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SUMMARY 

Studies have been made of th e organoleptic and 
some chemical, physical and microscopic chara cter­
istics of cooked and uncooked beef muscles obtained 
from carcasses o:f. animals diff.ering in age and quality . 
The beef animals were divided into pairs according to 
animal age and carcas · grade. Group I inclnded 
animals I and V - age, 18 months; carcass gra de, 
Commercial. Group 2 included animals II and VI -­
age, 18 months; carcass grade, Choi ce . Group 3 con­
sisted of animals III and VII - ag·e, 6 months ; carcass 
grade, Commer cial. Group 4 included animals IV and 
VIII - age, 42--:l:8 months; carcass grade, Commercial. 

Roast wer,c obtained from the " tender " cuts ( the 
rib, loin and tenderloin ). Braised cuts were obtained 
from the " less tender " mu ·cles of the round (biceps 
femoris, semitcndinosus and semimembranosus) . Cuts 
from one side of a pair were cooked to an interior 
temperature of !)0° C. ; those from the other side of 
the same animal, to 70 ° C. 

Data " ·ere obtained for the following: cooking 
time and shrink (length, width, depth, Yolrnne and 
weight ); the palatabi lity of the cooked cuts (aroma, 
flavor of lean , tenderness and juiciness); the shear 
force and press f luid values of the cooked cuts ; the 
pH values, fat content, moisture content and total 
nitrog·en . Histological sections (for mi croscopic study) 
both before and after cooking ,1·cre also taken. and 
analyzed. Collagen nitrogen for cuts from all an imals 
and the elast in nitrogen (for the first four animals 
only ) were determined by the procedure of Lowry 
et al. (14). 

1- The data obtained in this investigat ion failed 
to provide strong support for the widely held belief 
that carcas grade, ag,e, degTee of fatness, fat and 
connective tissue conten t of beef ar e closely and con­
sistently associated with tenderness, juiciness, f];1 vor 
and aroma of cooked beef. 

2 . The temperat ures to which the cu ts were 
cooked - 90° C. and 70° C. - brought about th e 
following differences: cuts cooked to go° C. required 
longer to cook, had greater cooking· weight losse and, 
in general, were considc1·cd less desirable in aroma, 
flavor of fat and f lavor of lean than those cooked to 
70° C. The panel scored roa sts cooked to 70° C. more 
tender than thos,e cooked to 90° C., but the shear force 
values did not indicate this difference in tenderness. 
Cuts cooked to goo C. were less juicy, had less pr ess 
fluid and a lowei- collagen content than the cuts cooked 
to 70° C. 

3. One of the outstanding :findin gs was the dif-for­
ence betwe-en an imals constituting a pair (same age 
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and grade) . Cuts from these pairs of ca i-casses varied 
in the time for co.iking, cooking weight losses, aroma 
scor e.·, fl avor of fat, f lavor of l,ean , tenderness scores, 
shear force values, juicines. scores, press fluid values, 
fat content and collagen content of the cuts. This 
differen0e in animals within a pair ,1·as very strikin g, 
for the variation wa s for many cha ra cteristics. 

The oldest anima ls were not the toughest. The 
age of the animal did not affect the cooking weight 
losses, the shear force values, juicin,ess scores and the 
press f luid values. 

4. The analy tical method used to determine the 
collagen-N content of the raw and cooked cuts gave 
the follmring r esults : In the majority of the samples, 
the collagen-N content was less than 3 percent of the 
total nitrogen in the raw cuts and less than 1 percent 
in the cooked cuts. '11he average amount of the initial 
colla.gen-N remaining in th e cuts after cooking to an 
interi01· tempera ture of 90° C. was Jess than 25 per­
cent ; after cooking to 70° C., it was less than 40 per­
cent. The correlations (a ) between tenderness scores 
and collagen-N content of the cooked cuts, (b) 
betwc-en shear force and collagen-N content of r aw 
muscle and ( c) between shear force and colla.gen-N 
content of the cooked muscle were not significant . 

5 . Although it is widely accepted that the fat 
content , carcass grade and age of animal a1·e highly 
correlated with the palatability of beef, the results of 
detailed analy is of these ,eight beef car casses indicate 
that the tenderness, juiciness, flavor and fat content 
of cuts vary 1Yithin wide limits for carcasses of the 
same age and grade. 

6. '11 he result. · of this study indicate that the 
facto rs affecting the organoleptic qualities of beef are 
complex. 

7 . In view _of the lack of concordance in the 
values r eported in the literature for the different 
componen t of meats m1d the obvious la k of agree­
ment about how they are r elat,ed to tende1·ness of meat, 
it would :eem that a much more rigorous study of the 
factors influencing this quality in meats is needed. 
It seems proper to suggest that many of the older 
approa.ches to this problem ought to he abandoned and 
nc11· ones developed. Clem·ly, b liefs lon g held about 
the relationship f carcass quality as defined by grade 
standards ·with pa latability of beef ought to, b more 
seriou.'l ,v investigated. 'rhe continued lack of adequate 
support for :uch assumption s that hav-c been made in 
these connections is sufficien t r eason for doubt and 
fur th er questioning and research. 
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Carcass grade specifications for slaughter cattle 
ar e based upon the assumption that the age of the 
animal, the amoun t of fat both within and on muscles 
and the firim1ess and texture of mu cle and fat a.re 
closely correlated with. the t enderness, juiciness, aroma 
and flavor of the cooked beef. Carcass grades for 
cattl e ar e, therefore, assum ed to reflect t hose beef-cut 
qualiti€s which arc of primary concern to consumers . 

Experience has sh01rn that the palatability of beef 
can ho influenced appr eciably by the ex tent to which 
the carcass or cut has heen ripened and by the time, 
temperature and method of cooking used. It also has 
been obsmved that, regardless of the method of cook­
ing, th2r e are consider able differences in t enderne ·s 
and juiciness among the differ en t cuts of beef obtained 
from a carcass representing a specific grade category. 
It thus fol low: thnt the diff.erences in the orgnnoleptic 
char acteristics of cooked beef must accrue from in­
her ent difference in the physical and chemicn l com­
position of muscle, fat and fibrous connective com­
ponents of animal tissue and from the ,effect of cooking 
upon these and other components of meats. More 
specif icialJ)', it is be lieved that the organoleptic prop­
erties of cooked beef are dependent, not only upon 
the age of the animal and its nutritionnl ·tatus at t ime 
of sfaughtei·, but also upon th e quantit)' and distri­
bution of the fat and fibrous connective tissue in each 
cut . Likewise it is generally accepted that animals of 
the same grade, oth er things being equal, will produce 
carcasses possessing similar quality attributes. 

Considerabl e attention has been directed toward 
developing an understanding' 01· an appr-2 ciation of 
th e role pln)·ed by fat and fibrous connective tissue in 
the tenderness and juiciness of m 2::it. 'l'h e mcst widely 
accepted index of carca.·s excellence is marblin g. The 
degree of marbling reflects the amount of fat in. fin e 
fibrous connective tis. uc b inding muscl e cells together. 
B eef that is ,rell marbled and covered with a lay,er of 
firm , smooth fat is, therefore, assumed to be more 
tender and juicy and to have a better flavor than beef 
which lacks fat and marbling. Nevertheless, th er e r e­
mains a paucity of information regardin g the qunnti-

1 Proj cct 934 of the [ O\\'a AgTicultura l a nd H o111c Econ o111 ics Ex­
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tative in terrelationships which appear to exist among 
the age of t he animal, carcass grade, exten t of cooking 
and certain organoleptic and compositional character­
istics of the cooked meat. 

'Dh e objective of this inve.-tiga tion was to evaluate 
th e differences in the palatability and the composition 
of braised and roasted cuts of meat from steer car­
casses varying in age and grade when cook,ed by 
standardized procedures. 

PROCEDURE 

The scJ.ec1ion of th e animals wa s specified in the 
contr act bet ,,·e•cn th e sponsor and Iowa State Univer­
sity. Four an imals wer e used dmin g the first year 
of th e work. The specifications required that they 
wcr•e to be of the same sex and breed. Three animals 
w,ere to be of varying ages, and the carcasses were to 
gTadc Commercial. A fourth animnl was to be of 
approximately the sa me age as one of t he ot her thr ee 
nnimals, but its carcass was to grade Choi ce. Later , 
the contrnct was extended to use four more an imals as 
nearly as possible replicat,es of the first four animals. 
Practical limitations on cost and uvailability of ex­
tensive laboratory facilities and of trnined personnel 
prohibited studies being conducted on more animals. 

The carcas. ·es ,vcrc graded bs an official govern­
ment beef carcass grnder in accordance "-i~h grade 
standards in use prior to Jan . 1, 1951 . Tab le 1 con­
ta ins information about tb e pairing of anim,1 ls accord­
in g to age and carcass grade, plus other pertinent data 
about the animnls. 

All the animals were kill ed in t he Department of 
A nimal llusbandn· meat laboratory_ Tli c carcasses 
were stored in a cooler at about 1.7° 0 . (35°F. ) until 
the aging' time (given in table 1) h,1 d elapsed. The 

TABLE 1. INFORMATIO::-{ ABOUT THE AN!i\IALS AND THE 
PAIRING OF ANTi\ LALS. 

J\_n in1al ag-c ___ 18 
( rnonths) 

Carcass g rad e Hi. 
Con1. 

Carcass age ____ 7 
(clays) 

Ca r cass wt. ( lbs. ) 
Ri g·ht s ide ___ 199 
Left s ide __ 202 

.Animal 
y II Y T III VII IY VIII 
19 17 1 8 5-6 6 4 2- 48 4 2- 48 

Lo,v Low Low Low Ave . Ave. Lo,v 
Co111. Ch oice Cho ice Com. Corn. Com. Co 111. 

10 10 1 0 7 7 1 0 10 

219 
218 

328 31 8 
337 320 

102 155 
106 149 

313 393 
310 398 
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cuts were t hen r emoved from the car cass or part of 
carcass for individual animals. 'l'he cuts w 1xi frozen 
at -34.4°C. (-30°F. ) and then stor ed at -23.3 °C. 
( -10°F. ) until removed for defrosting and cooking. 

The cuts from one side of each animal were 
roasted or braised to an interior temperature of 70°C. 
(15 °F. ) ; the cuts from the ot,her side of a given pair 
were cooked to 90° C. ( 194 °F. ) . Usually the cuts 
cooked to 90°C. came fro m the right side, but this 
was not always the case. 

Data wer,e obtained for cooking tim e and shrink 
(1ength, width, depth, volume and weight ) ; the p~18:t~­
bility ( aroma, flavor of lean, tenderness and JU1c1-
ness ) of the cooked cuts ; the shear force and press 
fluid values of the cooked cuts; the pH values, fat 
content moisture content, total nitrogen , collagen 
nitroge~, elas tin nitrogen (for the first four animals 
only ) and from histological section s (for microscopic 
study ) both before and after cookin g. 

THE CU'l'S 

THE RO.\S'l'S 

'l'h e ''tender '' cuts wer e obtained from the ribs, 
the loin and the tendnrloin. The longissimus dorsi 
muscle extends through the ribs and loin . It was used 
for the tests for the rib (LDR ) and loin (LDL ) cuts. 
The psoas major (PM ) was used for th e tenderloin. 
The rib and loin roasts wer e not boned, but the p soas 
maj or was dissected from the bon es. Two roa ·ts were 
used from each cut of animals II and TV. It was 
found, however, that alth ough the cuts from th ese 
two animals wer e large, there was barely enough 
tissue for the differ ent tests; th er efore this procedure 
was not followed for th e o~her large car casses (anirnaJs 
VI an d VIII). 

