
The relationship of certain chemical
constituents of beef muscle to its quality

Item Type text; Thesis-Reproduction (electronic)

Authors Dryden, Forrest Dean, 1943-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:18:18

Link to Item http://hdl.handle.net/10150/318619

http://hdl.handle.net/10150/318619


THE RELATIONSHIP OF CERTAIN CHEMICAL CONSTITUENTS 

OF BEEF MUSCLE TO ITS QUALITY

by
Forrest D„ Dryden

A Thesis Submitted to the Faculty of the

DEPARTMENT OF ANIMAL SCIENCE

In Partial- Fulfillment of the Requirements 
For the Degree of

MASTER OF SCIENCE

In the Graduate College

THE UNIVERSITY OF ARIZONA

1 9  6 7



STATEMENT BY AUTHOR

This thesis has been submitted in partial fulfillment of re
quirements for an advanced degree at The University of Arizona and is 
deposited in the University Library to be made available to borrowers 
under rules of the Library.

Brief quotations from this thesis are allowable without special 
permission, provided that accurate acknowledgment of source is made. 
Requests for permission for extended quotation from or reproduction of 
this manuscript in whole or in part may be granted by the head of the 
major department or the Dean of the Graduate College when in his judg
ment the proposed use of the material is in the interests of scholar
ship. In all other instances, however, permission must be obtained 
from the author.

SIGNED: (Q, ^

APPROVAL BY THESIS DIRECTOR

This thesis has been approved on the date shown below:

\  JOHN Af MARCHELLO
Assistant Professor of Animal Science



.ACKNOWLEDGMENTS

The author wishes to express his sincere appreciation to his 

major professor, Dr. John A 0 Marchello, for his guidance and construc

tive criticisms throughout his graduate program and in the writing of 

this thesiso

Appreciation is extended to Helenmaree Archbold for her assis

tance in laboratory analyses and to all members of the staff of the 

Department of Animal Science for assistance provided whenever needed0 

The author would also like to thank his parents, Forrest and 

Nadine Dryden, for their continual encouragement and financial assis

tance provided when needed 0



TABLE OF CONTENTS

Page

LIST OF TABLES o o o o o o o e o e e e o o o o o o o o o o o o o o  VI 

AB STRACT o o e e o o e e o o e o o o o o o e o o o  e o o o o o e o  VI X X

CHAPTER

Io INTRODUCTION o o o o o e o o o e o o e o e e o o o o o o o  1

Ho LITERATURE REVIEW o o     , o . „ . . . . , , « 3

Palatability§ Factors Influencing and Their
Measurement o o o e o e o o e o o o e o e o e o o o e  3

Tenderness o o o o e o o e o e o o o o o o e o o o  4
Juxciness e o o o o e e o o o o o e o o o o o o o  7
Flavor and Aroma o o o o o o o e e o o o e o o o o  9
Overall Palatability O ® o o o o o o o o o o o o o  10

Composition Effect on Palatability 0 0 0 0 - 0 0 0 0 0 0  10
Effect of Lactic Acid 0 0 0 0 0 0 0 0 0 0 0 0 0 0  10
Effect of Muscle Pigments * 0 0 0 0 0 0 0 0 0 0 0  12
Effect of Alkaline and Acid Phosphatases 0 0 0 0 0  14

III. MATERIALS AND METHODS     o o o o o o o o o o . 16

General o o e e o o o o o o o o o o o e o o o o o o o  16

Sample Collection o o e e o o o o e o o e e o e o e o  16

Chemical Analytical Procedures * 0 0 0 0 0 0 0 0 0 0 0  17
Lipid Extraction Procedures * * * * o * * * * * * 17
Determination of Lactic Acid * * * * * * * * * * * 19

Standard curve 0 * * * * © * © e * * © © o * © 21
Determination of Alkaline and Acid Phosphatases * 22

Standard curve 0 0 0 0 0 0 * 0 * 0 0 0 0 0 0 0  23
Determination of Myoglobin and Total Pigments 0 © 24

Concentration calculations o © © © © © © © © ©  25
Determination of Ash o * * * * © © * * © © * * * ©  26

Organoleptic Evaluation Procedure © © © © © * © © * * 27

Statistical Treatment of Data © © © © © © © © © © © © 30



TABLE OF CONTENTS"-Continued

Page

IV. RESULTS AND D I S C U S S I O N ............    33

Chemical Constituents e . . . * * o o o o . o e . o e  33

Organoleptic Evaluation . . . o . , . . . . . * * . .  41

Relationship of Chemical Constituents to
Organoleptic Evaluation . . „ , « „ @ . * , « , . * 46

V o SUMMARY o o o o e o o e o o o e o o o e o e o o e e o e o  59

APPENDIX o o o o o o o o o o o o o o o o o o o o o o o o o o o o o  62

LITERATURE CITED o o e o o e o e o o o o e o o e a o o o o a d o o  65



Page

31

32

34

35

37

42

43

45

47

51

53

54

LIST OF TABLES

Form of the muscle analysis of variance showing the com
position of the expected mean squares 0 * 0 0 0 0 . 0 . 0

Format of analysis of variance for taste panel data 
showing the composition of the expected mean squares * e o

Mean values for lactic acid, lipid, dry matter, and 
alkaline phosphatase determinations by muscle * ..........

Mean values for acid phosphatase, total pigments, myo
globin, and ash determinations by muscle * . , . * . . . .

Simple correlation coefficients between chemical lipid 
determinations and marbling scores by muscle and over 
all mu scles 0 0 0 0 0  « « . o @ « o o  0 0 0 0 0  0 0 0 0 0

Mean values of taste panel and W B shear determinations 
by muscle 0 0 0 0 0 0 0 0 0 0 . 0 0  0 0 0  0 0 0 0 0 0 0 0

Analyses of variance for taste panel evaluations 0 . o . .

Simple correlation coefficients of taste panel traits 
and the W B shear by individual muscle and over all 
muscles * * « o . 0 . o » 0 . « . 0 o « 0 . * . o « o 0 .

Simple correlation coefficients of chemical lipid 
determinations and marbling scores with taste panel 
traits and the W B shear by muscle and over all muscles 0

Simple correlation coefficients of lactic acid concen
trations with taste panel traits and the W B shear by 
muscle and over all muscles o * o * 0 o o . o o o o . a «

Simple correlation coefficients of total pigments with
taste panel traits and the W B shear by muscle and
over all mu scles * © © © © © © © © © © © © © © © © © © © ©

Simple correlation coefficients of myoglobin levels 
with taste panel traits and the W B shear by muscle 
and ove r all mu scles @ © © © © © © © © © © © © © © © © © ©

vi



Vll

LIST OF TABLES-"■Continued

Page

Simple correlation coefficients of alkaline phosphatase
levels with taste panel traits and the W B shear by
muscle and over all muscles 0 » o o » „ o <> * e * <> Q o o 55

Simple correlation coefficients of acid phosphatase 
levels with taste panel traits and the W B shear by 
muscle and over all muscles  ................   57

Simple correlation coefficients of ash content with
taste panel traits and the W B shear by muscle and
over all muscles „ o „ . . o  o o .  o 58

Mean squares for acid phosphatase, alkaline phosphatase,
lactic acid, total pigments, and myoglobin when
expressed on a wet, dry and dry-lipid free tissue basis * 63

Mean squares for ether extract and ch1oroform-methano1
methods of lipid determination, ash content, and W B
shear values . .  . . . . . .  . . . .  o . .  . . . .  . . .  . 64



ABSTRACT

The levels of certain chemical constituents of three muscles of 

ten half-sib steer carcases were determined and related to organoleptic 

evaluationso

A greater total lipid content (P<o05) was determined (chloroform- 

methanol extraction) for the Triceps brachii (TB) muscle than for either 

the Semimembranosus (SM) or the Longissimus dorsi (LD) 0 However 9 no 

difference between muscles was observed in lipid content by ether ex

tractions Marbling scores were highly correlated with chemical fat of 

the TB and LD muscles 0 Lactic acid content varied (P<o01) between mus

cles depending upon means of expression; however, the levels of alkaline 

and acid phosphatase and ash did not differs The LD contained the low

est (P<o01) myoglobin content, but differences were not detected in the 

total pigment levels of the muscles 0

Tenderness, juiciness, flavor, and overall acceptability were 

similar for all muscles when evaluated by the taste panel, but signifi

cant differences (Pco01) in tenderness between muscles were determined 

by the W B shear0 The relationships for all combinations of taste panel 

traits were high* The relationship of muscle lipid content and percent 

ash to muscle palatability was inconsistent. Lactic acid concentrations 

were negatively associated with taste panel evaluations. Total muscle 

pigments, myoglobin, and alkaline phosphatase had an adverse effect on 

muscle palatability while no relationship was apparent for acid phospha

tase,

viii



CHAPTER I

INTRODUCTION

The desirability of beef or more precisely9 muscle quality9 has 

many different connotations in the livestock and meat industry0 It is 

commonly thought of as that combination of traits which produce a max

imum of acceptability from the standpoint of the consumer0 But this 

definition is quite broad and can be refined or at least separated into 

component parts, as the consumer obviously desires (1 ) economy, (2 ) a 

high proportion of lean meat, (3) attractiveness, and (4) optimum palat- 

ability.

In most situations, the factors which contribute to beef desir

ability can be ranked in a definite order because of their ease of 

separation* However, at present, optimum palatability or eatability, 

as it might be called, is the only one of these factors that does not 

lend itself to one type or another of external control in this ranking, 

even though it may well be the most important contributing factor*

Methods thus far available for controlling the quality of beef 

are very limited* In fact, no exceedingly reliable means of evaluating 

optimum palatability have been developed* This limitation or absence of 

an adequate method of evaluation is actually due to the lack of under

standing as to what traits do contribute to desired beef palatability* 

Without some knowledge of these components, adequate measures of what 

the consumer desires in regard to optimum palatability will probably 

never exist and improvement will remain at a standstill*
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Therefore* this study was conducted in an attempt to expose some 

of the constituents of the beef muscle that might be associated with its 

eating quality and to assess their significance in relation to work al

ready conducted in this field0



CHAPTER II

LITERATURE REVIEW

Palatabilityg Factors Influencing And Their Measurement

The diversity in consumer demands makes it difficult to set up 

a single standard for the evaluation of meat palatability which Blumer 

(1963) defined as the complex sensations resulting from the stimulation 

of the senses of odor 9 tasteP and feel 9 plus ease of mastication. 

