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Sensory panel evaluation, objective measurements and consumer

panels were usecl to evaluate meat from tjulls and steers representing the

six crossbreeds of Limousin and Simmental sires rvith Angus, Hereford and

Beef Shorthorn cows. The test muscles, longissimus dorsi ancl biceps

femoris, \.veïe taken from a total of 60 anímals"

The effect of the crossbreed and sex on the quality of the meat

varied lvith the muscle and the tyPe of measurement. For the purpose of

analysis and discussion, the crossbreeds and sex r./ere separated into

their component effects, being the effects attributable to sex, corvs,

sires, co\¡r x sex, co\,t x sire, sire x sex and col,7 x sire x sex. The sex

effect analyses shorved that steers exhibited less cooking loss> greater

texturometer juiciness, and less hardness and cohesiveness than bu11s.

Steers required 1e'ss shear force than bu11s for the medial core position

of the longissimus dorsi muscle, rvhíle bu11s requirecl less shear force

than steers for the proximal core position of the biceps femoris muscle.

Sensory panel evaluation rated steers higher in juiciness, greasiness

ancl meatiness, and lorver in chewiness and fibrousness than bu1ls. Shear

force, texturometer juiciness and the sensory panel evaluation of hard-

ness, juiciness and fibrousness clemonstrated significant effects attrib-

utable to the co\47s. No signif icant ef f ects attributable to the sires

were founcl. Several effects attributable to the two-term interactions

ABSTRACT

were significant.

The consumer panel roas unable to detect differences among the

six crossbreeds or betrveen the t\vo sexes. According to the sensory panel

evaluation, no one crossbreed or- sex was outstandingly different frorn
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the. others. No diffefences

accep tab i1 i ty.

were great enough to affect
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overall consumer
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INTRODUCTION

The ever-íncreasing consumer demand for quality lean beef and

the continually rising costs for the production and marketing of beef

necessitate improvement of carcass quality and more efficient productíon.

The type of beef cattle required to satisfy these demands must be a more

effective converter of feed to lean than the British breeds,presently

raised in Canada. As a result, the Canada DepartmenL of Agriculture has

implemented a foreign cattle breeding program by which European breeds

are ímported and crossed with the British breeds. The major objective

of the program being carried out at the Brandon Research Station is to

produce quality beef as economically as possible. From the consumersr

vierapoint, the meat must provide quality as well as economy. The need

for economy would be met by the reduction in production costs which

could help control the rising retail prices. However, the ultimate

evaluation of any food product is in the eating quality. Beef must have

ful1 flavor, juíciness and tenderness for optimum consumer acceptability.

For this reason, researchers in these laboratories assessed the quality

of beef by consumer panels, a trained sensory panel and objective

measurements. The detailed descriptive analysis by the sensory panel

and the objective measurementslvere used to attempt to define and

explain differences in corÌsumer acceptability.



II REVIEI^I OF LITERATURE

Quality beef is necessary for continued consumer demand. The

traditional physical characteristics of beef careasses used to predict

the palatability dimensions of tenderness, juicíness and flavor have

been challenged as estimators of consumer acceptance (Covington et al.,

L970). These physical characteristics include conformation, i.e., the

proportion of meat to bone, the grain of the meat (1ean), the amount,

quality and color of the fat covering, the amount of marbling in the

meat, and the firmness, texture and color of the meat.

A. FACTORS AFFECTING TFIE EATING QUAI,ITY OF BEEF

The following is a review of the effect of marbling, maturity,

sex and breed on the eating quality of beef.

1. Marbling

Lean which is r¿e1l-marbled is associated with increased tender-

ness. Research by Simone et a1. (1959) indicated that well-marbled

roasts (Choice grade) were significantly more terìder than those with

less marbling (Good grade) as evaluated by a taste pane1. However,

Breídenstein et al. (f968) and Norris et a1. (1971) found that the

degree of marbling had no statística1ly significant effect on shear

force values or taste panel tenderness scores. The results of Simone

et al. (1959) and Breidenstein et al. (196B) did reveal that the amount

of marbling significantly affected flavor and juiciness. The rve11-

marbled roasts and steaks \^rere more flavorful and juicier than those

2



r.rith less marbling. Norris et al. (I97I) discovered no significant

effect of rnarbling alone on flavor and juiciness but did find a signif-

icant interaction (P¿.05) betrveen maturity and marblíng on flavor. Two

levels of marbling, sma11 and moderate, were used. At both levels of

marbling, rib steaks from the young carcasses (12 to 18 months) vrere

more flavorful than rib steaks:

(1) ¡.vith a moderate amount of marbling in the intermediate age

group (18 to 30 months),

(2) with a small amount of rnarbling in the age group approaching

maturity.

Hor+ever, the differences in mean flavor ratings \.,7ere too smal1 to be of

practical value. Field et a1. (1966) found that rib roasts from heifer

and steer carcasses with moderate amounts of marbling were rated more

flavorful than those with modest amounts of marbling. They also demon-

strated that rib roasts ¡.víth modest and moderate amounts of marbling

tended to be juí-cier than roasts ¡vith less marbling, holding age constant.

2. Maturity

The effect of maturíty on tenderness, juiciness and flavor has

been extensively studied. Decreases in tenderness with increasing

maturity have been demonsErated (Simone et al., L95g, Tuma et al., I962a

and Henrickson and Moore, 1.965). The animals ranged in age from 18 to

90 months at the time of slaughter. Adams and Arthaud (1963) studied

the effect of age on tenderness as measured by the l,Iarner-Bratzler shear.

Using carcasses from two age groups, 439 and 479 days (I4L, to 16 months)

old at slaughter, they found that the carcasses of animals in the 439

day old group were more tender than those in the 479 day old group

(P<.05). The resulLs also .indicated a significant simple correlation
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coefficient of 0.29 betiveen shear values and age of animal at the time

of slaughter. tr^lalter et a1. (1965) shorved decreased tenderness with

increasing animal age, using carcasses from animals slaughtered at 15

to 18 months, 20 to 24 months and B to 10 years. Sirnilarly, Breidenstein

et e!. (f968) demonstrated decreased tenderness roith increasíng maturity

as measured by both the Warner-BratzIer shear and a sensory pane1.

. Other work has indicated a less clear-cut relationship between

tenderness and maturity. Ritchey and Hostetler (L964) investigated the

effect of 3 age groups, 33 weeks (7L, months), 47 weeks (11 months), and

62 weeks (14| months), on beef tenderness. No definite relationship

between tenderness and age was revealed by either Inlarner-Bratz|er shear'

measurements or sensory panel evaluations. Símilar1y, Field et a1.

(i966) indicated that age (holcling marbling constant) had no significant

effect on either Warner-Bratzler shear values or sensory panel evalua-

tions for tendernebs of steers and heífers, ranging in age from 300 to

699 days (10 to 231 months) at slaughter. lulore recently, Norris et al.

(I97L) reported no significant effect of aníma1 age at slaughter on panel

scores for tenderness and l^iarner-BratzIer shear values. The animals

r,zere in the follovring age categories; 12 to 18 months; 18 to 30 months;

and 30 to 38 months.

The effect of age on flavor and juiciness is not clear. No

sígnificant effect of age on flavor and juiciness has been demonstrated

(Simone et al., 1959, Field et al., 1966, Norris et al., 197L, Henrickson

and Moore, 1965, and Breidenstein et a1., 1968). Tuma et al., (1963)

founcl that o1cler animals \iJere more juícy but not more flavorful than

younger animals. In thís study the animals ranged in age from 6 months

to 90 months at the time of slaughter. On the other hand, Goll et a1.
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(1965) found that there r,{as no significant difference in juicíness of

animals ranging in age from 15 Èo 18 months, 20 to 24 rnonths and B to

10 years. However, the older animals r,/ere rated significantly lower for

flavor.

J.

There is much controversy over which produces the more desirable

meat--steer or bu11. Steers are male animals which have been castrated

in order to obtain a better finish. A better finish includes more

marbling lvithin the lean of the meat and more faË covering over the

exterior of the meat surface. Castration modifies the seconclary sex

characteristics of the animal by reducing sexual drive ancl aggressíve-

ness, and thus, makes the animal easier to handle. The conformation of

Ëhe body is also changed. In the bul1, the forequarter musculature is

much more developed than in the steer. A1so, the bull is much leaner

than the steer (Turton, L962)

According to Wierbicki er a1. (1955), Brown er al. (1962),

Brown et a1. (1963) and Klosrerman et a1. (1954), bu11s were more

effícient converters of feed to lean than steers. consequently, the

cost of the meat produced is less. However, bul1s tencl to grade lower

than steers because of the reduced exterior fat covering and interior

marbling.

Brorvn et a1. (1962) found no signif,icant difference in the aroma,

flavor, texture) tenclerness and juiciness of bul1 and steer rib steaks

as evaluatecl by a sensory panel. i^/íerbicki ( 1955) repor ted that bulls

were slightly less tender than steers but the difference r,7as not signifi-

cant. on the other hand, Aitken er a1. (1963) inclicated thar rhe

sensory panel evaluated meat from steers more Lender ancl flavorful than

Sex



meat from bul1s. Similarly, Adams and Arthaud (1963) found that steers

were significantly more tender than bul1s (P<.01) as measured by the

trrlarner-Br atzler shear.

FÍeld et al. (1966) revealed that steers and heifers ranging in

age from 500 to 699 days o1d (761 to 231 months) were significantly more

tender than bu1ls of the same age. For the 600 to 699 days old (20 to

231 monrhs) gràup, the steers and heifers were significantly juicier and

more flavorful than the bul1s. The steers and heifers also had signifi-

cantly higher marbling scores than the bu1ls. Within the age range of

300 to 699 days (10 to 23å months), the steers and heifers tended to

become more tender rvith increasing age and the consequent increasing

marblí.ng, whereas the bulls tended to decrease in tenderness. Holding

marbling constant, the bu11s from the 300 to 399 days o1d (10 to 13|

months) group rvere significantly more tender than the older groups.

