samples

5.44 5.80
5,42 5.64
5.39 5.73
5.42 5.72
5.39 5.65
5.53 5.93
5.46 5.79
5.43 5.75

Injected samples

5.47 5.78
5.48 5.63
5.41 5.70
5.45 5.70
5.42 5.64
5.60 5.87
5.51 5.76
5.48 5.72
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Table 6 (continued)

Animal  No. gf (uninjected) aged elght beef
no. musc.les aged one day days _
pH pH pH
LACTIC ACID INJECTION

‘Left muscle Control samples
‘ Vi é (same as for 5.42 5.80
VI 6 sodium chloride 5.48 5.67
- VIIX 6 injection) 5.40 5.73
Av. (3 animals) 5,43 - B,73
IX 6 5.38 5.65
X 6 5.54 5.92
‘Av. (2 animals) 5.46 5.78
Av,. (b animals) 5.44 5.75
Right muacle Injected samples
Vi 6 (same as for 5.47 5.82
VIi 6 sodium chloride 5.48 5.68
VIII 6 injection) 5.41 5.73
Av. (3 animals) 5.45 5.74
IX 6 ' 5.38 5.65
X 6 5.56 5.94
Av. (2 animals) 5.47 5.80

Av. (5 snimals) 5.46 5.76
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1ive weight but the lowest dressed weights for each half of
the carcass of any of the animals. The welights of the
muscles (untrimmed) after separation from the carcass are

shown in Table 7.

The cuts of beef from each animal were trimmed to approxi-
mately & certain weight prior to aging. The averages of the
weights of the beef cuts, of the beef plus_injccting solutidn,
and of the cuts after aging are shown in Table 8. The con-
trol samples lost 2 small percentage of their initial weight
during the aging perlod; injected samples had higher average
welghts after agling than their initisl weights, i. e., some
of the injected solutlion remained in the meat at the end of
8 days of aging. Weight differences assoclated with a

particular kind of injection were very small.

The average figures for the preportibﬁé of meat and of
liquid in the can after processing were fairly uniform for
tﬁe contrel and injected samples with the three kinds of
injection (Table 9). Approximately two-thirds of the weight
of meat put into the can was in the form of meat after
processing and the other one-third was liquid. The differ-
ences in the percentage of ligquid to meat for control and
injected samples were too small to be of 1mpoftance. The
average values for the percentage of liquid in the cans of

meat processed 90 minutes were no higher than for the meat

processed 65 minutes.
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Table 7. Weight of Muscles (Untrimmed) after Separation from
Carcass.

it. of muscle (untrimmed)
Left Right
1b. 1b.

Animal VI
Longissimus dorsi, leoin portion 5
Longlssimus dorsi, rib portion 7
Psoas major and psoas minor 4
Semitendinosus S
Semimembranosus 8
Biceps femoris 8

Animal VIT

Longlssimus dorsi, loin portion &
Longissimus dorsi, rib portion Ki
Psoas major and psoas minor B
Semltendinosus ]
Semimembranocosus 9.1
Biceps femoris 9.3

o & & o »
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Animal VIII

Longissimus dorsi, loin portion 5
Longissimus dorsi, rlb portion 10
Psoas major and psoas minor 4
Semitendinosus S
‘ 9

0

L]
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.
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Semimembranocsus
Biceps femorls 1

Animal IX

Longissimus dorsi, loin portion
Longissimus dorsi, rib portion
Psoas major and psoas minor
Semitendinosus

Semlmembranosus

Blceps femoris
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Animal X
Longlssimus dorsi, loin portion
Longissimus dorsi, rib portion
Psoas major and psoas minor
Semitendinosus
Semimembranosus
Biceps femoris
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L 3
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Table B. Averages of Initial Welghts of Beef Cuta, of the
Cuts Plus Injecting Solution, and of the Cuts
after Aging.

Animal No. of Initial  Beef plus Wt. beef after

. scl wt. injecting
no muscles wt solution aging
gm.o mb gnl' %

SODIUM CHLORIDE INJECTION

Control seamples

Vi 6 606 600 99.0
VI 6 602 593 98.5
VIII 6 806 596 98.4
Av. (3 animals) 605 5986 98.6
1X 6 605 | 590 97.6

X 6 605 | 599 $9.0

Av. (2 animsals) 605 | 594 98.3

Av. (b animals) 8605 ‘ 596 98.5

Injected samples

Vi 6 605 665 638  105.5
VIT 6 604 664 644 106.5
VIII 6 606 666 631  104.1
Av. (3 animals) 605 665 638  105.4
X 6 605 665 638  105.3
X 6 606 666 642  106.0
Av. (2 animals) 606 666 640 105.6
Av. (5 animals) 605 665 | 639 105.5

(continued)
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Teble 8 (continued)

O e A M R S B oo e A S o

R eSS T S sy e

Animal No. of Initial ?g?ﬁcfizz Wt. beef after
no. muscles wt. solution aging -
gm. gr . gm. %

SODIUM CHLORIDE AND LACTIC ACID INJECTION

Control samples , ,
Vi 6 606 597 98.6

Vi1 6 6803 594 98.5
VIiI 8 606 597 98.56
Av, (3 animals) 605 596 98.5
IX 8 604 591 7.9

X (] 805 697 g8.6

Av. (2 animals) 604 584 98.2
Av. (B animals) 605 595 98.4

Injected samples

VI 6 ‘ 606 666 636 105.1
VI 6 604 664 636 105.3
VIII 6 806 666 636 104.9
Av, (3 animals) 605 665 636 105.1
IX 6 804 664 628 103.8

X é 605 665 640 105.8

Av. (2 animals) 604 664 634 104.8
Av. (5 animals) 605 865 835 105.0

{(continued)
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Table 8 {continued)

e e e o b7 A1 ot e bt~

Animel No. of Initial Beef plus Wt. beef after
no. muscles wi. injecting aging
) solution ;
Zm. gia g . %

LACTIC ACID INJECTION

Control samples

Vi 6 6056 600 99.3
Vil 6 604 594 98.4
VIiit (] 808 597 98.4
Av., (3 animals) 805 587 98.7
IX 6 606 556 98.5

X 6 6056 598 98.9

Av. (2 animals) 606 597 98.7
Av. (5 animals) 605 587 98.%7

Injected samples

Vi 6 604 664 624 103.3
Vil 6 603 663 622 103.1
VIII 6 606 666 615 101.4
Av. (3 animals) 604 664 620 102.6
IX 6 604 664 615 101.8

X 6 606 666 634 104.5

Av. (2 animals) 605 665 624 103.2

Av. (5 animals) 605 665 622 102.8
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Table @. Averages of Welghts of Beef before Processing and
Welghts of Meat and of ILiquid after Processing.

e e e S e

Animal No. of - Wt. before Wt. after processing
no. muscles processing Meat  liquid
@n. EMs A_% gm. 0

SODIUM CHLORIDE INJECTION

Control samples . .
Vi 6 569 383 67.4 185 32.5

VII 6 570 392  68.8 173  30.3
VIII 6 569 370  64.9 195 34.3
Av. (3 animals) 569 382 67.0 184 32.4

X 6 569 377 66.3 184 32.4
X 6 569 357 62.8 188  33.0
Av. (2 animals) 569 - 367 64.6 186 32.7

Av. (5 animals) 569 376  66.0 185 32.5

Injected samples

Vi 6 570 370 64.9 197 34.5
Vil 6 570 384 67.4 180 31.6
VIil 6 B70 556 62.5 2086 368.1
Av., (3 animals) 570 370 64.9 194 34.1
IX 6 568 364 63.9 180 31.6

X 6 . 569 364 64.0 188 32.4

Av. (2 animals) 568 364 64.0 182 32.0
Av. {5 animals) . 569 - 368 64.5 180 33.2

{continued)
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Table 9 (continued)

Animal ¥o. of Wt. before Wt. after processing

no. muscles processing Meat Iiquid
gme gme % . %

SCDIUM CHLOKIDE AND LACTIC ACID INJECTION

Control samples

Vi 6 569 382 67.0 183 32.2
VI1 6 569 387 68.0 179 31.6
Viil 6 B70 372 65.3 192 33.7
Av. (3 animals) 569 380 66.8 185 32.5
IX 6 569 569 64.8 187 32.8

X 6 569 3567 64.5 186 32.8

Av. (2 animals) 569 368 64.6 186 32.8
Av. (5 animals) 569 375 65.9 185 32.6

Injected samples

Vi 6 B70 599 66.5 178 31.3
Vil 6 569 384 67.3 182 32,0
VIiil 8 570 356 62.8 207 363
Av., (3 animals) 570 373 65.5 189 33.2
X 6 569 361 63.5 191 335.6

- X ] 569 366 84.4 178 31l.3
Av, (2 animals) 569 364 64.0 184 32.4
Av. (5 animals) 569 369 64.9 187 352.9

(continued)
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Table 9 (continued)

Animal No. of Wt. before

Wt, after processing
no. muscles processing Meat Liquid
Elle ' gﬁ. % gne. %

LACTIC ACID INJECTION

Control samples

VI 6 569 379  66.6 187 32.8

VIT 6 . 569 396  69.6 170 29.8
VIII 6 569 371 65.2 194 34.0
Av. (3 animels) 569 382  67.1 184 32.2
O IX 6 569 374  65.8 176 30.7
X 6 569 365 64.1 208 36.5

Av. (2 animels) 569 370 65.0 192  33.6
" Av. (5 animals) 569 37 66.3 187 32.8

Injected samples

VI 6 569 371 65.2 191 33.6
VII 6 569 371 65.2 192  33.7
VIII 6 568 357 62.9 205 36.1
Av. (3 animals) 569 366 64.4 196 34.5
IX 6 - 568 357 62.8 192 33.8

X 6 569 345 60.7 176 31.0

Av. (2 animals) 568 351 6l1l.8 184 32.4

Av. (5 animals) 569 360 63.4 191 33.6
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General Characteristics of Beefl Samples

Some characteristics noted in the raw meat have already
been menticned, i.e., thefcolor, ruhber-lika quality, and
stickiness of the meat of Animal‘x. Muscles of one animal
differed in color; for example, the semlitendinosus was notice-
ebly lighter in color than the other muscles; one portion of
the biceps femoris was a lighter pink than ihe rest éf the .
muscle. During aging the amount of "drip"™ from the beef cuts
of the dalry cow was small. The raw meat of thié animal was

very difficult to cut into pleces.

The slices of canned meat were observed for their general
appearance. Much separation at the primery bundles of muscle
fibers was noted. The comnective tissue meshwork was elther
fragile or small in amount. A stringy texture in the meat
was assoclated with the tendency to separate into small
. bundles of muscle fibers. Many of the samples injected with
elther of the solutions containing sodium chloride, and a few
other samples, had an 1ridescent appearance at the surface of

the slices.

The cans of meat placed in the incubator at 100°F.
immediately after removal from the processing retort showed

no signs of spoilage after 6 months or more of storage.
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The fibrous nature of the cooked meat samples after
maceration in the Waring blendor during the preparation of
pH samples was noted. The semitendinosus, semimembranosus,
and blceps femoris were particularly fibrous. The pull on
the electric motor of the blendor was notlceable when the

 samples from the aged dairy cow were being macerated.

The liquid from the canned meat was brown, some samples
having a yellow cast, others shading toward red. Some
variations in the brightness or dullness were observed, but

no definite pattern could be distinguished.

Gelation of Liquild

Observations of the liquid from the canned beef after
24 hours of refrigeration showed wide variations in gelation.
Some samples were stlff, quivering gels; others were thin,
watery liquids. Varying degrees of gelation between these
. extremes were noted. 1In general, firmer gels were found
among the samples from Animals VI, VII, and VIII, processed
65 minutes, than in those from Animals IX and X, processed
90 minutes. Gelation was less extensive for most of the

samples from Animsl IX than for those from the other animals.

1t appeared that the processing time of 65 minutes was
sufficient to bring about degratlion of collagen to gelatin,
but that, by the end of 90 minutes, the gelatin was also
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partlally degraded. The differences in results between
Animals IX and X, both of which were processed 90 minutes,
mey be sccounted for in the higher initial content of tough
connective tissue in the aged dairy cow (Animal X) than in
the younger animal. The injection treatment with sodium
chloride, lactic acid, or the mixture of two in solutlion had
.no consistsnt effect on gelation of the liquid from the

canned meat of any of the animals.
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SUMMARY

A study was made of the effect on canned beef of
injecting the raw meat with one of the following solutions:
sodium,chlaride, lactic acid, or a m;xture of sodium chloride
and lactic acid. The concentration of sodium chloride in
each of the two salt-containing solutlions was 15 per cent,
meking the proportion of approxim&tely l.5 grams of(salt to
100 grams of meat after injection. The lactic acid solution,
as well as the solution with both sodium chloride and lactic
acid, contaiﬁed sufficient acld to give a pH value of 3.4

for the solution.

Five animals were used in the study; four were steers
(carcass grade Commercial) and one was an aged dairy cow
(carcass grade Cutﬁer). Matching palirs of the rib and loin
portions of the longissimus dorsi, psoas major and psoas minor
semitendinosus, semimembranosus, and blceps femorls muscles
were separated from the carcass 1 day after slaughter and

divided into three or six cuts for aging and canning.

Cuts from the right side of the animal were injected;
those from the left slde were used as controls. All the cuts

were aged 8 days at 34° to 36°F. prior to canning. Samples
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for histological study and pH determinations were taken from
the fresh muacle, the aged cuts, and from the canned meat .

The meat from three steers was processed at 240°F. (10 pounds)
for 65 minutes; from the fourth steer and the aged daliry cow,

20 minutes.

The canned meat was sliced on a mechanical slicer and
representative slices wers rated by the judges for six palata-
bility factors. Slieing quality was evaluated by: (1) number
and characteristics of slices obtained, (2) by'weight of
unsliceablé meat, and (3) by judges' scores. Statistical
analyses were made of the scores for flavor of the meat,
tenderness, juiciness, texture, and slicing quality to deter-~
mine the significance of the differences. Observatiéns were
made of the general appearance of the canned beef and the

liquid.

Aroma scores for the canned beef were not affected by
the injecting treatments, but were lower for the aged dairy

cow than for the other animals.

¥Flavor, tenderness, and texture scores for the canned
beef from the five animels were markedly improved (significant
at the .01 level) by injection ofrthe meat with either sodium
chloride solution or the combination of sodlium chloride and
lactic acid. The lactic acid solution alone had no

significant effect on these three palatabllity factors.
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The scores for the flavor of the canned beef were not
affected by the muscles used, but the beef of the aged dairy

cow was undesirably strong flavored.

Tenderness was influenced by the injecting treatments

snd variations occurred among muscles and among animals.

Differences in téxture were found in muscles and in
animals. The psoas muscles had the highest rating; the loin
portion of the longissimus dorsi and the semlmembranosus, the

lowest. Beef from the dairy cow had a low texture rating.

‘The average juiciness scores for the sodium chloride=- v
injected samples of canned beef processed 65 minutes were
higher than for the controls, but the differences between the
juiciness scores for the injected samples processed 90 minutes
and the control samples were not signiflcant. Combined salt
and lactlc acid solution improved the juliciness of the
injected samples compared to control samples, but the differ-
ences were significant only at the .05 level. Differences in
tha lactic acid~treated samples versus controls were‘within

experimental error.

The flavor of ligquid from the can was Improved by treat-

ment of beef with either of the salt-containing sonlutions.

Sliciﬁg quality of the canned beef was little affected by

injection of the raw meat with any of the three solutions
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tested. Little varlation in slicesbllity occurred among the
cuts processed 65 minutes. Variations did occur among those
processed 90 minutes; the beef from the cow sliced better than
that from the steer. fluscles were markedly different in
sliceabllity in all but bne series of tests. The semliten-

dinosus consistently sliced well.

The histological characteristics observed in the longi-
tudinal sections of the rib portlion of the longlissimus dorsi
helped to explain the results secured in the palatability
scores, Some disintegration of the fiber striations had
occurred after aging 8 days. The extent of this disintegra-

tion varied with the muscle and the animal.

The effect of injection with either sodium chloride solu~-
tion or a mixture of sodium chlorlde and lactic zcid was an
increagse in the number and extent of the diéintegration fis~
sures in the fibers. This disintegraetion would be expected
to contribute to ﬁendermess of the meat, and the judges
rated the injected samples receliving elther of these treat-
ments as more tender than the controls. Samples injected
with only lactic acid appeared much like the control samples

in histological features.

The averapge pH values for the five animals were similar
for fresh muscle and for the cuts of beef aged B days,

regardless of injection treatment. These values were close
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to pH 5.45. The meat of the apged dairy cow was higher in pH
than the meat of the steers and had the dark red color and the
sticky, rubbery feel that are characterlstic of meat of high
pH. The canned besef samples of all animals were higher in pH
than the raw meat. Injection with any of the three solutions

had little effect on ph values of the meat alter canning.

Small losses .in welght were found in the control cuts of
beef, but the average welght of the injected samples was
greater after 8 days of aging than the initial weight. Thus
some of the injected solution remained in the meat; The
canned beef was approximately two-thirds meat snd one-third
liquid. Injectlion of the raw meat made 1little difference in

the proportion of 1liquid to meat in the canned product.
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CONCLUSIONS

Under the conditlons of this study the following
conclusions are made:

l., As indicated by palatability scores, the injection
of beef cuts with either sodium chlorlde solution or a com-
bination of sodlum chloride and lactle acid solution markedly
improved the flavor, tenderness, and texture of the canned
beef compared to uninjected control cuts. Juiciness was
impreved for some of the cuts butvnet for all. Injection of
beef cuts with lactic acid solutlon had no significant effect
on any of the six pslatability factors evaluated. Aroma -
scores were little affected by the injection treatment of the
meat. Flavor of the liquid from the dan was slightly
Improved Ey injection with the salt~containing solutions but
not by the lactic acid solution.

2. The slicing quality of the canned meat was falrly
low, and no improvement was ssecured by injJection of the raw
meat with any of the three solutions tested. Sliceability
of the canned beef, however, varled among the muscles and
the animals. _

3. The tenderness of the canned beef was related to the

microscopic changes which occurred in the beef.
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Table 1. Palatability of Canned Beef., Average palatablility

: scores grouped sccording to muscle used and
processing time. Scoring range is 10 for extremely
good quality to 1 for extremely poor quality.

AT T SV ey P g

imal* Sample ?al&tahility scores
ma amp Flavor Tender- Julci-  Tex=-
.0. nQ- 1
n ’ Aroma et TLigquid ness ness ture

LONGISSIMUS DORSI WUSCLE, LOIN PORTION
- Sodium chloride injection

Control samples

VI 162 T 7.0 BB 643 B.7 5.0

Vil 188 77 7.0 B3 5.7 B.3 5.0

YIii 211 8.0 T O 5.7 4.0 5.3 Sed

Ave {3 animals) T8 7.0 6.1 5.3 5.4 4.4

IX 2354 77 6.7 5,0 6.7 4,3 5.0

X 260 Be7 B0 BB 5.7 4od Sed

Av. (B animals) 7ol 6,5 5.7 B.7 5.0 4,3
Injaeteé'aamplaa

Vi 162 7T Bed 7.7 B.O 6.3 E.7

Vil 188 i 6.7 G5 Bad 5.0 4,0

Viil 211 7ed Tl 6.0 4.7 Bed Gl

Av. (3 animals) Ted 7.4 6.7 6.0 5.5 4.8

IX 234 7.3 7.7 7.0 8.0 5.0 6.7

Av. (5 &nimla) . ?*5 Tl 6.5 6.7 565 5.4

{continued)

*inimals Vi, VII, and VIII were steers, carcaas grade
Commercial, processed 65 minutes; Animal IX was a steer,
carcass grade Commercial, processed 90 minutes; Animal X was
a cow, carcass grade (utter, processed 90 minutes.
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Table 1 {eontinued}

?alatabiligg scaraa

Animal  Semple Flavor
Tender~ Julci~  Tex-
no. no. Arome  YooE Tiquid gess §egs ture

LONGISBIMUS DORSI mU$CLE, LOIN PORTION (continued)

Lactic acid uﬂjaction

| Gantral samples

vi 164 8.3 7.5 - 6.7 B.3 6.0 4.5

VI 187 7.7 6.7 7.0 5.7 4.7 S

"VIIT 210 8.0 6.7 5.9 4.0 4.3 4.0

(3 animals) 8.0 6.9 6.5  B5.O 5.0 4.0

IX ’ 256 8!'0 701{) ‘ 5‘0 ' 6.5 4;0 4'3

X 259 6.3 BuB 5.0 5.3 3.7 SeB

(56 animals) 7.7 6.6 B.9 5.3 4.5 3.9
Injected samples ‘

vl 164 8.0 8.0 7.3 &.0 5.7 Bed

Vil 18% 77 7.0 6.7 Hed 4.7 4,3

VIiIl 210 7.7 7.0 6.0 4.0 5,0 3.7

AV (3 anim&lﬂ) 7.8 Tud 8,7 5.1 5.1 4.4

IiX 236 Ted TeB 5.7 6.7 S 4.3

X 259 6.5 b.3 5.7 6.5 4.0 4.0

Av. (5 animals) 7.4 6.9 6.3 5.7 4.6 4.3

{continued)



~ 151 =

Table 1 {continued)

L Palatability scores
&ngﬁfl Sazg%a Aroma Flavor Tender- Juici~ Tex-
¥Meat Liguld ness ness ture

LONGISSINUS DORSI MUSCLE, LOIN PORTION (continued)

Sodium chloride and lactic acid injection

Control samples ,
B.0 6.7

V1 163 7.9 6.5 7.0 5.3

ViI 186 7.7 7.3 8.0 7.7 5.3 6.0

VIII 212 747 7.0 5.7 4.7 5.7 4.3

Av. (3 animals) 7.7 7.4 6.8 6.2 6.0 5.2

IX 235 7.3 7.0 5.3 6.0 3.7 4.7

X 258 6.0 6.0 5.3 6.3 4.0 3.7

Av. {5 snimals) 7.3 7.1 6.2 6.2 5.1 4.8
Injected samples R o :

VI 163 =~ 8.0 8.3 7.0 8.0 6.0 7.0

VII 186 7. 7,0 77 7.7 5.7 5,0

VIII 212 8.0 7.0 7.3 6.3 5.7 5.0

Av. (3 animals) 7.9 7.4 7.3 7.3 5.8 5.7

1X 235 77 7.0 7.0 741 4.3 6.0

X 258 6.0 6.3 5.7 8.3 5.3 6.0

Av. (5 animals) 7.5 7.1 649 7.6 5.4 5.8

{continued)
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Table 1 {continued)

Palatability scorea

Animal Sample

Flavor Tender- Juicl-  Tex-
no. no.  Arom&  FETTIonTd 0 ness ness ture

-Logezsszﬁﬁs‘neasx MUSCLE, RIB PORTION

},Sodium chloride ;Ejectien

”Contral samples

VI 187 - 7.3 7.3 . 6.0 4.3 4.3 3.3

VII - 180 = 7.7 . 7.7 . 7.0 8.3 7.7 7.0

VIII 214 7.5 8.0 6.3 7.3 6.0 6.0

&Va (5 aﬂimala) : 7:4 703 6.4 606 6&9 504

IX 239 7.3 8.3 6.3 = 8.3 5,0 6.0

X 261 8.3 | 6.0 3.3 7.0 4.3 5.0

Av. (5 snimals) 7.2 = 7.3 5.8 7.0 = B.5 5.6
Injected samples }

VI 187 - 7.7 7.7 7.3 = 8.0 6.0 6.7

vii . 189 8.0 - B.7 8.0 9.7 8.0 8.7

VIII 214 8.0 8.9 8.0 9.0 7.3 8.0

Av. (5 animala) T8 8.4 ‘7&8 8.9 ‘ 7.1 7.8

IX 239 7.7 8.3 7.0 8.7 6.0 7.3

X 261 7.0 6.3 3.3 9.3 5.0 6.3

Av. (5 animals) 7.7 7.9 6.7 8.9 6.6 7.4

“ {continued)
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Table 1 (continued)

| ;'?éiétagilié _;éégééjwm.h,w";umw
Flavor Tender~ Juici~ Tex-
#eat Liquid - ness ness ture

Animal  Sample
no. no. Aroma

LONGISSIMUS DORSI MUSCLE, RIB PORTION (continued)