'l'HE BR.\ISED C U'l'S 

The " l,ess tender " cuts, u;:;ed for bn1ising, wd ·e 
obtained from muscles of th e round. Th e biceps 
femoris (BF ) and the semitenclinosus (St ) ca me from 
the " bottom " rom1d, the semimembranosus ( Sm ) from 
the "top" round. Th e muscles wm·e cliss-ectecl from 
the round. Th e adductor wa s removed with the semi­
membranosus. It was also cooked with t he scmirnem­
branosus but was n ot used in the tests unles.' - as 
occurred with cuts from the calves - there was too 
littl e ma terial from thn semim embranosus for all the 
tests . Th e adductor did protect the semimembra.nosus 
on one side during the cooking. The adductor is 
similar to the semim embranosus in texture and in 
some area, is difficult to sep arate from the sernirn::m­
branosus; i.e ., there is no definite dividin g line. 

T ABLE 2. T HE NUMBER OF SAJ\I PLES COOKED FROM 
EACH CUT. 

A nimal 
Cuts I y II Y I III VII I V V 1II 
Roas ts 

LDR ------- 1 1 2 1 1 1 2 1 
LDL ------- 1 1 2 1 1 1 2 1 
PM ------ - - 1 1 2 1 1 1 2 1 

Braised cu ts 
BF -------- 2 2 3 2 2 2 3 2 
St. --------- 1 1 i l 1 1 2 1 
Sm -- ----- 2 2 3 2 2 2 3 2 
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As shown in table 2, more cut · were braised from 
the musde of animals II and IY than fro m the 
muscles of the other lar ge animal (VI and VIII ) . 
Dividing th e rnu~cles of the round from anim als 1I 
and IV into more cuts r esulted in small quantities for 
the samples that were n ot ,Yeighed. 

SAMPLING 

Th e method of sampling can be shown gr aphically . 
Anterior or Posterior or 
proximal end distal encl 

A B C A' B' D E 

A. Samples for nitrogen (100 gTams ) and mico­
scopic study from th e uncooked cut wer e obtained at 
this encl of the cu t. T1he sample for sectioning was 
a small rectangular one . 

B . Sample for fat analysis ( 100 grams second 
year , 35 grams the first y,ea r ) from ra,v cut. 

C. Browned outer slice of cooked cut, discarded. 
A'. Same sample as A, but from the cooked cut. 
B' . Same sa mple as B, but from the cooked cut. 
D. Area from which samples for p alatability t ests 

wer e taken. 
E. Samples for shear force and press flu id ob­

tained at this encl of th e cooked cut. 
Samples for pH determinations usually wer e 

taken from A and A' areas . But if material was 
scarce, t hey wei:e taken from any ar,ea th at could be 
used (about 15 grams) . 

W EIGII'l', MEASUREMENTS, VOLUME 

After the sampl es for pH, nitrogen , fat deter ­
minations and mi crnscopic study were removed from 
the raw muscle, the cut was weighed . The length, 
width and depth of th e cut also were r ecorded. 
Volume measur ements were tak::m by water di, place­
ment. A .· tring tied ar ound t he cut facilitated han­
dling t he cut during this p r ocedure. The t-2mpar ature 
of the water used to determin e th e volume of the un­
cooked cut was 25 ° C. (77 °F. ) . Boiling watnr was 
used fo1· the volume determin ations of the cooked cut . 

OBJEC'l'IVE TESTS 

Shear data wer e obta ined with the Warner ­
Bratzkr shear appar atus. 'l'he 1-inch cylinder used 
for shearin g was removed from the center of t he cut. 
This cylinder varied in length from about 1.25 to 2 
inches, depending on the amount of th.a cut left after 
the other samples had been r emoved. H ence, some 
cylinders ,rer e sheared three, ome four and others 
five times. 

The press fluid was determin ed on the Minn esota 
pressometer. 

CHKiVIICAL TES'l.'S AND MICROSCOPIC OBSELWA'l'lONS 

Some routines had to ha chosen arbitra1·ily. Since 
palatability evaluati on s, shea r force values and press 
fluid tests 'were made upon. th e interior of th e musck, 



it was d ecided that t he exterior fat and connective 
tis:uc (usually about 1/s inch or less ) would be 
tri1rnned from the cut. Thus, tissues for fat, moisture 
and nitrogen analysis wer e from samples similar to 
those used for other tests. 

MOIS'rURJo AND F.\'r 
The moisture content was determined by t he 

American Association of Agricultural Chemist 's pro­
cedure. Moisture conten t " ·as determined on samples 
us-eel for fat analyses and for nitrogen analyses. 

'L'he fat content of tissues was d etermined by al­
cohol-ether ex~raction of sa mp les dried to con tant 
weight a t 80°0 ., u sing a modifi cation of the procedure 
descl'ibed by Bloor (+ ) . 

'l'O'l'.\L NITROGEN, CO l,LAGEN KJTROGEN AND 
ELASTIN NITROGEN 

Total nitrogen wa s determined by the micro­
Kjeldahl method. Collagen and elastin nitrogen wer e 
determined by a modifi cation of the Lowry, Gilligan 
and Ka tersky (14) method. 

Th e modification of thi , procedure included ( a) 
grinding the muscle tissue with dry ice after t he 
sample had been ground in a small household food 
chopper and (b ) additional extractions of t he auto­
clave insolubl e r esidue with OJ N NaOH. After wa sh­
ing with distilled water, this r esidue ,vas dis. olved in 
87 percent formic acid. MicroKj eldahl nitrogen deter­
minations conducted on the autoclave-solubilized frac­
tions and formic acid-solubuli½ed fractions were re­
corded as collagen and elastin nit rogen, respectively. 

MICROSCOPIC OBSERVA'l'IONS 
A sample was taken for sectioning from each 

muscle after the carcass had been in the cooler for 
approximately 24 hours. 'L'hese samples were taken 
close to the surface of each muscle. Taking the sample 
deep in the muscle would have inter fered with uni­
form cooking of the cut. Since the 24-hour samples 
wer e taken near the surface, the sampLcs just befor e 
and after cooking also wer e taken near the surface. 

Samples wer e preserved in a 10-per cent formalin 
and physiological salt solution. Longitudinal sections 
wer e prepared on a freezing mi crotome, mounted on 
slides and st ained with vVeigert 's elastic tissue stain 
and van Giessen 's mixture of acid fuchsin and picric 
acid. These stains produced blue-gr een in the elastic 
tissue and pink to red in the collagenous ti sue. The 
muscle fib ers were a yellowish brown. After staining, 
glycerin j elly was placed over the section , followed by 
a cover glass. Five to seven ections were obtained 
from each sample. 

COOKING 

To defrost, cuts wer e placed in the r efrigerator 48 
hours before they wer e to be cooked. Average interior 
t emperature of the cuts at start of cooking was around 
-2°0. (28°F .) to 0°0 . (32°F. ) . 

RO ASTS 
Rib roasts wer e placed in an open pan, the roast 

rest ing· on the rib and chine bone ends. Loin roasts 
and th e t enderloin wer e placed on racks in open p ans. 

The l'Oasts " ·er e cooked until the thermometer ( the 
bulb of which was placed in the center of the muscle) 
r eached the desired temper ature, 70° or 90°0. The 
oven temperature was 150°C. (approximately 300°F. ). 

BR,/\ISED CU'l'S 
Each cut was browned 12 minut-es. For browning, 

20 grams of bland lard (S wiftn 'ing) wer e placed in 
the bottom of the Dutch oven. The Dutch oven was 
heated over a gas bumer until a t emper attffe of 175° 0. 
(approximatcl~- 350°F. ) wa s 1·eached as shown by a 
griddle thermometer. Some cuts had six surfaces for 
brownin g, some had only four . After browning, a 
r ack was placed under the meat. A hole wa made 
in the meat fo r the thermometer, which was inserted 
o that t he bulb was in the center of t he thick portion 

of the muscle. Ther e was a hole (1 inch in diameter) 
in the lid through which the stem of the rig·ht angle 
thermometer was inserted. 

'rhe Dutch oven and contents 'Were then placed 
in the oven. The oven was main tained at 150° 0. 
Interior t emperature of the finished braised cuts was 
70° or 90° 0. No water was added for braising. A 
great deal of liquid came from the meat during cook­
ing and all of it did not evaporate. 

PALA'l'ABlLI'l'Y EVA LUATIONS 

Interior slices wer e used for scoring. These slices 
·wer e cut across the fibers on a slicing machine set to 
cut ¼-inch slices. Each slice was about 3 / 16 inch in 
thickness. 

]?our scorer s judged the palatability of the cuts 
throughout th e study. 

The following qualities were scored on the basis 
of 10 points : aroma, f lavor of fat ( cuts from animal 
III had little visible fat , and some cuts from the round 
had litt le fat), flavor of lean, tenderness and juiciness. 
E ach scor er counted th e number of chews r equired to 
masticate a sample of a given size to an encl point 
determined by each scorer as- an aid in determining 
tenderness. Th e scor es for fat are giv-cn , but t hey 
were not ana lyzed stati stical ly. 

RESULTS 

Coo1cmG AND P ALAT.\BILI'l'Y DATA 

'l'HE WEIGH'l' OF '!'HE CUTS 
The weight of each cut vari ed with the weight of 

the animaJ and the muscle from which it ·was obtained. 
The rib roasts were heavier than the loin roasts, and 
the loin roasts were heavier than the roasts from the 
tenderloin. Cuts from the semitenclinosus weighed 
the least of the braised cuts. The average, maximum 
and minimum ,,veig·hts for th e roasts and braised cuts 
are sho~vn in table 3. 

TABL E 3. AVERAGE, MAXIMU 1 AND MINIMUM WEIGHTS 
IN GRAMS FOR ROASTS AND BRAISED C TS. 

Cuts Average wt. 1V[a..xirnu1n ,v t. Minimum ,vt. 

Roasts ____________ 2,338 5,052 893 
B r a ised c uts ________ 1,688 3,675 463 
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COOI<ING 'rIME 

As would he expected, the cooking time, tables 4 
and 5, varied with the size of the cut, the interior 
temperature to which the cut wa s cooked and the 
method of cooking. 

T ABLE 4. THE AVERAGE COOKI NG TIME I N MINUTES 
FOR ROASTS AND BRAISED CU TS FROM E A CH 
ANIMAL. 

A nima l G ra d e Age Roast s cook ed t o : Bra i sec! c u ts coo k eel t o : 
(mos . ) 90 °C. 70 °C. 90 °C. 70 °C. 

L _ Comm. 18 240 148 138 1-13--
v __ Con1m. 19 29 2 178 182 154 
I L _ C ho ice 17 356 220 16 2 111 

V L _ C h o ice 18 368 264 19 7 16 7 
IIL _ Co m111 . 5- 6 25 8 188 11 2 76 

VIL_ Co1nn1. 6 24 7 15 8 1 28 109 
I V __ Con1n1. 4 2-4 8 311 1 96 163 1 26 

VIIL _ Con1111. 4 2-4 8 337 228 237 190 

TABLE 5. THE AVER AGE COOKI NG TIME I N MLNU T ES 
FOR CU T S FROM EACH M USCLE USED IN THE 
STUDY. 

Inte ri o r· 
t empe r a ture LDR LDL PM 

Cook cl to 90 ° C. ____ 359 28 6 25 9 
Cook ed t o 70 ° C . ____ 257 17 8 14 8 

BF 
157 
124 

St 
119 

99 

Sm 
187 
154 

Cuts cooked to an interior temperature of 90°0. 
r equired a longer time than those cooked to 70°0. 
The cooking time vat·ied for cuts from animals con­
stituting a pair. A longer time wa required for roasts 
than for brais-:,d cuts. Roasts were cooked uncovered 
so that they we1·e ·unotmded by air, which conducts 
heat more slowly than steam. Th e braised cuts were 
cov,er ed so that they were surrounded by steam after 
the juice from th e meat reached a temperature high 
enough to form stea m. 

COOKING WEIGHT l ,OSSES 

The cooking weight losses Yaried among muscles, 
among animals, between grades and between animals 
constituting a pa ir . Th e cu t cooked to an interior 
temperature of 90°0. always had a greater weight loss 
than the one cooked to 70°0 . (tables 6 and 7) . 