4. Breed

Another important factor in producing quality meat is breed.

The conformation and size of the cattle háve been changed by selective

breeding. As a result, the modern beef anímal is smaller and more

compact than the animal of the past. However, this tendency has not

increased the proportion of lean in the carcass or altered íts distribu-

tion. Further evidence indicating that beef-type conformation does not

produce caïcasses rvith a high proportion of lean or beef of superior

eating quality has resulted from the studies comparing daíry-bred with

beef-bred animals (Barton, 1967).

Branaman et al. (1962) compared Hereford and Shorthorn cattle

(beef-type) rvith tlolstein cattle (daíry-type). Although the beef-type
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cattle had higher dressed weights and gradeci higher than the dairy-type

cattle, there was no significant difference in yield beLween the rvhole-

sale cuts of the kidney knob, plate, chuck, rib, round and loín. tr^lhen

the high-priced cuts--rib, round and loin--r./ere combíned, no significant

difference in yield between the dairy-bred and beef-bred catÈle rvas

found. These results do not support the hypothesis that beef-type

cattle yield a higher percentage of the high-priced cuts, holding grade

constant. Similarly, there r.rere no signifícant differences in percent-

age of separable lean or fat between breeds. No significant differences

betr.¡een overall desirability, aroma, flavor of fat, texture of the lean

and tenderness were detected by the sensory panel. The sensoly panel

did find that the beef-bred cattle r¡/ere more flavorful (P<.01) and

juicier (P<.01) than the dairy-brecl cattle.

odayrs consuiner demands meat 'çvithout excess fat (Seltzer, 1955

and Mize, L962) and this demand is most easily met by animals which have

not been bred specíally for beef production. The type of animal required

to satisfy this demand must gror{ more rapidly, be larger and less shapely

and convert pasture, forage and grain to beef more efficíently than the

present British breeds (the Aberdeen Angus, the Hereford and the Beef

Shorthorn). Beef cattle must be selectively bred toward increasing the

total amount of muscle in tl're carcass and decreasing the total amount of

fat to an acceptabl.e 1eve1 (Barton, 1967).

To this end, the Canacla Department of Agriculture at the Brandon

Research Station has crossbred each of the three British breeds--the

Aberdeen Angus, the llereford and the Beef Shorthorn--rvith one French

breed, the Limousin and one Srviss breed, the Simmental.

The Limousin breed evolved as a beef/t¡ork animal. Consequently,



Ëhe body size is larger than that of most cattle. The carcasses have

good muscular development, especially on the sirfoin and the buttocks.

The percentage of muscle in the carcass is approximately 54%. However,

it may be as high as 65 to 70"/. ín the better quality beef animals.

These cattle fatten easily and do not require rich pasture land. In

southern France and North Africa, Limousin bu1ls have been used to

improve other breeds (F40, L966)

The Simmental rvere originally developed as milk, meat and work

animals. Now, they are mainly used for milk and meat (FAO, Lg66). They

grow rapidly and produce a well-muscled body with no excessive tendency

to store subcutaneous fat. Yet, the meat Ís'we1l-marbled, tender and

light ín color (Engeler, 196I)

From the literature cited, it ís evident that quality beef is a

result of a complex interaction among marbling, maturity, sex and breed,

rather than the result of one of these alone

Although many surveys on consumer attitudes torvard beef and íts

acceptarì.ce have been conducted in the United States, none has been con-

ducted in Canada. Consequently, the following is maín1y a discussion of

the research carried out in the United States.

B. CONSUMER STUDIES ON BEEF ACCEPTANCE

1. Consumption of Beef in Canada

The Dominion Bureau of Statistics reported that the per capita

consumption of beef in 1970 was 85.7 lbs. (Barratt, 1971). This

represents an increase of more than 15% over the past decade. Other

research by Faryna (L97I) indicated clemand for steak and roast beef in

the llinnipeg area (Table I).



RANK ORDER OF FREQUENCY OF SERVING MEATS IN THE HOME

(FARYNA, L97L)

1 x per week 1 x per month less than not aË all in
or more to 3 x per month 1 x per month past 12 months

1. steak 1. pork roast 1. turkey 1. lamb
(frozen) (unfrozen)

2. chicken 2. pork chops
(unfrozen) 2. turkey 2. lamb

3. roast beef (unfrozen) (frozen)
3. pork chops

4. steak 3. chicken 3. turkey
4. roast beef (frozen) (unfrozen)

5. chicken
5. chicken (unfrozen) 4. chicken 4. turkey

(frozen) (unfrozen) ( frozen)
6. chicken

6, pork roast (frozen) 5. pork chops 5. chicken
( fro zen)

6, s teak
6. chicken

7. lamb (unfrozen)
(unfrozen)

7. pork roast
B. roast beef

8. steak

9. roast beef

10. pork chops

TABLE Ï

Frequency of Serving

Adapted from Faryna (1971).
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In 1955, Seltzer studied consumer preferences for beef by inter-

víew:i-ng people in 100,000 households in Phoenix, Arizona. The research

indicated that lean appearance (or minimum amount of fat) and color of

lean (cherry red color) were the factors considered most important by

consumers rvhen selecting beef to buy. In this study, 59% of. the parti-

cipants selected U.S. Good grade when shor,¡n pictures of the various

grades. Fifty-one percent of the sample v/as unacquainted I'¡ith the

official U.S.D.A. beef grades.

Rhodes et al. (1955)), conducted a more intensive study on the

visual preferences for grades of retail beef cuts. The intervier!'s took

place at 15 retail food stores in metropolitan St. Louis, Míssouri.

The study indicated that 33% of the ParticiPants T"7ere not knowledgeable

about the eating qualities of the U.S.D.A. beef grades. In spite of

this, the preferences of the 'rinformedrr and the rluninformed" participants

díd not differ greatly. The percentage distribution of first preferences

for loin steaks (irrespective of príce) was:

Visual Studies

10

(1) Prime
(2) Choice
(3) Goocl
(4) Cornmercial
(5) No preference at

equal prices

Consumer pl:eferences for the various

steaks and roasts listed in orcler of highest

S teaks

(1) amount of external fat
(2) color of lean
(3) marbling
(4) texture
(5) color of fat
(6) amount of bone

3t.7%
24.3"/"
2r.9%
15.4%

o-t/"

physical characteristícs of

preference r./ere:

(1)

(2)
(3)
(4)
(s)
(6)

Roas ts

amount of internal fat (other
than marbling)
color of lean
marbling
amount of external fat
color of fat
amount of bone
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Approxirnately two-thirds of the consumers desired a small amount of

outside fat. Consumers did not appear to use the visual characteristics

as predicators of eating quality. Approximately one*third of the

participants could name one or more of the U.S.D.A. grades. Par:tici-

pants rüith higher incomes had greater knowledge of the federal grade

names. Tenderness was stated as the most important eating character-

istic of meat by the majority of participants. Rhodes et a1. (1955)

concluded by suggesting that the present grading system was not

indicative of the eatíng qualities of beef.

The study by Branson (1957) revealed that the consumers, when

shown pictures of the four gra{es of rib steaks, preferred U.S. Good

grade beef. The main reason for this choice was that they "prefer lean

meat. rr Of the llouston families studied, 82% had no knorvledge of the

official U.S.D.A. beef grades, while of the Denver and Phoenix families

interviewed only 65% and 51% respectively had no knowledge of these

grades. Consumers were not concerned rvith the marbling of beef.

Mize and Stringer (1959) also conclucted a visual study rvhích

dealt with choosing beef for household use. Thirty-nine percent of the

consumers índicated that the color of fat and muscle were the main

characteristics that they used for choosing beef , r,rhile 17% looked for

lean meat anð. L5% looked for freshness. trIhen shorøn color photographs

of Choice and Good grades of T-bone steak, 55% selected the Choice grade

and 42% selected the Good grade. Thirty-one percent of the consumers

based their decision on the amount of fat present. l{hen given the

selection of Choíce and Utility grade round steahs, 6I% chose the Choice

grade and 37% chose the Utility gracle. Forty-eight percent of the con-

sumers preferred "the amount of fat" on the steak that they chose.
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l{íze (L962) discovered that 65% of the participants related

tenderness of beef to cooking method, r,rhile onl-y 22% related tenderness

of beef to selections made at the retail store. Sixty Percent of the

participants r,.rere unsure of their judgenent about tenclerness. Of the

3L% of the families who used specific characteristics to judge tender-

ness, 16% based their judgements on appearance andfor co1or.

3.

Rhodes et al. (1958) studied the consumer acceptance of Prime,

Choice, Goocl and Standard grades of loin steaks. The husband and wife

of each household tasted each pair of steaks and evaluated the steaks

on a 9-point hedonic sca1e. The results indicated much overlapping of

the carcass ratings for all gracles. In the case of the Choice and

Prime grades, the distribution of ratings vTas very similar. There was

greater uniformity arnong the Choice and Prime grades than the Good and

Standard grades.

Sensory Evaluation

This study included sensory panel discrimination tests on the

sarne comparisons as the consumer panel performed. The sensory panel

also found heterogeneity i^¡ithin each grade. Rhodes et al. (1958) had

hoped the sensory panel discrimination test could be used to detect

consumer acceptability. llowever, it should be pointed out that the

trio test (the discrimination test used) and consumer liking are not the

same type of measure. The trio test merely indicates a difference

exists, but does not state the magnitude or kind of difference. The

results revealed that the trio test used \^7as not a good predictor of

consumer acceptance.

According to Naumann et al. (1961), laboratory ratings of Good

and Choice beef loin steaks \^rere consistent with consuner acceptance
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ratings. The laboratory panel tended to be more critical and rated the

steaks lower than díd the consumer panel. They also suggested that

tenderness, as judged by a laboratory panel (r = o.47), vlas a better

predictor of consumer acceptance than grade, marbling, juiciness or

flavor. Other correlation coefficients \,zere 1or^/. These 1ow correlation

coefficients \.vere explained in part by differences in sample síze, cook-

ing methocls, personal preferences and general frame of reference of the

two panels.

