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'Ti^r

INTriODUCTION ;•

One of the most important criteria for appraising beer

quality Ig the araount of intra-ciuscular fat. Historically,

beef v/ith a greater amounb of intrainuvsoular fat is considered

to be higher in quality than muscle vjith limited fat.

Skeletal •jiuscles contain fat intra and extracellularly. The

presence of intracellular fat (cytoplasmic) is frequently

termed "fatty changes" by pathologists, v;hereas extracelluar

deposition of fat is termed as muscular lipomorphosis. This

intramuscular fat distribution is viov/ed differently by

various diciplines. To a meat scientist, this type of fat

deposition is very important in so far as meat quality is

considered, whereas the same type of accumulation may be con-

siderod as a form of obesity by pathologists.

In the past, adipose tiSvSue per as v/as considered to be

more inert connective tissue. But, in view of recent liter-

ature (Rodahl and Issakiitz 1964), it is a more complex

structure, especially in relation to its origin and function.

The importance of intramuscular fat to muscle tenderness has

been studied, and conflicting findings exist. One group of

v/orkers found that marbling had an influence on tendorness,

whereas the other group found no significant effect of marbling

on tenderness.

Studies on the blood vessels of beef muscles and their

relation to tenderness have received little attention. Con-

clusive evidence exists that v;ell developed fat tissue is' poor



in capillary bed compared to muscle tissue. The size and

distribution of blood vessels also differ in white and red

muscles.

As there is a paucity of information regarding fat dis-

tribution in LongiGsJmus dor si muscle, this investigation is

designed to study the relationship of fat and vascular dis-
.

tribution to muscle tenderness of beef animals differing in

marbling and matiirity.
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Morphological Chanses in Fat Cells During Fat
Deposition and Depletion .

From the available literature, it is evident that there

is little uniformity regarding the origin of fat cells or

tissues. Texts on histology (Bloom and Fawcett 1964) mention

that fat cells develop from undifferentiated mesenchymal

cells, v/hich are scattered singly or in groups in loose con-

nective tissue of the intramuscular spaces. V/ells (3-940)

viewed "it is a plant in active operation", producing some

or all of its stored materials and probably conducting some

other unknown functions. The autonomy of adipose tissue was

further observed by Hauserberger (1955), who reported in rats,

that v/hen imii^.ature testicular fat bodies were transplanted

subcutaneously into the abdominal wall; mature adipose tis-

sue developed.

/is early as 1909 (a), Bell observed in bovine fetuses

and one year olds, the presence of fat droplets within and

outside the muscle fibers. He thought that the presence of

intracellular fat in aged animals v/as due to muscular atrophy.

Similar findings viere reported by Helander (195^) in man and

animals. Increased lipomorphosis was associated v/ith increase

in age resulting in compression atrophy of the muscle bundles..

The processes of formation of fat cells from fibroblasts,

v;hich are indistinguishable from the preadipose tissue, were

follov/ed by Bell (1909b), Clark and Clark (1940) and Napolitano



(1963). According to Bell, the cells adjacent to blood

vessels v/ere first filled v;ith fat, and then extended in

all directions. The branched preadipose tissue cells be-

came rounded after accumulation of fat. Finally the inass

-J of adipose tissue increased v/ith fattening by (a) increase

in cell si7.e (b) formation and filling of nev/ cells in the

interior of the lobule; and (c) formation of nevj lobules.

Clark and Clark (1940) observed that small refractile

bodies appeared in the fibroblasts, and coalesced to form

larger globules. The globules pushed membranes to the

periphery of the cell v;ith a thin rim of cytoplasm, giving

the appearance of signet ring. Depletion of fat shov/ed the

reverse order of processes, characterized by breaking down

of globules into smaller droplets. These ultimately disap-

peared leaving a cell only with granules. Napolitano (1963)

noticed a change in size and shape of fat cells due to fat

depletion which v;as manifested in an increased of cytoplasm

and nonmembrane bound lipid. This was follov/ed by a decrease

in endoplasmicreticulum and mitochondrial shape with further

depletion. During this differentiation glycogen appeared in

the cells and there was no transport of lipid from the capil-

lary or within the adipose tissue cells.

Hartroft (1950) observed small droplets of visible fat in

central lobular liver cells of rats fed on a basal choline

deficient diet. These coalesced to form large sperules in

parenchyma cells vdth time. Finally the fat cells are



separated by septa v/hich are formed as a result of stress and

compression on the limiting membranes, due to continued fat

accumulation.

Direct transfer of triglyceride particles seems to

occur across the membrane. This is further confirmed by

Ashworth et al (1960) in hepatic cells of rats, using an

electron microscope. These particles in the cytoplasm of

cells v/ere considered for the genesis of larger droplets.

Much of the available literature on morphological

changes in adipose tissue is from, laboratory animals. Mor-

phological changes v;ere studied both with the light and

electron microscope. The associated induced changes brought

about by various factors like starving and adrenalectomy,

have changed the shape and size of fat cells. Lever (1957)

observed reduction in amount of lipid and size of the fat

droplet in the adrenalectromized rat. Napolitano and Faivcett

{I95S), Ivilliamson (I964) and Napolitano and Gagne (I963)

reported somewhat similar findings. The later v;orkers noticed

pronounced cellular changes in lipid depleted cells. The

cell membranes indented vdth the appearance of pinocytic

vesicles and collagen fibers in intercellular spaces. The

authors suggested these changes may be due to mechanical events

associated v/ith lipid loss from cells. In addition to indenta-

tions of base mem.brane, V/illiamson (I964) noticed microvevS-

icles in cytoplasm and endothelium of blood vessels, v/hich

might be the possible mechanism for free fatty acid transport.



Barnett and Bell (I960) noticed in in vitro fat cells

of the rat treated v/ith insulin that the cytoplasm lost its

normal appearance and snail fat droplets appeared.

