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.~Beef IMusCle (Characteristics ;as lRelated ito 

.~iC...cass IGrade, ~Carcass \W,e,ght, " 
~an41_gree ~of IAling ;' 

~~: ..) 

By 
D.M. 'Doty, .American 'Meatlnstil.ute Foundation 

;;4'>.> ' 

and 

John CPilfrce, Agri,culturaJ Marketing S.ervice 

It is (lui~~ brenerltUy believed that 
the physical, cllt~miclll, histological 
n,l(l orgtn~oleptic chrlit:l\<lteristics <?f 
beef nre llIHnel1c~d by the. genche 
btlckgrouud of the Ilnimnltil1d by 
theall(e .mortem llna post modem 
tL'eUtJUC,lt receive<lby Ule 'ltnimn,l 
and Ule carcnss. Some... of these 
cluu:adet·istics are intet~re1n;te<li\;U(l 
elUl be readily l:e<lognizednnd IWIl.I

unte<l by visunl observation of the 

~rll;ny Cltl"lier investigations ,h1W8 
indi~jtfed the-influence of the cllem
icul, physicttl, and histologieal 
properties ofbee.f Qn its organolep
tic cilltl"lleturistics. l'he relnt;ion
ship of Some of the properties to 
cn:rcnss;.rrnde 1l11(1 weig11t has been 
shown (dsQ. 

Sherman (35)]. 1uts expressed 
some dQubt. thll.t cnrcllss grade js I.t 

dependable. index of juiciness or 
t.enderness·of llCer. However, other 
investigators (4,30,39) hn.:ve shown 
that Cllrcuss .gmde ,~s It reliable 
cr:.iterion of o~'ganoleptic qunlity. 
, Since mo.st current systems of 
eVlllutlting meat qtUtlity IlL'e bnse<l 
Qn subjecfive QbservntiOlls, much re
ae~u:chhllsbeen<lil'ected townrel 
(levoloping objecti "e techniques io1' 

{)ILrenss.. Ilo.we,'eJ:, other proper
ties and jlltel'l;elntiollShil)S are much 
more obscure. 

l'he investigilcions reported here 
were underbtken to provide funda
mental iniormut,ion on the vltrious 
J>roperties of beef. It was hoped 
that this informlltion.'Would pro
"ide It sound, scientific basis for the 
development o:f more objecti ve 
methods for gruding clt.rcnss bee'f. 

determining beef qmtlity. Investl
gtttors ha.ve repodecl relationshills 
between tenderness [LIlel mechanicnl 
shear vnlnes (4,17, 33, 34),intra
mnseuhLr fat content or Jl1ltl"bling 
(.71,293, Sf)), collagen content (293,25, 
fl8), muscle fiber size (f31), extent 
of m.uscle autolysis (32), electrical 
eonductance(15}, and other physi
cn], chemjctLl, and histological prop
lwt.ies. In the,stune WII,y, juiciness 
has been stnted to be related to :fat 
content ('2, 6), expressibleflllid 
:I::;;;om cookedment (3'7) 1 and fat 
·cont.ent, of the }wess fluia (18). 
l'he <listinctlveflttvor of cooked 
meat. hilS been attributed, at least 
by implication, to creatine and 
crelttin.ine (38) ) , su]£m· compOlUlds 

1 :J,t-Il1ic 1l.lIllI!\QI·S in Illlreuthesesrefer to "IJiterntnre Qitell" 1111ge8 42, 4~, 114, 4». 
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(5. 8), Ilnd ytLriolls :llonprot.eill ni
tl'(}genous compounds (8,35). The 
Enrope!lll work on this subject "'liS 
re,~jewed Ilnd Snml1'lIL11Zed recent.ly 
by Heim (920). 

In most. cllses the l:ellt1;ionshil)S 
between physiCltl, chemiCltl, histo

10giCltl, and organoleptic properties 
were estblished on It limited lllun
oel' of SltIllI)]es. .Also, thereln.tion
shi.ps were not close ellOl\gh t.o jus
tify using the objective measure
ments Its criteria, fOt, orga.nolept.ic 
qUltlity or CltrCltSS clnssillcntion. 

iMATERIAlS 'AND 'METHODS 
Carcasses Used. 1'0 accomplis]! 

the objectives of the experimenta
tion it, 'wns nccesslu'.Y. h) select SOme 
pnrticultw cll1ssificatioll of Cltl'CIISS 
beef thut. corLld be mOl'C Ot' less 
<.'I.osely J'ept'oduced ovel' the period 
of the ill vestiglltioll. The gl'OUpS 
chosen ILrc s11o,\'n in table 1. l'lu'ee 
('Iu'casses from eHcll gJ'OUp weJ.'e se
le('ted ench yeltt' for Ii 3-)'el1l' l)eriod 
(1949-51) / making it /:otal of IMJ 
carClIsses studied, Since it obyiolls
ly would be impossible to st;udy ILl! 
parts of each Cltl'caSS in n, pl'oject, 
of this scope, t.wo commel'cinl whole
sale cuts were selected. fol.' study~ 
th~ rib cut ILIHl the 1'0I1J)d. In gen
emI, sam.pIes werc oIlbtined as 
follows: Cattle expected to yield 

Ctll'CII~H grade 

cnrcaSSes of the specifications shown ! 
in. table 1 were selected in the yards 
nt Ohicttgo by representlttives of the ' 
Agricultural Mn,d~eting Seniee, 
put'chased Iwd shLllghtel'ed by one 
of. the major llIen,t;packing com
panies in Chicago, and the Clll'enSSes 
graded by II representative of the 
~r.e:~t" G"'~di,IJ§(r ~1;ILl~cll" J~i,,~stoc]~
])1\ lSI 011, ..:\'~I",. I Inee cltlcnsses of 
each lot. were selected itS most closely 
approaching the Itverage of the 
,!!I.'nde classificllt;ioll desieed, and the 
rib Cl1ts from the three CILl'casses alJd 
t'Olllld from one of these carcasses 
were removed !Lnd tmnsported to 
the hbornt:ol'Y. III some cllses it. ,; 
WIIS not possible to select live cat
tle that wou.ld meet the proper car

,
I Approximate nate sampled 
I Gar'cuss wd~ht 

-------.-.----------~-----!---------
p(IIt/l.tl.~ 

500 	 ,January 
,Julle 
August

Prime~ .... 800 	 ,January 
,J 1IIll' 

Augns.\'Cooct _. 400 	 .rullunry 
.J IllW 

Augu:it 
Octolwl' 

{,50 	 ,/allllnn
.Julie • 
August 
October

ComUlGrcial COWlL 

I 
050 ,Jullllury 

A\lglIst. 
October 

, lle(!f gmdcs were revil;cil ill ])eecmher lImO, hut: all rcslilts l:l!)lOl'ted jlJ this 
bulletin nrc 011 the husis of the gru(]es cllI:l'clltly 111 \Hit!, 
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cnssc1nssification, and stl.mples were 
cut from cnrcns.c;es of the appropri
ate .trades :from the cooler stocks of. 
the e packing compmty. l)etl\,ile<l 
descl'iptions of the Cltrcnsses seleded 
itll(l the feeding h.istory of. th(', Itni
J)lals (when known) were oubtined 
for :future reference in intel'pl'eLing 
resnUs. 

Generlllly, (;lIe cuts for st.udy were 
oubtined Itpproximlltely 48 hOlll's 
Idtel' the ttni.mnJs were, shLught.ered. 
The LO'llgi,w~imJll8 <101'8i of the rib 
Ilud th(', ~"{e:III,iten<li:It(},'m,~ muscl(' of 
the rOllnd were sampled immedi
Iltely, Ilnd niter 2 IlUd.4 weeks' aging 
of tht' cuts Itt a3°-ailO F. (During 
the. thit'(l )'etll' of the st.udy, en!:s 
from the lightweight CII,rcnsses ill 
ellC'h of the ~l'IIdes wen' nged i'ol' 
only;2 weeks.) 

Sampling Pro.cedure. ItnIlH..ldi
Iltely upon nl'ri \'ILI of the whole
slLle euts Itt the lauontlol',Y they wel.'e 
photQgl'a,phed ILnd sampling per
formed in It eooler: at, 45° :IT. as fol
lows: From the. left rib cut of each 
CILl'CiISS, two rib steaks, 1% inehes 
thick, '\"el'e cnt for cooking, The 
12th-riu stellk was llood far ehemiea,1 
and hist.ologieal studies on fhe 
(:ooked melli' whUe thn 11th-I'il> stell,k 
was used for pltnel scoring of pldn.f'
nuil ity of Uw cooked lIIellt.· The 
11-1~ rib seetion WIIS l'eHlm'ed fl'OIll 
t he right I'ib ~~u~ ILlld the. l'ibeYl' 
musdl'. (L(YIlg188UJI'II8 (/01'8/) WIIS 

ctLl'efully l'emo\'ed ILIld freed fl'OIIl 
nIl adhering fat Itnd conneeti ve tis
Sill.'. The niusele WIlS then cut" info 
two appl'oximILte.l.r e9"aJ pieees 
plu:aUel to Ole gt'alll of the 
meat. Conductance ll1ellSlu'emenls 
and pcnetl'Omet:er.' readings were 
made immediately 011 the "ft'efihly 
Cllt pie<;es. Thill sliees were re
moved fl'om the ceniet' of the muscle 
it) I.' histolQgicltl eXILlninntion ILIld 
uioehem.icalstudies. TllI'ee 01' fOUL' 
cylinders, one-lULlf iudt ill diameter 
ILnd apploxilllat:ely2% inches long, 
were <!lu'cfu1\y cut out pl~mUel to 
tihe l1lusde fihers IIntIused for sheiLI' 
tests. The nm.millder 01' the muscle 

section was cut into pieces, ground 
thxough!\' food c,hopper with pltLtes 
hlwing %-ill('h holes, Iwd I;hol'
oughly 111 ixed by luwd. Portions 
of the g'I'Olllld Slunple were w;ed fOl' 
aU other physical and ('hemiclLl 
lletel'l1l inatiolls. 

The rump wus I'ew(wed from the 
left:. round by cutti.ug pel'pendieullM' 
to the /\e.mitendino.'f(l8 Illuse!e. abouf. 
1% indies fl'OIIl its fop end. Two 
sl.ic(~S, eaeh 1% inches f'hick, were 
fhen cut· ft:OIII the I'ounc! fOI' cook
ing. The slice eont:ainillg the top 
of the Re.'III;it(mtlin08'll8 Illllsele WIlS 
used for 1)ILIlel scoring fol' pltlltbt
bility Itll( the Ildjlleellt· slice used 
-rol.· ehem icn] and histologictLl stud
ies on the ('ooked /\f'lIdte1IdiJ/.o8UN 
nllIScl(~. The "UIllP waS remo\'cd 
fr'om the right 1'01lnd alld II sliee 
('(lIIf:aining a,ppl'oxirnai:ely the top 
f'.hir'd of the 8l'm;itmuZino8'll8 1l1us<.)le 
was eut 011:, the Rf'.lniteil/.dino.w8 
lIlus()le I'emoved anel freed from ItU 
adhering fiLl:. ancl memul.'ltnous t,is
sue, It' wns then tl'elttecl exactly 
like the seetioll of the ).jght. ribeye 
des(\l'ilJed aDO\'e, 

li'ol' ehemicltl, physicld, IUld his
f ologicn,l stuclieR 01'\ ('ooked meat, 
the steaks were eooked the, day the 
slllllples were flLken alld held O\'et'

night at 45° F, J'lIe following' 
1I1OI'ning the Longi88illl'll8 elmwi !tud 
S(1JJ/.il(Nldi1w.~'1l8 musdes wel'e I'e
lIlo\'ec1, l'he "browned" surfaces 
(about; one-eighnlineh thick) )'e
moved, ILnd the I'emaindm' f:reatecl 
as desCl'ibed above for I'll w tissue, 

Immediatel y after l'emoynJ of. tl1e 
fresh se<:tiolls ~fl'om the rib ellrs and 
rounds, I:he Cllts were weighed n,ncl 
plaeed ill n, eOllst:1L1l1' t:empel'atU)'c, 
)'oom (:34° +1° F,) for a~illg, At 
t'he elldof ~ weeks the eut.s wel'e,]'e
1II0ved to the 4ilO Ji', eooler, weighed 
to clet:el'mine weight: loss, \l,nd 
ItIl'y moldy, slimy, or clehyclrate(l 
surface on t'he lIged euts waS clLre
ill Uy tt'immecl oft. At this time 
two rib steaks ill \'oking the 9th 
ILIlcl 10th ribs were cut from each 
left db cu!', for cooking, the 10t11

3 
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rib steltk WIIS llsed fOl' ehellli(~n.l and 
physical ana.lyscs alld the ()I h-I'il> 
steak WitS used fol' }lltHel seol'ing 
for pnlatltbility, The. \)-10 rib sec
tioll' WIIS oul' :fJ'om the I'ight rib enl' 
11IId the I'LUCye muscle l'emol'cd Itlld 
tl'eltteci exadly liS in I'he ease (rt the 
unaged salllple, The l'cll1ltindlw of 
the D-1O I'ill seeli611 wus scpn.I'ltttld 
into fld, I.e:Ln, !tlld boue and Ihe 
weights of thesc eOlltponcn( 8 uSNI 
to cstinmt(' Ihe ('omposition of (;IJl' 
ent iI'e. Oil I,(,IISS, 1'11(\ Iniddle sed-iolls 
of Ihe. I'ounds Wlwe l'lHlHlI'ed i.1I the 
Hlllll(\ lI1anJllW as til(>, Ii I'S! ents a.nd 
the 'emit ('ndiillo8'U8 III usele f'J'caledI .... 

in PXltetlr the SllIIlt'. I\lILHll(W itS flH' 
llllaged 'sample, The I'emu.i.n ing 
p()ttions of' IIIl' l'uts were ltgalll 
weighed and l'efm'nNI f () (lIP :14,0 .F, 
1'00111, At fill'. elld 0"1' ,I, weeks f Irl' 
fillnl sllmplillg was 11I1lci(' <,xad.lr liS 

dc' wl'ibt'd Ilbol'P ('X('cpt that f he' 7-H 
I'ih st'd ion fl'om ea('1r rib eut alld 
the sectioll of l~a('h I'oulld l'olliailli.ng 
tlH~ 10wt'I' POl't iOIl 0'1' Ihl' J....'('Jnilr~lI
dinO'~Il'~ IIllls('le II'I'I'P lIfmd Jot' ('ook
ing and IlllalYHe;;, 

Determination of Carcass Com
position. The ('Ollll.lo>iil iOlI of tUI'
en;;ses f1'01l1 II"Ir i('h t Ill' (~OIlIIlIPI'('ial 
('\Its \\"('I'P obtn i IIPci WIlS (';;t imated, 
liS dl'Heribed br Hallkins Itlld HOII'p 
(18), '1'1'0111 the alllount of Bellu,l'ahle 
fal, lell,n, alld bOIlt' of t Ill' H-lO I'i b 
m'el iOll, .Pl'pl inl tlUlI',\' illYl'stigllLiolls 
011 ;\0 ('al'(~assl'S Hlu<iied!he firHI' 
)'elll' ShOI\'l~d t Ira I sepltl'llble 'fill:, 
lean, ILnd bOIl(' of Ilw \)-10 I'ib eu! 
wlIn' It! 11 !OSI i(il'Ilf"ieal wi t.h I hat of 
the H-ll rib ent, sO (hl' salllt' :/'01' 

llIulas pl'()poHed by HllIlkills alld 
Howl\ wer'(' lIsed 1'01' (,Ilkulalillg tlLl'
enss eOlllposition '1:1'0111 t hl" S('I)I],I'U
bll' :fat, lelln, and OOllp 0'1' til(' D-J 0 
I'ib (:ut. 

P.hysical Properties of the 
Meat. .M·~\nIllJ[NG. 1'11(' I'Ilt i IIgs :1'01' 

marblillg Wtwe pUl'ely subjecf,il'l' on 
It rlLting seale of .1 10 ri witll t.ir(>. 
:t:OllOll"lllg desel'iplin' ((Will;; used: 
('1.) Vel'y llbundallJ ILnd l~xtellsi ve, 
(2) IlbundlLut I\,nd extel1sivl~, (i3) 

Jl)odl'I'ate, limited dis!l'ibnlion, (4,) 
(;l'Iwes, (f» non visible, 

COI.OI( ,RA'I'1NOS. SlIbjeel'i I'p ('oiol' 

I'afings -1'01' tilt' {It!, alld leaH wel'l.' 

mad.e by eolol' ('0III plLriRolI with 

;;t:t.IJ(hLl'd M lln;;ell eolol' plates for 

IlJeat Us,C) , COlli plll'iHOIll-; wen' 

IIllLcle und(!!.' soft whiJtI II.llol'l's('enl 

lighl on It (',lit ;;ul'fate ('xposed jo 

f:he IttI.' '1'01' 1 hOlll' at :I:i'i 0 F, 'Vit h 

Litis ;;)'stl'1Il of eolol.' l'ILt iIIg, the 

IOWlll' the ulImel'i('al i ndpx (ht' 11101'(, 

desil'abll' I.hp colol', 


I'll, The pH def (\1'111 inllt ions 

wCl'e 1lI11(1(' wi.t h II p:lllss pledl'odl' 

appa,1'It1 1I;; as :foil 0 \\'s : 1'hl('(' 10 

gl'ILIIIH of gl'ound mea.! ill a ~:Illall 

beakel', add ~() lilt d.istille(i \l'allW, 

Bti I' 1\'(;11, Ilnd leI sl ILlld fol' ;;l'l'l'l'Ilf 

Ini;llufes. :Hend f"hp pH of flip ;;lm'I'Y 

USlllg H gla;;s plpe/r'o(h, p.1I Ilret('I', 


S 1II';,\1( S'I'lmNuTII, Shpal' I'lllups 

\1'<'1'(\ det l'l'lll i.lled wit ht ht' ","111'11('1'

J~l'Ilfzlet' sheaI' IIPPlIl'ILlus (n 011 


olll'-IIH.H ilwh dial1lpll.'l.' ('rli 1I<il'I'S of 

I'll \\' (ll' ('o()ke(/ meal al" 4;,,)'0 F. ('al'p 

\l'llS (ak(,11 to kepp t hl' (',\' I indel' 

shal'p and to ('ul. in slwh II \I'll \' Ilrat 

Ih('. (',I'I iIl(i(,., WitS pal'allel (0 t 1)(' 

gl'a in 01' HI(' IIlcaL ,Poltiolls 0'1' tlH~ 

1I11l;;d('. Irltl'lng la,I'p:t' flll.l.' depo;;itB 

01' ('xfensin' fa('ia stl't'aks \\,(,1'1' 

a I'oid(ld, .-\ total of]() shea I' ntlul's 

fl'oll! ,~ ('yl i 1l(l('I'B ga I'l' It fia:t isl'at'

tOI',\' Ill'el'age ;;heal' l'a.llIe (standal'd 

('ITOI' of ± (UI Ib,), 


1~I.I'~("I'HIl"11. ('()NJ)l~("I'1 I'I'I'Y (RE
SIIiT.INl'g), EIt'C'tTielti I'('sist :1I1tl' 

IIHlll;;IU'(\llwnls 011 meaf (Jfi, .Jf2) 
ha I'P LWell I'al'iablp 11Ild Bubied to 
eOl1sidlwabl(' 11l'I'ol'la,l'uply I;('('allfw 
of ill;;II'unl('ntal difli('uilj(:s and the 
diflieulty of l'ppl'eBHIl(at.i\'p sllmpl- -I 
illg, Jt lI'nli 'foulld Ihat I hese dilli- , 
eultil's ('(Hlld bp 1111'gely ()1'(,I'come by 
uliillg a d()ubl('-pl'ong(~d eled I'odl.' 
with a BOO-ohlll shunl' betwc('11 tire 
j w() ele<:ll'Oclcs (to pl'(,I'ell! drift du(' 
to ele('\,I'o<i(' pola,l'izilt.ion) ill eOI1

jundion wil h a stll.ndlu'd POl'hlble ~ 
eleel'Olyf.ic I'esistallel.', illdit'lLtol.' op
el'll.! ing 011 nO-volt, GO-eyC'le aHer
nat ing ('Ul'I'en! (Ilg, 1), l~elldillgs 
WeJ'(\ Hill-de on mellt. :fl'eshl.r en!: 
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Figure I.-The double pron(.led electr\'"le 
with resistance shunt used'to determine 
the electrical resistance Qf meat. 

pal'ltlh->1 to the. gl'll,in 0'1' (,Ill,' nHlaL 
l{es!stnll(!c. waS n~ild rapidly to 
Itn)l(l possIble I.'I....o..s due to elm'
Il'ode pola ..hmiion. Headings wm'l' 
nmde ill tl'ipliclLle pUl'nUel to the 
gl'!lill 01' t Itt' InelL! 11I1.r\, in tri pi ielL! (', 
pl'l-pendi('ular to till' gl'u,i n Oil elwll 
sll,mple. The spl'ei fi(, tonduehi-Ilt'e 
of I lit' stllllple wmi ('ltlelllaJed 'fl'OIll 

It "eel! ('onstanf' deltwlllincd by cllli
lll'llJiHg the elec:tTode wit h soli,Lions 
of knowll eondll('t i vi t,y, 

Penetrometer Readings. Thesl' 
I'eadin~rs should be indieati \:e of the 
fOI'('e I\(>('cssa;ry to Sl',plLl'aJe till' 
III usd(' libcl's. '1'hl' method llsed was 
as 'follows: Plaee II piece of IllUS

('Il\ I issue ILPPl'oxilllatl'ly lO (',III, X 

ii (:111. by :2,;) (:\11, t,hiek (eul' wil II 
lite long dimension pa,I'aUel t () t hl' 
~1'H,in of Ihe. meat) 011 the platforlll
?f a, st.andu,..d pen,et"olllllt ('I' l!IU'I',Y

IIlg It :200-gl'tllll WeIght. Adjust tlU' 
nl~l!(lle (desel'ibed below) (;l'icllted 
with its longer (',I'OSS sedion pIU'

aIlel to OJ(' ~nti Il o-f the IllelLi so 
tim! it jWlt lotH'he!; t·hp sud'a('e (rt: 
t hl'- meat. Set the H('alt' to ~(\I'O lI,nd 
I'elease HI(> lwecll.e, Hm:ol'd t'he 
dept h to wh idl till' needle pe\le
tl'lltes in Hi se(,ollds. TII,kp ntobtl 
oi' fin' I'eadi llgS on CH('h sam pIe, 
Iwoidi ng- olwiolls dl'-posits of Jat' 01' 

eOIlIH!<:(i\'c tiss\1ll. as :I'ltr as pm;sible. 
Tbe needle used had whal' may best 
be desel'ibed liS 1I, "spade" poi I;!;. If 
sl>etiol\s wel'l' I.n.ken pCI'llcnd.imlltu' to 

.its axis a Jamily of ellipses of .iu
m'easing si~e woulel be ohtained, 
Ho\\'e\'('r, thl' l\Ilds jLl the .long axis 
of these cllipses would be pointed, 
'I'll(' needle used ha.d II maxinllun 
width of O.G ('Ill,. and a. n1llXimUIlI 
thidmeiiH oJ 0,4 till, at 1,~ em, :fl'ollt 
I'll(', point. .All penetl'()lllct(\l' l'ead
ingswcl'e mlld.e on I'll W Iwd eookecL 
meat Itl' 45° J~', 

Fut~(SESS. Obje<:,ti\'l~ fil'IIltleSS 

I'e:tdings wCI'e llHlde on I'ft\\' :tlld 
<looked men'!: at 45° Ji', in the Htune 
1I11LlllHW as penetl'omef.el' rendings 
exeppf HUtl Ihe pelletl'olllele\.' was 
equipped 'wit.h a, needle, having- lL 

:~'2-inch hcmisphel'iea..\ poi.ni: whieh 
only depressed till' mellt. but did not 
petwt.mle, 

Plmss FIXLD. This ddet'lll i nat,ion 
was llIadl' with a ('al'\'l'r labora~ 
tory press eqni pped with a ('ylindel' 
~'~{I inches in cliametel', Pn;ssfluid 
on J'HW meat', waS determined tt! a. 
temperttturc of 45 ° Ji', as follo\\'s: 
Pack the cylinder with 50 ~l'ams of 
fl'eshly groulld nleld:. in ij laveL's 
(s~p.ltl'ated by fi.l tel' pa,pel's) (:on
i,:UIl II1g I\'PPl'Oxi IImlel y ] 0 ITl'lunS 

])1' ('I ' ".,e:wII, . :. He£', a, l.f e\' p:Lper, a ga.uze 
llIal', and :t Linn ('ublml.' mat at the 
Lop n,nd hoHo.lll of the meal: eolmnn, 
Pl,ate the eyli ndel' in the pl'ess ILud 
l'a.lSptbe. pl'esslll'e slo\\'ly to :2,50() 
pounds pet' squa,I'p ineh in 10 min
utes lWei hold at' this pl'essul'p for 
;, !1I01'l' mill utes, :neduef' the 'wei~ht 
0'1' ,the press eltke :frOI1l I he ()J'i~inill 
\\'l",lght (~f the meal to obtai n press 
thud, J~ 01' eooked lIIeat. tlH' \>1'0

eedlu:e des~,.,'ibed by T:unior, Clade, 
and H.ltIlkUls (d'l) was used, 

'YNI'BR J~[I\lIncl'roN. '1'l1(' follow
ing- cmpil'iml procedure, based on 
the luethocl deseribed by Hall (Hi), 
WitS used. Cut :.l0 ~l'all1s 0:1: ITI'Olll1c1 

meILt', wit it 75, m1. of WItte- ill ; high
speed eleeine blendl'r fOl' :20 see
onds, Tml1s:t'cr 1:0 ('ent ri:fl1gl'- tubes 
lIf;illg ~5 1111. wlLter to wash the last: 
of the slnrr)' into the. I'uhes. ,1:\.1low 
to si:tuHl ()\'crnight" at ~15° F. Cen
tl'ifug(\ :1'01' 5 111 in u les in lUI angle 
eentl'ifugl\ nf:, B,500 l-plll. Deeltu{; 
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the liquid Ilnc1mensul'e. Subtrllct 
the u,mOuIlt from the original 100 
,mI. wliter added to obtlLin "jl11
bibe<l" 'water. 

(Chemical Analyses. Mms:l'(TJrl'), 
'ORUDE FN!', GRI.:rtl£ PltOTmN, Chmo"E 
ASH. These Itlmlyses were mlLde on 
Itll raw sltml).les of meRt using the 
official methods (31) of the Associ
ation of Officht] AgricnlturlLl ahem
jsts. TotlUJ nitrogen eletermitm
tiOllS Wel'e n]eo made on cookecl 
sall~les. 

:N ONJ.'HO:I'.EtN Nl:I'1l0G11N. li'Ql' Lhis 
c1etermiuat;ioll the following- pt'O<:e
dure 'was 1lsed. 'Cut·, 50 ~I'ILIl1S of 
the cold (45 0 F.) g-I'onn([ l'U;W or 
(looked meat- ill IMI ele<lt,l'ic hlende.L' 
witll 120 mt cold pbosphate buf
fel' (pH H,5) n.nel 30' gmms ice 
fOI':3 minutes, Centrifug-e, l~eollt; 
the l'esic1ue for 3 minutes using- jee 
IUld phosphlLte butrer, Centl'ifug-e 
!Lnd I'l'pent the extil'tlction of the 
l'esi(lue once mOl'e. Combine the 
filb'lt(es in It 50-1111. yolumetl'ic flask 
!lnd add slowly, with mixi.ng, 100 
Ill]. 20 percent. tr.ic1110rollcetic acid, 
Make to \Tolume, mi.x, ltud Jet seUle, 
}'iltel'. Detel'lnine the t:o/;n,1 nitro
g-en in It 21>-m1. aliquot; of the pro
tein Jiltl'lLte with n macro KjeJdlth] 
determiUlLi'.ion using- OUSOI as the 
<ligestiol1 ca.(nJyst; (31). 
A~n:NO N]'J~1I0GEN, Ami)\() nitJ,o

gcn was determined in 11 suitable 
n1iql1ot of the J)l'ol:cin-free .filtrate 
using the g-Ilsornekic amhlO 11 itro
g:ell appal'lLhlS dest'ribecl by yll.tl 
HlykH (38). FOI' the def:erllunlt
1;1 on, the macI'o reaction dmmber, 
the 111 iel'o g-as burette, II, reaction 
time of 1). minutes and It shaking 
sp~ed of 80 rpm wCl'eused. ~ 

ClmNI'JN"E "\NJ) Cm:NI'.ININI.:. Suit-
ahle 1l,liquots of Lheprot.cin-frce 
Iiltl'lde were used for /cl1e determi
nation of these eOIllJlounc1s, Tlle 
method llsed wus essentially that of 
lfolin (12) excel)t that cl'eatine WIIS 
dehydrated with llycli'ochloric acid 
solution neeol'ding to the AOAO 
method (31) ltl1d tile nl1M optiCttl 
densify mensurements of the eolore<l 

solutions Werc made at 520 111p. jn IL 

photoelecldc colorimeter, '1'he 
(Joncentmtloll of creatinine in the 
colo1'ed solution 'WitS determined by 
rending the opt;icnl density Yallle.r; 
from IL stn,ndiLl'cl cn:ljbl'lltion curve 
prepared with 1)l1I'e creatinine. 

ScnNlH,.:: l)no'l'ElN Nj~I'It()(a~N. The 
residue from the filtmtion follow
ing the trichIorolLcchic ttc.ic1l)recip
ihtt;ioll of the meld; extracts was 
washecl thoroughly with 4: percent 
trichloroacetic licid lind subjected to 
a. mllcro Kje1cllthlll itl'ogen det.el'm i

nation by the AOAO offici ILl me/hod 

(31) using- OuSo., as the digestion 

(.:n/;ILlyst. 


"VOLATI.LE" S(TJ,Fl'H. This dl~te.l·
minat.ioll was made on l'U.\\' Iwd 
cooked samples fOL' the, fhiJ'd yeltr's 
study onlv, :ehe method lwed was 
essentiall§ tim/:. describecl by Die
llmit, et; aL (10), Fi.'·e gmms of the 
Huely gl'Onndl'nw ~r cooke<l Ul~Rt 
W!lS ell!; in ILlI eleetJ'lc hlellder With 
GO ml. 0.039N NII,OII for 3 minutes ' 
ILlld the mixtu,l'e washed into the 
boiliJlg flask wi.th 50 ml. watGl'. 
Ten 1:0 11> 1111. ca.pl'Y] u.1cohol and 
boiling ehips wel:e added Imel the 
d is/;i 1In.t-ion made itS dh'ect:e<l in Lhe 
OJ'iginnJ method. The bJue solution 
WIIS /,mnsferrccl to IL 1>00 mI. volu
met'J'it~tlHsk, made to volume 11Ild 

mixed thoroughly. After 10 min
utes Ule optical density of the col-, 
ored solution was measured iJI11 1 
photoelectric colorimeter at: (iiO lllp.. 
"'l'he methylene blue in /'he unknown 
wns det:el'lllilled by .rending the op
t;iclIl density Yltlue of the unknown 
from 1\, stn.ndal'Cl <mrVe prepared 
with solutions of mefhylcne blue, <1 
7J-1un i.nocli.mel-hyhllliJ inc and l{eis
eller's solution, '1'he ""olatiJe" sul
:i'm' conl:ent of the saml)]e could 
then be calcuhttecl since Ole sltlful' 
Gontent of lne/;hylene blue is known. 

EX~'RAC:I'AIIL}" COLOR, This deter
mination was ll11lde on the third .~ 
year's l:ILW JUeat samples by the 
method descrlbe<l by Husnini et ttl. 
(23), Since 110 color stu,ndard "'as 
used, results are expressed only as 
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the optical density yaluesoftheex~ 
tract irom2i> grams meltt with 125 
Jul. "lntt.er. Fort11e ~pticlll density 
aUeltSm'ell1ents, the clcll,r fUt,l'ltte wuS 
placed in In mill. em'cUes u.nd:meas
~lreUlellts made at 54.0 mil- ill n. Oole
lllll.ll model 12~pe(:t.rophotometer, 

·COLLMIEN. 0111y It few chemi(!tL\ 
determinatioJls for colhtgell 'were 
lllade since it 'wa.s fO\U1d t.1Utt the 
results were closely l'ehtted to. those 
obtained by tile hist.olDo·ica1ll1etilo(1 
which will be described later, '!'lIe 
chemical met.hQ(l used for the col
lagen determilllLtions WIlS esselltitLlly 
that described by LQwry et Ill. (1M)
with IL 3-hoUl' n.ut;oelllve ('reIL/;melli; 
at 15 pDltnds pressure to. gelathlize 
t;he collagen. 1'he final colhlgen 
nitrogen determinatiQn wus mllde 
by N ~ss1.erizatiQn Ilfter. I~ Kjeldlthl 
(hgestlon Qft.11e solubilIzed COJlIL
gen. The colDr formed by the 
Nessler's reagent was rend in It Cole
:man modelE sl)ectrop llOtDmeter Ilt 
480 lUll- against It wateJ' blank with
in 1 minute aftet' the Nessler's sDlu
tion wns added, 1'he amDllnt Qf 
collagen nitrDgen present in the SQ
lution was determined by relld.in~ 
the o.ptical density values obttLille(l 
from a stuudard OU1'\'e prepn.recl 
with known amounts Qf l1mOl1ilUU 
sulin,te. 