Field et al. (1964) investigated consumer acceptance of retail

cuts of beef from steers and bulls.. Steaks and roasts from 19 steers

and 19 bul1s of the Angus breed \^/ere consumed and evaluated by 931

consumer households. Felv significant differences \{ere found. Of the

loin, rib and round steaks, the loin steaks from the steers were ratecl

significantly more flavorful and more tender than those from the bul1s.

In the case of the roasts (chuck, rib and runp), the consumers preferred

the bul1 chuck roasts over the steer chuck roasts. The reason for this

preference Tras that the bull chuclc roasts had the right degree of lean-

ness (P<.01). On the contrary, the consumers preferred the steer rump

roasts over the bu11 rump roasts for the same reason (P<.05). When the

consumers were asked if they would.purchase the same cut of beef again,

approximately 90% replied positively. There \.vas no signifícant dif fer-

ence in positive replied betrveen the bul1s and the steers.

In additj-on to the consumer taste evaluation, a visual preference

study for the sa'ne retail cuts as above rvas carried out at the suPer-

market. Unidentified retail cuts \tere placed side by side in self-

service counters. The only outstanding differenc€ \iâs the preference of

bu1l chuck roasts over steer chuck roasts (Table II). The bu11 chuck



roasts r,7ere preferred because they had less intramuscular fat.

TABLE II

NI]MBER OF UNIDENTIFIED RETAIL CUTS SELECTED FROM

BULL AND STEER CUTS I^IHILE APPROX]]"IATELY
EQUAL NI]MBERS OF TTIE SAME CUTS WERE

SIDE BY SIDE IN SELF-SERVICE
COUNTERS (Field et al. 1964)

Retail Cuts

Chuck roasts
Rib steaks and roasts
Loin s tealcs
Round steaks and roasts

The most popular objective measure of tenderness is the shear

force value (Cover and Hostetler, 1960). The Warner-Bratzler shearing

device registers the force recluired to shear across the grain of a one-

half inch or one inch cylinder of meat. Reported correlatíons between

the l^larner-Bratzler shear and sensory panel evaluations of tenderness

t4

Number of Retail Cuts
Bu11

C. OBJECTTVE MEASURE}IENTS

vary greatly (Table III).

175
47

24r
L32

Lack of correlatíon betrveen objective measurements and sensory

panel evaluations could be due to:

S teer

107
37

255
L20

(1) the meaning of the correlation coefficient,

(2) properties measured by the instrument, test conditions

and data interpretation,

(3) physiological, psychological and other factors affecting

the panel,



(4) homogeneity of the test material. In meat, tenderness

varies from animal to animal, muscle to muscle and within

the same muscle (Szczesniak, 1965).

TABLE III

Reference

CORRELATIONS BETWEEN WARNER-BRATZLER SHEAR

AND SENSORY PANEL TENDERNESS OF BEEF

Burrill et al.
og62l

Deatherage and
Garnatz (1952)

Fielder et a1.
r rg63i

l"luscle or Cut

Longissimus dorsi
Semi tendinosus
Semimembranosus
Biceps femoris

Shor tloin
Tenderay treated

shor tloin

Loin eye
Rib eye
Top round
Runp

Longissimus dorsi

LongÍssimus dorsi
Semi tendinosus

Alysmeyer et aI.
(le66)

Wang et al. (1956)

l5

Sarnp I e
Size

Correlation Sign:lficance
Coefficient Level (p )

28
18
18
18

32

32

32
32
32
32

305

44
13

A newer instrument for measuring the texture of foods is the

General Foods texturometer. According to Brennan et a1. (1970), the

dimension hardness as measured by the texturometer is a useful measure

of hardness as evaluated by a sensory pane1. Brennan et al. (1970)

demonstrated good reproducibility when testíng rubber samples. Repro-

ducibility decreased as the sample hardness increased. Sample size

must be standardized because hardness readings vary r.¡ith sma11 differ-

-0.42
-0.34
-0.45
-0.29

-0.37

-0.24

-0.58
-0.46
-0.42
-0.57

-0.62

-0.80
-0.51

0. 0s
n.s.
n.s.
n.s.

n. s.

n. s.

0.05
0. 05
n.s.
0. 05

0.01

0. 01
n.s.
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ences in sample size. Hardness readings increased with increases in

thickness and other dimensions of the sample. The standard devíatíon

for Ëexturometer hardness of uncooked stewing steak qTas reported as

28.00 (Brennan et a1. 1970).

Corey (1970) reported a texturoneter hardness value of 91.2 and

texturometer cohesiveness value of 0.80 for roast beef. These research-

ers also found that texturometer hardness and juiciness correlated r¿e11

nriËh sensory panel evaluations of hardness and juiciness. The simple

correlation coef f icíents r.rere 0. 772 and 0.55, respectively. Similarly,

the sirople correlation coefficients betr¿een texturometer hardness and

Warner-BraxzLer shear values and texturomeËer cohesiveness and Warner-

BraEzler shear values r,rere 0.64 for the former and 0.63 for the latter.

All correlations were signíficant at P<.01.

The texture profile method is an extension of the A. D. Little

flavor profile method (Cairncross and Sjìístrorn, 1950). A texture

profile is a descriptive sensory analysis of the texture of a food

considering iÈs mechanical, geometrical, fat and moisture character-

istics. The degree of each characteristíc present and the order in

which Èhey appear during mastication are recorded (Brandt et a1. 1963).

This method requires a trained sensory panel whose members are familiar

with the texture classificatio4.system, use of the standard rating

scales and proper panel procedures (Szczesniak, 1963a). According to

Brandt et al. (1963), the major advantages of this method are:

(1) its flexibility since it can be applied to any food

product or any textural characteristic,

D. TEXTIIRE PROFILE METHOD



(2) its objectivity because of its specifically defined

reference points and its nomenclature.

Szczesniak et al. (1963) correlated the sensory panel evaluations

of the standard rating scales wíth the texturometer readings for hard-

ness, brittleness, cherviness, adhesiveness and gumminess. For hardness

and brittleness, the relationship was curvilínear and for chewiness,

adhesiveness and gummí-ness, the relationship was linear.

The longissimus dorsi muscle extends from the neck to the pelvis

of the beef carcass. Thus, it ís present in the chuck, rib, shortloin

and sirloin rvholesale cuts. On the other hand, the biceps femoris

muscle extends from the round to the sirloin, and as a result, it is the

main muscle occurr,ing in the rump (Ramsbottom and Strandine, 1948).

These researchers used the tr^Tarner-Bratzler shear to measure the tender-

ness of the different beef muscles at several locations along the muscle.

The average shear values forthe longissimus dorsi muscle adjacent to the

12th and 13th ribs and the biceps femoris muscle occurring in the round

were 7.9 lbs. and 10.7 lbs. respectively.

E. RESEARCH ON THE LONG]SS]MUS DORST

AND THE BICEPS FEMORIS },IUSCLES

T7

indícated that the longissimus dorsi muscle contains "tencler" connective

tissue and that the biceps femoris muscle contains rrtough" connective

tissue (Cover and Hostetler, 1960). According to these workers, rrtender"

Sensory panel evaluations and Inlarner-Bratzler shear values

connective tissue is easily masticated and not objectionable to the

consumer. Consequently, the longissímus dorsi muscle is considered a

tender muscle ivhich can be broiled or roasted. trTough" connective

tissue is very objectíonable because it is not degraded by mastication
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and must bê gulped or expectorated. However, as the degree of doneness

increases, the connective tissue becomes more tender (Cover and llostetler,

1960). This tenderizing is due to the hydrolysis of co1lagen, one of

the components of connective tissue, to soluble gelatin (trnlinegarden,

L952). Cover and Hostetler (1960) concluded that the tenderness of

connective tissue increases as:

(1) the internal temperature of the meat rises,

(2) the length of time required to reach this temperature

increas es,

(3) the length of time the meat is held at the final

temperature.

They further concluded that a relatively high internal temperature for

a relatively long time ís necessary ín order to tenderLze th.e "tough"

connective tissue. Braising (a moist heat method) and roasting at low

oven temperatures (a dry heat method) accomplish this.

Cover and Hostetler (1960) also evaluated the tenderness /tough-

ness of the longissimus dorsi and the biceps femoris muscle fibres by

the degree of crumbliness. They definecl crumbliness as the "hard, smal1

and dry" fragments remaining in the mouth cluring mastication. Results

of their research inciicated as the degree of doneness increases, crumbli-

ness increases for both muscles.

Grisrvold (1962) summarized the research in this area by stating:

(1) as the clegree of doneness increases, the muscle fibres

of the loin (longissimus dorsi) toughen and become stringy

because there is 1itt1e connective tissue to hold the

muscle fibres together,

(2) as the degree of doneness íncreases, the muscle fibres of
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the round (biceps femoris) becorne more fríable, due to the

hydrolysis of the collagen to soluble gelatin. The over-

all impression ís one of increased tenderness.

In conclusion, the longissimus dorsi muscle is most tender when cooked

to rare (61oC.), whereas the biceps femoris muscle is most tencler when

roasted to r,¡e1l done (B0oC.) or braÍsed to well done (100oC.) (Cover and

Hostetler,1960)

Another factor affecting the tenderness of cooked meat is the

rate of heat penetration. According to Cover (1941), slow heat penetra-

tion produces more tender meat than rapid heat penetration. Slorv heat

penetration occurs through lorv oven temperatures. Horvever, 1ow oven

temperatures are not alrvays feasible because they are difficult to

maíntain and the roasting times are very long (Grisrvold, 7962). Conse-

quently, dry roasting at the recommended oven temperatures of 149oC. to

163oC. is a compromise betrveen:

(1) the slow heat penetration of loiv oven temperatures,

(2) the faster cooking time of high oven temperatures.