TABLE 6. AVERAGE TOTAL COOKING vVEIGHT LOSSES 
F OR EACH ANIMAL. I N PERCENT . 

A nima l G ra d e A ge Roas ts cook ed to : Bra ised c uts cook ed to: 

L _ v __ 
I L _ 

VL _ 
III 

VIL_ 
I V __ 

VIIL _ 

(mos .) 90 °C. 70 °C . 
Co mm. 18 33.9 17.3 
Comm. 19 32 .9 15.7 
Cho ice 17 34 .0 17 .6 
Cho ice 18 34 .8 20 .6 
Com m. 5- 6 24 .6 17. 3 
Comm. 6 30.3 16 .3 
Comm. 42-48 36.6 21. 3 
Comm . 42 -4 8 34 .9 23 .0 

90 °c. 7 o• c. 
34.6 26 . 7 
33 .6 24.9 
32 .6 25 . i 
33. 8 22 .5 
32 .3 20 .3 
33 .5 25 .4 
37.8 30.1 
36A 28.8 

TABLE 7. AVERAGE T O TAL COOKI NG WEIGHT LOSSES 
FOR EACH MUSCL E USED IN THE STU DY, I N 
PERCENT . 

Inte ri o r 
_ t_e_m~p_e_r a_t_u_r_e ____ L_D_ R __ LDL 
Cook ed to 90 ° C. ____ 31.5 29.8 
Cook ed to 70° C. ____ 19.0 16 .3 

PM 
38.7 
21. 5 

VOLU M E CHANGES 

BF 
3 2.8 
24 .4 

St 
31. 0 
20 .5 

Sm 
37.5 
27.5 

Average ch anges in volume a11d in length of each 
mu cle cooked to interior temp·era tmes of 90° and 
70° C. are shown in tables 8 and 9. Cuts cooked to 
an interior t emperature of 90°0. had a greater shrink­
age in volume than those cooked to 70°0 . (ta.bl,e 8). 
The semimembranosus muscle was outstanding for its 
shrinkage in volume during cooking - a bout twi ce 
that of the other muscles. 
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T ABLE 8. AVERAGE D ECREASJ,; IN VOL U ME D U RING 
COOKING I N CU TS FROM EACH CARCASS, IN 
PERCENT. 

A nin1al • 

I ---------------------­
II ---------------------·· 

III ------ - - ---------- - --­
IV -·---------------------
V ----------------------V I _____________________ _ 

VII ----------------------
V III ----------------------
A,r. --- - --------------------

R oas ts 
Cooked to : 

90 ° c . 70 ° c. 
18.5 4.6 
11.1 2.6 
10. 2 4.5 
14. 8 6.9 
11.5 3.4 
14 .1 1.8 

5.9 4.1 
1 0.7 7 .8 
1 2. 1 4.5 

B r·a. isecl c uts 
Cook ed to : 

90 ° C. 70 ° C. 
22.7 18. 6 
16.9 9.6 
20.4 11.6 
22.9 16.0 
16.8 9. 7 
16.2 6.3 
13. 4 4.0 
23. 1 17.0 
19.1 11.6 

TABLE 9. AVERAGE SHRINK.AGE IN VOLUME AND IN 
L ENGTH OF EACH M USCLE DURING COOKING, 
I N PERCEN T. 

LDR LDL P M BF St Sm 
Shrinkage in volun1e 

Cook ed to 90 ° C. ___ 13.4 9.5 14 .6 16.4 12.4 24 .9 
Cook ed t o 70 ° C. --- 4.9 5.4 4.8 9.9 5.1 16 .1 

Shri nkag·e in le n g th 
Cook ed t o 90 ° C. ___ 22 .9 22. 2 29 .1 1 9.2 23.4 21.5 
Cook ed t o 7 0° c . ___ 24.7 20.8 21.4 17.2 22.9 1 8.7 

CHANGES I N MEASUREMJ cN'l'S DU RIKG COOKTNG 

In addition to losing " •,eight and volume during 
cooking, the cuts shrank along the length of the fiber 
( tables 10 and 11) . 'l'he cuts also shrank in a second 
dimension, 'which could 1 e called depth, and ga ined 
in a third dimension, width (table 11) . 'l'he gain in 
the third dim ension may become a loss if th e cnt is 
cooked long enough. 

T ABLE 10. AVER AGE PERCENTAGE OF SHRINK I N 
L ENGT H DURI NG COOKI NG OF CU T S FOR 
DTFl~EREN T ANIMALS. 

Roas t 
Cook ed to: 

A nima l 90 ° C. 70 ° C. 
I ---------------------- 19. 8 24.6 

JI ---------------------- 22.2 15.7 
III ---------------------- 27.2 24 .0 IV ______________________ 29.6 27.4 

V ------ -------------- -- 26 .7 20.5 
VI ---------------------- 13. 8 14.6 VII ______________________ 23. 8 22 .1 

VIII ______________________ 29.0 30.4 
Av. _______________________ 24 .6 22.4 

Bra ised c uts 
Cook ed to: 

90 ° C. 70° C. 
21. 7 
22 .1 
27.5 
21. 2 
19 .7 
14.2 
1 9.4 
20 .9 
20 .8 

22 .5 
14.6 
25 .8 
20 .4 
18.6 
10.4 
1 9.3 
20 .8 
19.1 

TABLE 11. AVERAGE PER CEN T AGE CHANGES I N MEAS­
UREMENT S OF CUT S DURING COOKI NG. 

Ro;cs ts 
Cook ed to : 

M easure m ent 90 ° C . 70 ° C. 
Shri nkage in le n g th __________ 24.6 22 .4 
Shrin k a g e in d e p th __________ 7 .8 10.8 
Ga.in in w idth _______________ 5.8 10.7 

B,:a isecl c uts 
Cooked t o : 

90 ° C. 70 ° C. 
20 .8 19. 1 
1 2.4 16 .6 
11. 4 22 .6 

lVIuscle shrinks with th,e ends tendino· to curl 
during cooking, so that accurate measurements are 
difficult to make. Raw muscle, owing· to its lack of 
r igidity, also is difficult to measur-e. Th e error in 
measurement probabl y is large, but r elative cha11ge in 
measurements can be sho,vn. 

Although meat shrinks in length during cooking, 
it is 11ot known whether this' shrinkage is clue pri­
marily to connective tissue, to muscle fiber , or to both. 
It ha s been r eported that con11 ective tissue containing 
principally collagen shrinks more in length ,-\"hen 
heat-eel than connective tissues containing principally 
elastin ( 24 ) . The braised cu ts, which usually contain 
more collagen than the roasts, did not shrink as much 
as th e r oasts. Thus it appears that fibers, as ·well as 
connective tissue, ma~- shri11k during cooking. The 



cuts from animal VI shrank l. ss in length than those 
from the other animals. 

PALA'l' ABI LI TY 

Scores for aro1na, flcw01· of lean and flcwoi· of fat- . 
The aroma and flavor-of-lean scor,es ar e given in tables 
l ~l and 13. 

T ABLE 1 2. AVERAGb SCORES FOR AROMA, FLAYOR OF 
LJ<;AN AND FLAVOR OF FAT FOR EACH 
ANIMAL (HIGHEST POSSI BLE SCORE IS 10) . 

A n i m a !, gT a d e a n d age (mos.) 
C uts 

I V II V I 
Cho ice 

1 8 

III V II IV VIII 
Comn1ercial 

1 8 
~C~o-11-1,-11-e,-·c~ia~l ~C~o-n-1m-e,-·c~ia~l 

6 4 2- 48 
A 1·l•1nc1, scores 

Roasts 
Cooke d t o 90 ° C. 8.2 6.7 8.6 7.2 7.4 7.1 7.6 6.6 
Cooke d t o 70 ° C. 8.3 7. 9.6 8.1 7. 8 7 .3 8 .3 7.5 

Braised ants 
Cooked to 90 ' C . 7.9 7 .4 8.8 7.0 7.7 6. 8 7.2 6.9 
Cooked to 70 ' c . 8 .0 / .O 9.2 7.2 7. 6 7.1 7 .4 7.4 

Soo,·es for flc,v or _of lecm 
Rocists 

Cook ed t o 90 ° C. 7 .6 5.3 8.4 6.1 6.9 5. 7 6. 2 5.8 
Cooked t o 7 O' C. 8 .2 7.l 9.9 8 .3 7 .3 6.6 7.4 7 .3 

Brc,;secl oiits 
Cook e d t o 90 ' C. 7 .2 5.7 8.2 6.0 7 .0 5.6 6.0 5.5 
Cooked to 7 0' C. 7.6 6.9 9.3 7 .0 7.4 6.3 6. 5 6.6 

Scorns for Jlwvo,· of Jc,t 
Rocists 

Cooke d t o 9 0' C. 7 .5 6.0 8.6 6.0 6.1 7.2 5.6 
Cooke d to 7 0 ° C. 7.1 7 .5 9.7 7.6 6.4 7 .7 7 .1 

Braised oiits 
Coo k ed to 9 0° C. 7 .2 6 .6 8.4 6.7 6. 8 6.5 G.1 
Cook ed t o 7 0° C. 7 .4 6 .4 8.7 7 .1 6.S 6.:-) 7.] 

TABLE 13. THE AVEH.AGE SCORES FOR ARO:\l A, FLAVOR 
OF L EAN AND FLAVOR OF FAT FOR EACH 
MUSCL E USED IN THE STUDY. 

LDR LDL PM BF S t Sm 
Aro,nci 

Cook ed t o 90 ' C. 
Coo k eel t o 7 O' C. 

Flciv or of lean 
Cooked to 90 ' C. 
Cook ed to 70 ' C 

Flci,;01· of fcit 
Cooked t o 90 ' C. 
Coo k e el to 7 O' C . 

--------
------ - -
--------
--------
--------
------- -

7.6 7 .6 
8 .0 8 .0 

6. 5 6.6 
7.6 7 .6 

7 .1 7. 1 
7 .8 7.3 

7.1 7.6 7.7 7 .2 
8.3 7 .7 7 . 7 7.6 

6.3 6.3 6.9 6.1 
8. 2 7.3 7 .4 6.9 

6. 5 6. 7 7 .1 7 .1 
7. 8 7.1 7. 5 6.7 

It is known that meat from differen t animals may 
vary in flavor. Tl1is was shown in the present study. 
Cuts from an imal lI ( Choi ce grade) generally rated 
higher in flavor of J.can, aroma and flavor of fat than 
did cuts from most of the other animal . Cuts from 
animal I (Commercial grade ) ranked next in order. 
In pite of the excell ent flavor of the cuts from animal 
I, cuts from this animal wer e not tender. Th e average 
aroma and flavor scor es from animal VI ( Choice 
grade ) are about th e same as those for animal IV 
(3 .5-4 years old ) . The cuts from animal VII r eceived 
the lowest average aroma and flavor scores. 

The cuts fro m the Choice-grade carcasses r eceived 
higher average flavor scores, 7.7, than did tbose from 
the Commercial-grade carcasses, 6.7. These results 
should not be emph asiz,ed too much, since there were 
cuts from 01.1Jy two Choice-grade carcasses to compare 
with cuts from six Commercial-gr ade carcasses. The 
r esults, however, foll.ow the .·ame tr,end as in an earlier 
study. Lowe et al. ( 13 ), using' four roasts from each 
of 10 Choice-grade carcasses found the flavor scores 
"of lean" from Choice- and Good-grade car casses to 
average about the same, 5.9 and 5.8, respectively, 
whereas th e Commercial cuts averaged 5.3 . (In Lowe's 
tudy, the highest possibl e score was 7.0 ) . 

One of the objectives of thi s study was to det er­
mine the r elationship between the age of the animal 

and the palata bility of th e cooked cuts. Th e average 
flavor scor•es for the Commercial-grade car ca. ses are : 
the 6-month age group, 6.6 ; the 18-month age group, 
7.0; and the -!2- to 48-month age group, 6.5. This may 
be logical, as the cu ts from the calves may have lacked 
f lavor , whereas the cuts from the older animals may 
have been stronger than desired by the scoring panel. 
There was, however , variation in the cuts from animals 
consti tuting a pajr _ Except for the data for the 
Choice-grade carcasses, the aroma scores al o varied 
with the age of th e animal, but not in the same order 
as th e flavor scores. 