Sirason and ivilliarflson (196?), observed morphological

-> changes in opididymal, pancreatic, hepatic, heart and dia-

phragmatic fat cells of chronic caloric deprived rats. The

noticeable change was a thickened basement membrane and the

. presence of small foci in cytoplasm. These changes were.

considered as a generalized response to the catabolic rather

than degenerative changes.

The association of mitochondria in fat synthesis is v;ell

known. Lever (1957), encountered mitochondria between the

fat droplets, and these contained minute quantities of fat-

like substances. In contrast, Napolitano and Fav/cett (195^)

observed that mitochondria were very often closely associated

with lipid inclusions, and there was no conclusive evidence

in favor of mitochondrial transfoirnations into lipid droplets.

Carbohydrates play a fundamental role as a precursor in

fat synthesis. Fawcett (194^), observed fat cells were devoid

of stainable glycogen under "normal" conditions, but glycogen

appeared in insulin treated cells or fasted and refed rats.

Similar findings w^ere reported by Hauserberger and Milstein

(1955), hov/ever, a high fatty acid diet reduced glucose oxi-

dation markedly. The rate of synthesis appeared to be regula-

ted by the carbohydrate content of the diet, and glucose utili-

zation increased vdth reduced amounts of fat.



VJan^etal. (1954) > observed the translocation and dis-

persion of fat in frozen cooked beef from Lon^^issimus dorsi

and Serrdt^nAlnomS. muscles. The fat released from the cells

dispersed proerscsively along the path of collagen. The fat

cell ciize decreased from the center of dispersion to the

periphery. The authors theorized that this process v;as due

to "enulsificatj^on" with collagen which acted as dispersing

agent. In addition, heat accompanied by cooking, provided

the necessary physical agitation to facilitate emulsifying

processes.

Heruzaz and Jelinkova (I964) reported decreased fat

canabolism v/ith advancing ago with catabolic stimulators

like epinephrine, stress and somatotrophic horncne on fat.

'' ' Lipolytic Enzymes Activity

Lipid metabolism and lipolytic activity was studied

histochemically by Leites (I964) in old anim.als. He noticed

considerable difference in tissue metabolism of old animals

as compared to one year olds; lipolytic enzymes decreased

with increase in age. He suggested the decrease in enzymes

was responsible for fat deposition in various tissues.

The proportion of red and white fibers vary in different

muscles, in species, vdth age and metabolic state. Beatty

et al. (1963), demonstrated striking metabolic differences

in v/hite and red muscle fibers. The glycogen content of fresh

muscle v/as higher in white than the red fibers, but this was
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reversed after tv.o hours of incubaoion. There v/as no dif-

ference in glucose uptake in these two types of fibers,

hov/ever, the lactate formation was higher in the white fibers.

The uptake by the red fibers of aceto-acetic acid was greater

than the uptake of aceto-acetic acid by the Isolate fraction

of the white fibers. A reverse relationship existed betv/een

the glycogen fraction of the xvhite fibers and the red fiber^s

as more aceto-acetic acid v;as taken up by the glycogen frac-

tion of the v;hite fibers than by the red fibers.

Allen et al. (1967a) differentiated k types of porcine

iriuscle fibers Type I, II, III &; IV by histochemical tests

which were based on enzyme activity. Varying enzyme content

of the fibers is knovm to cause varying rates of fat synthesis

in the tissues. The authors noticed a higher percentage of

beta-hydrozy butyric dehydrogenase fibers in light v/cight

boars and a higher percent of esterase positive fibers in

heavy v/eight groups. Also the amount of intramuscular fat

increased with slaughter v;eight . They postulated that barrows

and gilts had a tendency for a greater accumulation of intra-

muscular lipid due to smaller percentage of fibers positive

for esterase and -^ -hydroxybutyric dehydrogenese enzymes.

In another study Allen et al. (1967b) reported that

weight and sex inf3.uenced fatty acid composition. Animal

weight had a significant effect on amount of various fatty

acids. A marked increase of C-ld fatty acid was noted in

heavier baicroivs and gilts as contrasted to lighter barrows .



and gilts. There was no 'weight effect in boars. It V7as

suggested that the sex horraones raight have changed the ratio

of C-lS-1 to C-1J5 in the 55 >vg live v/eight group.

Allen et al. {1967c) also reported intraiascicular

•> cells resembling fat in Longi ssiu.mus dor si of pigs. The

phospholipid fractions of sorr.e of the fibers had high content

of C-16 and C-lg-2 fatty acids. This difference in corcposi-

. tion is suggestive of some change in membrane structm-es

of the fibers. •

Lirlc et al. (1967), observed fatty degeneration of mus-

cles from which previous biopsy samples have been collected.

The degenerated muscle contained primarily fat cells vdth

remnants of atrophied muscles cells and little connective

tissue compared to norraal tissue. v^. .r

Nerve Fibers >
,

The importance of nerve supply in health and disease

v;hich controls the normal functions of the body, have been

well studied. In adipose tissue some of the nerve fibers

terminate in fat itself, v/hile others accompany the blood

vessels. Sidman and Fav;cett (1954) reported the metabolic

sequences of denervation in mice and rats. In both animals.,

the denervated fat body deposited significantly more fat and

during acute fast lest fat slowly.
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Blood Vessels

Clark and Clark (1939), studied the new grov/th of blood

capillaries in amphibian tail and rabbit, which is charac-

terized by the follov/ing sequence of events: sprout formation,

anastomosis of adjacent capillaries, lumen formation, and re-

traction of surplus capillaries. The fibroblasts surrounding

the capillaries migrated into the growth space and became

connective tissue fibers betv;een the capillaries. Factors

like rapid circulation and inflammatory conditions, which

induced the growth of capillaries also favored the grov/th of

lymphatics, nerves, and connective tissue cells present in

the se/ae region.