ITI METHOD

G. I¡I. Rahnefeld et a1. (unpublished data). Fígure 1 shorvs the experi-

mental plan. Each of the Aberdeen Angus, the Hereford and the Shorthorn

co\¡7s were crossbred with the Limousin and the Simmental sj.res resulting

in six crossbreeds. When the animals reached 1,000 t 20 lb"., both

bulls and steers from each crossbreed r^/ere slaughtered for experímental

purposes. Síx animals per treatment (crossbreed x sex) rvere slaughtered

but only- five animals (replications) were used for this experiment.

Data were collected on 60 animals.

Breeding and management of the animals were described by

A TREAT}iENT OF ANII"IALS AND MEAT

After slaughtering, the carcasses rvere hung for three days. On

the fourth day, the section of the longíssimus dorsi muscle adjacent to

tlre I2th thoracic vertebra and the bíceps femoris muscle were excÍsed

from the ríght sicle, placed in polyethylene bags and held overnight at

zoc. The meat rvas then wrapped in polyethylene coated freezer paper and

stored aL -32oC. to -40oC. until required for experimental purposes.

During the storage period, the frozen meat r,ias transportecl from Brandon

to this laboratory in styrofoam containers.

The experímental design for evaluating the meat samples rvas a

balanced incomplete block design as shor'm in Figure 2 (Cochran and Cox,

1957). This particular desi.gn was selected because:

(1) it ensured that each treatment rvas tasted with every

other treatment and thus, an unbiased estímate of each

treatment effect could be obtained.
20



No. of Animals Crossbreed
(Replicatio ns )

5 Limousin x Angus

- Bul1 
----:z 

Longissimus dorsi
5 LimousinxHereford 

- 
\\^.\ Steer ¿ -\ Biceps femoris

- Bu11 Longissímus dorsi
5 Limousin x Shorthorn 

- 
\-\ 

S teer Z -\ ni""ps femoris

5 Sin¡rnental x Angus

- 

ru]-l- 
YZ 

Longissimus dorsi

\- S teer Z -\ Biceps .femoris

Sex

5 Símmental x Hereford

2L

Bu11 Longissimus dorsi'5 Simmental x Shorthorn { \ S teer Z -\ ¡i..ps femoris

Muscle

5x6x2=60anima1s

Bul1 \---z Longissimus dorsi
><

Steer ¿ 
-\ Biceps femoris

Bul1 
=-;z 

Longissímus dorsi
><

Steer Z 
-\ 

Biceps femoris

THE EXPERIMENTAL PLAN FOR EVALUATING THE EFFECTS

oF cRossBREED, SEX AND I.{USCLE 0N Ti{E CONSlli{ER
ACCEPTANCE AND THE SENSORY QUALITY OF BEEF

FIGURE 1

60x2=120muscles



Ip
LxAxB
LxAxSt
LxHxB
LxHxSt
LxSHxB
LxSHxSt

Iq IIp
SxAxB
SxAxSt
SxHxB
S x H x St
SxSHxB
SxSHxSt

IIIp
LxAxB
LxHxB
LxSHxB

'S x A x St
S x H x St
SxSHxSt

Sire Confounded

IIIq
LxAxSt
LxHxSt
LxSHxSt
SxAxB
SxHxB
SxSHxB

Sire x Sex Confounded

VqVp

LxAxB
LxHxB
LxSHxB
SxAxB
SxHxB
SxSHxB

LxAxB
LxHxB
LxSHxB
S x A x St
S x H x St
S x SH x St
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rrq
LxAxSt
LxHxSt
LxSHxSt
SxAxSt
SxHxSt
SxSHxSt

rvp

L x A x St
LxHxSt
LxSHxSt
SxAxB
SxHxB
SxSHxB

Sire x Sex Confounded

Sex Confounded

rvq
LxAxB
LxHxB
LxSHxB
SxAxSt
SxHxSt
SxSHxSt

LxAxSt
LxHxSt
LxSHxSt
SxAxB
SxHxB
SxSHxB

Sire x Sex Confounded

BALANCED INCOMPLETE BLOCK DESIGN USED
FOR EVALUATING THE MEAT SA}IPLES

L = Limousin
S = Simmental
A = Aberdeen Angus
H = Hereford

SH ='shorthorn
B = Bul1

St = Steer

FIGURE 2
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(2) it permitted confouncling of certain treatment ef fects l^¡ith

the blocks as outlined in Figure 2 (Goulden, 1952). This

results in more error control and hence the overall pre-

cision of the experiment is increased.

(3) it permitted the panelists to taste 6 treatments per session

since Line 12 treatments Ín a complete replicate \^rere too

many for. the panelísts to taste in one session.

From the overall experimental design, blocks of 6 treatments

(crossbreed x sex) were selected randomly to determine the order of

evaluation of the 12 treatments x 5 replicatiorrs as in Figure 3. Due to

limitations of the experiment, no attempt rvas made to compare the two

muscles from the same animal.. The same experimental design and order of

evaluation \.ras used for both muscles.

The meat samples as designated in Figure 3 '¡ere tharved 15 hours

at 23.5oC. and werê placed in a home style electric refrigerator at 2oC,

f.or 7 days to complete the aging period (Figure 3). Thus, the total

aging time was 10 days, 3 days on the carcass and 7 days Ín the excised

s tate.

Three home style electric ranges l.,/ere used throughout the experi-

ment. All meat samples were cooked to the internal temperature of 70oC.,

as measured by copper-constantin thermocouples inserted into the centre

of the thickest portion of the meat and recorded on a Hone¡vel1 record-

ing potentiometer. The longissimus dorsi muscles were broiled; the

biceps femoris muscles rrere roasted slorvly at I4goC. Six treatments

were cooked each day.

B. COOKING PROCEDURE



Day 0

LxAxB
LxHxB:k
LxSHxB
SxAs$¡:k-^L
SxHxSt
SxSHxSt

Day 4

LxAxSt
LxHxSt
l,xSHxSt
SxAxB
SxHxB
SxSllxB

Day B

LxAxSt
LxHxSt
L x SH x St
SxAxB
SxHxB
SxSHxB

Day 1

LxAxB
LxAxSt
LxHxB
LxH¡g¡:k*-:k
LxSHxB
LxSHxSt

Day 5

LxAxSt
LxHxSt
LxSHxSt
SxAxB
SxHxB
SxSHxB

Day 9

LxAxSt
LxHxSt
LxSHxSt
SxAxSt
S x H x St
SxSHxSt

Day 2

LxAxB
LxHxB
LxSHxB
SxAxB
SxHxB
SxSHxB

Day 6

Day 3

SxAxB
SxAxSt
SxHxB
SxHxSt
SxSHxB
SxSHxSt

Day 7

24

LxAxB
LxHxB
LxSHxB
SxAxSt
SxHxSt
SxSHxSt

LxAxB
LxHxB
LxSHxB
SxAxSt
SxHxSt
S x SH x St

*Due to experimental error, L X H x St rvas used'

*,rDue to experimental error, L x A x St r+as used for the
biceps femoris muscle

rk*'åfus to experimental error, L x H x B was used'

THE ORDER OF EVALUATION OF THE TI\TELVE

TREATMENTS X FIVE REPLICATIONS

L = Limousin
S = Simmental
A = Aberdeen Angus
H = Hereford

SH = Shorthorn
B = Bu11

St = Steer

FIGURE 3
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( 1)

cooking procedures \^/ere as follorvs:

LonEissimus dorsi muscle

(a) Muscle sections rvere weighed the afternoon prior

to coohing.

(b) From each muscle section, 2 steaks, approximately

1 inch in thickness, \^zere cut. A thermocouple was randomly

assigned to each steak and inserted.

(c) Steaks were broiled approximately 2\ inches below the

element, 3 at a tirne. Steaks were turned r.vhen the internal

temperature reached approximately 45oC.

(d) Steaks were cooled 30 minutes and weighed.

Biceps femoris muscle(2)

(a) Roasts were rveighed the afternoon prior to cooking and

were paired so that roasts of similar weights were cooked

in the same oven

25

(b) Each pair of rcasts rvas randomly assigned to an oven,

to which 2 thermocouples rrere attached. Thermocouples were

randomly assigned to the 2 roasts and inserted.

(c) Roasts rvere placed in the ovens at 4:00 P.M. the af ter-

noon prior to cooking. Automatic timing devices \,rere set

to cornmence the roasts cooking in the morning.

(d) On reaching 7OoC. internal temperaLure, roasts r,/ere

removed from the oven, coolecl one hour ancl vreighecl .

1" PercentaÊe Drip Loss on Thar,¡ing

The meat rvas rveighed in the frozen and the tharved state. The

C. OBJECTIVE I"IEASUREI'{ENTS



thawed weight was. obtained

in the refrigerator. The

2. Percentage Cooking Loss

The meat was weighed before

losses (drip plus evaporation) were

3. Shear Force

after the meat

percentage drip

The Warner-Bratzler shear (Model 1t6906II03) r,zas used to estimate

meat tenderness.

(a) Longissimus dorsi muscle. The steak from the proximal end

of the muscle section was used for all objective measurements. One-half

inch cores were removed para1le1 to the length of the muscle from the

medial, central and lateral positions. The direction of the grain was

disregarded because the muscle samples r,¡ere too small to permit coring

with the grain. Each core was sheared trvice.

(b) Biceps femoris muscle. From the centre of each roast, a

piece, 3 cm. thick, was obtained and used.for all the objective measure-

ments. Three one-half inch cores para11el to the grain were removed

from the proximal, central and posterior positions.

samples had aged seven days

loss was calculated.

and after cooking. Total cooking

calculated in percentages.
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4. Texturometer Measurements .

For both muscles, the dimensions of juiciness, hardness,

cohesiveness and springiness were measured by a General Foods Brabender

texturometer (Model CT X-2, Serial 1O2L).