Lactlc acid Injection

Control samples

VII 190 8.0 8.0 7.0 8.0 6.7 8.0

VIII 215 7.7 T BT 6.3 6.3 5.3

Av. (3 animels) 8.0 7.8 6.8 7.3 6.4 6.0

IX 237 7.3 7.7 5.7 7.7 5.9 5.7

x 262 6.7 6.0 3.0 8.0 4.3 5.3

Av. (5 animals) 7.8 7ed 5,7 7.5 5.9 5.8
Injected samples

VI 165 8.0 8.0 8.5 7.7 7.7 740

viI 190 8.0 7.7 TJT - 7.7 8.7 6.3

VIII 216 7.7 7.7 5.7 5.3 6.0 5,0

Av. (3 animals) 7.9 7.8 6.6 6.9 6.8 6.1

IX 237 e 73 5.7 7.7 B3 6.3

X 262 6.7 6.3 4.0 9.3 5.3 6.0

Av. (5 animals) 7.8 7.4 5.9 7.5 6.2 6.1

{continued)
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Table 1 (continued)

Animal Sample
no. no. Arome o Tiquid ness ness ture

Flavor Tender~ Juici- Te@X=

LONGISSIMUS DORSI MUSCLE, RIB PORTION (continued)

Sodium chloride and lactic seild injection

Control samples

VI 166 8.0 7.0 5.7 7.7 6.0 5.7

VII 191 = 8.7 7.3 6.7 7.7 7.0 6.3

vIII 213 8.0 8.0 6.0 8.0 6.7 7.3

Av. (3 animals) 8.2 7.4 6.1 7.8 6.6 6.4

IX 238 .3 - T.3 . 5T 7.3 4.7 5.7

X 263 - 6.3 6.0 . 3.0 . 6.3 4.7 4.0

©AvV. (5 mm&lﬁ) F.7T '?01 . 5ed . 7ed 5.8 5.8
Injected samples

VI 166 8.0 7.9 7.3 8.3 7.0 7.3

VII 191 7.7 8.9 8.0 8.0 7.3 6.7

VIII 213 7.7 8.7 7.7 9.3 7.3 8.0

Av. (3 animals) 7.8 8.4 7.7 8.5 7.2 7.3

IX 238 7.3 8.7 8.0 9.0 5.7 7.0

X 263 8.7 6.0 4.0 9.3 4.0 8.3

Av. (5 animals) 7.5 8.0 7.0 8.8 6.3 7.1

{continued)
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Table 1 {(continued)

— Palatability scores -
riavor Tender- Juici- 1Tex-
Feat Liquild ness ness . ture

Animal Sample
0. N0« Aroma

PSOAS MAJOR AND PSOAS MINOR MUSCLES

Sodium éhlerida—ggjaction

Control samples

YIT 183 8.8 7.7 7.0 B.3 T T

VIiiI 218 BeS 8.0 6.0 9.0 6.3 7.7

Av. (3 animals) 8.4 79 6.7 8.8 7.0 7.8

X 240 7 oo 7.3 ~ B.7 9.3 6.0 Ted

X 265 6.3 4.3 4.0 9.3 5.0 6.0

Av. (B enimals) 7.8 7.1 5.9 = 9.0 6.4 7.3
Injected samples

vt 168 8.0 B.3 73 9.3 7.3 8.3

VIII 218 8.3 8.7 7.7 = 9.3 Ted 8.0

Av. (3 animals) 8.0 8.6 7.7 9.4 7.1 8.0

b4 265 B3 Hedd 4.7 9.7 6.0 6.7

Av, (5 anim&ls) 7.4 7.8 740 9.6 6.6 7.7

(continued)
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Table 1 (continued)

ecanminen i i b R N o P S0 e e

?aiaﬁébility aeoreé
¥lavor Tender- Julclw i3 &
¥eat Liguid ness ness ture

Animal  Sample
no. no. Aroma

PSOAS MAJOR AND PSOAS MINOR MUSCLES (continued)

‘Lsctic acid injection

Control samples

VI 169 8.7 743 6.3 3.0 7.0 Ge7

VIT 194 B.3 8.3 7.3 5.0 7.3 7.3

VIII 218 7.7 8.3 6.7 8.7 7.0 7.3

Av. (3 snimsls) 8.2 8.0 6.8 5.9 7.1 7.8

IX 241 7.9 7.7 5,3 9.0 5,7 7.7

Av, (5 animals) 7.5 7.0 ‘57 5.9 8.3 7.2
Injected aam?ies

VI 169 813 ’?a‘? V‘Q 53-‘? 703 8.5

Vi1 194 8.0 7.0 6.3 7.7 6.3 6.7

VIII 216 8.0 840 6.7 8.3 6.3 6.7

Av. {3 animals) 8.1 7.6 6.7 8.2 6.6 7.2

IX 241 T3 T3 5.5 8.3 5.7 7.0

X 266 6.3 4.7 3.0 2.0 4.7 6.0

Av. (5 animals) 7.6 6.9 5.7 B.4 6.1 6.9

{continued)
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Table 1 {continued)

e A S e o g e A kLT ot o Lt e 99 Ly e e e 'y o

Animel  Sample Palatability scores

: Flavor Tender~ Julel=~ Tex-
no. no.
‘ Aroms T LTiquid  ness ness  ture

PSOAS MAJOR AND PSOAS MINOR MUSCLES {continued)

Sodium chlorlde and lactlc acid Iinjection

Control samples

vi = 170 B.d 7.7 Ted 8.7 6.7 8.0

VII 192 5.0 T 7.0 8.0 Ted Ted

viii . 21% 77 8.0 645 8.7 6.7 7.0

Av. (3 anmﬁlS) B.0O 7.8 6.9 8.5 6.9 74

IX 242 7.3 0 7.3 8.7 9.3 5.7 7.7

X 264 6.3 4.0 3.0 8.7 4.3 5.3

Av. (5 animals)} 7.5 = 6.9 5.8 = 8.7 6.1 T+l
Injected samples

Vi 170 . 8.3 .0 7.7 = 9.7 8.3 9.3

Vii - 192 8.0 . B.7 . B.O . 9.7 7.3 8.0

viii - 217 8'? 8.7 . 8.3 . 9.7 7.7 8.7

Av., (3 animals) 8.3 8.8 8.0 9.7 7.8 8.7

X 242 K% 8.8 7.0 = 9.7 8.3 -Ba.0

X 264 6&’? 5*3 4&7 9&3 ' 5.0 6.7

Av. (5 &nimal&} 7.9 8.0 Tel 8.6 6.9 8.1

{continued)
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Table 1 {continued)

?alata@ility scores

Animal  Sample
no. no. Aroma  jo—v iiquié ness ness ture

¥Flavor TPender- Julcie  Tex-

SEMITENDINOSUS MUSCLE

Sodium chloride injection

Control samples ,
6.3

Vi 172 8.3 7.7 6.7 8.3 6.0
VII - 197 8.3 7.7 - 6.0 8.0 6.0 6.3
VIII : 219 ’?n’? Vl? 5:‘7 7a‘7 60’? 6*‘?
Av. {3 animals) 8.1 7.9 6.1 8.0 6.2 o4
IX 244 8.3 7.9 5.7 7.7 4.3 6.0
X 269 6.0 5.3 4.3 7.7 4.3 5.0
Av. (5 snimals) 7.7 7.2 B.T 7.9 5.5 6.1
Injected samples '
VI 172 8.3 8.3 7.0 8.7 7.0 8.0
VKI ' 197 ’ 803 ‘ 80‘7 > ?»‘? g 905 ?.5 8&0
V}:l‘{. ’ 219 8'0 ’ 3;0 ’ 7:8 71‘7 60? ‘?03
Av. (3 animals) 8.2 8.3 7.2 8.6 7.0 7.8
X 269 6.5 6.0 5.7 8.7 5.3 6.3
Av. {5 animals) 7.7 7.8 6.9 8.7 8.1 7.4

{continued)
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Table 1 (continued)

Falatabiiity scores -
—_Flavor __ Tender- Juici-  Tex-
lieat riiquid negy ness ture

Animal Sample
no. no. Aroma

SEMITENDINOSUS MUSCLE (cénﬁinued)

‘Lactic seid injection

Control samples

Vi - 173 8.0 8.0 « 6.0 8.7 7.5 1.7

VII 195 7.7 8.0 7.0 8.0 6.7 6.7

COVIII - 280 - 7.7 M7 6.3 7.7 6.3 6.7

Av. (3 animals) 7.8 7.9 6.4 8.1 6.8 7.0

CIX 245 7.7 7.7 6.0 8.3 6.0 7.7

| X 267 6.3 5.3 4.3 6.7 B.0 4.3

Av. (5 animals) 7.5 7.3 5.9 7.9 6.3 6.6
Injected samples

VI - 178 - 8.3 B840 - 8.3 - 7.7 7.3 7.7

VII 195 8.0 7.3 5.7 840 5.7 6.0

VIII - 220 = 8.0 7.7 - 6.3 - 8.0 6.3 6.7

Av. (5 snimals) 8.1 = 7.7 = 6.1 - 7.9 6.4 6.8

IX 245 7.7 7.7 5.7 7.7 5.7 6.3

X 267 6.0 5.7 4.7 7.0 4.7 5.7

ﬁv; (5 anim&ls‘) 7'6 ?»5 5»7 7;‘7 50% 605

{eontinued)
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Table 1 {continued)

Animal  Sample

no. no. Aroma ¥Flavor Tender« Juicie Te X~

Weat Liquid ness ness ture

SEVITENDINOSUS MUSCLE (continued)

Sodium chloride and lactic &eid injection

_Gontrclhaamples,

vi 17 7.7 7.5 6.0 7.7 6.0 6.7

VII = 196 8,0 8.0 = 6.3 . 7.7 8.0 6.3

viila = 221 7.7 8.0 - 6.0 - 7.3 6.3 6.7

Av. (3 animals) 7.8 7.8 6.1 7.6 6.1 6.6

IX 243 7.7 8.0 6.0 7.3 5.0 5.7

X = 268 6.3 o3 4.7 .7 5.0  B.7

AV (5 ﬂ:ﬂiﬂialﬁ) 7.8 Z Ted 5.8 75 5.7 6.2
Injected samples

vI 171 8.3 7.7 73 8.3 7.3 7.7

VII 196 8.0 8.7 7.7 9.3 6.7 7.7

VIiiz . 221 8.0 = 8.3 7.3 8.0 7.7 8.3

Av. (3 animals) 8.1 8.2 7.4 8.5 7.2 7.9

X 243 7.7 8.3 7.0 9.0 4.3 7o

X 268 6.0 6.0 6.0 9.3 5.3 6.3

Av. (5 animals) 7.6 7.8 7.1 8.8 6.3 7e5

(continued)
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Table 1 {(continued)

Animal Sample
no. ; Nno. Aroma

Flavor Tender- dJulici~  Tex~
- Neat Liquid ness ness - ture

SEMIMEMBRANOSUS MUSCLE
- Sodium chloride injection

Control samples

Vi 177 7.3 7.3 5.3 5.7 5.0 4.0

179 7B 7.0 7.3 7.3 4.7 5.0

Av. 73 7.2 6.3 6.5 4.8 4.5
viI 199 7.7 7.0 6.7 6.5 5.0 5.0
200 7.7 7.3 6.3 7.0 6.7 6.0

Av. 7.7 7.2 6.5 6.6 B8 = 545
vIII & 222 7.3 7B 6.3 B 4.7 5.7
226 T3 7.3 6.7 . 8.3 5.0 6.3

Av., ‘7:5 ?15 C 6:5 ) ‘7»8 : 408 600

Av. (3 animals) 7.4 T2 l 6.4 7.0 5.1 53
251 ’?&5 6&7 ﬁn& ‘?QQ 5;3 4"7

AVa 7»0 Vug 5.8 6.8 4.0 4.4

X 271 7.0 5.7 4.7 6.0 4.3 3.7
272 6.7 5.3 4.7 €.7 4.3 5.0

AV. 6.8 5.5 4.7 = 6.4 4.3 4.4

Ave. (5 animals) 7.2 6.8 6.0 6.8 4.7 5.0

(continued)
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Table 1 (eontinued)

Animal  Sample -

no. no. Aroma Flavor Tender- Juicli- ~ Tex-

Veat Liquid ness ness ture

SEMIMEMBRANOSUS MUSCIE (continued)

- Sodium ehloride injection (continued)

Injected samples

VI 177 7.3 8.0 . 6.7 T3 6.3 6.7

179 77 1.3 . 6.3 7.0 6.0 5.0

Av. 7.5 . 7.6 6.5 7.2 6.2 5.8

VII - 199 To? . 8.0 . Ta3 8.3 5.3 7.0

| 200 8.0 8.7 T3 9.0 6.3 8.0

Av. 7.8 B.d T.B 8.6 5.8 7.5
VIII = 222 8.0 T 7.0 8.7 6.3 6.7
2286 7.7 8.3 T 8.0 6.0 6.7

Av. 7.8 8.0 7.2 8.4 6.2 6.7

Av. (3 animals) 7.7 8.0 « 7.0 8.1 6.1 6.7
IX 249 7.0 7.7 7.0 7.3 4.0 4.7

251 8.0 8.0 7.3 Ba3 3.3 5.3

AV. 7.5 7.8 7.2 7.8 3.6 5.0

X 271 7.0 6.3 6.5 8.0 5.7 5.3

2?8 61'7 6:7 6-6 8-? 4&3 5:'7

AV 6.8 6»5 602 864 5.6 : 5&5

Av. (5 animels) 7.5 7.7 6.9 8.1 5.4 6.1

{continued)
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Table 1 {(continued)

_Palatability scores

Animal 3 le
no. aﬁﬁ, Aroms Flavor Tender- Julci- Tex-

Veat quaiﬂ © ness ness  ture

SEMIMEMBRANOSUS ﬁﬁSﬁﬂE {continued)
Lactic scid injection

Control samples

Vi  1%5 7.3 7. 6.0 6.7 5.3 4.0

176 7.7 6.7 6.3 7.7 3.7 5.7

Av. 7.5 7.0 6.2 7.2 4.5 4.8

VII 198 7.7 6.7 6.3 6.7 5.0 5.7
202 7.3 7.7 7.0 . 6.3 6.0 5.0

Av. 7.5 7.2 6.6 6.5 5.5 5.4
VIII = 225 7.7 7.0 6.3 6.3 5.0 4.0
227 7.3 7.3 5.7 5.7 4.3 4.3

Av. 7.5 7.2 6.0 6.0 4.6 4.2

Av. {3 animsals) 7.5 7.1 G.3 6.6 4,9 4.8
IX 247 7.0 7.0 5.3 8.0 2.7 4.7
248 7.3 6.3 5.7 7.7 3.0 4.7

Av. 7.2 6.5 5.5 7.8 2.8 4.7

X 27 6.7 6.0 5.0 7.3 4.0 4.0

274 740 6.0 4.3 7.3 4.3 4.7

Av. 8.8 6.0 4.8 7.3 4.2 4.4

Av. (5 animals) 7.3 6.8 5.8 7.0 4.3 4.7

{continued)
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Table 1 {(continued)

P&latabilitj saéfas‘ B |

ﬁnigal ASaigle . Avome Flavor Tender- Juici-  Tex-
* * Meat ILiquid ness ness ture

SEMIMEMBBANGSQS %@SCLE (eﬂntinuad)

Lactic acid 1 injection (continnsa)

Injected samples

VI 195 7.7 7.3 7.0 7.7 4.0 5.0
176 7.7 7.7 6.0 7.3 5.5 5.7

Av. ) 7;7 ?u5 6.5 ?uﬁ 4.6 5.4

VII 198 8.0 7.3 7.0 7.3 5.0 6.0
202 7.7 8.0 6.7 7.7 7.0 7.0

Av. 7.8 7.6 6.8 7.5 6.0 6.5
VIII = 225 7.3 7.0 6.0 5.3 6.3 4.0
227 7.7 7.3 6.0 6.7 5.3 4.7

AV. 7.5 7.2 6.0 6.0 4.8 4.4

Av. (3 animals) 7.7 7.4 6.4 7.0 5.1 5.4
IX = 247 7.0 6.7 5.0 8.0 3.0 4.3
248 7.5 7.0 5.7 7.0 3.3 5.0

Av. 7.2 6.8  B.d 7.5 5.2 4.6

X 270 6.7 5.7 5.0 7.7 5.0 5.0

274 6.3 5.7 5.0 6.7 5.0 4.7

Av. 6.5 5.7 5.0 7.2 5.0 4.8

Av. {5 animals) 7.3 7.0 5.9 7.1 4.7 5.1

{continued)
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Table 1 (continued)

o e e e S O A et AR A

Palatabllity scores
Flavor Tender- Julci- . Tex-
Weat ILigquid ness ness ture

Animal Sample
" N0 ' no. -~ Arome

SENIMEMBEANOSUS MUSCLE (continued)

Sodium chloride and lactic meid injection

Control samples

VI 174 7.7 7.7 6.3 7.3 5.3 4.7

178 7&‘7 7‘0 6"7 600 5.7 307

AV. 7.9 7.4 6.5 6.6 4.5 4.2

VII 201 . 9.7 6.7 . 6.7 6.0 4.7 5,0
203 8.0 8.0 6.3 8.3 5.7 6.3

Av. 7.8 7.4 6.5 7.2 5.2 5.6
VIII 223 7.3 7.0 7.7 6.0 5.0 4.7
224 7.3 T3 6.3 5.3 5.3 4.3

AV, 7.3 7.2 7.0 5.6 5.2 4.5

Av. (3 snimels) 7.6 7.5 6.7 6.5 5.0 4.8
IX 246 7.3 8.7 5.7 6.7 3.0 4.0

250  T.T 6.3 5.3 7.7 3.0 5.0

AV. 7.5 6.5 5.5 7.2 3.0 4.5

X 273 7.0 5.7 5.0 6.3 3.7 4.0

275 6.3 5.7 4.0 7.7 5.0 4.7

Av. 6.6 5.7 4.5 7.0 4.4 4o4

Av. (5 animals) 7.4 6.8 6.0 6.7 4.5 4.6

{continued)
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Table 1 {continued)

Animal Sample
no. no. Aroma

Flavor Tender- Juici- Tex-
leat Liquid ness ness ture

SEMIMEMBRANOSUS MUSCLE (continued)

Sodium chloride and lactile acié injectien (continued)

injected samples -
843 643 740

¥i 174 T 8.0 77
178 7ed T 77 740 5.0 5.7
Av. 745 7.8 77 7.6 5.6 6.4
Vil 201 8.0 Gud 8.0 B4+ 6.7 Ted
Av. 7.8 8.2 7.5 8.5 6.7 7.5
VIII 223 7% 8.0 6.0 7.7 5.7 6.5
224 Bog 8.5 B:G 7»7 503 6.7
AV& ‘7.8 8'02 ’?00 ‘7:? 5'5 6.5
Av.. (5 anima].S) TeT 8.1 Ted 7.9 5.9 6.8
X 246 Ted T 7.3 8.0 4.7 6.0
250 ’70? 8@9 ‘7.5 9«0 4.7 6 .’7
AV, TeH 7.8 Ted 8.5 4.7 6.4
X 273 7.0 6.3 €.0 8.7 £.0 6.0
278 6.7 6.7 6.0 8.7 4.0 5.3
AV, 6.8 B.5 6.0 8.7 4.5 5.6
AV.. (5 B.ni*ﬁalz) 7.6 T 7.1 H.2 £.4 6.5

{continued)
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Teble 1 (continued)

O e et B e S e N AN ST Ve e

| | Palatabillty scores
Aniﬁal Saigle Arome Fiavor Tender~ Julci~  Tex-
‘ ’ b o lMeat Llguld  ness ness ture

BICEPS FEMORIS MUSCLE
Sodium chloride injection

Control samples

Vi 184 8.0 840 6.0 B.3 7.0 8.0
185 8.0 6.7 6eB 7.7 6.3 6.0

Av. 8.0 7ed 6.2 8.0 6.6 7.0

VII 205 8.3 7eB 6.3 7.7 6.3 6.3
207 7.7 8.0 6.7 7.3 6.0 6.3

Av. 8.0 7.6 8.5 7.5 6.2 6.3
VIII 228 7.7 7.7 6.3 8.0 7.7 5.7
230 8.0 7.0 6.3 6.7 4.7 4.7

Av. 7.8 7.4 6.3 7.4 6.2 5.2

Av. {3 animals) 7.9 75 6.3 7.6 6.3 6.2
IX 256 743 6.3 5.3 7.3 4.0 4.7

257 7.3 8.7 5.7 8.7 3.0 6.0

Av. Tud 6.5 B.5B B.0O Seb Hed

X 277 5.7 3.3 3.3 6.7 3.7 33

279 6.7 3.7 3.7 8.3 5.0 6.0

Av. 8.2 3.5 3.5 7.5 4.4 4.6

ive. (5 animals) 7.5 6.5 5.6 7.9 5.4 5.7

{(continued)
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Table 1 {(continued)

Animal Sample “?a;atabil;tg ssgree .
N0.  NO0s Aroma  se—diBYOL Tender- Juleci-  Tex-
: ‘Heat Liguld ness ness ture

BICEPS FENMORIS MUSCLE (continued)

Sodium chloride injection {continued)

Injected samples

Vi 184 77 7.7 8.0 6.3 7.3 6.3

185 7.7 7.7 7.3 8.7 7.0 7.7

Av. 7.7 7.7 7.6 7.5 7.2 7.0

VII 205 7.7 8.0 8.0 843 6.0 7.3
207 7.7 8.3 7.3 9.3 7.0 8.0

Av. 7.7 B.2 7.8 8.8 6.5 7.6
VIII 2286 8.0 8.0 7.0 9.0 7.3 8.3
230 7.7 7.7 7.3 8.7 8.3 7.3

Av. 7.8 7.8 7.2 8.8 6.8 7.8

Av, (3 animeals) 7.7 7.9 7 8.4 6.8 7.5
X 256 7.0 7.7 7.0 8.0 4,7 8.0

257 7.3 V% 7.0 9.0 3.7 7.0

Av. 7.2 7.5 7. 8.5 4.2 645

X 277 6.0 4.3 5.7 77 4.3 5.7

279 7.3 4.3 5.7 8.7 6.0 6.3

Av. 6.6 4.3 5.7 8.2 5.2 6.0

Av. (5 animals) 7.4 el 7.0 8.4 6.0 7.0

(continued)
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Table 1 (continued)

Animal  Bample , “ 8 _
no. no. Aroma Flavor Tender- Juici- Tex-

Meat Liguid = ness ness .  ture

BICEPS FENORIS MUSCLE (continued)

Lactic acid injection

Control samples

Vi 181 8.0 77 6. B3 6.3 77
183 7.7 7.0 6.7 7.5 8.7 6.7

Av. 7.8 7.4 6.5 7.8 6.5 7.2
VIl 204 8.0 Td 6,0 8.7 6.7 6.7
206 7.7 8.0 7.5 8.0 6.0 8.7

RV? 7.8 736 5.6 8;4 6.4 6.7
VIIiI 232 BB T 6.0 7.0 5.3 BB
233 ?g% 7.3 6.3 7.7 Had 5.7

Av., 7.8 Vyﬁ 6,% 7.4 5.3 6.0
IiX 253 7.0 TeB Dad B.d 6.0 6.5
20656 7.0 750 5,5 73 Ded 4.5

Av, 7.0 T8 5.3 7.8 4.6 Bed

X 276 5.0 5.7 5.0 7.0 3.3 4.0
278 6. G o 590 7?3 3.7 5.0

Av. 5.6 4,0 4;0 732 368 445
AV (5 anim&la) 72 6.7 6.'7 7.7 5.3 5.9

{continued)
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Table 1 (continued)

ne N e KR

v . Palataebility scores

Aniﬁ?l Saﬁgfe Aroma Flavor Tender- dJuiecl- Tex~
v o Meat Liquld ness ness ture

BICEPS FEMORIS MUSCLE {¢0ﬂtinuﬁd}

‘Lactic scid injectlon (continued)

‘Injected samples

Vi 181 7.7 TeB 6.7  B.7 7.0 7.7

185 - 800 ‘V 7¢0>‘ 603 o 80@ 50? 6-?