Gersh and Still (1945), in a study of the relationship

of capillary bed to the voluxie of tissue, reported a ratio

of 51.9 and 72.2.2 for fat rich and fat poor tissue respec-

tively. During ordinary activity half of the capillaries of

fat rich and one fourth of fat poor tissue were open. The

total capillary bed of fat rich tissue had one third the

number of capillaries as compared to muscle. The authors

concluded that the capillary bed of adipose tissue is inade-

quate, compared to other tissues.

Shoshenko (1963 ), reported a correlation coefficient of

Q.'^k and average ratio of 1:1/+ betv/een capillary surface to

muscle fiber surface.

Romanul (196/V), demonstrated the relationship of alkaline

phosphatase and cytochrome oxidase activioies to the distribu-
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t.lon of capillaries in muycle fibers. The density of capil-

laries v/as found to parallel the cytochrome oxidase activity

and there were as many as eight capillaries around some

muscle fibers manifesting alkaline phosphatase activity in

their endothelium.

Allen et al. (1967a) noted differences in distribution

of blood vessels in light and dark muscles of pigs. Dark

muscles and fibers received a richer blood supply than v/hite

muscles and fibers.

In the formation of adipose tissue, Bell (1909b) and

Clark and Clark (1940) reported that cells adjacent to blood

vessels with slow or m.oderate blood flow were filled first

v;ith fat. Kelander (195S), Blmner et al. (1964) and Moody

and Cassens (196S) noticed that main marbling deposits w^ere

close to or within the heavy vascular netv/ork.

Differences exist in the amount of fat deposition be-

tween species, breeds, planes of nutrition and locations of

muscle. Histologial structure also plays an im.portant ro3-G

in fat accumulation. Kauffman and Safanie (196?) reported

that loose textured Latissimus dor si muscle contained more

fat than the more compact distal muscles. In these muscles,

fat content increased vath age.

Moody and Cassens (196S) reported that with more exten-

sive marbling in Lon^issinus muscle, large areas were occupied

with fat cells. The niunber of fat cells increased with marb-

ling vathin and as well as outside the fat deposit. The

histologically estimated fat was significantly (P <.01)
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different betv/een marbling groups, and follov/ed the same

trends as ether extract biit was higher.

I%rbling and Its Influence on Beef Quality

Studies by Ramsbottora et al. (1945) did not shov; any

relationship betv/een fat content and tenderness in different

muscles of the animals.

Bo-wman et al. (1954) reported highly significant cor-

relation coefficients betvreen juiciness and tenderness.

Palmer et al. (1954) using the Longissiraus dorsi at

12th rib from 136 carcasses, found highly significant cor-

relations between grade and marbling, ether extract and

tenderness. A similar relationship betv^een marbling and

ether extract was also observed. The percentage of varia-

bility in panel tenderness attributable to grade ranged

from &^ to 11/..

Cover et al. (1956), using yearling steers, reported

that tenderness scores were closely related to ether extract,

and postulated that the latter might be associated vdth

juiciness and tenderness of meat. -

Cover et al. (195^) summarized studies using 20.3 beef

carcasses of knovm history and reported that marbling, v/hen

measured as ether extract of the iH^ngissimus dorsi , was

significantly correlated (r = 0.33 ) with tenderness, "./el-

lington and Stouffer (195<^) obtained non-significant corre-

lations betv.-een ether extract and panel tenderness.
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Hov/ever, highly significant (P <.01) correlations (0.263)-

were reported for marbling scores and tenderness, and for

ether extract with panel juiciness (0.296).

Doty and Pierce (1961) obtained correlation coefficients

of 0.61 between tenderness and intramuscular fat, and O.56

between tenderness and marbling respectively. The authors

also observed that 7-^/'' of the variance in juiciness was

closely associated with marbling or intramuscular fat. \

Hov;ever further increases in the fat percentage did not

improve juiciness. Goll et al. (1965), reported that fine

texture and even distribution of intramuscular fat was

significantly associated v/ith tenderness.

Blumer (I963), in his review on the relationship of

marbling to the palatability of beef, stated that intra-

muscular fat had little effect upon tenderness.

Tujna et al. (1962), v7orking with 24 Hereford steers and

heifers of IS, 42 and 90 months of age, found that marbling

levels did not significantly (p<.05) influence the tenderness

in Longissimus dorsi steaks. Hov/ever steaks from carcasses

with slightly abundant marbling v;ere a little more tender

than those from carcasses \\dth a slight amount of marbling.

Tenderness of muscles decreased significantly (p<.05) vri.th

advancing age^and the greatest difference in tenderness v/as

noticed between the 1$ and 42 month groups.

Blumer et al. (I962), reported that the highest amount

of ether extract was associated vdth coarse rna.rbling. The
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marbling patterns appeared to bo somev/hat consistent vdththe

heavy intranuscular fat deposits. The latter occured at more

or less re.g^alar intervals vdthin the rib eye muscle. In con-

trast, Carpenter et al. (1961); reported in pork studies that

-.; a higher percentage of exfcrac table fat v/as associated with

finely dispersed small sized fat cells in the muscles.

Goll et al. {1965), VJalter et al. (1965), Romans et al.

(1965) and IIcEee and Iviles (196?'), reported that the higher

marbling scores v;ere associated vdth higher ether extract

val-ues

.

Tuma et al. (I963), observed that the chemical fat con-

tent differed significantly among the age groups; it v;as lo'^

in the young and very old animals. Hov/ever Helander (195S)»

did not notice any significant difference in fat content of

Gastrocnemius and JBicens brachii from young and old horses,

cattle and rabbits, but in human beings there was a signifi-

cant increase from birth to 70 years.

Cook et al. (I964), noticed in the Longissimus dorsi

muscle that the intramuscular fat varied significantly (p<.01)

among anatomical locations. It was uniform betv/een the 10th

and 13th thoracic vertebrae and decreased towards both ex-

tremities. Highly significant differences (p<.01) were

observed for marbling and ether extract, even though the

uniformity of marbling distribution did not vary much among

the marbling groups. Carpenter et al. (I96I), concluded from

pork studies at the 7th, 13th, thoraeic and 6th luiabor

vertebrae, that extreme variability in fat content existed
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among the different locations of Lon£is_siini^ dorsi muscle.-
.