(a) Juiciness. A sample, 3/4't x 3f4t'x I/4tt in size rveighing

approximately 2.50 grams, was removed Ín front of the central core. The

sample was placed betrveen trvo pieces of tr/hatman no. 50 hardened filter

paper and then subjected to the chervirig action of the masticator as



outlined by Friedman et al., L963.

Vo1 ts
Char tspeed
Plunger
Sample cup
Clearance

. Chewing speed

For this dimension, the machine \^ras set so thaË the chart did not record.

Chewing occurred parallel to Ëhe grain for the biceps femoris muscle.

The wetted areas of the two pieces of filter paPer vTere measured by a

polar planimeter. The total of the tTnro areas estimated the juiciness.

(b) Hardness, cohesiyeness and springi . A sample, 3f4" x

3f4r'x I/4t1 Ln síze, vras removed posterior to the central core position.

The sample \¡ras subjected to the chewing acËion of the masticator and the

recorded curves were inLerpreted as outlined by Friedman et a1. , 1963.

The test conditions r¡rere as outlined in (a). Chewing occurred across the

grain for the biceps femoris muscle.

The test conditions vlere:

0.50
750 mul.
20 mrn. nickel
large platform
1 mn.
12 bites/min.
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1.

Sarnples from Ëhe biceps femoris muscle \^Iere rated on a 5-point

hedonic scale by a consumer Panel consistíng of 25 un:uraÍ-ned judges.

The panelists r"¡ere consumers shopping at the Polo Park Shopping Centre.

They were not classified in any way, and different ones were obtained

for every session. The size of the longissimus dorsi muscle section

did not provide enough meat for consumer evaluation.

The panel sessions were conducted between 3:00 and 4:30 p"m. on

three consecutive cooking days, Tuesday, I,lednesday and Thursday.

panelists rated the meat samples seated at a desk in the air-conditioned

mal1. Each panelist received a tray set with the following items:

Evaluatíon by the Consumer Pe4ef,q

D. SENSORY EVALUATION



(1) Six 3/4" x 3f4" x lf4" nreat samples in 3/4 oz.

coded, covered plastic creamers.

The sarnples were presented in a randomized order for each panelist.

Rinsing the mouth after tasting each sample was left to the discretion

of each panelist. For participating, the panelists received a pamphlet

entitled "Beef and Beef Dishes".1

The samples were prepared ín the Foods and Nutrition laboratory

at the University of Manitoba. Samples were removed from the medial

side of the muscle. In order to obtain \ inch uniform thickness, the

meat \^/as sliced on an electric gravity slicer (Omega Mignon 200), set on

number 7. From these slices, experienced laboratory assistants cut

sanples 3f4t' x 3/4tt in síze, and then randomly placed them in the

appropriately coded creamers. The samples for each tray were placecl in

plastic bags and then rvere held and transported in a styrofoam container

until required for the panel.

(2) A 5-point hedoníc scale questionnaire (Figure 4).

(3) A water cup, serviette, pencil and toothpick.

2B

2. Evaluation by the Trained Sensory Panel

Samples from

dimensions by a five

graduate students and

Nutrition, University

the six-month period.

rvith the descriptive

both muscles r¿ere evaluated for flavor and texture

member trained pane1. The panel consisted of

staff members of the Department of Foods and

of Manitoba, who were willing to participate for

Some of the panelists had consiclerable experience

analysis method.

sessions. T\vo one-hour training sessions per weelt(a) Tr4i¡ing

lP,lblirhuci by the Canadian Cattl-eman I s Assocíation.
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were held over the two-month period, March to May, L977, Additional

sessions rvere scheduled during May and June to maintain the panelists

sensory acuity.

All panelists rvere previously familiar with the texture scales

developed by Szczesniak et a1. (1963a), the four basic tastes and

examples of food irritants. In the first session, panelists examined

samples of blade, rib and round steak; in.the second session, panelists

examined samples of blade, rib and round roasts. Panelists were asked

to record individually:

(1) the pertinent flavor and texture dimensions (Figure 5).

(2) the appropriate range of each dimension (Tab1e IV).

(3) any foods which would represent points within the

specified range (Tab1e IV).

The dimensions were clarified and defined by group discussion and the

terms not useful were discarded. The relevant dimensions \{ere hardness,

chewiness, juiciness, fibrousness, greasiness and meatiness. For the

remaining sessions, samples of either steak or roast r¿ere presented along

with standard scales. Throughout these sessions, the texture scales

developed by Szezesniak et al. (1963a) were refined so rhar foods

representing a narro\,/er range of each dimension were used (Table IV).

During the first four weeks, the panelists rated the meat samples

in relation to the standard on the scale. For example, for fibrousness

a panelist might rate the sample equal to the bamboo shoot or bamboo

shoot p1us. Each panelist rated the coded samples indiviclually and then

the group discussed the ratíngs and retastecl the samples if necessary.

Definitions of the climensions \^/ere continually revised.

30

For the final four weeks, the standards were assigned values



}IARDNESS: is the force required to compress the meat between the

molar teeth.

CHEWINESS: is the. number of chews required before Lr" x L"t' x l"

piece of meat is ready for s'rvallorving.

JUICINESS: is the amount of moisture in the mouth and remaíning in

the meat af ter 6 chev¡s.

FIBROUSNESS: is the size and number of fibres remaining in the mouth

after B to 12 chervs.

GREASINESS: is the greasy film r,zhich coats the top of the mouth after

the sample has been completely masticated.

MEATINESS: is the intensity of the meaty flavor remaining in the

mouth after complete mastication.

31

DEFINITIONS OF THE SENSORY DIMENSIONS
FOR THE EVALUATION OF BEEF

FIGURE 5
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along 7-poinL scales where a value of 7 represented the highest intensity

and a value of 1 represented the lowest intensity. From then on, the

panelísts used these scales and rated the samples numerically. Group

discussion and retasting after the panelists had rated the samples

individually vas continued.

All tasting for the training sessions took place in the air-

conditioned laboratory at a large table to promote group discussion.

(b) Sensory evaluation. The panelists evaluated the samples in

an air-conditioned, sound-proof sensory panel room. Each panelist was

seated at a roell-lighted booth and r.vas instructed to rate the samples

individually. No group discussion followed the panel. Occasionally,

meetings were held to discuss problems of the individual panelists and

those of the group as a whole.

The steak from the posterior end of the longissimus dorsí muscle

section and the lateral síde of the biceps femoris muscle, were used for

the trained sensory panel meat samples. Four samples, each 3f4" x 3/4"

x l/4tt in size, were randomly assigned to 3/4 oz. coded creamers wíth

lids. The trays r.{ere arranged Ímmediately prior to the panel time to

ensure the freshness of the standards. Each panelist received a tray

set with the coded creamers containing the meat samples, the standards

for the texture and flavor scales, the appropriate evaluation form

(Figure 6) and other necessary items. The panelists r./ere permÍtted to

swallow or expectorate the meat samples, as desired, and were given as

much water to drink between samples as they r.¿ished. All samples and

standards \,7ere served at room' temperature.
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Name:

Da te:

SAMPLE CODE NO.

FIGURE 6

SCORE SHEET FOR SENSORY ANALYSIS
OF STEAK AND ROAST BEEF



IV RESI]LTS AND DISCUSSION

A.

The data were analyzed for each independent variable to determíne

Ëhe portion of the total variance explained by that independent variable

over and above the independent variables of lower order. The depenclent

variables included the objective measurements and all the dímensions of

the sensory panel evaluations, whereas the independent variables included

sire, cows and sex for the main effects, sire x cow, sire x sex and cow

x sex for the trdo-term interactions and síre x co\^r x sex for the three-

term interaction. For the significant main effects and interactions,

the regression coefficients r¡rere calculated and used for estimating

the treatment effects and hence, the treatment means.

ANALYSIS OF DATA

1.

No significant differences ín drip loss on tharving among cross-

breeds were found. The large differences which appeared during the

preliminary run averaged out over the five replicates.

Percentage DrÍp Loss on Thar,zing

2

OB JECTIVE MEASURM,{ENTS

There were no significant differences among crossbreeds for the

longissimus dorsi muscle. However, there rúas a significant sex differ-

ence for the biceps femoris muscle at P<.01 (Figure 7). Bul1s (25.43%)

demonstrated higher percentage cooking losses than steers (23,03%).

35

Percentage Cooking Loss
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Lipid analyses on these sarne muscles carrièd out ín these laboratories

indÍcated that the steers had higher intramuscular lipid levels than the

bulls at P<.05 (4. T. Gi11is, unpublished data). tr^lith less intramuscular

f.at, there would be a higher \.vater content in the muscle (Hoke and

Hedrick, 1969 and Goll et a1., 1965), and consequently, greater evapora-

tion rvould occur. This rvould result in greater total cookíng losses.

In this experiment, the components of cooking 1oss, evaporation and drip

lossrlrere not calculated. Thus, it was not knorvn whether the increased

cooking loss rvas due to evaporation or drip loss.

A significant sire x sex interaction (P<.05) also occurred

(Figure B). Limousin sired bul1s and steers acted differently than

Simmental sired bulls and steers. The individual comparisons lzere not

tested for significance.

3. Shear Force

In the case of the longissimus dorsi muscle, no significant

differences in shear force among the crossbreeds were found for the

central and lateral core positions. However, for the medial core posi-

tion, a significant sex difference \^7as revealed (P<.05). Figure 9 shoivs

that the bu1ls required significantly more shear force (5.56 1b.) than

the steers (4.74 Lb.).

In the case of the biceps femorís muscle, there rrere rro signifi-

cant differences in shear force for the posterior core posítí.on. For

the proximal core position, the bulls (7.40 1b.) demonstrated signifi-

cantly lolver shear force values than the steers (9.00 lb.). This

difference is shorvn in Figure 10. For the central core location, no

significant differences \,/ere revealecl by the overall analysis of variance.