Av. 7.8 7.2 6.5 8.4 6.4 7.2

VII ) 304 8&6 310 j ?u& ‘ 8‘? ?.7 7'0
206 | 7.7 0 8.0 7.0 @ 8.3 6.3 Ted

Av. 7.8 8.0 7.2 8.5 7.0 7.2
Viii @ 232 B.3 7.7 6.8 7.0 6.3 8.0
233 Tad 77T  B.7 T 5.7 6ed

Av, 7.8 77 6.0 7.4 6.0 6.2
Av. (3 animals) 7.8 7.6 8.6 8.1 6.5 6.9
IX 253 7.7 Ted .5 = 8.3 4.3 8.0
285 7.0 6.3 5.7 7.0 2.7 5.0

AV Ted 6.8 B.b 7.6 3.5 5.5

X 276 5.7 .7 4.3 7.0 4.5 4.0

278 7.0 4.0 5.0 7.7 5.3 5.0

Av, 6.4 3.8 4'6, 74 4.8 4.5

AV, (5 &nim&lﬂ) 7.4 6.7 8.0 79 5.5 8.1

{continued)
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Table 1 {continued)

Animal Sample

no. no. Aroma Flavor Tender- Juicie TexX~

Weat Liquid  ness ness ture

BICEPS FEWORIS MUSCLE (continued)

Sodium chloride and lactic acid Injection

Control samples

VI 180 7.7 8.0 7.0 9.0 7.7 8.3

182 8.0 7.5 7.0 9.0 7.0 7.0

Av. 7.8 7.6 7.0 9.0 7.4 .6

VIiI 208 7.7 7.3 6.7 7.0 7.5 8.3
209 8.3 8.0 6.3 8,3 6.3 6.3

Av. 8.0 7.6 6.5 7.6 6.8 6.3
VIII 829 7.7 8.0 @ 6.3 Be3 7.0 7.0
231 7.7 7.0 5.7 7.3 5.7 5.7

AV . ‘7.’? 795 4 6.0 ‘ 708 604 6-4

Av. (3 animals) 7.8 7.6 6.5 8.1 6.9 6.8
IX 252 6.7 6.7 6.0 9.3 4.3 6.3
254 7.7 7.0 5.0 8.0 Bs7 5.7

A’V- ‘?‘2 6’8 505 B‘é 5!0 6.0

X 280 5.3 4.3 3.7 8.0 3.0 5.0

281 6.7 4.0 4.0 8.7 4.7 6.0

AV, 6.0 4,2 3.8 8.4 3.8 5.5

Av. (5 animals) 7.3 6.7 5.8 8.3 5.9 6.4

{continued)



- 172 -

Table 1 (continued)

P&latabili t«y SC‘-Q}Z‘BB T

Animal - Sample -

Nno. no. Aromsa ﬁiévﬂr Tender- Juiei- Tex-

 Weat Liquid = ness ness ture

BICEPS FE%GEIS ﬁﬁ&ﬂL@ (aontinued)

Sadium chloride and lactlic acid injJection (continued)

Injected samples

VI . 180 8.0  T.7 7.0 . 9.0 7.3 8.3

. 182 8.0 8.0 T.7 8.7 7.3 8.0

Av. 8.0 7.8 7.4 8.8  T.3 8.2

VII 208 7.7 8.0 W.7 8.0 7.0 7.7
200 . BB TeT  TT . BT 6.7 7.3

Ave 8.0 T.B M7 8.4 6.8 7.5
VIII 289 7.7 M1 8.0 9.0 6.0 7.7
231 8.0 8.3 7.3 9.0 6.3 7.7

AV. T8 . 8.0 7.6 9.0 6.2 7.7

Ave (3 animals) 7.9 7.9 7.6 8.7 6.8 7.8
1% 252 7.0 . 840 . .0 9.7 4.7 7.0
254 7.3 8.0 7.0 9.0 5.7 7.0

AV . T2 8.0 7.0 Ped 5.2 ) 7O

X 280 5.7 5.3 5.7 8.3 4.7 5.7

281 7.0 4.5 4.7 8.7 6.0 6.3

AV; 604 4;8 5.8 8v5 Bed ﬁce

Av. {5 animals) 7.5 7B 7.0 8.8 6.2 7.3
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Table 2. Slieing Quality of Canned Beef. The number of
sllces obtained grouped asccording to muscle used
and processing time.

, % No. slices  Fossibie Slices
Aniﬁal Sample obtained no. ” obtained
no. N0«  Firm Crumbly slices Firm Crumbly  Total

% z a

LONGISSINUS DORSI MUSCLE, LOIN PORTION

"

Sodium ehloride injectlion

Control samples

Vi 162 4 4 10 40.0 40.0 0.0

VII 188 ¢ 3 11 4] 27.3 27.3

VIII 211 4] 7 12 0 BB.3 EB. 3

Av, (5 animalﬂ) 1.3 4.7 - 11.0 13.3 41.9 55.82

IX 234 Q 3 11 0 27.5 27.3

X 260 0 6 11 o 54.5 54.5

Av. (5 animals) 0.8 4.6 - 11.0 8.0 41.5 49.5

Injected samples

VI 162 5 3 11 ' 45.4 27.3 2.7

Vii 188 0 4 13 0 30.8 30.8

VIII 211 0 e 13 -0 15.4 15.4

Av. (3 enimals) 1.7 3.0 12.3 156.1 24.5 39.6
IX 234 0 0 11 o 0 0

X 260 8 1 12 66.7 8.3 75.0

Av. (5 animals) 2.6 2.0 12.0 22.4 16.4 38.8

(continned)

*aAnimals VI, VII, and VIII were steers, carcass grade
Commercial, processed 65 minutes; Animsl IX was a steer
carcass grade Commercial, processed 90 minutes; Animal X
was & cow, carcass grade Cutter, processed 50 minutes.
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Table 2 (continued)

Animal Sample
no. noe.

e S A e

Possible =~ Slices

No. slices
. obtained no. e obtalned
Firm Crumbly slices Firm Crumbl Total

!

LONGISSIMUS DORSI MUSCLE, LOIN PORTION (continued)

Lactic acid injection

Control samples

VI 164 6 4 11 B4.5  36.4 90.
viI 187 0 0 13 0 0 0
VIII 210 o 0 12 0 0 o
Av. {5 enimals) 2.0 1.3 12.0  18.2  12.1 30.3
IX 236 0 2 11 0 18.2 18.2
X 259 0 0 11 0 0 o
Av. (5 animals) 1.2 1.2 11.6 10.9  10.9 21.8
Injeoted samples
Vi 164 6 4 12 50,0  53.3 83,5
VII 187 0 3 11 0 27.3 27.3
VIII 210 7 2 12 58.3  16.7 75.0
Av. (3 animals) 4.5 3.0 11.7 36.1  25.8 61.9
IX 236 o 2 12 0 16.7 16.7
X 259 4 3 11 36.4  27.3 65.7
Av. (5 snimals) 3.4 2.8 11.6 28.9 24,3 532

{continued)
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Table 2 {contilnued)

Animal Sample

no. o obtained NOw

Firm Crumbly slices

No. sliﬁaa ) ?sasibla

Slices
obtained

Firm Crumbly

LONGISSIMUS DORSI %ﬁsﬁLE; LOIN PORTION (continued)

%

Sodium chloride and lactic acld injection

Control samples

VI 163 0 7 11
VIl 186 2 6 11
Viit 212 Q 5 13
Av, (3 animals) 0.7 6.0 11.7
IX 2356 0 0 10
X 258 7 1 11
Av. (5 animals) 1.8 3.8 1l.2
Injected samples
VI 168 8 2 12
Vil 186 2 2 12
VIiii 212 2 7 12
Av. (3 animals) 4.0 3.7 12.0
IX 235 8] O 12
X 258 2 6 11
Av. (5 animals) 2.8 3.4  11.8

{continued)

0.
18.2

6.1

63.6
16.4

66.7
16.7
16.7

33.4

18.2
23.7

63.6
54.5
38.5

52.2

9.1
33.1

16.%
16.7
58.3

30.6

54.5
29.2

Total
hhated

%

63.6
72.7
38.5

58.3

2.7
49.5

B3.4
SS5«4
75.0

63.9

2.7
52.9



- 176 -

Table 2 (continued)

) , No. sllces Possible Slices
Animal Bample  oppgineg no.  _ obtained
no.  NO.  Firm Grumbly slices Firm Crumbly  Total

LONGISSIMUS DORSI MUSCLE, RIB PORTION

' Sodlum chloride injection

Control‘samplaa

vI - 187 10 0 10 100.0 0 100.0

viI 189 2 5 10 20.0  50.0 70.0

VIIT - 214 8 1 11 2.7 9.1 81.8

Av. (3 snimals) 6.7 2.0 10.3  64.2 19.7  83.9

IX 239 8 1 10 80.0 10,0  90.0

X 261 5 10 20.0  50.0 70.0

_Av. (5 animals) 6.0 2.4 10.2 58.5  23.8 82.4
| Injacted samples

Vi . 167 9 0 10 90.0 0 90.0

viI 189 3 2 10 30.0  20.0 50.0

vIII - 214 1 7 10 10.0  70.0 80.0

Av. (3 animals) 4.3 3.0 10.0 43%.3  30.0 73.3

IX 239 3 3 10 30.0  30.0 60.0

X 261 0 " 10 0 70.0 70.0

Av. (5 animals) 3.2 3.8 10.0 32.0  38.0 70.0

{continued)
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Table 2 {continued)

Animal Sample obtained
noe., no.

no.
Firm Crumbly  slices

No. slices Possible
obtained

" Firm Crumbly

Total

LONGISSIMUS DORSI MUSCLE, RIB PORTION {(contilnued)

- Iactic scid injection

. Control samples .

¥i - 185 1 7 11
Vil 180 7 4 11
VIII 215 & 4 10
Av. (3 animals) 4.3 5.0 10.7
| IX 237 5 4 11
X 262 8 2 10
| Av. (5 animals) 4.8 4,2 10.6
Injected samples
vi 165 O 4 10
Vit 190 g e 11
vIiTl 215 b4 2 11
Av. (3 animals) 6.0 2.7 10.7
IX 237 6 2 11
X 262 7 1 9
AV (5 aﬁimz&) 6-2 22 10.4

{continued)

%

Q"l
63.6
50.0

40.9

45.4

60.0
465.6

81.8
8l1.8

54.5
B4.5
77.8

59.2

%

65.6
56.4
40.0
46.7
56.4
20.0

39.3

40.0

- 18.2

18.2
25.5
8.2
il.1l
21.1

.

72.7
100.0
90.0
87.6
81.8
80.0

84.9

40.0
100.0
100.0

80.0

72.7

88.9

80.3
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Table 2 {continued)

s No. slices  Fossible 5lic;;
' énéﬁfl zSazgfa __obtained no. obtained
' } Flrm Crumbly slices Firm Crumbly  7Total
| 7 ¥ .

LGEGI&&IMU& DORSI WUSCLE, RIB PORTI&K (6sntinuad)

Sodlum chlorids and lactlic acid “mjectian

: Gsntrol‘samplea

Vi 166 0 5 10 0 50.0 ° 50.0

Vi 191 9 1 11 81.8 9.1 90.9

VIIT 213 2 7 10 20.0 70.0 90.0

CAv. (3 animals) 3.7 4.3 10.3  33.9 43.0 77.0

IX - 238 .9 2 10 0 20,0 20,0

X 263 'e) 1 12 s} 8.3 8.3

Av. (5 animals) 2.2 3.2 10.6 - 20.4 31.5 51.8
| Iinjected samples

VI 166 ) 8 10 0 . 80.0 80.0

VII 191 1 8 10 10.0 80.0 90.0

VIII 213 2 7 10 20.0 70.0 90.0

Av. (3 animals) 1.0 7.7 10.0  10.0  76.7 86.7

IX 238 0 2 10 0 20.0 20.0

X 263 6 1 10 60.0 10.0 70.0

Av, (5 animals) 1.8 5.2 10.0 18.0 52.0 70.0

{continued)
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Table 2 (continued)

Animal Sample ,pieined .
no. no»  Tirm Crumbly slices Yirm Crumbly  Total
) ‘ % % %

PSOAS MAJOR ARD PSOAS MINOR MUSCLES

noe obtained

‘ Sodium'ﬂhlorida'injactimn

 Control 'samples

Vi 168 2 8 10 20.0 80.0 100.0

VII 193 0 6 11 0o 54.5 54.5

VIII 218 4 5 11 36.4 45,4 81.8

Av. (3 animals) 2.0 6.3 10.7 18.8 60.0 78.8

CIX 240 0 6 13 o 46,2 = 46.2

X 265 0 9 12 0 75.0 75.0

Av. ‘5 anim&la} 1.2 6.8 11.4 11l.3 60.2 71-5

* Injected samples

Vi 168 0 7 10 0 70,0 70.0

VII 183 o 2 10 o) 20.0 20,0

VIII 218 1 3 11 9.1 27.3 36.4

Av. (3 animals) 0.3 4.0 10.3 3.0 39.1 42,1
IX 240 0 o 11 0 0 0

X 285 8 2 12 66.7 16.7 83.4

AV. (5 aﬂimals) 1.8 2.8 10.8 15.2 26.8 42.0

{(continued)
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Table 2 (continued)

s s

31

‘ | No. slices Possible Slices
Animal Ssmple obtalned no. - obtained
no.  NO.  Fipy Crumbly slices Firm Crumbly  Total
% % %
PSOAS MAJOR AND PSOAS MINOR MUSCLES (continued)
Lactic acid injection |
| Cantroi'aamglas'
Vi 169 3 7 10 30.0  70.0 100.0
VII 194 0 6 10 0 - 60.0 60.0
VIII 216 1 4 12 8.3  33.3 41.6
Av. (3 animals) 1.3 5.7 10,7 12.8  54.4 = 67.2
IX 241 o -3 11 - 0 27.3 27.3
X - 266 7 2 12 58.3 16.7 75.0
Av. (5 animals) 2.2 4.4 11.0 19.3  41.5 60.8
Injected samples
| VI 169 0 8 10 0 80.0 80.0
VII 194 ) 1 10 0 10.0 10.0
VIII 218 0 2 11 0 18.2  18.2
Av. (3 animals) O 3.7  10.3 0 36.1 36.1
IX 241 0 2 9 0 22.2 22.2
X 266 5 4 11 45.4  36.4  81.8
1.0 3.4 10.2 9.1  33.4 42.4

Av. (5 animals)

{continued)
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Table 2 (continued)

sire1  samoie NO. slices  Possible Slices
Aniﬁ?I Saﬁgfa obtained Nno. obtalned
Firm Crumbly slices Firm Crumbly Total
% % %

PSOAS MAJOR AND PSOAS MINOR MUSCLES (continued)
Sodium chloride and lactic scid injection

'“‘Gontroliaamplea

vi - 170 3 6 10 30.0 60.0 90.0

VIiI 182 8] S 11 o 279 27.3

viii - 217 o 7 i2 0 58.5 58.3

Av. (3 animals) 1.0 5.3 11.0 10.0 48.5 5845

IX 242 2 3 - C 2.2 R 55.5

X 264 0 4 1z 0 33¢3 33.3

Av. (5 animals) 1.0 4.6 10.8 10.4 42.4 52.9
Injecteﬂ aamplas

vi - 170 0 8 10 0 80.0 80.0

VII 192 0 2 10 QO 20.0 20.0

VIiI - 217 1l 5] 10 10.0 50.0 60.0

Av. (3 anim&la) 0.3 5.0 10.0 Ged 50.0 53¢

IX 242 o 2 10 0 20.0  20.0

X 264 0 6 11 ¢ 54.5 54.5

Av. {5 animals) 0.2 4.6 10.2 2.0 44.9 46.9

{continued)}



Tabla 2 (Qantinued)

no no. - obtalned ‘NO. - gbtained -
* e  Firm Crumbly slices Firm Crumbly Total
% % %

SEMITENDINOSUS MUSCLE
Sodium chloride injection

Control samples :
90.0

vi 1?8 8 1 10 80,0 10.0
Vil 197 11 1 12 91.7 8.3 100.0
Vviil 219 10 0 10 100.0 0 100.0
Av, (3 animals) 8.7 0.7 10.7 30.8 6.1 96.7
IX 244 8 1 10 80,0 10.0 90,0
X 269 11 1 12 91,7 8.3 100.0
Av. (5 animals) 9.6 0.8 10.8 88.%7 7ed 96,0

Injected samples

vi 172 9 0 g 100.0 0 100.0
Vil 19%7 8 3 12 75,0 25.0 100.0
VIiT 219 - 10 -0 10 100.0 0 100.0
Av. (3 animalﬁ) 9.3 1.0 10.3 21.%7 Bed 100.0
X 244 8 1 g 88.9 1l.1 100.0
X 269 11 1 12 91.7 8.3 100.0
 Av. (5 animals) 9.4 1.0 10.4  91.1 8.9 100.0

{continued)
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Table £ {(continued)

e e L Y STy ety e e s

Kd. siices

Animal 1 Possible Slices
nimal  Sample obtained neo. obtained
ne. = DO Fiym Crumbly slices Firm Crumbly Total
% % e

SEMITENDINOSUS MUSCLE (continued)
Lactic acid gggaation

Ccntrolvaamplea

VI 173 B 0 10 B80.0 4] 60,0

Vii 196 1l 0 11 100.0 0 100.0

VIII 220 10 C 10 100.0 0 100.0

Av. (3 animals) 2.0 0 10.3 86.7 0 86.7

IX 245 . 8 -1 10 . 80.0 10.0 90.0

X . 267 .12 C 12 100.0 0 100.0

- Av. (5 snimals) 9.4 0.2 16.6 88.0 2.0 20.0
| Injected samples

Vi 173 6 o 11 54.5 o 54.5

VII 1956 ) 2 11 81.8 18.2 100.0

VIII 220 10 o 10 100.0 o 100.0

Av. (3 animals) Bed 0.7 10.7 78.8 6.1 84.8

IX 245 7 S 10 70.0 30.0 100.0

X 267 12 0 12 100.0 4] 100.0

Av. {5 animals) 8.8 1.0 10.8 8l1l.3 2.8 90.9

{continued)
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Table 2 (continued)

s
S———

' No. sllicesn Possible 8lices
Anigﬁl ﬁaﬁife obtained no. obtained
‘ : Firm Crumbly slices Filrm Crumbly Total
% % %

SEMITENDINCSUS MUSCLE (continued)
Sodium ehlariée and lactic acid “njecticn

Control samplea ‘
1l 81.8 18.2 100.0

VI 171 9 2
VII 196 11 0 11 100.0 4] 100.0
VIiii 221 10 0 10 100.0 0 100.0
Av, (3 animals) 16,9 0.7 10.? 93,9 6.1 100.0
IX 243 9 1 10 80.0 10,0 100,0
X 268 12 0 12 100.0 0 100.0
Av. (5 animals) 10.2 0.8 10,8 94,4 5,5 100.0

Injected samples

Vi 171 9 1 10 20.0 10.0 100.0
VII 196 10 0 10 100.0 0 100.0
VIII 281 10 ) 10 100.0 O 100.0
Av. {3 animsls) 2.7 Ced 10.0 96.7 Sed 100.0
IX 243 6 2 g 66.7 22.2 88.9
X 268 11 1 12 91.7 8.3 100.0
Av, (5 animals) g.2 0.8 10.2 89.%7 8.1 97.8

{continued)
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Table 2 (continued)

Aniﬁfl Baﬁgfa obtained no. obtained
: Flrm Crumbly slices Firm Crumbly Total
- | % % %

| k SEMIMEMBEANOSUS MUSCLE
- Sodium chloride injection

- Control samples .

vi 177 2 5 11 18.2  45.4 63.6

. 179 R #) B : 10 0 50.0 50.0

Av. 1»0 B.0 10.5 Gl 47.7 56.8

viI 199 0 2 12 0 16.7  16.7

- 200 4 i 11 - 36.4 45.4 8l.8

Av. 2.0 545 11.8 18.2 31.0 49.2
VIiii 222 0 7 11 0 63.6 63.6
226 2 5 11 18.2 45.4 63.6

Av, 1.0 6.0 11.0 9.1 4.5 83.6

- Av, (3 &nim&lS) 1.3 4.8 11.0 12.1 44,4 56.5
11X 249 0 3 11 0 27.3 27.3

251 2 4 11 18.2 36.4 54.6

AV 1.0 3.6 11.0 Q.1 31.8 41.0

X 271 2 7 12 16.7 68.3 78.0

272 7 4 12 58.3 333 91.6

Av. 4.5 - B.H - 12.0 375 45.8 83.3

Av. (5 animals) 1.8 4.7 11.2 16.8 42.2 58.8

(continued)
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Table 2 (continued)

Ani al Sa 13 “Ho. slices Possible ~ siices
: nﬁ. : ﬁg . __obtalned no. obtained

" Firm Crumbly Pirm Crumbly  Total

| % % A

SEMIMEMER&ROSHS ﬁﬁSGLE {continued)
Sodium ehloriéﬁ injection (aentinued)

Injected samples

vi 177 & 4 11 54,5 36.4 90.9

179 0 6 11 0 54,5 ' B4.5

Av. 3.0 5.0 11.0  27.2 45.4 72.7

VII 199 4 5 12 33.3 41.7 75.0

200 2 7 10 20.0 70,0 90.0

Av. 3.0 6.0 11.0 26.6 55.8 82.5

VIII 222 0 8 12 0 66.7 66.7

226 0 3 11 0 27.3 27.3

Av. 0 5.5 11.5 0 47.0  47.0

Av. (5 animala) 2.0 5.5 11.2 .1'7’9 49.4 6'7.4
IX 249 0 0 11 o ) 0

251 0 2 11 0 18.2 18.2

Av. 0 1.0 11.0 O 9.1 9.1

X 271 5 4 12 41.7 33.5 75,0

272 0 8 11 0 72.7 72.7

Av. (5 animals) 1.7 4.7 11.2 14.9  42.1 57.0

{continued)
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Taeble 2 {continued)

(continued)

. . No. slices Possible. Slices
&niﬁal Saggle ebtalined No. obtalined
o ° Firm Crumbly slices - Firm Crumbly Total
‘ 7 | A %
SEMIMEMBRANOSUS MUSCLE {(continued)
Lactic acid injectlon
Centrél samples
Vi 175 1 3 10 10.0 30.0 40.0
176 8 3 12 66.7 25,0 91.7
Av. 4,5 3.0 11.0 38.4 27.5 65.8
VII . 198 0 3 11 0 27.3 27.3
202 1 6 11 9. 54.5 63.6
Av, 0.5 4.5 11.0 4.6 40.9 45,4
VIII 225 0 4 11 0 36.4 36.4
227 0 1 12 0 8.3 8.3
Av. o 2.5 11.5 0 22.4 22.4
Av. (3 animals) 1.7 3.3 11.2  14.3 30.3 44.5
IX 247 0 4 11 0 36.4 36.4
248 0 1 11 0 9.1 9.1
Av. 0 2.5 11.0 0 22.8 22.8
X 270 2 8 11 18.2 72.7 90.9
274 6 2 11 54.5 18.2 72,7
Av. 4,0 5.0 11.0 36.4 45.4 81.8
Av. (5 amm&la) 1.8 Se5 1l.1 15.9 351.8 47.6
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Table 2 {(econtinued)

. 4 No. slices Possible Slices
Angﬁfl ﬁaﬁﬁlﬁ obtained no. obtained
- *  Firm Crumbly slices Firm Crumbly Total
T 4 % 7

SEMINMEMBRANOSUS MUSCLE {(continued)
ILactic acid injection (continued)

injected samples

VI 175 2 6 1l 18.2 54.5 T2.7

176 3 5 11 27,3 45.4 2.7

Av, ‘ 2.5 Beb 11.0 22.8 50,0 T2.7

Vil 198 0 4 10 0 40.0 40.0

- 202 10 1 12 83.3 B3 91.6

Av. 5.0 2.5 11.0  41.6  24.2 65.8

VIiil 2286 5 & 182 41.7 25.0 66.7

227 2 5 12 16.7 41.7 58.4

Av. 3.8 4.0 12.0 29.2 35.4 62.6

Av. (3 animals) 37 4.0 11.3 31.2 35.9 67.0

IXx 247 o 3 11 Q 27.3 27.3
248 0 2] 11 0 4] o

Av. 0 1.5 11.0 0 13.6 13.6

X 270 Q 9 R &1 o 75.0 75.0

274 4 4 11l 36.4 36.4 72.8

Av. 2.0 6.5 11.5 18.2 55.7 735.9

Av, (5 animals) 246 4,0 1l.5 22.4 3b5.4 5?'7

{continued)
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Table 2 (continued)

" TNo. sli

ces Possible  Slices

Animal Sample  ,ptgined no. obtained
no. RO«  Firm Crumbly slices Firm Crumbly Total

| % % %
SEMIMEMBRANOSUS MUSCIE (continued)
Sodium chloride and lactic acid injection

Contraiﬁs&mples

Vi 174 0 8 10 0 80.0 80.0
178 B 5 12 41.7  41.7 = 83.4

AV. 2.5 6.5 11.0 . 20.8  60.8 81.7

VII = 201 0 8 12 0 66.7 66.7

T 203 2 7 12 16,7  58.3 75.0

AV.: 1.0 7.5 12.0  B.4  62.5 70.8
VIII = 223 0 v 12 0 58.3 58.3

. 224 3 6 11 27.3  54.5 81.8

Av. . 1.5 6.5 11.5  15.6  56.4 70.0

Av. (3 animals) 1.7 6.8 11.5 14.3  59.9 74,2
IX 246 0 2 11 0 18.2 18.2
250 2 2 12 16.7  16.7 35,4