IToody and Cassens {196S), reported in a study involving three

levels of i-.arbling that there v;as no overall marbling pat-

tern from medial to lateral. Ho\;ever, within marbling groups.,

the traces group had less histologically estimated fat in the

lateral position, while small and moderate marbling levels

showed equal amounts in medial and lateral cores. Besides

these inconsistencies, the moderate marbling group had more

fat in the central core.

Knowledge of intramuscular fat which enhances the palat-

ability traits of meat products is evident. Kauffman et al.

(196Z0, summarized data from 439 pork carcasses for total

extractible fat and its relationship to palatability

characteristics. The percent intramuscular fat (E.EJ was

significantly {p<.01) correlated vdth flavor (r - ->3'i)

juiciness (r - O.7O), tenderness score (r = 0.44) and shear

fores (r -- -.35) respectively. Fat variation accounted for

yofo of the variation in juiciness and to a lesser extent for
.

tenderness and flavor.

Gladys et al. (1965), reported that steaks from the rib

cut and eye of round from high marbled carcasses v/ere scored

slightly more tender, juicy and flavorful than steaks from

low marbled carcasses, cooked to the same internal tem.per-

ature. In both steaks, marbling v/as not associated with

palatability traits, but 20^'^ of the variation in juiciness

and flavor was associated with ether extract of broiled steaks.
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I'^aturity

Walter et al. (I965), i;sing seventy tv/o carcasses rep-

resenting three maturity (A, B and F) and eight marbling

(moderately abundant to practically devoid) levels, noticed

that marbling did not significantly influence tenderness.

Field et al. (1966) stated that tenderness of beef from

steers and heifers, decreased with increased maturity. At

constant slaughter v/eight, age had no effect on tenderness.

The palatability rating was not influenced by age up to 2

years, xvhen marbling was held constant, however at constant

age, higher marbling scores \;ero associated with higher

sensory ratings. /

Romans et al. (1965), working with four levels of

maturity (A, B, C k D standards of 1956) and two levels of

marbling (moderate and slight) in longissimus dorsi, ob-

served that neither marbling nor maturity had any significant

effect on tenderness. There v;as a trend, however, for steaks

from more nature animals to be less tender, and steaks v/ith

moderate marbling v;ere significantly (p<.01) more juicy than

those with a slight level of marbling.

McBee and Iviles (196?), in their studies on three-hundred

and tMr^y short loins, representing eight degrees of marbling

and two levels of maturity, indicated that there was a non-

significant linear increase of tenderness vdth additional

degrees of marbling. Steaks from younger a?umals v/ere (p^.Ol)

less juicy and less flavorful than those from the older
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maturity group. The percentage other extract increased vdth

. i

marbling and maturity.
^ (

No consistancy in tenderness at various locations in

the Lonsissimus dorsi muscle v;as found. Conflicting evidence

exists for the tenderness at medial, central and lateral

locations. Walter ot al, (1965), reported that medial and

lateral cores were more tender than central, v/hereas Tuma
.

et al. (1962) and McBee and Wiles (1967), noticed the medial

core was more tender. /

1

Objective Techniques •
•

Stouffer and Wellington (1957) obtained correlation

coefficients of 0.793 between the ether extract and marbling

score by photographs taken by polarized light. The series
\

of phobographys represented 12 degrees of marbling and were

used to formulate an objective measurement technique.
i

i

Blumer and Fleming (1959), obtained correlation coeffi-
]

cients of O.65 betv/een the ether extract and marbling measured
|

j

by using a bacterial colony counter. I-1arbling deposits having
|

a surface area of two square rmn. or larger were measured with

the aid of a compass and millimeter ruler and scale, whereas

fat deposits measuring less than tv;o sq. ma. were counted.

Lewis et al. (195^), reported no significant difference

in fat estimation by photomicrograghic technique and numerical

scoring. Hov/ever, the photomicrographic method has an edge

over nujnerlcal scoring, in that fewer slides were required
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for estimation and human error is eliminated, sirnultanous ,

fat quantity and distribution can be estimated.

Henderson et al- (1959), measured the projected images

of cross sectional area of carcasses and cuts with a plani-

meter. Reproducibility of results were vvithin a range of

0.06 sq. inches. The authors 'were of the opinion that this

method could be used for both quantitative and qualita-tive

study.

Cook and Bray (1961), obtained a correlation of 0.93

between the ether extract and light transmitted through a

positive transparency. However, the technique v;as not

sensitive enough to detect small variations in marbling.

In a recent study. Moody and Cassens (196^) estimated

marbling using a micrometer disc, and the results were ex-

pressed as the percent of grid squares occupied by fat tissue

sections. They obtained significant (P<.05) correlations

(r - 0.56) between histologically estimated percent fat and

ether extract values.
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Sixty beef carcasses v;ere used to study fat and vascular

distribution and their relationship to muscle tenderness. In

this experiment, carcasses with tv;o levels of marbling (sroall

and moderate) and three levels of maturity (A~A=youthful,

A'^B~=--Interraediate, BB"''---approaching maximum maturity) v/ere

employed using the left and right Longissimus dpr_si muscles

from v;holesale rib cuts. The tv/o marbling levels v;ere

represented equally vdthin each maturity group of 20 ribs,

so as to get a two x three factorial design as given in

Table 1. ^

Table I

Experimental design

Maturity Levels

I-'larbling

Levels R A~A L R A"''B- L

Good
V

10 10

Total

60

Approximate
grades

Small

Choice

10 10

Choice Good

10 10

Moderate
Choice

].0 10

Choice

10 10

Choice Good

10 10 60

Total 40 40 40 120

R --

L =
Right Side
Left Side

A total of 120 ribs were purchased from two meat packers

(Ivlaurer Kouer & Co. of Kansas City, Kansas and Armour & Co.
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of Emporia, Kansas) and used for this study.