Histological Determinations. 
Fo.l' lristolDgical studies, two stril)S 
about· 3 em. X 8 cm. ·were cut from 
eacLt :sample pltl'ullel to. the muscle 
fibers with tt "valentine" Imife COIF 

sistingDf two. stainless steel blndes 
.mounted paml1el to ench Dther. A 
similu,r stt"ip wus cut f1'o.m each sam

ill pIe perpendiculn.r to. the muscle 
I" fibers fDrt.rtUls\'erse sections, All 

strips were immecliately lixed in 
fresh .Zeukel'-fQrmol (9 pttrts Zen
ker and I part neutral fDrmalde
hyde) fDr 8-10 hDurs, washed. in 
cold I'uuning water Qvernight; and 
subsequellt.ly l)1'QCess~d and imbed

~ 	 £led.in celloidin. ;hy stltndar£l histD
logical pl'Dcec1ul~s, ~""Ol' lOllgitudi
JlIl:1sectio)lS, u. piece (ItPl)l'Qxinllttl~]y 
10 mm. X 15 111m.) of Que Qf the 

GG7216-6l-.2 

lDngitudinal strips was iml1edded in 
n. celloidin blDck n;u(l It simi!ttr piece 
frQm the trn,nsverse st.rip WIlS 

mQunted in a. celloicun block. 1'he 
renULindel' Qf t,he fixed. t..issues WIlS 
store(l in alcQhDl fDr 11se if needec]. 
SectiQns from the imbedded t.issnes 
·",ere l11ttc1e Dn R Spencer l?1.'ecisiDn 
slicling mim'otDme at 10 micrQns 
thlckness with 3 consecutive sectiDns 
moulltedQn eltch slide, 1'1u'ee slides 
of lQngitudinal sectiDns lLnd Dne 
slide of trans\'el:se sectiDns were 
made fD1.' each stunple. The 10.11
gitu(lillal sectiDns were sbtined as 
follDws: 0ne slide ·with Hematoxy
lin,1,Teigert's, Illld VltllGiessell's fDr 
st.rllctuml examiuatiDn; Qne slide 
with Vn.ll Giessen's fQr co.llagen Itnd 
:fl~t . detet'nunatJDll; and Dne slide 
with ,Vejgert,'s fDr elnsthl detel'mi
IttiQn. 1'11e trallsverse sectiDn slide 
wus stained fDr strnctuml exami
JULtiQll ill the sll1ue llllllluer as tile 
ii.rst Qf the IDneit.udina.l sect.iolls, 

SIZE 0.1,' Pm:M:'\Jty AND S};CONDMty 
MUSQIjE Bt;:~mJ;J~S AND IND1VlDUAL 

MUSOLE FlHEUS. Tt'ILlIs,'erse sec
tions were used in these det.erminn
tions. A slide was prQjected o.n 
thegrDund glnss Qf the "Glunma 
Micl'Oflex" Itt 20X magnificlltiDll 
Itnd the bDundllries of se\'ernl sec
onc1n,ry muscle bUllclles were traced 
on It pIece Qf lens pIL),}er spreacl Dver 
the gl'onn(l glass. The lllUubel' of 
primary muscle bU11clles in It repre
sentn.tive secondary JIluscle bundle 
wus detennined at; Il mllgni.i:ication 
Qf 64 X. The l\,relL Df a l'el)t'esentu~ 
tive primltr,Y muscle blUul1e witS 
trllced ILnd tll\;! ammber of muscle 
tibet'S enclQsed jn it wns reco.rc1ed. 
A planimeter (LasicD, mQdel 121) 
was used t.D determine the Itrell of 
the variDus tradubrs. FrDm these 
datat the mCltll cross-sectiDnal area 
Qf secondlL1',Y muscle blUHUes, the 
ll1C1l11 Cl'oss-sect,iOlULl area Df IH'i
.lllltry 111 uscle bUlIclles, lleud the mean 
cross-sectiollll.l a,l'en. Df single ,muscle 
tibel's cDuld be cn.\culn.l:ecl, 1'116 
dittmeter Qf ,in£lividmd muscleJibel's 
Illso WIlS Ciet:erlllillecl by using an 
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eyepiece :micrQmeter n,nd CQ11l1tJ.ng 
Ule munber of muscle libel's :ill It 

givellclistlUlce :in lQn~itudllml see
tiQns. '!'h:is latter melillod gave lQW 
vllluesbeCittlSe .not Illl.fibers were 
cut Itt their cliu.mete1'. ['he calcu
lated diluneter from cl'oss-sectiQ1Ial 
area measuremeuts gll\'e high re
sults beclLuse the uren. Qc('up.i~db'y 
the endomysium wlthi.u npl'Ul111l'Y 
muscle buncUe is 110t subll'ILcl;ed. 
ForIII iSl'eason t,he melLn YII.1 ue il'Qm 
the two. methQds of ca.lmtllLf"ioll was 
l'e.PQrted ItS the 'fiuII] ynlue, 

J\~£OeN'l' l.\N]) .J)JS;I'J[UIU:I~lON OJ,' 

GOULAG};N, Slides o.f ]o.ngi.f;ucli.nal 
secti.ollS staincd. with VILU Hiesscn's 
were uscel fQI' eVILltmtillg t.he 
lunount n,ud distl'ibHtiQn Qf col
lagen. The methQd :fOI' the 11.1StO
chemieuJ qlllulHhLtiyc. estillmjjo.n oj: 
CQllilgen 'which WIIS develQped dlU'

jug ~his illYCstiglLtiQll. hils heclI 
des('J'Ibed e1sewhel'e by 'WILllg (40), 
A~(n:N:r ANJ) .DISTHnlU~~lON OJ>' 

j>'NJ'. The histQ]QgiGul estimlti:io.n 
Qf hQth pedmysial flLt (Qccurring 
between JllUsc1e bUllcHes) ILnel eudQ
mysial flLt (Qccurring between .lJlUS

ele fibel's '\\~ifhin mllscle bunclles) 
was made Qn the stune slides used 
:1'0.1' co.llagen detenn illlLf:iQll, The 
81 ide was pro.jectecl to II. screen a(; 
:.>.i:; X magnificatiQn a.nd all fat 1\'1'eas 
outlinecl on QniQnskill co.py sheets 
held over the screen. The prQPQr
tiQn of fat in the sedio.n CQu.ldtJlen 
be determined by cmt,til1g Qut the 
tl'llcings Qf fal' a,rens, weighing 
them, -Itnd .relating the weight; to. 
the weight Qf paper from the tl.'lte
illCl' of the enti.re:seetiQll 0.1' by Co.lI1
'p'~ing the area of the fat lo.catiQns 
ils detennined with It plu,llimef:el' 1'0. 
the tQtal 1l.l'e,L Q:f the seet,iQn, 

Since tJl~ e:trectof fat o.n .Illflat 

clU\.l'!lctel'ist,ics might: be dependent 
Qn the ILmQllnt Qf fat surface in C011

tact with the slIrrQuuding tissue, II. 

:rQugh indexQf th is slU'fllce WitS de
tenuined. The slicles were aU'Q
jected Qn It sCl'eenlllld encll group of 
flLt ceJ]S WIIS measul'eclltt its lQngest 
cliiuensio.ll. '1'11e SUIll Qf these 
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measurement.s hl aginm area. wus 
designated '~Jinear" fat:. 

il~r~AST:rN AND SIZ]'] ()Jo' ELL\$TlU 

nmms. QUltntibifiive histQehemi
clIl esl;imlLtiQl1 Qf elustin was made 
Qll slides Qf JQugit,udillHJ sectiQns 
stained with ,~reigel't's wh iell Htains 
elnstic :fibers dark bl ue uga,illst :t 
Jilrhl; gl'lly muscle libel.' backgl'ound,
'~l'he same general teelmiqlle was 
used as for the eQllltgen detel'mina
/,i011 .except Olll./ the Deusielu'on in
strument WitS used withQut II, :filter. 

:F'Qr estilluttiou of the d.iameteJ' 
of the thickest elastic:, fibet's, 1he 
slides WWI lQngitudinal seetiolls 
stained '\'.it,h i/'he eQBl plete stain 
were ]>l.'Qjeded 0.11. the grQund 
glass Qf the "G:unnm ~JicJ'of.lex·' at 
It magJlifieation Qf :WOO X and the 
elast.ic .fiber diameter was measured 
with the :ticl Qf ch'aft,ing dividers, 
The melLIl Qf ::t Jeast 10 Buch meas
u l'ements was ea leuI:Lled a.1I d used as 
Ihe :finnl repQl'led yalue, 

1\frrscu: YIBEH Al'TObYfHS. Rinee 
there is no Qbjecth'e histologi<:ul 
methQcl fQI' determining the extent 
Qf muscle fiber ILutQlysis, II subjec
tiYe evnJuat.iQn of tbe :fl'equenc:y IWcl 

extent. Qf muscle JibeJ'hl'enks was 
made, 0.11. slides with 1ongit.udinal 
sec/,ions. Although. It llUmct'ieal It,U

tQlysis index was given to e.ueh SIUlI
p1e, this has t.he usual Ji.lnitatiolls of 
itu,r su bjecU"e eva ltllLtiQIl. 

Oxidative Enzyme Activity. 
J.'11e methQds used fo.r e\'a]uuJ:illg 
the netivi ty of nU'iQus Qxidati ve 
enzymes i1ll.he sn,IllJ)Jes stuclied ill 
this investi~atiQn h. < \ been clesCl'jb
ed in QtJler<j>ilblicILtions (.1, eo. 2'7). 

Cooking Procedure. ])j'el im i
JUJ.l'y tests indieated that cliJrerences 
in :f1u.yOI', HI'oma, Iwd tenderness Qf 
.melt/; il'Qm ell l'caSses of di:trerellt 
grlldes '\'el'e mQre l)1'QuQuneed jn 
broiled steaks 1.hll,11 ill ,l'Oasts, 'COll
sequen/,ly, all cooked sllluples were 
pJ'eplll'ed by broil ing stelLks 1% in
ches thick by the fQlJQwing 'prQce
dure: IEledrie LH'Qilcl's equipl)ed 
wil,h Ylll.'in,ble·tl'lI,nsfQnners wel:e a.d
justed u.nd preheltted to. equilibrium 
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So that the broiler temj)erat.lU'e n.t 
the mea!:, surface (aholll; 4 h.lches 
l)(~low t.heele.ll1eJ:tt) wou1c1 'be 375 0 

F, "'''jth the aid of skewer, a meat 
Hle.t'moUletel' 01' thermocouple was 
!ins~ntecl from the edge into the cen
ter of the l'ibeye muscle (foJ' rib 
steaks) 01' the 8eJl)'ltC'tl{l'i,?W8'tUllUllS
cle (for steaks from the rounel) 
eqttidistnnt from the two Slll'ItteCS, 
The steHks we,I'e thell placed in the 
broilcr, nllowedto {look 101' 1(5 min
utes, turned o\'er IUld uHowed to 
(~ook until t1H~' ill.tel'JlaJ tmnpel'lI,t,ul'e 
reuehed 1500 F, They were then 
l'l~lnon..d il'OIl1 t.he lll:oile,l' 11,1)(1 held 
until the ;intel'tlnJ teJupel'lItul'e 
l'eached it!> lI\l\ximUm-l,ISually 
1550 -158'=' Ii', Cooking- ]oHses were 
determ inecl hy \\"ei~hil\l! the l'~lw 
:mcl the cooked steaks H,nd the. ell'lp
pin~. li}mpOl'lltion loss 'was cal
e.uInted by di~reJ'ence, 

'Panel' Scoring. Inulledin.tely 
after the steakI'> reached JI1HxinHUu 
temperatnre, the l'iheye mnsele (rib 
st.eaks) 01' the !".'ell/if,endino8u8 mus
cle (round steaks) was remoyed, ent 
info eight pieees (always :in the 
same. manner) aud the pieces WE\I'e 

sf~l'\'ed warm to H panel of six judges 
who we.n' preyiously sel'cened and 
trained ;for discrimination and re
liability, l~lleh test!:'!' 1'ecei\"e(1 n, 
piece ellt from t.he same muscle posi
tion from eac':h o:l~ the. three st.clLks 
scored at; Ol1e t'irne, :llld:in adc1.il'.ion 
It fourth piece wh iell .wns a d IIpliea.te. 
Oi011e. o.f the Ih !'ee salll ples, All 
samples were coded JOI' blind judl!
ing, No pane] .Inembel' was sufii
6enny ;!'alllilial' with the project. to 
know j',be. the natul'c of the. lIleat; 
(grade or l'xte.uh of <I~.iug) t,est;ed 
on lI,ny part ielllal' day, . 

The seol'eenl'd u!:led fOl' J'ecorcling 
panel eyal uation :i ne] tided ratings 
foI' aroma, fluyo1' of fat, :f1:wor of 
Jean, tendel'ness, li,nel j trjeiuess, In 
addU,ion, tasters were asked to indi
cate the naJtu'c, of the .mea.t:, clULl'tlC

t~erlst.ics by deseriptive terllls, jf 
J>ossibIe (fig, 2, p. 10) . 

Statistical Analysis of Data. 
J3eCttllSe of ihe tl'emendolls vol
Ulne of du,tlL obtained in Olis study 
some imlimLt:lons of Ylu'.in,bility, de
})enclabiJity, signif:icance, and pos
sible intel:l'elatlonships were essen
tial. 'Where £,'e 01' more replicate 
det.erlnlm~t:ions were ma.de on the 
Slnne SmDI)Ie (e.g., panel scores, 
shea,I: tests, etc.,) the standm:el errol' 
of the mean was ca.Jcul!Lted fo hldi
etLte. SI\.m p)(\ or tnullytieal variabil
ity and Ilssist, in establishing- limits 
of eonJic1ence , As the sl'.udy pro
gressed, CII refnl inspection of the 
cln,t:1l Itllel 1im iteel Gorl'eltttioll and 
Y!Ll'iance HIIIII yses hldieatpd the 
chu,!':\('t.e.l'isl'ics of the mea,\. which 
showed some evidenee 'Of interrela
tionships lWeI some dependence on 
Clu'cass grade IIlId/or weigh!:. On 
these bases, selec1eclcln.tlt were sub
jeetecl to mOre complete IUU1]YS1S 
of Yltl'junce 'and COITelal:ion stllClies 
by the StuJist:ieal I.Jltbol'atory, Vir
ginia Polyt'eehnie Jlls!jhl!:e, J:Hacks
burg, Va, Since not ILll dasses of 
carcasses wel'e samp.lecl at all sam
plin~ pe.riods (table 1), vnriance 
ana.lysis for an elasses for all 3 
years could be made ou]y in the 
,TILllullry n:nd AUb'lJst StLlllp]es; in
elusion of other g-l'OUpS of samples 
would h:LVe intl'oclueed bins into the 
n,nnJysis-that is,the data would 
not be "ol'thogo.nic," Howevel', the 
complete dltta. from e!lch carcass 
grade eoulcl be subjeeted to Y!lr.i
Itllce. n:lUllysis to c1etel'nrine tIle ef
feet; of weight, seaso.n, and yelll' 
'll,Uhi:n the gl'llcle. In some cases 
this was done, mlc1 stat.ements CO\'

erillg results frolll this treatment. of 
the data, Iwe mnc1e although the a.e
tnaI stn.tist.ienl tal)les are ilOt given, 
Some of the datiL were not complete 
enough to be suHnble for Y!11'jllllce 
nnnJysis, and jll some eases varia
tions jn l'e8ultS were so great thnt 
vuriallce analyses would be of l10 

vulue, Such data were 1101. sub
jecteel t,o n,nn.lysis ·Qf variance but 
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... SampieNo. ___________ _ i)nte _____ ~____ w _______ ,._

SC01~E CAun Fon MEATo 
I 

Factor 10 9 

Perfect Excel!eht 

Aroma 
Flavor 

Fat 
~,---

Leah 
Extremely Very 

tender tender 
Tender

lless 
Exttethely Very

juicy juicy 
Juici

ness 

Aroma 
L Mild 
2. Sharp 
3. Strong 
4_ Faiht 
5. Foreign6. __________________ _ 
7. ___ •____ • _________ _
8.___________________ _ 

8 7 

Very GoodgOiJd 

ModeratelyTender tender 

ModeratelvJllicy " -JUIcy 

Flavor 
1. Flat 
2. Mild 
3. MeIiowed 
4. Rich 
5. Strong 
6. Old 
7. Bitter 
8. Acid 
9. Salty 

10. Sweet 

ti 5 4 

t.ow Fair LO\V faitgood 

-.---

Slightly Slightly Moderately 
telider tough tough 

Slightly Slightly Moderately
juicy dry dr}

DesCl'il>tive tel'lnS 
Col"r of lean 

1. Light broWn 
? Dark brown 
3. Red and br(:IYIl
4. Gray , 
5. Irridescent 

:1 

Poor 

Tough 

Dry 

2 1 (I 

Very Extrelnely RelnarkEl poor poor • , 

-' 
, 

Verv Extremely 

touih tough 


VerJ' Extremeiy

dry dry 


-" ~-.-

Texture 
1. Stringy 
2. Dei1sc)comptlct 
3. 
4. 
5. 

Ptefereilce __ __ __ ____ _____ _______ _ _ ___ __ __ __ _ _ __ ___ Scorer ____ .'_______________________-_ 
(among samples judged at oIle time) 

Figure 2.-the scorecard ,used for panel evaluation of (}oiled steaks. 



mean values or ranges in values three replicates, no mean value has 
have been preS6nted with appropri been reported, but meltn vltlnes fot· 
ate e.valuatingstutements.. If e,ny combined groups are p.resented in 
smnple groupcontnined less than some instances. 

:EXPERI.MENTAL iRESULTS ~ND {DISCUSSION 
;1l1li_ tof 'Grade, ,W".ht,)~nd 
....-W -on ~the.Chal1lCt.r"ti~Jof 
:.... 
'Cllr.C8U .«;.~....Itl.n 

Bused on the amount of separable 
leun, separable fat ull(l sepll.l'Ilble 
bone in the 9-10 rib section, the 
CulCldllted curCtlSS composition yal
ues (table 2) indiCltte that Prime 
gmde C4lrCIlSSeS contained more fat 
and .less lean uncI bone than Good 
grllde curcilsses, with Oommercial 
cow carcasses intermediate between 
the two grndes 01 younger animals. 
Analysis ·01 vltriance on the com
bined data for the 3 yeurs of the 
study (table 51l,appelldix) shows 
tlmt the light and heavy Good cur
casses contained significantly less 
fat. than did carcasses of Prime 
grade or Commercial cows. The 
combined data also show that car
casses sampled in January were 
ill.tter tllan those sampled in 
August. 

The proportion of l'ibeye muscle 
in the rib cut (to:ble 6, appendix) 
also I:efiects the greater degree of 
fatness of the Prime grade C!trcasse.s 
as compared to those of Good 
grade. In this characteristic also 
the CommerciaLcow carcasses were 

intermediate between the heavy 
.Prime and the light .Good grade 
CltrCUsses. 

'PhyslailPropertles 

L~al\ ;~olor. Anu.lysis of "ari
aHce ·'<»ll the combineti: 3 years' 
orthogonic dabt(Aubl"llst und ,fan
uary samples) shows that lean 
color of the mw ribeye muscle was 
significantly related to cal.'cnss 
gmde amI weight (table 7, appen
dix). Agin~ for 2 weeks delinitely 
improved (hghtened) the color of 
the lean of the ribeye. The overall 
average ratiIlbT8 for lean color of 
the Longi.9Si1nu..s d01'si (table 8, up
pendix) suggest that this muscle 
from Prime gmde carcasses has u 
lighter color than Good ,grade or 
Oommercial cow carcasses. Anal
ysis of variance on each individual 
yen,r's results showed this to be true 
for the last 2 years of the study. 
Also, the lelm color of all groups 
of sump]es was lightened signifi
cantly by aging except the ribeye 
from Commercial cow carcasses ob
tained the first and third years of 
the study. The effect of nging for 
the first .2 weeks was more pro
nounced thun for the lust 2 weeks. 

TABLE 2.-0m'oa8soonlJposition mnge of the ditfel'ent gmdes and 1.tJe'ights 
Cba.sed on sepamble lean, fat and bone of .9-10 'rib section) 

CnrQIlSS grnde lllld. weight 

Light Prime____________________ ___ • __~ 

Heavy Prime ___________________.-.____
Light Good____________ _______________ 
Heavy Good ____________ 

~ 

._. ____ .• _______ 
CommerCill1 cow _________________• _____ 

Sepllrnble Sepamble 
leaH fat 

Percent Percent 
46-59 :31-43 
45-57 31-43 
54-64 21-30 
47-64 20-42 
46-58 26-44 

Sepllrable 
bOlle 

Percent 
11-16 
10-14 
13-20 
11-20 
11-18 
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These dahl indicate that colQr' ,Of 
'. i 	 theleun ,OJ the l'ibeye, us determined 

by cQmpal'isQn with Mu11sell CQIQl' 
l'lutes, gives some indicntiQn ,Of 
ment (lualify since the Lonyi8Si'lntu? 
dO)'/si fi'QIll the highel'grnde ,Of 
Clu:cass and aged meat· showed some
what lightel' cQlor:~ Color ratings 
were 1Iot made on the 8clIl!itc'Il(li'iw
8il8 m\lscle. 

Fat Ccdor.'Vith f&wexceptions 
theint cover OVOl' the rib in ILl! 153 
CIlL'(:asses studied was quite white, 
Only 15 CUl'cusses, all in the Good 
and COlllllltwcial cow gr.'ude grQups, 
exhibited MnnseI11i'al' ColQr' NUll1

iJ.ers above 3, ami 'only Ii ve CILrcaSses 
had fnt. rntillgs ahove -t :Mosl; of 
the fat; cQIQrmtin~rs wel'O eithm' 2 
01' 3, regltrdless ,Of car:ca$S gmde, 
cltrcuss weight or extent of aging, 

MlI,rbling. The extent of "inlll'
bling," 01' deposition 0.£ intl'llmus
culal' fal; in small. ILreas, c:an best 
00 il1l1sl:rated by photogm.phs of 
the eut SUdltCe of the db (fig, 
;3), These })hotogL'aphs that show 
ty})iclt.I examples of the cuts 
from the different grades a.nd 
weights in(licate that mlu'bling 
was somewhat grentel' in the Prime 
gmde carcasses thun in the Good 
gmde or Commercial cow ClU'CaSSe$, 
Also, there .is some suggesl;ion that 
the hea\'y carcnsses in each gmde 
wen~ more highly marbled than the 
light clll'(;asses. Subjective Il1lLr
bling riltings made on the ribeye 
during the last 2 years of study 
(102 carcasses) ILppeur to support 
these general. statements (table 9, 
appendix). .Analysis of variance 
on eaUl separate year's results sup
ported this-i.e., Prime gl'llde rib
eye was significantly HIOl'e highly 
IIlllrbled than Good grade ribeye, 
llIl<l the ribeye of helwy CiLl:casses 
was more highly mar:bled than tlHtt 
of light carcasses of the same grade, 
l'he ribeye of Commel:cilL! cow Cln-
cusses had It degree of lIlarbling sig
nificantly higher.' than the hen,,'y 
Good grade carcasses but lower 
thun helLvy I'rime grade carcasses, 

12 

Anillysis of mL'ianee on the :2 years' 
combined OltitogOIl ic data fOl' the 
Allgust and ,Janual',}' samples (table 
10, ilppendix) shows that the meall 
marhling rating-s for the difl~eL'()Ilt 
grade alld weig-ht classes wpr'e \'cr'y 
sig-llilicant:1y difl'el'ent. The lIlal'
blillg rating of the. ribeye was SOIll('- .~ 
whal; bettel' the third year: I:hall il' 
was the second, espec'inlly in the 
Good /,!rade and COlli rner:ci al cow 
carcasses. This cOllld be the result 
of eithel' I\, slight difJ:erence ill gr:ad
jng bet.ween the 2 yelu's or' a (~(Jllsist-
ent dill'crence in the subjecti\'l' rnar
blillg mting for.' the 2 yeal.'S, 

pH: Thc pH 01: fr'esh raw meat 
in the carcasses studied was no! l'P
lated to Clll'eaSS grade or weight. 
Values fOL' fresh l':LW LO'll,rJis8i1n1l8 
dOJ'8i Iln(l.8elniten<linosu8 'wn'e usu
ally in the range of pH: 5,4- to p.H 
5.8, :t1thOllgh vltlues as low as +.7 
(in a. helLvy ];)r'ime cal'<.'ass) and a~ 
high as 7.3 (in II hea\"'y Good gl'llde 
carcass) were obsenred, Tk~ meal' 
with the extremely high pH waS 
quite dark, as WQuid be expected. 
Cooking the meat lIswllly eallsed 
It slight; bUl <lefin ite increase in pH, 
Aging at; 34° I~-'. uSlmlly resulted in 
It slight· increase. in pH (r'u 0.:2) of 
the I'II.W meat, especially dm'ing the 
first; 2 weeks. In several cases the 
pH decreased during the last 2 
weeks of aging. 

Shear Strength. The indi\'id Iual shear values on each sample .~ 
of ra.,,~ or cooked beef were quite 
reproducible; the stnnda.r:d errOL' of 
the mean for the 10 individual de
tcr'minatiQns rlLl'ely exceeded 0.5 
pound. 'Yhen rlLW shear values for 
each yelL!" were subjected to analysis 
of vlLl'iance it waS found thM the 
a,verage sheltl' va.lnc for Prime car
cusses wHsless than that, for Good 
Ot· Gommel'cial co\\" carcaSSeS the 
first and second -year but, not. the 
lhir'd year. There was some tend
ency for aging 1:0 <lecL'ease the shear 
value of L'lLW ribeye, llllt grade and 
month interactions with aging 
(whi(~h were not consistent fl'Olll 
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in muscle cllllt:llctel'ist.ics Itt the dif
ferent, positions from which the 
sllDlples were taken, l'his will be. 
dis(:ussed in more detail Jater 
( 9-) ,p,..,O 

Cooking mln-kedly inc!'eased the 
shelLl' strength of Longi88hnu8 d01Wl 
but decrellsed the shelLr strength of 
8em,ite'lI(linoI!U8; 

FOl' all carcassgrndes !llld 
weights, aging the rn,w wholesale 
cuts for 2 weeks cllllsecl very sllb
st~lIltinl reductions in the sheltr 
st,ren~rth of the cooked mellt (bthles 
11 and 12, ILppendix), .Much .less 
chantro occurred dlll"ln tr the 2-4 
wee)~~' IIging period, .L{'nnJysis of 
\'ItI'mnce on the ll1s/; 2 yeIH'S' data, 
sepa,rntely, Itlso indicated t;hat, sam
ples of ribeye obbtined ill .J'ILIlIUll'y 
exhibited lower shear vlLlnes on 
cooked meat: than did samples ob
tained in .June, Analysis of vlLri
anel'. on the combine(l 3 yelu's of 
orthogonie data showed si~llificant. 
ditrel'cnees fol' grude, ag111g, Itnd 
yellrs (table 13, appendix), 

~pecific Conductance, Al
though ele<:trica I resistance. meas
urements wel-e made hoth plLl'lLllel 
nn<l perpendicular to the "grain" 
of the meRt, only those vlLlues for 
perpendicllllu' measlll:ement,s will he 
l'Cp(>l'ted ILnd considered here lm
CRUse the values from the two libel' 
OI'it!llbLtiolls vltried only sl iA'htly 
(the spe(;ific conducl;llnee parallel to 
muscle libel' was slight.ly higher in 
lIearl y all sllmples), - . 

YI~IlIes ,iot, the raw L(}ngi88i'ln'u.~ 
d01'81, "Imed from 83XIO -5 to 400X 
J0 -5 mhos, Differences in specific 
cOll<luctance of the rttW dbeye were 
not; un iformly l-eItLted to 'carcass 
gl'llde, CItTCnSS weight, Illoni;h sam
pled, or extent of aging (table 14, 
ILppendix), .Aging for 2 weeks 
uSlUtll,Y resulted in Illl inGl'ense in 
specific conductllnce, AdditiOllltl 
aging sometimes cltUse<l a drop 
in specific conductance, 'llspe(:iltlly 
in ribeye frollt Pt'ime gl'llde CltL'
cllsses. Analysis of "urilwce on 
each yelLr's data. indiCltt,;," mlLny 

inte1'llctions between grade, month 

slLmpled, weight, and extent of 

aging, but. tltese were not uni

fOL'm from one yelLr to the next. 

AI1ILlysis of vltl'ianee on the com

bined orthogonic ,datil for the :3 

yem:s shows that ttging for 2 weeks 

t:iignifi.cantly increased the specilic 

conducttmce and tImt this increase 

was more prononnced lor the Good 

gmde lightweight carcasses tIlIlll 

f01' the other Clu:caSS groups (tlLble 

Iii, appendix), It should be point

ed out here, howeveL', that this ILP
1~ILl'ent agi~lg effect:. may he due en

tn-ely tOllltrnmnscullLr vurilttion 

(p,34), Snmples obtained the sec

ond ,yeM' had It signiliclUltly higher 

spectfic conductance than t.hose ob

ttllne<l in either of the other 2 yeaL's. 


Except for a few Ul1Itbred samples, 
cooking the l'iheye reduced the spe
ei(ic conductance, Aging the l'aw 
!'ih cut resultf>(l ill a reduction of 
the specific conductance of the 
cooked. ribeye (table 14:, Il.ppend ix) , 
This aging effect; on the specific 
conductance of eookecl riheye was 
shown to be sjgniJic;ant when each 
YelU"S results was separately sub
jected to a_la]ysis o:f variance and 
also whe1l the (3 yelLrs' combined or
thogonie d,~bL were analyzecl (table 
16, ILppenchx). As was the case fOl' 
specific conductunce on raw ribeye, 
however, this apparent aging effect 
mlLy well be an artifact due to 
int.ramuscular vlll'ilttion (p. ;~4), 
Also, the samples obtained in Au
gust. had a significantly highet, con
ductance than those obtttined in 
,Tanuary, Samples obtained the 
third yelu: had eonsiderably lower 
speei(i(' ('onducbulce (cooked) than 
di<l riheye samples studied the .£i.rs/', w 
:! years, .Ifo!' eaeh of the 3 yeM'S, 
speeifi<:. condncbHlce of the cooked 
ribeye was higher lor Good grnde 
Cltrcasses than fo1' Prime gl'llde, 

TIm specific eonductance' for 1'I\W 

Remitemli:1IoSIf..S was USUltlLy slight
ly higher than that of the ribeye 
from the sllme carcass, Aging in
creased the conducta1lce of the raw 
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liemitemli1IOlfll,f{, l)ILrt.ielilllrly dm'· 
.iug the tiL-st 2 weeks (table 17, 
IlJ>peuclix), ~\.s was 'the elise fOt' 
rlbeye, the specific conclucbul(!e 01' 
cooked Se'niitendi'I!Olrll8 W(~s less 
thl~n :for raw, ex<:ept for It 'few 
ulll\gedsumples,Speci.{ie conduct
allce oJ Ilelthl'r I:II.\\" 1\01' {"ooked 
/'Jecm.itl:'Il(lin08Il,'I WIIS related sign iIi
Cll.Iltly to <:ltrCIISS gmde ()J: woight. 

1'he sptlcifie cOII<!m\f.llIl<.!e of \Iins
ele tissue c()i.~lcl he iufhtel1(:ed by the 
amount 11.11(1 dist\.'.ibutioll oJ fat, the. 
:lInture and distdbu!;ioll of inOl:gallie 
iOllS, lIud the ptl..t;icu Iltl' eOIl fignm
tl011 lind. hydl:ittioll of the protein:;. 
1'he influence oj' nging on elecU'iCILl 
conducth'if~r reported hero might· 
well be related to changes In illor
gu.nic snlt·s Ilnd prol'oin hy<lmtion 
recently suggested by1Yierbicki. at 
ILl. (.44), Cooking lUIS been shown 
to cause 1\. change in :flll; <listJ.'ihu
tiOIl (41) that. (!ould readily ex
plain the inCl:eased eledl'icitl re
sishUlce of cooked mellt 115 COInpttmd 
to rllW. Protein denlthu:lItion Ilnd 
loss o.f illtwg'lmie salts Ilnd moishu'e 
dudng eooking wou1<1ILlso logicltily 
cause Il de(~nmse in eondHcth'it-y, 

Penet.romeierMeasurements. 
This detm'minlltion, which should 
indicate eaSe ·of mnse,le Hber sepn
l'ntion, WIIS made ollly on sal\lples 
front the lllsl 2 years of the study 
(lO:t cllrcllsses),' The reslllts wet:t\ 
not. eonsistent for the ~ :ve1u's, and 
the comuine<l tLVel:ages do not:illdi.
Ct\te It!)), nppl:ecillblt~ I'e\atiollships 
bet.ween Clu:cass g'l'ade 01.' weight 
Il.nd l)cnelt'omcler ren(lint!s 011 raw 
ribeye (table 18, Ilppendi x) , Two 
weeks' a~in~ llS\lIl.lly ctlnse<l a\l in
creal'le ill pellet \"Omehw relldillg's on 
m·w I'iileye, 'fQllowed by l\. decrease 
dnL"illg t'he 2- to 4-week aging 
llcriod, This trend "'liS significant:. 
for Good g'rnde and COllllnerei:tl 
cow CtU'ClIsses io\.' both yea.rs o·f the 
study but- WIIS b'ue for j>"ime geacle, 
ribeye only !:he second ~yelLl', 

Cooking decrensed the penetrom
eter relldin~rs of tlle dheye, usually 
by ILlmost 50 percellt. ,Agillg the 
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1:11.'" 1:ib:for 2 weeks llSlIIdly rosult:ed 
ill IlII increilse in pelletTomotm' l'ead
lllgS of cooke(l J>rime riheye but It 
decl~e:tse in penetmmeter reuc1iJlgs 
01' cooked ribeyo from Good gTade 
HJI(l'Comtnm'ei:t1 cow carcasses (ta
ble 18, a.ppeJl(lix), ):{eslllts for the 
2- to 4-week aging pel'iod were too 
"ILI'iable 1'()J' iiefiJl ite eoncillsions to 
he dm \\'11, 

PeneLl"()IIleh~J' readings on 1'1\ \\' 

8(unitml(/il1o.'I'Il.'f wel:e IlPlweei:Lbly 
Ic)wm' thall on I'll w riheye, Agillg 
resulted in an i.nerens(. of pene
trolllelel' readings for both ra \\" and 
cooked 8mnltelldin08/l8, L'Cg'tLl.'dless 
of clLJ:cass grad!.' 01' weight (table 
H), Itppendix) , N'o can'uss gmde OJ.' 