Av. 1.0 2.0 11.5 8.4  17.4 25.8

X 273 7 4 12 58.3 33,5 91.6

275 0 6 12 0 50.0 50.0

Avw., 3.5 5.0 12.0 28.2 41.6 70.8

AYV. {5 aﬂimala) 1.9 &cﬁ 1106 16.1 47-7 63‘8

{continued)
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Table 2 {continued)

S e e --u-mm--~ sli eaa v ?oa 31 ble O Sli ca 8 o
Aniﬁal Asaﬁgla . __obtained .no. . _ obtained
T *  Firm Crumbly sliees Firm Crumbly Total
% % %
SE%E%ﬂﬁERANGSﬁ& VUSGLE (continuad)
oodium,ehloriﬁe and lactic acid uwjaction (eontinueé)
Injected samples
VI 174 7 2 11 63.6 18.2 8l.8
178 o 7 10 0 70.0 70.0
Av. 3.5 4.5 10,5 31.8 44.1 75.9
Vil 201 1 8 10 '10.0 80.0 90.0
203 o 7 12 0 58.5 58.3
Av., 0.6 7.5 "11.0 5.0 69.2 74.2
VIII 223 5 4 12 41.7 333 75.0
224 1 5 11 9.1 45.4 54.5
Av. 3.0 4.5 11.5 25.4 39.4 64.8
Av. (;5 anmlS) e 59 11.0  20.%7 B0.9 71.86
IX 248 ¥ 4 10 0 40.0 40.0
250 3 4 11 27.3 36.4 63.7
Av. 1.5 4.0 1048 13.6 38.2 51.8
X 2735 3 5 1l 27.3 45.4 2.7
275 Q 6 12 0 50.0 50.0
Av. 1.5 5.5 11.5 13.6 4%7.% 6l.3
Av. (5 animals) 2.0 5.2 11.0 17.9 47.7 65.6

{continued)
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Table 2 (continued)

no no. =2btained nos . obtailned
* ; Firm Crumbly slices Firm Crumbly Total
% % %

BICEPS FEMORIS MUSCLE

~ Sodium chloride injection

Control samples

Vi 184 3 8 12 25.0 66,7  91.7

185 7 3 13 53.8 25,1 76.9

Av. " B.0 B.B 12.5 39.4 44.9 B4.3

ViI 205 8 2 11 2.7 18.2 90.9
207 9 2 12 75.0 16.7 91.7

AvV. 8.8 2.0 11.5  73.8 17.4 91.3
VIIT 228 B 2 13 38.5 15.4 53.9
230 6 4 11 54.5 36.4 90.9

Av. 5.6 3.0 12.0 46.5 25.9 72.4

Av. (3 anlmals) 6.3 3.5 12.0 53.2  29.4  82.7
IX 256 0 3 12 ) 25,0 25.0

257 6 5 11 54,5 45,4 99.9

Av. 3.0 4.0 11.5 27.2 35.2 62.4

X 277 10 1 12 83.3 8.3 91.6

279 11 0 11 100.0 0 100.0

Av. 10.5 . 0.5 11.5 ©01.6 4.2 95.8

Av. (5 aﬂimﬂ-la) 6.5 9.0 1l1.8 65.7 25.5 81.2

{continued)
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Table 2 {continued)

o ~ No. slices Possible  Slices
Animal Ksamﬂlﬁ __obtained no. obtained
' . BO:  F{rm Crumbly slices TFirm Crumbly Total
% % %

BICEPS FEMORIS MUSCLE (cmntinaed)
| Sodium eﬁlaride njection (cent¢nu$é}

: Injected aam@laa

Vi 184 ) 2 11 81.8 18.2 100.0
185 11 1 12 91.7 8.3 '100.0

Av. 10.0 1.5 '11.5 ° 86.8 13.2 100.0

VII ° 205 10 2 12 83.3 16.7 100.0

© 207 8 4 12 66.7 3343 100.0

Av. 9.0 3.0 12.0 75.0 25.0 100.0
VIII 228 6 2 11 54.5 18.2 2.7
230 4 6 11 56,4 54.5 90.9

Av. 500 4.6 11.9 4’:5;4 3604 8108

Av. (3 enimals) 8.0 2.8 11.5 69.1 24.9 93.9
IX 2568 0 3 11 0 27.3 27.3
257 6 & 12 50.0 50.0 100.0

Av. 3.0 4.5 11.5 25.0 38.6 63.6

X 277 6 5 11 54.5 45.4 99.9

279 11 2 13 84.6 15.4 100.0

Av. 8.5 3.5 12.0 €69.6 = 30.4 100.0

Av. {5 animals) 7.1 3.3 11.6 60.4 28.7 89.1

(eontinued)
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Table 2 {continued)

no. no. obtained no. obtainad
' ‘Firm Crumbly slices : Firm Crumbly Total
~ k % %

BICEPS FENORIS MUSCIE (continued)

 Lactic scid injection

_ Control samples

VI 181 11 0 11 100.0 0 100.0
183 0 2 12 8%.3  16.7  100.0

Av.. 10.5 1.0 11.5  91.8 8.4  100.0

VII 204 4 3 13 30.8  23.1 53.9

. 206 10 2 12 85.3  16.9  100.0

Av.. 7.0 2.5 12.5  57.0  19.9 77.0
VIII . 232 11 2 13 84.6  15.4  100.0
233 0 9 12 0 75.0 75.0

Av.. 5.5 . 5.5 12.56 42.5 45:2 87.5

Av. (3 animals) 7.7 3.0 12.2 635.6 24.5 88.2
IX 2535 O 1 10 0 10.0 10.0

255 0 3 11 0 27.3 27.3

Av. 0 2.0 10.5 0 18.6 18.6

X 276 2 4 12 16.7  33.3 50.0

278 10 1 11 90.9 9.1  1060.0

AV. 6.0 2.5 11.5 53.8  21.2 75,0

Av. (5 animals) 5.8 2.7 11.7 48.9  22.7 7.6

(continued)
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Table 2 {continued)

“No. slices Possible  Slices

”Anéﬁal Saigls obtained ‘no. obtained
’ *  PFirm Crumbly slices Firm Crumbly Total
: % % . %

BICEPS FEﬁOﬁIS ﬁﬁﬁGLE (eontinued)

lactle acid injection (centinuad}

Injected samplea 1
11 100.0 0 100.0

Vi 181 11 0 |
183 Y 5 12 58,3 41.7 100.0
Av. o 9.0 2:5 11o5 ‘ 79.2 2098 100:0
VII 204 3 3 12 25.0 25.0 50.0
‘206 @ 8 2 11 7247 18.2 90.9
Av. BB 2.5 11.5  48.8 21.6 70.4
VIII 232 11 1 12 91.7 8.3 100.0
233 8 2 11 72.7 18.2 90.9
Av. 9.5 1.5 11.5  BR2.2  13.2 95.4
Av. (3 enimals) 8,0 2.2 11.5 70.1 18.5  88.6
IX 283 0 2 10 ) 20.0 20.C
255 0 4 11 0 - 36.4 36.4
Av. 0 3.0 10.5 o 28.82 28.2
X 276 5 5 12 41.7 41.7 83.4
278 9 1 11 81.8 9.1 90.9
AV, . m.0 3.0 11.5 61.8 25.4 av.2
Av. (5 enimals) 6.2 2.5 11.3 54.4 21.8 76.2

{continued)
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Table 2 {continued)

s g No. slices  Possible Slices
Animal  Sample  ~obtsined no. obtalned
, , Firm Crumbly slices Firm Crumbly Total

BICEPS FEMORIS MUSCLE (continued)

Sodium éhleriae‘anﬂ lactic scld injection

Gantrollaamples

vi 180 3 3 9 35.3 33.3 . 66.6

182 12 0 12 100.0 0 100.0

Av. 7.5 1.5 10.5 66.6 16,6  83.3

vii - 208 4 5 13 53.5 41.7 7540

- 209 11l 1 12 91.7 8.3 100.0

Av. 7.5 3.0 12,0 62.5  25.0 87.5

Viil 229 7 2 11 83,6 18.2 81.8

Av. (3 animz.a) 7.0 2.8 11.3 60,6 2502 85.9
X 282 0 O 11 O Q 0

264 0 9 11 O 81.8 8l.8

Av. o 4.5 11.0 O 40.9 40,9

X 280 9 1 11 81.8 8.1 0.9

281 12 0 12 100.0 0 100,0

Av. 10.5 0.5 ii1.5 90.9 4.6 95.4

Av, (5 animals) 6.3 2.7 11.3 5B4.5 24.2 78,8

{continued)
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Table 2 {continued)

no. no. -.Sttained - no. obtained
Firm Crumbly slices Firm Crumbly Total
4 % %

BICEPS FEMORIS MUSCLE {continued)

Sodium chloride and lactic acid injection (centinuaé)

Injected samples :
4] 5 11 Q 45.4 454

VI 180 ~
182 110 11 100.0 0 110040
AV » : 5&5 205 11 t'«ﬁ - 5’0%’0 22‘? 72“7
VII 208 2 8 12 16.7 5040 66.7
209 12 0 12 100.0 0 1100.0
Av. 7.0 3.0 12,0  58.4  25.0 83.4
VIII 229 5 6 11 45.4 54,5 99.9
251 & 9 13 30.8  69.2  100.0
Av. 4.6 7.5 12,0  38.1  61.8  100.0
Av. (3 animels) 5.7 4.3 11.7 48.8  36.5  85.4
IX 252 o 4 11 0  36.4  36.4
254 0 9 11 0 8l.8 81.8
Av. 0 6.5 1.0 0 59.1 59.1
X 280 10 2 13 76.9  15.4  92.3
281 10 1 11 90.9 . 9.1 10040
Av. 10.0 1.5 12.0 83.9  12.2 96.2

Av. ( 5 animals ) 5.4 4.2 11.6 46»1 56.2 82 B
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Table 3. Slicing Wuality of Canned Beef. Judges' ratings of
. sliceability (from sample used in scoring) and the
slicaability caleunlated by difference between weight
of the canned beef and the unsliceable portion. The
- range for sliceabllity scores 1is 10 for extremely
good slicling quality to 1 for extremely poor quality.

- #* — , ) Slias: Mmmwwﬁlieéability‘aaﬁbasis%afmwt.mm
Aniﬁal ' Saﬁﬁle ability Camnned Unsilice- GSliceable meat
* * score meat able meat (by difference)
2. g ghle '

LONGISSIMUS DOHSI MUSCLE, LOIN PORTION

Sodium aﬁleriéalinjactian

Control samples , ‘
379 59 320 B84.4

Vi 162 6.7
VII 188 BeD 2982 2350 162 41.3
VIit 211 T 564 145 219 60.2
Av. (3 enimals) 6.9 378 145 234 62.0
Ix 254 4,7 376 . 248 128 34.0
X 260 ' 4.0 o 4 188 208 ‘ 5b.8
Av. (b animals) 5.9 377 169 20% 55.1

Injected samples
Vi 162 B.7 376 81 295 - T78.4
Vil 188 2.7 408 240 168 41 .8
VIII 211 2.7 362 276 86 25.8
Av. (3 animals) 3.7 382 199 183 47.8
1X 234 SeD 380 326 34 9.4
& 260 Dad 406 13 333 82.0
Av. (5 animals) 4.7 282 199 183 47.0
(continued)

¥Animals Vi, VIi, and VIII were steers, carcass grade
Commercial, processed 65 minutes; Animal IX was a steer,
carcass grade Commercial, processed 90 minutes; Animal X
was a cow, carcass grade Cutter, processed 90 minutes.
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Teble & {(continued)

Anlmal — Semple  .pil1ty Ganned Unslice-  Sllceable meat
‘ ‘ score meat able meat (by difference)
g g, gn. %

LONGISSINMUS DORSI MUSCLE, LOIN PORTION (contlnued)
lactic acld injection

Control samples

Vi & 164 9.3 391 28 365 93.4

VIT 187 2.0 304 259 35 8.9
VIII 210 5.0 363 331 32 8.8
Av. (3 enimals) 4.8 383 239 144 37.0
IX 236 4.0 378 279 99 26.2

X 259 2.3 278 534 44 11.6

Av. (5 animals} 4.1 381 266 115 20.8

Injected samples

Vi 164 Te7 380 52 328 86.3

Vii 187 6.0 383 187 226 59.0
VIIXL 210 6.3 554 62 298 82.5
Av. (3 animals) 6.7 312 90 282 75.6
X 236 3.0 565 254 111 50.4

X 259 5.7 564 134 230 63.2

Av, (5 animals} BT 569 132 237 64.3

{(continued)
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Table 3 (continued)

Animal  Ssmple gpility Canned Unslice-  Sliceable meat
- ho. no. score meat able meat (by difference)

%mll @n' g}n; %
LONGISSINUS DORSI MUSCLE, LOIN PORTION (continued)

Sodlum chloride and lactic acid injection

Control samples

Vi 163 5.3 387 126 261 67.4

VII 186 7.0 390 73 317 81.3

VIII 212 5.3 364 189 175  48.1

Av. (3 animals) 5.9 380 129 251 . 65.6

X 235 2.3 366 332 34 9.3

X 258 8.0 372 76 296 79.6

Av. (b animals) 5.6 _5?5 159 | 217 57.1
Injected samples

VI 163 9.3 385 58 327 84.9

VII 186 3.7 384 240 144 37.5

VIII 212 7.0 553 70 283 80.2

Av. (3 animals) 6.7 34 123 251 67.5

IX 235 3.0 355 327 28 7.9

X 258 8.3 395 80 315 79.7

Av. (5 animals) 5.9 374 155 219 58.0

(continued)
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Table 3 (continued)

hwmfmfw“w " Slice- Slieaabilitywoﬁ 5aaisMormthww
Anig?l Sazgfe ability Canned Unslice- Sliceable meat
score meat able meat {by. @ifference)

gm. gm. g, %

LONGISSINUS DORSI MUSCLE, RIB PORTION
Sodium chloride injeetion

Control samples

VI 187 9.3 372 0 372 100.0

Vit 189 8,0 291 85 3086 78.3

VIII = 214 7.0 378 49 329 87.0

4¥. (3 animals) 8.1 380 45 336 88.4

X 239 8.7 375 28 555 94,1

X 261 8.0 356 99 257 72.2

Av. (B animals) 8.2 374 51 323 86.3
Injected samples v

v 167 B 384 33 351 91.4

VII 189 8.7 584 173 211 H64.9

VIIX 214 8.0 359 66 291 8l.5

Av. (3 snimals) 8.0 375 a1 284 75.9

IX 239 H40 z68 109 2569 70.4

X 261 8.0 356 a2 274 77.0

Av. (5 animals) el 370 935 277 75.0

{continued)
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Table 3 (continued)

" Slice- __ Sliceabllity on basis of wk.
Anéﬁﬁl &aigle ability Canned Unslice~ Siiceable meat
e ° score meat able meat (by difference}
Freu s e Ele %

LONGISSINUE DORBI %USCLE,Vﬁxﬁ PORTION (continued)
lactic acid injection

Control samples

VI 165 643 368 81 287 78.0

VII 190 8.3 424 0 424 100.0
VIII 215 9.0 379 35 344 90.8
Av. (3 animals) 7.9 390 39 352 89.6
IX 237 8.3 364 45 319 87.6

X 262 8.7 383 58 325 84.8

Av. (5 animals) 8.1 384 44 340 88.2

Injected samples

VI 165 4.7 363 183 180 49.6
VII 190 7.3 390 0 390 100.0
VIII 215 8.7 559 0 359 100.0
Av. (3 animals) 6.9 371 61 310 83.2
IX 237 5.7 345 66 277 80.8

X 262 9.0 363 35 © 328 90.4

Av. (5 animals) 7.1 564 5% 307 84.2

{continued)
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Table 3 (contlnued)

. ‘ 8lice~- Sliceability on basis of wt,
anégal saﬁﬁlﬁ ebility Canned Unsiice- Siliceabls meat
* ° score meat able meat (by difference)
' &l | glie grie

LONGISSIMUS DORSI WMUSCLE, RIB PORTION (continued)

' Sodium chloride and lactic acid injection

JGontral samples : ‘
378 145 233 61.6

Vi ‘166 7.0
Vi1 191 9.0 387 29 360 93.0
VIII 213 7.0 383 20 363 94.8
Av. (3 animals) 7.7 383 64 319 83.1
IX 238 3.3 374 266 108 28.9
X - 263 3.7 378 320 58 15.3
Av. {5 enimmls) 6.0 380 156 224 58.7

| Injected samples

Vi 166 Ted " 388 82 326 84.0
VIT 121 . 304 36 358 90.9
VIiz 213 6.5 359 26 323 92.8
Av. (3 animals) 8.6 380 41 a39 89.2
X 238 HeD 356 256 100 28.1
X 263 Be3 - 388 83 302 8.4
Av, (5 animals) 8.% 396 03 284 74.8

{continued)



"Slice- w'7%1iceabilit§wanwbaaisu$fwwé:N»

Animal Bamﬁlﬁ ability Cemnmed Unsllce- Sliceable meat
Ro. ne. score meat able meat (by difference)
oiie Elits gn. 7

PSOAS MAJOR AND PSOAS MINOR MUSCLES

Sodium chloride injection

Control samples

vi 168 5.3 414 0 414 100.0

VII 193 7.0 425 149 276 64.9
VIII 218 9.0 379 51 328 86.5
Av. (3 animals) 7.1 406 87 339 83.8
IX 240 5.7 422 169 233 55.2

X 265 4.7 373 94 279 74.8

Av. (5 animals) 6.3 403 97 306 6.3

Injected samples ,
Vi 168 3.7 388 75 313 80.7

VIii 193 4.7 423 289 134 31.7
VIiIX 218 6.3 559 226 133 - 37.0
Av, (3 animals) 4,9 390 197 193 49,8
IX 240 2.7 387 548 59 10.1

X 265 6.7 562 58 304 84,0

Av. (b animals) 4.8 584 199 185 48.7

(continued)
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Table 3 {(continued)

| Sliae~‘ ﬁlieeability on ﬁésis'of wt;

Animal  Sample  oy3134y Tanned Unslice- S1icesblé meat
no. RO« score meat able meat (by difference)
Foxi gEm.  Em. A

PSOAS MAJOR AND PSOAS MINOR MUSCLES (continued)
Lactle acid injection |

Control samples

Vi 169 6.7 418 4] 418 100.0

VIl 194 5.7 436 147 289 66,3

VIIT 216 5.0 413 207 206 49.9

© Av. (3 animals) 5.8 422 118 304 72.1

IX 241 5.0 408 272 136 33.3

X 2686 7.3 383 . 86 - 297 7.5

" Av. (5 animals) 5.9 412 142 269 65.4
!Injected‘aamples .

VI 169 6.7 379 - B0 329 86.8

Vit 194 3.7 369 295 74 20.0

VILIXI 216 4,7 380 231 149 39.2

Av. (3 animals) 5.0 376 192 184 48.7

IX 241 4,7 2886 284 101 28.2

X 266 8.0 353 55 - 298 84.4

Av. (B animala) B2 373 183 190 51.3

{continued)
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Table 3 (continued)

Sliceability on basis of wt.
ability Canned Unslice~  Sliceable meat
score meat able meat (by difference)

e gt gme. pd

Animal Sample
no. no.

PSOAS MAJOR AND PSOAS MINOR MUSCLES (continued)

 Sodium chloride end lactic acid injection

Control sesmples

VI 170 8.7 36 25 371 93.7

VIL 198 Bed 416 260 1656 37.B

Viiit 217 5.3 403 129 274 68,0

- Av. (3 snimals) 8.4 405 - 138 | 267 66.3

IX 242 B.0 582 126 256 67.0

X 264 Fed - 393 S 264 129 32.8

" Av. (5 animals) 6.5 398 161 237 59.8
Injected samples

VI 170 8.0 391 - 44 347 B8.Y7

Vit 182 Sel 414 277 13%7 38.1

VIII 217 6.7 380 138 242 63,7

Av. (3 animals) 6.0 395 153 242 61.8

Ix 242 4.0 375 282 - 91 24 .4

X 264 7.0 B85 133 ‘ 230 83.4

Av. (5 animals) 5.8 584 1786 209 54.7

{(continued)
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Table 3 {(continued)

e N e A A A A 7 AT SO s oy OO

et ot R

_ | Slice~ « Sliceability on baéis of Qt.
Ani?al Sagﬁle abllity Canned Unslice- Sliceable meat
’ , * 8COTe meat able mesat (by difference)
- gm. gm. gm. A

SEMITENDINOSUS MUSCLE
Sodium chloride injection

Control samples

Vi 172 10.0 369 39 330 89.4

VIiX 197 1* IR 40b 0 4056 100.0

Vviiz 219 10.0 371 0 371 100.0

Av. {3 animals) 9.8 382 13 369 . 96.5

Ix 244 9.0 69 37 332 90.0

X 269 10,0 383 0 363 100.0

Av. {5 animals) 9.7 375 15 360 85.9
Injected samples _

Vi 172 10,0 358 0 358 - 100.0

Vil 197 9.7 S84 0 384 100.0

VIiX 219 9,7 574 O 374 100.0

Av. (3 animals) 9.8 372 0 a2 100.0

1X 244 9.7 360 0 360 100.0

X 269 10.0 377 0 377 100.0

(continued)
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Table 3 {continued)

”Wéiié;:WMwwMﬂ

o — Sllceability on basls of wt.
Animal  Bample  gy411ty  Tanned Unslice~ S1iceable moat
no. no. score meat able meat (by difference)

@mf - & gme. %

SEMITENDINOSUS MUSCLE (continued)

Lactic acid Injection

Control‘aampléa“

VI 173 10.0 363 121 242 66.7
VII 195 9.3 375 0 375 100.0
VIII 220 10.0 362 0 362 100.0
Av. (3 animels) 9.8 367 40 326 88.9
L IX 245 8.7 377 38 339 89.9

X 267 10.0 362 0 362 100.0

Av, (5 animals) 9.6 368 32 336 91.3

Injected samples

Vi 173 10.0 401 141 26 64.8
VII 185 10.0 372 0 372 100.0
VIII 220 9.7 360 0 360 100.0
Av, (3 animals) 9.9 378 47 331 88.3
CIX 245 9.3 366 0 366 100.0

X 267 10.0 347 0 347 100.0

Av. {5 snimals) 9.8 369 28 341 93,0

(contihu@ﬁ)
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Table 3 (continued)

Sliae~v , 'Sliceabilit ‘ﬂn bésis of wt;

Animal  Sample  .y33ity Tanned Unsilce- Silceable meat
no. no. score meat able meat (by difference)
i« gite g, %

SEMITENDINOSUS MUSCLE (continued)
Sodlum chloride and lsctic acid Iinjection

Control samples :
Vi 171 8.7 372

, 0 372 100.0

Vil 196 10.0 380 0 380 100.0

VIII 221 10.0 369 4] 369 100.0

(3 animals) 9.9 374 4] 374 100.0

X 243 8.7 364 0 364 100.0

X 268 10.0 365 0 365 100.0

Av. (5 animals) 9.7 370 0 370 100.0
Injected samples

VI 171 10.0 370 0 370 100.0

VIl 196 9.7 365 0 365 100.0

VIII 221 10.0 355 0 355 100.0

Av, {3 animals) 9.9 363 0 363 100,0

IX 243 9.0 370 36 334 90.3

X 268 10.0 359 o 359 100.0

Av. (5 animéls) 9.7 364 7 357 98.1

{eontinued)
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Table 3 (continued)

" \ «Slicew o éliceabilityuonﬂhasis'of wtlwh
Animal - Sample  .yy7ity CGanned Unslice-  S1llceable meat
no. nos source meat able meat (by difference)
‘ £l gmu e ?f’

SEMIM&MEEANGB%% MESSLE
Sodium ehlcride _mjection

368 119 244 67.2

vy - 17m 4,7
179 5.3 574 147 227 60.7
Av. 5.0 368 133 236 64.0
viI 199 4.7 355 283 72 20,5
200 .7 360 . 80 300 83.3
Av. 6.2 358 - 172 186 51.8
VIII 222 7.3 367 124 243 66.2
226 7.7 355 121 234 65.9
Av. 7.5 361 . 122 238 66.0
Av. (3 animals) 6.2 562 142 220 60.6
IX 249 5.0 355 226 129 3E.3
251 7.3 367 166 201 54.8
AvV. 6.2 361 196 165 45.6
X 271 8.0 327 84 263 80.4
272 6.5 330 23 307 93.0
AV. 7.2 328 44 285 86.7
Av. (5 animals) 6.4 555 133 202 62.8