Th ere was no visible fat to score for the cu ts 
from an imal III. Many of the other cuts, particularly 
those from th e round, had very lit tle visibl e fa t. 

'l.'Pndeniess. The average t ender ness scores and 
shear force values for the cuts fro m ,each an imal and 
fo r each muscle ar e shown in tables 14 and 15. 

TABLE 14. AVERAGE TENDERNESS SCORES AND SHEAR 
FORCE VALUES (IN POUNDS) FOR THE CU T S 
FROl\l EACH ANIMAL (HIGHEST POSSIBLE 
TENDERNESS SCORE, 10). 

A ni m a l, g rncle a nd ag (mos.) 
Cuts 

I III VIII 
Comme r c ia l 

18 

II V I 
Choice 

18 

V II IV 
~C_o_rn_n-1e- ,--c~i a-I ~C_o_m_n-1e-,-,c-ia~l 

6 4 2-4 8 
Tenderness scores 

Rocists 
Coo k e d to 90 ' C. 5.6 6.0 8.4 8.3 7.9 7.1 7 .3 7.5 
Coo k ed to 70 ° C. 6.6 6.7 9.1 .4 8.3 7. 2 7 .9 7.7 

Brciised c1<ts 
Cooke d to 90 ' C. 5.6 6.9 7 .3 7 .9 8.0 6.7 6.2 6.4 
Coo k e d t o 70 ° C . 5.4 7.6 7.4 7.6 7 .5 7 .9 6 .5 6.7 

Sh em· fo1 ·oe v alues 
Roasts 

C oo k e cl to 90 ' C. 1 5.1 30.1 14.0 14.4 1 8.4 26.3 1 5.3 19. 7 
Coo ked to 7 0' C . 20 .8 22.6 14.4 13. 5 22.2 23.6 17.8 23 .5 

Brciisecl 01i ts 
Cook cl t o 9 0 ' c. 24.0 20.2 1 5 .2 1 4 .0 20.1 21.4 19.1 22 .0 
Coo k eel t o 70 ° C. 27.5 17 .6 19 .2 15 .2 17.6 25.4 23 .6 23.6 

TABLE 15. .AYERAGE T ENDJ<;RNESS SCORES AND SHEAR 
FORCE VAL UES ( I N POUNDS) FOR EACH 
j\[USC LE U SED IN THE S T U DY. 

LDR LDL PM BF St Sm 
'l'e nclen1,ess scores 

Coo ke d to 90 ° C. -------- 6.8 6. 7 8.4 7.0 7.3 6 .5 
Coo k c cl t o 7 0 ° C . -------- 7.4 6.9 8.9 7 .3 7 .6 6. 5 

Shem· forne 
Coo k ed t o 90 ° C . _______ 2d 1 20.2 13 .3 1 5.5 21.0 22 . 2 
Coo k eel t o 70 ' C. ------- 2? _1 23.4 13 .9 1 8 .3 22 .3 22.4 

It i, commonlr known that differ ent muscles from 
a given animal vary :in tenderness and that the t ender­
ness of a muscle from one an imal may differ from th e 
sa me muscle in another animal. The length of the 
cooking ])l'Ocess may also affect the tenderness of a 
given cut. In th.is study , th e roasts cooked to 70°C. 
had high er tenderness scores tha n those cooked to 
90°C. The maj ority of th e braised cuts cook-i d to 
70°C. had higher tendern ess scores than those cooked 
to 90°C. 

The tenderness scores for the cuts from the t wo 
Choice-grad,e carcasses averaged 8.1, whereas those 
from the six Commercial-grade carcasse , averaged 7.3. 
Note that tli e scores for cut s from individu al animals 
varied considerably . Cuts from animal I had the 
lowest tenderness scores. Cuts from one of th e calves, 
animal III, had scor es nea rly as high as those from 
the Choice-grade car casses. Th e cuts from the 
Choice-grade carcasses requir ed the least number 
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of pounds fo r shear ing. I n general, ther e was good 
correlation between the tenderness scores and shear 
for ce values. This was shown by the r egr ession 
analysis on the data for tenderne s scores and shear 
for ce values which gave an r value of 0.581, significan t 
at the 1-percent level. 

It has been suggested that the ra t,e of cooking 
may affect the comparative t enderness of cooked cu ts. 
Cover (7 ) cooked one cut of a pair of several different 
types of r oasts at an oven t emperature of 125°C., the 
other at 225 °C. Most cu ts " ·ere more tender when 
cooked at the lower temperatui-e, bu t, for other cuts, 
the temperatur e of the oven made little difrer ence. 
Cover states, ' ' Any appar en t r elationship between 
tendern ess and oven temperature obser ved in these 
tests seems to be much bett er explain ed on the basis 
of differ ence in time r equired for cooking ... . '' It 
should be added t hat the differ ences in time of cooking 
pair ed cuts in this study wer,e far shorter t han in 
Cover 's study. 

This discussion should not be construed to mean 
that beef cooked to a higher interior temperature is 
tougher than that cooked to a lower one in all in -
tances. Bard and Tischer (2 ) have shown that the 

tenderness of canned beef is a direct function of the 
processing temperature within the r an ge 107-124°C. 
Aldrieh and Lowe (1 ) have r eported that cookin g one 
cu t of a pair to a higher interior temperature than 
90°C. produced beef more tender (but kss desirable 
in flavor and less juicy ) than cuts cooked to 90°C. 

Considcra bl e variation in tenderness of muscles in 
animals of similar gr ade has been observed by others. 
'fhis is sugges ted by the r esults of an earlier study 
(13) at Iowa State Univer sity . Cuts (leg r oasts, bon ed 
shoulder roasts, cutlets from the leg a11d the loin a11d 
stews) were cooked from 18 U.S. Choice veal car casses. 
All the cuts from animals 1, 4, 13 and 15 consistently 
-had the lowest tendern ess scor es, whereas cuts from 
animals 3, 6 and 14 consistently had tl1 e highest tend­
erness scor es. 

Other factor s, discussed in subsequ ent sections, 
which may be associated with tendern ess of the cu ts 
in this study, are the fat content and the collagen-N 
conten t of the mu scles and the diameter of the muscle 
fibers. 

Jiiiciness. Th e average juiciness scores an d press 
fluid values for the cooked cuts from each animal and 
for individual mu ·cles ar e summarized in t ables 16 
and 17. 

The amount of press f luid obtained varied with 
the temperature to which the cu t was cooked . The 
cuts cooked to 90°0. were much drier than those 
cooked to 70°0 . 

When the fore()'oing data were assembled and sub­
jected to analysi of variance, it was observed that 
there was a lar ge number of significant differ ences 
bet ween muscles, temperature of cooking, individual 
animals and grade with r esp ect t o cooking time, cook­
ing weight losses, organoleptic r atings, shear force and 
press fluid. One can only conclude from these find­
ings that age of animals and ca r cas gr ade cairnot be 
consistently associated with a given organoleptic r at ­
ing, wh ether it be for aroma, flavor of lean, tenderness 
or juicin ess, >1. nd that di ffer ent muscles taken from the 
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T AB L E 16 . T HE .AYER.AGE ITJ I CINESS SCORES AND 
P R l~SS F L UI D V ALUES (IN P E RCEN T ) FOR 
ROAS T S .AND BRA ISED CUTS FROM EACH 
ANDI.AL. 

. A ni m a l, g ra d e a n d age (mos .) 
C u t s 

I V III VII I V VIIl 
Cc n, rn ercia l 

18 

II V I 
C h o ice 

18 
c=-0,-,,-111-e-rc~i~a l c=•c-,m-m-e-rc-ia~l 

6 4 2-48 
J uic i'11 ess sco·i-es 

Racis ts 
Cook ed to 90 ° C . 5.3 4.3 4 .6 4 .3 5.6 4.3 3. 3.8 
Cook ed to 70 ° C. ---- 7. 6 6.9 8.2 7.6 6. 5 6.3 7.0 6.6 

B r wisecl cnts 
Cook ed t o 90 ° C. ---- 4 .7 3. 5 4.9 3.6 4.2 3.8 3.9 3.5 
Cook ed to 70° C , 6.6 5.7 7.1 6.1 6.1 5.6 5.7 5.4 

P ress fltiicl v aZ,ies 
R oasts 

Cook ed t o 90° C . ____ 28 .4 26.9 29.8 30.8 32 .2 3 0.3 27.9 26.1 
Coo k ed to 70° C. ____ 46.7 43 .2 4 3. 5 40.5 37 .7 39 .8 44.0 39. 8 

E r aisecl cnt s 
Cook e d to 90 ° C. ____ 24. 27.0 31. 7 32.9 32.1 28.6 32.0 28.2 
Cook ed to 7 0° C. ____ 33. 8 36 .4 38.2 38.1 40.7 33.5 40.9 32.0 

T ABLJ;J 17. AVERAG E J U I CI NESS SCORES A N D PRESS 
F L U ID YALU ES (IN PERCE N T ) FOR EACH 
MUSCL E USED I N T HE ST U DY. 

LDR L D L P M BF S t Sm 
J11,i.oiness scores 

Cook ed to 90 ° C. -------- 4.3 4.6 4.6 4. 1 4.4 3.6 
Cook ed to 7 0° C. -------- 6.8 6. 8 7.5 6.5 7.0 5.2 

P ress fZ,ii cl v al,ies 
Cook ed t o 90 ° C. ________ 28 .5 3 0.2 38.4 30 .6 32.9 28 .2 
Cook ed to 10° C . ________ 41. 7 41. l 4 2.8 37. 5 3 9.4 34 .9 

same carcass regardless of gr ade were often scored 
differ-en tly . 

\lthough correlations were compu ted for a few 
combinations of factors, the r esults ,vould not be mean­
ingful in the absence of adequate knowledge about 
how such factors ar e r ela ted to each other. For ex­
ample, correlation between juicine ·s and press fluid 
could not be expected to be a simple cause-r sult re­
lationship in view of the lack of harmony amon g data 
from juiciness cor es and press fluid values for in­
dividual animals and muscles pr esented in tables 16 
and 17. The addition al difficulty is that the present 
study, because of teclmical limitations, did not allow 
the u se of lal'ge number of anim als of similar age 
and carcass gra de. For these r eason s, the r esults of 
the analys is of varian ce an d correla tion s among or 
between the val'ious factors ai-e not pr esented. 

ANALYSES F OR P H, MOISTU RE, F A'l', T OTAL NITRO GEN, 
COLLAGEN NrrnoGEN AND ELASTIN NrrR.OGEN 

P H 

Muscles from the n eck were used to determine the 
pH of part of the car cass soon after slaughter. The 
muscles were selected because they were accessible, 
and their removal did not affect the r est of the car cass. 
The pH of these muscles, within an hour or less after 
the animal was killed, varied from 6.2 to 7.0 and 
averaged 6.5 for the eight animals. The r emaining 
neck muscles were r efrigera ted, and the pH was de­
termined at 24-hour in tervals for periods of 5 to 7 
days. At the end of these p eriods the pH of the neck 
muscles varied from 5.6 to 6.0 and averaged 5.7. 

The pH of the cuts used in the study was deter­
mined on the r aw sample just before cooking and also 
on the cooked cuts. The r esults of these determin­
ations arc given in table 18. The cooked cut was 
always mor,e alkaline than th e raw meat. The pH 
valu€s could not be r elated to differences in palatabil­
ity scores. 



TABLE 18. AYER.AGE pl-I YAIJL: l~S OF RA\\- ~\ N D COOKED 
CUT S; pH OF RAW Cl_; TS D l:ST ERJ\IINED AT 
Trn m OF P R J:O:PARA TlO)-1' FOR COOKI NG . 

pH 

Cook ed 
C uts R a w to 90 ° C. 