However, v¡hen the indívidual comparisôns among the corv effects were
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tested, tr¿o of them were significant (Figure 11). Shorthorn crosses

required.significantly less shear force than the Hereford and Angus

crosses (P<.05). The Hereford crosses \,/ere not significantly different

from the Angus crosses. The treatment means for shear force were:

Figure 12 represents the significant sire x .co\,7 interaction (P<.05)

The differences betr,reen the individual comparisons r,rere not tested.

Differences due to core location were found for both muscles.

The lateral core position of the longissimus dorsi muscle demonstrated

significantly higher shear force values than'both the medial ancl central

core positions (P<.05). No significant difference betrveen the rnedial

and central core position occurred. The treatmenE means of the three

Shor thorn

5.00 lb.

Angus

5 .7r rb.

core positions are shor,,¡n belorv:

Central

4.98 1b.

Hereford

5.76 Lb,

Other

tender

et a1.

researchers have reported that the rnedial core position was more

than the lateral "oru po"ítion (Martin et al., LglO, Hedrick

, 1968, lnlalter et a1. , 1965 and Tuma et al. , L962a).

In the case of the biceps femoris muscle, the proximal core

position demonstrated significantly higher shear force values than both

the central and posterior core positions (p<.01). No significant dif-

ferences betrrreen the central and posterior core positions r¡/ere revealed.

The treatment means of the three core positions are shov¡n belor,r:

Medial

5.15 lb.

Lateral

5.64 rb.

These findíngs were irl disagreement with Ramsbottom et al., L945 who

Proximal Central

5.49 1b.

Pos terior

4.89 lb.
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showed that the shear force value for cooked biceps femoris muscle

tendecl to increase from origin to insertion (proxímal to posterior).

Cover et al. (1962) found no significant differences in shear force due

to core position in sËeaks from the biceps femoris muscle.

4. Texturome ter Measur emen ts

texturometer juiciness among the crossbreeds for the longissimus dorsi

muscle. Horvever, for the biceps femoris.muscle, a significant sex

effect (P<.05) occurred (Figure 13). This effect indicated that the

steers (25,55 . ,2 /5 gm. ) were juicier than the bu1ls (22.7g 
"*.2 /5 gm. ).

According to Laakkonen et al. (1970)) T,vater is the major component of

cooking losses during the cookíng of meat. Consequently, if the higher

percentage cooking losses reported for bu11s (p. 35) rsas due to greater

moísture evaporation, it would be reasonable to suggest that the texturo-

meter juiciness, a type of press fluid measurement, would be decreased

since the total moisture content would be recluced.

The cohesiveness of the muscle fibres might also have been a

factor affecting texturometer juiciness. Since the bu11 meat T,,7as

significantly more cohesive (p. 48) than the steer meat, one would

expect the free r.,rater to be more tightly helcl in the microstructure of

the muscle fibres, and as a result, it woulcl be more difficult to

squeeze the water out of the meat. Hence, the press fluid, which was

used for estimating the juiciness, would be less. The opposite effect

would be true for the steers.

(a) Juiciness. There were no significant differences in

42

The results trere contrary to those of Gaddis ç_t al. ( i950) .

These researchers found that the percentage press fluÍct tended to

decrease as the intramtr-scular lipid leve1s increased. They also
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suggested that the press fluid r¡ould be less with higher intramuscular

lipid levels because the fat tends to hold back some of the moisture

whích would otherwise be squeezed out as juice. Because increased intra-

muscular lipid levels result in higher juiciness scores as rated by a

sensory panel, these researchers concluded that the percentage press

fluid and panel scores for juiciness would not correlate we1l.

It should be .pointed out that Gaddis et al. (1950) used meat

from steers and not meat from both bulls and steers. The decreased

cohesiveness found for the steer meat (p.48) might have outr,¡eighed the

effect of the increased intramuscular lipid 1evels. If this was the

case, the free'bzater rvould be less tightly helct in the muscle fibre

microstructure and thus, more easily squeezed out as juice.

A1tþough the overall analysis did not detect a significant

effect due to corvs, some of the individual comparisons among the corvs

were significant (Figure 14). The Angus crosses Trere significantly

juícier lhan both the Hereford crosses and the Shorthorn crosses (P---05).

The Shorthorn crosses r^/ere not significantly different from the Hereford

crosses. These means were:

Angus

25 .14

A difference in the intramuscular lipid levels due to the corvs could be

a Possible explanation. llorvever, no data were available to confirm this

explanation.

(b) llardness, cohesiveness and springiness. For the longissimqs

dorsi muscle, a significant sex effect, corr x sex ínteraction and sire x

c.ow interaction (P<. 05 ) were f ound. Meat f rom bu11s Ìvas signif icantly

harder than meat from steers (Figure 15). These tïeatment means trere

"^.2 /5 g^. cm.

Hereford

23.73
2 /5 e^.

Shorthorn

23.04
L_cm.'/5 em.
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24.20 mm./volt and 22.52 mm. /volt respectively for bul1s and steers.

Figure 16 shoivs the cow x sex interaction. On testing the

índividual comparisons, the Shorthorn steers rvere sígnificantly softer

than the Shorthorn bu11s at P<.01. Similarly, the Hereford steers were

significantly softer than the Hereford bu1ls at P<05. The Angus steers

and bul1s rvere not significantly different. The Angus bul1s r,vere signifi-

cantly softer than the Shorthorn bulls (P..05). However, the Hereford

bulls r^rere not significantly different from either the Angus or Shorthorn

bulls. The treatment means in mm. /volt are presented Ín Table V.

TABLE V

TREATMENT MEANS OF TIIE SIGNIFICANT COI^I X SEX

INTERACTION FOR TEXTT]ROMETER HARDNESS OF

THE LONGISSDÍUS DORST MUSCLE

46

Sex

a' bTho"" means within a column follorved
by the same superscript do not differ signifi-
cantly. All others differ sígnificantly.
Comparisons cannot be made among columns.

For the steers, there hTere no significant differences in hardness due

to the co\^/s.

The significant sire x corv interaction is shor,¡n in Figure 17.

The inclividual comparisons rtere not tested for signifícance.

In'the case of the biceps femoris muscle, nc significant differ-

ences in harclness among the crossbreeds \,/ere revealed.

Bul1s

S teer s

Texturometer llardness nm. /volt
Shorthorn

25.3L4

22.OLb

Hereford Angus

24.r44

2L.g6b

23 "r5a

23.594

The mean for texturoneter hardness in the experiment \ras 23.36
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mm./volt (excluding the effects of the significant independent variables).

This was approximately one-quarter of the texturometer hardness value

(gL.2) for roast beef reported by Corey (1970). However, Corey did not

report or cite references for either the units of measurement or the

size of the sample used. Thus, a valid comparison could not be made.

For the longissimus dorsi muscle, there vere no signifícant

differences in cohesiveness among the crossbreeds. Ho'rvever, for the

biceps femoris muscle, the bulls (0.86) were significantly more cohesive

than the steers (0.78) as shor,¡n in Fígure 18. This could have been a

result of the decreased marbling (G. I^1. Rahnefeld et a1., unpublished

data) and the lower intramuscular lipid levels (4. T. Gi11is, unpublished

data) which occurred in the bu1ls. One would expect that, in lean rvith

less marblíng and the consequenË lorver intramuscular lipid levels, the

muscle fibres would be more closely aligned and as a result, they would

be more cohesive. Cohesiveness refers to the abí1ity of the muscle

fibres to remain together resisting disintegration by mastication.

No significant differences in springiness among the crossbreeds

l¡/ere revealed for either muscle.

1. Evaluation by the Consumer Panels

As reported in the Methocl (p.27) consumer liking was carried

out only on the biceps femoris muscle. No significant differences among

the crossbreeds rvere revealed. ThÍs could have been caused by the great

variation ín consumer lilces and dislikes. I^lhat one consumer likes very

much, another might dislike. The net effect of such observations would

be to cancel each other ancl r.7ou1d result in no overall difference.

C. SENSORY EVALUATION
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, Evaluation by the Trained Sensory Panel

(a) Hardness. For the longissimus dorsi musclerthe sire x co\À7

interaction r.ras the only significant effect (Figure 19). The individual

comparisons were not carried out. Table VI presents the treatment means

including the sire x corv interactions.

TABLE VI

TREATI'ÍENT MEANS OF SENSORY PANEL HARDNESS FOR THE
LONGISSIMUS DORS] MUSCLE INCLUDING THE EFFECT

OF THE SIGNIFICANT SIRE x COi^i TNTERACTION

Cow

It is interesting to note that both the texturometer and the sensory

panel detected a significant difference in hardness due to the sire x

coi¿ interaction. The Simmental crosses for both these measurements

appeared to demonstrate similar tendencies whereas the Limousin crosses

appeared to demonstrate dissimÍ1ar tendencies.

Angus
Hereford
Shor thorn

50

Hardness (mm. /volt)
Bull Steer

For the biceps femoris nuscle, a sÍgnificant effect due to col,^ls

\,vas revealed when the individual comparisons r,/ere tested (Figure 20).

The llereforcl crosses r,reïe significantly harcler than the Shorthorn crosses

(P<.01), but none of the other comparisons among crossbreeds was signifi-

3.s1
3. 51
4 "0s

3.71
3.71
3. 11

cant. The treatment means rvere as f olloivs:

(b) Cherviness.

Hereford

4.L9

In the case of the longissimus dorsi muscle,

Angus

3.90

Shor thorn

3.79
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the meat from bu11s l{as sígnificantly chewier than the meat from the

sËeers (P<.05). It seems reasonable that meat whích was harder (p. ++)

tiould require more mastication. However, the estimated means for chervi-

ness of bu11 and steer meat lvere 22.80 chews and 20.78 chei¿s respectively

(Figure 21). This difference of two chews \nras too small to be of

practical signif icance.

No significant differences among the crossbreeds for the biceps

femoris muscle were found.