(continued)
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Table 3 (continued)

| . Sliee—lF'>JFSEiceabilitymon basis—of*wtiv
Animal sampla ability Cenned Unslice~ GSliceabie meat
no. no. score meat able meat (by difference)
. g gn. 7

SEMIMEMBRANOSUS MUSCLE (e@htinuaﬂ)
Sodium chloride injection (continued)

Injected samples

v 17 8.0 345 . 36 309 89.6
179 6.3 352 - 127 225 63.9

Av. 7.2 348 82 267 76.8
Vii 199 8.7 346 78 268 77 .4
200 7e3 350 20 330 94.3

Av. 8.0 348 49 299 85.8
VIII 222 5.3 350 101 249 71.1
226 5.3 330 174 156 47.3

Av., 5.3 340 138 202 59.2

Av. (3 animals) 6.8 345 90 256 73.9
IX 249 1.7 342 313 29 8.5

251 3.3 345 261 84 24,3

Av. 2.5 344 287 56 16.4

X 271 7.3 344 75 269 78,2

292 5.7 324 63 261 80.6

Av, 6.5 354 69 265 79.4

Av, (B animals) 5.9 343 125 218 63.5

(continued)
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Table & (continued)

s e A b e

Animel

S‘ 1 ‘SIiéan ’ "Sliéaability‘oﬂ ba;ia o?m%t;w"
amplé  gp1lity Tenned Unslice- Sliceable meat

no. - no. acores meat able meat (by difference)
gm.  gm. - . %

SENIMEMBRANGSUS MUSCLE (continued)

j Lactic acid injection

- Control samples - Lo
Vi 175 6.7 374 201 173 46.2

176 8.0 358 29 329 91.9

AV, 7.4 366 115 251 69.0

VII 198 4.7 64 = 228 136 37.4
202 6.0 362 106 256 70.%7

AV. 5.4 363 167 196 54,0
VITI 225 4.3 345 221 124 35.9
227 4.3 358 - 307 51 14.2

AV. 4,3 352 264 88 25.0

Av. (3 animals) 5.% 360 182 178 49.3
X 247 8.0 348 206 142 40.8
248 3.3 359 301 58 16.2

AV, 4.6 354 254 100 28.5

X 270 7.0 318 31 287 90.2

274 9.0 328 65 263 80.2

AV. 8.0 323 48 275 85.2

Av. (5 animels) 5.9 352 170 182 52.3

{continued)
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Table 3 (continued)

. Slice- %iiééability on basls of wt.
Antmal  Sample  ability Tanned Unsiice- Sllceable meat
o seore meat able meat (by difference)
251 e gt

SEVIMEMBRANOSUS MUSCLE (continued)
Lactic acid injection (continued)

Injected samples

VI 175 7.5 376 85 291 7.4

176 7.3 350 68 282 80.6

AV.. 7.3 363 76 286 79.0
vII 198 4.7 342 164 178 52,0
202 9.3 358 - 30 328 91.6

Av. 7.0 350 97 253 71.8
VIIT 225 6.7 333 81 252 75,7
227 4.7 351 134 217 = 61.8

Av. 5.% 342 108 234 68.8

Av. {3 snimals) 6.7 352 94 258 73,2
IX 247 3.7 343 229 114 335.2

248 3.3 342 316 26 7.6

AV. 3.5 342 272 70 20.4

X 270 6.7 302 70 232 76.8

274 5.0 36 73 243 76.9

Av. 5.8 309 n2 238 76.8
Av. (5 animals) 5.9 341 125 216 63.4

{continued)



Table 3 {continued)

R . Slice- __ Sliceability on basis of ws.
Apimal  Sample  gy311ty Tanned Unslice- Sllceable meat
noe. - Do. score ~ meat able meat (by difference)

Hia b2a11 08 gm. %’

SEMIMEMBRANOSUS MUBCLE (continued)
Sodium chloride and lactic acid Injectlon

Control samples .
vi 174 6.7 368 77 291 9.1

178 7.3 363 54 309 85.1

AV. 7.0 366 66 300 82.1

vii 201 4.3 363 104 259 71.5
203 7.0 %8 71 297 80.7

AV. 5.6 366 88 278 76.0
VIII 223 5.7 352 124 228 64.8
224 7.3 347 83 284 81.8

Av. 6.5 350 94 256 753

Av. (3 animals) 6.4 361 83 278 7.1
1% 246 2,0 364 - 275 - 89 24.4
250 7.3 355 214 141 39.7

AV. 4.6 560 244 116 32,0

X 273 9.3 332 20 312 94.0

275 6.7 336 117 219 65.2

Av. 8.0 334 68 266 79.6

Av. (5 animals) 6.3 355 112 243 68.6

(continued)
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Table 3 {continued)

“W«ﬁlieem ] Mwwﬁlicaabilitﬁ en”baaia efywtrwm
Animal  Sample  gp314ty Canned Unsiloe- Sliceable meat
no. no. score meat able meat (by difference)
. am. 2. 4

SEMIMEMBRANOSUS MUSCLE (continued)
Sodium chloride and lactic acid injection (continued)

Injected samples

vi 174 8.7 366 - Bl 315 86.1

178 6.3 344 o7 247 71.8

AV. 7.5 355 74 281 79.0

vii 201 "7 352 30 322 91.5
203 5.3 375 110 265 70.7

Av. 8.5 364 70 204 81l.1
VIII 223 7.3 545 70 275 79.7
224 7.0 336 138 198 58.9

Av. 7.2 %40 104 236 69.3

Av. (3 animals) 7.1 353 83 270 76.5
IX 246 6.7 353 175 178 50.4

250 9.0 346 93 253 73.1

AV. 7.8 350 134 216 61.8

X 273 7.3 326 66 260 79.8

275 7.0 333 128 205 61.6

AV Tel Sa0 Q7 232 T70.7

Av. (5 animals) 7.2 348 96 252 2.4

{continued)
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Table 3 {continued)

Slice- sliseabilitonn basia af wt.

Animal  Sample  gyp333ity Tanned Unsilce-  Sliceable meat
no. no. soors meat sble meat (by difference)
£ e g gn. 7

BICEPS FEMORIS MUSCLE
Sodlum chloride injection

Control samples

VI 184 9.7 401 20 381 95,0

185 9.0 394 68 326 82.7

Av. 9.4 398 44 354 88.8

VII 205 2.0 392 35 357 91.1
207 8.7 33 28 345 92.5

Av., 8.8 zez 32 551 91.8
VIII 228 4.0 383 118 265 69.2
230 8.3 %44 22 322 93.6

Av. 6.2 364 70 204 81.4

Av. (3 animals) 8.1 81 49 333 87.3
X 256 6e3 262 200 162 44.8

257 9.3 359 0 359 100.0

Av. 7.8 360 100 260 72.4

X 277 8.7 356 26 330 92.7

279 10.0 345 0 345 100.0

AV, 9.4 350 13 338 96.4

Av. (5 animals) 8.3 371 52 319 = 86.2

(continued)
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Table 3 {(continued)

. .. slice- __ Sliceability on basis of wt. _
Aniﬁal Eazile ability Canned Unslice-~ Sliceable meat
* * score meat able meat (by difference)
gme Co m-‘ gm" %

BICEPS FEMORIS MUSCLE (econtinued)
Sodium chloride injection {continued)

Injected samples

vl 1e4 9.0 360 0 360 100.0
185 10.0 373 0 373 100.0

Av. 9.5 366 0 366 100.0

VII 205 9.3 367 0 367 100.0
207 9.0 350 0 350 100.0

Av. 9.2 358 0 358 100.0
VIII 228 9.3 347 64 283 81.6
230 7.3 342 30 312 91.2

Av. 8.3 344 47 208 86.4

Av. (3 animals) 9.0 356 16 341 95.5
IX 256 4.7 366 235 131 35.8

257 9.3 369 0 359  100.0

Av. » 7.0 362 118 245 67.9

X 2m 8.7 360 0 360 100.0

279 10.0 337 0 337 100.0

Av. 9.4 348 0 348 - 100.0

Av. (5 animals) 8.7 356 33 323 90.9

{continued)
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Table 3 {(continued)

N ,iWMTWWWW“ - ””‘”Wéiicéggiiiéﬁméﬁwpggig'5£“§£fw“

Animal  Semple gpi1ity Canned Unslice-  Sliceable meat

no. no. score meat able meat (by difference)
&t g & %

BICEPS FEMORIS MUSCLE (continued)
Lactic acid injection

Control samples

VI 181 9.7 372 o) a2 100.0

183 +  10.0 364 0 364 100.0

Av 9.8 368 ) 368 100.0

VII = 204 5.7 391 138 253 64.7
206 7.7 379 o 379 100.0

AV 6.7 385 69 316 82.4
VIII 232 9.7 354 o 354 100.0
233 T3 357 74 283 79.3

Av. 8.5 356 by 4 318 £89.6

Av. (3 animals) 8.3 370 35 334 90.7
IX 253 3.7 367 316 51 13.9
255 BB 364 205 159 43.7

Av. 4.5 366 260 105 - 28.8

X 276 5.7 375 156 219 58,4

278 9.3 344 o 344 100,0

Av. 7.5 360 78 28¢ 79,2

Av. (5 animals) 7.4 367 89 278 76.0

{continued)



Animal
no.

Sample
ne.

" Silice-

abllity
score

vaKieaﬂbility on basis of wh.

Canned Unslice-
meat able meat

Sliceable mesnt
(by difference)

’gﬂ'}x

| Lactic acild 1njectién {continued)

Injected samples

Vi

Av,
Vil

Av.
VIII

Av,.

Av. (3 animals)

IX

Av.
>4

AVe

Av. {6 animals)

181
183

204
206

232
233

253
255

276
278

8.8
8.1

345
540

542

370
3b4

562

348
350

349
351

o456
337

541

348
321

344
346

{continued)

. EMe.

BICEPS FEMORIS MUSCLE {(continued)

197
37

117

23
12
43

243
185

214

- 54

22
38
76

gn.

543

340
342

173

317
245

548
327

338
308

102
152

127

294
299

206
270

[

100.0
100.0

100.0

46.8
89.5

68.2

100.0
93.4

96.7
88.3

29.6
45.1

7.4

84.5
93.1

88.8
78.2
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Table 3 (continuaé)

“Aﬂlieenv liaadbilityden basiswa'thm
Aniial 35m§1“ ability Canned Unslice- Slliceable meat
. no. score meat able meat (by difference)

@. ’ m" m‘ ig

BICEPS FEMORIS MUSCLE {continued)
Sodium chloride and lsetic acld ;ggeetian

Control sesmples

V1 180 8.0 417 105 312 74.8

182 10.0 362 0 362 100.0

AV. 9.0 390 - B2 337 87.4

VII 208 8.7 382 89 - 293 76.7
209 9.7 385 o 385 100.0

Av. 8.2 384 45 339 88.4
VIII 229 9.3 358 66 292 81.6
231 9.0 370 27 343 92,7

Av. 9.2 364 . 46 318 87.2

Av. (3 animals) 8.8 e 48 331 87.7
ix 252 3.0 376 3%6 40 10.6

254 7.3 358 55 205 84.6

AV, 5.2 367 106 172 47.6

X 280 10.0 355 36 319 89.8

281 9.7 365 v 0 365 100.0

Av. 9.8 360 18 342 94.9

Av. (5 animals) 8.3 313 71 302 8l1.1

{(continued)
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Table 3 {(continued)

 Slice- ”ﬁslieeabzlity on basis of wt.

Animal Sample ability

o no Canned Unsiice- oliceable mest
. P score meat able meat (by difference)
'gm' ‘mt »gmﬁ %

BICEPS FEMORIS MUSCLE {continued)
' Sodium chloride and lactlc acid injection (continued)

Injected samples

Vi 180 7.0 403 198 206 . 50.9
182 9.3 368 0 368 100.0

AvV. 8.2 386 99 286 5.4
Vil 208 540 382 110 272 71.2
209 9.7 378 0 a8 100.0

AvV. 7.4 380 55 325 85.6
VIII 229 9.3 354 o 354 100.0
231 7.7 349 0 349 100.0

Av. 8.5 352 0 352 100.0

" Av. (3 animels) 8.0 373 51 321 87.0
X 252 7.0 3653 202 161 44,4
254 8.3 363 85 298 82.1

Av. 7.6 363 134 230 63,2
X 280 8.0 369 25 344 93.2
281 9,7 364 0 364 100.0

AV, 8.8 366 12 354 96.6

Av. (5 animals) 8.1 569 60 309 84.2
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Table 4. pH of Beef. pH of beef muscles aged ons day and
before dividing into cuts. Anterior, middle, and
posterlior positions are represented for muacles of
trunk; proximel, middle, and distal positions for
muscles of leg. (Left muscles were used for con-
trol cutes; right muscles for injected cuts.) ‘

Position in muscle , |
Anterior JNiddle Posterior  Average
(Proximal) (Distal)

pH PH PH PH

no. in animel

LONGISSTHUS DOHSI MUSCLE, LOIN PORTION
vI Left . 5.35 5.35 B.35 5.35

Right 5.35 5.35 5.40 5,37
VII Left 5.40 5.45 5.40  5.42
Right 5.45 5,40 5.40 5.42

VILI Left . 5.40 545 5.40 5.42
Right 5,50 5.55 5.40 5.48

X Left 5.45 5.45 5,35 5.42

: Hight . 5.35 5.45 5.35 5,38
X Left 5.70 5.80 5.60 5.70

LONGISSINUS DORSI MUSCLE, RIB PORTION

Vi Left 5.40 5.40 5.40 5.40

| Right 5.45 5.40 5.40 5,42
VII Left 5.50  5.45 5.45 5.47
Right . B.5B 5.50 5.45 5.50

VIII Left 5.45 5.40 5.45 5.43
Hight 5.45 E.45 5.45 5,45

1X Left | 5.45 5.40 5.45 5.43
Right 5.45 535 5.35 5.38

X Left 5.65 5.60 5.40 5,55
Right 5.85 5.60 5.40 5.55

{continued)
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Table 4 (méntinued)

Animal Position Pasiﬁiﬁn in muscle

no. in animal Anterior Niddle Posterior Average
(Proximal) 1 {Distal)
. PH . PpH pH pH
PEGKS HAJOR AHD ?SQAS WINOER MUBCIES
Vi Left 5.38 T B.40 5.50 5.42
Right H4+835 5.40 5.50 5.42
VI Left 5435 5.40 . 5.50 5.42
‘ Eigh$ ‘ B.40 “ H.45 5.50 5.45
VILil left , Be40 T B.40 5.60 5.43
ﬂ Elght o 540 5.40 5.80 B5.43
IX Lelt T BeBB B.40 5,55 B.43
Eighh ‘ 5.40 5.40 B.BD .45
X left 5.68 5.70 5.65 5467
Right 5.55 5.65  5.65 5.62
SEMITENDINOBUS MUSCLE

YI Left T BW.ED o BedB 5.40 BeS7
Right 555 5,35 5.45 H.38
Vit ileft 5.38 5.55 5.40 5.37
Right 5.40 5.40 5.50 B.43
Right 5.35 5.40 5.40 5,38
Ix left 550 5.30 5.5 B.08
Right 5.30 5,30 5.40 5.33
X Left 5.50 5.50 5.60 5.53
Right 5,80 5560 5.60 5.83

{continued)
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Table 4 {contlinued)

NmmemuwmwwwwﬂtWmhwwwmwwwmﬁwgggigiggwgﬁq;;;éigwww,MHWMMWMWW”WW
A#éﬁﬁl §§8§§§§§1 Fnterior WNiddle FPosterior  Average
(Proximal) {(Distal)
PH DH pH PH
SENINEMBRANCSUS WMUSCLE
VI Left 5,30 5.80 5,30 5,30
Right ‘ 5.30 B35 B5.30 5.52
VIL left 5.35 Hed0 5.35 5.33
Righ 5.35 5,30 5.35 Be33
YIiit Left B.40 5.50 b.35 5.385
Right 5440 5,30 5.35 5.38
IX Left 5.40 5.30 5.30 5.33
iiigh‘h 5.80 _ 5:5@ 5,50 5;37
X left H.5B 5.50 5.5b 5.53
Right 5.56 E.BO 5.60 5.55
BICEPE FENOHIS WUSCLE
v Left 5«45 5,40 5.40 5,42
Right Be4dH .35 H.45 5.42
Vi Left B.50 H.EB 5,50 5.52
Right 5«55 555 5.50 558
VIII ieft 5.40 H5eS5 5.40 5.38
Right F.40 5,35 B5.45 5.40
1x ileft 540 5435 B5.9b 5,387
: Hight S445 B+40 555 5440
X ILeft 5.956 5H.60 5.865 5.6%7

Right 8,75 5.60 5.686 5.67
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Table 5. pH of Beef. pH of beef muscles {average of three
determinations) before dividing into cuts but
after aging one day; of beef cuts aged elght days
(one determinatien); and of the canned beef (one

determination).
;Mm”mmégging;;i;;mwmwhﬁ«a e ——
Agimal (uninjected) Sample aged Canned
~ no. aged one day ‘no. eight days  beerl
PH pH pH

LONGISSINUS DOESI WUSCLE, LOIN PORTION
Sodium chloride injection

Left muscle Control samplea
Vi 5.35 162 5.45 5.75
Vil 5.42 188 He40 5.60
VIiil 5.42 - 211 5435 5.75
Av., (3 ﬂnimala) 5.40 ' 5.40 5.70
IX .42 254 5430 5465
A 5.70 260 5.50 5.90
Av. (5 animals) 5.46 5.40 5.73
Right muscle Injected samples
vl 5.37 16z 5.3 B.70
Vi B5+.42 188 54,40 5.60
VIII .48 211 5455 5.70
Av., (3 animals) b5.42 5.37 5.65
X 5,38 234 540 5.65
X 5.67 260 5.5b 5.85
Av. (b snimals) B5.46 5.41 B.70
{conbinued)

¥Animals Vi, VIiI, and VIII were stesrs, carcass grade
Commercisl, processed 65 minutes; Animal IX was a steer,
carcass grade Commercial, processed 80 minutes; Anlmal X
was a cow, carcass grade Cutter, processed 90 minutes.
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Table 5 (continued)

Animal (uninjected) Sample aged Canned
no. - aged one day no. slght days beef
pH pH PH

LONGISSIMUS DORSI MUSCLE, LOIN PORTION (continued)
Lactic scid injection -

Left muscle (same as for Control samples

VI sodlum chloride ;g4 5.30 5.70
VII ~injection) 187  5.45 5.60
VIii 210 5,30 5.70
Av. (3 animals) 5435 5.67
CIX F 236 5.30 5.60
X ’ 259  5.50 5.90
Av, (5 animals) _ , 5.37 5.70

Right muscle (same as for Injected samples
VI sodium chloride 3164 5.40 5.70
VII injection) 187 5.45 5.60
VIiil 210 B5.30 5.70
Av. {3 animals) 5.38 5.67
IX 256 5.30 5,60
X 259 5.50 5.90
Av. (5 animals) 5.39 5.70

{continued)
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Table 5 {continued)

Animal ' ( minjeeteé ) E’%ample ageé Canned
Bo. aged one day ne. eight days beef
' PH pH pH

LONGISSIMUS DORSI MUSCLE, LOIN PORTION (continued)

Sodium ehloride and lactic acld injection

Left muscle (same as for Contrel samples

VI sodium chloride 163 5.40 5.70
VII injectlon) 186 5,40 5.60
VIiii 212 5«30 5.65
Av. (3 animals) ; 5.37 5.656
IX 235 5«35 5.60
Av. (5 animals) .40 5.68

Hight muscle (same as for Injected samples
Vi godiuvwm chloride 183 5.40 5.70
Vil injection) -~ 186 5.45 5.556
VIII 212 5.356 5.65
Av. (3 animals) 5.40 5.63
IX . 235 5.40 5.60
X 258 5.565 5.85
Av. (5 animals) 5.43 5467

{(continued)
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Table 5 {continued)

Animal " "{uninjected) Sample aged Canned
~ no. aged one day no. eight days beef
pH pH. PH

LONGISSINMUS DORSI MUSCLE, RIB PORTION

Sodium ehloride linjection

Left muscle GControl samples

Vi 5,40 167 5.50 5.80
Vil 5.47 189 5.55 5.80
VIiX \ Ha.43 214 5.40 5.75
Av. (3 animals) 5.43 5.48 5.78
- IX H.43 239 5.35 5.65
X H.58 261 5.55 6.00
Av. (5 animals) 5.46 B.47 5.80

Right muscle : Injected samples
Vi 5.42 167 5.50 5.75
ViI 5.850 189 5.85 5.75
VIII 5.45 214 5.50 5.80
Av, (5 aﬂimalﬁ) 5.46 5+55 5.77
X 5.38 239 5.40 5.68
X 5.55 261 5.60 5.90
Av, (b animals) 5.46 5.53 5.77

{(eontinued)
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Table 5 (aontinued}

~ Teof masoies oot ate
Animal {uninjected) Sample aged - Canned
no. aged one day no. " eight days beef
PH | | pE pH

LONGISSIMUS DORSI MUSCLE, RIB PORTION (continued) .