Wt~il!hl dil1:tweucos "'C!'O observed. 
These results ILl'e HOIlll'.whal di1'

n<:1I1I; to intel'))I.'et.. Sillce no si~
niticant. I'elationship between gmd!.'. 
and peneil'ol1leter reading'S 011 I'ib
eye eould he established, it 111 ight be 
postlliated that llluscle tissne dol'S 
1I01i \,tU'Y in the tightness of bind.
ing' of mnscle tibers, This, how
ever, is ol"'ioIlSI.\'lIot tnlC since 
penetrometer readillgs for 8emiten
di;lw.'r/l8 were, mueh lowet' than for 
I'il>e;ye, 

l'he obsCl'ved tltJ:ects of cooking 
and aging 011 penetrometer ,'a.lues 
would sUl!l!est. that· protein h.vdrn
lion IUld/o,' the. dish'ihl1lion of fill' 
al:a impOI"tant· in determining' HI(' 
ease with which muscle fibers Ot" 

Illuscle bundles can be sepal'ated.
Firmness Readings. This de

f't:)I"lIlination was made only on sam
ples studied during- the. tilil'd yel\.!", 
ThH datn (table ;3) do HOI' indicnf-e 
thILl', the HI'm\ll~ss of I:11W Longi,~
8i.IJ1.!I,~ do/wi ol'I....'eIllJ.L('n(/tIl08/l,., was 
I'olatt\d to t'·n,t'('as,,, g-mde, CtU'Cl\SS 
wnight, or lI~ing', Cooked meat was 
ItppreeilLhly 11t-lm~1' than L'n \\' meat, 

Press Fluid. This detel"lllinu
{jon wus made on samples obhtlned 
elm'ing the first':2 yen.I's of this study 
and yil'lded some vel'y intol'estinl! 
results, The data. show that ribeye 
'[I'om ]>\'iIl1e l!L"ttde cltl'casses yielded 
mOl'e fluid than that from Good 
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;rABL~3,-/Ra;nge 01 fi1~1nll.e88 vaZuM f01' Longissimus dorsi al1(Z Semitendi
llPSlIS 111"uwles f1'om, GI(,1·'a((Me.'Y .of(li1f(!,1·mrt gN/ile,,? am(l 1oeight8 

[High vnlu,es indicltto lowfirllllll)Ss) 

Aging thne (weeks) _______ () 2 

~IlIsc)e____________ ._. ___ L,d. Send, L.(l. Semi. 

:Ral\' : Light, l'rime__________ ._ fi9-125 61-99 6fi-128 48-99
Hcavy Primll ___________ (iI-L03 57-96 !l8-96 >l5-103
Light GootL_ • __ • ___ . __ 5fi-l12 62-1:1<; 70-110 65-116
Hcu,'y Good•• _____ . _._ 54.-'94 48-93 li3-108 70-8:J
COllullcrcill1 cow _• ______ 62-99 li4-1O:J 5(j-9(j 52-(l9 

Cooked.:
Light Pril\lc._. ________ • 17-H2 21-54 28-fiO 4(;...:57
H.eavy ]lrimc___ . _,. _____ 14-59 15-44 22-4(i 15-38Light Good. _____ .;_____ 20-104 11-29 34-72 29->13 
Henvy G<?od __ "._. ___ ._ 20-H8 24.-52 2(j-31r Ui-aoCommerCIal CO"'________ .24--82 ,28-:32 22-(;0 4J-53 

L.d. Semi. 

_.. -.. ---- ... _- ... _--
4.9-l1fi 72-105 

----- .. -'" "",..-----
53-103 42-101 
63-98 (j9-94 

- ....... _--_ .. . ... _----
2,j-50 40-43 


~ ......... ---- --------

18-H5 31-58 

20-42 42 


grade ot' Commercial cow CIU'CI1SSes, 
ntl<l tlul.t l'ib6y6 :from cllrcnsses 911.111
pled in.June usually yielded less 
press ftuidthllll. slLlIlples obbtilled 
the other months (tuNe. 20, ILppell
clix) , lfor all grades and we.ights, 
aging reducecl the ~yie1cl of press 
fluid from ra.w l'ibeye, Ribeye 
it'om henNycl\,l'Cnsses yielded more 
l)l'esS fluid t;lulll ribey8 ft'om light 
(lln'cusses of the slLlllegmde. Alml
ysis of vllI,jance of the dllta slmwecl 
itll these differences t.o be statishi
cu.llysign.ificllllt. 

Cookecl ribeyeyielded more press 
,fluid thlln rll,w but there '''ere 110 
consistent CILl'C.USS gl'nde or nging 
effects (table 20, Il,ppenclix), 

;Press ·tlniddub\, from t:II,W Sem.
ite1J(lill08fM muscle showecl the same 
Cltl:CIl.SS gmde, weight, I.nel aging 1'8-
IlltiollShips Il$ the ribeye (btble21, 
Itppenclix), Pt:ess fluiel yields from 
·cooked. Be11liite:nilirtolJ'/l8 were sinIi 
Illr!fOl'llll ClH'clIssgrndes and 
1veightsund' different nging periods, 

Pl:ess~flui(l yielcl is. 'an index of 
the "fl'ee"wlitel' in the meat, In 
other WOJ;ds, it, indicnte.c; the water
bindiugcnpllcity .of I;he meltt, 
Thus, thecttrcllss :gl'ttde, weight, 
and aging influence on press fluid 
i):e'por~ed het:e lll11S~ r~flect diff~r
,ences 11l'the WII;ter,bUlclmgcapnmty 

of the tissne. Since fill' has little 
01' no nbility to hold w:tter,any dif
ferences in press-fluid yield mllst be 
attrihuted primlu'ily to diffcrences 
in the lHlf:ure Or condition of the 
muscle lll"otein. The pmcticalim
pllcntions of these statements, pltr
t;icnlady as reln.ted to meat qua.lity, 
Itre 110t cle:trly defined. 

Water Imbibition. l'his deter
minal;iou was 1l1itde 0I11y on I'aw 
slLmples studied dming the first 
yeltt'. :Nlost of the "ltIlIes for mw 
meat were neal' 12 ml./20g. (range 
of 8-20 1111./20 g,) and the amount. 
of watet'ubsorbed was not related 
to carcass grude Ot· weight for 
either theribeye or 8mnite'n(li1l081Uf 
mnscle. .Aging l1SlUtl1y increased 
the watm' imbibition slightly. 

'Chemica. ~Comp.lltlon 

'CrGde Ash. The totu,} ash COIl
tent of the s:tmples of rlLW ribeye 
aud 8e'mitendino8u8 muscles .v!tried 
from 0.77 to 1.32 pet'cent, with most 
of the values in the l'Itnge of 0.90 
to 1.10 percent.l'here was some 
tendency for sampJes from Goocl 
grade and Commercial cow CI\,I'

'Cllsses to show slightly higherush 
content tl1lUl siunplesfrom Prime 
'grnde cnrcusses, but differences were 
much, too slllltH to be sigtlificnnt. 
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'Crude iProteln i(NX'6.25). The 
cl'lldeprotein content of rllW Lon
gbu'ti'lllill.s dmwi Itud /Scmite1ulin08!l8 
WIlS 1IslmBy in the mnge o:f 20,5 to 
23 percent, altJlOugh YILlues us low 
I1S 17,6 .})(U'cellt and nS high ns 24 
Jlel'cent were obse['\'ed, Cltl:efnl 
lIlspectioIlofthe data do~s not sug
gest, UIlY ItpplI,rent l'ollLtjollship be
tween carcnss grllde or weight Illld 
(ll'ude pl"Otein content. .A few cs
tl't~mely high fill; samples wore low 
in pt'ot.ein (the low p,'otein sample 
n~£el'!'e<l to abo\'o contltined .26 por
ccut fllt) , 

Total Nitl'ogen. As the result 
of cooking losses (ell'ip ILnd e"l~po
ration) 1 which will be dismlssed 
"lte,', the tobtl 11iI:J'ogen content of 
tl~e cooked mellt sllmples "Itried. sig
nificlllltly (table 22, nVllCll(lis). 

1Yhen ('he I'ibeyc datu. for' each 
}'Clll' were sepn.t:nh)ly subjected to 
\'lLri:~nce IlniLI,)'sis, cliftel'ences in ni
h'ogen content dne, to grn.de, 'weight, 
Il~ing, and month sampled weI'e 
shown to be significant. If01' the 
first yelll'~s salltples and fol." Good 
gm<1e SltUW1es t;heseconcl yetLI', thn 
,TIL!lIllU-Y cooked slllnp1es wel'c sig
nil:\cILlli-.ly higher ill t.ota.! nil','ogen, 
p:tl'ticullLrly aite!' Ilging. .Aging 
the raw Good gmde l\,n<1 Commel'
eil~1 cow cuts illl:reased the nitrogen 
\~ontent, of the, cooked meltt the first 
yen,r but dem'eased it the second, 
Fol' tl\(\; thi,'<1 yell-r's slunples, J?l'ime 
gmde :lgec1, cooked ,'ibeye conttLinecl 
less mITogen than ullllged, ..\.\.1so, 
the eookecl ribeye it'oll1 .A.ugns!; 
samples, the t:1Iil'c1 yea,r, was lower 
in nitL'ogen than sl~lI1ples fro/ll HIe 
othel' monfilS, Si.nce, these Vlu'ilt
liollS, and \'I\.I'iOIlS weight, gr.'llde, 
aging, tnldmouth intcl"Ilctions, were 
110(; consistent. ~t:r.'011\ yea,I' 10 year, 
it· .is not sU1'lwisi.ng Hild \'H,\'innce 
Illlltlysis on the combined ol.-tho
gonic dlLbL showed only that: eooked 
,'ibeve f,'ol11. CILl'(:aSses ·of difl:el'ell!: 
gr'Hles runt weights COllhLined sig
nificant,l" dilrel'ent alllounts of 11i

tl'Ogen (lable 2a, ILPPclldix). Prime 
grade cooked l'ibeye conbdned sig

nitiClLnt]y less nitrogen t111L1l Good 
gmde.

Moisture. The moisture conl:en(· 
of the raw slunples st;ndiedVll.l'ieel 
:t'J:om 54.2 to 76.4 peI'cent" 1L1I:hough 
most of the\'lllues fell in Lhe TlLnge 
of H7 to 73 pm·cent. FsulIlly 'the 
.8fJnitendin08!lS conbtilled 1 to 3 
pCI"(:eni 1i100'e moisture than the rib
eye fl'om the same CILI'cass, and 
moistul'eloss elm'iug aging ILlll0unt
ed to 1 (·0 2 percent. fOt, most SiUll

pIes. Sin(;e lllQistul'e content was 
Idmost. lIIl iveI'sllll}' inversely related 
t·o the. intl."ILmnS(,itlnJ: fllt content of 
I'IIW meat, the. influence of gmde, 
weight, IUld agillg on moist.ure may 
be Roell by eonsider'ing theiJ' in
fluenee on lniI'ILlllUSGnln,j- fal:. 

Intramuscular 'Fat. lntramlls
cul:u' fnt in the I'll\\' l'ibeye of the 
~;alllpies shldied vlLI'ied r/"Om 1.5 1:0 
2(\.4 pereellt, Imd in tohe tllW Rem
i/endillo,"U8 'f,'om o,n to 9,4 pel'eent. 
There WerB distillet differences in 
in{'L'allHlsculal' fat due to CIl.J'(:IlSS 
~n:ade, C:\.1·CIlSS weight, Itlld the 
II10nth slL/Hples wm'e obbLiued (table 
24, ltppell.(lix) .' I~'ol' the Good 
gl:ade, hen \''y cn,I'casses contu,ined 
sign,ifit:IUlt,ly mol't', {Itf~ in the l'ibeye. 
j,lmll di(L light eM'casses. This was 
t·.rue j'O\: ])I'ime Cltl'casses studied the 
Hrs(' ancl third yHaJ'S but not trlle for 
HIe -setond yelu:, Ribeye from Good 
gTade ca,rcnsses (lh!;a,illed in Odobe,r 
hll(llt siglliHcttn(;ly lower Jlercentttge 
of fal: thllll I'ibe,re f,'om Good grade 
s:unples obbtined in the other Satn
pling pel'ioels, This ",us also (Tile 
fot' Comtnm'cittl co,,- samples TOt' :2 
yent'S out". of 3. nibeye from Prillle 
~rade CILl'enSSeS co'ubLined more fat 
i'llHll that' ft'om Good grade ell/,
<:ilsses. These l:iigJlilienllt CItl"CUSS 
gl'ade and weighl'. di.fterences wel'e 
also shown by IllllLlysis of \'ariance 
or combined ort:hQgO,l1 ic datil, from 
the first ~ yellrs (bth1e25, IlP
pendix) . 

The 8(1111 itell<liJl0811.~ had It lower 
i'at: content· (about: 2 to [) pereelli; 
11Stml Iy) t han the rn.\\' ribeye from 
the Sltllle CiLrcaSs, 
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Tll(~dltb\. (tnble. .24, I~ppendix) 
sngb"f!sttlmtthe ribeye frOlllthe 7-8 
rib section coutu,ined mOl:e. fill'. l;lllt11 
the .ribeye fl'om rt;lm f)-1~ rib S(!c
tion. AUltlysis o.f vl\.l'ilt.llceoll tihe 
<lIth\. ;£01' .;rIUIUIL1'Y nlld August sam
ples showe(l that thore wusno sitr
llificttnt ditfe.r(}l1t:c between the !J-I0 
lind 11-12 l'il> secliion( ta.hle ~il, 
ILppen(lix) , 
,It s~lOu1dbeemphasil'.ed hel'etlmt 

.lllgh lllt,I'nlllus(:uln.r fnt- Yltlues al'c 
not necesslll'ily eonobled with :t'nt:
lIesS ~f tht~ Clu'cnSS, lfol', e~aJt1.ple, 
the l'lllt·ye slLmpll~ COnhUI1U1cr the 
highest pe!'celltnge of fl~tfou~l(l in 
Hu~se studIes (:W,4 p(;Wecllt ill the 
7-8 I'ih secl'ion) cnrnc fl:Olll I\, clu'cnss 
that. bad 110 H101'C seplu'llble fill' t;lHUI 
one· hnving II. I'ibeyp .with (j PCI't!CIlt 
fnt:.Observlltions mllde during thc 
course of this study show flU'ther 
that high int,I'lllllus('ulal' fut is nol' 
necessarily needed {or crood "lIl:ll'
bring:' 'While it' is t.l'u~ thaI' mus
cle tissue. with Yel'yiligh inJl'amus
clllar fllt~ conteut (al}()n~] 0 pel'(:enf) 
WIIS UlU vel'sally well "\'nlu'bJed," 
some samples of. 10'wer fal. cOlltelll' 
(4: to 1.0 percent) 'vel'c a,1so w(~ll 
"nlltrbled" ({iI!, 4) , These fi.ndilws 
emphasil'.e the importance of <renetic 
an(l feedinl! stuclies desig-lled to IH'O
,dllce beef allilnitls of high ment 
quality without excessive "ItmOllnts 
of cfu'cnss fnt. 

NOllprotein Nitrogen. This de
tel'lninatioll was mnde Oll ILl.! I.'aw 
and cooked samples the fil'st·. 2 yelll'S, 
The ~Ilttn., fo!' I'i beye (btble 2(i, a,p
pell(ltx) mdlCate that the amount 
of llonlu'otein n itJ'ogell WIIS ill:flu
enced by ag-in~ and pe.rhapsb'y 
others Indors, The. daht for enell 
sepltl'ltte yell.r wns subjected 101Wlll

ysis of YIll'hLIICe, IUld if'. WitS foulld 
thlt!; the amount of 110llpl'otein ni
t;rol!en did inCl:ense yery signincH,nI'. 
1y withngi.ng- for aU grollps of 
(!lwcasses, l'he ill('.rense wns greater 
for the (;rst .~ weeks of aging thnn 
for the secolld2-week pCl;iod, Fol' 
the second yelH"s samples, iii "'liS 
founc1 thntGoo(l grade ribe-ye COll
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INTRAMUSCULAR FAT .. % 

Fil'urc 'j.,-The numb~r of samples of 
/;()lIyissiI/tIlS dorsi w;th a given intra
Inuscular fat contllnt for each marbling 
rating of 1 to 4, 

tH',ille(~ sil!llHie!mtly more nonpro
leUl llltrol!en than did Pl'illle trl.'ade 
I'iheye; this wasnol: ITue. fOJ,""'sl1m
pIes studied the li.l'sl yelLr, 

,The p~wcent.age ~)fnonprotein 
nltl'O~~ll 111 cooked nbeye was llSH
It.lIy sltghtly gl'~ah~L' (0,02 to 0,10 
per'tent) tltalllll raw (table 2(l, 
ILppendix), but the proportion of 
lutl'Ogen pl'esellt as Honpl'otein ni
t,I'ogen was JesS beollHse of moistm'e 
!LI\~l fnl; loss ~lul'iug cooki.ng, AllItl
YSIS 01: YIL1'1H'\l(:e on the dabL fOl' 
cooked l'iheye s11o\\"e<l that ('ooked 
n~eclr!he'ye contnined morellonpl'o
i:em IlltI'ogen thau cooked llnacred 
I'ibeye, .As was H)e case. for the 
1':1.", sltmples, cooked Good grade 
1'1 beye the second ye!u' eonbtined 
signifi(~nntly mOl'e nonprotein nitro
gen t;1l1Ln cooked J>l'ime I'iheye, 

The nonprotein nitrogen con.tent 
of t:ltel"emitel1din().~'u.'s was quite 
e(~lllpltl'ltble, to 1I11l~ ~f the I;ongis
81;1I1J!l8 d01'8~ !l,ud SI111.1.1ltl.' 1tn'U1cr ef
.t' t ~ (b ..""' ""' .I:~(!·S wel'e note(l tale 21, It'ppen
(hx), 

DiJl'm'euces in ]Jonproteiu nitro
gen eontent: of llIeat mi(rht be inc1i
C!ILt,i \'~ o:f di ffe!'ences il~ degree of 
Pl'Ot:81 n ItUI:<lIYSIS, Althoug-h .1'eSlllts 
I'epol'ted llel'e lU'e .nol' ill agl'eement. 
with those l'epoded by ·"Tiel'bicki 
t~t ItL. (.43), thel'e does IlppetW to lle a 
SIlIltH butsignificnnt increase in 
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nOl1pl~otein nitrogen with aging; 
this wonld support the belief that 
.protein llutolysis does occtu: during 
l\gil)'T. l'.here is 110 iudiCitt.i()\\ from 
the, ~Iltl\present:e.d here. thltt, this 
IUltol rsis is extensive ellolwll to be 
signitlclmt f):om the stltndrmint of 
fllcl:el\sill~tend':l'ltes.<; dmin,g llginf,!," 
11; could lle IUl unpOI'bmt fnator 111 
:fhwor chauge, however, since· only 
slIlllll ltll10unts of cerhLinsimple 
11eptides would l)e required lor de
techtble tlnvol', 

!Fr.ee Aminv Nitrogen. nllw 
mellt. contained 0.05 to 0.08 pel'cent 
free tunino nitrogen (1 to 2.percent 
of the totIll. nitrogen present) , 
There, was lloappn,reilt ,reIn:ti011ship 
blltween carcass "rade Ol' weiu'ht 
!llld the amino ~~t.l'ogell ])J'es~nt 
III .raw meat. .A.gmg usunIly \lH
ct:ensed the, percentage o:f. amino 
nitrogen in l'n", meat. (O,Cn t.o 
0.02 percent); this c111Ulge gen
emUy was .mOl'e prolloulleec1iJl t;he 
ribe},c tJUUl ill the 8(~mitfn(UI!08U8, 
G?okecl melltusually coutained It 

sl~lghtly lowel'. pe,.~ellt:age of its 
1Utl'Og:~1I as IUnLllO 1l1trogen becltusc 
It nllntlvely high pe.I.'cellt!llrc of this 
lonn of nitrogen is contn,il~ed in dte 
dl"ippillgs losf'(lu~illg cooking (14).

Soluble !Pro.tem. J,\lud yses fOl' 

·this nitrogen irnct.ioll wei,(' nlllde 
only 011 sltmplcs obbtined duriu cr the 
last. yettl' of this study, The <lattal 
(table 28, ILppeu(lix) do not indicate, 
tlll'Lt the l'II \\' mell!: from the dHl:el'ent 
eltrcnss gl'lldes aud '\veicrhts YltI'iecl 
tLpjJrech~h]y .in the flJlIOl7nt· of solu
ble:prol:~in pl'esent, Aging "csult
~(lln It< decrease of soluble YJ'otein 
III the raw ment n.nd nil UlCl'ellSl\ 
o.f solllhie protein in eookedmenl;.. 
r(10oked uliacred l'ibeye :(1'0111 the 
lig:htwll\ghl' ;',,'casses ;lI\d COnlllH!"~ 
CilLI (tOW Cll,J'casses eonbtilllld less 
soluble ]ll'oteill t··han eooked ullucred. . 
I'lbeye ~fl'OIll hell "y <:a.l'CIISSes, 

~ 

bill' 
this difl"erCllce disltppcH.l'ed (lUl'i1l1-\' 
aging, }\.ulIlysis of "lll'itLllCe on !ilH~, 
dabL. lOr L01tyi.'f8im(us dOJ'8i showed 
that It.ll these e:frects wCI:e statisti
cttll), siglli ficnnt:. 

Cooked Se'lniten4inm!,1ls con~ 
tlLined less soluble. protein than clicl 
cooked "ibeye,lI.nd the increase in 
soluhle pl'otei.u with aging was not 
ns PI'Oll()ulIced 1:01' ('ooked8e1l1,iten~ 
dino8:118 as :1\)1' ('ooked Lou{ji88iJlwa 
dQl.,~L 

1l'01,' both l'llw a;ud cooked l'ibeye, 
the samples obtttined ill JILltlllLry 
contained sigll.i£icIUltly more solu~ 
ble l)J'ot:e,in dutll did samples ob
btined in .lune Or August. 

Thedeurense in the soluble 1)1'0
teiJl in fhe raw musele witlt aging 
is .1ll1wh greater than ~~1LI1 be !lC

count'ed ~fol' by the increase in non
protein nitTogen with aging. This 
!:lhows t·hat· sOllie simple pl.'otei.lls 
must'. be ehnnged to become less 
soluble with n~illg, '1'his C0111<1 oc
ell L' either by condensation of simple. 
proteins t.o 'form IILl'gel', less Roluble 
pl'otei1l eOlllplexes Ol' by some 
dHLuge ill Llle physiclll eonfigum
t.ioll o:f the simple protein mole
ellles. 

'I'h IlS, dlll'illg aging, undeL' the 
eonclitiolls used ill 'this st'udy, there, 
is 1101' only a· breiLkdown of pI'otein 
to '1'01'111 n i,I:t'ogellous substn,nces sol~ 
uble ill 4- pet:eent t:riQhlol'olLCetle 
add but, tiher\;,. is 1I,1so It siumltllne
ous dllLllge of solllble pl'oteins to 
l)/'oteins \lot soluble at pH 6.5. 
. The pl'lIctieltl significance of these 
eluwges is not. knowlJ at pl'e$ent. 

,Cr,eatine. Ana.1YRes for this 
compound on sn,mples ohbLlned in 
the til'st '2 .reILI'S of the study show
ed that rn \\' I'ibeye YILl'iedfl'om J91 
mg./l00 g, to 4gi m~./100 g. Ho:w~ 
ever, there waS ,no consistent Ilnd 
sigll iJicant. I'ehtt,ion bet·ween ClLl'ClISS 

grnde 01' weight, or extent of aging, 
IUld the ILIIlOllllt· of (~reMine present: 
(ta.ble:W,llppendix). Samples ob
htilled in A.IIgnst (:ollt:il.illed signifi
tll,nt.1y ltu'gel' ItmOllnts 0:1' creat,ine 
thrlll those obtained ill the of~her 
sltltlpliJlg periods. Also, the sam
ples obt:n,incd the, JiJ:st. year were 
signiJielLlltly highel' ill crelll'iue tllltn 
those obbLined dming the second 
YlllLl', 
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'J.'he creatine l)el'cenl;IL~eof cooked. 
mentwas uS~HllJy slightly .less UHth 
'thnt in eOl'.resl)()ndillg .raw slLmples 
('l;Itble 29, appendix). Since con
sidet'aLbIc 11ll1()Unts 0:1: fnt and mois
tm'e are lost .(lm·in¥" cooking, the 
VI·opol·ti.on of l'ol:lLllUtl'O~ell presenl: 
11\ crelli:me was 1Illwke(lIy reduced 
dUL"ltw cooking. This .i.lleJiCILtcs II. 

~:onsi(rerable loss or dmnge of eJ'en
tine du.dng lwoiJiug. On.t·cnss ~Tllde 
aUld weight; I1nd aging had no con
sistent; significlLlIt intl.uencl' 011 the 
neatine Contelll' of cooked JnellL 
Cooked I:ilwye slunpll.!s obtained. iu 
.A ugust conl;u,ined signific;llntly 
lnOJ:e (,Teatine thn,1l those obtained 
in J'j\ tUlILr". 

nnw J'\e1}1,lf,(!'/ldhI08'IlN uSlwJly ("011

tllined slightly .mol·cel·en.tinc Iha.n 
I'ibl'\"{" fl'om the Sn.nw cn,J"{:nl';s. AR 
was~ till' ense :for I·i beye, cu,rcnss 
gmd( ,lI.nd \\,l~ight aneC I.!xl.eul· 0:1' 
aging had no consistent, siglli£ieu,ul' 
infhl('nc(" on the. erelll illl' ('olltenl·. of 
the SemiteQldi'l!o,4Nl8 (tn,ble ;10, IlP

Ill'ndix). Oreatine ill t:he8em!it("I1~ 
dinO,"U8 was mll,I'kedly I'educed by 
c()okin~. l.\ged cooked l'ieJl1,itelldi
nOk1l8 cont/tilled more el'eIL/.ine tlmll 
llnllged cooked meal:. 

'Creatinine. As was I;he caSe· :1'01' 
('I'eatine, <:1'eaJinine, WIIS del;m'lrJ tued 
in iI,lI smnples sl;udied Uwfir'st 2 
"CIU'S. The (\J:clI.t.in ine conten I o:f 
i'!w raw melli' nl,rie(/ IJ'OIl1 H .mg.jlOO 
g. to ~!J: mg./100 g. il'hm'e waS 1\0 

consistent. eli n'eJ'ence in eJ'eutilline 
('()Jltent of "a \\' I·i heye du{' to gl'lldc
of. CILl'CnsS (hlbl~ n~, appendix)., 
];IoWe\'el', n.un.1YSIS o:l:\'Ill'lItl1C(,. o:f~ 
the dlLtll, showed that ngi.ng signi fi
cllntly ilwn!lIsed the (Tcatin.i.ne con
tent of I'll\\' dbcyc aud that the snm
Iiles obtained in August, wl....e sig
ni.ficttlli;ly highe,,' in (\)'en.t.in ine thllll 
'those obttLi.ned ill .JaUllILI',r. In the 
PI"i.lne, gTllde, the ribeye o:f .Ilea",;), 
cUl'cnsses contnined more. cl:eltU.n.lne 
thall, the ribeyeo:f light- ClLl'(;IlSSeS. 

The creatinine content! of eooked 
.I'ibeye wns IlpPI'ox:imlttely douhle 
t.lmt of Til'\\' ribeye (table 31, Ilppc.n
(lix:). l'he, c.I'catiuine eQntenl; o:f 
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c:oo.ked, a~ed ,'ibeye WllS significlLllt... 
Iy gl'eater thlw that-of unaged, 
(:ooked ribeye.. As was the ease :for 
t,he rllw r.ibeye, the cooked slLmples 
of rib~~.re obtained in August hud 
1II0re <:t'ca:tinine limn I.hose 'obta,inecl 
in ,fa,uulll·Y. The eooked l'i.bp,)'l' 
:£1'0111 light: ca.rensse.s (!ollta.ined less 
el'eaJ.in ine thall eooked I'iueyc 1'1'0111 

hea "Y ca.rcnsSl.!S of l.11e SILI11(' ~'I'a.de. 
'1'11(\ I.'aw 1"·l'm.itendbw8u~~ eonJIl ill

ed a.mounU; of (·.I·eal.LUiul'. com plll.'
ILbIc 1:0 IJlOse found ill I'ibeye, but 
I;\le il1el'llllSe. in t'.I'ell,l;i~l iue due to 
eookiug \\,IIS not; as PI.'olloullc('(l (tn
ble a:J., append ix). Aging n.ppea I'l~d 
(,0 illerens\:' t1w ('TelLl.in ine eon/ell I of 
hoth raw and eooked8('mite·n(/i:lI.o
8·/(,~. but fhe Illunher of samples 
shldied WIIS 100 1im ited t.o estllbl ish 
I he sign iJicllIJce of I,his I'olaf ionsh i p. 

'l'hll iUt'l'eased pel'('enlage of et'cn.
finiu(\ in eooked mellt. as cOlUpaTed 
to J'H \\' was gl'ea.f:el' than ea,ll be it('

counted for by the obselTctl drip 
Ilnd l'\'n;pol'nJion JOSR durillg l)1'oil
iug. 'I'll is, ('oupled "'ith Lhe ob
sClTllclloss of cy'elLtine during cook
ing, inclielll'es Lhnl' ('.I'eatiue is 
chllnged 1.0 ereaf:.Ln i.ne d tiring fhl' 
lwoilillg process. 'rhe possible re
latiollship of I'hese compollnds 1.0 
Hayor in eooked melt/. will be dis
ellssecl 1Il/;e.I·. 

Ammonia Nitrogen. This de
i.el'lninlll;ion was made only on Sllll1
pIes fl'Ol\l thl' lit'S/: 3(;'C:!LI'easses 
1itudied during the firs/; yenr, ""n.1
ues l'II,llged 1:1'0111 5 to 12 mg. ammo
n ian ifrogen per 100 g. meat. Ilnd 
were ]lot consistently reltLted to cn,l'
cass gl'llde, clLrcass' weight, extent 
of ap:illg, lllllsele,01' cookiug. 

iUrea Nitrogen. 'l~he limited 
number of 1ll1I1Jyses rOI·this const.it
uent (samples :ftoOIll 36 cUl'CaSsE's) 
did not; ll1(licate ILlly cOllsis!:ellt in
fluence due 1:0 CII,1'(;IISS gmde 01.' 

weight, a~ing, lllusele, or COO.killg, 
II1t;houghtbe YILllleS obtained rH'llged 
:fl'om 1 to 21 mg. urea .. nitrogen prJ' 
100 ~'. meaL 

"Volatile" Sulfur. l~his detll.l'
.lninat.ion was Jnacle only on salll
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iples stucliecl during the thircl )(>.\\'1', 

For henvy tQood,rl'll<leribeye the 
1'011l.t,ile, suliur COlrtell.t WItS signifi
cunOy ~llcrellsed by Ilging; IUld un-:. 
aged TIbey-e from hen vy ClLl'cnSSes 
contnillecl less :\'olu,tj}esulfur than 
that T.1'Om light 01' ·Commel·6n.l COw 
cl\,rcllsses (tltble M" uJ)J)endix) , 

'l~he :rl\.w l!{emtte'lld'inoSu8 llSllU.lly 
cOlltninecl slighfly less (1-2 y/g,) 
yolnt,ile sulfur 'f;ilml :riueyc, J)tu' 
ing cookiugsllIlIJI ILUlounts of yoll1
ti.}e sulfur' wCl'e Jost,but·. cooked 
Uleltt conbtined slight.ly .11 ighet' pm;
ecntnges of \'olatile sulfur ihltn 
eOJ't'eSl)onding I'IlW sllmples (lue to 
moisture Hlia fat Joss during 
cooking, 

,Collagen !(chemical).OnlYlt 
limited number of chemicltl dot.er'
minationsior collagen wet'e made 
on xn '" ILnd cooked .melt!:. These 
J'llllged fl'om 0,1 to 1 pel'llellt col
]n:.,rell, The .histochelll.icnl deter
.mlunti()Jl of col1l1gen on ·!.he SILme 
samj)Jesgn \'e YlIlues :l'Ilngmg it'olll 
0.5 to 3 ])en:ellt:by volume, De
spite thisnitrel'ence in a.bsolute 
"nlues, the colhlg(m contents of the 
sllltlples by the two methods ",el'e 
fail'ly well eot'l'elate(l (fig. 5) . 
Sillce the dlCmiclLJ lIIethod WitS lI.p
p~ied ollly fo Il limited luunbet, of 
sllm.ples, whUe the histo(;hemj~l.l 
method WitS used to determine col
.lngen Oil aJI samples, Iwd since the 
histochemieaI pl'ocedlu'e ell.l\ be Ilsed 
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Figure 5.-The relationship between chem
ical and histological methods of collagen 
determination on raw and cooked meat. 

t.o indicate dish'ibuf,ioil.us well as 
lunmmt, ciisclIssiollof {he collagen 
(:ollt:entof the slUll.Jlles will be in
clnded only under the histologi.enJ 
selltion. 

Extractable :Color. For 1'1\.\\' 

ribeye tlllCl .8e'niiten(li'noS'u8 snm,ples 
stU(lied during t.he thirCL yelLr there 
wllsno eOllsisteutly ItpplH'ellt cliffer
eHell in extraetable coloI' due to car
cassgl'llde, CILl'cass weight, OJ' extell!: 
of aging. ';I.'lIel'e. wus some iu(licH
Lion" t.hat. thel'ibeye GontlLined 
slightly mO.l'e extJ'actlihle color tlllLll 
l\()m,ite'lldiJllo,~·Il.~ from the StLllle Cl\,r
cuss, 'OJ)ticlll density va.l ues £01' the 
coloJ'cxtracts 1'IlUged from 0,21 to 
1.14, with JrIOSt of the vaJues be
t:ween 0.:> ILnd O,S. 