Roasts ---------- ----------- 5.4 5.9 
Bra ised c uts ___ _____________ 5.5 5.8 
Av. ----- - ------------------ 5.5 5 .9 

:i\'lOl S T U R-E 

pH 
Cooked 

Raw to 70° C. 
5.6 5.9 
5.6 5. 9 
5.6 5.8 

Moisture determination s were made upon two 
sets of samples : (a) those us-cd for fat determinations 
and ( b ) those used for tota I. n itrogen, collagen and 
elastin niti-ogen. 'l'he results for t hcse hrn sets of 
analyses ·were sinular, hen c-c on ly one set of figures i 
r eported. The avera ge moisture con tent from the 
samples used in the fa t analy. is is given in table 19. 

The moistur-c content of the raw samples is sim­
ilar to th at published in the literature. The muscles 
from the two Choice-grade carcasses (II and VI ) had 
the low-est a,verage water content and the highest fat 
content . Th e muscles from the calves (III and VII ) 
had the highest aver age moisture content , and animal 
III had the lo\\·est fa t con tent. 

TABL E 1 9. THE A YER AGE MOISTU RE COKT EK T OF THE 
RAW Al'ID COOKED CU T S, I N PERCEKT . 

Cook ed t o 90° C. Coo k e d t o 70 ° C. 
A nin1a l Roas t s Bra.ise d R oas t s B r a ised 

Raw Cook ed R aw Cook e d R aw Cooked Raw Cook ed 
n / ci/ ci / ci/ 

L -- 7'1 .0 59 .6 75.4 60 . 7 72.3 67.4 74 .9 65.2 v ___ 74 .7 62 .2 74 .5 61..2 74 .7 6 7. 0 74.8 61. 5 n ___ 71. 2 61.4 71.0 58 .2 71. 2 65.6 70.8 6 2.0 
YL __ 70.2 55.9 71. 7 57.0 70 .5 61. 8 71.0 60.1 
Ill ___ 76.1 66 A 75.4 64.4 76 .0 68.6 75 .3 65 .6 

V IL __ 74 .6 62.4 75.4 61.4 75 .1 67 .2 75.5 64 .5 rv ___ 74.4 59 .3 73.6 60 .2 74 .o 66.4 7 2.4 61.8 
YIU - 73 .2 59 .7 73 .3 59 .8 73.4 63.9 73 .5 60.6 

0 / Sam p les w e re r e m oved before cooking to the indica ted t e m­
peratures. 

The longissimus dorsi of th e rib and lo in portions 
was cooked ,Yithout removing the top fat covering or 
the r ib and chine bones. Theoreti ca lly, the psoas 
major might have lost the most moisture because it 
was not protected by bone and fat tissue during cook­
ing. 

The cuts cooked to an interior temperature of 
90°C. had a lower water content than those cooked to 
an interior temperature of 70°C., as was expect-eel. 

FAT 

'l'he fa t content of the cuts and muscles before and 
after cooking is shown in tables 20 and 21. 

The average fat content of the cuts from the dif­
ferent animals varied considerably, table 20. As may 
be expected, the cuts from th e two Choice-grade car­
casses had the highest average fa t content. Cuts from 
one calf, animal I II, and from animal V l1ad the least 
fat. 

Th e psoas major mnscle consistently had the 
highest fat conten t of all the muscles for s-even of the 
animals, table 21. But, for animal VI, the fat content 
of the longissimus dorsi (both r ib and loin ) was as 
high as for the psoas. 

The "tender " muscles used for roa sts had a high­
er fat content than the " less tender " muscles from 
the round used for braising. 

The wide variation in th e fat content of muscles 

TAB L E 20. THE A VERAGE FAT CONTENT ci/ OF THE 
Mi..; SCLES .B'RO)I J<;ACH ANIMAL, IN PERCENT. 

Cooked to 90 ' c. Cook ed t o 7 0° C . 
.A nilna l Roasts Braised R oas t s Braised 

Raw Cooked• Raw Cooked R aw Cook ed Raw Cook ed 
b/ b/ b/ bl 

[_ __ 1 2.9 17.3 10. 8 1 2.9 1 8.3 16.9 9.2 7.9 
y --- 1 0.5 11.8 9. 1 9.2 1 0.8 1 2. 1 8.4 8 .0 n ___ 19.7 25.5 1 9.8 1 7.6 1 9.7 22 .1 1 7.3 17.3 

VL __ 27 .1 29 .3 17.9 22 . 2 26.2 27 .7 23 .3 23 .0 n r_ __ 7.4 7.4 5.3 5 .1. 7.9 8.2 5. 6 5 .0 
V I L __ 14.0 16.0 9.8 1 0.7 1 3.0 1 3.4 1 0.1 11.3 
I\' --- 15. 0 18.9 1 2.0 1 2.9 1 5.2 14 .1 1 0. 1 11. 2 

VlIJ __ 1 6.5 20 .2 13.0 1 2.3 1 5.3 20.4 1 0.6 14.9 
c,/ D ry w e ig ht basis 
b/ Samples w ere r en1ovcd be fo re cooking to the indicated t e rn-

pe r a tures 

T ABL E 21. AYERAGE FAT CONTEN T ci/ OF THE MUSCLES 
U SED IN THE STUDY, I N PERCENT. 

LDR LDL PM BF S t Sm 
-=---c-c--- ------
Rciiv b/ 

Cook ed t o 90 ° c. ___ 13.7 14 .1 1 8 .3 13 .6 1 3.5 9.9 
Coo l, ecl to 70 ° c. ___ 14.'I 1 3.5 19.5 12. 5 12.7 1 0.6 

Cook,ecl 
Cooke cl to 90 ° C . ___ 15.8 17.1 22 .0 15.0 1 2.9 1 0.7 
Cook e d t o 7 0° C. -- 14 .4 1 5.9 20.2 13.3 13.9 10. 5 

ci/ D1·y we ight basis 
b/ Samples r en10Yecl b efore cookin g 

from th e two animals con tituting a pair (same age 
and grade) i eYident, table 20. 

The data in this study indicate th at some r elation­
ship exists between the tenderness of the muscle and 
its fat content. This is shown gl'aphically in fig. 1. 
Some animals and some muscles, however, did not con-
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Pig. 1. Tenderness scores, shear force values and fat 
content of cuts from each animal. H igher scores and 
lower shear force values indica te gr eater tenderness. 
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form with the general pattern . Th e cuts from animal 
III (a calf) had a low fat content, yet \\·er e tender . 
The data for animal VI (Choic,e grade) conformed 
with the general pattern better than cuts from animal 
III (Commercial grade) . The cuts from 1.mimal VI 
had the highest fat content, but scor ed lower in ten­
derness than cuts :f:rom animal II , which was also 
Choice grade. 

Th e psoas muscle wa always tender. Although 
it had the highest fat con tent of any muscle used in 
the study, its tenderness (from scatter diagrams) did 
not appear to be associated with its fat conten t . Th e 
tenderne s of the semitendinosus likewise did n ot ap­
pear to be associated with the amount of fa t the muscle 
contained. 

Thel'C wa.- no significant differ ence between the 
fat content of the muscles cooked to an interior tem­
perature of 90°C. and those cooked to 70°C. or bel\rcen 
the fat content of raw and cooked sa mple· . This in ­
dicates that little 01· no fat was lost from t he interior 
of the cuts during cooking. 

TOT.\L N I TROGEN, COLI, AGEN AND EL-\ S TIN N l 'I'ROGEN 

Data for the total nitrogen, collagen and elastin 
nitrogen ,,·er e obtained for the in dividual muscles 
taken from the beef carcasses to determine their re­
lationship to t e11derness and for comparison with the 
histological obsci-vations on sections of muscl e tissue. 

Th e total nit1·ogen contents of the diffel'ent mus­
cles are presented in table 22; those for collagen ni­
trogen a1·e shown in tables 23 and 24. 

Th e data for tota l ni trogen arc presented only 
incidentally, since the computations for collagen nitr o­
gen and ,elastin ni trogen data ar e based on the total 
nitrogen content of each cu t or muscle. 

Determinations in thi.- laboratory of collagen ni­
trogen ( collagen-N) in beef muscles by the Lowry, 
Gilligan and Katersky ( J..l: ) method " -er,e made by 
Prudent (19 ) in an ea rlier study . She obsel'Ved that 
some cooked samples had hi gher colla gen-N contents 
than th e correspondin g raw samples. This was not log­
ical and led to modification of the Lowry et al. pro­
cedure used in this study. Th e modification r esulted 
in extraction of larger amounts of alkali-soluble pro­
teins and gave lower coll ag•en-N values than those re­
ported by P rudent. Th e muscles Prudent u sed were 
the same as those in tl1 e prcl>'ent study, ,except that the 
biceps femoris " ·as omitted. The physical, or ganolep­
tic and histological data for the muscles used by Pru­
dent have been reported (10 ) . 

The Choice-gr a de car casses ( animals II and VI ) 
1had the lea t collagen-N in the raw cuts. It is inter­
esting th at the collagen-N content of cu ts fro m the 
calves (animals lII and VII ) was about the sa me as 
for the 18-month-old Commer cial-grade carcasses. Cnts 
from animal VIII contained more coll agen-N than did 
those from m1 im a l IV. Th e psoas major muscle had 
the least collagen-N, the longissimus dorsi wn s inter­
mediate, whereas th e muscles from the round had th e 
most coll agen-N. The semimembranosus of the round 
had less collagen-N than th e biceps or sernitendinosus. 

The collagen-N conten t was considerably le s after 
cooking than before cookin g. The cuts cooked to an 
interior temperature of 90°C. retained from nbout 11 
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T ABLE 22 . PERCENT AGE OF TOTAL N ITROGEN (DRY 
WEIGHT BASIS) OF THE MUSCLES SED. 

LDR LDL Pi\ [ BF St Sm 
Raw cif 

Cooked to 90 ° C. ___ 12. 7 13.6 12 .0 12.6 13.6 13.2 
Cooked to 70 ° C. _ _._1 2.8 13. 1 12.1 1 2.6 13 .2 13.3 

Cooked 
Cooked to 90° c . ___ 12.0 12. 8 11 .3 12 .6 13.3 13.5 
Cooked to 70 ° C. -- 1 2.0 12.1 11.2 1 2.1 11.5 13 .0 

c,f Sam ples were re n1 ovecl before cooking 

T ABLE 23. AVERAGE COLLAGEN-N CON T E.l'<T IN PER­
CENT OF TOTAL NITROGEN OF RAW AND 
COOKED CU T S OF ANrnI ALS USED I N THE 
STUDY." 

Cooked to 9 0° C. Cook ed to 70° C. 
Anima l Roasts Braised Hoasts B ra ised 

Ra\\' Cook ed Raw Cooked Raw Cooked Ra\\' Cooked 
bf bf bf bf 

L __ 1.49 0.27 2.80 0.44 1. 54 0.37 2.73 0.84 
y ___ 0.95 0.20 2.94 0.31 1. 52 0.'13 2.77 0.85 u ___ 0.90 0.21 1.53 0.33 0.90 0.29 2.06 0.30 

VL __ 0.91 0.08 1.46 0.33 0.71 0.60 1. 20 0.56 
IIL __ 1.83 0.23 2.34 0.2 ,1 1.64 0.25 2.25 0.41 

V I L __ 1. 59 0.4 5 3.01 0.3 1 1. 50 0.39 2.70 1.19 
IY ___ 1.05 0.06 2.04 0.22 1. 20 0.3 8 2.22 0.6 1 

V III __ 1. 70 0.31 3.61 0.28 1.26 0.56 3.14 0.79 
af D ry " ·e ig ht basis 
bf San1ples were r en1 0Yecl befo re cook ing to the ind icated t e rn-

pera.tures 

TABLJ;; 24. .AYJsRAGE P JI:RCENTAGJI: OF COLLAGEN-N 
CONTEN T AS PlcRCENT OF T OTAL N ITROGEN 
FOR MUSCLES COOKED TO .AN INT ERI OR 
T EMPERATURE OF 90° C. AND 70 ° C. AND 
TB.ESE SAME CUTS BEFORE COOKING. ALSO 
OF INITIAL COLL.AGJI:N IN THE i\IUSCLE .AF­
T E R COOKING. 