Therefore, from this definition, it appears obvious that palatability 

must be separated into component parts and assigned an appropriate in

tensity scale for use by a taste panel,

Ramsey and co-workers (1963) have discussed the standards or 

quality attributes of the consumer and have concluded that they can be 

evaluated equally well by small laboratory taste panels or by family 

panels„ The smaller laboratory group allows the researcher to expand 

and examine the factors contributing to palatability providing a good 

understanding of the limitations of the scoring scale exists,

Peryam and Pilgrim (1957) were very specific in pointing out 

that the Hedonic scoring system is designed to measure human behavioral 

potential and not the characteristics of food, Foods are only evaluated 

indirectly by making inferences from the behavior measurements of the 

panelists. With this in mind, potentially a person may respond to his 

whole environment, and any aspect of it may control his behavior to some 

degree at any given moment. It is difficult to predict what part is



going to exert the strongest control6 Therefore^ an extremely varied 

test group existsg even under the most rigorously controlled conditions.

Tenderness

Seltzer (1955)9 utilizing consumer surveys, reported that 

tenderness is the most important single attribute contributing to the 

acceptability of meat. This was further indicated by Means and King

(1959) when they calculated a correlation of 0 o90 between overall sat

isfaction and tenderness using L e dorsi steaks from 101 steers repre

senting 19 sire groups. According to Cole, Backus, and Orme (1960), 

tenderness is probably the most "looked for" trait in meat evaluation,

Webb, Kahlenberg, and Naumann (1964) proposed such factors as 

(1) chronological age, (2) inheritance, (3) biochemical changes during 

aging, (4) chemical constituents of muscle, (5) ante-mortem treatment, 

(6 ) degree and dispersion of fat in the carcass, and (7) livestock 

management to be important in causing variation in tenderness0 These

are in direct agreement with the factors reported by Cole ej: aUL (1960),
\

The effect of sire on tenderness of beef L, dorsi steaks as 

measured by a panel of families and the Warner-Bratzler (WB) shear 

machine has been studied utilizing large numbers of animals and sire 

groups (Means and King, 1959), A significant difference (PC,01) between 

sire groups was reported by these workers. However in a more recent 

study, Suess and co-workers (1966), using somewhat smaller numbers, 

found a significant sire effect on the Semimembranosus muscle tenderness 

but observed no real difference in L, dorsi tenderness. These research

ers also suggested that the panel tenderness determination may be more



sensitive to differences than the W B shear method because of a gross 

disagreement in direction of sire differences they observed 0

It is well accepted that with advancing animal age the tender

ness values as measured by both the W B shear and a taste panel signif

icantly decrease (Dunsing9 19595 Simonep Carroll, and Chiekester, 1959; 

and Tuma ej: a_l0 1962)e These workers also agree that the most critical 

period for the occurrence of tenderness differences is between 18 and 30 

months of age 0

Tuma et a l 0 (1960) observed mean fiber diameters for the left 

and right L 0 dorsi muscles of 33 carcasses to be 53 09 P 6201$ 65*1, 69©4, 

and 7104 microns for 6 , 18, 24, 42, and 90 month-old age groups, re

spectively 0 They also found this muscle to show a significant "position 

effect"; 1 ,6 ©, the mean fiber diameters decreased from dorsal to lateral 

positions© This "position effect" was also observed by Swanson, Kline, 

and Goll (1965)© In addition, these workers found that large, signifi

cant differences existed in L© dorsi muscle fiber size among animals 

of the same weight and grade©

The effect fiber diameter has on tenderness appears to be due to 

the animal age-fiber diameter relationship reported by Tuma et al©

(1962)© Within age groups, small relationships (r = -©22 to 0©47) b e 

tween fiber diameter and tenderness were determined©

The pattern of variation in resistance to shear force within 

three different muscles of the beef round, as described by Ginger and 

Weir (1958), points out the variation that may exist within certain 

muscles §
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Semimembranosus

Semitendinosus

13. femoris 
(Pelvic End)3- (Posterior End)

Muscle Location

Experimental evidence supporting the value of fat and marbling 

for improving beef tenderness has been somewhat conflicting. In 1936, 

Mackintosh and Hall calculated a moderately high correlation coefficient 

between tenderness and marbling (0.65), while in that same year Brana- 

man, Hankins, and Alexander reported an apparent decrease in tenderness 

with increased marbling scores, although the decrease was not consis

tent. Ramsbottora, Strandine, and Koonz (1945) conducted a detailed com

parison between the ether extract and tenderness of 8 8  percent of the 

lean meat of 50 muscles of four beef carcasses and concluded that a com

posite sample of most of the muscles of the carcass showed no relation

ship between chemical fat and tenderness. However in more recent work, 

Cover, King, and Butler (1958), Wellington and Stouffer (1959), Alsmeyer 

et a l . (1959), and Zinn eJL al. (1961) have reported that variations in 

marbling score accounted for about 10 percent of the total variation in 

tenderness of L. dorsi steaks. In a more detailed study, Walter and co

workers (1963) concluded that marbling did not exert any significant
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effect on the tenderness scores of rib steaks from the 9-10-11-12 rib 

section of 72 beef carcasses which represented three maturity groups (A* 

Bg and F) and six marbling classifications (practically devoid to abund

ant) o

McClan eX al 0 (1965) substantiated the work of Coverp Hostetlerp 

and Ritchey (1962) when they reported that variation in shear force in 

one muscle accounted for less than 36 percent of the variation in the 

shear values of the other carcass muscles<>

Fox ej: aJU (1964) and BesselmanP MullinsP and Boulware (1965) 

observed the variation in tenderness between L 0 dors!* T 0 brachii, and 

Semimembranosus muscles from carcasses selected on the basis of the 

shear value of the L 0 dorsi 0 They found the L c dorsi muscles to exhibit 

the largest variation in tendernessP and its shear values to be signifi

cantly higher (P<o01) than the shear values of the T 0 brachii and Semi

membranosus muscles in their less tender groups 0 HoweverP they found no 

significant differences in shear values of these muscles in the tender 

groupso Furthermore, Besselman, Mullins, and Boulware (1965) found that 

their sensory tenderness scores were significantly correlated with shear 

valueso

Juiciness

Juiciness may be evaluated either qualitatively or quantitative

ly as an important attribute of acceptability0 In the true sense, it

probably refers to the detectable liquid during the chewing of a bite of

meat because it is not possible to separate the desirability of juice

from the flavor of meat by taste perception (Amerine, Pangborn, and



Roessler^ 1965) 0 Therefore^ it seems logical to consider juiciness on 

the basis of quantity present*

Consistent but low relationships between marbling and juiciness 

have been reported by Wellington and Stouffer (1959) and Cover9 Butler* 

and Cartwright (1956)* Blumer (1963)* using the data of these workers* 

estimated that approximately 16 percent of the variability in juiciness 

was attributable to fat content of the muscle* He also found their com

bined correlations for marbling score and chemical fat with juiciness to 

be 0*38 and 0*39* respectively0

Waldman et ajL (1965) report panel juiciness of the L* dorsi 

muscle to be negatively correlated with myristic (P<«05) and palmitic 

acids (P<o01)* The latter acid accounted for approximately 33 percent 

of the variance in the juiciness of the L c dorsi muscle*

Barbella* Tannor* and Johnson (1939) suggested that the juici

ness of beef ribs increased rapidly with increases in fatness of the 

"edible portion" up to 22*5 percent fat and more slowly to 42*5 percent* 

after which there was no increase*

Attempts have been made to relate juiciness to water-binding 

capacity by Wierbicki and Deatherage (1958) and by Webb* Kahlenberg* and 

Naumann (1964)* The relationships were low but their data were not con

clusive*

Tuma et al* (1962) and Simone* Carroll* and Chiekester (1959) 

reported that animal age did not significantly affect juiciness* where

as Walter et aJL (1959) found it to decrease non-significantly with ad

vancing maturity*



In a very recent study, Suess ejt aJL» observed differences (P<o01) 

in JLo dorsi juiciness between sires while the Semimembranosus muscle did 

not differ significantly as judged by a trained panel.

Flavor and Aroma

Kurtz (1959) defines flavor as a complex of sensations result

ing from the stimulation of the senses of odor, taste, feel, and some

times vision and audition. Due to Crocker*s work (1948), reporting that 

the flavor of cooked beef consisted more of odor than taste, the two 

terms will be considered together although they are not synonymous.

They are so tightly interwoven that no means yet devised can accurately 

distinguish between them as they are chemically very complicated and 

still remain to be fully characterized*

A review by Cramer (1963) stated that flavor compounds common to 

most species are thought to be present in the muscle and fatty tissue, 

and the fatty tissues are thought to be more responsible for species 

differences* This theory is based in part on the work of Hornstein and 

Crowe (1960, 1963) which has established that the volatile components 

are the major contributors to meat flavor and that the meaty flavor from 

all species is basically the same, differing only in the volatiles pro

duced from the fatty tissues*

Hall, Harrison, and Mackintosh (1962) have shown that flavor 

scores may be associated either favorably or unfavorably with the amount 

and kind of fatty acids released during the cooking, depending upon the 

different locations in pork fat* However, Waldman et. aJL* (1965) found 

that, in beef, flavor was not significantly associated with any of the
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individual fatty acid levels or fatty acid ratios of subcutaneous fat 

which were determined before cooking0

There is also data suggesting that the flavor of cooked meat 

from young cattle is less intense than that from older animals (Duns- 

ingp 1949; Simone9 Carroll* and Chichester, 1959)0

Some of the major components responsible for the characteristic 

aroma of cooked beef which seems to be liberated during cooking from 

essentially odorless precursors have been proposed by Yueh and Strong

(1960) to be hydrogen sulfide* ammonia* diacetyl* and acetaldehyde0

Overall Palatability

An overall palatability rating is of little use in meat evalua

tion except to possibly indicate whether or not a meat sample is ac

ceptable (Blumer* 1963)9 because any one or more individual aspects of 

taste can influence it to a high degree0 This was demonstrated by the 

work of Means and King (1959) where they obtained an overall satisfac

tion rating which was highly correlated with tenderness (0o90)0

Composition Effect on Palatability

Effect of Lactic Acid

According to Gibson and Rose (1950) the main source of lactic

acid is carbohydrate metabolism* and the problem of obtaining meat of

low pH becomes primarily one of maintaining a high glycogen reserve

level in the muscle 0 The authors further stated that:

It can be assumed that glycogen reserves in the muscle of 
a pig may be destroyed (a0) by aerobic oxidation during gentle 
exercise* without accumulation of lactic acid* (b6) by anaerobic
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metabolism during relatively violent exercise, with the 
production of lactic acid that will be largely lost to the 
blood and liver, and (c0) by anaerobic post-slaughter m e 
tabolism, with the production of lactic acid which is re
tained by the muscle 0 The pH of the muscle several hours 
after slaughter will depend upon the proportion of glycogen 
consumed by the three metabolic pathways as well as upon 
the original supply.