The :l'act.tlmt e...xt:mdable pigment~ 
was not related to clu'cass g.mde, 
'weight, or extQut· of aging, while 
the subjedi\'e loan coloI' e\'ILluatioll 
wus somcwlmtl'e.lated, enlphnsizes 
the inct tJmt; melt!: color is depend
ent uotonly UpOll the amount of 
pigment; (11{I'geJy myoglobin) ])I'es
ellt: but u.lsoupon its (listl'ibution. 
This wOlLld suggest tIutt l'efleeltmee 
measm:ementson lnea.!; at appro
pt'int.(> wavelengths might gn'e a 
better i.ndex of .melLt coloI' tilltn 
.light, absol'lllLllCy menSllt'ell1euts on 
extmeted 'pigment solutions. 

(HistCih~liCIII 'Pmperties 

Muscle .FJber Diameter. The 
m.uscle :fibel' diameter of sltlllJ)les 
ft'om 4:0 of the eltrCllsses studied 
the :fu:st year ranged from 27 to 74 
microns. The limited <llthl (ta.hle 
34:, appendix) iuclieate tJlILt lllusele 
tissues from tJleConunercittl cow 
CIH'cnsses hnd slightly ItU'ger muscle 
fibers than cOl'l'espol1(lillg tissue 
Il'om younger ILuimaJs (:fig. 6, A 
a.nd J3). AUtLlysis of vur.iallee 011 
the datil. showed HULl; for Pl'ime 
gr.'ado ribeye the muscle .fiber (linln
etm' was significa.nt:Jy great:eL' in 
hell \'Y ca,rcasses tJu\,u in light. 
Thel'e :is some iu(lieat.io.ll thtLt this 
was !;I:ue a,]so fo.rGood grade cttr
casses, but the (li:ffereuce shown wus 
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\ll.ot ;g~~e!l.t ,enough to \he stIt1;.isHcnlly 
'slgmhclm.t. '11) 'gell~rnl, tIuswmt.l(l 
ngreewith !fi.uc1hi(!S :by H.ineret al. 
{~1) wl)o 1]:ep(>l"t~'a ,tJu~t 'jiberdhull
'>eter itl<.~renseel with illCrells,illglLge 
of ,the llnimn.l. 

~nle :fiberc1imue(;eL' in the Semi
te!ll(lin08ltS ~\"llsgret\.t.et' t.ha.n ill the 
Longls8i'111ms(/oJ'si I.I'o.m CIU'CllSSCS 
;of tJlesnlrl.egmde n.ne1 weighli 
clnssificlltion. 

'1'he 1l1)ptlrent, l'eC1uct-ioll in lUUS
.(~le fibcrdiItUlc!;el' as the l'esull;of 
nging \pl'obttbly wns 1l0ttrllJy n.n 
Ito·uw ·e.trect 'but l:ILtheL' wilsdue tot:> .." 
musclel)Osition (p. 35). 

AlluJysis of vur.i.a.uceon the dnta 
alton-.ed further t.hat muscle fiber 
(lilLmeter in.tibeye from ,Good 
gm(le CIlTCllsses obtlLinecl in (j)ctiober 
WIlS SlgllificlLlltJy higher tlHLll ju 
AUb'1.lst,nncl tlULt 1.01' both !Pl'.ime 
Ilnd Good grllde l'jbeye the fiber 
dinlllete.L' wllsgrCiLter jll tJle August 
SILlllples thall il,1 i.Tulle slLmples. 

Muscle Bundle Size. Pl'.imary 
lUusc.lebnncUe . cross sectional ,ILl'en 
Vlu·.iecl :£1'01110.06 ,to O.(i() square 
nilllimet.el's :i11sltl11ples from 33 cm:
cnsses studjed the :first yea1'. Sec
ondlLl'Y llluscle huueUe ):trOiL ill the 
sam.e s!t1111)1es vuried from 0;26 to 

. 10;7 squlu~e millimeters.'J.'1le CliLtiL 
(tn.l>le 35, a:ppeuclix) do 110t incli
,'~ate tluLt muscle hlUlcUe size was 
l\elated ,to cn.rcass :grnde '01' ·w.eight. 
~.dmILry muscle b,~Ulelles werenl

l110stnlways larger, but lessclis
t.inct, mthe l'lbeye tl11l1l III Lhe Sem·t
tena~iI1,08'll.~ ,of the slune carcnss (fig. 
·6, ,0 \\tllc1 D) . This wnstl'ue u,]so 
[01' seconc1flJ1'Y muscle bunclies in 
sILlnp]e~' ,obtlljned in August hufi not 
fVl' Oct,{)ber !wd .JantULry sauJples 
(~Tt:Ule sm\nples were JlOlieXlulliuecl 
for ,this cinU'nct,edst,ic) . 

Elastin and Elastic Fiber Di
:ameter. ,0.\1 t.he basis ,of llisto
chemicl~lestimlLtion for elas611 on 
slLnl.ples fl'om '84: CH.l'CaSses frotn the 
:first 2 ye:u'sot tllis stndy,elllstin 
conte11to£ muscle tissue was not re
lILted to cnrcassgrnde 01' ",roo'ht 
(tnble36,tLppendix) . 'l11e ,eln:tin 

557216-61-4 

oonten/;o1: iJ18 Sem.~tendinosu8 W(lS 
two to ii.Ye times thlltof the l'ibey~ 
f,'oll) {he same c!u'ca$s. 'Oooki.ng 
nueVor aging had 110 cletecttLble 
etl'eclioH . the elastin in the meut 
(fig. 7) . 

E.lasti.c :fiber cliuJneteJ' measure
m~ntsoll stLmples f.I'om aG ClLl'Cllsses 
s/;uc1ied the ;(il'st yeHI: Sh.owed 110 re
.htt:ionship between elastic fi.ber size 
a,lId Clll'CIIssgl'ILde 01' weight. TDlas
t.ic fiber cliarneter (maximum) 
ranged [rom 0.5 to 0.8 microns for 
ribeye ttll(l 3.5 to 6..2 mic.l'ons for 
/{cm,itendino8'lt.s. 

Collagen. l{esults ofhistochem
ical est;jl1)ILtioll of collugen on StUll
pIes obttdned lIU tlu.'ee yelLrs of this 
study clielnot show !Lliy consistent 
difrerences III collagen contento! 
rlLW 01' eooked l'j beye clne to Clll'eilSS 
grade '01' weight (tltble 37,n,ppen
clix). The collagen content oil'aw 
l:ibeye 'was n;ppar8ntJy reduced very 
sjguiLicalltJy by aging. However, 
:pai't; oftJris ap})ILrent aging eil'ect 
Jl1USli be attributed to clifterences in 
collagen content ju (lifferent parts 
of 1he muscle (p. 34:). 'l'here waS.n 
deJiL1it~ 10ssof collagen dur.ing 
cooking-,especiaUy for the ullnged 
1'ibe'ye (fig. 8) .. 

'1'he Semitendinosus always COll
tn.rnedmol'e collagen than the Long
iiss?.11Mt8 d01'8i from the same carcltss 
but, aglml, there waG no consistent 
iJ:ellLtiollship between. collagen COll
tent oft::he Sellllttendin081l8 Itud clLr
caSs gmcle 01' ~reight (table 38~ :t;P
penclix) . Agmg aneVor coolnng 
l'ecluced the collagen content of the 
fJ(m~itendi:n08tUJ . 

'l'here was no illclicntio.ll fl'omob
set'vat;jolls made chuing this study 
that. the clistribut;ionofcollngell 
was consistently di:lfel'ent III mus
cles ~:l'om c/tl'cnsses ,.of eli:trerent 
gl'u.des (fig. 8). Thus, it 'would 
appell,r tlmt the collagen content 
und elistribl1tioll III similn.r :muscles 
;fl'Onl ccn,rcasseso£ cli:trerentgrades 
lI,re s.o simjl:Ll'thatiJlis call1lotgen
.erll]]y l?e.0£ qu..tmnl'Y imp~u-tnn~e ;ill 
detel'JIJJJlmgorglLllolellhc (liJfel'
enees between grades. 
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Figure B.-The collagen of beef muscles as related to carcass grade and influence of aging 
and cooking. 

A. 	 (150 X) Transverse section from raw 
£01t(lis/iirn'lts dor8i of heavy Good 

, 	 grade carcass, unaged, showing intact 
collagenous fibers in a perimysium.

B. (150 X) Transverse section from cooked r 	 £01l(lis8im'l/.s clorsi of light Prime grade 
carcass, unaged, showing collagen de
graded by cooking (upper left and 
lower right), 

C. 	 (150 X) Transverse section from same 
muscle, cooked, from the same carcass 
but after 2 weeks' aging, showing in
creased collagen degradation due to 

the combined effect of aging and 
cooking. 

D. 	 (150 X) Transverse section from raw 
Longissimus dOl'si of light Good grade 
carcass, unaged, showing some colla
gen degradation. 

E. 	 (150 X) Transverse section from cooked 
SClIdlcndinosus of light Prime grade 
carcass, 2 weeks' aging (same carcass 
as (C), showing less collagen degrada
tion by aging and cooking than was the 
case for the Longissimu8 dOl'si. 

1 
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It isinteresf;ing to note that; raw 
meat couttlining relati.vely large 
lunQunts of collngen lost. mOl'e col
h1bren during cooking than did meat 
in which,the cQllngen content :was 
Itlrendy low, If high c{)llngell con
tent of cooked meat. contributes to 
tOliglmess, then this efrec/; might he 
overcome eithm' by collagen hydrol
ysis beforccooking (Ilglllg), Ol~ by 
IIsil,g It· cooking proeedill:e designed 
to tn'ing nbou/; extensive collagen 

)hy(h'olysis, However, SinC(H,1xtend
ed ngi ng (4: weeks) did not; L'edllce 
the collagen content; of Remitellrli
;n08IlR to :t level complll'llhle to that 
in l'ibeye, the impOI'(allce of It eol
agen-<l(1I!I.'ndilll! llIethod of eooking 
for' this lHuscl~ is ob\·ious, 
Endomy~ial, Perimysial, and 

Total Fat. 'l'he.sl\ It istologieal de
terminlltions 1'01' fat, as classified. 
above, were made (jn samples fl'ol11 
most (jf the cal'ellssesstudied the 
first two years, The amount :md 
distt'ibllfioll of fat ml'ied in the dif
ferent gl'lldes, weil!hts Ilndmuscles 
studied (fig, 9), FSlllllly, 9i) pel'
cent. or more of the total inter<:el
lulln' fnt wns present: as pet'imysial 
faL Samples high in l)el'im}'siiLl 
fnt also contained high amollnts of 
endomysial fat. Since ther:e is 110 
indication that Cllrcass gl:ndo :lIld 
wejght. l'elationships were diJl'er:ellt 
on the basis of endomysia'!, peri
mysi:tl, and total fat (detel.'lnined 
histologically) Hlan on the basis of 
"Iinelu,ll fat, and intmnlllsenla.l.' fnt, 
no discllssion of these results needs 
to be given here, 

"Linear" Fat. "Lineal''' fal; ]e,v
~Is, detel:mined histologically on 
snmples from all Cllrcasses stlidied, 
vltl:ied :from 1. to 101 mm.j150 mm2

, 

The data (table 39, appendix) indi
cate that; ribeye of hea;\',Y clH'casses 
contni.ned. more "linear'~ fa I'. than 
that. of light clU'casses of the same 
gl'llde Ilnd that the 111ltel'iol.' pol'tion 
of the ribeye contained mOI:e "Iin
eal,ll fat; than the posler'im' portion, 
13ecanse of large, illconsisl:eni; variH,
tions .in resnlfs, however, t:ho 01lly 
statistically significlwt difference 

wns t:hnf: l'ibeye from light Good 
g'mde Cill'casses c:ontnined less "lin
eal.") fai; lihun l'iheye from the. other' 
grades and weiuhts, 
, The 8emile11(liu08US had a lowC!' 
"lineal''' fat lt~,'el than the LO'llr;is
8i:mu8 drnwi frolll similal' CIlL'CaSSes, 
and. the top pOI'l.ion of the Rmni
lfmd'i;/10811-Y had less "lineal''' fat 
thall the middle and bottom 
portion!-i, 

These resll1(s agree in genoml 
with the totalint:I.'ltI11W;clIl:u' :t'at 
detel'minations (chemical) and the 
mal'blingl.'atin~rs, However, the 
ext:l~emely \':u'iable 11Ilcl somewhai 
inconsist:ellt "allies fOl.' "lineal'" fat 
make I.'esults diflielilt to entlllate, 
This suggests that tile amOllllt· and. 
distribution of fai: Ilt: dilrel.'ent. ]0(,11

lions .in IJ IIlllscle \'llI'y great:ly (fig. 
10('), If it were possible to exam
ine a lal'go number of sections i'l'oll1 
dilrel'ent locations ill It muscle, the, 
"Iinelu.'· fnt mInes obtained shollld 
I!ive a goodindicat:ion of the 
amollnl' and distl'iblltion of fat, 
Fnfol'tlllliltely, this would be so 
time consllming' that it is almost; 
impossible frollt any practical dew
point.

Liposomes. Stlldies on 27 car
casses showed that liposomes (intL'll
l:eI1ul:ll' fat) wen', present in some 
samples bllt: not- in others (fig,10E). 
Their.' OC(:lIl'ence apparently waS 
not: related to cnl'cass grade, (!arcaSS 
wei~ht, nlllscle, 01.' ex(ent of aging',

Fat Dispersion by Cooking. 
Dl1ring cooking, fat was released 
from the inteL'<:elluhll' fat cells and 
was found dispersed jn small (h'op
lets in pel'ill1,Ysinl ttrens where col
lagen hydl.'ol,Ysis had occUL'l'ed (fig, 
10D) , The gl'enteL' the distance 
:f1'01ll the ol'jginnl fat. cells, the 
smaller weL'e the dispel'serl Jat (hop
lets, On tIle basis of the limited 
data a,vlLilnhle, this fat dispeL'sion 
pattel.'n appu,rently was not related 
1'0 cal.'cnss gl'llde 01' weight. It was 
noticeably gL'enter in ribeye thnn 
in 8emitenrli:no8u8, and n,ppeared to 
be greater ill fresh meat than in 
a,ged, 
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.A detailed discussion of these re
sults nncl their possible signilictlllce 
.hns been given by 'Wnng et: nl.(41), 

:Muscle j"iber "Erosion" by 
Cooking. During b,'oiling oJ 
stcl\ks the II1Ilscie Jibers lle<:ollle 
l,Otlghene<l Ol' "eroded" (fig, 10), 
This l)lumomenQll waS ltpparclltly 
not reltlte<t to carcass grnde or 
weight. or extent of aging' Ilndwlls 

:. 	 quite ~renel'llily observed, It. was 
limited to the surface of the muscle. 
tibel'S twd wm'l, therefore, distinctly 
ditrtwent':fI'om the typicalltui:olytic 

~ 	 bnmk:s due to aging (fig, lOB), 
MusCle Fiber Autolysis. ]~'ibel' 

llUtolysis 011 the samples studied 
~ ~Wel' the. 3-yenl: pel'io(l vlll'iedfrOIll 

oto 4 on an Ill'bitt'llI'Y subjective rat 
h~g scule, .FQr :PI.'ime grade dllC-,Ye, 
Itutol)'sis mUngs were higher for 
light CRr:caSSt'." bul' the l:eVCI'Se was 
t1:lIe· 'foL' Good j!L'llde (table 40, ap
pendix), Aging apparently 111

io:::... cl'eased the autolysis 1'IIting for' I'ib
r" l\yefrolll all gmdes Imct weights 

(fig, 11) : this llutolysis was gl:enter' 
<luring the Iil'St 2 weeks" IIging 
period than during the second ~
week [leL'iod, Although thl'sedif
f':l:.l'lIcI'S were all statistically sij!
lllhcnllt, the observed aging l~frl'd: 
WIIS ull<ioulli:edly due in palt to thl'; 

I... difference in Ilutolysis levels at; dif 
,.... :ferent positions in the nmscle, (p, 

~H), 
Autolysis in the Rmnilendil1()[m.s 

wus much less extensive than in the 
Longi-9siJlws dOiWi, lind the influence 
of agi.ng was much les." pronounced, 
There were 1\0 (widellt. relationships 

~ l>el,ween eithel'gr:ude 01' weight Imd 
11lItolysis in the Remitendin(J8l(,~, 

1.\I1((.)lyli(· bl'~aks in muscle libel'S 
~. 	 were lH)1Ja,lly obsl)l've<l even in sam

ples obtaine<t immediately Idter the 
CIU'casses were chilled (2~b to 48 
hours a.ftel' slaughtel'), l'hese 

~ 	 breal,s Ilppelll'ed as iLTegllllu' areas 
w.ithin the Slu'('olemnllt that USl1tlUy 
contained SOUle gmnul:u' mal:el'ial 
(fig. In,,), As the meat was aged, 
additional bre:tks WCL'e usually ob
served, and the al:ellS contnining 
gL'llIlulllr muter'inl inCl'eased in size, 

This incL'ease WIIS apparently caused 
by 	 additional autolysis and by 
shl'inkllj!l' of the fil)l,ils within the. 
mlls<:ll' fi bl! I:, 

It shollid I.~ emphasized that I:hl! 
Sltrcolcmllla, the I!llvelope ('n(~losillg 
eadl mllsde fiber, WIIS not bl.'oken I)v 
the lIut:olyti(': ehilliges occUl'ing ill 
the tissue, Since. the tenderizing ef
fect of IIging is Hot «ulllltitat ively 
I'elated. to the extent· of Itliiol vsis 
(to be dis(,lIssed later.'), it· ('oul<f lw 
in.fel'l'l'd thllt t\lml'lIetel'isties of thl' 
Slll'ColClIlmll ma.y cOlltl'ibut:e to dif
ferences in telldm'llI!SS of meal'. 
Careful eonsidcl:ation should begi.\·
(~n to this p08..'liblity in allY exten
sivo f,,!'tIL'c study of meat. tender
ness Ilnd factol's influencing it, 

Extensibility of Muscle .Fibers. 
This determination WIlS made on 
sllmples from Iii Cltrcas.<;es studied 
the last: sampling pel'locl of the third 
yelll:, ,Frolll the limited IImount of 
datil it' nppeat's that fresh l'll~" r.ib
t~'ye frolll hellsiel' anim!tls had mote 
extensible fillel'S than l'ibeye from 
lightweight animals, FlUeL'S from 
JI.'esh I'ltW !,,'emilelldillo.nu; wel:e 
mOI:e extensible than those f!'Olll I,ih
eye, Aging reduce<l the extensibil
ity, }l'ibtws from <:ooke(l mellt \\'l~I'(' 
11101'0 extensible than those fL'om cor
responding rll.\\, samples, 

This study with II. discussion of 
its possiblesij!lliHcance from It· »1'IIC
ticltl standpoint hilS lleen tepm'ted 
in detail by 'Yang ef ,t!, (42), 

'Cookin, .Loues.nd Orl.nolepti~
".tlnls on 'Cooked Beef 

DripLos>s During .Broiling. The 
~lrip loss in db steaks dudng broil
IIlg WIIS related to Cllrcass grade and 
weight, mouth the samples were 00
titined~ and the e.xtent: of. aging 01' 

I.'ib position from whieh the steak~ 
were ell!: (table 41, appeudix), The 
dd» loss of rib steaks trom Good 
gl'l\de Cltl'(;aSses ,,'as significantly 
less than that ot steaks from Com
rncL'eial cow Ol' Prime gmde Clll'" 
casses, 'Within each grade, the drip 
loss waS less in steaks trom light 
Cltl'CII$SeS than ill steaks -f.rom helwy 
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ca.rcnsses" The datu, indicate that 
regltr<lless of cnrcnss grade llnd 
weight, aged rib steaks hnd less dl"ip 
loss thal1 mutged stcltks" However, 
this is probltPly clue to the ]ocn.tion 
from which the steaks were taken 
because. fihs dL"ip loss from unn,ged 
sleltks btken fron1. the 1)ost01"io," 61\(1 
of the rib cut wus significantly 
grettter than the ddp loss of stelt);:s 
titken :fl"OIll the antm"iOl," end" 
Ddp loss in rib steltks from car
casses sampled in .TanU/Lt"y WitS 

gn:llhw than that in rib steilks SIUI1

I)led in August" Drip losses were 
highest in steltks stu<lie<l the third 
YClt!" and lowest :in steltks sl;udied 
the. first yeltr, Analysis of variltllce 
on each year~s du,ta, Itll(l on com
bined orthogonic dahL for the 3 
years (table 42, appendix:) , showed 
that the eUtrerences in c1rip loss out
lined above 'were Itll st:ntisl;ically 
significlLut" 

The limited <lILt/l on steaks from 
the round show that drip loss in 
the unaged steaks WIIS some.w}utt 
less tlmn in rib steaks, especilLlly 
~(or Oommercial cow and Prime 
grade CIH"casses (table 41, appen
dix:) . Aging the round for 2 weeks 
appeared "to increase the drip loss 
in round steaks hut, as was the cuse 
for rib stellks, it is p\"Obable that 

... 	 this is a reflection of the position 
from which the sten.ks were cut 
mther thlm II. true jlglng etfect. 
':.1'his seems \>llrticulRrly likely since 
the Ilpparent nging efrect; on drip 
loss wns re.vm:sed rOl: rib steaks and 
I:Olllld steilks, 

~ Since the, drippings :£r-om broiled 
steaks. nre largely fat, the amount 
of (lL"lp lossdepellds to It hLl·.~e 
extent Oil t;he proportion of fat, 
present il1 the l'I~W steak. The in
termuscular nnd exterJlal fat espe
cially are apt to be lost in the 

.... 	 <h-~ppinbrs" Thus, the differences in 
dl'lp loss due to C(Lrcass grnde ILnd 
weigl)t, und positiOllS from -wl1ich 
the steRks were. cut, probltbly re
flect the proportaon of fnt that wus 
present in I;he mw steRk. In this 
connect,ion, it is interesting to note 

t;hat gr:ade <Ufrer"ences with respect 
In (h:ip loss oi: I'ih st.ell.ks 1\')'(\ in 
complete IWl'eement with sepllmblc 
el\,rCl\SS ~rl\l:~figures Cltlcnlated 'from 
the seplLl'IllJle fat of the 9-10 rib 
sl,et;ion" 'I'h,\s wns b'ue II,1S0 for the 
di,II'erence obsClTe<l JOt" month SILI11
pled; thllt is, <:Ilrcnsses Slunple<l ill 
.fIHUla!"r were fatter thlw those or 
tim slm"!!. grade, sltmple<l in Augllst. 

Stud.ies on the nitrogenoliS eOIll 
pOl1tmts on, till', drippilllTS ha\'e 
been reported previously [14.) and 
showed {;Imt only 11, Y(wy snml11H"0
po,"1 ion (2 !o 2.:1 pcn:cnt) of t'he 
Lobtl llitl"ogcn present; in the mw 
steltks WlIS fOllnd in the drippings 
IdLer broiling. This WIlS essentittllr 
all nonprotein nitrogen IlIlel Ilbout: 
20 perce.nt. of it was :free amino ni
t;rogml" Grade nn<l aging had no 
detectable influence on the amount 
or composit:.ion of nitrogenous com
pounds present ill the drippings 
a,Her broiling" .. 

Evaporation Loss Durmg BrOil
ing. Carcass grade Itnd weight lwei 
the extent of itging influenced I'he 
IU110unt' of eva.poration from ,"ib 
steaks dming broiling (table 4:1, 
1I.ppendix), Loss by eva,poratioll 
wus greater." for rib steaks fW\I1 
light Good grade carcasses than for 
,"ill steaks from Of"llCl." carcass grildes 
or weights. AgiJlg for 2 weeks ap
pellrecl to increase evuporntion 
losses during- broiling but, as waS 
the cnse for <!t'ip 10s8, this etree!; wns 
probably due in part to positioJl 
fl.'01l1 which the steaks were taken. 
]~vILpol'ation loss by steaks sl;udied 
I'he thil'd yetU" waS greater than that 
for: steal,s st.udied the {host 2 years" 
Analysis of vluiance Oil each indi
,·idual yelu"'s dal:a. auel on the COlJl
billed 'il yeILt"S' od:hogonic data 
(table 44, Il,ppendix) showed that 

1111 I;hese di tl'erences in enLporation 
losl'l were stntisticl\'l]y significlUlt. 

Among ClLrcaSses of the. sanll' 
gl'ltde alld -weight, stenks cut from 
tho I"OlllHl 11:Ld n:llIclt greate," eVltpo
ration loss during broilin/! than did 
rib sl:efLks. Round stea.k fl'Ollt Com
merCiltl cow CILrcnSSes lost more by 
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eVltporation during broiling than 
elidround steaks from other grouJ?s 
of carcasses (table 43, appendix). 
Although elitferences in eVltporation 
loss (lue to a~ing the rOlUld were 
fouud,the ditrerences were not con
sistent enough for defmite conclu
sions to be drltwn. 

In general, there was a close m
Yel'Se relationship between evapo
ration loss and drip loss durmg 
broiling; that is those samples 
showing high drill loss showed low 
e\'ILpomtion Joss, ILnd 'Viae 'Versa. 
This would support the vjew that 
clrip and eVILpOl."l1tion losses are de
pendent on the flLt ILnd moisture 
coutent, respectively, since themois
ture and fat contents of meat !U'e 
inversely related, Other fllctOl'S 
!Ll'O uudonbteelly eJtective, however, 
as indicated by the fact thnt total 
broiling losses in aged steaks, par
ticulad,Y :tfter'1 weeks' nging, were 
less tlutn total broiling losses in uu
aged steaks. 

Aro.ma of Broiled Steaks. 
Pl'(lctically all of the aroma scores 
for the broiled steaks were between 
G:Lud 8 on the. 10-point rating scn,]e 
used. There was 110 indication 
from the ratings that aroma was re
Jated to carcass grade or weight. 
The few steaks that were scored 5 in 
aroma were from Good gmde or 
Commercia] cow carcasses. The 
data showed a slight tendency for 
aged steaks, espechtlly after 2 ,,~eeks' 
nging, to be scored higher in aroma 
thl1,n un aged steaks. This was not 
p1'ol1ounceclnor consistent enough 
to be sign i1iclmt. 

Broiled TOlUld sf-eaks wel'O com
parlLble in aroma to broileel rib 
steaks, In a few cases lmaged 
round stenk was scoreel slightly 
lower ill aroma than rib steak from 
the same carcuss, but the difference 
always disappe:Lred during aging. 

Flavor of Fat in Rib SteakS. 
Little difference in flavor of fat due 
to carcass grade or weight was 
found. :Most scores were between 6 
and 8. There was some tendency 
for fat :flavo~' to improve with aging, 

espechLlly during the first 2 weeks, 
Fltwor of fat in Good ~l'Ilde and 
Conullercial cow ste:tks frequently 
became less desirable ill the 2 to 4 
week aging period. 

Lean ,Flavor. The scores for 
le:tn flavor of the broiled ribeye 
samples ranged from 5,2 to 9 and 
those for broilecl 8cndl(,7l(lh108U8 
ranged from 3.5 to 7,7, The sbtncl
Itrd errol' of the llle:tll for the scores 
of the individual judges on the same 
slLmple usually elid not exceed 0.6. 
'1'he1'e were pronounceel differences 
in lean flavol' scorcs due to carcass 
grade, weight and cxtenl; of aging 
(table 45, appendix). ]i'or all H 
yeMs of the study, Prime grnde riL
eye had significuntly botter lean 
fhwor than riboye from Good grade. 
Aging the rib cut for 2 ·weeks ef
fected IL pronounced improvement 
in the flavor of the broilcel ribeye 
:ft'om all carcasses, An additionlLI 
2 weeks' aging period usu:tlly re
sulted in a signiHcant reduct.ion in 
lean flavor score for broiled ribeye 
from Good gl'llde and Commercial 
cow carcasses. but the lean flavor of 
ribeye from Prime gmde carcasses 
waS usually increased or unafrected, 
In the GOG(l gmde, bl'oiled un aged 
l'ibeye from hea.yy CtLl'CnSSes had a 
better lean fltwoi: than thnt from 
light cnrcases, but. the dilference was 
less prollOlUlced in the aged sam
ples, AJlILlysis of variance on the 
combined orthogonic data for the 
3 YClLl:S (table 4G, ttppenclix) shows 
thnt the aging etrect on lClm fl:LVol' 
of the A.ugust, samples was more 
pronounced than on the .Jlllluary ~ 
samples. October a.nel JUlH' sam
ples l'esembleel the _August samples 
in this respect. Samples obtained 
the second yelL!" of the study were 
given significantly lower lean fl:wor 
scores than those studied the first 
and third years, 

For the broiled 8e?nite?ulinosu8, ~ 
the limited data from the Jast 2 
years of the study do not indicate 
ILny pronouncecl cliiferences hl lean 
fltwOl' due to carcass grude or 
weight (table 45, appendix), Lean 
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flit \'or scores for this m~lscle were 
lower than those for rlbeye, eSj)e
cially in Prime grade CILL'casses, 
As ..."as the cuse for ribeye, :tgilw 
the round for 2 weeks impl'ove~ 
the Iel.tll 1ht1'or of broilecl 8em,i
tendino8us, but aging for an addi
tionu12 weeks llSUlt1Jy 11ltd all ad
verse etI:ect OIl the leau fIn VOL', 

T,enderness. Pu,nel scores for 
tenderness of broiled ribeye rallged 
from 2,2 to 9.a, [llld those 1'0" tender
ness of Smnite'1l&bnbSU8l'ltngecl from 
3.0 to 8,2. Stn,ndn.rd errol' of Ow 
meltIl for the scores of indh'idwtl 
judges Oll the sa,me sampl{\ USUlllly 
diel not exceed 0.7, 1'enderlless o'J 
the Longi8si'llll!ls dOI'8'i. from l}t'oiled 
l'ib stea,ks was associated with (:1Lt'

cass grade n.nd weight [Lnd extell/; 0'1: 
aging (tn.ble 47, Il.ppelHlix), Anal
ysis of YIH'iILIICeOn each sepltmt(' 
year)s datu, and on the COli1billed 
orthogonlc data for {;he:1 yelLl's 
(table 48, Itppendix) showed· thlLt 
the ribeye from Pr,ime grade eRr
cusses wus mOre tender than that: 
from Gooel grnde or Oommerc.ial 
cow cn,rcnsscs, Aging, especiu,lly 
for the first 2-week period, im
proved tenderlH~ss of thebroilecl 
ribeye. The influence of aging OJI 

tenderness was much more pl'O
nouncecl on ribeye from Good grade 
carcasses, especitLUy lightweight 
Good, tluUl on ribeye from Prime 
grnde carcaSses, The elred; of 
aging 011 ribeye tenderness was lenst 
pronounced in helLvy Prime car
casses . .Although the·differeuce was 
llot I3Teat enough to be statistica,Uy 

~. sigmfic!tllt, the tenderness of r.il>eye 
samples outaineel in June WIIS less 
influenced by agincr than SILI11

pIes obbtineel the other sampling 
periods, 

The Bemiitendino8u8 from bL'Oiled 
unaged round steak was less tender 

~ 	 tlmH broiled ribeye from carcaSses 
of the Sltme grade a.nd weight 
(table 47, appendix), As WIIS the 
case for ribeye, ILO'lng the rOlUld 
increased the tenderness of the 
Bemitendinosus from broiled round 
sten,li:. Be1n#end·inOt:tIls frol11 broiled 

steak from ullnged round of Com
mercilLl cow was less tender thlU1 
that il'omrounds of the other Cltr
cnss ~roups studied, This differ
ence (LislLppelLred lIjf;er aging, 

Since tenderness is such an im
portant feature of meat from the 
consumer standpoint it is pltrticu
IltrIy important to emphasize hm'c 
thlLt for lU\!lged melLt the l·ibeye a.lld 
l:Je1nitendino81l8 from l?rimc grllde 
CiLrcasses were more tendel' tJHtn 
I:hose from Good grade, FOl' aged 
nlcat, the difference :ill tenderness of 
tihe Prime and Good grades was 110t 
nCltdy so ,Pl'onolUlcecl, Since most 
llIeat sold 1n the .retll,jJ m:u.·ket is Hot 
Itged, except incielentll,l to the time 
required for clistributjon, the gr'ade 
pl'ob~Lbly reflect.s ILll actultl clifrer
ence in tenderness between Prime 
ttncl Goocl grades, as obsel'\'ed by 
the consumer. 

Juiciness. Juiciness scores fOt, 
cooked Longissi-tntt8 d01'8i varied 
from 4.3 to 9 Rnd from 3.7 to 8 for 
cooked Be7nitendino8U8. J)rimc 
gmde ribeye WitS llSlULUy sli~ht]y 
mOL'e juicy than Good grnde l'ibeye 
(table 49, Itppcndix), and for the 
first 2 yeltrs of the scudy th.is eliffer
ence WIlS statistically significant. 
For all 3 yeal.'S of the study, hellvy 
Good /!l'I1de ribeye WlIS more juicy 
than l"lbeye from light Good gl'l1de 
carcasses. Aged ribeye was some
times more juic), than Ullaged rib
eye, but this eireet wns not; great 
enough nor consistent enough to be 
sttLtisiiiclLlly significant except fOl' 
slunples sLuclied tlle. first yelt1', 
Ana.lysis of 1'lll'itulce on the ·com
hi.ned 3 years' orf;l1ogonic data, 
(tnble 50, il.ppendix) showed only 
thlLt ribeye from light Good grade 
CtLrCnsses was Jess j 1I icy thlw I'hILt', 
from cltrCnsses o:f the other (rrade 
and weight clnssificll.tions, "" 

Broiled Se?nite1ulinos'lls WIlS less 
juicy than bl'oileclribeye (table 19, 
appenclix) but there were 110 COIl

sistent, prononllcecl clitferences clue 
to carcllss grnde, weight, or extent of 
Ilging. 
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:Blec:hemlc•• :Prl!pertiH '0' Beef 

DUI'ing-t.he. COlll'Se of t;he~;e studies 
the ncth-i!v of certain oxidllt;i"e 
enzyme s~'stems in beef~musele t.is
sue "\'as lI1Yestigltted, The results 
of these illvesLiglLfions hlln', heen 
reporte,d pJ"evio,usly (1) '!3(i, :27) and 
nre renewe<l brIefly hen~. 