Lactic acld injection

Left muscle (same as for Control s§m§lea
VI sodium chloride 165 5.45 5.85
VII injection) 190 5.55 5.75
VIII ' 215 5.45 5.75
Av. {5 animals) ' B.48 5.78
X 237 5.40 5.75
X o 262 5.50 5.90
Av. (5 animais) 5.47 5.80

Right mnaela: (same as for injected samples
VI - sodlum chloride 165 5.50 6.00
VII injection) 190 5.60 5,75
VIII 215 . 5.45 5.75
Q.VO (5 aﬂim18¥ : 5"52 5&85
IX 23% 5,40 5.75

Av. {5 animals}) 5.51 5.84
| {continusd)
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Table 5 (continued)

’ Beef cuts
Animal {uninjected) Sample . aged Canned
no. aged one day no-. eight days beef
T PE PE PH

LONGISSIMUS DORSI MUSCLE, RIB PORTION (continued)

‘Sodium chloride and lactlic aeid Injection

Left muscle (same as for Control samples S

Vi sodium chloride 166 5.45 5.80

VII injection) 191 5.50 5.70

VIII 213 5.40 5.85

Av. (3 animels) 5.45 5.78

X 238 5.35 5.65

X 263 5.50 5.90

Av. (5 animals) . B.44 5.78
Right muscle (same as for Injected samples

VI sodium chloride 166 5460 5.80

Vil injection 191 5.60 5.70

VIiI 213 5.40 5.80

Av. (5 &nimals) B5.55 577

ix 238 5.35 5.65

X 263 5.65 5.90

Av. (5 animals) 5.52 BeT7

(continued)
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Table 5 (continued)

Animal (uninjected) Sample aged Canned
noe aged one day no. eight days beef
PH | oH PH

- PSOAS MAJOR AND PSOAS MINCOR MUSCLES

Sodium chloride égjeetian

Left muscle | Control samples
VI 5.42 168 5.50 5.85
VII 5,42 193 5.40 5.65
VIIT 5.45 218 5.55 5.85
Av. (3 snimals) 5.42 5.48 5.78
IX . B.43 240 5.40 5.60
X 5.67 265 5.65 6.00
Av. (5 enimals) 5.47 5.50 5.79
Kight muscle ‘ Injected samples
V1 5.42 168 5.55 5.85
vII 5.45 193 5450 5.65
VIII 5.43 218 5,50 5.80
Av. (3 animals)} 5.43 5,52 577
IX 5.45 240 .45 5.60
X 5.62 265 5450 5.85
Av. (5 animals) B.47 5.50 5.75

{continued)
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Table 5 (eontinaaé}

Animal (uninjected) Sample aged Canned
no. aged one day no.  eight days beef
pH pH : PH

PSCAS MAJOR AND PSOAS MINOR MUSCLES (continued)

Lactic acid injection

Ieft muscle (same as for Conkrol samples
VI sodium chloride 169 5.60 5.85
VII injection) 194 5.55 5.75
VIII | 2186 5,45 5.80
Av, (3 sanimals) 5.53 5,80
IX ﬁ 241 5445 5.65
X , 266 5.65 6.00
Av, (b animals) 5.54 5.81
Right muscle (same as for Injescted samples
VI sodlum chloride 169 5.65 5.80
VII injection) 194 5460 5.80
Viii 216 5.40 5.75
Av, (3 animals) 5455 5.78
IX 241 5+45 5.65
X 266 5.65 6,08
Av, (5 animals) 5.565 5.81

{continued)



- 232 -

Table 5 {continued)

Besfl muscles

‘ : Beef cuts
Animal (uninjected) Sample aged Canned
no. aged one day RO« eight days beef
ph PH pH

PSOAS MAJOR AND PSOAS MINOR MUSCLES (continued)

Sodium chleride and lactic aecid Injection

Left muscle {aame as for

Control samples

VI sodium chloride 170 5.60 5.85
Vi1 injection) 192 5,40 5,65
VIII 217 5.45 5.80
Av. (3 animals) 5.48 5.7
IX 242 5.55 5.75
X 264 5.60 6.00
Av.w(ﬁ animals) | 5,52 5.81
Eight muscle (same as for Injected samples
Vi sodium chloride 170 5.60 5.85
Vil injection) 192 5.50 5.65
VIiI 217 5.45 5.75
Av. (3 animals) 5.52 5.75
X 242 5.55 5.75
X 264 5.60 5,90
Av. (5 snimals) 5.54 5.78

{continued)
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Table 5 (continued)

Animal (uninjected) Sample aged ngngd
no. aged one day ne. eight days e
" pH , pH PH

| SEMITENDINOSUS MUSCLE
Sodium ehloride injection

Left muscle Control samples
Vi 5.37 178 B+45b 5.80
ViI 5.37 197 5.45 5.75
VIIiI - D40 219 5.35 B5.75
Av. (3 animals) 5.38 5.42 5.77
IX 5.32 244 5.40 5.65
4 5.53 269 5.6b 5.80
Av, (b animals) 5.40 5.44 577

Hight muscle Injected samples
Vi 5.38 1%2 5.40 &.80
VII 5445 197 5.50 5.70
VIII 5.38 219 B.35 5.75
Av. (3 animals) 5.40 " D4R £5.75
IX 5.33 244 5.40 5.65
X 5,53 269 5.60 5.886
Av., (B animals) 5.4l 5.45 5,75

{(continued)
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Table 5 {continued)

‘no. aged one day no. eight days beef
pH . pH PH

 SEMITERDINOSUS MUSCLE (continued)

Lactic acld injectlion

Left muscle ({same as for Control sémples
Vi sodlun chloride 173 5.40 5.85
Vil injection) 195 5,50 5.65
VIII 220 ‘ 5.40 5.75
Av. (3 animals) .43 5.76
1X | 245 . 5.40 5.70
X | 267 5.50 5.90
Av. (5 animals) . B.44 5,77

Right muscle (same as for Injected samples
VI sodium chloride 173 5450 5.85
vII injection) 195 5.40 5.65
VITI 280 5450 5.75
Av. (3 animals) 5.4%7 5.756
X 245 5445 5.70
X 267 5455 5.90
Av. (5 animals) 5.48 5.77

{continued)
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Table 5 (continued)

Animal (uninjected) Sample aged Canned
no. sged one day Rno, ‘eight days beef
‘ PH | | PH ph

SEMITENDINOSUS WMUSCLE (continued)

Sodium chloride and lactic scid injection

left muscle (same as for Control s#mples

VI sodium chloride 171 5,45 5.80
VI injection) 196 5.40 5.65
Viilt 221 5.50 580
Av. (3 animals)  5.45 5.75
CIX 243 B.40 B5.65
X 268 580 5,95
Av. (5 animals) 5.45 5.77

Right muscle (same as for Injected samples
VI sodium chloride 173 5.40 5.75
VII injection) 196 5.45 5.65
V1iiI 221 B.45 5.756
Av, {3 animals) 5.43 5.72
IX 243 5.40 H.68
X 268 5.60 5.88
Av. (B animals) 5.46 5,78

{continued)
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Table b {continued)

. Beef muscles . .  Beef cuts -
%?iﬁ?l (uninjected) saﬁﬁle' aged C§2§§ﬁ
aged one day o eight days
pH pH pH
SEVIVENBRANOBYS MUBCLE
Sodium chloride injection
Left muscle . Gnntrﬁl samples
VI B.50 77 5.3b 5.80
179 5.35 5,75
Av. ~ | 5.35 5.78
VIL : B33 199 5.45 5.60
ﬂ 200 5.45 5.80
Av. 5.45 5.60
VIiX 5.355 222 550 5.65
226 BeB5 5.70
AV, : 5.32 5.68
Av. (3 animals) 5.33 5¢37 5.69
X 5,28 249 | 915) 5.60
251 5.40 5.60
AV 5.38 5.60
X 5.53 271 H.45 5.8H
272 5450 5,90
Av. 5.48 5.88
Av. (5 animals) b5.37 5.40 5.71

(continued)
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Table 5 (continued)

Animal (uninjected) Sample aged Canned
‘no. aged one day no. eight days beefl
pH pA . pH

- SEMIMEMBRANOSUS MUSCLE (continued)
Sodium chloride injection (continued)

Right muscle Injected samples

VI 5e32 177 5.40 - B.75
179 5.35 5.70

AV ‘ 5'58 5.72
VI " B33 199 5450 5,60
200 5.45 5.60

Av. ’ A 5'48 5460
VIII ‘ 5.35 222 5.35 5.65
| 226 5.40 5.65
AV, ‘ 5.58 5.65
Av. (3 ﬂnimx.s) DadS H5.41 5.66
IX 5,37 249 5.40 5.56
251 5.40 5.55

Av, 5.40 5055

X 5.55 271 5.50 5.80

272 5450 5.80

Av. 5,50 5.80
Av. (5 animals) 5.38 5.43 5.66

{euﬁtinuad)
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Table 5 (continued)

Animal (uninjecteé } . Sample &g@ﬂ Canned
- DO ‘aged one day RG. eight days beef
pH PH pH

SEMIMEMBRANOSUS WUSCLE {continued)

Lactic seld injection |

Jef't muscle (aama as for Control samples _
T injectims) . WS T 8
Av. 5.35 5.75
VII 198 D45 5.60
\ ‘ 202 5.40 5.80
Av., “ 5.42 5.60
VIII 225 5.40 5.65
227 5.38 5.68
. Av, 5.38 5.65
Av. (3 animals) 5.38 5.67
IX 247 5.30 5.60
248 5,40 5.55
Av. | 5435 5.58
X 270 5.45 5.80
274 5.70 5.95
Av. 5.58 5.88
Av, (5 animals) 5.42 5.69

{(continued)
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Teble 5 (continued)

Animal (uninjected) Sample aged Canned
no. aged one day Bo. eight days beef
PH : pH PH

- SEMIMEMBRANOSUS MUSCLE {continued)
Lactic acid injection (continued)

Right muscle (aama‘as for Injected samples
VI sodium chloride 175 ' 5.35 5.80
‘injection) 176 5455 5.75
Av. 5.35 5.78
Vil 198 " 5.48 5.60
| 202 5.40 5.60
Av. 5.42 5.60
VIit 225 5.40 5.70
: 227 5.35 5.65
Av. 5.38 5.68
Av. (3 animals) | 5.38 5.69
IX 24% 5.30 5.60
248 5.35 555
Av. Be08 5158
X 270 5.45 5.80
| 274 5.70 6.05
AVa ‘ 5.58 5.92
Av, (5 animals) 5.41 5.?1

{continued)
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Table & {continued)

~ Beef muscles

Aniﬁal {(uninjected) Samﬁlﬁ aged . C;nnid
- no. aged one day no. eight days = °°®
PH pH pH

SEMIMEMBRANOSUS MUSCLE {(continued)

Sodium ehlariéé and lactic acid Injection

Left muscle (seme as for Control samples
vI sodlum chloride 174 5435 5.70
" injection) 178 5+35 5.86
Av. ' 5.35 5.78
VII | 201 5.45 5.60
203 5.40 5.60
" Av. R 5e42 5.60
VIII 223 5.35 5.65
224 5.35 5.60
- Av. | 5.35 5.62
Av, (3 animals) ‘ 5.3% 5¢67
IX 246 5430 5.60
250 5.35 5.55
Av. 5432 5.58
X 273 5.50 5.85
275 5.55 6.00
Av, 5.52 5.92
Av. (5 animals) 5.39 5.70

{(continued}
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Table 5 {(continued)

Feef muscles o 7 Beefl cuts

Aniﬁal {uninjected) Eﬁﬁﬁiﬁ aged _Gznnga
ne. aged one day . eight days ee
i PH PH pH

SEMIMEMBRARNOSUS MUSCLE (continued)
Sodium chloride and lactic acid injection (continued)

Right muscle  (same as for Injected samples
. V1 sodium chloride 174 5.35 5.70
injection) 178 5.35 5.80
Av. 5.35 5.75
Vil B 201 - 5.40 5.60
203 5¢40 5.60
' Av. " 5.40  5.60
VIII 203 5.35 5.65
224 5.40 5.60
Ave 5.38 5.62
Av. {3 animals) 5.58 5.66
X 246 5.35 5455
250 5.40 5.60
AV . ‘ 5,38 £5.58
X 273 5.58 5.85
275 5.75 5.95
Av. ' 5.65 5096
Av. {5 animals) 5.43 5.89

(continued)
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Table B (continued)

-

R e———

Besl muscles Beef cuta

Animal (uninjected) Sample aged Canned
no. aged one day B3 ~eight days beef
' pH pH pH

BICEPS FENMORIS MUSCLE

Sodium chloride Injection

left muéele | Control samples
Vi 5.42 184 5,40 5.80
188 H5.45 5.80
Vii SR 5,52 205  Ba4b B.70
207 5.40 5.60
Av, 5.42 5.65
230 5+30 5.65
Av. 5.32 5.70
Av. (3 animals) 5.44 ; 5,39 5.72
iX ' 5.87 256 5435 5.65
. 257 5445 5.70
I‘W - 5 04:0 ' 5‘0 68
: 279 5450 5.90
AV. , H«5H8 5.92
Av. (B enimals) 5.47 543 5.75

{continued)
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Table 5 (continued)

fﬂeef musoles' Baaf eaté »

Animal {(uninjected) Sample aged Cgpn;é
A% aged one day noe. eight days ee
‘ T PH ‘ PH pH

BICEPS FEMORIS MUSCLE (continued)
Sodium chloride injection (continued)

Right muscle Injected samples
VI 5.42 184 5.40 5.85
1856 5.45 . 5480
AV, o 5.42 5,82
Vil . 5.53 2056 5.45 5.65
| ' 207 5,40 5.60
Vil . B.40 228 . B.40 5.70
, 230 5.36 5.85
Av. ‘ 5.38 5.68
Av. {3 animals) b5.45 5.41 5.71
X 5.40 256 5,40 5.60
257 5.50 5,65
AV' ' 5:45 5'62
279 5.50  5.80
AV. B , 552 5.88
Av, (5 animals) 5.48 5.44 5.72

(continued)
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Table 5 (continued)

Aninmal Beef muscles Sample Beef cuts Canned
no {(uninjected) no aged beef
* aged one day * eight days
pH pH pH
BICEPS FENMORIS WUBCLE {(continued)
lactic acid injection

Left muscle (same as for Control samples
injection) 183 5.40 5.70
 av. 5.45 5.78
VIl . 204 . B.45 £5.70
206 5440 5.65
Av, H.42 5,68
233 5.45 5.75
Av. 5.40 B5.75
Ave. (3 animals) 5.42 5.74
IX 253 5.50 5.68
2556 5«40 5.60
Av. 5.35 5.62
X 276 5,60 6.00
278 H5.45 5.90
Av ., e 62 5 . 95
Av. (5 animals) 5.43 5.76

(continued)



- 24H -

Table 5 (continued)

Beef muscles

Beef cuts

Animal {uninjected) Sample aged - Canned
no. aged one day no. eight days beef
’ ' pH phH pH

| - BICEPS FEMORIS MUSCLE (continued)
Lactic ascid injection (continued)

Right muscle (same as for Injected samples

Vi ‘sodium chloride 181 5.40 5.90
injection) 183 5.40 5.70

. Av. 5.40 . B.80
VII ‘ ~, 204 5.45 5.70
206 5,40 5.680

Av. ‘ 5.42 5.65
ViII o 232 5.35 5.75
: 233 5,50 5,75

 Av. ‘ 5.42 5.75
Av. (3 animals) 5.41 5.73
IX 253 5.40 5,85
255 5.35 5,60

AV ‘ ‘ 5¢38 5062

X 276 5,50 6.00
278 5050 5.85

AV, ' 5.50 5,92
Av. (5 animals) 5.42 5.75

{continued)
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Table 5 {continued)

Anigal (uninjected) Saﬁgla aged ' ann;é
* aged one day * elght days ee
pH ' PE pH
' BICEPS FEMORIS MUSCLE (continued)
Sodium ehloride and lactle agld Injectlon
Left muscle (same as for Control samples
VI sodium chloride 180 5.50 5.85
injection) 182 5.35 5.85
 Av, 5.42 5.85
Vii _ 208 B5.40 5.60
209 .40 5.65
Av. 5.40 £.62
VIl ‘ 229 5.35 5.70
231 5.30 5.656
AV Bes2 5,68
Ave (3 animels) 5.38 5.72
Ix 252 5.45 5,70
‘ 254 5.50 H.65
I%.‘V - ‘ : 5 - 58 5 Y 68
X 280 5,58 5.85
281 5.45 6.00
AV, 550 5,98
Av. {5 animeals) 5.40 5.76

{continued)
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Table 5 (continued)

Animal " (uninjected) Sample aged ~ Canned
no. aged one day no. eight days beef
PH | pH PH

BICEPS FEMORIS MUSCLE (continued)

Sodium chloride and lactic acid injection (continued)

Right muscle (same as for Injected samples
Vi sodivm chloride 180 5,50 5.80
injection 182 5.40 ~ 5.80
VII . 208 5.45 5.60
. 209 £.45 5.65
AV, 5.45 5.62
¥ill ‘ 229 5.45 5,70
231 540 5.65
AV, f 5.42 5.68
Ave {3 animals) | 5.44 5.70
IX ' 252 5.45 5.65
254 BHe4b 5.60
Av. . » 5.45 5.62
X | 280 5.55 5.80
281 65.50 5.85
AV « 5.52 . B.B2
Av. (5 animals) 5.46 5.71

{continued)
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Table €. Welght Changes of Beef before Canning. Initial

‘ welght of beef and weight of beef plus injecting
solution one day after alaughter of enimal; weight
of aged beef elght days after slaughter; percentage
weight after aging based on initial weight of sample.

Animal* Semple  Initial goo¢ Pi%8 Wt. beef after
no. no. wt, solution aging -
en. . gn. %

LONGISSIMUS DORSI MUBCLE, LOIN PORTION
Sodium chloride injection

Control samples :
Vi 162 806 598 98.%

Vil 188 601 587 97.7

VIIL 211 605 595 98.3

Av. (3 animals) 604 593 98.2

IX 234 605 587 97.0

X 260 604 593 98.2

Av. (5 animals) 604 592 98.0
Injected samples

VI 162 608 668 631 103.8

Vil 188 602 662 617 102.5

VIII 211 6086 666 593 97.8

Av. (3 animals) 605 665 614 101.4

IX 234 606 666 635 104.8

X 260 606 666 834 104.6

Av. (5 animals) 606 666 622 102.%7

{continued)

*Animals VI, VII, and VIII were steers, carcass grade
Commercial, processed 65 minubtes; Animal IX was a steer,
carcass grade Commercial, processed 90 minutes; Animal X
was & cow, carcass grade Cutter, processed 90 minutes.
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Table & (continued)

e et e e e A A S

— ‘ .
Animel  Sample  Initlal sniecting Wt. beef after
vno. no. wt. solution aging
| en. g @nte %

LONGISSIMUS DORSI MUSCLE, LOIN PORTION (continued)
Lactic acid ggjeetiaa |

Control gamples

VI 164 604 597 $8.8
VII 187 604 588 97.4
YIII 210 608 597 98.5
Av. (3 animals) 605 . 594 98.2
IX 2%6 606 594 98.0
X 259 607 ‘ 598 98.5

Av. (5 animals) 605 . 595 98.2

Injected samples

Vi 164 606 666 605 98.8
VII 187 608 668 599 88.5
Viii 210 606 666 602 99.3
Av. {3 animals) 607 667 602 99.2
iX 236 606 666 607 100.2

X 259 607 667 833 104.3

Av. {5 animals) €06 666 609 100.4

{continued)
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Table 6 {(continued)

Animal  Sample  Initial f§§§c€§§§ Wt. beef after
no. no. wt. solution aging
gn. . gn. %

LONGISSIMUS DORSI MUSCLE, LOIN PORTION (eontinned)
Sodlum chloride end lactic acid 1 *“jaﬁtian

Control samples ,
VI 188 605 590 97.5

Vil 186 600 588 98.0
VIiit 212 606 582 9%7.7
Av. (3 enimals) 604 590 87.7
ix 2356 - 800 | 591 98.5

X 268 601 587 7.7

Av. (5 animals) 602 590 97.9

Injected samples

VI 163 608 668 830 103.6
VII 186 604 664 622 103.0
VIII 212 607 867 630 103.8
Av. {3 animals) 606 666 627 103.5
X 235 " 805 665 . 619 102.3

X . 258 804 664 634 105.0

Av. {5 animals) 806 666 827 103.5

{continued)
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Table 6 (continueﬂ)

O AT e v S

Animal  Semple  Initial fg;iafigg Wt. beef after
’ne. no. wt. solution aging
ent. g, gm. %

LONGIBSSIMUS DORSI MUSCLE, RIB PORTION
Sodium chloride injection

Control samples

Vi 167 605 596 98.5
VII 189 601 594 98.8
VIl 214 6086 603 99.5
Av. (3 animals) 604 598 98.9
1x 239 ' 608 597 98.2

X 261 808 603 99.2

Av. (5 animals) 608 599 98.8

Injected samples

VI 167 600 660 640 106.7
VII 189 608 668 661 108.7
VIIT 214 605 665 643 106.3
Av., (3 animals) 604 664 648 107.2
1X 239 605 665 646 106.8

X 261 607 667 661 108.9

Av. {5 animals) 605 665 650 107.5

{continued)



Animal Sample Initial §§§§cgigz Wt. beelf after
"na. no. wt. solution aging
e . . %

LONGISSIMUS DORSI MUSCLE, RIB PORTION (continued)
Lactic scid injection

Control samples

V1 165 607 . 806 99.8
VII 190 603 593 98.5
VIII 215 606 598 98.7
Av. (3 animals) 805 599 98.9
IX 237 601 590 98.2

X 262 606 600 99.0

Av. (5 animals) 605 597 98.8

Injected samples -

Vi 1656 6056 665 648 107.1

- VIl 190 602 662 619 102.8
VIiI 216 6056 665 €16 101.8

Av. (3 animals) 604 664 628 103.9
IX 237 8605 6656 626 103.5

X 262 80% 66H 645 106.6

Av. (b animels) 604 664 631 104.4

{continued)
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Table 6 {continued)

e I e A i e A R

Beef plus
Animal Sample Initlal  4njecting Wt. beef after
No. no. . wt . 301111:5.0!1 aging
2. . . gl %

LONGISSINMUS DORSI MUSCLE, RIB PORTION (continued)
Sodium chloride and lactic acid injection

Control sawmples

v 166 &05 599 99.0
Vil 191 601 589 98,0
VIII 213 607 603 99.3
Av. (3 animals) 604 597 88,8
IX - 238 604 58%7 07.2

X 263 608 596 98.0

Av. (5 animals) 605 5956 98.3

Injected mamples

Vi 166 807 667 642 105.8
viX 191 605 665 622 102.8
Vili 213 607 667 646 106.4
Av., (3 animals) 606 666 637 105.0
1X 238 608 668 634 104.3

X 263 608 668 645 106.1

Av. {5 animals) 607 667 638 105.1

{(continued)
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Table 6 {(continuned)

g a1 e A e A e O S

Animal Sample Initial ?ﬁ?gcgiﬁg Wt. beef after
no. no. wt. solution aging
gmn. S L em. %

PSOAS MAJOR AND PSOAS MINOR MUSCLES
Sodium chloride injection

Control samples

Vi 168 608 606 99,7
VII 193 804 : 594 98.3
Viil 218 805 5a%7 28.7
Av. (& animals) 6086 599 98,9
IX 240 602 585 97.2

X 265 604 600 99.3

Av. (5 animals) 805 596 98.6

Injected samples

VI 168 606 666 645 106.4
Vil 193 605 665 646 106.8
VIII 218 606 666 650 107.5
Av. (3 animals) 606 666 647 106.8
IX - 240 606 666 637 105.1

X 265 607 667 648 106.8

Av. (6 animals) 606 = 666 © 845 106.5

{continued)
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Animel .  Sample Initial Deef plus Wt. beef after

injecting
no. no. wt. solution aging |
gm. gm. em. %

PSOAS MAJOK AND PSCAS MINOR MUSCIES (continued)

Lactic acid injection

Control samples

Vi 169 600 599 99.8
VI 194 604 596 98,7
VIII 216 606 595 = 98,2
Av. (3 animals) 603 59% 98.9
IX 241 607 601 99.0
X 266 602 | 596 98,0

Av. {5 animals) 604 587 98,9

Injected samples

VI 169 601 661 630 104.8
VI 194 601 661 648 107.8
VIII 216 606 66 631 104,1
Av. (3 animals) 603 663 636 105.5
Ix 241 604 664 639 105,8

e 266 605 865 636 105.1

Av. {5 animals) 603 663 637 105.5

(continued)
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Table 6 {continued)

e e T O A U NS T A

Animal Sample Initial  Deef plus

Wt. beefl after

, , injecting
no. no. wt. solution aging
gm. gm. gn. %

PSOAS WAJOR AND PSOAS ¥INCR MUSCLES (continued)
Sodium chloride and lactic acid injection

Control samples

Vi 170 605 600 99.2

VII 192 603 595 98,7
ViIl 217 606 , 600 99.0
Av. (3 animals) 605 598 96.0
IX 242 608 599 98.5

X 264 605 599 99.0

. Av. (5 animals) 605 599 88.9

Injected samples

Vi 170 607 667 639  105.3
VIT 192 602 662 658 109.53
VIII 217 606 666 645 106. 4

Av. (3 animals) 605 865 647 107.0

X 242 602 662 636 105.6

X 264 605 665 636 105.1
Av. (5 animals) 604 664 643 106.3

{(continued)



Table 6 (continued)

i A e e e Y o TS S i e A e e et H oty

Animal Sample nitial fzggcgigg Wt. beef after
) I}O. nO. Wty )
solution aging
gm. gm. gm. %

SEMITENDINOSUS MUSCLE
Sodium chloride ggjection

Control samples ' '
Vi 172 608 605 99,5

il 197 601 594 98.8
VIIXI 219 807 593 97.7
Av. (3 animals) 605 597 98.7
X 244 6086 593 98.0

X 269 604 601 99.5

Av. (5 animals) 605 597 08.7

Injected samples v
Vi 172 607 667 634 104.4

Vi1 197 603 663 644 106.8
VIII 219 606 666 624 103.0
Av. {3 animals) 605 665 634 104.7
IX 244 604 664 638 105.6

X 269 €05 665 638 106.4

Av, (5 sanimals) 6058 865 636 105.0

{continued)
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Table 6 (continued)

e A = ey gttt e e i oo e e AR Sl

Animal Sample tnitial  eef plus

injecting Wt. beef after

no. no. wt. solution aging
gn. - gm. em. %
SEMITENDINCSUS WUSCLE (continued)
Lactlic acid injection
Control samples
Vi 173 608 607 99,8
VIi 196 603 597 99.0
VIiIit 220 608 602 99.0
Av., (3 animals) 606 602 99,3
ix 245 809 602 98.8
X 267 604 800 99.3
Av. (5 animals) 606 602 99.2
injected samples
vi 173 601 661 630 104.8
VII 1956 600 860 616 102.7
vVilii 220 607 667 606 20.8
Av, {3 animals) 603 663 617 102.4
IX 245 602  g62 600 99.7
X 267 608 668 633 104.1
Av. (5 animals) 604 664 617  102.2

{(continued)



- 250 =

Table 6 (continued)

T e o A O A e A Y 1 A e S A

Bééf §lu§

Animsal Sample Initial Wt., beef after
injecting
no. no. wt. solution aging
£m. gn. g, %
» SEMITENDINOSUS MUSCLE (continued)
Sodium chloride and lactic acid injection
Control samples : :
Vi 171 607 600 98.8
VII 196 606 ' - 604 99.7
Viix 221 606 597 98.5
Av. (3 animals) 606 800 99.0
X 243 604 588 97.4
X 268 606 802 99.3
Av, (5 animals) 606 598 28.%7
Injected samples
VI 171 606 666 636 105.0
VII 196 604 664 635 106.1
VIiiI 221 607 667 642 105.8
Av. (3 animals) 606 666 638 105.3
iX 243 604 664 617 102.2
X 268 802 662 634 1056.3
Av. (B enimals) 605 G665 633 104,.7

(continued)
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Table 6 (continued)