These workers also suggested that lactic acid is the most important

single factor influencing pH because of the highly significant negative

correlation (-.78) they observed between the two. Bodwell, Pearson,

and Spooner (1965) were in agreement with this relationship and further

stated, in support of the data of Marsh (1954), that active glycolysis

is complete in beef L. dorsi muscles within 36 hours post-mortem.

Following the period of active glycolysis, final concentrations of

lactic acid were found to be 6 05 times the initial level.

It is not completely known whether lactic acid, produced post

mortem, is the only compound that is responsible for the decreasing pH 

values of the muscle. Citric acid has also been implicated by Gunther 

and Schweiger (1966) and may be part of the reason for the incomplete 

relationship between the pH values and lactic acid concentration that 

has been observed.

Lewis, Brown, and Heck (1962) report changes in the level of 

lactic acid and glycogen in the liver and muscles to vary with pre

slaughter management but not in a consistent manner among the treatments 

applied.

The relationship of high pH to dark-cutting beef was first dem

onstrated by Winkler (1939). The correlation between pH and color as 

explained by Lawrie (1952) results not only from the reduced permeabil

ity of the tissues to oxygen at higher pH values, but also from the



12

fact that the oxygen utilization by the surviving enzyme systems is much 

greater at the higher pH values 0 The result is that available oxygen is 

insufficient to completely oxygenate the myoglobin present in muscle to 

obtain the desired, characteristic cherry red color 0 The partially oxy

genated meat is purplish and gives rise to what is known as dark-cutting 

beef o

Following the preliminary work of Hall, Latschar, and Mackintosh 

(1944), Munns and Burrell (1966) have demonstrated the critical pH for 

dark-cutting beef to be 6 . 0  or higher as measured at the twelfth rib on 

the L 0 dorsi muscle approximately two hours after ribbing*

Hornstein and Crowe (1960) noted that the relaxation of rigor 

with time results in the production of a more desirable flavor than is 

associated with fresh beef* Therefore, it is conceivable that as gly

colysis continues the increase in lactic acid concentrations may result 

in enhanced flavor* This has also been suggested as a result of syn

thetic preparations in the study of flavor which has indicated that 

lactic acid may be important in developing flavor during cooking*

Correlations of - 057, -*78, and -*60 between tenderness and lac

tic acid content of the L 0 dorsi. Psoas major, and Quadriceps femoris 

muscles, respectively, have been shown by Lewis, Heck, and Brown (1963) 

while working with pork* These correlations further suggest a substan

tial influence of lactic acid concentration on muscle palatability*

Effect of Muscle Pigments

Meat pigment is composed largely of the chromoproteins, myo

globin, and hemoglobin, but other pigments such as the cytochromes, the
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flavins9 and vitamin are present in very minute quantities in beef 

muscle tissue (Romans e_t aJL0 p 1965) 6 As discussed previously, such fac

tors as variation in pH and oxygen availability may influence the color 

development of these pigments upon which Federal grading of beef and 

consumer acceptance are somewhat dependent.

Investigations by Romans, Tuma, and Emerick (1963) and Romans, 

Tuma, and Tucker (1965) concluded that carcass maturity has a signifi

cant effect on the level of myoglobin and hemoglobin, but the levels 

only significantly increased between the A maturity group and the B, C, 

and D groups.

The effect of animal treatment on the pigment levels reported in 

the literature is varied, Shenk, Hall, and King (1934) concluded that 

the increased amount of exercise involved in grazing results in higher 

pigment concentration than when animals are fed in dry lot, A similar 

effect was noted by Lawrie (1950), and he assumed the increase to be 

brought about by development, i,e,, as the animal matures or by exer

cise.

However, Mitchell and Hamilton (1933) and Bull and Rusk (1942) 

stated that they obtained no difference in pigment concentration between 

exercised and unexercised beef steers. This work agrees with that of 

Craig e_t £ l , (1966) where 17 steers were employed per treatment. In 

this study, they assumed that the variability of residual hemoglobin 

among animals was caused by such factors as ante-mortem treatment, ex

tent of vasoconstriction at time of death, and temperament of the ani

mal.
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Craigp Blumer 9 and Barrick (1959)p in a trial comparing the ef

fects of several combinations of grasses and grains in the ration of 

beef steers, found significant differences (P<o05) in the levels of 

total pigments before storage of samples, but no significant differences 

were found between treatments after storage of the samples6 They stated 

that moisture losses during storage apparently varied inversely with the 

fat content, therefore causing the proportion of total pigments present 

after storage to be more nearly equal for all treatments0

Husaini, Deatherage, and Kunkle (1950) obtained a highly signif

icant, positive correlation (0o55) between myoglobin and tenderness at 

15 days post-mortem but found essentially no correlation at three days 

post-morterrio As they pointed out, there is some question to the valid

ity of the correlations obtained because of the water extraction pro

cedure used in their pigment determination* Romans, Tuma, and Tucker 

(1965) reported a negative correlation (-028) of hemoglobin with flavor, 

indicating that the more desirable flavor scores were associated with 

higher hemoglobin content* Hemoglobin in this case accounted for a max

imum of 9 percent of the flavor variation and was the only indication 

that color or pigment per se had any connection with palatability of 

beef* Craig ejt ajL* (1966) found essentially no correlation between 

color pigment levels and taste panel evaluation*

Effect of Alkaline and Acid Phosphatases

Enzymes with phosphomonoesterase activity are widely distributed 

throughout the tissues and organelles of the body* They are simply 

called "phosphatases*" The acid phosphatases are usually distinguished
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with a pH optimum of about 5, while alkaline phosphatases with a pH op

timum around 7 to 8 0 These enzymes split monesters exclusively and 

their physiological substrates are usually sugar phosphates and to a 

lesser extent nucleotides which are common in muscle tissue (Karlson, 

1965).

Morton (1954) found the alkaline phosphatases of calf intestinal 

mucosa and cow mammary glands to be associated with microsomal parti

cles 5 and Bredeck and Mayer (1955) reported reproductive hormone levels 

(in rats), especially progesterone, to be effective in regulating the 

activity level of the phosphatases.

Using eleven beef animals, Anglemier, Johnston, and Ralston

(1961) observed a significant difference (P<o05) in the level of alka* 

line phosphatase in the L. dorsi muscle between the tender and less 

tender groups in their trial. These differing tissue alkaline phospha

tase levels were significantly correlated (0.78) with taste panel 

tenderness scores. There appears to be no other correlations in the 

literature to substantiate or refute a correlation of this magnitude. 

They also found that animals of the tender group had higher acid phos

phatase levels in the serum but the magnitude of this difference only 

approached significance at the five percent level.



CHAPTER III

MATERIALS AND METHODS 

General

In this study, ten half-sib Hereford steers of comparable ages 

were used as experimental material 0 Throughout their growing period all 

animals were subjected to a similar environment with respect to nutri

tion and general management 0 Immediately after weaning, the animals re

ceived a 55 percent total digestible nutrients (TDN) ration which was 

later changed to a finishing ration of approximately 65 percent TDN 0 

The animals remained on this ration until a 1000 ^  50 pounds final 

weight was attained0

Before slaughter at the University Meats Laboratory, each animal 

was subjected to a 12 to 15 hour shrink period 0 Shrunk weights were 

taken and the steers were then stunned by means of a captive-bolt- 

pistol, shackled, and allowed to bleed freely before eviseration0 The 

carcasses were aged for seven days in a forced-air cooler at 2° C 0 and 

cut on the eighth day 0

Sample Collection

During the cutting procedure (Wellington, 1953), tissue samples 

were obtained from the right side of the carcasses by removing the en

tire Triceps brachii muscle, the section of the Longissimus dorsi be

tween the ninth and twelfth ribs, and the posterior half of the

16
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Semimembranosus musclee Sample weights by muscle varied from 1 03 k g 0 

for the L 0 dorsi to 2 a7 k g 0 for the Semimembranosus muscle.

Tissue samples were stored at -,25° C, in evacuated cryovac bags 

wrapped in double thicknessp polyethylene freezer paper. These samples 

were then sampled for analytical analyses leaving the remainder to be 

cutp just prior to testing, into 2,5 cm, thick steaks for organoleptic 

evaluation.

Initially, the samples (400-500 gm,) to be used for chemical 

analyses were ground twice through a 3,18 mm, plate to form a homogenous 

mixture. Sample preparation in this manner was found necessary to ob

tain desired analytical repeatability,

Chemical Analytical Procedures 

Several chemical analytical techniques were used in the analysis 

of the tissue samples. Since modifications of most techniques were nec

essary, techniques utilized will be outlined,

All analytical procedures were run in duplicate determinations, 

Reruns were made where the error exceeded that common to biological ma

terial for the particular procedure.

Lipid Extraction Procedures

Two different methods of total intramuscular lipid determination 

were employed. The ether extraction and simultaneous dry matter determ

ination was as follows (A,0,A,C,p 1960)s

1, Add approximately 10 gm, of muscle to a previously dessicated 

and tared alundum thimble.
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2 0 Obtain accurate weight and place in vacuum oven for at least 16 

hours at 60° C 0 

3 o Remove from oven and dessicate for one hour and weigh*

4* Extract sample by means of Goldfisch apparatus with ether for 

at least four hours*

5* Redry thimbles for at least 16 hours and dessicate for one hour 

and weigh*

The chloroform-methanol method of extraction as basically set 

forth by Ostrander and Dugan (1961) w a s :

1* Weigh out approximately 10 gm* muscle tissue and record exact 

weight*

2* Blend tissue (micro-blending cup) with 52 ml* GH^OH at high

speed for approximately 10 seconds* then add approximately two 

square cm* cube of dry ice and blend at high speed for two min

utes*

3* Add 26 ml* GHGl^* mix by hand* and then blend for one-half min

ute at slow speed*

4* Add 26 ml* GHGl^* mix by hand* and then blend for one-half min

ute at slow speed*

5* Add 26 ml* distilled water and then blend for one-half minute 

at high speed*

6 * Add approximately one gm* of zinc acetate and blend for 10 

seconds at high speed *

7* Filter through double thickness Whatman No* 42 filter paper in 

Buchner funnel* Wet filter paper with water before adding 

homogenate*
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8 0 Wash blending cup with 50 m l 0 CHCl^ and transfer contents to 

Buchner funnel after the homogenate has completely filtered»

9 o Transfer the filtrate to a 250 m l 0 graduated cylinder0 Rinse

filter flask with GHGl^ and add to filtrate. Shake the filtrate

in the graduated cylinder and wait for the two phases to sepa- 

ra te,

10o When both phases have clearly separated (30 minutes or longer)

read the volume of the lower phase (CHGl^), Remove upper phase

by suction,

11, Remove two 10 ml, aliquotes from lower phase and place in pre

weighed evaporating dishes. Evaporate to dryness in vacuum

oven at 50° C, with mild vacuum and obtain dried weight,

12, Calculations g
volume of CHCl^ layer 

aliquot lipid weight x  ---------- ------------
7o lipid = ------------------ r~rz— ------------— -------------  x 100weight of tissue

Determination of Lactic Acid

The lactic acid determination technique was an adaptation of the 

method described by Barker and Summerson (1941),

The determination was carried out in the following manners

1, Blend one gm, tissue (micro-blending cup) with 15 ml, distilled 

water for 30 seconds at high speed,

2, Filter homogenate with Whatman No, 505 filter paper and add one

ml, of 60 percent trichloroacetic acid to precipitate protein.