(c) Juiciness. For the longissimus dorsi muscle, a significant

cow effect occurred (Figure 22). The Hereford crosses r.,rere sígníficantly

juicier than the Angus crosses (P<.01), rvhile there were no significant

differences between the Hereford crosses and the Shorthorn crosses and

between the Shorthorn crosses and the Angus crosses. The treatment means

l¡/ef e:

Ramsey et al. (1963) found no significant differences in the juiciness

between Hereford and Angus loin steaks as evaluated by a sensory panel.

It should be noted that the texturometer did not reveal a

Hereford

3 "50

difference in juiciness among the crossbreeds for the longissimus dorsi

muscle. No data were available on marbling and intramuscular lipid

levels as affected by the corvs. If there were differences perhaps the

degree of marbling r¡/as affectíng the panelists perception of juiciness.

Researchers have demonstrated that meat with more marbling was rated

juicier by trained sensory panels than meat with less marbling

(Breidenstein et al., L968, Field et al., 1966, and Simone et al., 1959).

' For the bíceps femoris muscle, sex significantly affected

Shor thorn

3.28

Angus

2.9L
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juiciness as evaluated by the sensory panel (P<.05). The steers (3.69)

were juicier than.the bu1ls (3.13) as shov¡n in Figure 23. One would

expect steer meat with more marbling (G. I^i. Rahnefeld et al., unpublished

data) and higher intramuscular lipid levels (4. T. Gillis, unpublished

data) to be juicier than bu1l meat with less marbling and lower Íntra-

muscular lipid levels (Breidenstein et al., 1968, Field et al., 1966 and

Simone et al., 1959).

(d) Fibrousness. For the longissimus dorsi muscle, the sex

effect was significant (P<.01). The bulls (2.22) were significantly more

fibrous than the steers (1.86) as shor,¡n in Figure 24. In the present

grading system, the fineness of the grain of the meat is considered. A

finer grained meat grades higher. A fine grain has finer connective

tissue and less of it, whereas a coarse grain has coarse connective

tissue and more of it. Since the bulls tended to grade lower than the

steers (G. I^i. Rahnef e1d et al. , unpublished data), the bul1s would tend

to have a coarser grain and hence, coarser connectí.ve tissue. If thís

Iirere so, it would explain the increased fibrousness in the bu1ls over the

steers as detected by the sensory pane1. These results did not support

work by Brov,¡n et a1. (L962). They found that bu1ls \¡/ere not sígnifícantly

different in texture from steers as evaluated by a sensory pane1.

A significant difference in fibrousness due to the cor¿s was

revealed for the biceps femoris muscle (P<.01). The Hereford crosses

were significantly more fibrous than either the Angus or Shorthorn

crosses. However, the Shorthorn crosses rrere not significantly less

fibrous than the Angus crosses (Fígure 25). The treatment means rr/ere:

Hereford

3. 35

Angus

2.98

Shorthorn

, o/,
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(e) Greasiness. There t/ere no significant differences in

greasiness among the crossbreeds for the longissimus dorsi muscle. In

the case of the biceps femoris muscle, a significant sex effect occurred

(P<.01). Figure 26 represents the increased greasiness ratings for

steers (3.43) over that of the bul1s (3.11). This would be due to the

higher inträmuscular lipid levels in the steers over the bul1s

(4. T. Gil1is, unpublished data).

(f) Meatiness. No significanE differences in meatiness among

the crossbreeds r¿ere detected by the sensory panel for the longissimus

dorsi muscle. However, a significant sex difference and sire x sex

interaction (P<.05) occurred for the biceps femoris muscle (Figures 27

and 28 respectively). The steers (5.70) were meatier than the bu11s

(5"36). According to several researchers, meat r¡ith more marbling and

the consequent higher intramuscular lipid 1evels r¿as raËed more flavor-

fu1 than meat witli less marbling (Breidenstein et a1., L968, Field

et a1., 7966 and Simone et aI., 1959). The individual comparisons of

Ëhe sire x sex inËeraction rrere not tested for significance. The

treatment means are reported in Table VII.

Correlation coefficients indícating the linear relationship

beËween each variable were calculated. Overall, the correlation

coefficients were low, but because the sample síze (60) was relatíve1y

large, signifícance rras attained with low correlation coefficients. The

longissimus dorsi muscle tended to have higher correlation coefficients

than the biceps femoris muscle and thus, more of these coefficients

were significant at (P<.01) than were those of the biceps femoris.

CORRELATION COEFFIC IENTS
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TREATMENT I'IEANS OF SENSORY PANEL MEATINESS
FOR THE B]CEPS FEMORIS MUSCLE INCLUDING

THE EFFECT OF T}IE SIGNIFICANT
SIRE x SEX TNTERACTION

TABLE VIÏ

60

Sire

Limousin

Simmental

Meatíness
Bull Steer

5. 16 5 .92

5 .s6 s .48



Ihe correlation coefficients between the Warner-Bratzler shear

values (WBS) and the texturometer hardness for the longissimus dorsi

muscle and the biceps femoris muscle are reported in Tables VIII and IX,

respecËively. In all but one example, the correlations were posiÈive.

Thus, as one of the values increased, the other value íncreased. A

significant'negative correlation would indicate that as one of the

values increased, the other value l+ould decrease. An example of a

negative correlation occurred between the l^Iarner-Bratzler shear proxíma1

and the Warner-Bratzler shear posterior values (r = -0.22) in Table IX.

However, this correlatíon rn/as not significant.

From Table VIII, it is evident that shear values from the varíous

posÍtions are differenË. It appears that 18.5% of the variation in the

llarner-Bratzter shear central values and 28.L% of. the variatíon in the

I{arner-BratzLer shear lateral values r¡/ere attributable to Warner-Bratzler

shear medial values for the longissimus dorsi muscle. Similarly, 43.6%

of the variation in the l^Jarner-Bratzler shear lateral values r¡/as attrib-

utable to l^Iarner-Braxzler shear central values for the longíssimus dorsi

muscle. For the biceps femoris muscle, none of the correlation coeffi-

cients between the trIarner-Bratzler shear positions was signíficant.

6L

The correlation coefficients bet\,'/een the texturometer hardness

and the l¡/arner-Bratzler shear were 1or¡ but significant in four out of

six cases. For the longissimus dorsi muscle, the Warner-Bratzler shear

medial values and the In]arner-Bratzler shear central values accounted for

7.8% ar.d 1-L.6% of the variation in texturometer hardness, respectively.

For the bíceps femoris muscle, the l,,iarner-Bratzler shear central values

accounted for 10.2% oÍ the variation in texturometer hardness, while the

Warner-BratzLer shear posterior values accounted for 6"8% of the varia-



CORRELATION COEFFICTENTS BETWEEN THE I'IARNER-BRATZLER
SHEAR (WBS) VALUES AND THE TEXTUROMETER FiARDNESS

FOR -THE LONGISS]MUS DORSI MUSCLE

I^IBS Medial

I{BS Central

[.lBS Lat.eral

Texturometer
Hardness

TABLE VIIÏ

WBS I^/BS TdBS Texturometer
Medial Central Lateral Hardness

1. 00

*Significant at P<.05

*-:'<$ig¡if icant at P<.01

Q. (J:k:k 1. 00

g. JJ:bk Q. SS:bt 1. 00

0.2 B-k 0. 09 Q. l(:hk 1 . 00
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CORRELATION COEFFICIENTS BET'I^IEEN THE WARNER-BP,ATZLER
SHEAR (I^IBS) VALUES AND THE TEXTT]ROMETER HARDNESS

FOR T}IE BTCEPS FM{ORIS MUSCLE

hTBS Proximal 1. 00

hlBS Central

TABLE IX

WBS Posterior -0.22 0. 11 1.00

Texturome ter
Hardness

WBS WBS I^IBS Texturome ter
Proximal Central Posterior Hardness

t-Signif icant at P < 05

**-Signif icant at P<.01

0.L7 1.00

0. 09 0 ,32;, 0 .26':ç 1.00
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tion in texturometer hardness. None of the Warner-Bratzler shear values

r,rras a good predictor of each other or of texturometer hardness"

Tables X and XI indicate the linear relationship between the

objective measurements--the tr{arner-BratzLer shear values, texturometer

hardness and texturometer juiciness--and the panel evaluation of the

sensory dimènsions for the longissimus dorsi muscle and the biceps

femoris muscle, respectively. These correlation coefficients were much

lower than those reported by Corey (1970) as discussed on p. L6.

Ideal1y, it would be desirable if the objective measurements could

accurately predict the sensory panel evaluations. Because the correla-

tion coefficients were so low, it appears that none of the objective

measurements Tras a good predictor of the sensory dimensions as evaluated

by the panel. According to the results in Table X, the Warner-Bratzter

shear medial values would be the best predictors of the sensory panel

evaluations of hardness, chewiness and fibrousness for the longissimus

dorsi muscle. However, onl-y 17.6%, 34.8% and 24.0% of the variation in

hardness, chewiness and fibrousness, respectively could be attributed to

the I{arner-BratzLer shear medial values. For the biceps femoris muscle,

the Warner-Brat.zl-er shear posterior values would be the best predictor

of sensory panel hardness. However, it only accounted for 11.6% of the

variation in sensory panel hardness. Ninety percent or more of the

variation r..¡ould have to be attributable to either the l^Iarner-Bratzler

shear medial values for the longissimus dorsi muscle or the ü/arner-

Bratzler shear posterior values for the biceps femoris muscle before one

could conclude that these objective measurements r^7ere accurate predictors

of the sensory panel hardness, chewiness and fibrousness.