Animel Sample | Initial E?ﬁf plus Wt. beef after
noe no wh injecting agin
* * ° solution ging
en. T gm. gm. %

| SENIVENMBRANOSUS MUSCLE
Sodium chloriﬁe injection

Control samples S
VI 177 804 597 98.8

179 609 597 98.0

Ave 606 597 08.4
VII 199 605 594 98.2
200 600 : 586 97.7

Av. 602 | 590 98.0
VIII 222 606 591 97.5
226 606 594 98,0

AV, 606 592 97.8
Ave (3 animals) 605 593 98.1
X 249 807 592 97.5
251 600 578 96.3

Av, - 604 585 96.9

X 271 . 606 800 . 99.0

272 604 596 98,7

Av. 805 ' 598 98.8
Av. (B animals) 805 ~ 592 98,0

{continued)
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Table 6 {continued)

T D e s

Animal  Sample Initial  0eef plus . Wt. beef after
no no wt injecting agin
* * * solution ging
gm. m. gm. 4

SEMIMEMBRANOSUS MUSCLE (continued)

Sodium chloride injection {(continued)

Iinjected samples

Vi 177 604 664 649 107.4

- 179 602 662 625 103.8

Av. 603 663 637 - 105.6
Vil 199 601 661 628 104.5
200 606 666 644 106.3

Av. 604 664 636 105.4
VIII 222 606 666 653 104.4
226 606 666 644 106.3

Av. 606 666 638 105.4
Lv., (3 animals) 604 664 637 1056.5
IX 249 608 . 668 637 104.8
251 608 668 636 104.6

Av. 608 668 636 104.7

X 271 606 666 637 105.1

272 604 664 635 1056.1

Av. 605 €65 636 105.1
Av. (5 animals) 605 665 637 105.2

(continued)
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Table 6 (continued)

o o i i oy ot ey

Animal  Sample  Initial §§§§c§§§§ Wt. beef after
no. no. wt. solution aging
gm. gm. » en. %

SEMIMEMBRANOSUS MUSCLE (continued)

lactic acld injection

Control samples

VI 175 800 589 98,2
176 605 596 98.5

Av. 602 562 98.4
VIiI 198 608 595 97.9
202 605 595 98,3

Av. 606 595 98,1
VIII 226 607 ‘ 597 98.4
227 606 583 96.2

AV. 606 590 97.3
Av. (3 eanimals) 605 592 97.9
X 247 603 588 97.5
248 807 604 99.5

Av. 605 596 98.5

X 270 605 602 99.5
o274 608 599 98.8

Av. 606 600 99.2
Av. (5 animals) 605 595 98,3

{continued)
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Table 6 (continued)

e e e S B A e AT e SOyt e

Animal Sample Initial Eaﬁf plus Wt. beef after
" ho no Wt injecting agi
. . . solution &ing
gm. gm. gm. %
SEMIMEMBRANOSUS MUSCLE (continued)
Lactic scid injection (continued)
Iinjected samples ,
v s 604 664 606 100.3
: 176 605 665 803 99,7
" Av, ' 604 664 604 100.0
- VII 198 604 664 625 103.5
202 602 662 613 101.8
VIII 225 606 666 812 101.0
| 227 605 665 606 100.2
 Av. 806 666 609  100.6
Av. (3 animals) 604 664 611  10l.1
X 247 604 664 604 100.0
248 601 661 603 100.3
AV, 602 662 604 100.2
X 270 605 665 621 102.6
274 606 666 628 103.6
AV. 606 666 625 103.1
Av. (5 animals) 604 664 612 101.3

{continued)



- 264 -

Table 6 (continued)
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Animal Sample Initial  Doof plus Wt. beef after
no no wi injecting agin
* * * solution ging
gm. gm. gn. %
SEMIMENBRANOSUS MUSCIE (continued)
Sodium chloride and lactic acid injection
Control samples
Vi 174 606 586 98.35
178 608 594 7.7
Av. 8607 595 28.0
Vil 201 600 588 97.0
203 606 594 98.0
Av. 603 ’ 588 97.5
VIiii 223 608 596 98.0
224 608 596 98.0
Av. 608 596 98,0
Av. (3 animals) 606 - 593 97.8
CIX 246 604 593 98.2
2560 600 581 96.8
Av. 602 587 97.5
X 273 605 590 97.5
275 604 600 99.3
Av., 604 595 98.4
Av. (5 animals) 605 - 592 97.9

(continued)
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Table 6 (continued)

i o i
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Animal S8ample Initial §§§§c€;z§ Wt. beef after
no. no. ‘ wt. solution aging
gm. gm. gm. %

SEMIVEMBRANOSUS MUSCLE (continued)
Sodium chloride and lactic secid injection (continued)

Injected samples

VI 174 600 660 625 104.2
178 600 660 622 103.7

AV, 600 660 624 104.0
VI 201 606 666 837 105.1
203 602 662 641 106.5

Av. 6804 664 639 105.8
VIII 223 606 666 ‘ 623 102.8
224 607 687 619 102.0

Av. 606 666 621 102.4
Av. {3 animals) 603 663 828 104.1
IX 246 600 660 625 104.2
250 608 668 630 103.6

Av. 604 664 628 103.9

X 273 605 665 641 106.0
275 604 664 645 106.8

Av, 604 664 643 106.4
Av. (5 animals) 604 864 631 104.5

{continued)
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Table 6 (continued)

Animal  Sample  Initial cof plus Wt. beef after
& injecting
no. no. wt. solution aging
gm. gm. - gm. %

BICEPS FEMORLIS MUSCLE
Sodium chloride injection

Control samples ,
Vi 184 8056 600 80.2

185 606 601 99.2

Av. 806 600 99.2
VII 205 601 598 99.5
207 807 601 99.0

Av. . 804 | 800 99.2
VIII 228 605 506 98.5
230 806 596 98.3

Av. 606 596 98.4
Av. (3 animals) 606 ‘ 599 98.9
X 256 607 595 98,0
257 603 595 98.7

Av. 605 595 98.4

X 277 803 597 99.0

279 607 600 98.8

Av. 605 ' 598 98.9
Av. (5 animals) 605 598 88,8

{continued)
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Table 6 {continued)
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Beef piﬁa

Animal Sample initial Wt. beef after
Injecting :
no. no wt. solution | aging |
g g, gm. %

BICEPS FEMORIS MUSCLE (continued)

Sodium chloride injection (continued)

Injected samples

Vi 184 601 661 639 106.3

‘ 188 6086 666 845 1061
Av. 604 664 641 106.2
vixr 205 503 663 652 108, 3

_ 207 607 667 664 109.4

Av. 6056 665 6568 108.8
Viit 228 605 685 638 105.4
230 608 8668 635 104.4

Av, 606 666 636 104.9
Av. (3 animals) 605 685 645 106.6
IXx 256 8603 663 635 105.3
257 603 663 832 104.8

Av. B03 663 634 105.0

X 277 608 8668 629 103.4

279 800 860 641 106.8

Av. 804 664 635 105.1
Av., (5 animals) 604 664 641 106.0

{continued)
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Table 6 {continued)
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snimal  Sample  Initial  ypjeciyne Wt. beef after
-~ no. no. wt. solution aging
gﬁno g;ﬁ'lo gm' % .

BICEPS FEMORIS MUSCLE (continued)
lLactic aeld injeetian

GControl samples
Vi 181 607 604 99,5

183 609 600 98.5

Av. | 608 602 99.0
yII 204 606 598 98.7
206 602 595 98.8

AV. 604 5906 98.8
VIII 232 . 605 596 $8.5
233 607 602 99.2

Av. 606 599 98.8
Av. (3 animals) 606 599 98.9
ix 253 608 601 98.8
255 605 592 97.8

Av. 606 : 596 98.3

X 276 800 591 98.5
278 608 597 98.2

Av. 604 594 98.4
Av. (5 animals) 606 597 98.7

{continued)
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Table 6 (continued)

Animal Sample Initial Beef plus Wt. beef after
" no no wt ' injecting agin
* * . solutlion ging
£ri, Zm. em. 4

BICEPS FEHMORIS MUSCLE (continued)
Lactic acid injection (continued)

Injected samples ‘
Vi 181 603 663 630 104.5

183 806 666 620 102.53
AV. 604 664 - 625 103.4
VII 204 603 663 637 105.6
206 600 660 618 103.0

Av. 802 662 628 104.3
VIII 232 606 666 623 102.8
233 605 865 624 103.1

AV. 606 666 624 103.0
Av. (3 animals) 604 664 626 103.6
IX 253 605 665 604 99.8
255 607 667 623 102.6

Av. 606 666 614 101.2

X 276 605 665 633 104.6

278 607 667 625 103.0

AV. 606 666 629 103.8
Av. (5 animals) 605 865 624 103.1

(continued)
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Table 6 {continued)
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Animal Sample Initial %g?gcgigz Wt. beef after
no. no. - wh. solution aging
gn. . gm. %
BICEPS FFEMORIS MUSCLE (continued)
Sodium chloride and lactic acid injection
Cﬂntrol samples

Vi 180 608 603 99.2
182 600 592 98.7
Vil 208 601 594 98.8
209 606 602 99.3
Av. 604 598 99.0
"VIII 229 606 603 99.5
231 606 590 97.4
Av. 606 596 98.4
Av. (3 animals) 605 597 98.8
iX 252 603 589 87.7
254 807 598 98.5
Av. 6056 594 98.1
X 280 605 601 99.3
281 607 605 99.7
Av. 606 803 99.5
Av. (5 animals) 605 598 98.8

{continued)
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Table 6 (continued)

Beef pluérr

Animal Sample = Initial injecting Wt. beef after
no. no. wh. solution aging
en. gm. gn. %

BICEPS FEMORIS MUSCLE (continued)
Sodium chloride and lactic acid injectlon (continued)

Injected samples

Vat 160 604 664 656 108.6
182 610 670 640 104.9

AV. 607 667 648 106.8
VII 208 603 663 642 106.5
209 605 665 633 104.6

Av. 604 664 638 105.6
VIII 229 607 667 637 104.9
231 606 666 632 104.3

AV. 606 666 634 104.6
Av. {3 animals) 606 666 640 105.7
11X 252 604 664 637 105.5
254 604 664 629 104.1

Av. 604 664 833 104.8
X 280 608 668 648 106.6
281 605 665 649 107.3

AV. 606 666 648 107.0

Av, (5 animals) 605 6656 640 105.8
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Table 7. Weight of Canned Meat and of Liquid. Welght of beef
before processing; weight of meat and of liquid after
processing; percentage welght of meat and of llquid
based on welght of beef before processing.

Animal* Sample Wt. before Weight after processing
no. no. processing . Meat Liquid
g o/ PR 2 B T

LOHGISSINUS DOEBI EHSCLE, LOIN PORTION
Sodlum chloride injection

Control samples

Vi 162 568 379 66.7 188 33.1

Vii 188 8570 392 68.8 174 30.5

VITI. 211 568 - 364 84,1 199 35.0

Av. (3 animals) 569 378  66.5 187  32.9

Ix 234 568 376 66.2 188 33.1

X 260 569 313 65.6 192 D37

Av. (5 animals) 569 377 66.3 188 33.1
Injected samples

Vi 162 570 376 66.0 182 337

vVII 188 872 408 71.3 158 27.6

VIIX 211 569 362 835.6 203 35«7

Av. (3 animals) 570 382 67.0 184 B2ed

X 234 H68 360 635.4 138 24.3

X 260 569 406 71.4 146 25.6

Av. (5 animals) 570 382 67.1 167 29.4

{continued)

*Animals VI, ViI, snd VIII were steers, carcass grade
Commercial, processed 65 minutes; Animal IX was a steer,
carcass grade Commercial, processed 90 minutes; Animal X
was s cow, carcass grade Cutter, processed 90 minutes.



Table 7 (continued)
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Animal Sample before Welght after processing
no. no. processing Meat Liquid
gn. g, % gn. %

LONGIBSIMUS DORSI MUSCLE, LOIN PORTION (continued)

Lactic acid injection

Control samples

Vi 164
Vil 187
VIII 210

Av.4(3 animals)
X 236
X 259

- Av. (5 animals)

injected samples

VI 164
VIiI 187
VIII 210

Av., (3 animels)
X 236
X 259

Av. (5 animals)

568
570
568
569
570
568

569

569
570
568

b69

568.

568
569

391
594
563
3838
578
378
381

380
583
554
a2
365
364

369

{continued)

(o e Rl
mgcca
O =W

&

67.3
66.3
66.5
86.9

66.8
67.2
82.5
65.4
64.3
64.1

64.9

176
174
197
182
182
189

184

188
186
202
192
196
188

192

31,0

30.5
54.7

32.1
31.9
333

32,3

33.0
52.6
3646
337
4.5
33.1

35.8



- 274 -

Table 7 {(continued)

no. no. processing Heat Liquid

gnte em. % gm. %
LONGISSIMUS DORSI MUSCLE, LOIN PORTION (continued)
Sodium chloride and lectic aclid injection

Control samples

Vi 163 568 a&87 68.1 178 31l.4
VIii 186 568 380 68.7 168 £29.6
VIiI 212 570 364 63.8 206 36.1
Av. (3 animals) 569 380 66.9 184 32.4
IX 2356 569 3566 6443 184 34.1

X 2568 568 572 65.5 1856 32.6

Ave. (5 animals) 569 376 66.1 186 32.8

Injected samples

Vi 163 569 388  67.7 185 32.5
VII 186 569 384 67.5 184 32.3
VIII 212 570 353 61.9 202 35.4
Av. {3 animals) 569 374 65,7 190 33.4
IX 235 568 355  62.5 210 37.0

X 258 569 395 69.5 156 27.4

Av. (5 animals) 569 374 65,8 187  32.9

(continued)
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Table 7 (continued)

Animal Sample Wt. before Waight after proc;ssing

no. no. processing Meat Liquid
‘ gm. gm. gn. %

LONGISSIMUS DORSI MUSCLE, RIB PORTION

Sodium chloride injection

Control samples

Vi 167 568 272 85,5 1956 34,3

. VI 189 873 391 68.2 165 28.8
O VITIX 214 570 378 86,3 181 31.8
Av. (3 animals) 570 380 66.%7 180 31.6
IX 239 870 375 65.8 183 35.8

X 261 568 2566 62.7 135 23.8

Av. (5 animals) 570 374 65.7 174 30.5

Injected samples

VI 167 571 384 67.2 188 32.9
Vil 189 573 384 67.0 159  27.7
VIII 214 570 357 62.6 209  36.7
Av. (3 animals) 571 376 65.6 1856 32.4
IX 239 569 368 64.7 181 33.6

X 261 570 356 62.4 191 33.5

{continued)
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Table 7 (continued)

AQQQQEMM&Sample ‘Wt. bafara —'.m‘ﬂﬁeight after procesaing
no. no. processing Meat Liquid
gm. . % gm. %

LONGISSIMUS DORSI MUSCLE, RIB PORTION (continued)
“Lactic acid injection

Control samples

VI 165 570 368 64.6 202 35.4
VII 190 571 424  74.2 143 25.0
VIIT 215 570 379 66.5 192 33,7
Av. (3 animals) 570 290 68.4 179 3l.4
X 237 568 | 364 64.1 197  34.7

X 262 569 383  67.3 172 30.2

Av. (5 animals) 570 384 67.3 181 31.8

- Injected samples

Vi 165 570 363 63.7 200 35.1
Vi1 180 568 580 68.7 168 £29.6

, VIiil 215 569 359 B3.1 201 EB 40
Av. (3 animals) 569 371 65,2 190 333
Ix 257 569 243 60.3 213 7.4

X 262 569 363 683.8 148 £28.0

Av. (5 snimals) 569 364 63.9 186 227

{(continued}
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Table 7 (continued)

Animal Sample wt. beforé | "Weigﬁﬁ aftéf prgéeséiﬁé
no. no. processing Meat Liquiad
gm. gm. % gm. %

LONGISSIMUS DORSI MUSCLE, RIB PORTION (continued)

Sodium chloride and lactic acid injection

Control samples :
' Vi 166 570 378 66.3 191 '33.5

Vil 191 571 387  67.8 178  31.2
VIII 213 570 383  67.2 185  32.4
Av. (3 animels) 670 383  67.1 185 32.4
IX 238 569 374 65.7 . 187 32.9

X 265 - 570 378 66.3 168 29.5

Av. (5 animals) 570 380  66.7 182 31.9

Injected samples

VI 166 570 388 68.1 183 32.1
VII 191 571 394  69.0 178 31.2
VIII 215 570 359  63.0 208  36.5
Av. (3 animals) 670 380  66.7 190  33.3
IX 238 569 556  62.6 206  36.2

X 263 569 385  67.7 153  26.9

Av. (5 animals) 570 376  66.1 186  32.6

{(continued)
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Table 7 (continued)
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Animal  Sample Wt. befsrev weight.after processing
Nno. no. processing Meat Liquid

om. g, % gm. %
PSOAS MAJOR AND PSOAS MINOR MUSCLES

Sodium chloride injectlon

‘Control samples

VI 168 B71 414 725 155 27.1
Vil 193 568 425 4.8 138 - 24.3
Viit 218 568 S79 66.7 189 33ed
Av. (3 animals) 569 406 T1led 161 28.2
iXx 240 570 422 74,0 143 25.1

X 265 870 373 66.4 171 30.0

Av. (5 animals) 569 403 70.7 159 28.0

Injected samples

Vi 168 572 388 67.8 178  31.1
VII 193 569 423  74.3 145 25.5
VITI 218 568 359  63.2 207 36.4
4v. (3 animals) 570 390 68.4 177  31.0
Ix 240 570 387 67.9 161 28.2

X 265 568 362  63.7 162 28.5

Av. (B animals) 569 384 67.4 171 29.9

{continued)
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Table 7 {continued)

Animal Sample Wt before N Weight after proeesaing

no. no. processing Meat Liquild
| em. em. & gm. %

PSOAS MAJOR AND PSOAS MINOR MUSCLES (continued)
Lactic acid injection

Control samples

Vi 169 571 418 73.2 159 27.8
Vi1 194 568 436 6.8 127 22.4
CVIIT 216 569 413 2.6 151 26.5
Av. (3 animals) 589 422  74.2 146 25.6
1X 241 568 408 71.8 153 26.9

X 266 568 383  67.4 238  41.9

Av. {5 animals) 569 412 72.4 1686 20.1

Injected samples

VI 169 571 379 66.4 186 32.6
VI 194 §70 369  64.7 189 33,2
VIII 216 568 380 66.9 182 32.0
Av. (3 animals) 570 376  66.0 186 32.6
IX 241 568 385 67.8 149  26.2

X 266 568 355 62,1 120 21.1

Ave (5 animals) 569 373  65.6 165 29.0

{continued)
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Table 7 (continued)

Animal Sample Wt. before Welght ﬁfter processing

no. TO. processing Ment Iiquid
g, gm. % gm. %

PSOAS MAJOR AND PSOAS MINOR MUSBCLES {(continued)
Sodium chloride and lactlic acid injection

Control sémples .
Vi 170 570 396 6945 175 30.%7

VII 192 568 415 T73.2 142 25.0
VIII 217 570 403 707 153 26.8
Av. (3 enimals) 569 405 71.1 157 27.5
IX 242 568 582 67;2 1561 26.6

X 264 570 393 68.9 139 24.4

Av. (5 Bnimals) 569 398 69.9 152 26.7

Injected samples

Vi 170 57 391 68.4 183 32.0
Vil 192 571 414  72.5 141 24.7
VITI 217 571 380 66.5 175  30.6
Av. (3 animals) 571 398 68.1 166 29.1
ix 242 569 373 65.6 175  30.8

X 264 568 363  63.9 180  31.7

Av. (5 animals) 570 384  67.4 171 30.0

{continued)
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Table 7 (continued)

Animal Sample Whe before %eight after pracesaing

no. no. processing Meat Liquid
gm. gm. % gm. %

SEMITENDINOSUS MUSCLE
Sodium chloride injection

Control samples

VI 172 568 369 65,0 198 34.8
Vi 197 569 405  71.2 162 28,5
ViiI 219 570 371 65.1 = 198 34,7
Av. (3 animals) 569 382  67.1 186  52.7
X 244 570 369 64.7 183 32.1

X 269 568 363 63.9 205 36.1

Av. (5 animals) 569 375 66.0 189  33.2

Injected samples

VI 172 571 358  62.7 201 35.2
Vii 197 570 384 67.4 187 32.8
VIII 219 570 374 65.6 170 29.8
Av. (3 animals) 570 372 65.2 186 32.6
X 244 568 360 63.4 17 31.2

X 269 568 377  66.4 178 31.3

Av. (5 animals) 569 371 65,1 183 32.1

(continueé}
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Table 7 {continued)

Animal &ample Wt. bsfore Waight after procaasing

no. no. processing Heat Liquid
gm' E’;}m- % gm; %

SEMITENDINOSUS MUSCLE (continued)
lactic acid ggjeétiﬂn

Control samples

Vi 173 568 563 6349 isé  32.7
VII 1856 568 375 6640 187 32.9
VIII 220 568 362  63.7 196  34.3
Av. (3 animals) 568 387  64.5 189  33.5
IX 245 568 377 66.4 132  23.2

X 267 569 362 63.6 203 35.7

Av. (5 animals) 568 368 64.7 igl 31.8

Injected samples

VI 173 568 401  70.6 145 25.5
VIl 195 569 372 65.4 191  33.6
VIl 220 568 360 63.4 203  35.7
Av. (3 animals) 568 378 6.5 180  31.6
IX 245 568 . 366 64.4 179 1.5

X 267 568 347  61.1 170 29.9

Av. (5 animals) 568 369 65.0 178  31.2

{(continued)
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Table 7 (continued)

Animal Sample Wt befere %eight after prccessiug

no. no. processing Meat Liquid
gm. g, % gm. %

 SEMITENDINOSUS MUSCLE (continued)
Sodium chloride and lactic scid injection

Control samples ‘
Vi 171 568 372 65.5 193 34 .0

- VIl 196 569 380 66.8 189 33.2
CVIII 221 568 362  65.0 187 32.9
Av, (3 animals) 568 374 65.8 190‘ 58.4

iX 243 569 364  64.0 194  34.1
} X 268 568 365 64.3 204 35,9
Av. (5 animals) 568 370 6b.1 183 54.0

Injected samples

VI 171 870 370 64.9 122 21.4
VII 196 569 365  64.1 201 35.5
VIIX 221 568 366 62.5 214 37.7
Av. (3 animals) 569 363  63.8 179 3l.5
IX 243 568 570 656.1 170 29.9

X 268 570 358  63.0 187 32.8

Av. (5 animals) 569 364 63.9 179 31.4

{continued)
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Table 7 (continued)

Animal Sample Wt. before Weight after processing
no. no. processing WMeat Liquiad
gm" . % £l %

SEMIMEMBRANOSUS MUSCLE
Sodium chloride injection

Control samples

VI 177 570 363  63.7 208 6.5
179 568 - 374  65.8 198  34.8

. av. 569 368 64.8 203  35.6
VII 199 568 356  62.5 213 7.5
200 569 360 63.3 204 35.8

AV. 568 358  62.9 208 36.6
VIII 222 . 568 367 64.6 200 35.2
226 571 355  62.2 215 37.3

Av. 570 361  63.4 206  36.2
iv. (5 animals) 569 362 63.7 206 6.1
IX 249 569 355  62.4 196  34.4
| 251 568 267  64.6 199  35.0
Av. 568 361  63.5 198 4.7

X 271 568 327 57.6 171 30.1

272 570 330  57.9 238 41.8

Av. 569 328  57.8 205  36.0
Av. {5 animals) 569 385 BR2.5 204 35.8

{continued)
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Table 7 {continued)

Animal Sample ' Wt. before Weight after processing

no.  no.  processing leat Iiquig
ga. gm. # . %

SEMIMEMBRANOSUS MUSCLE (continued)
Sodium chloride injection (continued)

Injected samples

Vi 177 571 345  60.4 226 39.6
179 568 352  62.0 217 38.2

AV, ' 570 348 61.2 222 38.9
VIiI 199 568 %46 60,9 220 38.7

. 200 870 350 61.4 216 37.9

 Av. ' 569 348 61.2 218 38.3
VIII 222 870 350 61.4 221 38.8
: 226 B70 330 57,9 221 38.8
Av., 570 340 59,6 221 38.8
Av. (3 animals) 570 345 60,7 220 38.7
IX 249 568 342 60.2 209 36.8
251 568 345  60.7 206 36.3

Av. 568 344 60.4 208 36.6

X 271 568 344 60.8 219 38.6

272 570 324 56.8 223 39.1

Av. 5690 334  53.7 201  38.8
Av. (5 enimals) 569 343 60.2 218 38.3

(continued)
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Table 7 {continued)