Concentrate precipitate by light centrifugation.



3 C Transfer one mle of protein free filtrate to volumetric flask 

and make to 50 m l 0 with distilled water*

4 0 Add three ml* aliquote of dilute filtrate to one ml. of 20 per

cent CuSO^ and make to 10 ml * with distilled water0

5* Add approximately one gram of powdered Ca(OH)^ and mix vigor

ously*

6 * Allow mixture to stand at room temperature at least 30 minutes 

with occasional shaking9 then centrifuge*

7* Transfer one ml* of the supernatant fluid into a test tube

(18 to 23 mm* I0D 0) and add *05 ml* of four percent CuSO^*

8 * From buretp add exactly six ml* of concentrated H^SO^ and mix

contents of tube while the acid is being added *

9* After the acid has been addedp place tube in a boiling water

bath for exactly five minutes* Remove and place in cold water 

to cool below 20° C*

10* When contents of tube are sufficiently cool (but not before)

add exactly 0*1 ml* of stock alkaline solution of p-hydroxydi- 

phenyl*

11* Disperse the precipitated reagent as quickly and uniformly as

possible, and place the tube in a beaker of water at 25° C* i*

2 ° *

12* Allow to stand for at least 30 minutes, then place the tube in 

boiling water for 90 seconds, remove, and cool in cold water 

to room temperature*

13* Transfer the colored solution (blue) to cuvets for reading at

560 mu (Beckman Model DU, Spectrophotometer)*
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Standard curve0 The initial steps of this procedure were modi

fied somewhat in obtaining data for the standard curve of lactic acid0 

Those modifications were as followss

lo Make one m l 0 of standard lactate solution (lithium lactate) and 

one m l 0 of 60 percent trichloroacetic acid to 15 m l 0 with dis

tilled water*

20 Then transfer a five ml* aliquot of that solution to a test tube 

containing one m l 0 of 20 percent CuSO^ and four ml* of water,

3 o The remainder of the procedure continues with step number five 

in the preceding procedure*

From a linear regression analysis (of data obtained by use of 

the standard curve), the following equation was solved*

Y = A +  BX

wheres Y is a predicted lactic acid concentration
(mg* per gm* of sample),

A is the intercept of the regression line on 
the y axis,

B is the slope of the regression line,

X is an optical density reading of a particular
sample*

For this equation, A was determined to have a value of -2*14 and 

B was found to equal 51*95*
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Determination of Alkaline and Acid Phosphatases

The procedure used in this determination^ as listed below9

basically follows that outlined in the Sigma Technical Bulletin, No,

104o All reagents were made as they specified0

I* Prepare homogenates as follows § Place one g m 0 tissue in blender 

(micro-blending cup) with 15 m l 0 cold distilled water and blend 

at high speed for le5 minutes0 Three samples in duplicate can

be run at one time,

20 Place and let stand in ice bath for at least five minutes0 Then

centrifuge at high speed (1100 RPM) for five minutes0 While

centrifuging, remove seven alkaline buffered substrate tubes and 

seven acid stock substrate tubes from the freezer and place in 

warm water bath at 38° C 0 To each acid substrate tube, add 0 o5 

mlo acid buffer* To each of six empty tubes, add six ml* of 

0*1 N NaOH*

3* Noting the time, add exactly two ml* distilled water to an alka

line substrate tube for the reagent blank* Add at 1*5 minute 

intervals two ml* of each homogenate to an alkaline substrate 

tube, shake, and replace in waterbath*

4* Exactly 15 minutes after adding water to the alkaline tube, add

0*5 ml* water to an acid substrate tube* Then add 0*5 ml* of

homogenate to each of the other acid tubes at 1*5 minute inter

vals*

5* Exactly 15 minutes after beginning step four, add at 1*5 minute 

intervals 10 ml* 0*02 N NaOH to each alkaline tube in order* 

Stopper and mix by inversion*
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6 „ Exactly 15 minutes after beginning step five^ add five m l 0 of

Oo 1 N NaOH to each acid tube in order at 105 minute intervals0

Stopper and mix by inversion*

1 o Using the same pipettes* add 0 o5 ml* of each homogenate to the

tubes with 0*1 N NaOH* Stopper and mix by inversion*

8 * Using the alkaline reagent blank as a reference* read (Beckman

Model DU* Spectrophotometer* at 410 mu) and record the optical

density of the homogenate sample* Add 0*1 ml* concentrated HC1 

to each alkaline tube and mix* Read and record as before*

9* Read the acid samples in the same manner as the alkaline

samples* Read the tissue blanks against distilled water as a 

reference*

10* Determine alkaline and acid phosphatase units from a calibration 

curve * Subtract the alkaline phosphatase units with the acid 

added from the readings in step nine* Subtract the acid phos

phatase units of the tissue blank from those of the acid phos- . 

phatase samples*

Standard curve* The units of activity (Sigma Units) reported 

for these enzymes are standards set by Sigma Chemical Company (Tech*

Bui* No0 104* 1961) in their discussion of the technique and are only 

reference values* The procedure for obtaining the standard curves is 

outlined in detail in their reference*

From the standard curve for alkaline phosphatase* it was deter

mined that for each 100 unit change in optical density there was a cor

responding change of 12*6 Sigma Units or units of alkaline enzyme
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activity. Therefore, all optical density readings were multiplied by 

12,6 to obtain the actual Sigma Units of activity present in the sample. 

This correction factor for acid phosphatase was determined from 

the corresponding standard curve to be 3,52, All units of activity for • 

alkaline and acid phosphatase reported in this text are based on this 

method of determination.

Determination of Myoglobin and Total Pigments

The procedure is as follows (Ginger and Schweigert, 1954)8

1, Blend (micro-blending cup) approximately 10 gm, (record exact 

weight) tissue with 35 ml, distilled water for two minutes at 

high speed. Two samples in duplicate may be run at one time,

2. Centrifuge at 671 x G (2500 RPM) for five minutes. Filter 

supernatant through cotton, Whatman No, 1 and Whatman No, 42 

filter paper,

3, Re-extract residual tissue with 35 ml, distilled water. Centri

fuge for five minutes at 671 x G and filter with contents of 

step two.

4. For myoglobin determination, obtain 25 ml. aliquot of filtrate 

and adjust to a pH of seven with one N NaOH, Add 6.25 ml. 

saturated PbOH(C2H^0 2 ) 2  and centrifuge for 10 minutes at

6.71 x G.

(a) Transfer supernatant fluid and add 6,4 gm. NH^PO^.

Stopper and mix by inversion, then centrifuge at 

6.71 x G for 10 minutes. Filter through Whatman No.

42 filter paper.
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(b) To entire volume of this filtrate add one ml, of NaCN 

(1.8 mM/l„) and K^FeCCN)^ (2.4 mM/1,), Stopper and mix 

by inversion,

(c) Read O.D. as soon as possible (color is stable for only 

a few minutes) at 540 mu (Beckman Model DU, Spectro

photometer) with distilled water as a blank,

5, For total pigment determination, obtain 10 ml. aliquot of fil

trate (step two) and add one ml. each of the NaCN (1.8 mM/1,) 

and K^Fe(CN)^ (2.4 mM/1.) solutions. Stopper and mix by in

version.

(a) Read O.D, as in step four (c)

Concentration calculations. The concentrations of myoglobin 

were determined from the following formula which was derived from the 

work of Ginger and Schweigert (1954) and Drabkin and Austin (1935).

(16.5) (78.25)
mg. myoglobin per gm. tissue = ---

where5 11.5 equals the extinction coefficient of myoglobin
(Ginger and Schweigert, 1954),

16.5 equals the gm. of myoglobin per liter of a mM 
solution,

78.25 equals the total dilution of the procedure.

The concentrations of total pigment in mg. per gm. of tissue 

were derived from the following formula which was developed by Fleming, 

Blumer, and Craig (1960)s
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mg. total Pigment per gm. tissue = X "sainple^ x 1000

wherej 11,300 is the molar extinction coefficient of
cyanmethemyoglobin at 540 mu,

17,000 is the equivalent weight of pigments,

.07 is the volume of extract in liters,

.002 is the volume increase due to the addition 
of cyanides,

1000 is the constant necessary to convert gm. of 
pigments to mg. of pigments.

Determination of Ash

The wet ashing procedure of the Association of Official Agricul

tural Chemists (1960) was used as follows to determine both percent ash 

and dry matter.

1. Obtain tare weight on crucible and the combined weight of

crucible and approximately two gm. of minced tissue.

2. Dry in vacuum oven at 100° C. for 12 hours. Dessicate for one

hour and weigh to obtain dry matter weight.

3. Add a few drops of olive oil and heat slowly over open flame 

until swelling stops.

4. Place in muffle at 525° C. until white ash is obtained (about 

six to eight hours).

5. Moisten ash with distilled water and re-ash at 525° C„ for one

hour to constant weight; dessicate for one hour and weigh.
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Organoleptic Evaluation Procedure

Facilities for organoleptic testing were acquired through the 

cooperation of the College of Home Economics0 Two adjacent rooms9 one a 

kitchen and the other a laboratory9 were used over a two-week period at 

eleven o ’clock each morning.

Basicallyp the procedures used in organizing and conducting the 

taste panel were those of Dawson and Harris (1951) and Pangborn (1966)0 

Individual booths for each of the six tasters on the panel were 

constructed and positioned on laboratory benches adjacent to one another 

in the laboratory so that distractions while serving and at other times 

were held to a minimum. Each booth contained distilled or tap water, 

whichever was preferred, and diced bread for mouth rinsing before and 

between samples, as well as a proper receptacle for expectoration of 

samples and rinse.

Panel members consisted of departmental graduate students and 

were selected on the basis of their ability to reproduce results on 

random duplicate samples. Three combined training and selection ses

sions were held before actual sample evaluations were made. An altern

ate panel member was present at all sessions.

To satisfy meaningful statistical design, which will be dis

cussed later, the three samples in duplicate from one animal were 

randomly tested by each panel member each session. In addition, a 

seventh sample or standard was tested at the beginning of each session. 