Adenosillekiphosphntase, suc'
<"illic dehydrogenase, IlUd the g-ly
eolyLic sysl:em showed 110 recltH..lli()J1 
in actidly .in inttlct bed JI1usei(' 
(.L(tn{Jis8imr!l8 (lmwi ItIld SC'II1,itelldi
nmm8) during ille 4-week aging 
IWl'iod, Howe\'er, a.ldolase Ild:iYif:y 
dropped about :.10 percent dUling 
til(' lu'st 2-week IIging period 11]1(1 
all additiollld ~o p('l'(:ml(; dm'ing the 
:2 to 4: weeks' aging It!; 31)0 Ji', -TIm 
glycogen content of the muscle was 
l?w (about 1 .mg. pel' gmm) lit the 
lUll(' the slHnples wprp received Itnd 
did not change dul"ing the 4-week 
aging period. Thus it 'll.ppeltl'S tlHLt 
luck of aVlliJable subsfTllle (i,e., gly
('ogell and oxygen) rathel.' than the 
illsta,bility of the fipeei.lk enzrllw 
systems is the 1imit.ing ~faetol.'iIi I',he 
metabolism of intnet:1l111scIe. jjr:;SUl', 
after the ttnima.lis killed, It is 
illlpOl'lILnt also to 110te I;hat \'Iwia,
tions in carcnss grllde or weight 
wen; 1I0t:. related to the cal'bohydmte 
metabolism of 1,1\e lllusc..le fl'om I;he 
lillle Lhe,siLlnples wPl'e rel~ei\'ed (48 
hOlll's idtel.' sllLllghllw) to the cud 
of It 4-week aging period. 

Int...muscular ,Variations 
The sampling- plttn outlined in 

the expel'imentll] procedure in
yoh'ed taking samples of ribeye 
il'om the 11-12 rib sedion 2:1: to 28 
houl'S niter shLu~hl:er, samples frol11 
the 9-10 rib section Itt 2 weeks, nnd 
slLlllples from the 7-8 rib section n.t 

.4: weeks. 'l'lds appelLl.'ed to be the 
ol~ly prn~:ticIL) method fol' slunpling 
:I;ftel' agmg ll1 Lhe cut. However, 
It. wuS recognized thai; vltrin,Liolls 
wil,ltin thelllusclefl~om the posterior 
to the anterior port.ion of the rib cut 
might; well compJimd:e interpreta
!:ion of tim resnIts on the influence 

of aging, '1'0 del:m·mine if this in
til'llInusClal' YILl'lal;ion WIIS gl'elLt 
enough to infl,uence the interpretll
Lion of results, ullng-ed I'ibeye :6-0111 
21 ,C~\.I'cnsses was sampled Ilt nIl 
po~utWllS, 

The data :fl'OIll the I'll\\' samples 
(bLble iiI, Itppelld ix) show tJml; 
Ihel'(\ "'m'e some, distinci difl:erences 
in chlu'aetpristics of Lon{Ji88imju.~ 
dOl·.~i. :1'1'0111 Olle end oJ the I'ib cuI; 
to Lite olheJ'. These di Il'eJ'(m('es wet'e 
not g-I'elli Itnd were 110t detected in 
every e:LI'l:aSS studied. In genem.l, 
howl'\'cl', Ihe posterior podion of 
the l'ilH.'ye Imd higher shell..' fifTength 
ILlld eoni:lI,ined less :fal. btl!. mo.l'e eol
Jagen t hall IIIl' Iwt(wiol' pOI'lion, 
:For Good :wel COllllllerci:ll (:ow 
g-I'aclp CIU'(:IlSSes the posterior end 
of Ihp. ribp,)'e had a . .lowe!' speeifie 
eondu<"fnnee, fwd lower n.ntolysis 
1'Itt:.ing- I.h:tll the 7-8 rib section. In 
lwoiJed ribere :1'1'0111 t,he sa,me cal'
e:Lsses (leH, side), fhe postel'ior end 
gemll'a.lJy hael higher specifie con
duetaJICe, mOl'e eollngen, Itnd lower 
fiCOI'es for lean tla VOl' ILlld tenderness 
(table 52, a.ppendix). 

Cn:l'ort.ulla!(\ly, these eli fI'erences 
ill j ntTlulluSculal' propel'! ies of the 
ribeye lire such that tlll')' do n;ffect 
intel'pretation of results on the in
fluence of aging, On the basis of 
these intl'lUllllscul:u' vnriations it. .~ 
Itppmtrs likely that the l'eported 
(p. 13) nonsi[,,'11ifi.cltnt clec-rells(' in 
sheal' strength of raw ribeye with .~ 
aging was entil'ely It l)ositioll e.fI'ecl: 
Itnd WIIS not the. result of aging. 
Similarl):..the sugg-ested aging efl:ect 
on specLhe condudullce of rllW ". 

ILIld cooked ribeye. (p, 14:) is 
probably only I\. musele-positiol1 ef
fect. The ILpplu'ent reduction ill 
collagen 1t11cl the n,pplLI'eul: illcl'ease 
in ttutolysis mt;ing by agi.ng (p. 28 
and p. 28) must he attributed in Pit)'!; , 

to muscle positioll and not entirely ,.. 
to the inttuence of lIging, The ob
served improvement of tenderness 
wi.th nging ",us much .grettter tlUUl 

clLn be accounted for by muscle-l)o
sit-ion e.tt:ect. n.ud must, therefore, be 
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considel'cd l,u'gily due to 'the in
fluence of agil.\g. 

Since the :dght l'ibeye wus used 
£01' J'IlW Slllflples Itnd the left 1'.ibeye 
iot, cooked snm,Ples, it was impor
bUlt todetermrne whethe.ror not 
there~:\'asenough (li:trerencebe
tweeJ.l tdght nnd left sides of ·the 
ccu'cnss to mnke cooking efrects (liffi
cult; to estublish, The dltht on four 
cn;l'cnsses (btble 53, appendix) show 
i;lmt .r.ibeye from the same position 
011 the two sides of the cnrenss (lid 
not lUlYe exactly the Sltme composi
tion nn(l pl'OI)el't;ies, l:[o.WeV81', the 
cuJ£el'ellces wel'e not great, in ll10st 
c.llses, and were 110.1; consistent
t.hat is, the right side 'VI\S 11eil;11e1' 
consistently highet' .1101' lower in 11 
gi ven c(uui)onent tlmn the left, 

These results o.n the influence of 
position 011 Jllusele composition Itll(l 

properties should be of great vnlue 
LIl pl:ulltillg for Imy future wodr. 011 

meat quality, Esse:ntia]]y, t:he datn 
show iJUlt ale most J'elJl'oducible 
samples can be obtained it'om im
mediuteJy udjllcent secl;io.JJs of the 
Long:i88i7mk~ d01'si, FILidy satis
fuctory relJl'oducibility can be ex
pected between samples taken irom 
right IllHlleft sides or the carcass 
IltsimillLl' muscle l)osil,ions, Sltm
p1es tnken from the Longissimflls 
dorsi nt, cousidel'llble cUstmlCe from 

each other mny be greatly dil£el'ent 
itt ,properties, which w.iU .luttke it 
(lillieult to distinguish between the 
influence orb'eatmen.t Itnd the in
:fluellceof muscle position on any 
muscle chal'llcteristIc tUlde1' investI
gation, If j,t is possible 1:0. do so, 
complete J'IUldomizatioll of slullples 
with .l'eSlJeet to muscle 1)osition, as 
llsed in experiments descl.',ibecl by 
HltI,t'ison eli nl, (19)., ShOltld he used. 

'I'he statements mnde abo.,'e with 
respect to the Longissum,usdo1'8i 
n.pp])' gellel'ltl]y to the 8e.m,itencli
'/tofr1is, lUthough much mOl'e lim
il.ed datiL were o.btained on the 
/)em,iten(Unosll..8 ill this study, it ItP
peM's certnin th:tt the cente.r POl'
tio.n of the Bem;iten(linoSlt8 COll
tltined more fat, exhibite(l a greater 
ll.ut01ysis level, ILnd had It lo",et' 1'a\\' 
shC!tl, strength thl1.n did either end, 
The muscle libel' diameter in t,he 
Bem,itenclinosU8 deerensed }1rogres
si\'e1)' .i1'om top to botom, Despite 
the qUlLntitative differences :ill ohM'
aeterlstics between muscles and 
wit/hin tJ1e same muscle, the cIuu'
Ilcteristics o.f the two muscles were 
fairly weU co.rrelni;ed (tlLble IJ:), 
The fn.t co.ntent lLnd specific COll
ducl:ance of the two muscles were 
very significantly correlated, The 
tendel'.lless scores of fresh meltt n;ncL 
thejlticiness scores of meltt aged 

l\\Iu"t, 1J:.-Oo1'l'eZatio'n coeffi:cients !)et'Hwen, oe1'tain ehaJ'(wtel'i8fic8 of' the 
I ....ong-issimus dorsi and Semiteu(linosus'll1wscles 

No aging 2-wet'k aging <I.-week aging 

Number Number NUIll.uer 
Qf obB(~r- I' of obser- r of obser- I' 

\'Iltiolls vlltiollS "llliOIlS 

l'cncicl'lless, (:ookccL ___ 
Juiciness, cookcd.~ .~___ 
Collug()n, .raw ____ • ___ • 

23 
23 
::19 

**0.5000 
.1848 
. .1517 

22 
22 
39 

*0.4.238 
. 07Ul 
.0038 

14 
.14 
27 

O. 1~)57 
*.5219 
.0082 

Jntrlllllusculnr fll!., rllW_ 
LinCllrfltt, rnw _ • " .• __ • 

39 
a5 

**.8359 
.2583 

38 
23 

**.7002 
**.7529 

.26 
14 

**. 7069 
**.7060 

Spccific conductallce, 139 *.3747 39 *.4743 27 **.6448 
rltw. 

·Significant at5 percent level. 
.·Significant at 1 percent level 
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4: weeks also 'were sib'11ificautly cor
l.mated for the two muscles, but the 
collagen contents of the two mus
cles were ]lot c()lTelll.ted. 

iReIatI....h.ps.ofCertaln·.P.h'slcal, 
'.Chemlcal, .•nd lHlstoiollcal 
P....,tles;of IBeetto iltS 

Orpnoleptlc ,C......c:terlstlcs 

Pl"eviot!s.in vestigations (93,931,932 
fe3, .935, feB, 39,44), practical obser~ 
Ya.tlOns, Il.nd the data obtained in 
tlus study luwo illClicated that ot'
~anole~tic qun,!ity of cooked meat 
1S ass?Clated wIt!l cet·tll;in physical, 
c~emIcal, Iwd Illstolog1cal proper
ties (fat content, collagen content, 
color, amount of !Lutolysis, etc.). 
For each group of samples investi
gated in Lhe course of this study 
correlation coetlicients werc dete·l'~ 
mined for mml}' of the melLt char
act~ristics to establish the qun.uti
tatlYe level of theso inclicnted 
relationships. ·W}lm·e si ern iJicant 1'0

lationships were indicated fot' sev
eral . sepamte periods, cOL"l'l'lation 
studIes were made on each Tear's 
combined data. '1'\w resuits of 
these correlation studies are dis
cussed below. Ullless otherwise 
indicated, the cliscussion n.pplies 
only to Longissi'lnW3 d01Wi-

Tenderness. Se\'era.1 factors 
wCl;·e show!l to be significantly as
SOCIated ":Ith tenderlwss (table 54, 
appendIX). Shear strength of 
cooked meat WitS n. goocl :index of 
tendlll'ness. This was particulady 
true fOl· lUla~ecl meat. The fact 
that the negative correlation coem
cients between sheM· strength and 
tenderness of agecl cooked meat 
were lower than those for lllacred 
meat is readily explainable when 
one recognizes that the tenderness 
scores (and shear values) for aged 
meat are included in a very nalTOW 
range. Thus, lUlavoidable experi
mental errot'S contribute a much 
greater part of the observed varia
tions, and tlle apparent correlation 
is reduced accordingly. This same 

sit~lation exists for all other prop
erties that may be associu,ted with 
tenderness. 

.Although Deathera1re ILndGu,t,· 
natz (9) have .indicated that the 
l-elationship .between tenderness 
score and shear value for cooked 
meat is not sufficiently close to jus
t~£y using shear strength as n. re
liable inClex of tenderness ot;her. . ,
lllVf':stjlgators (4-,17, 33,34-) have re
ported .the same close l'eltLtionsh ip 
fonnd m these stuclies. It would 
Il:ppeILr, therefore, that tJtiiJ objec
t~ve method for tenderness evalua
tion woul~l be sat,i!"facl:ory for most 
me~t-qlULhty stucltes. 

'Ienclerness of the cooked unacred 
·b 1 ~ rl eJ:e wus c ose]y correlated 1dth 

the latness of the carcass ILnc1 the 
amount of intramuscular fat ill 
SILmples studied the first 2 years. 
However, (he correlation between 
"linear" fat Itnd tenclerness was ]lot 
ItS go<?c1 (~e~pite (;he fact thn.t for sey
eral lncltvLd~1a1 samp1.ing periods 
(~he COLTelat.1On bptween "li.nea.1''' 
lr.t llnd tCllc1erness was (Iuite hi«h. 
'1'1 t.. t· , . ,.,Ie sUu,lec :J"emu.r )]mg rlLtillg n.lso 
s~lOwed. a very sigu.iJicant cOl'rela
tion. WIth tenderness for sa.mples 
studIed the second year. These 
lat-tenderness relationships were 
less pronolUlCed or absent in a1re(1 
meat;. 'I'his is lmdel'standab1e be
cause aging increases the tenclerness 
~f low-fat IDe:Lt clisproportionately 
~nster than Illgh-fn.t meat. Thus,
1!1 aged melLt, factors ()thel' than 
~n,t are responsible :l'or difl'ereuces 
m tendemess, n.nd there was little 
correlation behYeen fat content and 
teJ~dernes~. Ft'?m!t practical stand
pomt, the ullphcabons of these find
lI~gs are extremely important. 
Smce most meat sold at retan 
reaches tlle consumer in 7 to 10 
days after slaughter, acrincr effects 
on tenderness will be q~itel::>limited 
within carcasses of similar matu- ~ 
l'ity, and. an adequate amolUltof 
well-clistributed marbl.incr will be 
indicative of tenderne~. Very 
lean, poorly marbled meat would be 
. 1 ' m general, ess tender. 
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Except for unaged samples stud
ied the ~~d year, fiber :autolysis 
WIlS not slgiUficantly :related ,to ,ten
der,nes,S. :It would appear, ,there
fore, thatfioorautolysis is not nec
;essarily,associated w1thtender,ness. 

These studies showed that tender
ness was ionlyslightIy 'corj~elated 
,(negatively) with 'tIle collagen con
tent ·of raw 01' cooked meat. How
-ever, it; is lperlULPS significant that, 
with two 'exceptiolls,aU correlation 
coefficients between collagen content 
of ·the meat and tenderness were 
neglttive.TllUs, it may .be con
cludetl .that collagen content ·of the 
l"ibeye 'WIlS probably aminor factor 
contri;}).uting to toughness. For 
10wer;grades ,of meat,ol' less ten
eler cuts, the collltgencontent might 
be It much more important factor" 
.A1so,the nature ,of the IILtdisper
sion into collagenous tissue du:Ling 
cooking,as descrlbedby ,Vang et 
al. (41), may be more" important 
than collngen content pel' se. 

For lUlILgecl11beye, speei,fi0 C011

ductance of the raw meat was sig
nificantIycorrelated with tender
Jless for .2 of the 3 years studied. 
Foraged Tibeye, the specific.COll
ductance was usually negatIvely 
c~rrelated, but not sigl1ifical1tly,
wIth ,tenderness. Tllere js no very 
obvious expla.nation £01' tIlls al)par
ent relationship. Since tendel."ness 
is closely associated with fat con
·tent, one might expect tenderness 
to be in:lJe1'sely correlated with con
ductance because fat has a lligher 
electrical resistancetlutlllean, The 
direct relationshil) :reported above, 
nnd previously reported by other 
lllVestigators (15, 3~), can only in
dicate that the particular organiza
tionand properties of meat that are 
associated with tendemess also con
tribute to low electrical j·esistance. 
Perllaps this is associated with cell 
membrane (sarcolemma) character
is.tics,or with the particular distri
bution '0£ inorganic ions which in.. 

. fluencesthe degree of hydration 
.and other properties of the meat 

'protem, as suggested ;by Wierblcki 
,et al. (44). 

Lean color ·of the ~'awribeye was 
sigrJficantlycorrelated with tender
ness of unaged samples studied dlU"
lllg the last.2 years of this investi
gation. 'The same correlation was 
indicated forunaged samples stuu
iedthe fu"St year,and for all aged 
sam1?les, but was not statistica.lly 
siglllficu.nt. Again,thel'edoes not 
seem to be any good theoretical ex
planation for this relationship. 
Howevel~, the results do confirm the 
generally accepted practical 'belief 
-that .abdght lean color gives some 
indication of tenderness. 

Penetrometer l!endings on raw 
ribeye were negatively but nonsig
nificantIy corl"elated' with tender
ness of cooked ribeye.This would 
indicate that tendemess of cooked 
meat ,1sonly slightly influenced by 
the ease with which fibers of the 
raw meat can be separated. 
~Vang et 11.1. (4~), on the basis 

of limited data obtained during the 
tJlird year of this investigation, 
have suggested thnt the extensihil
ity of muscle fibers from cooked 
meat maybe J'elated to tendel'l1ess 
in some grades of cracasses. Adcli
tional studies are needed beiorethe 
significance oftIlese iindingscan be 
elaborated. Other characteristics 
of the ribeye (shear values for raw 
meat, penetrometer rearungsoll 
cookedmeat,firmness rearungs, etc.) 
were appal'ently not .related to 
tenderness. 

J,uiciness. As was the case for 
tenderness scores, panel scores £01' 

juiciness were very significantly 
correlated witI1 carcass fat, intra
muscular fat, and marbling (table 
55, appendix). Actually,the reIa
tionshipbetween juiciness and in
tramuscular fat is curvilinear 
rather than linear (fig. 12). Inter
muscular fat levels above 8 percent 
have little 01' no effect in terms of 
increased juiciness of cooked meat. 

The panel scores for juiciness 
were .remarkably well correlated 
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;Figure 12.-The cur.vilinear .relationshi.p 
'betwe.en juicine~s score and intramus
.cularfat forunagedLongi88im'lt8 ,dorsi 
'from all ,grades ( ____ indicates P=O;05). 

:with ltile marbling 'rating ;£0;1.' 'both. 
unag~da.nd,ag~d:l·lbeye. ,(T:!:te cor- . 
xelation ·~ffi.Clent wasnegatlV'e 'be
cause highnumerioo1 \\~Idues \Were 
,assigned ,to !high ,degl',ees -of mar
bling ·but ilownumerical 'v:ahies w:ere 
assigned :to high scores for juici
Dess.~ These l'es,uIts substantiate 
the ,belief ,that ;tender,~juicylbeef ,can 
,be selected ,on the ,basIs of ;the mar
'bling,eha.racteristics. 

,tTuiciness w:asappal'ently notcor
xelated with lean ,color, ,and was sig
,nificantly ;correlated 7>vith mber ,au

.ttoly~is .only . for ;unaged, ·samples 
studied (the second ~ea1;. We have 
no 1pgicail iexplanation.for ,there1a
Itiv.e1y b?ghcor~~a;?Onibet:\v,een,fiber 
:autoly~s :an4 ,JUlcmess :and ,tender
nesSifor dllle,unagedsamples ;ob
,tamed 'fihe,second ;y,earwhen ,other 
"groups.of lun~gedand ·,agedsamples 
fail ,to show ,a~y'signjfic:.mtxelation
ship lbetwoon ,fiber ;autolysis :,and 
m~ga.nol~ptlc '.Pro~r,ties. 'This ,em
:phaSize~ ,the ,need for studying;SaIll
pl~ ;E,pm \It lar,ge,nliIri}>er ·01 lca.r
.cas. lbe10r.e ;attempting ;t() ,dr.aw 

:JI 

.conclusions ·tha~ lmay,be (expected,to 

./Lpply' ;~enera:lly. . . 
,JwcmesSSCOl!eSil:v'ere lnot ,corre

aated \wlth press fluid from (either 
raw lor (cooked meat. 'This 'wou1cl 
,sU:bstantiatethe 'be]ief ..of ,other in
,yestigators I(32.,3#) ,that ~uiciness 
scores ,of .cooked meat ,do not reflect 
itheamount ,ofn~ fluid present dn 
lthemeat hut;al'.e ;perhaps m~)l'e clos~
;ly related ,to some constItuent m 
;Ineu.t :thatstimtilates snJivn:W 'secre
tJ.on.Tliisstudy ,and.oth6r ll'eporig 
(3, fJ1J, 39~ 'wouldsuggest tthat.the 
'sjillsation ,of juiciness is :given tby 
,the fat in. the meat, ,particularly if 
,the fat is well ,distributed insmll:ll 
IdepoSits ill. 'the meat :(well 
mal':b1ed) .. 

Lean 'Flav,or. 'The relationships 
ibetw:een !lean ,fllwor :andthecreatine 
land creatinine content of xa'v and 
cooked meat are ),extremely inter.est
in~ (table ,56, :appendix) .¥tili.ough
,ollly ,a few ,of ;the ,coeffiCIents are 
statistically significant, the fact 
,that 'most ,of ,the coefficients for 
,creatine-lean flayor ;are negative 
Iwhilethoseforcreatinine-'lean 
'flayor lave [lositive would suggest 
that high ,creatine ,content is ,detii
mental to· ,desirable flavor !but i.that 
highcreatiriine ds ,desirable from a 
,flavor standpomt. :Since ,high .c1'e
,atinine is usually ;associatedwith 
ilow creatine, particulal~yin ,cooked 
meat, I:therestilts would indicatelthat. 
ionlyone ·of .these .compounds :isas-, .. 
so.ciated 'witllllaVO,l'. Both 1actors i 
,could :00 ,effective, lbut Ithisappea.rs 
un1ike~y ;beca.use :the correla,tion 'Co
'efficient ,betw:eencreatinej.Cl(eatinine 
,ratio ';and !leanfla;voris no !larger 
:than ,the 'correlation coefficients for 
I,each ,of ithe,compounds iIldividually 
:and;lean;flavor.More,extensiv;ein
'v:~stigationsare needed :bef01~ .any 
iPositi'V;e ·cpnclusions ,can !be Id'rllilm 
:concernlllg;the ,relationship lbetween 
creatine :and ;creatinine ;and ,flavor. 

Mthough ,there ;appeared to ::00 
;some ;relationship 1betw:oon ~ean ,fla
y.or :and ,splqbIe ;pro~inCQnten:ttfor 
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§ome groups of samp1es studied the 
third year,thiscor~-elation was not 
statistic&:Uy significant when the 
data for. all samples were consid
ered.This val'iablilty indicates 
that additional studyis needed be
:fore positive conclusions can be 
dl1).Wll on the possible l-elation of 
simple proteins to lean flayor: 

Smce Crocker (8) has mchC<'tted 
that cooked~meat flavor is "sulfury'; 
and Bouthilet (5) suggested that 
meat fln.vor is due to some sulfur
containing compound, it might be 
expected that an estimation of sul
fur compounds ensily decomposed 
to yield hydrogen sulfide would give 
some index of flavor. Although 
some groups of s(tmples studied dur

hlg the last year of this investiga
tion showe.d a very significant l-ela
tionshiI) between lean flavor and 
"volati e" suliur, correlation stu(lie.o:; 
on the combined data did not in
CliCltte that lenn flavor was associ
ated wiell. the "volatile"sulfur in 
raw or cooked meat. This does not 
necessttrily mean that some organic 
sulfur compounds, such as gluht
thione or methionine, do not con
tribute to meat flavor; it simply 
indicates that our method for ob
taining an index of these compounds 
was not satisfactory or that the in
fluence of other compounds on meat 
fhtvor simply is more pronounced. 
Additionnl studies on flavor will be 
required to answer these questions. 

SUMMARY 

This report stllunarizes the re

sults of 1m investigntion designed 
to provide fundament..'ll informa
tion on beef need ecl_ to serve as a 
basis for devising· more objective 
measures forgrnding carcass beef. 
During the investigation extensive 
chemical, biochemical, physiC<'tl, his
tological, and organolel)tic data 
were obhlined 011 samples from 15a 
carcasses of beef ttnimals of differ
ent grades (54 Prime grade, 72 
Good grade, 27 Commercial cow) 
shmghtered from .rune 1949 to Jan
uary 1952. It has not been within 
the scope of this study to attem.pt 
to npply the datiL to improvements 
or.J1lodificn.tions in the grading of 
cRrcass beef. 

Samples of Longissim,us d01'si 
fl'om the wholesale 6-12 rib cut were 
obtained from aU C<'trcasses, and 
samples of Se1nite'lldi1108lt8 from the 
wholesale cut of rOlll(l were obt.ain
ed on approximately one third of 
the carc<'\sse.<;. Samples were taken 
after 0, 2, and 4 weeks' a~jng at 340 

F. (Some cuts from hgfi.tweight 
carcasr>e5 were not sampled 'u.fter 4: 
weeks' .aging becnuse insl1:ffiuif.mt 
amounts of muscle tissue were a,va-il
able for an adequate sn,mpJe.) 
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Certain very definite grade dif
ferences, as well as significant 
weight and muscle differences, were 
found. Changes occurring during 
aging and cooking were established. 
Various interrelationships between 
physical, chemical, histological, and 
organoleptic properties of meat 
were shown to be significant. 

Grade Differences. From the 
results of the 3-year study certain 
very definite grade differences wel'e 
established. It must be emphasized, 
however, that these areb..-eneral 
mean differences and must not be 
TIiterpreted to mean that all differ·
ences are apparent in all carcasses 
of the different g.',.-ades. 

Prime carcasses were fatter than 
Good ca.rcasses. This would be ex
pected since maJ:bling is one of the 
charn.cteristics us.~.~l in grading. and 
since it would be expected that var
iations in marbling would be asso
ciated with variations in separable 
fut. .Also in confor:JUity with grad
ing prncti(l,e '.vas the ):tlctthat the 
amo\.U1t of ~pttrable fflt TIl Commer
cial cow Clll'(;usses WilS intermediate 
between thut of GOQ(l grade animals 
and c:u:easse.o:; of Prilhe grade. Car
casses ·0£ animals alaughtered in 

3.9 

http:insl1:ffiuif.mt
http:attem.pt


J atluary wel'e :fatter than those of 
tmimals slaughtered in August. 

Good gmde and Commercial cow 
ctl,rcasses contained a greater pro
portion of eye muscle in the rib 
cut than did Prime grade carcasses 
which was probably also a reflec
tion of lower sepamblefat. 

During aging at 34:° F. the rib 
cutirom light Good grade carcasses 
lost sli~htly more weight than did 
those lrom the other groups of 
carcasses. 

Ribeye from Prime carcasses, as 
compared to that from carcasses of 
Good and Commercial grades, had 
n, lower shear strength (both raw 
lmd cooked), more press fluid 
(raw), a greater specific conduct
ance (raw), less nitrogen (cooked), 
more intramuscular and "linear" 
fat, more marbling, and brighter 
lean color. 1)10re drip loss but less 
evar.oration loss was noted after 
broIling rib steaks from Prime as 
coml)ared to Good grade carcasses. 
The Longcssi-lmts d01'si of broiled 
rib steaks from Prime grade car
casses had better lean flavor and 
were more tender tlmn those from 
Good grade carctlsses. Juiciness 
scores for ribeye from light Good 
gmde carcasses were less than tllOse 
for riooye from the other groups of 
carcasses. For the first year's sam
ples only, the collagen content of 
raw riooye from Prime carcasses 
was less than that of raw ribeye 
from Good grade carcasses. 

For almost all of these differences 
between grades! except those related 
to tenderness, l'looye from Commer
CillJ cow carcasses ranked between 
the means for the Good and Prime 
grade carcasses or well within the 
range of the Good grade animals. 
Although in some instances Com
mercial cow beef was as tender as 
Good,in most instances this was not 
the case. 

Weight Differences. In addi
ti!ln to the g:ade differ~ne:es there 
,vere some (hffer13nces wlthm grade 
due to carcass weight. Heavy 
carcasses were fatter than light car

casses. The ribeye from light car
casses contained less intramuscular 
and "linear" fat and was not as well 
marbled. .Less fluid could be ex
pressed from ribeye of light car
casses, and shear strength of cooked 
ribeye of light carcasses wasgreateI:. 
The muscle-fiber extensibility of 
raw ribeye from lightweight car
casses was less than that from heavy 
carcasses. 'Within the Good gmde, 
juiciness of broiled ribeye was 
greater ill the heavy carcasses. 

These differences would be ex
pected for the most part because 
carcass weight for these studies was 
largely indicative of animal age. 
Since older animals must be fatter 
to conform to a given ~mde clas
sification, the weight-fat differ
ences described above are completely 
logical. Also, the greater yield of 
press fluid from raw meat of heavy 
animals appears logical since the 
press fluid of raw meat from Prime 
grade carcasses was greater than 
that of Good. 

Muscle Differences. Since two 
muscles were investigated during 
these studies, a summary of their 
differences should be of ,~alue from 
both the fundamental and practiGal 
standpoints. The rttW Longissi1mts 
d01'si contained more intramuscular 
and "linear" fat, less creatine, less 
collagen, and less elastin than the 
Semitendino8'lts.. Primary bundles 
in the ribeye were larger than those 
in the Semitendinosus, and the 
maxImum elastin fiber diameter in 
the ribeye was much less than that 
in the Smnitendi'Jl.OsU8. The Lon
gissimus dO'l'si exhibited a higher 
muscle fiber autolysis level than the 
Sel11.itendinosU8, and the autolysis 
increase with aging was more pro
nOlmced. Fat dispersion by broil
ing was greater for the Longi.ssVmus 
d01'si. 

During broiling there was less 
drip loss but more evaporation loss 
for steaks from the round than for 
rib steaks. Broiled ribeye was more 
tender and juicy and had a better 
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lean flavor than broiled SemUe'l1.di
'I1.08U~. However, the tenderness of 
Se1wite'1ldi'l1.'()ltu.s was improved more 
by aging than was that of the rib
eye. 
, Not only ,vere there differences 
between muscles, but the same mus
cle had somewhat different charac
teristics at different positions. The 
posterior portion of the l·ibeye con
tained less intramuscular and 
"linear" fat and was not as well 
marbled as the anterior portion. 
The center portion of the Semi
tendilloltus contained more fat, ex
hibited a greater autolysis level, 
and had a lower raw shear strength 
than did either end. The muscle 
fiber diameter in the Se'1l1/ite'l1.di
'I1.,()sus decreased progresSively from 
top to bottom . 

.Although the two muscles were 
quite different in their clu\.racter
istics, differences between carcasses 
were reflected similarly in the two 
muscles. The fat content, specific 
conductance, and tenderness scores 
of the two muscles from different 
carcasses were vel")' significantly 
correlated. 

Changes During Aging. Aged 
l·o,wribeye, as compared to fresh, 
had a higher pH and specific con
ductance (Good grade only) ~~nd 
contnined higl1er percentages of 
nonprotein nitrogen, free ammo ni
trogen, anci creatinine but less sol
uble protein. Aging hlCl·eased the 
autolysis level of ribeye but re
duce<l the col1a~en content and mus
cle fiber extensIbility. The color of 
the raw meat was improved by 
uging . .I;\gingfor 2 weeks improved 
the fat flavOl:, lean flavor, and ten
derneSS of broiled ribeye. An addi
tional 2-week aging period was 
usually detrimental to lean and fat 
flavor and llad little additional ten
(hwizing influence. There was a loss 
in aldolase, phosphot·ylase, amI 
proteolytic activity during aging. 
Aged cooke<l ribeye, as compare(l 
to fresh cooked ribeye, contained 
more soluble protein, nonprotein 

nitrogen, amino nitrogen, and cre
atinine. Fat dispersion during 
cooking was reduced by aging the 
rMY meat. 

Changes During Cooking. 
Broiling meat to an internal tem
perature of 1550 F. resulted in nn 
mcrease in pH but reduced the 
specific conductance, penetrometer 
readiIl~, and firmness rea(lings (in
crease(l firmness) . The shear 
strength of ribeye was increased by 
cooking but that of Semitmuli1l08US 
WIlS reduced. Fibers of cooked 
meat were more extensible thun 
those of corresponding raw samples. 
Cooked meat, as compared to rnw~ 
contained more press fluid and 
creatinine but less soluble protein, 
collagen, and creatine. 

These differences indicate that 
during cookin~ (broiling to 15?o 
F.) the followmg c1UUlges occllr III 
varyinO' degrees: 

(a) 1fuscle fibers are change(l 
(denatured) so that their resistance 
to shear and their extensibility are 
increased. 

(b) Collagen is hydrolyzed or 
denatured. 

(0) Soluble proteins are dem\.
tnrcd 01' condensed to more insolu
ble complexes. 

(d) Creatine is changed to cre
atinine. 

(e) Perimysial and endomysial 
fat is dispersed. 

(f) The surface of the muscle 
.fibers is sometimes slightly "ero
ded," which probably indicates that 
the fluid cytopl~smic material in 
the muscle fiber IS coagulated only 
near the cell periphery. 