Sample Selection

Thrc;e areas on the ventral aspect of 9th rib, position

C, (Plate I, Fig. 2) were selected. Cores 1.2? cm in dia-

meter v/ere taken from each selected area (position 'C); and

im-mediatsly frozen in a blast freezer (-iS'^F) and kept

frozen until sectioned.

Before sectioning, the tissues were thawed and samples

approximately 1 cm x 1 cm x 2 mm cut and mounted on previously

cooled metal specimen blocks. Frozen tissue sections eight

raj-crons thick were cut using a Tissue Tek cryostat, trans-

ferred to the precooled slides and stained by Oil Red

for fat deposits. (Lillie 1965, procedure in appendix

VIII).

The stained slides v/ere mounted in the negative carrier

of an Omega D-2 photographic enlarger equipped with a 50 mm

enlarging lens. A micrometer disc rule, containing 196

squares, with a total area of 57-76 sq. imn, (6593-44 sq.

mm v/hen enlarged 47x) was placed face down on the cover

slip, 30 that both the disc etchings and specimen were in

close proximity at the focal plane. Exposures v/ere made on

mediuin contrast enlarging paper. Development v/as carried

out in a standard photographic paper developer.

The total muscle area covered by the photographed grid

was determined by the number of squares (Plato II) overlapping



Explanation of Plate I

Fi;r. 1 - Position of samples for ether extract from

the 12th thoracic rib of the Longissimus
dorsi muscle.

Fig. 2, C - Position of samples for fat and
vascular distribution.
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PLATE I

Fig. 1

Fig. 2



Explanation oi Plate II

A photograph of a typical stained section v/ith

grid, showing fat deposits size I, II and III.
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PLATE II

f^:4^^^
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the section. TIgsug section covering hal-f or more of the

little square vjere counted as one, v/hereas less than half s

square v;ore not counted. The total area covered by the grid

was 6,S93.44 sq. ir^in and each little square covered 33-64 sq..

mm. The grid vias magnified 47 :x.

To facilitate measurement, fat deposits were arbitrar-

ily divided into three categories: Category I or small,

covered less than half a square {16.62 sq. mm), Category II

or moderate includes fat deposits botx/een half and one

square (16.S2 to 33-64 sq. mm.), and Category III or large

with fat deposits exceeding one square (33-64 so. mm)..

The total mmiber of blood vessels were determined by

examining the stained sections under the light microscope

at lOOx pov/er and subsequently marking the photomicrographs.

The /o ether extract used for histological and chemical

comparison was from 12th rib analysis by Covington {196cJ).

The sample positions (medial, central and lateral) for

ether extract are shown in Plate I, Fig. 1.

Data were subjected to analysis of variance and Duncan's

New Multiple Range test to test significant differences

among the means. Finally all possible correlation coexficl-

onts wore computed between the various physical and histolog-

ical chax'act eristics of Longi ssimus dorsi muscle.
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I%rbling Effects

Quantitative histological (H) fat data for two levels

of marbling (e-raall and moderate) are presented in Table II.

As was expected, there were fewer fat deposits of all sizes

in the sma.ll than in the moderate marbled muscle. The dif-

ferences in the number of fat deposits between the marbling

levels were significant for the small (6.9 and 7.S) and

large (1.2 and 1.7) biit not for the medium size fat deposits-

Area of the three fat categories followed the same

trends as number of fat deposits in both marbling levels

(Table II). The moderate marbled muscle had significantly

more fat area for small (6.0 sq. mm) and large (1^3-0 sq.

mm.) fat deposits than the small marbled muscle. In addi-

tion, moderately marbled muscle had a greater quantity

(P <.05) of histologically estimated total fat (26^.6 to

461.0 sq. mxi.) and percent fat (4.4 to 7.6f.). The percent

fat (H) was in close agreement vdth percent ether extract

which was 4.S in the small and 6.7 in the moderate marbling

group respectively. The positive relationship between his-

tological and chemical determination of fat is in agreement

vrlth Moody and Gassens (196^) although they reported a higher

histological fat percent expressed on an area basis.

The effect of marbling on vascular distribution is shovm

in Table II. As v:as expected the m.oderate marbled muscle

had a greater (P<.05) number of blood vessels (7-3) than the
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Table II

Effect of bovine marbling on Lan'd-ssimus dprsi fat and

vascular distribution

aj
No. fat deposits size _

Fat deposit area*^ Size J

No. fat deposits size II

Fat deposit area*^ Size II

No. fat deposits size^ III

Fat deposit area size III
^

Total No. fat deposits
Total fat area
Fat $
Ether extract (%)

No. Blood Vessels
No. Blood Vessels/unit fat area

a - Small { 16.^2 sq mm)

b - Moderate (l6.g2 to 33-64 sq mm)

c ^ Large ( 33 .64 sq mm)

d -= rmri^, significant at 5^ level

* - P<.05

Small Moderate

6.9*
20.9*

7.S
26.9

0.7
13.7

1.2
17.7

1.2*
233.0*

1.7
416.0

g.8*
26^.5*
4.4* •

4.77*

10.4
461.0

7.6
6.65

6.1*
rea 56. 1* 37.

a
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small marbled muscle (6.1). The nviabev of blood vessels

decreased as .fat area increased for both moderate and small

marbling. These findings suggest that well marbled muscle

will have a greater number of functional blood vessels com-

pared to less marbled. However, when considered on a fat

area basis, the more highly marbled muscle will have fewer

blood vessels.

riafcurity Effects

The effect of maturity upon the fat and vascular dis-

tribution is shown in Table III. No maturity effect is noted

for number and area of small, moderate and large fat depos-

its, although the B'B"*" maturity group had the highest m.ean

values for the fat area (H). These slight differences for

the number and area of fat deposits, betv;een the maturity

groups, might be due to a decrease in lipolytic acitivity

and fat catabolism vdth advancing maturity as reported by

Hruzaz and Jelinkova {I964), and Leites (I964). The least

fat area (H) in A"*'B~ maturity group can not be explained.