It was hoped that this standard (adjacent steaks from a high quality 

loin strip) would help to eliminate day-to-day variation in testing. It
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was also thought that this procedure might give a better comparison of 

the possible differences in the three muscles being tested within each 

periodo

The samples consisted of 205 cm0 thick steaks from each of the

three muscles of each animal0 A 24-hour refrigeration thaw was employed

on the samples before they were trimmed to 0 o61 cm* fat covering and 

broiled in an electric oven at 288° C 0 to an internal temperature of 71° 

C 0 This required the steaks to be broiled on each side approximately 

eight minuteso They were then removed from the oven and immediately 

cored three times with a 1*25 cm0 diameter coring device at regular lo

cations o These cores were refrigerated and used for tenderness deter

minations with the W B shear machine0 The remainder of the steak was 

diced into regular 1625 c m 0 by 205 cm© rectangular cubes© These samples 

were then placed in their coded trays and served to the panel warm© All 

samples served to the panel within a session were consecutive, but ran

dom in order, with no time lapse between samples©

Panel members scored each sample for tenderness, juiciness,

flavor, and an overall evaluation according to the nine point Hedonic 

scoring system presented in Figure 1©

Tenderness determinations by the W B shear machine were made on 

the triplicate, 1©25 cm© by 2©5 cm© cylindrical cores after they had 

chilled in the refrigerator for approximately seven hours©



M E A T  E V A L U A T I O N

Date

Judge

Very Desirable

Neither like nor dislike

Very Undesirable

Tenderness

 9 - -

 8
 7

 6

 5 - -

 4

 3

 2

1 -  •

Juiciness

 9 -

 8
 7

 6

 5 -

 4

 3

 2

1 -

Sample Number 

Test Number

Flavor

9

_8
_7

_6

_5

_4

_3

_2

1

Overall
Score

 9

 8
 7

 6

 5

 4

 3

 2

1

Comments i

Figure 1. Form of evaluation sheet used in organoleptic testing. N>vO
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Statistical Treatment of Data

Before applying statistical analysis^ where applicable* the 

chemical determinations were expressed either on a percentage or m g 0 per 

g m 0 basis of the wet* dry* and dry-lipid free samp lee This allowed all 

observations to be evaluated independently to help in the interpretation 

of the resultso

All chemical analytical data and tenderness determinations by 

the W B shear were tested for significance by means of one-way analysis 

of variance (Steel and Torrie* 1960)0 On those effects which were found 

to be significant (P<o05) or (P<601)* the Duncan’s New Multiple Range 

Test according to Li (1964) was applied to isolate these differences0

The statistical model was:

wheres u is the overall mean of all observations*

m. is the effect common to all observations in 
the i?h muscle*

e . . are "errors" peculiar to the particular ob- 
servation0

The form of the analysis of variance is presented in Table 1 

and shows the composition of the expected mean squares*

Taste panel results were analyzed according to the "nested" or 

"hierarchal" classification design (Steel and Torrie* 1960)* Analyses 

were conducted for each of the following four evaluations: (1) Tender

ness* (2) Juiciness* (3) Flavor* (4) Overall acceptability* Because
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Table 1. Form of the muscle analysis of variance showing the composi
tion of the expected mean squares,

Source d.f. Composition of Expected 
Mean Squares

Total 29

Muscles 2 (7e ^ +  n ^ G m  ^

Error 27 ( T T  2

n^ = 1 (average of two determinations).

animal effects were directly confounded with time (only one animal was 

evaluated per session), effects due to animal differences were reported 

but are essentially meaningless in interpretation. Therefore, valid 

tests could only be made on the effects of muscles, panel members, and 

a meaningful muscle x people interaction. The effective mean squares 

for this design, where people and animals were considered random compon

ents and muscles as fixed components of the model, appear in Table 2.

The model appropriate for this statistical design is:

Yijki = " +  + Pij + m ik + (pm)ijk +  eijki

where: Y , ... is the individual observation measured on
 ̂ the 1th sample of the ktb muscle by the

j_th person of the _ith animal,

is the overall mean of all observations.

Duncan's New Multiple Range Test was also employed on the taste 

panel data to locate differences where the analyses of variance indi

cated differences at the levels of P<.05 or P<.01.
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Table 2. Format of analysis of variance for taste panel data showing 
the composition of the expected mean squares.

p , ,, Composition of ExpectedSource d.f. M cMean Squares

Total 359

Animals 9 c r 2 + nln2C7p7a 2 +  n^n^n^OT"
People/Animals 50 o r 2 + nln2Op/a 2

Muscles/Animals 20 err2+ n lkp +  n ln3nAkL
People x Muse./An. 100 e r r2+ n lkpma

Error 180 err 2

n^ = 2 (samples)

n 2 = 3 (muscles)

n^ = 6 (people)

n^ = 10 (animals)

The relationships of taste panel traits and tissue chemical 

analyses were estimated by the use of simple correlation coefficients 

for individual muscles and the relationship over all three muscles.



CHAPTER IV 

RESULTS AND DISCUSSION

Chemica1 Cons ti tuents

Mean values representing the chemical analytical data of the 

Longissimus dorsi (LD)9 Triceps brachii (TB)P and Semimembranosus (SM) 

muscles appear in Tables 3 and 4 e Lipid levels were found to differ 

significantly (P<o05) (Appendix Table 17) between muscles when the 

ch1or of orm-me thano1 method of extraction was employed but not when 

the samples were extracted with ether0 Furthermorep the multiple range 

test showed the TB muscle to be significantly higher (P<o01) in lipid 

content than either the LD or SM muscles* The fact that only one method 

of extraction exhibited a significant difference is in direct conflict 

with the work of Gillett £t auL (1967)* These workers observed the LD 

fat content by ether extraction to be greater (P<o05) than the TB 

muscle* AlsoP the TB content was found to be greater (P<e05) than the 

SM0

The differences in lipid yield observed in this study can be 

partially explained by the more complete extraction of the lipid mater

ial obtained by the ch 1 or of orm-rne thano 1 method* Folch e_t al* (1957) and 

Ostrander and Dugan (1961) have shown that the ch 1 or of orm-me thano 1 

method consistently results in higher lipid yields* These workers 

stated that the increase in lipid yield was probably due to a complete

33
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Table 3 e Mean values for lactic acid, lipid, dry matter, and alkaline 
phosphatase determinations by muscle*

Variable
Muscle

L.dorsi Semimembranosus T.brachii

Lactic Acid "Wet" (mg./gm.) 8.58b 9.97* 8.74b
(0.41) (0.82) (0.69)

Lactic Acid "Dry" (mg./gm.) 30.15b 34.89* 30.40b
(2.19) (3.13) (2.91)

Lactic Acid "Dry-Lipid Free" 37.98b 43.00* 40.04°
(mg./gm.) (2.24) (3.03) (2.73)

Lipid (C-M) "Wet" (7.) 6 .86b 5.73 b 8.41*
(1.67) (1.78) (2.98)

Lipid (C-M) "Dry" (%) 23,88 b 20.02 b 28.47*
(4.66) (5.67) (9.02)

Lipid (E.E.) "Wet" (7.) 5.93 5.45 7.05
(2.02) (2.08) (2.74)

Lipid (E.E.) "Dry" (7.) 20.52 18.74 23.94
(5.53) (6.44) (7.29)

Dry Matter (7.) 28.50 28.59 28.85

Alkaline Phosphatase "Wet" (S.U./gm.) 1.63 1.70 1.81
(0.30) (0.40) (0.26)

Alkaline Phosphatase "Dry" (S.U./gm.) 5.70 5.94 6.31
(1.03) (1.34) (1.08)

Alkaline Phosphatase "Dry-Lipid 7.23 7.36 8.34
Free" (S.U./gm.) (1.33) (1.76) (1.36)

a?k*cValues with different superscripts differ at (P<o01)*

Note: Standard deviations are within parentheses0



Table 4, Mean values for acid phosphatase, total pigments, myoglobin, 
and ash determinations by muscle.

Muscle
Variable ---------------- -----------

L.dorsi Semimembranosus T.brachii

Acid Phosphatase "Wet" (S.U./gm.)

Acid Phosphatase "Dry" (S.U„/gm,)

Acid Phosphatase "Dry-Lipid Free" 
(S.U./gm.)

Total Pigments "Wet" (mg./gm.)

Total Pigments "Dry" (mg./gm.)

Total Pigments "Dry-Lipid Free" 
(mg./gm.)

Myoglobin "Wet" (mg./gm.)

Myoglobin "Dry" (mg./gm.)

Myoglobin "Dry-Lipid Free" 
(mg./gm.)

Ash "Wet" (7.)

Ash "Dry" (7.)

.97 1.09 1.03
(0.18) (0.11) (0.12)

3.39 3.81 3.58
(0.58) (0.40) (0.40)

4.37 4.73 4.74
(0.85) (0.58) (0.55)

2.70 3.17 2.98
(0.53) (0.50) (0.32)

9.56 11.08 10.39
(2.30) (1.58) (1.52)

12.02 13.61 13.66
(2.57) (1.80) (1.65)

1.61* 1.99b 1.89b
(0.20) (0.31) (0.24)

5.63* 7.06b 6.55b
(0.82) (0.94) (1.03)

7.10* 8.53b 8.64b
(1.08) (1.28) (1.15)

1.07 1.07 1.10
(0.07) (0.10) (0.11)

3.73 3.76 3.75
(0.35) (0.53) (0.39)

a,^Values with different superscripts differ at (P<„01). 

Note; Standard deviations are within parentheses.
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extraction of the phospholipid fraction^ whereas ether extraction does 

not totally extract this fraction.

Both methods of lipid extraction followed a similar trend on in

dividual muscle determinations with the ch1or of orm-me thano1 values being 

the larger in all instances with the exception of two cases. The corre

lation coefficients over all muscles between the methods when expressed 

on a wet and dry tissue basis were 0,92 and 0,919 respectively. Further

more 9 very similar correlations were observed on an individual muscle 

basis with the TB showing the lowest correlation between the two methods 

(Table 5),

The marbling score recorded from the surface of the LD at the

time of "ribbing" was highly correlated (r = 0,75 to 0 o969 Table 5) with

chemical fat in the LD and TB muscles. The relationships calculated be

tween chemical fat and marbling score of the SM lacked the magnitude of 

relationship of the other two muscles (0,56 to 0,64), The highly sig

nificant correlations of 0,62 to 0,79 over all muscles between chemical 

fat and marbling score give some assurance to the use of marbling scores 

in predicting the true fat content of each of the muscles. This finding 

is in agreement with Wellington and Stouffer (1959) where they observed 

a relationship of. 0,79 between ether, extract and the marbling score of 

the LD muscles of 121 beef carcasses representing carcass grades of 

standard through prime.

Howeverp some question has arisen in the literature as to the

validity of the use of this visual appraisal of fat content of the mus

cle, Cook and workers (1964) found highly significant differences
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Table 5. Simple correlation coefficients between chemical lipid deter
minations and marbling scores by muscle and over all muscles.