Meat Properties Associated 
With Organoleptic Desirability. 
Shear strength of coo1\:e(l meat was 
u. good index of tenderness. Ten
der'ness of unaged meat wus also 
closely correlated with the intra-
muscular bt content and "mar
bling." Unaged 11l.W meat with 
bright lean color ",us usually more 
tender than meat with It darker 
colo~·. In these studies, collagen 
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content of the meat was not sig
nificantly correlate{l with tender
ness. Sheul' strength of raw meat; 
speciuc conductance of rllW ment or 
cooked meat; penetrometer and 
firlllness readings on l'llW ot'cookecl 
ment; extent of fiber uutolysis; and 
protein Itlltolysis, as indicated by 
the nonprotein nitrogen content of 
1'II·W OJ.' cooked Illent, were 110t con
sistentl.y or significantly related to 
tenderness of broiled stenk. 

Juiciness of broiled ste.uk was 
closely associated with fnt, IlS ev:tJ
uuted either 'by intramnsclunr fut 
or marbling i·ating. There WitS 

some indication from the results 
that this relationshil? between intra
muscular fat and Juiciness is 110t 

apparent nbove a certain. int;ramus
cuIllr fat Je.vel (pl'Obahly 7 to 8 pel'

cent) . In othel' words, increlt.se<l 
amonnts of weU-distributed iat up 
to 7 to 8 pet'cent mll.y improve juici
ness, but iucl'ensing the fnt content 
above this )8\re1 will. not genemUy 
inCl'ense juiciness scores. In these 
studies, juiciness WitS not consist
ently relatecl to press fluid from 
raw or cooked men/; 01' with any 
other chemical, physicn.l, or histo
logical property studied ot,her thn,n 
fttt cont.ent and mltrbling. 

Lean fhwor WitS not significltlltly 
associllted with any other property 
of meat evaluated in these studies. 
There WitS some suggestion that 
cr:catino and creatinine, soluble pro
teills, and simple sulfur compounds 
may be slightly associated with 
lean fl:wor, but the rel:ltionships 
were 110t consistent or significant. 
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IAPP.ENDIX 
in all tables in the ~ppendix the ]llficant difl.'el:ences. The results 01-follo.wing desigI!ations are used to this test are denoted by milking.indicate·the .grade and weight clas the effect means in order of mng:'sifications: nitudealld pllLCing brnckets around

c,,__ Commerclalcows :.groups that contain ]10 significant'Cs.._Prime gJ:ade light cattle differences (5-:percent level). The'Cs.._ Prime gJ:ade heavy cattle usual designations * and ** areC....- Good grade light cattle
Cs__ Good grade heavy cattle 	 used to indicate vn1ues significant

·at the 5-percent and I-percentlevel,TIle analysis of variance tables respective}y.
aI:'e ,Pl'esented in the usual manner. In some cases angle transformsFor cases in which significant vari of the actual observed data wereationwas found the mUltiple com used for the variance analysis.]?arJsons test ·described by Duncan 	 For tIus, table 16.9 presented by(11) ""as used to separate the sig-	 Snedecor (36) was used. 

TABLE 5.---0alcuZated pe1'oentage oaroas8 fat.in diffm'ent gmde8 and 1.oeigM8of 0a1'Oa~8e8 8ampled in diffe;l'ent month8 «(uvemge of 9 (;(~I'C(l88e8 in eachg1'OUp) 

Olllss O2 03 O. Os 0 1 

June______________
August. ______ • ____ 34 38 24 28
October___________ 34 3i 24 26 32
January ___________ 	 25 2i 3239 40 	 ?26 .1 86 

T:ARLE 51l.-.11.1Ialysis of 'I1a1'iance for Ortlwgonic A1lgu8t and ,Ttt11!UW'Y
data 1 

S1L1It of lltleanSource ([./. squares slJuare ]I'OlllSScs _____________ • ___ ____ _____ 4Yeurs ______________ •___ _________ 2 588. 5595 Hi. 1399 **37. 58
l\-lonth _._ _ _ __ _ ___ __ __ ___ _ ___ __ _ _ 6.5Ji9 3.25891 	 --------39.4'lil 39.4!l.iJ **10.08OlllSScs X month._-______________Jmr,r,or___________________________ 184 a6.5488 9. 13i2 .2.33

iO. 4.i4J 3.9152 
TotaL____________________ 29 i4J. 5>t.i4 ---------- -------".-

Significunt effc(lts:

Month IIICllns


Aug. Jun.

I 31. 45 I I 34.10 I 


Olnss mellns

Of Os 0 1 
 CaI 25.89 2i.70 I I 35.53 38.40 I 

1 1\ngle trnnsforllu; of percclltuges used. 



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

TABDE '&.-Median :pet'cMtages of ;Longjssimus dorsi 'Inwwle 1/;1/, variou8 
,parts O'f '1v!wZesale rib cut !'I'wn Oal'O(UfSeS Dfdiffe1.'entg1'adesand '1veights 

Cluss 02 C3 C t C~ C1 

H-12 rib._. _______ .24 .22 30 .27 26
9-10 rib ________._ 16 15 21 20 18
7-8 rib. ______ •• _ 11 9 1l 1J 10 

';l';.\BUE7.-11vemge leam. 00101' mftilltgs Df Longissimus dorsi 'lmuwle !'l'Dm, 
different grades a'lld '1veights Df .cal'C(UfSes at diffm'ent aging periDds 

Aging 
(weeks) 

Yeur 

C 2 C3 

Class 

C. C~ C 1 

0••_________________ 
1 
2 
3 

5 
4 
<1 

4 
3 
3 

5 
5 
5 

6 
5 
5 

4 
5 
5 

.2._______________ • __ 
1 
2 
3 

3 
2 
3 

3 
2 
2 

<1 .. 
3 

5 
4. 
3 

4 
3 
3 

4.____ .. _. ___ • ~.___ ._ 1 
2 
3 

3 
---
---

3 
2 
3 

3 
---
---

4 
3 
3 

4 
3 
3 

TABLE 8.-A'lla7;ys~ of va1'ianoe and signifW((J1l,t 'lnean differences Vn lean 
ODlO1' of Longissimus dorsi /1'WI1l oal'O(Ufses Df diffe1'ent grades and 
'weights sa'lnpled in A'ltg·ltst and Jwnua'l'!l 

Sum 
of Mean 

Source d.f. squares square F 
Classes_______ ••_. _" _____ • ____ • _ _ __ _ _ 4 49.53 12. 38 **4.17
Ycnrs__________ ._•• __ • ___________ .___ .2 18. 72 9. 36 3.15 
~lonth_____________ • ________ • _____ • __ J 3.67 3.67 1.24Aging. ______ ._______________________ 1 

52. 01 52. 01 **17.51 
Chu;ses X month_____________________ 4 5.3.7 1.34 -----.-----Clusllcs X Ilgillg ______ .. __ ~___________ 4; 5.87 1.46 --- .... _----
Month X aging_______________________ 1 1.01 1.01 
Clnssell X month X ./lging_____________ 4 11.36 2.84Error___• ____ w _. _______ • ________ .____ 38 112. 95 2. 97 -_ ... ------

TotnL_____ •________ •• ____ • ___ _ 59 260. 49 ... ------- ---------
Significant melln differences: 

Aging: 
o 2 wceks 

, 2.83 ,~ 
ClnslIes: 


C3 C 2 C. C 1 C~ 


1_2_.5_4__..1:,=3.=1:::::7===,=3.=3311==:::::4.~17=11__=4.=25"---,, 

47 



---------

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

'~LE :9..:--Av~ag~ ~sti~'je(Jtwe ,m'iinbZing ,ratings ifo.rL9ngissimU8,d()rsi 
/lr.o.m!aifferent ,graaesandf/J1eig ktao/ oat'casses 

lRlbsection Year 
'Class 

:C2 '03 at C5 C. 

Ilth~____________ • __ 

'9th _________________ 

7th_________________ 

.2 
3 

2 
3 

,2 
3 

::; 

l.6 
3. 0 

1.9 
,2.3 

1.9 
,2.1 

1.8 
1.6 

1.'6 
1. 8 

:a. 7 
3.8 

3. 5 
3. 3 

3. 4 
3..2 

3. 2 
.2. 7 

2.8 
2.4 

2. 6 
2. 3 

3.1 
,2.3 

.2.5 
2. 0 

'" 

(l\UniE lO.-AnaZysiso! lIJa1ianae /orOrthogonic AugU8t andJanuary 
data 

Sum of MeanSourceClasses_____________________________ _ d.!. squares square :F 
years ______________________________ _ 4 33. 08 8 .. 27 **8.Hl\IIonth_____________________________ _ 1 9.12 9.12 **9.31

1 . Q2 .02iRibseotion _________________ • _______ _ ---------
Classes X month____________________ _ 1 .2.12 2.12 .2.16 

4 .67,Classes Xribsection ________________ _ .16 
---~-- ... -4 .57 .14'MQnth X rib section _________________ _ --------1 .60 .60 ---.-----,Clnslles X Jnonth X .rib section _______ _Error _______________ - ______________ _ 4 .58 .U 

19 18.63 .98 ,..--------
TotaL _______________________ _ 

39 65. 39 
SignifiQant .meandifferenQes: 


Year means
3d 


1.2..201 

Qluss means:---

,C3 'C. 


/1.94 /.2.60 




I! 

.'JrABliE l1::-A!V~e .8'Mar llJ(J//;ue~ ;foriLo~gi~imu~ :dOl!si. i/'11()JJ1, .().arca!l8e8 io.f 
!differem ,g:llade8 ionulw.ezg~~t8 ,after ,dtf!ere1J,t ,agZ1J,g /pemod8 

i[~ro .aging lfigures 'lire a:VJ'lrage 'value :from :9 'carca.sses; other :figures .area:ver~ges 
. . ,of,,3-'9carcasse~] 

:;Month.·slaughter.ed 
Aging 
rw;tiod
. weeks) 

,02 'Oa 

Oluss 

'O~ 06 I OJ 

~:;.. 

iltAW 
,I 

.:June~~._~_______ .-- (0 
.2 
~ 

IPOlmds 
5.1 
'6.,0 
5. 7 

iPOlmdl! 
7.,0 
,6.9 
6..7 

iPounds 
.6.'5 
.5.5 
8. J 

:Pounds 
8.,2 
.7.8 
8. ~2 

Pounds 

August______________ 

\.> 

,0 
2 
!l 

6•.2 
6. 6 
4..2 

',7.5 
6. 4 
6.,9 

6"8
6.,6 
7.0 

7.,2 
8. 4. 
8.0 

'7.'6 
,7.0 
,6.9 

:Octo~r_____________ 

.iTanuary _____________ 

,0 
,2 
!l 

'0 
.2 
4 

ot.:-~-

'6.8 
,6. ,7 
5 .. 2 

.. ' 

5.9 
6.0 
5.8 

8.,2 
8.'9 
i6.9 

.7.'9 
7.!1 
'8.3 

9. 2 
'9.4 
.7.3 

6.'.9 
'6.'6 
7.1 

'7.,7 
6.'6 
6.4 

.7.,0 
5.6 
5.6 

'OOOIillD 

Jun~________________ 

.August_________ .___ 

;0 
.2 
4. 

,0 
.2 
4 

iPoulld3 
9..2 
.7.9 
'9.0 

11.3 
8.5 
8.5 

,Pounds 
'9.8 
8.7 
,8.,2 

10.0 
8. 1 
7. 8 

iPOltnds 
13.'9 
:9.9 
8. '5 

13.'9 
9.5 

Pounds 
15.4 
JO.2 
8.6 

1l.4 
,8.7 
8.6 

Pou1l.ds 

---
12.4 
:10.,0 

7.'9 
,October__________ ._. 

• 
:0 
.2. 
4: 

12. 4 
9.4 
'9.6 

11 .. 2 
'9.9 
8. 6 

11.'6 
10.2 

8.'6 
:January _____________ 0 

.2 
4: 

ilO.O 
8.'0 
,7. '5 

8. 1 
6.8 
7.1 

13.5 
9. 7 
8.0 

11.9 
10.0 

9 .. 2 

12. 8 
9.'9 

10.0 



'Tz\BLE Jl2.-.A.'lJ,erage /81wa1' Il)(uues lor :Semitendinosus /1'omaaraasses ,0/
,differ.ent ,grades and ,weights ,afte1'diffe1~entag'l,ng (periods 

[.Averagevalucs ol3-9 :carcBl!Scs] 

;Clas~ 
i.Aging ,period 

(weeks) j
,C2 'C3 '91 'Cs C lI I I I 

lRAW 

iPoltnds Pounds iP01tnds :Pounds Pounds,0 ____ .______________ 
16.3 15. \) 16.6 18.3 15.8.2:...________________ 15.1 15. ~. 18..2 18.5 14..2

4,.------ - _-_. ______ 17.3 l8.3 19. 3 19.1 14.9
I 
,COOKED 

iPOItnds Pounds iPoufids P01tnds Po'/tflds'0__________ • ____- __
2 _________________ 10.~ 1.2. 2 13 .. 2 J.2.6 14.2 

9. 6 9.5 9.5 9. 9 10. 8 4,--- ____________ -- ----.,. ... 10. 7 -_ ... _-- 10.6 ------

TAllliE 13.-.A:nalysisof variance wnd signijica,nt .'I1wwndijfm'enaes in shea?' 
'8trength of aooked Longissimus dorsi i'I'01naal'aasse8 of dijfel'entgmdes 
and we'ighto (sampZed Vn Augu'8t and Jwnuary) .aftet' dijfel'entagi:ng 
p~ods . 

Sltln of lUean 
Source d./. squares sYllare F'Classes_____________________________ _ 

4 .200.3350..08 **8. 36 
.2 98.70 49.35 **8.24 

·yea~__ - __ • __ --____________________ _ 
]donth_______- ______ - ______________ _ 4.92 4.92 ________ _Aging______________________________ _ 1 

1 199. 44 199. 44 **33. 30Classes X .month ____________________ _ 23.675.91 ________ _4'Classes X .aging _____________________ _ 15.53 3.88 ________ _4Month Xaging-- ___________________ _ .'69 .(i9 ________ _1
,Qlasses X .month X aging ______________ 3.90 .97 ________ _ 
~rrQr______________________________ _ :4 

.227.55 5.99 ________ _ 38 

TotaL_________ • _____________ _ 


59 7.74.73 

Significant .mean differences.: 

Aging: 


to .2·weeks 

111.301 18..72 1 

'Yea~: 
3d ilst 2d 

1 8. 74, 1 10. 48 10.80, 

'Classes: 
. 'C3 'C2 ,Cs 'C1 C~ 
1 8......'0_5_1_9_.1_7_,---,,=J.=0.='O=8J 1 11. 12 1 1J.162 I 

http:23.675.91


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

----- -----

-----

'Ti\lIDEU.-Aver,agespeciific ,a~'1!fluctance lor LongisSUnusdorsi fr,om roav
lcas8.t#J iff .d~fferent :!I'radcs .and !We~g'hts ,after .different agilnflpemoil8 

I[Z~r(l lWng1fig\l!:e8 ,are •.average ·;values !from '.9 .carcasses; ;other :figures lare ,averages 
,of 3-'9 ,carcasses] 

..A,ging IC1ass 
i'C' Month Blaugh ~eriod 


\tered :wee~~) 

,C2 I ,0.3 iC4 ,C. ,CjI I I 

.RAW 

U,O-6mhos :10.-6mhos [(j~~mh08 ,1O-6mhos :10.-:6ro:hos 
.:Tunc.___-- ____-' io.. ;30.6 ,262 :228 ,215 

2 :2.79 266 310. .286 ----
358 .238 :28.7 :2854 -----

AugusL_,. _____ io. 258 .289 187 .284 .285 
.2 281 :270. 3liI 287 .2.78 
4 152 .223 30.1 .284 .232 

·O.,tober_______ io. 228 .224 230... ---- .... -... ---,2 275 .26.7 292 
4: --,...-- 265 283 247 

Janj1ary_______ 0 .297 .265 190. .240. 24.7 
;2 275 .275 289 286 268 
4 31.9 .240. 349 .29.7 243 

,COOKED 

lo."'~mhos 10.-6mhos 10.-6mhos 10.-Ambos 10.-:&mhosJuue__________ ;·(f ;258 .20.3 .254 243 --- -
;2 196 20.8 234 .232 ----
.~ 179 '183 211 .217 --,...--

August________ J:I 244 244 256 .252 ,256 
2 ;229 .211 242 242 225 
4 (}73 il88 ----- 212 1M. 

'October_______ '0. .244 241 252... ---- ----
2 -.. -- .... -- ... _- .229 .229 .221 
<1 .250. 20.7 194 

January_______ '0. I 227 .230. .230. 254. .234 
1.97 :20.2 246 .226 228 

.• J .2.14 163 .267 20.9 .20.0.r ~ 

I 

II 
i,\ 

:51 




;' ,:- -; '. , 

bn,ijq;.z.l:5,-,..AnalY8ls ;o!@ori,Plfl,(Je iood iig.nificant tiMan ,differences ,in 8pe
'.' •',difoJ.'.'.';~.' t.an.'.~e ..of . ...8.e", ". . . ... mawLo..~gissimus. ldoi:si f,'l:01n ,c.a'llcas .. 8lJ/ ,different 
..... ;giv!.df)8i(J/na.tl!Je.lght8 I(sampled ,in Aug'I.UJt ,and J.anua'l'!!/) ,after ..different 
' '. ;ag,'i~g pe1i1dl8" (;1' 

Sv,m ,of .Mean 
:SOU7:ce d.,.. sq.uare8 . . square .'1' 

4 .2.7, '095.1 16,.923.8 [.80..... :.~=~::::::=::::=:::::::::::::: 2 i53, :532. 4; :26, ',7.66. ,2 '*1I!6.',96
1 4, 47,7. 44;, 47,7. 4 ,1.16~~:::::::::::::::::::::::=:: ;J ,28, :366. '9 ,28,366. '9 lQlaeses X!lilonth________________ _ ·",7.3,7
4 ;14, ·482.16 3,.620.,6 ________ _,ClaesesX ,aging_____ --- _________ _ 


Month X ;agillg~ ________________ _ 
 4; ,49, 37:2. '9 12, 343. ,2 *3.21 
\1 3.:70.4 it70.4 ________ _ 

(C18lI8es X :m.orith X ,aging__ ~ _____ _ 9, '1731. 2 :2,432.8 ________ _ Error___ '- ___ ._ ~ ________________ "_ 4 
'38 146,217.'03,-847.8 ________ _ 

''iI'otaL ___________________ _ 
59 :334,045.8 

Significant !Ulean differences: 

. ,Classes X .aging ~nterac.tion: 


'.
Aging ,01 O2 ,03 O~ 105 

'0.. ___ -- ..... !'<---- 265 .2.65 276 179 258 
14_____ -- _______ 

27,7 2.71 280 .29.0 278 

Aging: 

,0 
 .2 weeks 


J 248, ,.2.79, 

Years: 


3d 1st ,2d

,240 261, ,.291, 


;52 




'a'A~. i6.•- ..A,'~l1,,8.is. of varitlnce. tt1!.d ~:n,.·gn,ific.,' a.. n~mean d.ifferences.. in,8J'..e
mfiiJ.:cond1J,fJta.naeol coo1cedLongISsIID.us dors.1.from;.carca8sesof dztfer
e.,,;t'{/1'a/ksariilwezghts (sampledin.AugUstand January) after differ
ev-t .agingperiods . 

. Sumo! Mean 
Source d.f. .8quare8 8quare F 

Classes_______ ~-_~ _________ .:______~ 4 '13,'713.2 3,428.3 1.82 
Y~___ ----"':---.... ----------- __ - __-2.61, 792. 330,896.1 **16,40 

*5. 661=~==:========:=:::S'~~=:=:=:=:=1 Ig:~frb Ig:gf~J '*'5•.27 
'~ClasseSX mQn.th___~-_-'____________ 4,2,628.6 657 .. 2 ---------
Classes X aging ___ ~________________ 4 :7,370.3 1,842.6 -- ______ -' 
Month Xagiilg____________________1 69.0 69.0 _______ -_ 
ClaaI!es X month Xaging____________44,351. 6 1,087.9 --..,----- :Error_.__________ -_- ..______________ 38 :71,57.5.4 1,883. ,6 ________ _ 

TotaL._______.- _____________ _ 59. 182,079..1 

·Si,gnifieant mean differences: 

Aging: 

0 '.2 weeks 

'J,242 1 12241 


'Month: 

Jun. Au!!. 
!224'1 , 243 1 

Year: 

3d 
-:; 

.2d .. 1st 

1203 1 (241 257 1 


TABLE 17~-A1Jel'agespecifi<rc(milU<itance fOl'Semitendinosus from car
(\':S8es of ditferentgrarles and weights after aiffererJ,taging periods 

[Average 'Vlllu~sfronl ,3-9 . carcaSSeS ] 

V-..r . Class 
Aging. period

(weeks) . 
~C2 Ca o. C5 C1I, I ! I 

RAW -:;.Ci 

l(}~&J1ihos ,lO-smhos 10-5mhos 10-5Irihos ]O-,sIrihos0_. __________._ 263 '242 .208 .238 .282
.2__,....-. ....'_______ I318 285 313 .290 311 
.~- --~.;.---~--- 296 .271 330 307 308I

",-, 

COOKED 
\.-'/< 

: 

0____________ 1O-5mhos lOc5mhos 10-5Irihos lO-5mhos 1C:-5Irihos 
.278 1.87 218 .200 222.2____________ 253 238 214 .206 .2124.__________ -_ 

---.-".--- 22.4 ------ ... 224 -----""'.

·:5.3 

I 

http:A,'~l1,,8.is


------

------

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

(\ 

'TAJJIiE 18.-:-Averagepenetrometer readings for LOI~gjssimus dorsi from 
carcfUlse80f different grades and weigltts after different aging pmwds 

(Zero aging figti;';;es are average values from 6 carcasses; othcr figures are averages of 
3-6 carcasses) 

Month slaughtered 

Jurtlf____ ___ • _______~ 

August______________ 

October _____________ 

January_____________ 

.June___ - __________ ~_ 

August______________ 

October _____________ 

..Ialluary__________ • __ 

Aging
period

(weeks) 

0 
:>
4 

0 
.2 
4 

0 
. 2 
,;, 

0 
2 
4. 

0 
2 
4 

0 
2 
4 

0 
2 
4 

0 
2 
4 

C2 C3I 

RAW 

mm. mm. 
J8!) 158 
183 167 

------ 161 

181 156 
178 100 

-- --..,_ ... 140 

-... ---- ............ -... 
..... ---- ...... --- .. --_ ...... ......... _.. 

169 J50 
170 130 

... --- ....  130 

COOKED 

111111. 111m. 
85 79 
93 89 

91 

91 92 
9.2 91 

----_ ... 78 

---- ... - -- --

72 70 
86 87 

... ---~ ... 70 

Class 

C.I I 

mm. 
143 
186 

-"" .. _-
175 
208 

_... -... _
158 
226 --- _.. 
162 
li4 

--- ... -

mm. 
107 
93 

- ... -_ ... 
130 
109 

93 
95 

- ... ---
91 
86 

---- ... -

C~ 

film. 
165 
150 
160 

168 
161 
140 

163 
1.81 
Hi7 

175 
194 
]43 

mm. 
92 
84 
93 

93 
80 
81 

86 
99 
80 

100 
84 
92 

I 
C1 


111m. 
_.. -....... 
- ... --
- ..... -... 

171 
197 

-..... --
J61 
153 
145 

162 
180 
166 

111m. 
.... ----
----,--- -_ ..... 

105 
104 
83 

84 
83 
78 

79 
8.6 
72 

:5.4 




_____ 

l'.\DLE 19.-;-il:i'c1'agepenefinomete1· 1le"itlingJj fo]' Semiteu<linosus fn)11t oar
·C(J!l8e$ ()f,dilfm'entg1'ade8/1~ndqj)eigkt8 a/tel' d#fel'("'nt auing pm'iods 

(~vcragcvalUCj;l of 3-0-5 carClU!8c:ll 

"") Olass 
Aging period 

(w~:ekl!) 
O2 0 3 6~ o. C1I I I 1 

RAW 

film. 111111. -rtIm. m1ll. mm.O_________ ~-----_- 139 136 117 '130 105 
~ "1,\ 149 154. 161i 153 134 ----~r~--~~~-~--~-.I. __ ~'!--~----~ _____ .. .,.,. ....... -- lSI) ".............. 149 l;n


1 
COOKED 

I 
1/11/1. 111111. inti!. milt. 1/1111.O___ ~~~~_ ...~_~ 77 12 66 63 7.22---_______ •______ C4 _________ . _______ 100 79 89 6{j 80 

.... --- ... - 86 ------ 88 -----

:55 




----

----

---- ----

----

<) 

T;>f\~ fl.O.-Pr,es..8tfAj,id.·~ 'b~Q'm LOI~gjssi~u.s dorsi f1WrF oal'oaJJses of dit!m'~nt 
. , g1'aaes and weights after ditfe1·ent aging pe1iods 

[Zerp aging figures are average values frQln 6 carcnsses; other figures are Ilverages of 
. . 	 3-6earcasses] 

.. ~ 
Aging Class 


Mon.th slaughtered period

(weeks) -Z-G~T-~'l' I C1c.~ 

RAW 

Percent Percent Percent Percent Percent 
Jllne_~__ .~. "....... __ 	 0 25 24 .24 24 
 ... --

.2 17 16 15 16 
4 7 15 12 13 --.. -

August........ __ • __ • 	 0 25 32 23 .27 24 
2 18 28 15 ]7 18 
4 13 25 14 16 11 

October _ •• , __ •• _____ 0 -- ..... ----	 22 26 26 
.2 ..... _... 15 20 21.. --
4 ---- --_ ... 11 17 16 

Jalluary_____________ 	 - 0 26 28 	 22 25 25 
2 22 21 	 15 14 22 
'4 14 20 12 9 19 

COOKED 

Percellt Percllllt Percent Percellt Percellt.Tune______ • _. _. _ •• __ 0 38 36 	 31 35 
2 40 32 33 34 _... _
4 37 	 31 37-... --	 ----

Allgust••___ - __ ---- -- 0 38 34 36 36 36 
2 40 39 37 35 37 
4 39 44 37 

October _. ___________ 0 	 38 37 42---- -... - 
2 - .. -- ----	 3.7 3.7 40 
·4 ---- -,..- - 37 35 30 

Jan!lIIry _. ____ • ____ ._ 0 38 39 	 39 4:1 40 
2 36 37 	 38 37 38 
4 36 35 33 35 

I 



-' ~\ 

T,\'DLE21.-P"·e88fo!J,i(l l'r01n Seinitendinosns front Oa1'ell8ses of 'dijfe?'ent 
.' g1!aile8 atul 'Weights aftm' ditfm'cnt agingl)eriod8 

[Figures for rllW arc a.veragel! of 3.~6 cnrcllIIseS; figures for cooked lire Ilverllgesfroffi 
" 2 CllrCllSSeSI 

"Aging period (weeks) 

I.; 

O_~~~_~_~ __ ~~_~~ __
2__ ___~ __ ~ ~_~ __ ~~~ 

~-.---.--.---.----

O_"_. _____ • ____ ~_. 
2~_~_~~ ___ ~_~_~ __ ~4 _______ - __ ••• ____ 

O2 

Percent 
22 
16 
JO 

Percent 
35
a,j 

-_ ....... _--


C3 I 
RAW 

Percent 
27 
.20 
18 

,. 

COOKED 

Percent 
35 
37 
:37 

Clllss 

Cj 

PercIJllt 
21 
16 
J5 

Percellt 
:J:3 
35 

... _- ...... "'-1--

C6 

Percent 
2a 
17 
10 

Percent 

34 

:37 

35 


I C1 

Percent.,._1 
18 
14 

Percent 
31 
34 

--_ ... _-

57 



---- ----

[':kBLE.22.-:.:rotit1~it'nogenoontent of oooke.dL>ngissimus dorsi and Semi
8tendill08Usfl'£m~ oaroasscs of Witfm'cll,tg:l'a(ics.a'lul 'l,Veigltts after ditfe1,e,nt 

agimg periOds 

[Elich figure is 1111 averuge vliluc.of:J-9 curcll~Hcl:!j 

." 
Aging OhlSS 

.Month 81IlUghtcre~"') ~tiod

< \f; 

~,wecks) 

O2 03 OJ 06 O.I ! I J 

I10NGJSSIM.US DORSI 

Percent Percent Percent PerclJnt PercentJ!ine._______________ 
0 4.56 4.52 4.n 4. i2 -_.... 
,2 4.28 4, 23 4.60 4.44 -... 
4 4.41 .......... 4.55
---- ---'" - -----.-.- --.-"~-

August. ______ • -- -.-- 0 4.51 4. a6 4.71 4.52 4.5a 
2 4.aO 4, 34 4.52 4.56 4.5-1 
4 4.32 4. a1 4.42 4.48.. ---

OctobQr__ • - ---~-__________ -----
0 ---- ......... - 4. 78 4. Hi 4.:37 

2 4.60 4.54 ,t 38 
4, -- .... - .... _-- 4.51 4.02 4.38 -.Januury • ______ • ___ ._ 0 4.53 4.:H 4, 00 4.55 4.51 

" 
2 4. ti4 4..27 4. 57 5.24 4. 53 

'tOil 4. :Ja 4.67 4. 77 4.75 

SEMITENDINOSUS 

Percettt Percent PlJrcf,m1 Percent Percent 
0 4.41) 4.60 5. OJ. Ii. 02 4.80 
2 ,1. 52 4. iii 4. 112 4. (ill 4. Iii 
4 4. 50 ... ~ -.- 4.73 _...... -I ---

t 

http:I10NGJSSIM.US


'''j

t:\BLJ~ 23..-Analysis of v(u'iance a~d significant rmearn dijfel'e1UJfJs vn'lllifll'o
gen ,content of c()oMedLollgis..,imus dorsi /,;'0111r C(t,1'ca8sesof dijfe1'e'llt 
gl'ulles (tild'tce-tgltts (sam.pled in ,A'ugusta'nll ,Jantut1'y) aftet'd,;'jfel'e;nt 
aging l'cri(Jlls ' 

B/lln (lJ Mean 
Source d.J '~fJllClre8 square [i' 

Olllsscs___ ~ •• _" '" __ ~_. _. ___ 0. _____ _ '4" 1. 8345 O.458(i *,2.97Y()ar,s. __ •• _.,. __ •. ________ • _____ _ 2 .9020 . 45,lO 2.92 
~[~nth__ , ________ • ______ •• __ • ___ ._ 1 . ,22H2 .2262 1.4H 
AgmS_____ ---- '. _-- _ - - _. -------- - -- 1 .0004 .0004 ... ----- ...... ~CIIlssl'S X mont!I.- ___________ - ____ _ 4 .9603 .2401 1.06CllIsses 0< uging. __________________ _ 4 . H3l6 .15.79 1.02
Month X Ilging. ____ •• _______ • __ ~ __ 1 .0891 .0891 --".. .......... ""'-·,'Classes X month X Ilging__________ _ 
~rror________ • __________________ _ 4 . 134<!. .0336 ---- ... --

38 5.7110 .1544 -... ---- .... ~.-

'l'otni. _. '... __ • _"_ ~ __________ _ 
.... -f .... - ... ___.59 10.4895 ------ .. --

Significllni; mCI\U dilfcrcn,ces: 


Qlnsses: 


Ca C2 C.Cs Ct 

14 6 4. H2 11,_4:.;..'.,.;.40__.......;4;;,.• .=.45:;..-~1__4_._46_}_I____.__1 1 


l"\llf,t: 24.--1'/I,tl'am'us(Jula1' fltt ()ontent of (Ujfet'ent sectio'llS of 1'(//1.0 Longis
, sinl~ls, dorsi mid Semitendinosus 11'0111, (J(tI'(}aS8e<~ ol(lijferent g1'{uZes and 
'iveights 

[EMh figure is 11II Ilveruge Ylllue of 3-9 cnrc~u>aes] 
r ' , 

Clnss
IMonth sln\iglttered Muscle section 


I 

I 	 C2 I C3 I C~ l Cs I C l 

1- LONGISSIMUS DORSI 
I 
t 	 Per!.'!)/l! Percent Percent Percellt Percellt 

L
JUIlC____ • _ _______-........ - 11--12 rib 8.0 9, \l 3.1 6.0 --.
9-10 rib __ • _____ 9, 1 to. 5 3. 7 (i. 5

\' 7-8 rib________ . 	 --n. 5 10.5 4. 0 8. II 	 --• - ---""--i August____ .• ____ \1-12 rib....... 6.4 7. 7 2, 7 4.5 5.6
1 9··\ 0 rib ________ 6. 9 8. 0 3. 0 4.9 5. 6I 7-8 rib. ................... - 7.1 9.4 4. 0 5. 8 6.8
I .. 
f-O~obcr•• - He"" 11-12 rib -__ ._. __ 	 .2. H 3. 0 5.5-' .. .... ~--
; 	 9-10 rib _____ ._. _.. - ... -- ... 3.5 3.8 6. n
i 	 7-8 rib___ ••• ___ _... 