Maturity had no effect on total fat (H) and percent fat

as shown in Table III. The A"^B- maturity had the smallest

means for total fat area (H) and % fat, and the B-B+ maturity

group the highest mean. The highest (P<.05) ether extract

values for the three groups was indicated for the B'B"^ group

and the lowest values for the A^A" group. These results are

contrai'y to expectations and not in accord vdth ether extract
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Table III

Effect of bovine maturity on
vascular di

Lonn;i ssiirras dorsi for fat and
stribution

AA~

I-!aturity

A^B- BB*^

No. fat depoaits
Fat area size I

size I 7.0
21.0

7.7
25.0

7.4
25.3

No. fat deposits
Fat area size II

size II 0.7
14.9

0.7
15.3

o.a
16.

a

No. fat deposits size III
Fat area size III

1.6
331.9

1.4
27S.6

1.5
363.6

Total fat area
Fat %
Ether extract %

/ 36^.2 319.^
6.0 5.3

406.3
6.6,
6.0^

No. Blood vessels
No. Blood vessels/unit fat area

7.3^
50,9

' 6.0-^

4S.6
6.S^

41.4

Fat area in xmr ,

AA" = Youthful, A'*"B" = Intermediate, BB
maturity.

approaching maximum

All means ivith same or no superscript are not significantly
(P<.05) different.
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values. Hcv/ever McBee and V/iles (196?), keeping quality

constant, reported higher ether extract values for B maturity

compared to the A maturity group. .,

•

The maturity group means for hlood vessels are signifi-

cantly (P<..05) different {Table III). The largest number of

blood vessels -was observed in the young (7.3) and the least

in the intermediate (6.0) maturity group. Similarly, as

mentioned earlier, the number of blood vessels per unit area

decreased as fat area increased. The differences in number

of blood vessels in the maturity groups may be due to

metabolic status of the animal. It is reasonable to assume

that the number of functional blood vessels decreases as age

and fat content increases. It is difficult to explain \-ihy

the intermediate maturity group (A'^'B") had fev/er blood vessels

than young (A~A) and approaching maximum (BB ) maturity

classes. An interesting feature in this v&s that even though

the amount of fat in the young group exceeded the amount of

fat in the intermediate group, the young group still had

greater number of bDiDod vessels per unit fat area. This sug-

gests that the young animals are metabolically more active

and have the potential for increased marbling and muscle mass

compared to other tv/o groups. *

Position Effects

The effect of marbling on fat distribution within the

muscle is given in Table IV. There v/as no consistency in the
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Table IV

Effect of bovine marbling and Longissimus dorsi sample posi-

tion on fat and vascular distribution

Small Moderate

Medial Central Lateral Medial Central Lateral

No. fat deposits
Size I

Fat area Size I
7.6^

21. a^
6.3^

17. 4^
6.9^

23. 6c
6.9''

24.9
7.9^
26.5 2S.6

No. fat deposits
Size II

Fat area Size II
0.7
14.9

0.6
10.9

0.7
15.2

O.S
17.2

0.6
13.6

1.0
22.1

Ko. fat deposits
Size III

Fat area Size III
1.4<=

221.9
1.1^

216.0
1.3^

261.3
1.9

442.7
1.6

324.7
1.7

4^1.4

Total fat area
Fat %
Ether extract %

4.3^
5.1

241.7^
3.6^
5.4

305.0^
5.2^
4.2

4S4.2j^
7.9^
7.0

366.0^^
5.9^
6.9

5^S-?c5.9^
5.6

No. Blcod vessels
Ko. Blood vessels/

unit fat area

6.2^ 5.6^

5g.O^

6.6^

51.7^

7.2^

2^,7^

6.9^

45.9^

7.7^

3a. 9^

Fat area m mm"

All means with same or no superscript are not significantly

(P<.05) different
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divStribution oT the number of medial compared to lateral fat

deposits for bcth marbling levels. The small marbled steaks

had a greater immber of fat deposits of all sizes in the

medial and less in the central position; however, the moder-

ate marbled muscle had the largest number of fat deposits

in the lateral and least number of fat deposits in the medial

position. Thes-e differences in number and size of fat de-

posits in the I^ngissim.us dpxsi muscle might be due to an

increase in both cell numbers and size as reported by Allen

et al. {1967a), and Moody and Cassens (196-3).

The histologically estimated fat of the three fat cate-

gories is shovm in Table IV. As mentioned earlier, there was

no consistency In fat distribution on an area basis from

medial to lateral in both marbling levels. The small marbling

had significantly less total fat area (H) in the central po-

sition {241.7 sq mm) and more (P<.05) in the medial (359.0

sq rnra) position, ivhereas the moderate marbled lateral core

(532.9 aq nm) had the highest amount of total fat area. The

percent fat (H) followed the same trends as total fat area

except in the small m.arbling level which had the highest

percent fat in the lateral core. In addition, the combined

means for percent fat (H) also revealed that the lateral core

(7.1^) had a greater quantity {P<.05) of fat than the central

iS.lS) and medial position {li..&%) (Table V). In contrast the

ether extract values revealed the least amount of fat in the

lateral core (4.2 and 5.6^^) for both marbling levels. These
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Table V

Position means for the total fat and other extract of the

vobine Loneissimus .dprsi muscle

Percent Percent

Position Histological Ether Extract
Fat Means

Medial 6.1+0.5^ 20.99^

Central 4-^+0.5^ 21.23^

lateral 7.1 + 0.7'' 17.56^

All means v.dth same or no superscript are not signifi-

cantly (P<.05) different.

differences in the estimation of fat by histological and

chemical methods might be due to the basic difference in the

tv/o procedures. In the histological evaluation, Oil Red

stains both unbound and bound neutral lipid, v;here as ether

extract estimates only unbound neutral lipids. In addition,

differences in estimation may also be due to differences in

sample size, sample location and to great variation in the

quantity and distribution of fat in Longissimus dorsi muscle

(VJang et. al.. , 1954; Doty et al. , Blumer et al. , 1962; Cook

et al. , 1964)

.