Variable by Lipid(C-M) Lipid(C-M) Lipid(E.E.) Lipid(E.E.)
Muscle "Dry" "Wet" "Dry" "Wet"

L. dors i
Lipid (C-M) "Wet" .973** .969**
Lipid (C-M) "Dry" .969** .933**
Lipid (E.E.) "Wet" .921** .995**
Marbling Score .890** .935** .878** .883**

Semimembranosus
Lipid (C-M) "Wet" .984** .982**
Lipid (C-M) "Dry" **.991 .974**
Lipid (E.E.) "Wet" **.967

**.994
Marbling Score .555 .572 .593 .673*

T. brachii
Lipid (C-M) "Wet" .933** .902**
Lipid (C-M) "Dry" .975** .901**
Lipid (E.E.) "Wet" .860** .990**
Marbling Score .754* .808** .927** .959**

All Muscles
Lipid (C-M) "Wet" .939** .922**
Lipid (C-M) "Dry" .981** .914**
Lipid (E.E.) "Wet" .886** .991**
Marbling Score .615** .663** .753** .793**

* (P<.05)

** (P(.Ol)
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(P<601) in marbling scores and percentages of ether extractable lipids 

among anatomical locations within the LD muscle0 Differences (P<o01) in 

the degree of marbling between right and left sides of the beef carcass 

have been reported by Carpenter and Palmer (1961)0 Considering these 

points and also the work of Blumer ej: aJL (1962)9 where they stated that 

the degree of marbling may vary by as much as three marbling scores 

within different sections of the LD? it appears that the relationship of 

marbling score to chemical fat should be questioned0

Nevertheless, since large sections of the muscles were used to 

determine chemical fat in this study, and these values were related to 

marbling score determined on the exposed surface of the LD muscle at 

the twelfth rib, it seems quite reasonable to assume that visual ap

praisal of marbling in the conventional manner is a practical measure of 

chemical fat0

The lactic acid concentration of the SM was found to be signifi

cantly greater (P<o01) than either the LD or TB muscles when expressed 

both on a wet and dry tissue basis0 However, when these concentrations 

were observed on a dry-lipid free tissue basis all three muscles dif

fered (P<e01) in concentrations Therefore, it is apparent that the 

higher lipid levels of the TB muscle masked the true lactic acid concen

tration of this muscles The TB and LD were therefore quite similar in 

lactate concentration and differed only in the amount of tissue avail

able for active glycolysise It becomes readily obvious that the rate of 

glycolysis and subsequent lactate production varies with the particular 

muscleo This rate has been reported to be affected by either pre

slaughter treatment (Lewis <3t aJU, 1962) or the extent of post-mortem
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rigor (Bodwell e_t aJLe, 1965)» However, it was assumed that these influ

ences were minimized through similar treatment of all animals in this 

studyo

The relative concentrations of lactate reported (8*58 to 9,97 

mgo/gm,, Table 3) are in close agreement with those set forth by Bodwell 

et al, (1965) for beef muscle tissue but are somewhat higher than those 

reported by Gibbson and Rose (1950) for pork muscle (Psoas) where they 

7 o10 to 7,88 mgp/gmp of tissue.

The levels of alkaline and acid phosphatase enzymes of the three 

muscles did not differ significantly. Alkaline phosphatase activity was 

highest in the TB muscle, whereas acid phosphatase activity was highest 

in the SM muscle (Tables 3 and 4), However, no conclusion could be 

drawn about the relative activity of these enzymes due to the lack of a 

consistent pattern by muscle in their concentration of phosphatases.

The three muscles studied were found to contain very similar 

levels of total muscle pigments which corresponds with the results pub

lished by Craig, Blumer, and Barrick (1959), Fleming ejt aT, (1960) and 

Craig et aj., (1966), respectively, reported an average of 3,69 and 3,79 

mg, of total pigments per gm, of wet tissue in the LD, Romans e_t al, 

(1963) reported an average of 13,54 mg, of total pigment per gm, of 

moisture and fat-free tissue of LD muscles of animals of comparable a g e , . 

These levels agree favorably with the values listed in Table 4,

Myoglobin was present in lower (P<„01) concentrations in the LD 

than in the TB or the SM muscles. The means by which these concentra

tions were expressed had very little effect on the differences observed 

except that on a moisture and fat-free basis a trend toward smaller
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differences was apparent (Appendix Table 16)0 The concentration of myo

globin in the LD muscle was found to be lower in all cases0 This occur

rence has been partially explained by Lawrie (1960)9 when he proposed 

that the principle factor evoking a myoglobin increase in a muscle is 

the demand for oxygen which is regulated by its activity* Therefore^ 

considering the role of the LD muscle to be one of support of the body 

rather than one of locomotion as the SM and TB muscles^ the difference 

in myoglobin concentration seems reasonable*

Craig and workers (1966) have reported no difference between the 

concentration of myoglobin in the LD and the muscles of the foreshank of 

beef steers * However% there is some question of validity of the tech- . 

nique they used for the determination of myoglobin levels^ because they 

reported average values of 3*25 mgo/gm* of wet tissue for the LD muscle 

which are considerably higher than the values listed in Table 4 and 

those published in earlier work by Craig (1959)* These researchers 

employed a water extraction procedure which was similar to the one re

ported in this study9 but they did not convert myoglobin or any of its 

derivatives to its cyanmethemyog1obin form before quantitative determ

inations were made* These workers only assumed that they had separated 

and were making determinations on a pure solution of myoglobin*

No real differences were determined in the ash content of the 

various muscles* Nevertheless, small differences did occur which may 

indicate that varying levels of the individual minerals possibly exist* 

Gillett eX ajL* (1967) found the sodium content of the TB muscle to be 

greater (P<*05) than the content of the LD and SM muscles, but no
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significant differences were found for total ashe Also, these workers 

observed a significantly higher potassium content of the SM tissue.

Organoleptic Evaluation

Mean values for the palatability factors observed are listed in 

Table 6 for each muscle. The corresponding analyses of variance showing 

mean squares and the magnitude of the different evaluation effects are 

illustrated in Table 7.

None of the variances in tendernessP juiciness^ flavor, and 

overall satisfaction attributed to the muscles were significant. The 

analyses of variance revealed that the effects due to panel members and 

different animals were significant (P<o01) for all traits evaluated. 

Also, a significant (P<o01) people x muscle interaction was found for 

all determinations made by the panel. Apparently it was this influence 

that covered any detectable differences that may have existed between 

the muscles. The magnitude of this interaction strongly indicated that 

certain people prefer the tenderness or flavor or juiciness, or a com

bination of these components, for one muscle more than do other people. 

Therefore, one muscle is not always the most desirable for all people.

Upon examination of the mean values used in scoring each of the 

muscles as shown in Table 6, it can readily be seen that the TB muscle 

was the more desirable in every trait studied. The LD muscle followed 

the TB in each evaluation and the SM muscle was found to be the least 

desired. Even though definite personal preferences existed, there were 

certain desirability patterns by muscle which could be observed0
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Table 6 0 Mean values of taste panel and W B shear determinations by 
muscle,,

^ Trait
Muscle

L„ dorsi Semimembranosus T. brachii

Tenderness3 6„44 4.59 6.55
(0.85) .(0.64) (0.38)

Juiciness^ 5.95 5.58 7.05
(0.62) (0.40) (0.29)

Flavora 5.93 5.56 6.66
(0.46) (0.46) (0.41)

Overall Evaluation3, 5.90 5.52 6.70
(0.68) (0.48) (0.40)

W B Shearb 6.48 7.27 4.88
(1.33) (0.90) (0.96)

a Q Nine point Hedonic scale - nine being most desirable*

b 0 kgo shear force*

Notes Standard deviations are in parentheses*



Table 7„ Analyses of variance for taste panel evaluations.

Source of 
Variation

.Mean Squares

d,f, Tenderness Juiciness Flavor Overall
Evaluation

Animals 9 95,80** 69.61** 77.72** 60.94**

People/Animals 50 2.28** 2.92** 3.82** 1.73**

Muscles/Animals 20 19.28 9.55 5.39 9.08

People x Muscle/Animal 100 15.71** 10.47** **20.06 12.02

Error 180 1.141 1.027 1.111 .891

** (P<„01)

■p-u>
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The relationships for all taste panel trait combinations are 

listed in Table 8@ All correlations were high and possibly not as in

dependent as would be expected0 Individual muscle observations indi

cated that each of the characteristics was not readily detectable. 

Furthermore9 it was apparent that the overall evaluation common to each 

muscle was influenced to a large degree by tenderness, juiciness, and 

flavor. This was indicated by the consistent correlations within mus

cles in the range of 0,54 to 0,96, A similar correlation coefficient 

(0,90) between tenderness and overall evaluation scores was reported by 

Means and King (1959), but apparently they did not observe relationships 

of this magnitude for juiciness and flavor.

When taste panel correlations were pooled over the three muscles 

and their inter-relationships determined (Table 8), all correlation co

efficients were found significant (P<e01), This manipulation increased 

the number of observations per correlation so that more meaningful val

ues could be obtained. In all instances, the correlations were in

creased to a point (r = 0,84 to 0,91) where it was conceivable that jus

tifiable inferences with regard to taste panel trait combinations can be 

made.

Another interesting point which was apparent from the correla

tions in Table 8 was the inconsistent relationship of the W B shear to 

taste panel evaluation on an individual muscle basis. The panel scores 

for the SM and LD muscles were negatively correlated with the W B shear 

determinations. This was expected since the lower readings recorded 

from the W B shear are indicative of the more tender cuts. However, 

the TB muscle did not follow this pattern. With each of the panel
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Table 8. Simple correlation coefficients of taste panel traits and the
W B shear by individual muscle and over all muscles.

Variables 
by Muscle

Overall
Evaluation Flavor Juiciness Tenderness

L. dorsi
W B shear -.681* - • 488 -.395 **-.845
Tenderness .780** .487 .539
Juiciness .548 .476
Flavor .843**

Semimembranosus
W B shear -.450 -.130 -.510 -.585
Tenderness .831** .463 .749*
Juiciness .956** .736*
Flavor .811**

T. brachii
W B shear .420 .457 .177 .229
Tenderness .782** .556 .307
Juiciness .724* .618
Flavor .807**

All Muscles
W B shear -.702** -.572** -.697** -.683**
Tenderness **.836 .662** .678**
Juiciness .862** .821**
Flavor .911**

* (P<.05)
** (PC.01)
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evaluations made on this muscle9 even though the relationships were 

smallp it was apparent the less tender this muscle w a s 9 the higher it 

was scored by the panel members6 It can be assumed that possibly the 

tenderness of the TB muscle was at a point where if it were to be any 

less tender it may become less desirable^ at least when measured by the 

W B shear* However9 this is in direct conflict with the association of 

panel tenderness and overall desirability of this particular muscle 

where a correlation of 0,78 was calculated.