The correlation coeffícients betr¡/een the texturometer hardness



CORRELATION COEFFICIENTS BET\^IEEN OBJECTIVE MEASUREMENTS
AND SENSORY DIMENSIONS FOR THE

LONGISSIMUS DORSI MUSCLE

Sensory

Dímensions

Hardnes s

Chervines s

J UI ClNCS S

Fibrousnes s

TABLE X

WBS

Medial

Q . L¡l-t<):

Q. J!:k:k

-0.14

Q "l¡i-:<-]c

I^IBS

Central

Ob .i ective Measurements

0. 3 6?'.-k

Q. J$:k:k

0.06

o.3l

*Signi ficant

^¿:k$ ig¡lf iç¿n¡

WBS

Lateral

0. 31't

Q. dJ*:'c

0.06

0.47':,

Texturome ter
Hardness

at

at
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CORRELATTON COEFFICIENTS BETi^IEEN OBJECTIVE MEASUREN,IENTS

AND SENSORY DTMENSIONS FOR THE
BICEPS FE}.{ORIS MUSCLE

P <.05

P<.01

Sensory

Dimens ions

0.15

0. q3

0.13

0.30:';

Texturometer
Juiciness

Hardness

Chervines s

Juiciness

Fibrousness

TABLE XI

0. 0B

-0.04

-0.02

0. 05

I¡iBS

Proximal

-0.26;,

-0.13

-0.03

-0.11

I¡IBS

Central

Ob.iective Measurements

*Significant at P<.05

tr?ksignif icant at P<.01

I^IBS

Pos terior

0. 00

0. 00

-0.1s

0. 00

0. 34)k*

0. 15

-0.03

0.20

Tex turome ter
Hardnes s

0. 16

0.24

-0.07

0. 15

Textur ome ter
Juicines s

-0.29':,

0.22

0. 0s

-0,r2



and the sensory panel hardness r,rere unexpectedly 1ow for the two muscles.

A possible explanation could be the thickness of the sample used for the

texturometer measurement. Sarnples one-quarter inch thick (the same

thickness as for the sensory panel evaluations) were tested. It was

felt in planníng the experimental work that, if the texturometer hard-

ness l{as to be a valuable predictor of the sensory panel hardness, the

samples for both measurements should be the same thickness. However,

Friedman eË al. (1963) and Brennan et a1. (1970) reconmended a sample

thickness of one-half inch. There is a possibility that the one-quarter

inch sample thickness \¡ras too thin to yield an adequate estimation of

hardness. I^lith the thicker samples, one might obtain a more representa-

Ëive sample of meat than was obtained for the one-quarter inch sample

thickness and thus, it uright correlate better with the sensory panel

evaluation of hardness. The texturometer hardness measurements rlrere

carried ouL on one meat sample per roast or steak, whereas the sensory

panel evaluation of hardness .t¡ras determined from approximately 10

evaluations (5 panelists x 2 samples per panelist) per roast or steak.

A low correlation (r = 0.04) was found between Eexturometer

juiciness and sensory panel juiciness. It appears that the nature of

the texturometer measurement differed from that of the sensory panel

measurement. Texturometer juiciness measured the amount the juiciness

released by the meat after a constant force \^ras applied three Eimes.

The sample remained intact. Hpweverr.sensory panel juíciness r¿as the

amount of juice released by the meat after the sixth chew. The sample

65

was partially disintegrated.

Correlation coefficients T¡rere also calculaËed between each of

the sensory dimensions evaluated by the pane1. Tables XII and XIII



present these coefficients for the longissimus dorsi muscle and the

biceps femoris muscle, respectively.

For both muscles, the correlation coefficients verified that the

sensory dimensions measured rnrere distinguishably different. A correla-

tion coefficient of 0.90 or greater between any tr¡7o of the dimensíons

would be neèessary to conclude that the two dimensions measured were the

same. However, for both muscles, an appreciable amount of the variation

in chewiness and fibrousness could be attributed to hardness and vice

versa. In the case of the longissimus dorsi muscle, 69.3% of the varia-

tion in chewiness and 10.9% of the variation in fibrousness \¡/as attrib-

uÈed to hardness. In the case of the bÍceps femoris muscle, 2B.L% of

the variation in chewiness ar,d 22.L% of. the variation in f ibrousness \,üas

attributed to hardness. Similarly, cher,¡iness accounted for 18.5% and

2L.2% of the variation in fibrousness for the longissimus dorsi muscle

and the biceps femoris muscle, respectively.
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TABLE XII

CORRELATION COEFFICIENTS BET\^IEEN

EVALUATED BY THE SENSORY

LONGISSruUS DORSI

Sensory Panel
Textural Dimensions

Hardnes s

Chervines s

Juiciness

Fibrousness

.T}iE SENSORY DN{ENSIONS
PANEL FOR THE
MUSCLE

Hardness Chewiness

-åSignif icant

:i"*S ignif icant

1. 00

o . 7 7':,),

-0.18

Q. Jl:k:k

TABLE XTII

CORRELATION COEFFTCTENTS BETI^IEEN THE SENSORY DTMENSIONS
EVALUATED BY THE SENSORY PANEL FOR THE

BICEPS FEMORIS MUSCLE

at

at

ot

P<.05

P<.01

Juiciness Fibrousness

1.00

-0.0s

^ 
/ ô-r--r-

u . ¿+J,. .'

Sensory Panel
Textural Dímensions

Hardnes s

Chewines s

Juiciness

Fibrousnes s

r. 00

0.24 1. 00

Hardness Cheiviness Juiciness Fibrousness

*Significant at Pl

x*Signifi.cant at P<.

1. 00

Q. ! J:k:k

-0.04

0.47'k

1. 00

-0.74

0.46':<t

05

01

1. 00

0.r2 1. 00



V SI]MMARY AND CONCLUSION

The effect of crossbreed and sex on the quality of the meat

varied with the *rr""1"--the longissimus dorsi and the biceps femorís--

and the type of measurement--objective, sensory panel evaluation or con-

sumer panel evaluation. For the purpose of analysis and discussion, the

crossbreeds and sex r¡rere separated into their component effects. These

included bulls, steers, corals, sires, co\¡l x sex, co\^7 x sire, sire x sex

and cow x sire x sex.

The sex effecL--bu11s versus steers--was significant for the

percentage eooking loss, shear force values, texturometer juiciness,

hardness and cohesiveness, and the sensory panel evaluation of chewiness,

juiciness, fibrousness, greasiness and meatiness. The Percentage cook-

ing loss from the'biceps femoris muscle vias greater for the bulls than

the steers. For the medial core posítion of the longissimus dorsi

muscle, the bul1s required more shear force than the steers, whereas for

the proximal core position of the biceps femoris muscle, the bul1s re-

quired significantly less shear force than the steers. The texturometer

measurements indicated that Ëhe sËeers were juicier and less cohesive

than the bu1ls for the biceps femoris muscle, whereas the bu1ls r¿ere

harder than the steers for the longissimus dorsi muscle. In the case of

the panel evaluation of the sensory dimensions for the longissimus dorsi

muscle, the bu1ls were cher¿ier and more fibrous than the steers, while

in the case of the biceps femoris muscle, the steers r¡lere juicier'

greasier and meatier"

Shear force, texturometer juiciness and the sensory panel evalua-
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tion of hardness, juiciness and fibrousness demonstrated significant

effects attributable to the cows. For the central core position of the

biceps femoris muscle, the Shorthorn crosses required less shear force

than the Hereford crosses or the Angus crosses. According to the texttr-r-

ometer measurement of juiciness, the Angus crosses of the biceps femoris

muscle were juicier than the Hereford crosses or the Shorttrorn crosses,

while the sensory panel evaluation of the biceps femoris muscle detected

no significant differences attributable to the cor,,rs. The complex inter-

action of the intramuscular lipid vrith the panelists perception of juici-

ness could have been responsible for the lack of agreement between the

two measurements. The sensory panel evaluation of the biceps femoris

muscle indicated that the Hereford crosses were harder and more fibrous

than the Angus crosses and the Shorthorn crosses. For the longissimus

dorsi muscle, the sensory panel rated the Hereford crosses juicier than

the Angus crosses

No significant ef fects attributable to the sires \,;ere found.

Several effects attributable to the two-term ínteractions were

significant. A cow x sex interaction for texturometer hardness of the

longissimus dorsi muscle was revealed. The llereford and Shorthorn

crossed bulls Ì^7ere respectively harder than the Hereford and Shorthorn

crossed steers. For the Angus crosses, there was no difference between

the texturometer hardness of the bulls and the steers. Further analysis

índicated the effect attributable to cows v¡ithin each sex. From these

comparisons, the Shorthorn crossed bul1s were harder than the Angus

crossed bulls, but the Flereforcl crossed bu11s rvere not different from

either of the truo. No signif ícant cl j.f ferences attributable to cows were

found'with the steers. The individual comparisons of the significant
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sire x cov/ and sire x 
.sex 

interactions r/ere noË investigated for signifi-

cance. These included the sire x cor.r interaction for the sensory panel

hardness of the longissimus dorsi muscle and Ehe sire x sex interaction

for Ëhe percentage cooking loss and sensory panel meatiness of the biceps

femoris muscle.

hroughout the analysis, the three-Ëerm interactions r¡rere not

significant.

lhe 1ow simple correlation coefficients between the objective

measurenents and the panel evaluation of the sensory dimensions suggested

that the objective measurêments r¡/ere not the same type of measurement.

l4.ore work should be carríed out using the textuïometer for estimating

the hardness of meat before any conclusions can be made. Because of the

inherent variation within each muscle as well as the great varÍation

between animals of the same breeding, meat is a particularly complex

foodstuff to be evaluated by objective measurements.

The failure of the consurner panel to detect differences due to

crossbreed.s or sex indicated the superior sensitivity of the sensory

pane1. Although the sensory panel found statistically significant

differences ámong the crossbreeds, these differences T¡¡ere less than one

unit on the sensory scales. It was the opinion of the panelists that

all the crossbreeds and either sex produced very acceptable meat for the

loogissimus dorsi and biceps femoris muscles. The meat was fine grained,

tender, juicy and had a ful1 flavor. No one crossbreed or sex \^ias out-

standingly different from the others.

Any differences found by the sensory panel or objective measure-

ments t^rere not great enough to affect overall consumer acceptability.
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