" --.,.. 2. 7 4. 2 7. 3 
j -'----•.--.~-I 	 11-12 rib. ______ - 

,lllllllllQ'__ ...... .--	 7. 7 10.9 3.4 4.2 5. 8

I 
 9-10 rib________ 
 8, 0 1l.8 3. 7 5. 0 6. 8
7-8 rib. ______ ._ 7.5 13. 1 4.6 5.4 8. 8 

" 

SEMITENDINOSUS1 
II-	 Percell/, Percellt IPercellt Percelll, Percellt 

Top ___ .... _.. _ ...... 4.5 4. 9 2.0 2.3 .3.3I 	 Middle_. _______ 4. 2 6.1 2. 3 2.7 2.8 
BQt,tom ... __ • __ .. 3. 2 5. 0 4. 1 2 .. 2 2. 1I 	 I 
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'!r	.•\.JUJE ~fi.-.1i1l(J,11y8i8 :of !lJ(ttrU;tnoeOllUl si,gnifioant 'lneandilfm'ft.{lwesin int;l'a~ 
i,n:usQltla1' ,fat o(J.ntettt oj 1'OJ/..(} tLongissimlls dorsi !,I'om oal'oasses ojd'ljfe:l'
i~t ,gt.'ades .OnUl fweight8(8a'l~11led in A,ltg,tUft (tnd if(JJ1/JIt(J,'I:!I) 

Surn 0/ YeanSpurcc 
,GI~s_________________ _______ _ d./. squares sqllarc P~ 

years __________ .__ ...---_______-_
i\<fonth_________• _______________ _
Positioll ___ .. ____________________ _ 
'Glasses Xmonth_________________ 
'Glasses X position _______________ _ 
'Mouth X pO:jition___ ~___________ _ 
Classes X· month X position______ _Error____ • _______ • _____________ _ 

TotuL ___________________ _ 

4 
1 
1 
1 
>1 
4 
1 
;Ic 

11) 

39 

" 537.8020 
25, 6851 
2,1.3935 

6. 41)23 
60.0843 
2.2202 
.3315 

3. 7505 
143.1576 

SOO. 9167 

134.4505 
.25.'6851 
21. 31)35 
6.4923 

15.0211 
.5551 
.3315 
.9376 

7. 9532 

___ ,,'. ___I+-_ 

**16.91 
3..23 
2. 69 

...,. ..... _-_ ... _
1.89 

-....... _--- ... 
... -... -~ ........ 
-... ------
... -... -... -_ ... 
....... _------

SignifieuJit lIlQllII differcnccs 

Glusses: . 

G. 
I..!...!Q..I 



-----

I 

··~ABLE 26..~'he 1wtl,p,rote·t'll,nitnogen, content of 1'aw atia, cooh:c(l,Lougis
sill:ms dorsi f1'()111ICo;J'CQJJ8C80fdiffel'C'ltt g1'Odcs (t'lld 'weights a/tm' diffcl'

'e:llt aging .'1)eriod8 

[Zero ug ing 'figures ure Iwerl\ges ·(r01ll 6 CllfCflilSl'Sj o.thcr ·figurt"d ure Ilveruges of 3-6 
CllfCIISS('S] 

Aging Oluss 

Mcmtb slllughtcred 
 ~riOd

·wciJks) I 
O2 ··ea Ol 0 4 OJI I I I 
]tAW 

I 

Percellt Percellt Percellt Percellt PercentJUIlC_________ ____~ ~_ 

0 0.33 0.33 O. 32 n.32 _....... -
,2 .34 .34 .35 .36 -- ... -
4 .40 .3!1 .34 .36 

~-Augu!\t ___________ • 
~ 

~_ 0 3') .33 .35 .33 0.34• w 

2 .M .33 . 37 .34 .34. 
4 .37 .33 .40 .35 .31i 

October____ • ______ ._ -. 
0 ---_ ... - --"'---- . 33 .3'1. . 32 
2 - ...... - .. - - .. - ......... .31i .30 .34 
_... _... _...4 _...... -- ... .38 .37 .35 

Jllllunry_. ___________ 0 .34 .33 .34. .36 .33 
2 .31i .34 .31i .37 .34 
!I .3.7 .34 .38 .38 .35 

J 

OOOIill,D 

Julle________________ Percent Percent Percent Percellt Perclml. 
0 n.35 O. 34 n.38 0.3'J _..... - ... 
2 . 37 .37 .3!} .38 -_ .. -
,I .42 .36 .36 .40 - ..... .... 

Augll!!!, ______________ 0 .34 .36 . 35 .34. 0.35 
2 .38 .35 .40 .34 .3.7 
4. .35 .35 ------ .36 --- .... -

OctoQcr._._! ________ 0 ------ - ... --- ... .36 .36 .3'1 
2 -_ .. _-- ------ .40 .. 38 .35 
4. ---- ---- .42 .40 .38... - ... 

JIlIll!ury ______ • ______ n .34 .34 . 3(; .3!} .34 
>< 2 .38 .35 .37 .42 .37 

4. .40 .43 .3!} .47 .38 
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- ------

'a':AJU:!E :2il.~T.l~e inO:n;pt:Qtein In'ifll'oge.n .()ontent.of fJ'a'l,V wndooOh:eil Semiteu
'WllOSt18 fr01I'/; ,O(li/~()ttIi8e8 .ofdi;lfm·e:nt ,·g'l'lliles(lnd, fweiglttsa/te'l' ditfe1'ent 
Q.gi:ng /pe'riods • , 

[Fjgures .nre o,yernges of .2-'6qnrcllsses] 

Agillgpcdod (weeks) 

0______________ • __ 

4_________________,2"", _....... __ "" ..... _(~_ "'_"'_'" 

0 _________________ 
2 ________ ••_______4_________________ 

OIIlIlS 

,02 '03 '0. I ,C.I I ·0,I I 
RAW 

PerTrmt Pereen/. Percent PrlrcClit ;Percent 
O. 34 0.33 0.33 O. 34 0.3<1 
. 35 . a5 .36 . 30 . as 
• ar.D . ;{S .35 .3u .35 

OOOKED 

if'ucenl Percellt. Percent Percent Percent 
0.32 	 0.3J 0.38' O. 34 O. a3 
.3J .35 . 1I0 .38 .3.2 

_.. - ... -- .38 -_ ... _.... .41 

l'ABLE28.--:1'lte SOl1t"ble .1)·l'otein oontentof 1'aw and oool.:ed Longissimus 
clOl'Sj llmd SemiteuclinosllS f1'01ll, Ga1'O(18ses of ddffemnt {f1'ttdes a1/d 1veighis 
alte.l' (/.iffel'e.nt aging 1Je1'iods 

[Figurescfor L(J,IIUis.~i1/wS c/ors,: nre n,Vcmges of 3-9 carcasses; those for Semlte"dillOsUS 
urc nveruges of 2-3 carcllsses] 

Aging Oluss 
period 
(\"eeks) -

O2 03 O~ I \::5 0 1I I I 
LONG.1SSIMUS ;DORSI 

Percent PercentRllw._._____________ 0 5. J 4. {j 
2 f!.5 3.8 
4 ... .,."'- .2.8 

·Oooked. __ ._ •• _••••. 	 0 .52 .97 
,2 .82 .88 
4 -- ...... l.ltj 

SEMITE N;DlNOSUS 

Perce1lt Perr;e1ltBaw____ _________.__~ 

0 4. 7 4.5 
.2 3.3 3.5 
11 --,..,- 3.7 

'Oooked ___ .---______ 
~ 

'0 .44 .32 
,2 .4,7 .41 
4 --..,. ... ..96 

Percellt Percent Percel.t 
5. 1 5. 2 5.1 
4. 7 4. a 4. Ii 
- -- 4.3 4.4 

.57 .71 .53 

.99 1.00 1.29 
- 1. 20 .1.00 -~-

PerC/l1lt Peree1l( IPerce1lt 
4.6 5.0 5. 0 
3. 0 4.0 4.0 
---- 3. 7 4.2 

.39 .34 .32 

.70 .49 .74 
.;7;1--- ... ---

http:iffel'e.nt


!r:.\8LE29..-1'Iie G'I'eati'llf1, ,(JQnte.""t iot 'i'aW and cookea !T..ougissimus. ·dorsi 
:j1'om, Cat'C(lSSe8o/ ,differentg1'(ldes::.and 'lD(light,~ aftc1·d1.ffe.,.cnt (tgiiltf! 
,1Jerioils . 

(Zero uginS 'figurusarc U\'llrllgCI! :Jrom 'tlcurullSl!cs; o~horfiguros urc II vCI:ligCl! of :-1..;6 
CllfCIIS..'!CSJ 

Aging {lluss 

;PQriod 


Month I!hlUghterud (weeks) 

'01 0 3 I C~ 	 011 '0 1., 1 I I 
RAW 

,-

I 
'111(11 1II{1./ 111g./ '/1Iff./ 'lIIff./

JOO (I. ;100g. 100 {I. aOOg. 100 (I. 
JUllew~~. ~~~. ~ ~.'" _~ 	 0 .2118 323 312 211U ---,2 2(1) 3U 3aO :l08 -- ....... 

4 :249 303 	 .2i4 .280 ... -... --	 -.......---
August~"___ ". _______ 0 30;-1 358 306 32i 3H 
.2 a40 a13 829 301 a;ll 
,l a60 ;n'i 4J9 3JU 343_. 

'October _._ ~ _______ . 
2 
0 ---- ........... 329 325 313 

*'_ .... - ..... -- 3a2 a26 .2!}4. 
'l ............. ... ..... - ;100 309 304._-- ...:~--(;~~~~;---- ._--~,,-----~---JUUlulry_••• "._. ___ ._ 	 0 294 .264 .288 .2ill 28:-1 
.2 300 .26i aOG 305 338 
4, a13 25J 315 .206 a04.I 

OOOKED 

1II{1./ '/1/[/./ ·/IIY./ 'I/Ig./ '111(1./ 
100 II. 100 {I. 100 ri. 100 g. 100 {I.Junc._._. __________ • 0 307 303 	 335 304 ... --

.2 .240 aOG 	 289 aO!l - ...... 
;I .262 :2111 	 .26!} 305 _... -

-~lg\lst:-:::::·:--:::1 	 0 332 333 .294 3l:1 326 
~2 3a7 .21)4 350 a50! aOl;I 32a 2!}5 ali-.. -- ----.-------Octohcr. ____ • ____ • __ --' 
() -- -- -_ .. -	 :-JQ2 I a53 312 
.2 .. -.. - _..... -	 a51 340 .288 
;I "" ... -.. .. ....... 	 4.12 a03 an
'-,---------1---------	 --- "anuarY______ •• ___ ._1 	 () 284 28i 20;1 308 304 

! .2 .2\1.2 2115 302 ;n:3 .2!}() 
30.1 223 a08 .21):3 322I ;I 

I 	 I '[ 



·TAIWE.·.• ;30."-.1]1~ ,are.atine.,conte.nt ,of m~1() a1.lil(JooK.ea Semitendinosus /'rom. 
ca1~Cf!.88e8 coj,dijfer.ent,gmdes ,(l;1Jit.'loeights aftel' dijferent aging pe'l~iods 

'[F,gUfC8 lire ll.\~erllgclI ,of :2-i6cllrclIsscs] 

1011l8S 
Agil~g \Period 


(wccks) 

'O~ 'Q~ O~I ,03 I ,01I I 

iRAW 

I 
'1110./100 fl. 111(1./1000, 111(1./100 O. 1/1(1./100 0. mll./JOO o.,O~ ___ '~ ________ '" 2_________________ 33.1 3511 327 340 ::170 

!l______ ____ • _____ :na 301 35.7 31i3 ::182~ 

::106 323 367 3J7 302 

O()Ol~E:O 

'1110./100 o. 1110./100 O. '1110./100 (I., '1110./100 /I. '1/1/1.,1;100/1. 
~---.---_____ ••..-.------ 268 ,255 24J 279 3042. ______ ._. 
4••• ______ • _______ 290 .256 326 315 ::13.1 

2H------ ..---. I 315 - ... - - -

'.64 

http:a1.lil(JooK.ea
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----

:T~.31.-1'lte .cneatinine .contento! /1!(l.W'!an(/, ,cooked Longiss4nus ,dorsi 
;/'1WT), ·(Ja1'O~8e~ ,0/ ,diffe.<j~e'l~t ,!t'l'adesand weights ,a,fterd:iffe.1!entag1.ng 
plmiod8 

,(Z~ro ,I\ging )igurl,'Sar.e ,averages (from ,6 ,catcasses ; other ;figures ;are ,aveJ;ages 'of 
3-'6 'carcassesj

,j\ging ,Class 

Mo.nthslaughtert.'<I ,period 


(weeks) 

,02 iC~
l ,03 I 'O~ I 0 1 

I,' I
., 

[HAW 

_~ 

nig.!,1 00 g. Ing./loog. 1IIg./1oog. mg.//OOg. IIIg./I00g.;Tune.___ " _________ ,0 12 :13 .2it ;14, 
...') 15 .20 ,22 29 
it. 2J :23 33 ,26 ..,- ... 

Augu!'\.t_______ ._.____ '0 ti6 ;13 is ;15 1S 
.2 H. 20 21 1S 19 
4 16 19 .24. JJ iI.S 

·October_w ___ • _______ '0 ......... - --_ ..... JJ 13 H 

.2 ... -...... ---,... 13 16 1.6 
;l ---- -- ....... 15 a.s i15 

.aamu~ry_____ " ______ • 0 11 ll2 10 n ill 
2 13 H JO n Jl 
4 15 15 15 16 15 

l> 'OOO:KED 
'. 

1IIg./1(JOO. mg:/100g. 71Ig./100g. 71Ig./100fl· mf!;../100g. 
J~lIIC__________ • _____ 0 31 44 42 36 --- ...

.2 30 an an 4.6 - ... -
4. 34 87 45 40 -"" ..  " 

August_______ •• _____ 0 30 ,29 .29 .29 30 
? 32 3ll 35 85 a3.~ 

4. 31 3"i) .. --- 30 ... -- ... 
'October ____________ w :0 ,30 27 a4---- ""'-- ...2 ---- -- ... - .29 31 :32 

4. .. -_ .. ...-_ •.. 3.1 34 ;~O 

January___• __ w _____ • 0 .23 26 .2;1. .25 2.7 
.2 32 .29 20 30 2,7 
;1 31 3Q 3') 28 3.1 

1 
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http:a,fterd:iffe.1!entag1.ng


"." .... \ '.', ."'":-: ~ ,;t~ , ,> 

, 

'T~ .,3~~~l'h~ ..e:f:eatin~ne ,content ,0/ .'N1lWand ,cooked :Semitendino!'!lls 
. ;f,r.o:maa'l!<:a8seIJ tof ,ditfere,nt >fJradesand!/.ve'ights ,afte,r ,ditfere.ntaging 

1)t:,1iods . . , . . 

:[Eigurj,lsare ;averages ,of2-6 ,Cur.Cllsses] 


't. 
,CIIIBB 

, ~A,ging iperlod ('weeks) 

'02 I lCa 'C4 ,Cr. I ,C1 /
'-I I --.

!RAW Ic~> 
-

my.!100,g. 1n9./JOO,g. mg./JOO g. ,11IO./!100,g. mg./100.g . '0______.____ " ___ • __ 
~',' 50· 2 __ -____________-- 14 . 15 20 .16 HI 

4 _______ - _________ 15 :20 20 .28 2l 
19 .22 19 :23 20 

,.cOOKED ,
-

mg./JOO g. mg./;100,g. 1(1(}·IJOO g. mg./l00 g. '/110./100 g. , 
:2_________________ ,23 ,22 30 :32 ,35~-----------------4 _________________ 31 32 31 33 35 

- ... ---- 32 --_ ... _- 32 --- ---

T AB.LE 33.~1'he'(1)OZa,til(j" 8ul"till' contento f 1'a'Wand coo'h:e.d Lollgissim us 
,dorsi and Semitendinosus f?~O'lnca'I'iJ(J,88e8 ofditfe'l!entgmde8 (Jmd 'lOeiglit8 
after ditfe1'entaging peliods '. 

'[Figures nre nVCI:llges of 2-3.0,clLrClIsses] 

Aging Dlnss 
,period 
(weeks) -~~I ,C:1 iC4 I Co I C1I I 

'LONGISSIMUS DORSI 

iRnw ________________ '/Ao./o. /Ao·/o· /Af!·/O· ;/Au·/u· /Au·lu·
;0 a~l.il .12.'.9 13.'9 12.1 ':15.2 
,2 13.'9 13.7 14.8 15.4 14. :1 
4 ---- 12.,6 _........ - 16.1 !J.4.4 

Cooked ____________ ;0 14. 3 14.,6 15. fI 14. '5 15.5 
2 13..7 fl6; 4 :14.6 17.6 15.2 
4 . ... ~-- i\9.'9 ---- 15.4 14. 4 

S]JlMITENDl NOSUS 

Bnw________________ /A{/·/U· /A(/./(I. /AU·/U· ·/AU·!f!· '/AU·/U·10 12.9 14 .. 5 13.3 ;12.0 13.'8 
.2 14.,6 11.'9 13.3 14.5 13.8 
4 J2.0 ... - ... - l3. 2 l4.3 13.8 

cCookcd _____________ iO l4.1 16.3 14.8 U4.'9 14.1 
,2 14.1 15.'0 14.2 14.7 ].4.,6 
4 -- ... 14.2 .,..--- 'r 'd3.'9 14. 1.... 

,,'.' ,~ 

c, 



.. TABU!34.~Th(Mlliu(JiJle·fi')(wdiam,eterinrawLongisSimusdQrsi·alld· Semi
.. . '~ni:lillosus lI'.01l/r. iJarca.(Jse$ ofiJflfe1'ent grades .arul weigMsafterdiffer

-811t ariinr(1)mioiis' . . 
~;:{lriguresai'Q .a\'erllg6s. of values'i'j.Qm 2~.9curcasselll 

Class 
, Agil.lg period (~'eeKs) 1'_----:--r---,---r--:------,-~,.;...."-------,(j '" 

Ca ·C. ·O.~I I 
'J,ON(USSIMUS DQRSI 

microns micron8 microns lItic;r.ons 
-48 45 48 5(i 
5.0 40 41 
4.1 3\) 

.SEM~TEN,DINOSUS'· 

_____________ _ .microns .microns .microns microns microns 
o_~~ 

5.2 50 49 .57 63 
'> . 

~4______ _________ _ 55 49 46 51 5.6 ~----~~~~~~-~~-~-~ 
~U':,". 4546 37 4.6 

\. 

TABLE 35.---,.Range ,0/'lnu8olebundleal'ea in m'w Longissimus dorsi and 
Semitendinosus. f1'om carcas8es of .differentgl'ode8 and weight8 

'Class , 

C2 C3 C. C5 01I I I I 
LONGISSIMUS DORSI 

, 

1n1i!2 .mm2 mm2 mm2 mm~ 
Primary____ .0.19- 0.6.6 O..31-0.43 .0. 10-0. 64 0.11~0.. 33 0.14- 0 .. 39 
'Secondary__ 1.6 -10.1 2.5 -::2.8, 1.9 -':7.6 1. ~.-5. 4 -I. 8 -7.9 

" ,) 

' <~<.' 

SEMITENDINOS,uS ,-,' 

,.. 

111m2 "":tn2 mm2 mm2 'm1ti2 
.Primary____ 0.07-0.30 0.08 0...07-0 . .20 O. .o~ 0.47 0.06- 0 .. 25 
Secon,dary __ .26-t'.. 2 .54 .44-5.6 .. 53-10.7 .65-14.0 

. 
,. 

http:0.07-0.30
http:values'i'j.Qm


_________ 

'l'AB~'iE;36•......:.The, elastincQntent (by 4)Qlume ) ,ofraw unagedLon,gl5Simus 
i dQ~iI(l.nd.8emiten,dinosqs l·r01n.aarc~~e80fdifle1·ent g1'ades and weigl~t8 

(Flgutes.are averages of values from. 3-6 carcasses] 
I. 

Class (·f 
M.ol1thslll.ughtered " : 

'. :3 , 'C2 C3 Ct C5 CJ 
0 I I I I 

J..ONUJSSIMUS DORSI 
--~:~,:.-.c 

Percent Perce'fI,l Percent Percent Percent 
,dune~._~. o. 8 O. 7 O. 8 O. 9 ------
AuguilL_~ __~_ •• _•. .7 .8 .8 .7 O. 9
October_. _._. _____ .6 .5 .7------ ... ----.:January__ • ___ •____ .6 .6 .8 .7.......'---

" SEMI1':ENDINOSUS 

Percent Percent Percent Percent Percent 
2. 8 .2.0 1.7 1.6 1.9l I I 

<6.8 


http:dQ~iI(l.nd


___________ __ 

----

------ --

TADLE37•.,....:..1'he (j~llailen()Orttent (P61·aent.by f/loZume)oj "I'lUW andaoolced 
)Aitgj8.':jimu~ dO.l'SL f1'ornCaf'ClUllje8 .ofd~ffel·ent gl'ade$ Wild 'weights 
a/tlp'differ.ent aging 1)e'l'iods ' 

[)figures are a;ver:l!>ges of values Jrom 3-9 carcassea) 

GIIlSS 

Month Aging 


Slaughtere~. 
IIPeriod 

'> (wt:eka.) O2 0 3 04 0 5 0, 
~-~ if I I i I 

,I/f RAW 

1\ 
\~, Percent Pcrt:eTi~ Ptrcenl Percent Percent .June___ ______ _____~ ~ 0 , .1:5 1.3 "0 },5 1.5 

~---
2 .8 1.1 1. 1 1.3 -..... 

;) 4 .8 .7 1.6 .9 .... _...... 
~l,IgU!!t ~ 

0 1.1 1.4 .9 1.5 1.2 
2 .8 .7 .9 1. 1 1. 1 
4 .3 .7 .8 .e .8 


Oetober_____ _______
~ 0 LG 1.4 1. :~---- ... --
2 .... _-- 1.2 1.0 .8 

" 'l .5 .9 .7-- ... - ... --
~l1nuary___ ~ __ ._______ 
 0 .8 1.1 1.0 1. 1 1.0 

.2 .9 . 8 1.1 .8"~ 4. .3 I . 6 .8 . 8 

OOOKED 

',' Percent Percent Percent Percent Percent·June.___________ • ___ 0 O. 7 0.9 0.8 1.0 
2 .8 .7 .7 1.0 
4 ---- .9 .8 .9 - ... -... 

August_____ • _- __ • _. 0 .8 .7 .8 1.0 .8 
.:::. .2 7 .7 .1 .8 .7 

4 . a • Q _.... _- 7 .8 

Octoper_____________ 


0 ---,..- ... --- 1.1 .9 1.0 
2 -- ...... ... --- .9 .8 .7 
4 -_ .... - ... --- -- .. - .6 .6 

Jan!lary_____________ 0 .7 .9 .8 .7 .7 
2 .7 .8 ,8 .7 • 6 _... _4 .5 -... - ... .7 .7 
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'TAI1IlE,38•.....::TlitJ. (follagenoon;tent (pe1~centby volume) Of1'(lW a'lld oooked 
Semitendinosusj1:mlb {J(l1'{J(uJ8eS of diffe1'ent gmdes and weigMs altm' 
diffe1'e1lt aging periods 

[Figures are averages of values from 3-9 C/lrCBllScs] 

A.ging Class 
'" period

(weljks) 
C2 C3 Cj C~ C,I I I I 

.. RAW 

percent perceTlt percent percent perce·Tlt
·O_~~.___ "_~ _______2 __ • ______________ 3. 1 3.0 2.8 2.6 2. 6 
4_________________ 2. 1 2.2 1.9 1.9 2.0 

1.9 1.8 1.5 1.8 2. 1 

COOKED 

_________________ percent percent percent percent percent
~O 

2 _________________ 2. 1 1.8 1.7 1.9 1.8 
4. _________ _____ 1.4 1.5 1.2 1.5 1.8 

.~ 

--- ... -- 1.5 .... _---- 1.2 -----



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

TADDE 31).~The "linear" fat Z/!/velin 1'(IIW Longissimus dOL'Si (lind Semi
·tendiu()Slls f'l'O'm CU1'ClUlses of dilfe'rent gi'ades and weigM8 

[Figures are averages of values from 3-9 carcasses] 

OhIS!; 

Month Muscle 


!itaugbtered section • i 


O2 0 3 0 4 O,~ 0,
I I I I 
LONQISSIMUS DORSI 

mm/150 11£111/1.50 mm/150 mlll/150 11£111/150 
1111/12 1111/12 mm2 mm2 mm2 

Jllne_~~_____ 1l~12 rib_______ 29 45 23 27 ---9-10 rlb_______ 37 35 32 :m ---7-81,ib__ --____ 42 27 

" AugUl;ft______ 11-12 db_______ 35 33 14 ao 289-10 rib_______ 38 48 20 iN 357-8 rib________ ---- 54 .... _-- 46 44 


October_____ 11-12 rib_______ 
 19 14 299-10 rib_______ ---- --- -_ ... - ---- 25 24 4.2
7-8 rib________ ---- -........ ---- 31 53 


January_____ 11-12 rib_______ 27 37 19 21 26 
9-10 rib____ .:. .. _ 41 47 25 30 387-8 rib________ 4.1 46 

SEMIT.ENDINOSUS 

---- ---- 35 

mm/150 1/£111/150 mm/150 mm/150 Tnm/150 
Tn11/.2 111m.2 mm2 lIWt2 mm2

Top ___________ 
11 21 15 14 20Middle_________ 21 37 15 28 29

Bottom ________ ---- 27 ... _- ... 20 29 
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TABLE '" :lO.-Mu-801e fibe~' antolysis 'I'at-t11.g 101' 7'a'W LongisshnllS dQl'siana 
Semiten<linosus /'I'om. oat'oWfiSe8 .Of dilfe1'ent g}'rules andl/)eigMs (I"ter dif
fe1'ent aging pe1'iotl8 

[It'b;lIres 111'(, Itvecnges. of vullles frolll 3--9 em'cllsses] 

Aging ClnS5 

Month sillughtered period 


(weoks) 


LONGIS$IMUS DORSI 

Junc________________ g I i:g I }:~ I ?:~ ?:~ l-~:: 
4 2. 0 2.1i i 2. 5 3. 0 I .. _. 


t August•• _•• __ • _••• _ _ 0 L 0 1--.-9-1--,-1- 1. I
---:!)!
I 2 2. Ii L 0 I 1. 8 2. 4 I 1. 7 

4 3, 0 1. I 3. 0 2. Ii 3. 0 
-------l---I.---I--~! 1-----

Ill October___ -' - - .. - - - g ~ =:: =: == 'I i: ~ I ~: ~ I ~:: 
" 1_____________4_ ._-_.~._.-1.-·---·_._ 2. 3 2. 3 2. Ii_ 

! ;Jllllllllry_. __ ... _______ 0 1. 3 .7!. 8 . s ,i ,4 
j 2 2, 3 1. 4 2. I 2, 7 2. 0

! i 4 1. 7! 2. 1 i 2. 7 2. 9 I 2. 3 


If ' 
 SEMITENDINOSUS 
I----~----~----~--~--~--~----~---

I I 0 0, 5 I o. [j 0, 4 O. (j [ O. Ii 
, 2 .5 1.1 ,9 1.2 .8
'I 4 ,(j I .5 1.2 .fj .5 

1 ! i \ 


, , 
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___ 

o!t.\.BLE 4:1.~/)'rip tOS8 du'ring Dl'olUng 0/ 'rib and '1'OllfIUl 8teak8 j'l'01n ()(t1.~ 
OW/8e/; of d';;jfm·e'nt grades and 'l.oeiglttlJ a,fte?' ditfel'&nt aging 7}e,1'iod,y 

[FigureI' are avel'uge of values (rom 3-f/ carcnsses] 

!\gillg Class 
Month slllllghtQfed period

(weeks) -
C2 ! C:f C4 I C:. I 0 1I --I 

IUB STEAKS 

Percellt Pert:clIl Pl;rccIII ' Percelll Percell IJune________ •• _____ • 0 .14.8 15.0 n, 0 10.5 -...... 
2 H.7 12.5 7.5 0.0 ...... -- .. 
4 7.7 LO.O 5. ::I 7. 0 .. -,." 

August, ___ • ___ 0 0_ 0 ,1,2.8 14,0 I 10,1 10. 2 14. 1 
2 10,7 13, .I 8.5 7.7 10.0 
'I 0. 0 11. iJ .. - ... 7.4 H. 4", 

October___ • ___ 
, .. .,. 0-. ~ ~- .. - 0 " . 10.7 12.8 1'1. 0 

2 - .. - -. 8. 2 10. 5 11. !) 
4 -- .. -- -- ..... .. - 8.0 g.2

~ ~ 

JIIJluIlry___________ 0' 0 14.4 15. ij 10. 0 12. " 16.4 
2 14.3 14.8 I). ij 10. .I 14. 3 
4 \I. I 12.0 7.3 7. (j lao 7 

nOUND STEAl{S 

! ~,-
Percent Perccllt Percelltp,,,,,,,I

I 

P"u,,'
0 8.3 8,7 0.3 1).0 8. 8 
2 10.4 12.8 to. 1 12.3 13. () 

_'" • i,3. () ,.. - .. !l. 3 10. ij
~ 

( " I
~" 
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TABLE4:2.-Analysisof varianoe for oombined 3 years' O?·thogonio .data 
(.:!hegll~t and J anua1'y sa'1n1Jles) f01' d1'ip Zoss of 1'ib steaks I'M1n O(t1'0a8SeS
of different gr'(I~;~'e8 and 'weights 

SourceClasses __________________________ 
:rears ___________________________ 
~f(;mth ______________________ •• __ 
Aging________ • _____ • _____ •• _ • ___ 
Classes X month_________________ 
Clusses X ng!ng__ •. ____ •••• ______ 
Month X aging _______ •• _ _ _ _ __ __ 
Clusses X month X uging. ___ .. _. __
,Brror ___ • ____ • _ • _ • _ • ________ • ___ 

Totul. __ • __ • _________ • ____ 

d./. 
4. 
2 
1 
J 
'l 
4 
I 
4 

a8 

50 

Swno/ 
squares 
329. 6276 
163. 0435 

60.4210 
03. 0895 
22.70tl7 
l!). 7t1!l 1 
13.a034 
4.0815 

l!ln. 5374

870. 6507 

j\<felln 
8quare 
82. 4060 
81. 4718 
60.4.210 
tl3. 0805 

5. (i!)02 
4. !l423 

13.. 3!l34 
1.020'l 
5.2510 

-- ...... _---- .. 

F 
**15.69 
**15. 52 
**11.51 
**l2. 01 

1. O!l 
......... - ...... -.. 

2.55 
_........ ""---
--_._-_.-------
- - ~ "" - . -

. 

The Sil$liificant meall differences were: 
(II) Aging: 

I 
o 

12.H!1 I 
2 wcnks 

I 11. aI I 
(b) Month sluughtered: 

Aug. 
11.35 ! 

.ran. 
12.!U; 

(c) Yeur sampled: 
1st 

I lO.55 I 
2d 

12.15 
3d 

13.80 
(d) CarCllSs grnde und weight.: 

C,C5 

I 1l.1i2 lO.aa I I 
C2 

la.20 
C. 

la.55 
0 3 

I'l.a I 
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['ABLE lJ.3.-Evapm'ationl088 dv,rin{f b1'oili:ng of 'rib and '/'01t1ld 8teaks ft'mY/., 
Ca1'Cf18SeS ,of iliffm'entgl'ade8an(l1.oeight$ after different agvng :pe1iods 

[Figur,es Ilre IlverugCl! of "Illites (roln 3-9 carcllSses] 

Aging Class 
MOl1th sillughtered period 

(weeks) 
C2 C3 C j C1I I I C6 I 

J;ti b steaks 

Percent PerCcllt Perccnt :Pcrccnt P~rccntJuI1C________________ 
0 	 ]1. 9 12.8 13.3 11.0 -- ... 
2 	 13.7 12.5 13. (i 11. 1 .. --
4 	 11.1 ] l. 3 12.9 9. 0 ... --

Au~ust----- _________ 0 	 12. 1 1l.2 14. 1 11.. 5 11.5 
2 	 13.0 13~ 4 14.3 13.3 13.0 
11 	 11.6 1,2.4 ... --- 13. 8 14.6 

~

October• ____________ 	 
0 	 .......... - ............ 13. (i 12.2 12.3 

2 	 ... _.. - 13.5 13.7 14. 1""'-- 

- 4 - -.,,- ... _-- _.. _- 14.8 14. 8 
,Tlllluary _________ • __ . 0 	 12.9 10.7 13.9 12.4 11. 8 

2 13.2 12. 5 a. 5 15. 9 14. 2 
4 1l. 9 14.0 14. 0 111.1 

Round stcllks 

Pcrccllt Perccllt Percellt Percent Percent 
0 	 15.3 15 .. 2 19.7 17.0 .21..5 
2 	 17.6 15. 6 16. 9 19.9 19. 5 

-- ... 1 14.7 _.. -.. ]7.5 19.0 
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T.uUJE ':!!f.-AnaZysis 0/ 'IJ«(",.jallce /01' aombined f] :lJears'o'l·tlwgon'tcdata 
(Augtt8tt1.'ll<l.lan'tta'l'V .~(J;mple8) f07' BI.1a"z)0l'ation los8 of 'rib 8tcaks /1'0111, 
dW'ca8ses Of differentrp'ades and 1oei ght8 

Sit1(/, of 
Source 11./. ,squllres j~telln .~quctrc P 

Glasses.___ ••• _._. ,. _. _., •• __ ...... il 70,8561 ]7.7J40 **6.42 
ycllrs. __ •••...••••••• _•• ,,,, •• 2 27.U408 13.9704 *5.07 
i\:fouth __ ...... _•• _.... _ '''''''''''' _.. _ J 3.3333 3.3333 1 .. 2t 
AJ;ing... _. _.• _••• ___ • ,. _•• __ ....... . I 6!1.0993 69.01)93 **25. 05 
Clllsses X month., _. __ •• _ .. _ ......... "_ HI. 1333 '1. 7833 I. 73 
Classes X IIging•• _ • ' .••• , • • .. .. >I 15. !)822 3.9968 :t. '15 " l\:Ionth X aging ___ "' ...... _... .. • I 2, 5'163 2. 5463 
CllIlls!)::; X mOllth X IIging...... 2..7827 .6!l560 _. , 

Error _ • ___ .. __ ......... _.......0 ••• ... 38 HIt!. 80il3 2. 7580 
" 
';rotal. __ '" ... _ ....... '" 	 _ • 5!) 316. '1833 
00.. _. 