LDR LDL PM BF St Sm 
Before cook ino 

Cooked to 90 ° C. --- 1.41 1.55 0.94 2.66 2.76 1.9 8 
Cooked to 70 ° c. ___ 1. 36 1. 53 0.95 2.76 2.56 1.83 

Gookeci 
Cooked to 90 ° C. ___ 0.33 0.19 0.22 0.31 0.3 1 0.31 
Cooked to 70° C. ___ 0.52 0.39 o.a2 0.65 0.91 0.52 

Percent i1vi.tia l colla,oen cifte,· coo l-cing 
Cooked to 9 o· C. ___ 23.7 11.9 23.4 11. 6 11.2 15.6 
Cookccl to 70 ° C. 38.2 1 2.0 33 . 7 23 .6 35 .5 2 .4 

to 24 percent of their initial collagen-N; those cooked 
to 70°C., from about 12 to 38 percent (sec table 24 ). 
Griswold (8 ) has reported that the average los 
of collagen-N for 15 methods of cooking beef cuts 
from the roun d was 61 percent. he also fo nnd that 
colla gen-N loss, in general, in creased as the interior 
temperature to which the cut wa cooked was elevat d . 

The collagen-N con tent wa s determined on 152 
cuts before and after cooking'. In t h,e majority of these 
samples t'111:; coll agen-N was less th an 3 pe1'cen t in the 
r aw cuts and less than l percent in cooked cuts. This 
collagen-N ( figs . 2 and 3 ) is a very sma 11 proportion 
of th e total nitrogen. It should be recalkd that the 
epimysium or muscle sheath was trimm ed from th e 
:,amples so that all th e chemica l determinations were 
-·~ade on the inter ior of the muscle. 

The data for coll agen-N in the raw and cooked 
muscles as they r-elate to differ ences among mu scles, 
•~uts, ani mals, grade and temperature of cooking were 
"nbjected to an analysis of variance. These results 
··- e presented in table 25. 

Difference. in the content of collagen-N between 
muscles, cuts, an imals or pairs of an imals were all 
ffignificant. T he differ,ences in content of collagen-N 
nf cooked muscles within cuts ai1d of cooked muscles 
hetween ca r cass grades were not Bignificant . Th ese 
findings reflect the variation in beef observed in other 
eonn ections and confirm the fact that th e properties 
of raw or cooked beef co11sider,2d in this study are not 
related in any clear-cut, simple way to carcass gra de, 
age of animal or loca tion of muscles in the carcass. 



LONGISS!M US OORSl,Rl9 LONGIS5!MUS CORS I, LOIN 

A 

'""~•• I ' - -----/ '--

Fig. 2. The tendern2ss scores, shear force values and 
collagen content of the muscles cooked as roasts. 

SE MITENOJNOSUS SE MIMEMBRANOSUS 

Fig. 3. The tendern ess scores, shear force valuBs and 
collagen content of musc1cs cooked as braised cuts. 

Nevertheless, i t wa · considered advisab1c to determine 
the ext,ent to which collagcn-N was r elated to tender­
ness scores and shear force values. The following 
sample correlations were determined : (a) tenderness 
scores for th e cooked cuts and colla gen-N conten t of 
the corresponding raw cuts, (b ) tenderness scores and 
collagen-N content of th e cooked muscle, ( c) shear 
force and collagen-N content of raw muscle ancl ( d ) 
shear force and collag1en-N content of the cooked mu s­
cle. The correlation computed for tenderness scores 
for cooked cuts and the collagen-N content of the cor­
responding raw cut was the only consistent r-elation­
ship found ; r = -0.37, P = 0.05. 

'l'he graphical presentation of the content of col­
lagen-N in raw and cooked muscles taken from car­
casses of individual animals and the sh ear force values 
and tenderness scores, as shown in figs. 2 and 3, indi-

TABLE 25. THE RESULTS OF ANALYSIS OF V ARIA1'<CE, 
SIGNIFICANCE OFF VALUES. UNDER ANALY­
SIS OF COLLAGEN-N CONT ENT OF R AW 
J\lfEAT: "CU T S" REFERS TO ROASTS VS. 
BRAISED CUTS ; "TEMPERATURE" FOR UN­
COOKED CUTS REFERS TO CUTS FROM RIGHT 
AND LEFT SIDE; UNDER ANALYSIS OF 
COOKED CUTS "TEMPERAT URE" REFERS T O 
TEMPERATURE TO "WHICH CUT WAS COOKED. 
THE I N T ERACTI ONS "WERE NONSI GNIFICANT. 

Coll agen-N content 
Raw Cooked 

Muscles ---------------------------- * * 
Cuts -------------------------- -** M u scles within cuts _______ _______ ** 

Te n1pera ture ________ _______________ -
Animal s --------------------------- * * 

Gr a des ------------------------- ** '\Vi thin pairs ___________ ____ _____ ** ** 
•• s ig nificant, P = 0.0 1 ; * s ig nificant, P = 0.05; a nd - non s ig ni­
fica nt 

cate that th ere is considerable variation in the rela tion­
ship of one factor with anoth er from one carcass to 
another. 

Since the data .for collagen-N appeared to be in­
v-ersely associated ,-vit-11 th e fat content of ra,r cn1s, 
the simple conelation was comput,ed for this relation­
ship. Th e correlation coefficient obtained was -0.52; 
P = 0.01. Thus it can be seen that collagen-N and fat 
content of meat arc associated with tendern ess. The 
relationship which exists betw,2en t enderness of a cut 
and its fat content, gr aphicalJy presented in fig. 1, 
w'hile not impressive, is also consistent with this ob­
servation. The variation whi ch is apparent in the 
data for the fat and collagen-N content, for shear force 
values and for tenderness scores, however, is such that 
one must accept with reservation the value of chemical 
and physical procedures used in these studi es as a 
basis for predicting the quality attributes of cooked 
meats such as tenderness or juicin ess. Basica lly, the 
problem posed by these findings is that the r elation­
ships found among the various factors considered ap­
pear to be qualitative r ather than quantitativ,e in na­
ture. 

A number of cuts were used in the elastin-N 
study, but elastin data failed to provide mu ch addi­
tional information about meat t enderness. 

The elastin-N content of the cuts for animals I, 
II, III and IV is shown in table 26. The data for the 
elastin-N content of th e raw and the cooked cuts do 
n ot indicak that cooking had any consisten t or ap­
preciabl e effect on elastin-N. Ela stin-N was foun u in 
all the muscles studied . 

T ABLE 26. ELASTIN -N I N PERCENT OF TOTAL NITRO­
GEN FOR THE SAMPLES FRO:M THE R AvV 
CUTS AND THE SAME CUT S AFTER COOKI NG. 

LDR 1,DL PJ\:r BF St Sm 
Raio 

Cook ed to 90 ° C. -- 0.14 0.1 2 0.1 3 0.1 7 1.4 8 0.12 
Cooked t o 70 ° C . -- 0.lG 0.15 0.1 3 0.17 0.37 0.1 3 

Cookecl 
Cooked t o 90 ° C. - - 0.1 0 0.09 0.1 0 0. 24 1.7 6 0.lG 
Cooked to 70 ° c. 0. 1 0 0.10 0.09 0. 1 8 1.76 0.16 

:MI CROSCOPIC S T U DY 

This study was initiated for two purposes : (a ) 
to determine whether histological findings could be 
related to tha chemi cal and physical chan ges brought 
about in meat by cooking mid (b ) to determi ne wheth­
er the histological approach provided a basi s for eva lu­
atin g differences in tendern ess of muscles and cu ~:s 
before and after cooking. 

:MUSCLE FIBERS 

Longitudinal sections were prepared on a fr eezing 
microtome. The sections were composed mostly of 
muscle fihers, but also had connective, fatty and vascu­
lar tissu e. 

The muscle fibers wer,e straight or waved, al­
though a combination of both in th e same sec tion ·was 
usually found. The fibers in th e sections from the 24-
hour samples (rsw ) had the most waves, the 7- to 10-
day-aged uncooked samples were interm2dia te, and the 
fibers from the cooked samples had th e least waves. 

The milscles . The appearance of the sections from 
th e longissimus dorsi of the rib and loin wer e, in gen-
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era l, simila r to each other. The longitudinal striae 
were di stinct and persisted after the ca1·cass was aged 
7 to 10 da.'·s, but not to t he extent that t hey did in the 
biceps and scmimembranosu muscles. Th e longis­
simus dorsi also lrnd a large proportion of wavy fiber·. 
The extent of the colla genous bundles of th e inter­
stitial tissue was intermediate in frequency and size 
between those of the p.-oas and the muscles of the 
1·ound. 

The psoas majo1· mu sc le \\·as the easiest to identify 
by mi croscopic study. lt lacked longitudinal triae 
even in th e 2-1:-hour-agecl fib ers. Its c1·oss stria e were 
wide, bo ld and distinct, fig. 4. The muscle fibcl's t ended 
to be in large V- or U-shap·ed waves. The diameter 
of the m usc le fibers 11·a s by far the smalle, t of the five 
muscles used in th e study. Of any of the muscles, the 
psoas maj or had the least amount of granular material 
in the cooked samples and t he least amount of col­
la genou s. bundles of the interstitial tissues (and those 
present were small in size) . A lso, th e presence of fatty 
ti ssue was not obvious, although its fat content was 
the highest of the muscles. 

Fig. 4. Uppe1': Fiber from the psoas muscle of 
animal Il , cooked to 70° C. Lower : Fiber from the 
uncooked semitendinosu muscle of a nimal I. (Magni­
fication x 450 ) . 

Th e semitendinosus was the next easiest to iden­
tif.'·- It was characterized by having few longitudinal 
striations, except in sections from t he 24-hour-aged 
samples. The cross striations. were narrow, fine and 
distinct, fig. -:I:. Large amounts of el astin were found 
in the connective tissue as indi cated by the staining 
method employed. 

The biceps femoris and scmimembranosus were 
characteriz,ed by distinct lon gitudinal and cross stria­
tions in most sections. In general, waved fibers wer e 
lcs · characteristic of these two muscles than of the 
longissimus dorsi. The collagcnous bundles of the in­
terstitial tissues of the muscles of the cuts from the 
round were more obvious tha.n thos•e present in the 
longissimus dorsi or psoas. 

Fat cell s and fatty tissues were found most fre­
quently in sections from the Choice-grade carcasses, 
least frequently in tissue· from animal III. 

Fiber diameter. The relative size of the fiber di­
ameter was estimated as follows: Using a l0x eyepiece 
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TAB L E 2 i . THl: A \'ERAGE NUlllBE:R OJ<' FIBERS IN THE 
:'l'iICHOSCOPIC FIELD FOR DlFFERE: i ' T M U S­
C LES FROiVl E A CH ANDIAL. 

N o . of 
?.Iusc l e fibel'S 

LDR ---------- • ---- 7.0 
LDL --------------- 7.5 P iU ________________ 10 . 

BF -- - ----- - ------- 7.7 
S t ------------------ 7.4 
Sm ---- -------- ___ _ 7.7 

hO. Of 
Anima l f iber s 

I ---- ------ - ------ 6.9 V _________________ 7 . 

II ----------------- 8.3 
\'I ----------------- 8 .3 
TIT ------------ ---- 9.5 

VII ---- - ----- - ------ 9.5 
TY ----------------- 7.5 ,·rrr 7.2 

and a 43x objective, a11 area was. located in the micro­
scopic field of the section in whi ch the fibers lay ide 
h,\- side. 'l'he number of :fibers in a full mi croscopic 
fie ld was counted. For most sections t his " ·as repeated 
from four to six t imes in different areas of th e sec­
tions. The results were averaged for a gi,·en cu t. Ob­
viously, by this method the larger the number of fibers 
in the field, the smaller the fiber diameter, table 27. 