Animal &ample ' Wt. bafere &aight after ﬁrocessing

ne,. No. processing Meat Liquid
gn.. gm.. % - oem. %

SEMIMEMBRANOSUS NMUSCLE (contlnued)
‘Lactic acld Injection

Control samples ~
Vi 175 568 574 65.8 190 33.4

176 570 558 62.8 205 36.0

Av. | 569 366 B4.3 198 34.7
Vit 198 568 364 64.1 200 35.2
202 570 382 65.5 205 36,0

Av. 569 363 63.8 202 35.6
VIII 225 568 345  60.7 223  39.3
227 568 358 63,0 212  37.3

AV 568 252 6l1.8 218 38.3
Av., (3 animals) 569 60 6343 206 56.8
IX 247 568 S48 61,3 2156 27,.8
248 569 359 63.1 162 28.8

Av. 568 54 82,2 188 33«2

X 270 569 518 55,9 233 40.9

274 569 328 57.6 231 40.6

Av. 5689 323 56.8 232 40.8
Av, (5 animals) 569 352 61.8 208 36.5

{continued)
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Table 7 (continued)

nimal

Sample ¥Wt. before Waelght after procgésing
N0, no. processing Meat Liguld
£l . Ee % . £me. %

SEMIMEMBRANOSUS MUSCLE {continued)
Lactic aeid injection (continued)

Injected samples

Vi 175 5689 &76 88.1 191 E3.6

~ 176 568 350 61.86 2l4 37.7
AV 568 63 63.8 202 35.8
CVIX 198 ‘ BEs 342 60.2 217 38,2
202 570 358 62.8 209 36.7

AV, ' 569 350 61.5 213 7.4
VIiil 225 568 333 E8.6 231 40.7
227 570 351 B8l.6 218 8.2

Av., 569 342 80.1 224 30.4
Av. (3 animals) 569 352 61.8 213 37.5
IX 247 568 543 60.4 215 37.8
248 569 342 60.1 180 3.6

Av., 568 342 60.2 198 34.7

X 270 8570 302 53.0 217 38.1

: 274 570 316 5bH.4 174 30.56

Av. 570 509 54.2 196 Sded
Av. (5 animals) 569 341 60.0 207 36.3

{continued)
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Table 7 {contlinued)

e o O e A

”&nimal Sample Wt. before Welght after processing
© N0, no. - processing Meat Liquild
gn!; ,%131- % gm' '%

SEMI MEMBRANOSUS MUSCLE (continued)

Sodium chloride and lactlc acid injJection

Control samples

VI 174 570 368 64.6 198 34.7
178 568 363 63.9 208 36.6

Av. 569 366 64.2 203 35.6
VIl 201 568 363  63.9 204 35,9
203 568 368  64.8 202 35.6

AV. 568 366 64.4 203 35.8
VIII 223 571 352 61.6 219 38.4
224 570 347  60.9 218 38.2

Av. | 570 350 61.2 218 38.3
Av. (3 snimals) 569 3681 63.3 208 36.6
IX 246 568 364 64.1 177 31.2

. 250 568 355 62.5 211  37.1
AV. 568 360 63.3 194 34,2

X 293 568 332 58.4 237  41.7

275 568 336 59.2 209 36.8

Av. 568 334 58.8 223  39.2
Av. (5 animals) 569 355 62.4 208 36.6

{continued)



- 289 -

Table 7 {continued)}

~Animal ' S&mplsbh Wt.ﬁhefaféwkm'“ %eight'after processing
no. no. processing Meat Iiquid
. ' gm. % gm. %

SEMIMEMBRANOSUS MUSCLE (continued)
. Sodium chloride snd lactic aeild injection (continued)

Injected samples

VI 174 572 366  64.0 209 56.5

: 178 568 344 60.6 222 39.1
v, 870 568 62.5 216  37.8
VII 201 569 362  6l1l.9 216 38.0
203 568 375  66.0 190 33.4

Av. 568 2564  64.0 203  356.7
Viil 223 568 345  60.7 219 38.6
224 570 356  58.9 218 38.2

_Av, B69 540 b9.8 218 38.4
Av. (3 animals) 569 353 62.0 212 37.3
IX 246 670 363  61.9 170  29.8
250 569 346  60.8 222 39.0

Av. 570 350 6l1l.4 186 S4.4

X 273 568 326 57.4 217 38.2

2%5 569 333  58.5 172 30.2

Av. 568 330  58.0 194  34.2
Av., {5 animals) 569 348  61.1 2056 36.1

{continued)
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Table 7 (continued)

Animal Sample ' Wt. before Welght éfter processing
no. no. _ processing ‘leat Iiquid
g, em. % gm. %

BICEPS FEMORIS NUSCLE
Sodium chloride injection

Control samples

Vi 184 568 401  70.8 170 29.8
185 569 %94  69.2 174  30.6

AV. 568 398  69.9 172 0.2
VII 205 569 392  68.9 180 31.6
207 569 73 65.6 199  35.0

AV, 569 382 67.2 190 33.3
VIII 228 570 383 67.2 187 32.8
230 570 %44 60.4 210 36.8

Av. 570 364  63.8 198 34.8
Av, {3 animals) 569 381 67.0 187 32.8
1X 256 568 362 63,7 200 35.2
257 568 359 63.2 204 35.9

AV. 568 360 63.4 202 35.6

X 277 570 356  62.4 212 37.2

279 570 ‘ %45  60.5 227  39.8

Av. 570 350 61.5 220 38.5
AV, (5 snimals) 569 371 65.2 196  34.5

{continued)
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Table 7 (continued)

A

Animel  Sample Wt. before Welght after processing

no. no. ~ processing Meat Lliquid

gm. gm. % gm. %

BICEPS FEMORIS MUSCLE (continued)

Bodium chloride injection (continued)

Injected samples

VI 184 568 360 63.4 205 36.1
185 568 373 65.7 195 34.3

AV. 568 366 64.6 200 35.2
VII 205 569 367 64.5 204 35.8
207 568 350 61.6 221 38.9

AV. 568 358  63.0 212  37.4
VIII 228 570 347 60.9 223  39.1
230 570 342  60.0 227 39.8

AV, 570 344 60.4 225 39.4
Av. (3 animals) 569 356 62.7 212  37.3
IX 256 569 566 64.3 197 34.6
257 568 359 63.2 207 36.4

AV. 568 363 63,8 202  35.5

X 277 568 360 63.4 180 31.7

279 570 337  59.1 241 42.3

Av. 569 348  61.2 210 37.0
Av. (5 animals) 569 356 62.6 210 36.9

(continued)
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Table 7 (continued)

Animal Sample Wt. befara | Waight after precessingwww
noe. no. processing Yoat Iiquid
’ gﬂl‘ / gm* % M %

BICEPS FEMORIS MUSCLE (continued)
Lactic acld injection

Control samplea
VI 181 589 312 65.4 196 « 34.4

183 870 364 83.8 207 @ 36,3

Av. 570 368 64,6 202 35.4
Vit 204 , 568 381 68.8 178 Sl.d
206 568 379 68.%7 192 33.8

AvV. 568 385 67.8 185 32.6
Viii 252 570 354 62.1 207 36.3
233 569 557 62.7 212 37.2

AV« 570 356 62.4 210 36.8
Av. (3 animals) 569 370 64.9 199 34,9
IX 253 870 36% 64,4 188 35.0
255 569 564 64.0 205 36,0

Av., B70 366 €4.2 187 &4.5

X 276 589 375 £5.9 195 3ol

278 570 S44 60.4 289 40.2

A » 8570 360 635.2 212 37.2
Av. (b animals) 570 367 64.4 201 E5.3

{continumed)
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Table 7 {continued)

i recenasimion

11

M —

Animal  Sample Wt. before Wé;gpt after processing
no. no. processing Meat , Liquid
| gm. em. % gm. %

BICEPS FEMORIS MUSCLE (continued)
lactic acld injection (continued)

Injected samples

VI 181 570 343  60.2 223 39.1
183 568 340 59.8 227  40.0

AvV. 569 342  60.0 225 39.6
VII 204 569 370  65.0 196 34.4
206 . 568 354 62.3 214  37.7

AV. 568 362 63.6 205 36.0
VIII 232 569 348  61.2 220 38.7
233 569 350 61.5 216 38.0

Av. 569 349 61.4 218 38.4
Av. (3 animals) 569 351 B1.7 216  38.0
IX 253 568 345  60.7 208 36.6
255 568 337  59.3 227  40.0

Av. 568 41  60.0 218  38.3
X 276 569 348  61.2 222  39.0
278 569 521 56.4 251  44.1

AV. 569 335 58.8 236 41.6

Av. {5 animals) 569 346  60.8 220 38.8

{continued)



Table 7 {(continued)

{continued)

Animel Sample . before Welgzht after processing

no. no. processing Meat Liquid

g gm. % gm. %

BICEPS FEMORIS MUSCLE (continued)
Sodium chloride and lactlc acid injection
Control samples

Vi 180 568 417 T34 140 24,6
182 569 362 683.6 181 31.8
Av. 568 390 68.56 180 28.2
Vil 208 568 382 67.2 194 34.2
209 569 585 67.7 199 35.0
Av. 568 384 67.4 196 34.6
VIIiI 229 589 &58 62.9 210 36.9
23% 870 270 64.9 169 34.9
Av. 570 364  63.9 204 35.9
Av. (3 animals) 569 379 66.6 187  32.9
IX 252 589 376 66,1 187 22.9
254 570 3568 62.8 213 57.4
Av. 570 36% 64.5 200 36.8
x 280 569 65 62.4 193 335.9
281 568 365 64.3 208 36.1
Ave 568 360  63.4 199 35,0
Av, (5 animals) 569 373 65.5 192 3B.8
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Table 7 (continued)

Animal Samplm Wt. before Waight after pracessing

no. no. processing Meat Liquid
em., gm. % gm. Z

BICEPS FEMORIS NUSCLE (continued)

Sodium chloride and lactlic acid injection (continued)

Injectsd samples

VI 180 570 403  70.7 159
182 570 368 64.6 203

Av. 570 286 67.6 181
VII 208 569 , 382 67.1 186
209 568 378 66.5 188

Av, | 568 380 66.8 187
VIII 229 871 354 62.0 220
231 570 349 61.2 226

Av. 570 352 61.6 223
Av. (3 animals) 569 373  65.3 197
IX 252 569 3683 63.8 185
254 870 363  63.7 197

Av. 570 363 63.8 191
X 280 568 369 65.0 203
281 569 364 84.0 195

Av. 568 386 64.5 199

Av, (b animals) b69 369 64.9 196

27.9
35.6

31.8

32.7
53.1

32.9

38.5
39.6

39.0
54.6

32.5
o4.6

33.6

36.%7
34.5

35.0
3445
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Table 8. Analysis of Varlance of Scores for Flavor of
Canned Beef. OSodium chloride iInjection.

—— o

v ———

Source of Degrees of Sum of Mean
variation freedom squares square
ANIMALS VI, VII, AND VIII
Total 35 111.2222
Animals 2 ,2.§505 1.4652
Muscles 6 32,2222 6.4444
Error (a) 10 26.5695 2.6570
Treatments 1 se.éeoo 36.0000%*
TxM 5 $.0000 «86000
Error (b) 12 1@.5000 .9750
ANTMALS IX AND X
Total 23 388.8333
Animals 1 275.3750 273.3750%%
Muscles 5 66.9583 13.3917
Error (a) 5 17,2500 3.4500
Treatments 1 26.0416 26.0416%*
TxM ‘5 ‘4~§834 .5167
Error (b) 6 1.1250 +1875

% - Significant.

#% - Highly significant.
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Table 9. Analysis of Variance of Scores for Flavor of
Canned Beef. Sodium chloride and lactic acid
injection.

e A S S s

Source of

Degrees of “Sum of " Jean
“variation freedom ‘ squares square
ANIMALS VI, VII, AND VIII
Total 35 94.2431
Animals 2 .5973 0.2986
Muscles 5 22.3681 4.47356
Error (a) 10 30.6527 3.0653
Treatments 1 25.8403 © 25.8403%%
T XM 5 10.2014 2.0403%¥
Error (b) 12 4.5833 .3819
ANIMALS IX AND X
Total - 23 546.8333
Animals 1 234.3750 234.3750%%
Muscles 5 28.2083 5.6417
Error (a) 5) 41.5000 8.3000
Treatments 1 30.3750 30.3750*%
T x M 5 6.5000 1.3000
Error (b) 6 5.8750 L9792

# - Signlificant.
## - Highly significant.
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Table 10. Analysis of Variance of Scores for Flavor of
Canned Beef. Lactlc acld injection.

Source of Degrees of Sﬁm of Mean
variation fresedom squares square

ANIMALS VI, VII, AND VIII

Total 35 59.1875

Animals 2 0.3750 0.1875
Muscles 5 22.8125 4.5625
Error (a) 10 17.6250 1.7625
Treatments 1 0.1736 « 1736
TxM 5 7.7014 1.5403
Error (b) 12 10.5000 «8750

ANIMALS IX AND X

Total 23 350.8333

Animals 1 247.0416 247.0416%%
Muscles 6 47.2083 9.4417
Error (a) 5 44.8334 8.9667
Treatments 1l 3750 « 3750
TxM 5 3. 0000 .6000
Error (b) 6 8.3750 1.3958

# - Significant.
## - Highly significant.
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Table 1ll. Analysis of Variance of Scores for Tenderness of
Canned Beef. Sodium chloride injection.

——

Source of Degrees‘of Sum of Mean
variation fresdom squares square

ANIMALS VI, VII, AND VIII

Potal 35 685.5764

Animals 2 12.0972 6.0486

Muscles 5 355.,3681 71.0736%
" Error (a) 10 164.2361 16.4236

Treatments 1 79.5070 79.5070%%

TXM 5 26.5346 5.3069

Error (b) 12 4"7.8334 5.9861

ANIMALS IX AND X

Total 23 251.9062

Animals 1 5.5104 5.5104%
Muscles 5 147.9687 29.5937#¥%
Error (a) 5 2.3021 4604
Treatments 1 71,7604 71.7604*%
TxM 5 10.8021 2.1604
Error (b) 6 13.5625 2.2604

#* - Significant.
#% « Highly significant.
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Table 12. Analysis of Variance of Scores for Tenderness of
Canned Beef. Sodium chloride and lactic acid
injectlion.

Source of Degrees of Sum of Mean
varlation freedom squares square

ANIMALS VI, VII, AND VIII

Total 35 378,3056

Animals 2 12,1806 6.0903
Muscles 5 185.1389 37.0278%
Error (a) 10 68,7361 . 6.8736
Treatments 1 84,0278 84.0278%*
T xM 5 6.8056 1,3611
Error (b) 12 21.4166 1.7847

ANIMALS IX AND X

Total 23 245.9896
Animals 1 .5104 . .5104
Muscles 5 100,8021 20.1604*¥
Error (a) B 9.0521 | 1.8104
Treatments 1 102.0938 102,0938%%
T x M 5 26,2187 5.2437"
Error (b) 6 5.3125 .8854

# = 3ignificant.
## - Highly significant.
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Table 13. Analysis of Varlance of Scores for Tenderness of
- Canned Beef. Iactic acid injection.

i it o Ao e b b arn o e Tttt e

Source of Degrees of Sum of

variation freedom squares square
ANIMALS VI, VII, AND VIII

Total 35 555.7222
Animals 2 70,6805 35,3402%%
Muscles 5 421.5555 84.3111%%
Error (a) 10 35,7362 3.5736
Treatments 1 0.6972 0.6972
T x M 5 12,1362 2.4272
Error (b) 12 14.9166 1.2430

) ANIMALS IX AND X
Total 23 190.9896
Animals 1 3.0104 3.0104
Muscles 5 142.5521 28.5104%
Error (a) 5 27.05821 5.4104
Treatments 1 5104 .5104
T XM 5 9.3021 1.8604
Error (b) 6 8.5625 1.4271

# - Significant.
## - Highly slgniflcant.



- 302 -

Table 14. Analysis of Variance of Scores for Julciness of
Canned Beef. Sodium chloride injection.

Source of Degrees of Sum of Mean
variation freedom squares square

ANTIMALS VI, VII, AND VIII

Total 35 257.74

Animals 2 6.51 3.255
Muscles 5 105.53 21,106
Error (&) 10 79.20 7.920
Treatments 1 29.34 29.34%#
MxT 5 13.37 2.674
Error (b) 12 23.79 1.983

ANIMALS IX AND X

Total 23 126.74

Animals 1 3.01 3.01
Muscles 5 51.80 10.360
Error (a) 5 21.31 4,262
Treatments 1 19.26 19.26
Mox T 5 4.56 0.912
Error (b) 6 26.80 4.46%7

# - Significant.
## - Highly signiflcant.
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Table 15, Analysls of Varlance of Scores for Juiciness of
Sodium chloride and lactic acid

Canned Beef.

injection.
Source of Degrees of Sum of Mean
variation freedom squares square
ANIMALS VI, VII, AND VIII

Total 35 2353.24
Animals 2 2.05 1.025
Muscles 5 132,53 26.506%%
Error (a) 10 34.79 3.479
Treatments 1 9,56 9.56%
MxT 5 37.98 7.596%¥
Error (b) 12 16.33 1.361

ANINALS IX AND X

Total 23 113.24
Animals 1 1.26 1.26
‘Muscles 5 33.5b 6.710
Error (a) 5 32.56 6.512
Treatments 1 17.51 17.51%
MxT 5 11.81 2.362
Error (b) 6 16.55 2.758

#* - Significant.

#% - Highly significant.
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Table 16. Analysis of Variance of Scores for Julciness of
Canned RBeef. ILactic acid injection.

Source of Degrees of Sum of Mean
variation freedom squares aquere

ANIMALS VI, VII, AND VIIIX

Total 1 275.28

Animals 2 25.43 12.7156
Muscles 5 183,80 36.760%%
Error {(a) 10 37.99 - B3.799
Treatment 1 0.256 0.25
MxT & 8.67 1.734
Error (b) iz 19.08 1.590

ANINALS IX AND X

Total 23 175.33

Ahimala 1l 2.04 2.04
Muscles 5 91.71 18.342
Error (a) 5 45.83 9.166
Treatments 1 1.04 1.04
Mx T 5 4.08 0.816
Error (b) 6 31.08 5.180

# - Significant.
## - Highly slignificant.
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Table 17. Anaslysis of Varlance of Scores for Texture of
Canned Beef. Sodium chloride injection.

Source of Degress of Sum of Mean
variation freedom squares square

ANIMALS VI, VII, AND VIIIX
Total 36 681.4722

Animels 2 11.7222 5.8611
Muscles 5 | 557.1339 67.4278%
Error (a) 10 168‘6111 13.8611
Treatments 1 106.7778 106.7778%*
TxM 5 40.8888 8.1778
Error (b) 12 46.3334 3.8611

ANIMALS IX AND X

Total 23 262.4583

Animals 1 37.5000 37.5000%
Muscles 5 113.5833 22.7167%
Error (a) 5 16,1250 . 3.2250
Treatments 1 84.3750 84.3750%*
T xM 5 9.2500 1.8500*
Error (b) 6 1.6250 0.2708

# = Significent.
#% - Highly significant.



- 506 =-

Table 18, Analysis of Variance of Scores for Texture of

Canned Beef. Sodium chloride and lactic acild
injection.
Source of Degrees of — Sum of Mean
variastion freedom squares sguare
ANIMALS VI, VII, AND VIII

Total 35 492.50
Animals 2 - 4.50 2.25
Muscles 5 263.00 52.60%#
Error (&) 10 74.00 7.40
Treatments 1 106.78 106.78%%
T=x M 5] 18.22 3.6440
Error (Db) 12 26.00 2.166%7

ANTIMALS IX AND X

Total 23 265.4583
Animals 1 42,6666 42.6666%
Muscles 5 87.8333 17.5667%
Error (a) 5 12.7084 2.5417
Treatments 1 100.0416 100.0416%%#
TxM 3] 10.3334 2.0667
Error (b) 6 11.8750 1.9792

% - Significant.
## - Highly significant.
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Table 19, Analysis of Varlance of Scores for Texture of
Canned Beef. ILactic acid injection.

Source of Degrees of Sum of Mean
varistion freedom squares square

ANIMALS VI, VII, AND VIII

Total 35 ‘ 546.7451

Animals 2 75.3473 37.68736%%
Muscles 5 406.5348 81.3070*¥%
Error (a) 10 41.2360 4.1236
Treatments 1 0.8403 0.8403

T x M 5 12,5347 2.5069
Error (b) 12 10.2500 0.8542

ANIMALS IX AND X

Total 23 262.8333

Animals 1 51,0416 51.0416%
Muscles 5 154.2083 50.8417%
Error (a) 5 27.8334 5.5667
Treatments 1 3.3750 3.3750
TxM 5 2.5000 .5000
Error (b) 6 23.8750 3.9792

% - Significant.
#% = Highly signiflcant.
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Table 20. Analysis of Variance of Scores for Slicing
Quality of Canned Besf. Sodium chloride

injection.
Source of Degrees of Sum of Mean
variation freedom squares square

ANIMALS VI, VII, AND VIII

Total 36 1349.409%7

Animals 2 8.1805 4.0902
Muscles 5 790.3880 158.0736%%
Error (a) 10 211.7362 21.1736
Treatments 1l 37.0069 37.0069

T x M 5 185.7016 37.1403%
Error (b) 12 116.4166 9.7014

ANINMALS IX AND X

Total 23 1168.24

Animals 1 162.76 162.76%*
Muscles B 658.31 1z1.66%%
Error (a) 5 24.54 4.908
Treatments 1 10.01 10.01

P xM 5 100.79 20,16
Error (b) 6 211.83 17.65

% - Significent.
## « Highly significant.
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Table 21. Analysils of Variance of Scores for Slicing
Quality of Canned Beef. &odium chloride and
lactic acld injectlion.

O LA oA S RSk pa o sty

Degrees of Sum of ' Mean

Source of

varistion freedom squares square
ANIMALS Vi, Vii, AND VIII

Total 35 985.00 |

Animals 2 84.50 42.24

Vuscles 5 557.3333 111.4687%**

Error (a) 10 130.6687- 13.0667

Treatments 1 1.3611 1.3611

T x M 8 37.1389 7.4278

Error (b) 12 174.0000 14.5000

ANINMALS IX &ND X

Total 23 1138.41

Animals 1 207.10 207.10%

Mauscles 5 529.72 105.94

irror {a) 5 105,82 21.04

Treatments 1l 21.10 21.10

T x M 5 110.97 22.19

Error (b) 6 164.30 27.38

* - oignificant.
## « Hiphly significant.
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Table 22. Analyslis of Variance of Scores for Slicing
Quality of Canned Beef. Lactic acid injection.

woinun

Source of Degrees of Sum of Mean
variation freedom squares square

\

ANIMALS VI, VII, AND VIII

Total 35 1477.0000

Animals | 2 97.1250 48.5625
Muscles 5 820.0000 164 .0000%
Error (a) 10 354.12650 35.4125
Treatments 1 5.4444 5.4444
TxM 5 79.5556 15.9111
Error (b) 12 120.7500 10.0625

ANIMALS IX AND X

Total - 23 1093.74

Animals 1 184.26 184.26%
Muscles 5 691.57 138.31%
Error (a) 5 79.04 15.81
Treatments 1 1.26 1.26
T x M 5 103.29 20.66
Error (b) 6 34.32 5.72

* -~ Significant.
## = Highly significant.
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(among samples Jjudged at one fime)

Sample No. : Date
SCORE CARD FOR MEAT
Slicing quality
. 10 9 8 7 I 6 5 L 3 2 1
Factor Extremely Very Good Medivm Fair Poor very [Extremely | Remarks
good good plus minus poor poor .
Aroma, '
Flavor
Y Tiquid
Lean
Extrenely Ver, Tender Med 1un Fair Tough Very | Extremely
tendielr texziger plus minus touzh | tough
Tenderness , 1
Extremely Very Juicy Medium Fair Dry Very Extremely ,c_’}
Juley Juicy plus minus : dry dry e
. Julciness !
Texture .
Deacriptive Terms
Aroma Flavor Color of Tean Texture

1. Miid —_———— 1, Flat ——— Y. Light browmn -———— 1. Stringy ————

2. Sharp ==--- 2, Mild ———— 2. Dark brown ———— 2. Dense, compact ———

3. Strong =-=« 3., Mellowed ---- 3. Red and brown -———- 3. . ————

4, Fauint -w-- h, Rich -———— h, Gray — L. . -———

5. Foreign «-- 5« Strong  ---= 5. Irridcscent -———— 5. ___ ———

6. ———— 6. 01d ———-

7- sme- 7. Bitter -

8 - 8. Acid ————

9, Salty ————
Preference . Scorer
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