.

Sample position has significant (P<.05) effect on the

number of blood vessels (Table IV). In both marbling levels

the lateral position (small =-- 6.6^ moderate == 7-7) had a

greater nujriber of blood vessels than the central position
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(small ^- 5.6, moderate = 6.9). However, the niiinber of blood

vessels decreased with increased fat area (lovv-er number in

lateral position).

Side Effects

The data in Table VI indicates the effect of stA^ on fat

deposits. Large fat deposits were significantly greater in

the right (1.7) than the lest (1.3) side. These differences

in the fat deposits in the right and left Longissimus dorsi

muscle, might be due to biological variance, such as the

possibility that ruraen pressure due to fill might make it

more comfortable for the animal to lie on his right side.

Table VI

Effect of side upon histological '

Longissimus dorsi
characteristi
muscle

cs of bovine

Left Right

No. fat deposits Size I
Fat deposits area Size I

7.25
23.90

7.46
23.67

No. fat deposits Size II
Fat deposits area Size II

0.70
15.27

0.75
16.06

No. fat deposits Size III 1
Fat deposits area Size III

.32^:=+0.075

310.55
1. 66+. 055

33&'.50

Total fat area
Fat percent

350.65
5.63

375.59
6.33

No. Blood vessels
No. Blood vessels/per unit fat

area

6.53

45.99

6.56

47.91

- Significant at 5/^ level
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Corre3,ations

Correlation coefficients are presented in Table VII.

Positive, but lov; correlations were obtained betv/een histo-

logically estimated fat and ether extract values. The large

fat deposits and nu^nber of squares vath fat v/ere significantly-

correlated v;ith percent ether extract (r = 0.327 and 0.269

respectively). As expected these factors may have added to

the bulk of ether extract

.

'

Table VII
, ;:J

Correlation coefficients of various bovine Longissimus dorsi
histo3.ogical characteristics v/ith ether extract and shear

force value

llo, fat deposits Size I

No. fat deposits Size II

No. fat deposits Size III

Total No. of sqs with fat

Total fat area^

fo fat

No. of blood vessels

No. of blood vessels per unit fat
area

Ether
Extract

Shear
Force
lbs

0.044 -.040

0.021 -.020

' 0.327=:= -.050

0.269- -.050

0.201 -.017

•^ . 0.196 -.024

-.020
. 0.050

- . 213 0.076

a = sq nm.
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Extremely lov/ correlation coefficients v/ere obtained'

bet;veen the shear force and all the histological paraiaeters

of the muscle. ...-;

These results indicate that histological evaluation of

-.; fat and vascular distribution may not be a single reliable

tool for predicting beef tenderness. The drav;back in this

method may be due to either a lack of variation v/ithin the

• marbling and maturity groups or to the variable nature of the

Lonp.issimus dor si muscle as v/ell as histologically unaccount-

able fat. At this stage of study it can not be stated that

there is an association betxveen fat distribution to muscle

tenderness, unless the contribution from other histological

characteristics like muscle fiber diameter, sarcomere length,

red and v/hite fiber ratio and the proportion of connective

tissue is evaluated.
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qjUM-URY

The infj-uence of marbling and vascular distribution on

tenderness characteristics of beef was investigated. The

right and left Longissimus dprsi muscle from 60 beef carcas-

ses of unknovm history were used in this study. Two marbling

levels (small and moderate) and three maturity levels (AA~ =

youthful, AB" = Intermediate, BB~ - approaching maturity).,

were used.

The number and area of small ( l6.g2 sq. mm.) and large

( 33.64 sq. rrm.) fat deposits increased significantly with

marbling. V/ithin marbling groups, there v;as no consistency

for distribution of number of fat deposits from medial to

lateral positions. Hov;ever, the general trend was for less

total fat area in the central cores and greater fat area in

the lateral cores. The number and area of small, moderate

and large fat deposits had no significant effect on tender-

ness.

The number of blood vessels increased significantly

vath marbling but decreased significantly per unit fat area.

Neither blood vessel number or member per unit fat area had

a significant effect on tenderness.

ITaturity had little influence on number and area of fat

deposits, although the most mature group had the highest fat •

content. The number of blood vessels were significantly dif-

ferent in the three m.aturity levels v;ith the highest nuniber

present in the young group and least number present in the

intermediate maturity group. - ,
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APPENDIX TABLE I -
'

"

Efiect of Marbling on Histological Characteristics of Bovine

Longissimus Dorsi Muscle

Small Moderate
Marbling Marbling

Total muscle area, sq cm 59- 7± 5-1" 61.1+ 3«5

No. of fat deposits size I 6.9+ 0.3* 7-3+ 0.3

No. of squares with fat size I 13.5+ 0.5^^ 15.2^ 0.5

Area of fat size la 20.9+ 1.2* 26.?+ l.k

No. of fat deposits size II 0.7+ 0.1 3.. 2+ 0.1

No. of squares with fat size II ;s.4+ 0.4 ,4*St V o
Area of fat size Iia 13-7+ 1-4 17-7+ 1-7

No. of fat deposits size III 1.2+ 0.1* 1.7+1.1

No. of squares v/ith fat size III 19.5+1.4; 32.0j 1-7

Area of fat size III^ 233-1+24.1* 416.3+30.8

Total area of fat^
^

263.6+24.0-^:^ 46I.O+3O.4

Total no. of squares xvith fat 36.3+ 1.4* 51.0+ 1.5

Total no. of fat deposits S.3± 0.3* 10. 4± 0.3

Ave. size of fat deposit^ 37.9+ 4.5* 60. 7+ 6.6

fo fat
' 4.4+ 0.4* 7.6+ 0.5

'^o, of squares of fat/unit muscle
area 1.4+ 0.1* 2.3± 0.2

No. of blood vessels 6.1+0.2* 7.3+ 0.