All other tenderness determinations by the panel were in general 

agreement with those of the W B shear. The estimated correlation of 

-,68 between these methods of tenderness evaluationp calculated over all 

three muscles9 was somewhat lower than the -,77 reported by Fields9 

Schoonover^ and Nelms (1965), Because of the lack of complete consis

tency in the relationships of the W B shear to panel tenderness deter

minations over the three muscles studied^ the data followed the sugges

tion of Suess £t aJL, (1966), These researchers proposed that panel 

tenderness evaluation is the more sensitive and most accurate means of 

tenderness determination. This conclusion can be valid even though 

analysis of variance and a subsequent multiple range test of the W B 

shear values showed significant differences (P<,01) in tenderness be

tween all three muscles (Appendix Table 17),

Relationship of Chemical Constituents to Organoleptic Evaluation

The influence of lipid content on muscle eating quality was var

ied (Table 9 ) d These data suggested that the means of extraction or
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Table 9. Simple correlation coefficients of chemical lipid determina
tions and marbling scores with taste panel traits and the W B
shear by muscle and over all muscles.

Variable 
by Muscle

Overall
Evaluation Flavor Tenderness Juiciness W B Shear

L. dors!
Lipid (C-M) "Wet" .673* .598 .517 .638* -.506
Lipid (C-M) "Dry" .689* .508 .556 *.683 -.550
Lipid (E.E.) "Wet" .768** .736* .596 *.671 -.576
Lipid (E.E.) "Dry" .753* .689* .565 *.656 -.557
Marbling Score .483 .520 .381 .463 -.476

Semimembranosus
Lipid (C-M) "Wet" .288 .180 .447 .090 -.720*
Lipid (C-M) "Dry" .304 .171 .475 .090 -.701*
Lipid (E.E.) "Wet" .221 .119 .368 .083 -.743*
Lipid (E.E.) "Dry" .193 .129 .346 .011 -.680*
Marbling Score .277 -.068 .285 .443 -.715*

T. brachii
Lipid (C-M) "Wet" .009 -.288 .106 .172 -.177
Lipid (C-M) "Dry" .044 -.320 .104 .275 -.253
Lipid (E.E.) "Wet" -.100 -.405 .005 .080 -.017
Lipid (E.E.) "Dry" -.107 -. 408 .050 .075 -.073
Marbling Score -.176 -.477 -.062 -.027 -.112

All Muscles
Lipid (C-M) "Wet" .518** *.391 .529** *.461 -.566**
Lipid (C-M) "Dry" .532** .372 .542** *.491 **-.594
Lipid (E.E.) "Wet" .416* .288

*
.423 .347 -.479*

Lipid (E.E.) "Dry" .435* .313 *.449 .359 -.508**
Marbling Score .157 .006 .138 .193 -.307

* (P<.05)

** (P<.01)
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expression of the data had very little effect on its relationship to the 

palatability traits0

Lipid content by individual muscle only exhibited a significant 

relationship to panel evaluation for the LD muscle6 In this muscle, 

fat content had an influence on juiciness as well as overall acceptabil

ity, but this pattern was definitely not followed in either the SM or 

the T B 0 On the contrary, lipid levels were negatively associated (r =

- o29 to - 048) with flavor and overall satisfaction in the TB muscle*

This may suggest that too much fatty tissue was present for desirable 

palatability qualities* Furthermore, this was supported by the fact 

that all other relationships with lipid content in this muscle were low* 

An alternate interpretation, as mentioned previously, could be the ap

parent high phospholipid content of this muscle* Possibly phospholipids 

have an adverse effect on meat flavor* However, precise literature is 

not available on the exact influence that phospholipids may have on meat 

acceptability*

Work by Hornstein and Crowe (1960, 1963) has established that 

the meaty flavor is due primarily to the volatiles produced from the 

fatty tissues* Waldman et auL* (1965) have found that flavor was not 

associated to any degree with any of the individual fatty acid levels or 

fatty acid ratios of subcutaneous fat; however, their work did not in

clude the intramuscular fat composition* It can be assumed that lipid 

composition may influence the flavor of meat, but just which fractions 

of the total lipid may exert this influence to any appreciable extent 

has not been confirmed *
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When chemical fat was related to panel palatability scores over 

all muscles (Table 9)9 the associations became large enough to indicate 

reliably that muscle quality is dependent upon fat content of the mus

cle* A plot of the individual data for the erratic TB muscle revealed 

no specific pattern which would question this conclusion*

The data reported in Table 9 representing the relationships of 

tenderness to lipid content and marbling score by muscle are moderately 

low and in general agreement with that presented in the literature*

Cover9 King9 and Butler (1958)9 Wellington and Stouffer (1959)g Als- 

meyer ej: al0 (1959) p and Zinn jet ado (1961) have reported j, according to 

a summary by Blumer (1963)9 that variations in marbling scores accounted 

for about 10 percent of the total variation in tenderness of LD steaks* 

This is somewhat lower than the approximate 14 percent found in this 

study for the LD muscle* However9 the pooled chemical fat-tenderness 

relationships were much higher (0*45 to 0*54) and indicate that intra

muscular fat can influence the tenderness of muscle tissue*

Tenderness determined by the W B shear followed a pattern very 

similar to that of panel tenderness in relation to chemical fat and 

marbling scores by muscle with the exception of the SM muscle (Table 9)* 

The greater association determined in the SM muscle with the W B shear,

which was not evident with panel tenderness scores, can possibly be ex

plained by the more pronounced effect tenderness had on this muscle*s 

acceptability* Generally, taste panel evaluations (Table 6) were lowest 

for this muscle, and it was also determined least tender (P<*01) by the

W B shear (Tables 6 and 17)*
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Lactic acid concentration of the three tissues studied was found 

to have a varied and, in some cases, an unexplainable effect on palata- 

bility (Table 10), Method of expression caused a definite change in the 

type of association this acid had with panel evaluations0 When the con

centration was expressed on a dry matter basis, in nearly every rela

tionship excluding the TB muscle, a negative association with all panel 

traits was observed, However, most of the correlation coefficients 

were small except those for the LD muscle and the relationships calcu

lated over all muscles. From this observation, one possibly can con

clude that the production of this acid is detrimental to desired 

palatability. Why the individual muscles did not respond with similar 

negative correlations is not apparent, unless animal numbers were not 

large enough to express the true effect.

It is interesting to note that no consistent association between 

flavor and lactic acid was observed, This refutes to a certain degree 

the work of Hornstein and Crowe (1960) when they reported that lactic 

acid may be important in developing meat flavor during cooking.

When tenderness was examined in relation to lactate concentra

tions (Table 10), the relationships were in general agreement with those 

published by Lewis, Heck, and Brown (1963), Although their work con

cerned observations on muscles of the pork carcass, they reported 

correlations ranging from -,57 to -,78, The W B shear tenderness de

terminations were also found to be related to lactic acid concentration 

to the same degree as the panel tenderness values.

The possible association between lactic acid levels and tender

ness cannot be a direct effect but must be the result of some reaction
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Table 10. Simple correlation coefficients of lactic acid concentrations

with taste panel traits and the W B shear by muscle and over
all muscles.

Variable 
by Muscle

Overall
Evaluation Flavor Tenderness Juiciness W B Shear

L. dorsi

Lactic Acid "Wet" -.125 .203 -.443 -.145 .123

Lactic Acid "Dry" **-.808 -.520 *-.630 -.704
*.646

Lactic Acid "D-L Free" -.018 .312 -.020 -.018 .062

Semimembranosus

Lactic Acid "Wet" .308 .068 .207 .524 -.398

Lactic Acid "Dry" -.019 -.106 -.184 .235 .264

Lactic Acid "D-L Free" .234 .037 .170 .382 -.431

T. brachii

Lactic Acid "Wet" .519 .455 .252 .172 .687*

Lactic Acid "Dry" .380 .608 .145 -.029 .502

Lactic Acid "D-L Free" .333 .231 .229 .055 .605

All Muscles

Lactic Acid "Wet" -.323 .252 -.353 -.487* .388*

Lactic Acid "Dry" -.487* -.335 -.457* -.593** .568**

Lactic Acid "D-L Free" -.186 -.105 -.133 -.397* .222

* (P<.05)

** (P<.01)
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causing the change in tendernessp unless connective tissue degradating 

enzymes are more active at higher pH values6 These pH values are gener

ally a direct result of decreased lactic acid levels of the muscle 

tissue.

Total muscle pigment levels, regardless of means of expression 

(Table 11) were found to be negatively associated with muscle quality0 

Most of the correlations were low, but in each of the three muscles 

studied it was obvious that total pigmentation in no way enhanced gen

eral muscle palatability0 These results are similar to those reported 

by Craig £t al. (1966).

Myoglobin content of each of the muscles followed an association 

very similar to that of total pigments. This was not surprising as myo

globin accounts for the largest portion of the total muscle pigments. 

Most relationships (Table 12) were negative and small with the exception 

of the TB where the correlations remained negative but were of a consis

tent magnitude to suggest that myoglobin may have an adverse influence 

on palatability of this muscle. However, in all cases, this pigment's 

effect on tenderness is in direct disagreement with the positive corre

lations of 0.50 and 0.55 found by Husaini and workers (1950). A pos

sible explanation for these opposing relationships was present in their 

method of extraction and quantitative determination of myoglobin, which 

was discussed previously.

Tissue alkaline phosphatase activity was negatively associated 

with taste panel traits in nearly all observations (Table 13). Most 

correlations were low and possibly due to chance, but larger and more
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Table 11. Simple correlation coefficients 
panel traits and the W B shear

of total 
by muscle

pigments with taste 
and over all muscle,

Variable 
by Muscle

Overall
Evaluation Flavor Tenderness Juiciness W B Shear

L. dorsi

Total Pigments "Wet" -.613 -.148 -.119 -.541 .354

Total Pigments **"Dry" -.764 -.346 -.199 -.661* .505

Total Pigments "D-L Free" -.544 -.087 -.023 -.476 .329

Semimembranosus

Total Pigments "Wet" .023 .062 -.119 .211 -.234

Total Pigments "Dry" -.151 - .046 -.353 .084 .171

Total Pigments "D-L Free" -.015 .047 -.151 .147 -.243

T. brachii

Total Pigments "Wet" -.575 -.547 -.375 -.581 - .484

Total Pigments "Dry" -.484 -.276 -.344 -.536 -.395

Total Pigments "D-L Free" -.673* -.656* -.366 -.607 -.554

All Muscles

Total Pigments "Wet" -.352 -.167 -.127 -.416 -.065
* *Total Pigments "Dry" -.437 -.218 -.192 -.450 .202

Total Pigments "D-L Free" -.237 -.060 .030 -.296 -.070

* (PC.05)

** (P<.01)
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Table 12. Simple correlation coefficients of myoglobin levels with
taste panel traits and the W B shear by muscle and over all
muscles.