2 wccks 
11.3.051 

rf~\.IIL.~~ 45.-Le(tJI jlJll'O!' 8001'(38 fo,. Longissimus dorsi and Sellliten(linoSlIs 
j,'om broiled Sie(th:s f,'om OW'O((SSe8 of different f/mcZes and '1.0 eigIds after 
difffJ'l'ent (/,gi.ng pel'iods 

[Figures arc ll\'!ll'll~~es of values from 3-9 carcIIsiiesj 

Aging 	 Class 
Mont,h sillughlered period 

4i,.---,-~---, ,(Week_S)_~~J__C_3__!..I._C_• ,......!..l_c._.~-.!..I_C._I_ 
.LONGISS1MUa DORSI1----··_·_-_·_-:--"""'"·..,.....,---	 ------.....-

, ,JUIIC..... " • i 0 7. t 7. 4 I Ii. 2 0.7 
-~-'" ."I 2 8. 0 7.5 7.3 7.5 .... -

1 4 8. 0 7.8 7.0 7. 3 .. ~ ... '" 

August.• '.'_ .••• 0 7.4 7.4 6. t 6. 5 0.0 
2 7.8 7.9 	 7.7 7.7 7.0 
4 8.3 7.6 	 7. 0 7. 1 7.0._----------

October _. .. _..•.. -- 0 '",. ~ .. ........ - 6. 4 6. 6 0. (j 
2 - ... " - ",,, .. ,,,, 7 .. 2 .7.2 7. 5 _. ... w""
4 _ ... -- (i. 9 6.9 6. 9 


~ -' ,jalluary••.•.••• ,., .• 	 0 7.4 7.3 6.5 6.9 7.2 
.2 7.9 7.5 7.0 7.1 7. 3 
4 8. 0 7.6 	 6.8 7. 2 7. ] 

SEMITENDINOSUS 

o 0.3 6. 0 	 (j.2 6. 3 5. 8 
2 7.0 7. 0 7.1 6.7 6.7 
4 (i..2 6. 0 6. 8 



________________ ____ _ 

TAB(.}} 46.-A'lUdysi8 .of va1iance o'n()7,thogonia data (Janu,o,1"JI and A 1ugu8t 
sam:zlles) jOl'lea,njl«(Jvo1' S(JO.rC80f rilJeye /,ro7Jlto"'oile(l steak8 • " 

Sumo! 

Source d.}. 8quures .A'[ean sguar;c 


CJ~_~ ~~~ 

years ____________________--____ _ 4. 13. 79 3. H **8. 60 
)lollth_________________________ _ .2 3. 13 1.. 51 *3. i8 
Agiug___________________ _____ _ 1 .59 .59 1. !l8 

~-

1 	 :U.78 n. 78 *":29. ~15'Olasses X month________________ _ 4; 	 3.6,l .90 2..25
'Clusses X uging _________________ _ it. 	 1.86 . 46 1.15Mouth X uging _________________ _ 1. 3. 96 3. 96 **9.90 
Error__________________________ _ iI· 1.88Clnsses X IIlontiL X agiug ______--- .4.7 1.J8 

38 15.. 21 .4.0 

-;rotal~ ____ _____________ ___ 59 55.81 

-The significant InCtUI differences. Were: 


(u) Month X aging: 
Aging Jail. lU'fl. o 7. H -(i. 63 

.2 7. !l0 .7. 62 


The mean flnvor score '.lor August snmples wus inctllllscd more by 
llgiug thal1 thllt [or ,Juullnry I:ilLlIlplcs. 

(b) 	 Agiug: 

'0 2 weeks 


16. 88 1 17. 51 1 
(e) 	 Yenrs: 


:2(1 1st 3d 

16. 97 1 17. 3.1 7·El 

(d) 	 Caroass grade and weight: 
C~ ,CI Cs Ca '0.. 

16.80 6.88 17.181 17. 441__7_,_70-,1 
I I 
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TABT.lE 47,~Te.'nde1'nesssao.res fo.r Longissimus ,dorsi and Semite.ndinosl1s 
o.fb7'o.iled8tealcs/,no.n", aail'aassesofdif!e7~ent 'g1'adesand 'weigMsafter 
dif!e.1'e'ltt aging 1)e1~iods 

[Figures .lLrc /n'crugcs of vlLlues(rom .3-9 carcasses] 

Aging Class 
~onth slaughtered pedod

(weeks) 
C2 Cj C~ C1I 'C3 I j j 

LONGISSIMUS DORSI 

J"ne_______ • ________ 
0 6. 4 6.1 4.5 4.4 
2 7.7 7. 0 6.6 7.0 ...... -... 
4 7.2 7.1 6. 9 6. 9 


August,____ -. ___ -. __ • 
 0 5.6 6.7 3. 8 5 .. 2 4.6 
2 7.5 7.6 6. 8 7. [) 6.6 
4 8. 2 7.6 7. 8 7.7 6. 6 

-October _______ • _____ 0 .. _-- ---- 4. 5 5.3 4.,6 
2 -- ... - -- ... - 7 .. 2 6. 9 6. 9 

I 4 ...... -- _.. _- 7.7 7. 1 6. 9 

JallulLry _._. __ ' __ . ___ 0 6.0 7.0 4.9 5.3 4.4 
2 7. 6 7.5 7.3 6.8 6.4 
4 8. 4 7.3 7.3 6. 9 6.9 

SEMITENDINOSUS 

0 5. 5 4.6 4.6 4.6 3..2 
2 7. 2 6. 2 6. 7 5.9 5. 6 
4 ---- ---- 6.46. 7 6. 2 

l' 



TABrJl: 48.-4.·,talys'ls of 'vw·icm<;e on ortlwgo'l/.ic data (Janual~1J and ;hlgust 
samples) 101' tcndt;1~'W88 s001'c801 !ribe;lfc /1'O'II'b ol'oilcd sicales 

Sum of ~lcCln 
.source d.!. lIyuareli llyllClrc }t'

Clusse&______ • _________ • ____ . ___ •
);Cllrs___________________________ ';l 54. 59 13Aj2 **Jl.,64 
1\1onth__________________________ 2 8.43 4.21 *3.60 
Aging___________________________ 1 .80 80 ... _-------

1 86.02 86.02 **,13.52,Classes X 	month _________________ 3.64 .91X 'Ilging ____ - _____________ 4 	 ----- .... --
Month 	 1 J.,28 1.28 1.,09,CllUIses X Ilging. _________________ 4 14. 84 3.71 *3. 17 
CIIU!Se& Xm,onth X IIgillg. _________ 	 ,2.14 ...... _-_ ...... - ... 
~rror___________________________ 4 	 53 

38 44. 46 J,. },7 ... -_ ... -...... -.. 
Total. __________________ ._ 

59 ,216.10 -.. -- ... --",,-~ -- ... ~ ... -.... -
The sj~nificalltmetln differences were: 

(a) ,Clussos X ugillg illteructio,u: 
Aging:C) C2 ~ C~ 'C. 

O___________ ~.... -___ 4.656.48 6.88 4.41 5. J2 
2_____ • _____ ~,~____(i. 4(;7. 60 7.59 7.10 7. ,24 

l~heeffect of aging W!I!; lIIuch more pronounced on Good ,grnde, 
espeeiuUy ,lightGood,tiuln 011 J~r.irne grllde, cspecially hellvy J'rime. 

(II) Aging: 
o 	 2 \I'ceks 

15. 50 l 17. 2°l 
(c) 	 Yellrs: 


1st 2d 3d 

16.09 /(;.25/ 6.7.2
'-----'1

'------- 
(d) 	'Gr~rcaS'S grade lIud W\light.:

C, C, Cr. G. Ca 
!5.55 5.75 ,(;. 181 17. 04 7. 23 1 
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'i'.A:nLE 49,.-Juidine888oo·nes /01· [.A)ugissi.mus ,doL"siana SemitenclillOSUS ,of 
7!.1'o'iled8tealc8/~!om()U1'oas8e8 ,0fd·itfe1ient ,gntde8and 'l,veigMs a/tel' aif
fe7~e.nt .agingpe1ioas 

(F,igureslLre ILvcrILgU8 of vuluusfrom3"9 -CILrcu!lSUs] 

Aging 

MO.llt,h ,pcriod 


sluughtered (\I'ce!<s) 


iljONClISS1MUS !DORB! 

'6.8 ,0.9 6. i1 ·6.,6 .7 - .. .,. 

7.4 ',7.0 ,6.4 .7. .l 
_._",i...'____________ 7 .. 2 7.5 ,6.5 ,6. 8 


-,,- . ...,..."""'*" .-~--. 


(-~\ 	 . 

o 7. ] ,7.0 5. 5 6.·0 ,6.,6 
2 ,7.2 7. ;1 5.'9 '6.6 '6.8 
4 .7.8 7. :2 	 (i.7 ,H. 1 5.'.9--_._ . --.--'

. Oct.obcr ~. _... __ " •. . 	 .0 5.7 ,H. ,H U. 5 
.2 ,H. 4 ,(i. S IH.'8 

5.5 6. 1 ,6. 2I 	 -_._..... ._-- 1-------·------· 4 	 ---» •.••_. --'--' _ .. _--.

1 Junullry__ _ 0 6.{i .7.5 ·H.4 7 .. 2 ,7.1 
2 7.0 .7.3 	 6.S U.4 '6. IHI 	 I4 7. 0 	 5.8 7.0 H. 3 

!..-----------'----'----~--~'-----"-------'---
SEMlnrENDINOSUSI 	 ,1---------.----;-----

I ·0 5.7 5.U 5. 4 5. 1 5.0 
2 6. 2 5.5 '5.8 5.0 5.4 
4 H.O 5.5 5.81____--'--'__:.......__--.:__.__-

TABLE 50.--Ana7ysis .of vW'ianceon o1'ilwgonicdata{Ja1l.'IUl1'Y and A'/lgll# 
samples) fOI' juiciness 800I:e8 of !ribeye from b1·oile(l8lea7.~8 

oSlI'Ino/ Milan 
SOl/rce (1./. sguare.s square P 

-Oll1sses._ •• __ ., _,,,,, ._._ .. _. _. 4 34.,72 3.H8 *4. 66
¥ ellrs .• _. __ •• , . _ .. __ • __ ... _ ... _ ...... :2.. 2.U 1.3.7 1..73 
~ionth_____ .. _" ... _. _ _ .. ..... .. 1 .2.9.1 2.91 3.'6~... .. __ 4< 

Aging___ • _____ .. _______ ...... _.. __ .. _ 1 .'04 .04 ....... _........ _-
,01IlSS!)''' X lllollt,h __ .............................. 4 4.'95 l.23 l..56 

Clllsses X .uging ____ .......... __ .... _.... _ 4 1. 49 .37 _........ __ ... ...- .. 

Month Xllging__ .... __ .... __ .... .. .. _.... 1 1.44 l.44. 1.'82 

;Ola&ses X mouth X uging. - .. __ .. _.. 4 2.H7 .66 .... .. -- ....... - ....
Error. __________ ._ ............... __ .. ___ 
 38 29.,97 .79 --- .. _... -... -

TotuL ____ .............. _ ...... _........ 59 '6.0.93 
 -<...... ------ --- .. -----
The sigll:ifimmt'me:L1l differences were: 

(a) ;Ollls~.es: 
C~ ,05 ,01 c. 

I ,0. 15 I I ,13. 78 ·H. 88 H.98 

;.80 
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"<"~:=;::,-o';;~,,y.-:-y.,:;;:;:-~-;:-~l"''''·r' .~':;:~...,:.l:r. :.:~.:.,.,---' 	 ;"",">~~"~,~_5.~..._''''' sv~ , ' /.--,/ 

TAut	..}) 51.~-07Utmcte7'i8tie8 o/?'a'I.o, ~l1laged Longissim1.1S dorsi at dijfet'ent 1)ositiort8 i1t c(I!h:a[:,;es.ol dijfe1'e1tt g1'adfrs 
. mid 'wei{jhts . . 

Marbling ruth!!? Spccll1c con(luct· Shcar strongth Fat; (pcrccrlt) Solilhlcprotcln Colhlgcn (percerit I Autolysis h\ttng
nne!! 10-1 mhos (pounds) (percent) by \'oIiJlne)

Carcass smUe anU No. ·-1 • --I 	 1--.--.-'1-'-.---,-1--,--,-- weight 
11-121 0-10 1 7-8 !U,.12IlHO! 7-8 11)-12/ 0-10 17~S /11-121 0-10 / 7-8 /11-121 0-10 1 7-S /11-121 O-Hi I ;-8 11i- 12 1 0-10 I 7.:g
rib 	 rib rib rib rib rih.· rib rib rib rib rib. rib rlh rib rih rib rib rib rib rib rib 

1-----1--1--1--1-_1___1__1___1__1__1_._1--' __1__'__ '__1_-1--'--'--1--1--'--

Llsht primQ""'_""I. L........... 2 J 2 2 352 347 321 6.5 6.5 0..1 .,. __ •.•••• ~••••.••••••••_. ..•••• 1.SII.0 It3 I. 0 2.0 1. 0 

If............ 3 13 2 ass :'61 378 3.3 3.3 3.5 5.3 ii.7 6.1 5.1 5.0 4.5 .9 1.1 .9 2.0 2.0' 1.0 

,1U...... •• 4. 4. 4 :l!l2 3tU 310 7.4. 5. a 4.8 5.5 4.4 11.4. 4.4. 4.7 4.7 1.3 .7 1. 0 1. 0 1.0 . I) 
,1V•••••.•_•• 3 4. 4 269 ~75 251 6.S 2.8 2.3 [>.3 5.3 6.5 5.6 5.7 5.3 .5 .7 .6 1.0 1.0 .5 

-----------------·-----------I----~-
A\'CfUge. ___• 3.0 3.3 3c~ 335 324 315 5.9 4.5 4.3 5..! 5.1 6.3 5.2 5.1 4.8 1.1 .9 1.0 1.3 1.5 .8 

,1h~I\·yPrime•••••_••_II.-..• _ .•..•.. 3 :1- 3-= 244 -2:19 275 7.1 5.1 5.7 11.'; 9.5 10.2 3.4" 3.0 3.. 4 =-.1.0 I-La .C 1.0 1.0 1.0 
n ........... 2 2 .1 303 261" 251 0.8 8.3 6.6 7.6 8.2 9.4 4.6 4 . .1 4.3 2.1 1.8 1.3 2.0 1.0 1.0 
IlL••••••••• I 2 2 211 234 236 4.S 6.3 4.5 9.? 9.0 9.1 4.84.64.51.1 .3 i.i 1.0 1.0 1.0 -- -- ------------------ 1-(-1-------- 

-1"\ nrngc..... 2.0 2.3 2.0 253 245 254 6.2 6.6 5.6 9.4 9.2 9. Ii 4.3 3.9' 4.i 1.4 1 . .1 1.1 1.3 1.0 1.0 
=-== ~ = = = = = 	 = = = I.ight.Goou_ • __ ••_._1 	 I ••• _. __ •____ . 4 3 3 211 209 287 7.9 7.5 1l.4 2.4 3.1 3.4 ._.___ .... _. __.___ 1.2 .• 9 .8 0 0 .8 

n .. _ ......_. 4 4 3 378 383 373 3.5 2.0 3.·J 3.2 3.2 :1.8 4.8 4.7 5.0 1.1 1.0 1.4. 2;0 2,0 2.0Hr.________. 4 4 4. 193 159 21J 5.9 7•.2 5.6 2.3 2.0 3.4 4.5 4.9 L. 1, 1.0 I. ! 1.3 0 0 1.0 
IV_ ..... __ ••• 4 3 3 20r. 2.'!4 278 3.1 5.0 5.4 2.8 :j.3 3.2 5.3 5.1 5.4 2.0 1.1 1.2 0 .5 .5 v._...__•... a 3 3 218 267 267 0.1 4.7 3.0 3.6 4.1 4.6 5.7 5.5 5.4. .0 .5 .9 1.0 2.0 .5 --.-- ------------
A \·rragc.... ~_. a.s 3.4 3 0 241 250 2-~3 5.4 5.3 4.8 .• 2.9 3.1 3.7 5.1 5.0 5.2 1.2 1.0 1.1 ,6 .9 1.0 

= -'= 	 = = == 	 = ==== = = Heuvy Oood . _••_••• 1 T._••• __ •• ___ 4 .J 4 284 2nD 327 .7.4 7.8 8. i 5.1 R.8 8.4 ...1. 3 .6 .9 0 .5 2 • .0 
II.......... _ 3 2 2 259 287 261 5.3 5. I 5.4 5.0 5.2 6.8 5.1 '-:a ._•.•~ 

1.2 1.0 1.0 l.O 1.05.11 1.0I11. ...__•••. 3 3 3 21;3 297 327 4.9 4.0 4.2 3.3 3.8 5.9 5.5 4.0 1.2 1.4 1.2 1.0 .5 1.0
IV___ •__ •••• 4 ·1 3 20. 306 284 8.1 7.;i Ii. 3 2.9 3.7 5.0 --5:0' 5.2 4.5 1.7 1.1 .8 0 .5 .5
V ••.• __ •• _ •• 3 	 3 3 230 259 217 n.5 4.8 4.4· 4.5 5.3 6.1 5.6 ,';,5 5.1 1.1 1.2 .8 1.0 2.0 1.0 

A\'~rnRr··•• _1 3.·J 1 3.21 :1.01 2591 2841 283 i 0.z.1 6.01 fi.sl 4.21 5.4 1 f>.4 1 5.21 5.31 4.91 1.31 1.1 .9 .6 .9 1.1 

COlluncrchllcow .....1L._••_...._.:I ,a - a =-2fl7 :103'1269 5.21 5.4 1i.4 5.. 8 It5 -n.7 ••.•_._ •••____•••_. 1.0 .9 ,5 .5. 2.61 .5 
11.._......._" '\1 2 259 313 3113 5.0 4.3 Ii. 2 5.1 5.0 6.9 5.:1 5.3 5.3 .1.3 1.5 1.7 1.0 1.0 1.0 
IlL......... 4. 4 287 287 ,~IO 7.61 8.9 0.0 3.2 .1.5 4.0 4.3 4.0 4.3 2.2 2.7 1.3 .~ 0 0 
IV......... 4 ,I ·1 131 245 220 !I.n 3.8 7.7 3.3 3.4 5.0 6.1 n.3 Ii. 7 1.3 1.7 1.5 0 .5 1.0 

A\'omgc._ •. 3.2 -:1. 2' 3.2 2:16 285127616.95:516.8 4:-:11-;:0- 5.8 5:215.2 5.1l.57, l.3 -.-5- --.9-\--.-6 
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TABLE5i-Characte~'istic8 oj cooked, 1lnCWed LOilgissimus dorsi Jrom dijfei'ent positions in Ca7'c(J,s8es oJdifferent grades 
: and weights, 

Shear .strengthspeciftC. conduct-I Soluble protein Collagen (pcrcent I Lean 1Ia\'or scorc I Tenderness score I .TuiCfnes5 score 
(pollndsj nnce 10-1 mhos (percent.) by \'ol.lmel 


Carcass grade imd No. 
 I--~--~--I--~-~--welg'\1t 
11-12 11HO 17-8 11-1219-10 I. 7-8 11-12 19-10 I 7-8 11-121 9-10 1 7-8 12 19-10 I 7-8 IU-12 1 9-10 I 7-8 11l-1211HO I 7.,.8111

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~-------------I~r~~~~~I~~~.__.__.__.__.__.__.__.__.__._-.--.--
LightPrlme_. ________!1.___ "_______110.7 11.1 10.6 259 246 251 __________________ O:S ~.9 0.6 7.7 7.3 7.5 7.3 6.8 7.3 7.0 6.8 6.5 

IL_________• 3.5 4.5 5.9 297 273 249 0.45 0.38 0.32 .5 .5 .4 8.2 8.2 7.8 8.5 7.5 7.5 8.3 6:S 7.2 
IIIL--------- 9.4 6.1 5.3 239 2'28 244 .46 .43 .56 .8 .7 .7 6.8 6.7 6.8 5.3 .6.2 7.5 6.7 7.2 7.8. 

IV__________ ~~~~~~~~~~~__.4_....!~ 7.5 7.7 7.0 8.2 ~ 7.7 ~ 7.2 

A\'cragc_____ 8.2 7.e 7.1) 242 223 217 .44 .50 .40 .. 8 .7 .Ii 7.6 7.4 7.5 7.0 7.2 7.5 7.4 7.3 7.2 
--- --- --- --- ------------ --- --- 1=--- --- ------Heavy Prime___•_____ 1 1____________ 6.9 6.2 5.8 196 138 163 .55 .40 .60 .4 .5 .6 7.7 7.7 8.2 7.0 8.0 8.3 7.5 7 .. 5 7:8II_______. ___ 
10.4 12.2 12.3 rIO 181 186 1.39 2.14 1.3 1.0 .8 7.S 8.0 !'.5 5.7 6.0. 5.8 7.2 8.2 7.5IIL_____ "___ -i~58-7.0 6.4 6.5 114 160 129 1.14 .99 .9 .3 .7 7.7 7.8 8.0 6.8 7.0 7.2 6.8 7.3 7.7 

....\'erage_____ 8.1 8.3 8.2 ISO 160 159 1.03 1.18 1.09 . 9 .8 .7 7.7 7.8 8.2 6.5 7.0 7.1 7.2 7.7 . 7; 7 

Light Good___________ 1 L __________ --- ------ = = --- --- ------ --- --- --------------------------- 
14.9 22.7 16. ] 261 290 275 .7 .7 .7 6.0 6.0 6.4 4.0 4.:0 5.2 5.8 5.8 6.3 

IIL_________ 
11.__________ ------ --..,-- .. -----

4.3 6.2 6.4 303 261 230 .83 .59 .57 .7 .6 .7 6.8 7.0 6.7 6.8 6:8 6.3 6.8 6.8 6.8 
IV__________ 14.0 16.7 17.4 2'23 19S 213 .54 .37 1.01 .5 .5 .5 6.2 6.3 5.8 4.5 4.2 5.7 5.8 5.7 6.2 

]0.8 10.0 10.6 207 223 lil .66 .74 .59 1.0 .8 .8 6.0 6.7 7.3 3.7 5.3 6.7 5.3 6.3 6.3V ___________ 13.4 15.3 16.0 183 183 162 .42 .73 .66 ].0 .5 .6 6.7 6.5 7.0 t 4.7 5.8 5.2 6.0 7.2 6.2 

Avcrllge_____ 11.5 14.2 13.3 235 .61 .61 .71 .8 .Il .7 6.3 6:5 6.6 4. i 5.2 5.8 5.9 6.4 6.4 
Heavy Good _________ L___________ 13.3 

231 I210 

13.4 10.6 206 2~6 246 .7 .7 .8 7.2 7.2 7.0 6.0 6.& 6.8 6.8 6.0 6.3
11..________ _ 19.8 12.9 10.1 226 .94 -i:oa' .64 1.1 1.0 1.0 6.8 6.4 7.2 5.2 4.8 5.2 8.0 5.8 5.2 

10.. 6 9.1 253 244 207 .36IIL_________ U.2 W21205 .57 .9 1.0 .9 6.7 7.3 6.8 5.5 6.5 5.Z 6.7 6.2 
i,\ IV__________ 8.6 --~8ii- 6 " 

7.9 6.3 166 223 196 .60 .30 1.1 .5 .6 i.O 6.8 i.7 6.2 7.0 6.0 6.0 6.8 5.8 
V----c------ 8.9 8.4 8.0 217 162 189 .80 .83 .65 .7 .6 .6 6.8 7.3 i.5 5.8 6.7 5.7 6.7 6" 6.2 

Avcrage_____1 12.41 10.61 8'~1 224 l_2li 1 ZOS 1 .63! . 63 1 . 70 1 .91 .81 .81 6.9! 7.0! 7.2! 5.7! 6.3! 6.0! 6.6! 6.3! 5.9 

Commercial Cow ____.1 1.___________ 13.2 13.7 15.4 273 241 217 ____________ ,______ .6 .0 .6 7.0 6.8 6.3 3.8 5.0 I 4.8 6..S· 6.2 5.5 
II.__________ 14.9 14.2 10.0 244 2~4 193 .44 ].06 .81 1.1 1.0 .9 6.7 7.2 7.0 ·1.0 4.2 5.7 G.O! 5.5 6.5 
IlL________ 10.3 10.6 11.4 160 181 140 .36 .44 .36 2.2 2.7 1.3 7.0 6.8 7.5 6.2 6.7 5.3 6.3 7.3 5.5 
IV__________ 15.3 ~~ 13.3 ~;~ 187 ~==·1~--.9--=---.9- 6.2 ~~~~I-..::. 6.2 ~~ 

,\ Avemgc_____ 13.4 13.0 12.5 220 209 186 .44 . i5 .6; 1.2 1.4 .9 6.7 6.7 6.9 4.3 4.9 5.1 6.4 6.0 5.8 

,.'~.,--~- ~.' 
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TABLE 53.-0()?npa7'ison of Longissimlls dOl:si, "'M./) and cooked, f1'om 1igltt anilleft 8ideso! Pnrne awl (f{)o'd gl'ade 
cat'casses 

RAW 

Lil\htPrime ITea,'Y Primo Light,'Good 'l£e,\\'Y Good 
" 

Aging 'period {weeks) __________________________ --_____ 0 2 0 2 0 2 0 2 

Si1;c--~-:.--~~-, -,--------------------.---------------- Ri,gh. t Ldt Right Left Right Left Right Left Right Left Right I' l,eCt nigbt LeCt Right LeftRI posltlOn__________________________________________ 12th 12th lOth lOth 12th 12th 10th lOth 12th 12th 10th loth 12th 12th 10th 10th 

Marbling rating_ .• ___ ~ _____ ,___ .______________________ 4.0 4.0 1.0 2.0 2.0 2.0 1. Ii 2.0 4.0 4.0 3.0 3.0 3.0 3.0 3.0 2.0,Shear strength (pounds).__:__________________________ 5.9 4.9 6.6 6.0 i 5.2 3.0 4.2 1.8 4.8 4.5 2.9 ",-ll;!! 6.4 4.9 5.7 6.1 
SPJ)eitlc conductance-IO-' mhos______________________ 269 225 2ll 209 215 ' 196 21.$ 1M I 321 303 300 284 323 317 244 2tlIl 
:Fat (PJ)iccnt).______________•___,----------------------- 6.0 4.1 _..____ _______ 10',2 9.6 __:.______, ___ 4.0 4.0 2.4 , 5,7 4.36.5 5.0 
Soluble protein (percent).____________________________ 5.5 '6.2- 4.8 4.3 4.9 4.5 4.2 3.3 5.2 5.2 4.8 4.5 4~6 5.0 2.6 4;4 
CQllagen (Percent by \'olume)_'~~_____________________ .6 , .5 1. 1 .7 .8 • iI .1.8 1.0 .8 .8 .7 .8 1.,2 -I. 1 1.2 1.3
Autolysis rating____________.-_______________________ .8 1.0 2.0 3.00 0 2.0 .5 .5 4.0 2.0 2.0 2.0 1.02.0 1.0 

COOKED 

Right ILeft IRhiht I, Left RiJ(I,ltll eft Right Left IRight Left -;ig~t LCf~ night Left night LeftRib position________________________•________________ 
11th 11th 9th '9th, lIth, 11th 9th 9th 11th 11th 9th 9th 11th 11th 9th 9th 

------------------11 ----,-.-'.- ------------------------
Shear strength {pounds) ________---_____.------------- 9. i 10. O~. 5 0.2 6.0 6.4 5.0 11.4 p.9 8.4 tI.7 6. 5 n.5 n. i 11. 1 S.5
'SPJ)eitlc cOnductance-Ill-' mhos________ : _____________ 162 ~ m M ~ ~ ill ~ • W • rn m ~ m m'Soluble protein (percent) ___________________________ - .74 .SO .85 .46 1.10 1.07 .71 .79 .26 .37 .08 1.03 .38 .49 .83 .79
'()ollagen (perccnt by volume)_ • _____________________ _ .4 .7 .4 .Ii .7 1.3 .8 .5 . -I .61 .7 1.0 I 1.0 .8 .5Lean flavor score ____ .~,____.._________________________ .41 6.5 7.7 8.0 7.,5 7.0 8.3 7.2 6.,2 6.8 6.8 6.7 6.5 6.3 6.7 6.2 

7,;7,6.0 4.8 6.8 7.5 8.5 7.2 9.3 7.8 4.8 5.0 7.7 7.0 '5.3 4.0 5.0 5.0i~i~~~~~~r~.':.~:::::::::=====:::::::=:::::==:::::==: \\.7 7.3 6.3 6.7 8.5 8.2 8.5 6.7 6.0 6.0 6.2 6.2 5.5, 5.2 6.0 5.2 

: 
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1'.\BLE M.---Lineq,1' (Jon'eZation ooefficients .between ten(]'m-rw88 and otlu;l' 
. 


Carcass faL ______________ 

I1lttamuscUlar fuL ________ 

Il.Lincilr" fat._. __ • _. ______ 

Marbling rltting. __________ 

Shear strqngth, cookqd. ___ " 

Specific conductullce, raw ___ 

Autolysis rnting ___________ 

Lean color rating ____ ..• ____ 

Collagcn, ra,v__________ ,. __ 

Collagcn, cookcd __________ 

PenctrolIlcter, rnw _________ 

}H'opel'ties of 1,ibeye 

Aging period (weeks) 

Yc:tr 0 .2 4 

-
n r n r n r 

" 
1 42 **0. 6574 -...... - ........ ---_ ... _.... ... -- .. ..... -_ .. -...... -
2 42 **.5585 ...... -- ---- ..... _--- ---- ---------... __ ...... _--3 31 .1097 -...... - -... -......... _--- ---- _ 

1 42 ** · ()149 42 0.085() 38 O. 1295 
2 42 **.5976 39 *· .2966 20 .1450 
3 34 *.3964 34 **.3964 -- ...... ...... _.... -... -_ ... 
I 42 *.3327 ... _--- ..... _"" ... ---_ .. ---._
.2 42 **.5018 39 .0474 20 .0448 
3 34 -.1580 34 .1222 ---- _......... _----
2 42 ~*- .5620 39 *- .3327 20 **-.5983 
3 34 -.2023 34 *- · 3(i78 ....... - -_ .. ""' ... ----
1 42 :'*-.6723 42 **-.;3854 38 .2484 
2 42 **- .8273 39 **-.3951 20 -.3641 
3 34 "*-.7982 34 **-.5297 ---- ... _-------
1 42 **.5054 42 -.0415 41 -.0316 
2 42 **· .4876 38 -.0698 19 .1754 
3 .34 .0010 34 - ..;1:46.7 
1 42 .1336 42 .0130 40 -.0220 
2 42 **.. 7422 39 .0305 20 -.0650 
3 34 .1219 34 .0968 ---'"'- ---------1 36 - .. 23.62 36 -.2626 41 -.1385 

;:-2 42 *-.3134 39 -.2113 20 -.1247 
3 34. "'*-· 5641 34 -.2228 
1 42 -.1224 42 *-· .3704 40 **-.4718 
2 42 -.1025 39 -. ,'2257 20 .0860 
3 34 -.1163 34 -. 111.0 ---- -----_ ... _-
1 29 -.1316 32 -.1947 27 -.3343 
2 42 -.2392 39 -.1855 20 .0694 
3 34 -. J641 34 -.1452 ... _.... - ---- ... ----
2 39 -.0430 38 -.0192 .20 -.1816 
3 33 -.0276 34 - ..2631 

-



0 

l'ABIJE 55.-Li'liea~, o01.'t'eldtion (loeffioient.~ oeflween juioines8 mul .other· 
. 1)1'Oj}(!/i'tieso! 1'ibfJ.ye 

, 
0 Aging period (wceks) 

Ycar 0 

I 
2 

., 
4 

I 
11 l' , 11 r n I' 

Carcass lnt. ~ _~ _~~ ________ I 42 **0.4495 
2 42 **.4731 

I"tralhu&cu1ar fllt _________ 
3 
1 

31: 
42 

.. 0924 
**.3927 42 O. 2071 38 **0.4850 

" 
¥lIrb1illgrnting_~_______ '. 

~ 
3 
2 

42 
34 
42 

** 6510 
( 380{i 

**- .5£1.31 

39 
34 
.39 

**.6013 
**.5170 

**-.8199 

20 

20 

**.5514 

-**:::7849 
FiberautQlysis fllting ______ 

3 
1 

34 
42 

**-.4923 
. .1986 

34 
42 

**~ .5376 
-.0013 40 

-... --~-- ... -... 
-. l200 

Letm coiorl'llting .". ______ 

2 
3 
1 

42 
34 
36 

**.4991 
-.1957 
-.0156 

39 
34 
36 

~. 1832 
.0959 

-.1553 

20 . ]880 
- ... - --- .. ---_ ... 
41 - .. 2315 

2 42 .0497 39 '-. 1410 20 .0280 

r·,
":~ 

3 34. -. Q719 34 -.2268 ---- ..... _-- .... ---

TABLE 56.-Linea1' o01'relation ooefficients beflweenlea1L flav01~ and som.e 
alwmioal (J01ls&itue,nts of '1'0/1.0 ((ndoooke(l 'I'ibeye 

Aging l)eriod (weeks) 

Year 0 2 4 

Il r II r 11 r 

Ct:eatine, r.llW __________ • __ 1 42 -0.0814 42 -0.0499 4J -0.0121 
2 42 .1644 39 *-.3596 20 -.2946

Creatine, cooked ___________ 1 42 .1398 42 -.1188 38 -c-.1144 
2 42 -.0849 38 -.0374 20 -.0912 

CrcatiTiin(J,rnw ___ -.- --.-- I 42 ...., .. 2084 39 *.3469 41 -.0138 
2 ti2 *.3138 39 .1133 20 .0870

drc/ltininc,cooketl_________ .2831I til 39 .1454 38 -.1239 
2 41 .1277 38 **.9125 20 .2071

0,,,,,,,"",,,,,,ti.;"" ,ook'"~J' 1 50 -.1552 51 -.2048 44 -.0645 
So.ubleprotem) cooked_____ 3 .49 .1747 30 .0143 18 .0908 
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