It is known that muscles from young animals 
haYe fibers of smaller· diameter than those from old 
animals. In this study, the diameter of the mu cle 
fibers varied more from animal to animal than from 
muscle to muscle. A expected, the fiber diameter of 
muscles from the calves wa. the mall est. Next in or­
der was the diameter of fibers from the Choice-grade 
carcasses. The diameter of fibers from animal I was 
the largest. Cuts from animal I r eceived the lorwest 
tenderness scores of any of the animals. 'With the 
exception of animal I , the largest :fibers came from 
the two oldest animal . 

Brady ( 6) r eported significant differ ences in fiber 
diameter of muscles. from cows and steers, among 2-
hour-aged, JO-day-aged and cooked fibers, but none 
among the muscles used in his. study; namely the ad­
ductor, longissimus dorsi, semitendinosus and tricep . 
H e conclud ed that " ... the number of fibers in a 
bun,d le is a measure of t€xture ... Texture is an indica­
tion of tenderness, the ' finer ' the texture the more 
tender the meat ." 

CONNECTIVE TISSUE 

The microscopic stud y of collagen in muscle in 
t his proj,ect was interesting from two standpoints: 
(a ) the organization of the collegenou s tissue and (b ) 
t he effect of cookin g· upon it. Conn ective tissue is 
found in cartilage, tendons, lig·aments, around fat cells 
and in muscles. 'l'here wer e varying· proportion of 
collagen a11d elastin in the ti ssues from the muscles 
used as indicated by th e r esponse to differential stains. 
The density of the collagenous tissues also varied . The 
microscopic study of the stained sections indicated 
bundles of denser connective tissue ,rithin the mu cle, 
figs. 5 and 6. These bundles differed in appeara11ce 
from the tissue around the fat cells and blood vessels. 
They wer e small, varied in shape and intersper ed 
throughout the muscles - less frequently in tender 
muscles, such as the psoas major, and more frequently 
in the less tender muscles. Sometimes th ere was one 
( or, at most, a few bundles ) in a given area ; some­
times there were many collagenous bundles concen­
trated in an area as shown at the top of fig. 6. The 
collagenous fibers in these bundles were parallel and 
wavy with fine inter lacing fib ers of elastin. A detailed 
description of these tissues was not available in the 
books on microscopic anatomy which were consulted. 



Fig. 5. Upper: Granular material between .f ibers. 
From biceps femori s of animal I , cooked to 70" r;. 
Lower: Collagenous bundles in raw bic-eps femo ris 
from animal VIII. At top or ganized bundles of col­
lagenous fibers of the interstitial tissues; in middle, 
less dense connective tissues; and, at bottom, ends of 
muscle fibers. The less dense connective tissue pro­
bably was changed to granular material by cooking 
to 70° C. or high-a ·. (Magnificfltion x 100 ) . 

Drs. Fou ·t and G-etty of the Department of Veterin­
ary Anatomy, Iowa Stat,e University , stated the fol­
lowing t erminology applies to these tissues : " inter­
calated t endonous portions or col lagenous bundles of 
the interstitial tissues. '' 

When heated, these small collag,enous bundles 
behaved in the same way as connective tissue of ten­
dons and of other areas reported by 'Winegar den et al. 
(24) . H eating to 70°C. or higher ld t the fibers in 
bundles, but they were no longer wavy; they appeared 
fused together and had shrunk in length (fig. 6) . 

Before cooking, all th e collagenous fiber s stained 
pink or 1·ed "ith van G iessen 's stain. After cooking, 
the tissue ai-ound the fat cells and the granul ar mater­
ial did not ·tain. The fib ers of the coll a0·enous bundks 
stained pink or r ed after cooking, bu t upon standing, 
t he red sta in gradually faded with storage and fadcrl 
faster if exposed to light . 

The less dense tissue appears to be changed, or 
partially so, to a granular substance during cookin g 
( figs. 5 and 6) . 

Studies have been r eported which show that the 
extent of conversion to gelatin depends upon several 
factors ( 5) . Among these factor s are the temperature 
to which th e coll agen is heated and the ti me held at 
a given temperature. Thns it ,rnuld be expected, if 
the source of the granular material is an integral 

Fig. 6. Upper : Many colJagenous bundles of th e in­
terstitial tissues are shown among granular mater ial 
( dark areas in the center ) . From biceps J'cmoris of 
animal I, cooked to 90° C. (Magnification ,\. G4 ) . 
Lowei· : A small amount of the granular material 
appears at the top, the collagen bundle at botto m. 
'l'he fiber .· in thi s bundle appea r to be fused together. 
Thi is a higher magnification of one buncUe shown 
above. From semin!-endinosus muscle of animal VII, 
cooked to 90 ° C. (Magnification x 150) . 

portion of the coll ag-cn moiety, that cu!s cooked to an 
interior temperature of 90°C. would have more granu­
lar substance than cu ts cooked to 70°C. This was 
found to be true in a majority of the ca ·es. 

From the r esults of the study by vVinegarden 
et al. (2-1: ) it wa ,· assumed that littl,e change occurred 
in the connective tissue b low 65°C. To test thi s as­
sumption, Paul 's (17 ) sections, ,rhich "·ere still on 
fi le i11. t he laboratory, were obser ved. T he cuts had 
been cooked to an interior temperature of 63°C. and 
th en removed from the ov,en . T be microscopic sections 
from the cooked cuts showed n o evidence of granular 
material. 

Sections from another study (10 ) mack it pos­
sible to compare tbe amount of granular material ob­
ta ine~l when cuts were heated to the same interior tern· 
perature, 70°C., but at different rat-es (i.e., in differ­
ent mediums) . Harrison 's (10 ) cuts were cooked in 
fat , ,~·hich conducts hea t more rapidly tha n air. Only 
about half th e slides of cooked cuts of Harrison's 
study showed the presence of granular material. 

The average time in minu tes for the interior tem­
perature of the roasts used in this study to rise from 
65 °C. to 90°C. was: LDR, 132.6 ; LDL, 11-1:.0; and 
PM, 139.8. Note that the psoas, which w-eighed the 
least, required the longest amoun t of time. 

The comparative amounts of coll::igen an d elastin 
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were estimated by microscopic examination of the 
stained ser:tions. The scoring ·ystem of Ramsbottom, 
Strandine and Koonz (21 ) was used. The correlation 
between the amount of coll agen-N as determined by 
the Lowry et cil. (14) procedure and collagen esti­
mated from microscopic sections was determined. This 
correlation was 0.80, signifi cant at the I -percent level, 
when the data for all raw samples later coolrncl to 
either 90°0. or 'i0 °O. were combined. 

DISCUSSION 

'J.'ECHNIQUES 

The organoleptic cha r act-eri tics and the chemical 
and physical attributes of cuts taken from carcasses 
of beef cattle of different ages ,1·ere the subjects of 
this investigation. For purposes of comparison, tvvo 
carcasses grncling low-Choice from relatively young 
anima Is and six carcass.es grading Commercial from 
anima ls ranging in age from 6 months to 48 mon ths 
were selected for these studies. In an at~cmpt to 
eliminate as many variables as possible, standardized 
proc•edures were used in cooking selected paired mu:;­
cles r epresenting each individual carcass. Anim als 
wer e paired on the basi of age and grade to determine 
the degr ee of variati on on-e might encounter in the 
r esults of studies done on car casses of animals of 
similar age, breed and grade. 

The r esults of th e chemical, physical , cooking, 
taste panel evaluations and mi croscopic studies ha ve 
been summariz,ed and presented in t hi s report. Some 
results are as would be expected. For example, greater 
losses in weight during cookin g would be expected in 
meat ·ooked very well clone than in a similar cu t 
cooked medium clone. Some results, particularly those 
with animals constituting a pair sh owed la ck of uni­
formity. This ·will be di ·cussed later. It should be 
emphasized , howev,er , that th e r elationships observed 
between certain chemical and physical measurements 
of tenderness, juiciness, flavor and aroma of cooked 
beef app,ear to be quite complex. 

BIOLOGI CAL 00NS IDILRA TI ONS 

Variations in biological materials cannot be elim­
inated, even when standardized techniques are u .•,2d, 
for these materials are not homogeneous. H ence mam· 
te. -ts are n ecessary to increase the validity of th e rc­
·ults. But t here is an economical limit to the number 
of animals that can be purchased as well as a time 
limit to the completion of tests . 

:Many factors affect the palatability ratings (fla ­
vor, tenderness and jui ciness ) an d the physical test s 
(shear force and press fluid ) of beef mu scle . . 'l'he 
resu lt of gr owth in ,1 mea t animal is essentially a 
change in the proportions of the body and th e compo-
ition of its tissues, muscl-e, fat and bone. Hereditary 

factors affect gro\\·th in a number of ways. Some an i­
mals grow faster, mature fa ·ter and fatten more 
easily than others. Th e changes in the tissues whir:h 
occur in an imals during growth will be variable bY 
virtue of the fact that one ,rill seldom encount e~­
heredita ry, nutri tional and environm ental complexes 
w11i ch are similar for a given group of animals. 
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The problem of mu ·cle characteristics becomes 
more complicated with th e age of the animal and the 
pre- and post-mortem treatment of the carcass. The 
animal may be st::i,rved or fed before killing. DurinO' 
holding of the carcass or cuts many changes occur 
which collectively are called aging or ripening. Aging 
is slower at refrigerator temperature. Th e carcasses 
of young animals age more rapidly than those of older 
ones. There also will be aging variations in car casses 
from animals of the same age, breed and grade. Cook­
ing also affects the palatability ratings and physical 
test results, the extent depending· on the duration and 
method of cooking. Some other factors that may af­
fect th e tenderness of muscles to a greater or lesser 
extent are freezing, mechanical alteration, size of fi­
bers and size of th e bundl es of muscle fibers. The 
tenderness of the muscles from a given animal vary 
widely. 'rhis has been shown by earlier studie. in 
this laboratory (10, 17 ) and particularly by Rams­
bottom et a.l. (21 ) who tested 25 of the principal mus­
cles from beef carcasses. The present study indicates 
tlrnt the intramuscular fat and connective tissue con­
tent may vary for the differen t muscles of a o-iven 
animal and for the same muscle from different ani­
mal s. , ¥hen so many fa ctors affect tendern ess of the 
muscle, and each factor to unequa l degrees, it is easily 
under stood that variation in palatability character­
istics may occur in animals of the sa me age, breed and 
ca r cass grade. 

B EEF' GRADES 

Beef carcass grade standards, as specified by the 
Uni ted States Depa1tment of Agriculture, arc based 
largely on subjective specifications which divi de bed 
carcasses into groups. Th er e arc no clea r cut oujective 
measurements 11·hich ,rnuld provide a basis for classi­
fying carcasses into group 11·hich would clearly define 
quality as the co11sumer understands it . In one 
previous study (J 3) the organol eptic scores. indicated 
that cuts from Comm ercial -grade animals wer e less 
desirable than those from Good and Choice gradL\,. 
Th e data in t he present study, J1owever , indicate that 
i t cannot 1+lways be a.·sum ed that the age of the 
animal, the fat in and between masses of muscle tissue 
the color, texture and firmness of the visible fat and 
lean ar c correlated closely with and indicative of 
tenderness, juiciness, aroma and flavor of beef. 

Another aspect of the problem is how to cook the 
cut. If the mea t is to be cooked propedy, the consum­
er needs to know wh ether the cut is tender enough to 
roast or broil or whether it should be cooked by moist 
heat. 

'l'h e present pricing yst em for the different 
grade:,; of be-ef carcasses is based on the assumption 
that the hi gher the grade the bet ter the over-all quality 
of meat. Th e current paucity of data which would r e­
late the organoleptic chara teristics of beef with grade 
specifica tion leaves much to be desired. 