Variable 
by Muscle

Overall
Evaluation Flavor Tenderness Juiciness W B Shear

L. dorsi

Myoglobin "Wet" -.174 .257 -.123 -.320 -.016

Myoglobin "Dry" -.455 -.029 -.210 -.505 .187

Myoglobin "D-L Free" -.027 .381 .090 -.139 -.119

Semimembranosus

Myoglobin "Wet" -.013 .012 -.171 .204 -.206

Myoglobin "Dry" .024 .163 -.181 .224 .163

Myoglobin "D-L Free" -.069 -.015 -.209 .100 -.187

T. brachii

Myoglobin "Wet" -.607 -.545 -.298 -.578 -.556

Myoglobin "Dry" -.539 -.350 -.345 -.589 -.501

Myoglobin "D-L Free" *-.720 *-.699 -.375 *-.651 *-.641

All Muscles

Myoglobin "Wet" -.198 -.075 -.076 -.367 . -.113

Myoglobin "Dry" -.297 -.110 -.136 *-.455 .035

Myoglobin "D-L Free" -.069 .043 .096 -.245 -.269

* (P<.05)
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Table 13. Simple correlation coefficients of alkaline phosphatase
levels with taste panel traits and the W B shear by muscle
and over all muscles.

Variable 
by Muscle

Overall
Evaluation Flavor Tenderness Juiciness W B Shear

L. dorsi

Aik. Phos. "Wet" .255 .548 .229 -.160 .171

Aik. Phos. "Dry" -.035 .304 .089 -.408 .396

Aik. Phos. "D-L Free" .281 .597 .310 -.130 .158

Semimembranosus

Aik. Phos. "Wet" -.263 -.115 -.217 -.231 .049

Aik. Phos. "Dry" -.364 -.178 -.343 -.315 .289

Aik. Phos. "D-L Free" -.306 -.136 -.245 -.305 .052

T. brachii

Aik. Phos. "Wet" -.619 -.722* -.542 -.351 -.586

Aik. Phos. "Dry" -.579 -.499 -.500 -.407 -.538

Aik. Phos. "D-L Free" it-.685 -.772** -.493 -.414 -.635*

All Muscles

Aik. Phos. "Wet" .039 .092 .113 -.082 -.163

Aik. Phos. "Dry" -.062 -.042 -.048 -.163 -.053

Aik. Phos. "D-L Free" .116 .163 .226 -.007 -.273

* (P<.05)

** (p<.01)
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consistent relationships were observed with the TB muscle0 It was ap

parent that the activity of these enzymes did not improve muscle qual

ity 0 In most cases and especially in the TB muscle where a range in 

correlations of -,35 to - 072 was observed9 they were shown to be detri

mental 0 This conclusion* however* does not support the high correlation 

of 0 o78 between alkaline phosphatase enzyme activity and tenderness 

found by Anglemier* Johnston* and Ralston (1961)e No reason for this 

disagreement was apparent,, Acid phosphatase activity exhibited even 

less relationship with the muscle quality traits (Table 14)0

Significant correlations were observed (Table 15) between the 

different panel traits and ash content of the muscle* but the relation

ships were generally negative* highly inconsistent* and non-conelusive0 

Almost no association was apparent between ash content and tenderness as 

determined by both the panel and the W B shear*
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Table 140 Simple correlation coefficients of acid phosphatase levels
with taste panel traits and the,W B shear by muscle and over 
all muscles*,

Variable 
by Muscle

Overall
Evaluation Flavor Tenderness Juiciness W B Shear

L„ dorsi

Acid PhoSo "Wet" .473 .480 .142 .158 .102

Acid Phos« "Dry" .215 .256 -.011 - .096 .368

Acid Phos, "D-L Free" .487 .508 .128 .175 .071

Semimembranosus

Acid Phos. "Wet" -.059 -.075 .097 -.033 -.284

Acid Phos. "Dry" -.253 -.180 -.181 -.170 .249

Acid Phos. "D-L Free" -.128 -. 100 .042 -.168 -.231

T„ brachii

Acid Phos, "Wet" .240 .170 .150 .412 .046

Acid Phos. "Dry" .197 .370 .088 .287 .008

Acid Phos. "D-L Free" .070 -.012 .118 .314 -.092

All Muscles

Acid Phos. "Wet" .058 .066 .002 -.160 .081

Acid Phos. "Dry" -.087 -.007 -.107 -.287 .262

Acid Phos. "D-L Free" .165 .163 .121 -.038 -.067
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Table 15. Simple correlation coefficients of ash content with taste
panel traits and the W B shear by muscle and over all muscles.

Variable 
by Muscle

Overall
Evaluation Flavor Tenderness Juiciness W B Shear

L. dorsi

Ash "Wet" -.362 .033 .306 - .440 .326

Ash "Dry" *-.696 -.542 -.137 -.715* .502

Semimembranosus

Ash "Wet" -.379 -.261 -.520 -.116 .444

Ash Dry" -.374 -.268 -.447 -.283 .676*

T. brachii

Ash "Wet" - .448 -.363 -.073 -.853** .088

Ash "Dry" -.368 -.309 -.293 -.405 -.232

All Muscles

Ash "Wet" -.119 -.031 .089 -.138 .077

Ash "Dry" -.301 -.242 -.153 -.266 .244

* (P<.05)

** (P<.01)



CHAPTER V

SUMMARY

The levels of certain chemical constituents of the Longissimus 

dorsi (LD), Semimembranosus (SM)9 and Triceps brachii (TB) muscles from 

ten half-sib Hereford steer carcasses were determined and related to 

organoleptic evaluations made by a taste panel0

All chemical analyses were expressed on a we t 9 dry and dry-lipid 

free tissue basis where applicable. Only in certain instances did this 

appear to have any effect on the results.

Two separate methods of total lipid extraction were employed.

The chloroform-methanol method resulted in higher values. Utilizing 

this method; the TB muscle had a greater total lipid content (P<o05) 

than either the SM or the LD, Extractions with ether revealed no sig

nificant differences between muscles. Possible reasons for the differ

ences between these methods were discussed, Marbling score was highly 

correlated (r = 0,75 to 0,96) with chemical fat of the TB and LD mus

cles, Relationships somewhat lower (0,56 to 0,64) were observed for the 

SM muscle9 and the pooled chemical fat-marbling score correlations were 

0.62 to 0.79,

Lactic acid content of the SM muscle was significantly (P<o01) 

higher than either the LD or TB when the concentration was expressed on 

a wet or dry tissue basis. All muscles differed (P<,01) on a dry-lipid 

free tissue basis. The levels of alkaline and acid phosphatase did not 

differ between muscles.

59
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The LD was consistently lower in myoglobin content (P<o01) than 

either the TB or SM0 No apparent differences in total pigment levels 

were observed9 and the percent ash was also found not to differ signifi

cantly.

Highly significant (P<o01) differences due to animals and panel 

members were found for the evaluations made by the taste panel. How

ever, no differences in tenderness, juiciness, flavor, and an overall 

acceptability score were observed between the muscles. This was appar

ently the result of the large people x muscle interaction (P<„01) ob

served , Significant differences (P<o01) in tenderness between muscles 

were detected by the W B shear.

The relationships for all taste panel trait combinations were 

found to be high. Overall acceptability was influenced to a large de

gree by tenderness, juiciness, and flavor. Correlations ranging from 

0*56 to 0,96 were obtained between these factors and overall accept

ability.

Lipid content of the LD showed a positive relationship to taste 

panel evaluation, but an adverse lipid influence was detected in the TB 

muscle. Little effect due to lipid content was noted for the SM, 

Tenderness of the LD was favorably correlated (0*52 to 0,60) with its 

lipid levels but this was not apparent in the TB and SM muscles, W B 

shear tenderness relationships were similar to the panel evaluations 

with the exception of the SM muscle where higher correlations of -,68 to 

-,74 with lipid content were established.

Lactic acid concentrations of the LD and SM muscles on a dry 

matter basis were negatively associated with panel palatability ratings.
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This was not evident in the TB muscle since correlations were found to 

be positive and of variable magnitude0 No consistent association be

tween flavor and lactic acid was observed; however9 tenderness scores 

generally varied inversely with lactate contents

Total muscle pigments and myoglobin had a similar adverse effect 

on muscle palatability which was more definite in the TB than either the 

SM or LD muscleso Corresponding, unfavorable associations for tissue 

alkaline phosphatase activity were noted and were again found to be more 

pronounced (r = -»49 to - e64) in the TB muscle. Acid phosphatase enzyme 

activity showed no apparent relationship to taste panel traits evalu

ated.

Several significant correlations were observed between organo

leptic evaluations and ash content of the muscle but they were highly 

inconsistent and non-conclusive.



APPENDIX

Explanation of Abbreviations

cLfo = Degrees of Freedom

E.Ee = Ether Extraction

C-M = Ghlorof orm-Methanol

S 0Uo = Sigma Units

W B Shear = Warner-Bratzler Shear

LD = Longissimus dorsi

SM = Semimembranosus

TB = Triceps brachii

mM = Micromolar

L = Liter

mu = Millimicrons

D-L Free = Dry-Lipid Free
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Table 16. Mean squares for acid phosphatase, alkaline phosphatase, 
lactic acid, total pigments, and myoglobin when expressed 
on a wet, dry and dry-lipid free tissue basis.

Source of d.f.
Mean Squares

Variation Wet Dry Dry-lipid Free

Acid Phosphatase^ 

Muscles 2 .036 .442 .444

Error 29 .020 .215 .455

Alkaline Phosphatase 

Muscles

a

2 .082 .944 3.682

Error 29 .105 1.339 2.241

Lactic Acid^ 

Muscles 2 5.784** 71.151** irk63.676

Error 29 .436 7.693 7.227

Total Pigments*1 

Muscles 2 .559 5.793 8.701

Error 29 .197 3.374 4.178

Myoglobin*1

Muscles 2 .388** 5.252** 7.381*

Error 29 .065 .873 1.374

* (P<.05)
** (P<.01)
a. S.U./gm. of tissue,

b, mg./gm. of tissue.
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Table 17. Mean squares for ether extract and chloroform-methanol 
methods of lipid determination, ash content, and W B 
shear values.

Source of d.f.
Mean Squares

Variation Wet Dry kg. Force

Ether Extract3

Muscles 2 6.74 69.84

Error 29 5.29 41.74

Chloroform-Methanol a

Muscles 2 18.10* Vx178.95

Error 29 4.95 45.07

Ash3

Muscles 2 .003 .002

Error 29 .008 .185

W B Shear

Muscles 2 14.827**

Error 29 1.169

* (P<.05)

** (P<.01)

a. Percentage
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