3

No. of blood vessels/ unit muscle
area 1.1+ 0.1 1.2+ 0.1

No. of blood vessels/unit fat area 56.1+4.7 37 -3+ 4.t5*

a area sq. mm.

* significant at 5% level.
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APPENDIX TABLE VI

Effect of Side upon Histological Characteristics of

Bovine" Longissiraus Dorsi Muscle

Left Right

Total muscle area in sq. cm. 6.07 6.00

No. of fat deposits size I
n"^*?? -

i7'J-*'c

No. of squares with fat size I 14.03 ;L4.og

Area of the fat size I, sq. mm. 23-90 ^^-oi

No. of fat deposits size II 0.70 0.75

No. of squares with fat size II 3.dO A'?i
Area of the fat size II, sq. mm. 15.27 15.05

No. of fat deposits size III 1.32=:-!. 075 1. 66+. 0^5

No. of squares vath fat size III ^^'JS 2 -n
Area of the fat size III, sq. mm. 310.88 338. pO

Total area of the fat, sq. mm. 350.68 378.B9

Total no. of squares with fat 41.93 45*34

Total no. of fat deposits 9.3^ 9.^6

Ave. size of the fat deposit, sq. mm. 46.53 52.10

% fat 5.63 6.33

No. of squares of fat/unit muscle area 1.76 l.SS

No. of blood vessels 6.53 6. 36

No. of blood vessels/unit muscle area 1.10 1.13

No. of blood vessels/unit fat area 45.99 47-91

Significant at 5^ level.
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APPEKDIX TABLE VII

Simple Correlations Betv.-een Histological Variations and Chem-
ical and Physical Components of Bovine Longissinus Dorsl Muscle

.E.E. Shear Force
lb.

Total muscle area, sq. cm.

No. 01 fat deposits size I
No. of squares with fat size I

Area of fat size I^

No. of fat deposits size II
No. of squares ivith fat size II
Area of fat size 11^

No, of fat deposits size III
No. of squares with fat size III
Area of :fat size III^ /

Total area of fat

Total no. of squares v;ith fat

Total no. of fab deposits .

"•

Ave. siae of fat deposit^

fo fat

No. of squares of fat/unit muscle area

No. of blood vessels
No. of blood vessels/unit muscle area
No. of blood vessels/unit fat area

0.067 -.012

0.044
0.043
0.071

0.045
0.029
0.020

0.021
-.021
-.052

-.023
-.025
-.053

0.327*
O.24S
0.195

-.047
-.056
-.016

0.201 -.017

0.269- -.054

0.149 0,01a

0.053 O.OJ.O

0.196 ~ .024

0.17a -.011

-.020
0.011
-.213

0.057
0.031
0.076

a area--sq. ram.

* Significant at 5>t level.
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APPENDIX TABLE VIII

Staining proceduro for fat

1. Air dry the sections for 30 min.

2. Fix in iS neutral formalin for 10 min.

3. Rinae in cold distilled water. '

4. Stain the rinsed sections for 20 mj.n. in oil Red 0..

5. Rinse in cold distilled water.

6. Counter stain ^^^.th Harris hematoxylin for 30 sec.

7. Blue in cold tap water, until the nuclei are distinct,

clean and mount in phenol-glycerol- jelly.



THE RELATIONSHIP CE INTRArOJSCUIJlR FAT AIID THE
VASCUUR SYSTEM OF BEEF TENDERiJESS

by

BALEr-IULA GURWA REDDY

B.V. Sc. & A.H. Osmania University (INDIA), I96I

AN ABSTRACT OF A TESTER »S THESIS

submitted in partial fulfillment of the

reo^uirements for the degree

MASTER OF SCIENCE

Department of Animal Science and Industry

KANSAS STATE UNIVERSITY
I-lanhattan, Kansas

1969



The effect of beef maturity and marbling upon the fat

and vascular distribution of bovine I^nEissimus .dorsi muscle

at 9th rib was studied.

Sixty beef carcasses vdth tv;o levels of marbling (small

— -4- +
and moderate) and three maturity groups (AA ,

AB", and BB

which correspond to chronological ages of approximately

12-lS, lS-30 and 30-42 months) were used in this study.

The two marbling levels were represented equally within

each maturity group. Three 1.27 cm. cores (medial, central

and lateral) from the ventral aspect of both right and left

Longissimus muscle were taken. '
'

The muscle samples were sectioned at 6 to B thickness

on the Cryostat (-20° C), stained with Oil Red for fat

and with hematoxylin for blood vessels. The stained slide

was photographed in a negative carried with a micrometer

disc. Area of fat was determined, based on the area covered

by each single deposit, as Category I or small ( 16.^2 sq.

mm), Category II or m.oderate in siae (16.^2 to 33-64 sq. mm)

and Category III or large ( 33-64 sq. mm), respectively.

The number of blood vessels v;ere determined under a light

microscope at 100 magnification.

The marbling had a significant (p < .05) effect on the

mnnber and area of small and large fat deposits. V/ithin

m.arbling groups no consistency was noted for distribution

of number of fat deposits from medial to lateral positions.

Hov/ever, the general trend was for less total fat area in

the Central cores and greater fat area in the lateral cores.
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The number and area of siTiall, moderate and large .fat deposits

had no significant effect on taste panel tenderness scores

or Warner- Brat2ler shear values.

The total number of blood vessels increased significantly

vdth the higher marbling level but decreased significantly

per unit fat area. Neither blood vessel number or munber

pe unit fat area had a significant effect on tenderness.

Jfeiturity had little influence on number and area of fat

deposits, although the most mature group had the highest fat

content. The number of blood vessels in areas observed

histologically were significantly different in the three

maturity levels xvith the highest number present in the young

group and least number present in the intermediate maturity

fj.ronT> .