The authors ar e awar e that dividing the carcasses 
into grade is N1e best and easiest method in use at the 
pres-ent time to indi ca te the desirabiiib- of th e meat. 
The inconsistencies shown in this anci' other studies 
bctl,·een grade,· and organolep tic characteristics indi-



cate that improvement in th e gr ading system or the 
developm ent of new tests would be desirable. 

Th e con clusion to be drawn from these studies is 
that, although it has been generally accepted that fat 
content , gra de of the car ca · · and age of the animal 
are high ly correlated with the pa latability of beef, 
the resul ts of detai led an alysis of th e severa l r elation­
ships whi ch appear to exist between th e characteristics 
of a be-ef ca r cass and the tenderness, flaYor, juiciness 
and fa t content of the cooked cuts vary within wide 
limits. 

AGE OF THE .L\NG\1..\ 1, .IN D T Ex'l'UHE OF THE }H uSCLE 

In a previous study (10 ) in thi s laboratory, the 
cuts from an 8-year-old cow ( carcass grade, Cutter) 
were decidedly less tender than cuts from three steers 
( two carcass grade, Good; and on e car cass gr ade, 
Commercial ) of approximately 14-16 months of age. 
These r esults ar c in accord with the commonly 
accepted premise that meat from older animals is 
tougher than meat from younger animal ·. This 
premise appears to be valid in many cases, but excep­
tions may occur. Much depends upon the differ en ce 
in age span, the co ndition of the anima l and other 
fac tors. In the present study, the toughest cuts, as 
·hovm by tendern es scor es, came from animal I of 
intermediate age. Th e microscopic study r evealed that 
the diam eter of the fibel's in muscles from animal I 
was larger than t he diameters of the fi bers from the 
other seven animal s. This may account for th e other ­
wise unexplained results. 

Brady (6) has r,eported that the texture of musc1e 
fibers i related to tenderness - muscles of coarse 
grain being tougher than those of fine grain. 
Strandin e et al. (22) have al so reported , after a chemi­
cal and h istologi cal study of 50 beef and J 2 chicken 
muscles, that the size of the fa scicul i (bundles of 
fibers) and amount of conn ective tissue aff.ect th e 
tenderness of muscles - tendern ess being associated 
with muscles having indistinct fasciculi. 

T ENDERJ\TESS 11N D FAT CONTENT OF lVIuscLES 

It is widely accepted tha t finish a nd marbling 
ha,·e a dil'ect influence on degr ee of tendern ess, de­
spit-2 the fac t that the amount of fat v e,. se is not in­
variably associated with tendcrnes · of beef . One of 
the inte1·esting 1·esults of this study was the diff.e1·ence 
in fat content of the cu ts from the two animals con­
sti tutin g a pai r. 'l' hcse an im als had been selected for 
their simil al'ity by a person experi enced in this type 
of work. 'l'he carcasses of a given pair did resemble 
each other in cer ta in chal'a cteristics, but differ,ed in 
ot hers. For exa mpl e, one calf (animal III ) had 
litt le visible fat, whereas the other calf had some 
visible fat. Th e fa t content of th e interior of the 
cuts ( the epim.rsium was r,emoved ) , ho" ·cver , differed 
consider ab ly for each animal of a pa ir. A regression 
(for dependency of all tendern ess scores upon the 
fat content of the muscl es ) gave an 1· value 0.46 whicl1 
was significant at the 1-percent level. If the l" value 
had been lar ger, th e results would have been more 
impressive. The hi ghest average tenderness scores 
were 8.J , 8.0 and 7.9. Two of th ese scores we1·-c for 

cuts from animal II and VI ( th e two Choice-gr ade 
car casses) whose muscles had a fat conten t of 20.6 
percent and 25 .6 percent , respectively. The lowest 
core was for cuts f;·om animal III (a calf of Commer­

cial gr ade ) " ·hose muscles had a fat content of 6.4 per ­
cent. Cuts from some of the animal s gradin g Commer­
cial were as acceptable to members of the pa nel as 
were the cuts from th e Choice-grade ca rcasses, as 
shown in tabl es 12 and 14. 

At least three groups of wol'kers have repo1ted 
that animals with more finish produ c<;d more tender 
beef than less well finished ones (3, 11, 18). On the 
other ha11 d, H ankins and Ellis (9) found no signifi­
cant corr elation bet,reen the fat content and tender­
ness of the longissimus dorsi muscle. 

Another aspect that needs furth er investigation is 
the change of the fat content of the muscle during 
cooking. An examination of the data for the fa t con­
tent of th e interior portions of the cuts used in t his 
study shows no marked differen c~ between the raw 
and cooked muscles. Hood et al. ( 12 ) found the fat 
conten t to be lo1rer in the cooked than in th e 1·aw cuts. 

The question of translocation of both fat and 
granular substa nce in mnscle during cooking is of 
inter est. W ang et al. (23 ) have r epor ted that, from 
broiling 1.5-inch steaks from the longissimus dorsi and 
semitcndinosm; muscles at about 205 ° C. to an int• rior 
tempera ture of 65 ° C., a "fair a rn oun t of fat was 
released by diffusion from the fat cell in perirnysia 
of all sizes. 'l'he r eleased fat gave no evidence what­
ever of existence in a continuous liquid state, but 
showed a progressive dispersion alon g· the path of 
degrad,ed (hydrol~,zed ) colla gen with the resulting 
fat droplets thoroughly intermingled with the latter. 
Intact collagen and endomysial spaces wer e free of 
this fat. Th e size of the droplets was found to dccr,2ase 
from the dispersion center toward the periphery of 
the field, finally passing· below th e limits of micro­
scopi c resolution. 'rhe phenomenon lias be-en inter ­
preted as a proces · of emulsification in ,rhich de­
graded collagen may function as a d ispersing agent the 
accompanying cooking providin g, among other thin gs, 
the nec,essar y agitation.'' 

CONXECTIVE TI SSUE COK'l'EN'l' AN D 'J.'ENDER.);ESS OF 

BEEF l\Iuscr.Es 

Jt has been ll"id-2ly accepted that th e tendern es 
of musc le is related to its initial content of connective 
tis ue. The coll agen-N and elastin-N data in this 
study, although admitted ly not necessarily indica tive 
of the true connective tissue of beef, fa il ed to offer 
, trong support for this belief. 'l'hc 1· valnes for cor­
relation of (a ) tenderness scores and collagen.-N con­
tent of cooked muscles, (b ) shear :force and col1 agen-N 
of r aw muscle· ai1,d ( c) shear fol'ce values and 
collagen-N content of cooked mu.·cles were all 11011-

significant. Only the tenderness sco10<;s and coll agen-N 
of raw muscles showed a barely significan t r ela t ion­
ship . Stronger 1·elationships bet-re-en tenderness and 
collagen-N content of the muscles might have been 
obtained if th e beef had been cooked rar,e so th at little 
degradation of the collagen would have occ nrred. 
:\fitchell et al . (16 ) found n o relationship between 
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the connective ti ·sue content of the cut and the carcass 
grade. None of their cu ts were cooked. Strandi'n,e 
et al. ( 22), after a chemical and histological study 
of 50 of the principal beef mu. cles and J 2 of the 
principal chicken muscles, concluded t hat tenderness 
is associated with muscles having indistinct fasciculi. 
The larger amount of connective tissue of the less 
tender muscles divided the fibe1·s into lar g,er fasciculi. 

Prudent (19 ) was not able to demonstr ate that 
aging beef cuts from 1 to 30 day brought about signif­
icant change in the collagen-N content as determined 
by the Lowry et al. (14) procedure. The cuts a.ged 
10, 20 and 30 day were more tender, as determined 
by subj ective and objective evaluations, than other 
portions of these same muscles aged 1, 2 or 5 days. The 
chang·es in aging of beef cu ts in Prudent 's investiga­
tion did not appear to be Telated to changes in the 
collag,cn con tent . . It is also possible, howev,er , that 
none of the present methods for determining collagen­
N is sensitive enough to determine slight changes in 
collagen content. 

It is known that some of the collagen v11as de­
graded to gelatin during cooking, for the juices com­
ing from the meat produced a jelly when refriger ated. 
H ence the extent of cooking (i.e., rare or well done ) 
must have some influence upon the tendern ess. The 
connective tissue may be altered only sligh tly or not 
at all in cuts cooked r are. Likewise, the mu. d e fiber 
proteins may be only slightly coagulated. But, when 
cuts are cooked well done or very well done, the extent 
of cooking on tenderizing the beef depends upon a 
balance between the exten t of softening· the connective 
tissue and the extent of toughening or hardening the 
muscle fiber proteins. This problem was studi,ed by 
Ramsbottom, Strandin e and Koonz (21 ). Th ey com­
par,ed the tendern ess of 25 beef muscles, both before 
and after cooking·. 'l' heir sa mples were cooked in 
lard at 121 ° C. to an interior temperature of 76.7° C. 
(170° P. ), hence the r ate of heating was rapid. They 
found that the tenderness of a majority of the muscles 
was dec1·eased during cooking. This they attributed to 
the hardening of the muscle fiber proteins by coagula­
tion. Their graph, indicate less variation in shear 
force values after cooking than before cookin g. They 
found in preliminary exp,eriments that oven-cooked 
meat was consistently more tender with less variation 
in tenderness among muscles than when the samples 
were cooked in lard. 

In gener a1, the da ta obtain ed in this study for 
the shear force values and tenderness scores were 
corr elated. But, ther e were some ,exceptions. Although 
shear force did not differentiate between cuts cooked 

206 

to an interior temp,eratm·e of 70° C. and 90° C., the 
scores did. If the average shear force data were 
studied (figs. 2 and 3 ) , it would be found that th e 
shear force value for the lon gissimus dorsi rib cu ts 
from animal , t and VII ar e not in harmony ·with 
other sbear force values for cuts from the e animals. 
Th e collagen-N content of the raw and cooked cuts 
and the shear values for these cuts from the carcass 
of one of the 6-month-old animals (VII ) and the 
muscles of one of the much older animal. (VIII ) do 
not provide any consistent basis on which to explain 
the lack of concordance in the relationship between 
shear force values or collagen-N content with tender­
ness scores. 

The collagcn-N data in this study indicate that 
considerable collagen-N within the muscle was de­
graded by cooking to 70° or 90° C. Winegarden et al. 
(24) have shown that connective tissue fro m tendons, 
the ligamenturn nuchae and th e aponeurotic sheet (a 
lar g,e triangular sheet of connective tissue of the flank 
with the apex at the tuber coxae) became more tender 
(as shown by shear force) when heated above 65° C. 

Th.e microscopic studies indicat€ that the granular 
substance in the sections of cooked muscle may re­
present a fraction of the connective tissue complex. 
A detailed discussion of the curr,ent concepts of the 
composition and character of various types of connec­
tive tissue have been published by several workers 
(20 ) . The current view is th at the connect i.ve tissue 
of muscle is composed of fibrill ar tissue (collagen and 
ela. tin f ibers) and an amorphous matrix (ground sub­
stance) which serves to hold the fibri llar tissue in 
place. Ground ubstance appears to be solubilized by 
both alkali extr action and a utoclaving, 1\Iiller and 
Kastelic ( 15). In view of this problem, i t is not known 
precisely what fractions of connective tissue are re­
presented by data obtained using the Lowry et al. 
procedur,e. The interpretations of the r esult of meas­
ures of tenderness in relation to the "collagen " and 
"elasbn " content of beef muscle as obtained bY the 
Lowry et al. procedure must, t her efore, be considered 
in the light of the foregoing discussion. 

The photomicrographs of th e degraded collagen 
,emul sion described by W ang et-o.Z. resembl e the granu­
lar substan ce observed in the present study, but the 
emulsion is not as extensive as the granul ar substance. 
This 1night be expected, as t he beef used by "\Vang et 
cil. was n ot cooked as well done as the beef u sed in 
this study. Wh ether the granular substance of this 
study is related to the degraded collagen and fat trans­
location in th e "\Vang et o,l. study remains to be deter­
mined. 
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