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'l'be term qu.a.J.ity, wllen used to de$eribe f;feSh ~a.t, ge:aera.lly 

refers to tb,e character of the leai;i. ~d fat, a.swell a.s the ma.tUX"ity o:f 

the ~l :t'rQm wlp.cb a. 9a.rea.1;11;1 or cut 1$ q.e):':l.ved • .For e~~le, tbe 

.,qua.Uty'' o:t' tl\l.e lean :J.n a. bee:f' ea.rca.s1;1 is dete~r>.ed by a. fi!UbJective 

eva.i1Aa.tio1r ot the color, ~ex.tu.re., f':l.rnw.ess, and ma.rbli~ :l.n t:lle 

longissim;us dors:I. (ribeye) mwscle. ;r. an effort to ta.cil.ita.te m.a.x,~et:l.;ng 

and to minimi;e the va.r~a.t;Lo:n in the palatability of cuts from beef 

oa.ree.sses, the Wn:1.ted States De:pa.vt~~t of Agr:l,e1Mture (1956) Jla.ces con .. 

sidera.ble em.pll,asis or>. the "qµa.l.ity" attributes ot the ribeye, W:lthi:n 

a. pa.nicula.r carcass grade, the sta.nda.l.'ds tor. ea.a~ ot t);).e quaJ.ity fa.eto;t-s 

differ for ea.en degree of matu.rity. Howeve;i:i, n.thi». a. ma.t1,1.rity g:roup 

mi>Aimwn requirements ~e set forth tor ea.~h quality fa.etqr in such a. 

way that one quaJ.ity :f'e.ctor a.:l,one may ll!e respon.$:Lble ;t'or downg;\"adtng a. 

bee:f' carcass if' this qua.J.i ty a.tt:r!b1;te is below tbe Jrlil1:1lf!Wll Xr"equ:t.;rement 

for. the grade. An exam,le :ts the lll:1.Jaimum.-require•>at f'o:r ti:rnineas of the 

loyissi!!!!S dorsi from U,S. Ch.9:l.ce c~cass beet' as st.1;1:t,ed by t~e Official 

United. $ta.tee Sta.Il.dards t~i- Grades of Ca.rea.si, Beef': ''~ege;rdless of the 

extent to which other :f'a.etors ~Y exceed the m;Lnimwnteq,uirements for 

the grade, carcasses whose :f'lelllh is JnOde':tia.tely soft and· slightly watery 

are not eligible for the Choice grade" (t:Jn.ited Statef:l Department of 

Ag:r;tc~lture, 1956). 

During :recent year,, there h~~ been an. ;i.ncrease in t~e pel' capita 

con,s~tion of beef. Acoom;pamy:t.:pg this :liu:irease is a de~d for beef' 



with wuf'ol'D1 paJ.a:ta.bili~y eha.raoteristics.. . Cover !i !i!d:• (19~) ~vre Jre

porlied · a. wide Va.J;'ia.tiQm, 1». th,e t.er,,de~e13s, flavor, a.ad J1Aicineru1 Qf 

cooked meat f:rom. beef. carciasses wi:fd:iin. tb.e same 8:r."~e, c~seq,U:eit:ti~y, 

..... Y queJtioas lila.ve arise• as to t:tae aet,u.a.l ;1.1.flM-te wld.c'.b. ea.eh "q.\l&Uty" 

f'e.etar may bave on tao ult:Lma.te a.eeepta.bi*i ty of. a. 10011,d $te"'1t Qi" 

roa.s~. 

MEq-'blug is otie of'.t~ quality taoi;ors vhich us 'been stua;l.ed ratur 

extena1v$ly. The :re1ut• of S'110A :f,:,.vestigatio:n.s :l,ad;l.!:Ulte ·tMt m.ar'b;J.1:q 
. . 

has .tllut f'e>llow:Li,g relatio1.ehi:p1 with. cee>ked 'btitet; l, ~'bltag 1J·;pos1-

t1vei:r S.$1JC)Cia.tedwith.teaden);eSS, Wl,,ea t~ DXl/tSCle$ are f;rom tbe $~ 

a.aa.tond.ea.l location,. aad wae• the earca.s~es 41tfer ndely iJ grade, llolT• 

ever, au ;L:acreaise :b>.J11S.rbli~ may not •eeessQily (~,rea,e the t<:mdemess 

ot. comparable 1$1SCles (ea.rea.sses ot tlJ.e same g:tta.d,), and e. •rbl:LJli 1, 

,o.si'b:l.vely correlated wtth..1lhe t~vor ~d Ju:J.ein.ei•s ot' cqo:ked bet:f, 

Stl.ld:l,ee relat:t11g to·ta.:f.mp()rt.~ce ot textlU"e are few :t.a·-.~er. 
. . :.. .... . . ' 

lloweviar,. :aa.s'bottom n, !l• (1945) Qli Brady (;i937) Aa.'V'e _ :repo"eo. tha.t ·· 

"tin.er textured" beet mu.sele 1, illG;re t&Jil.der tl:!.an "ooa.X"ee te~ured" 

muscle • 

. A 'bright ''chen,y .. re<J,'1. coiof Ji1a$ 'beea. asjeei,1pt.ed w11iih "h.:l.gh quality" 

'beet, a.ltb.oll8h the eolor will:~·aeeoi-d~ng to·th.e ·c~~aol9gicA.Ji ~e ~d 

p)lyaiologioal coadi tio• ... qt u.. Nlime.l a.t tl:D.e . time . Qt slaualit.ter. A 

com.on p:ro'blem in this area. is the !ll>ao~y d-lc:,..Qol.qred ;ri'beyes ("~k 

cutters") oecu;rring in high gra~i:ng )eef ca.rcsss.e,. Among t:be m.ost rece~t 
. '" . ;· .: ~- ·. - ' - : ' 

Tllese auth.Qrs fOUllld ~o $1gn.itica.nt difference between the eating qu.a.li

ties of" ••• dark a.ad br1ght beet :from. a.nimal,s ot tbe Jame e,ppro~te 

age ~d degree of t1-,i$h." Tlil.ey coac:;lu.ded tlaa,t, "It tlie hou,ewite cotal.d 

be assured that the \llldes:f.ra.ble a;nea.rqce of darlt•Qutti;ng 'beef wa.s noi, 



3 

due to dete:r:t.o;ration., slle could p.trehase da.rlt beet wttn the ,s~ &Hui-a.nee 

of eatillg satirsf'aetioa as it she ,w,-eaasecl bright )6'et. ": 

Although. tirmne,, lil.as )eta e.sso,iated wit~ the "tual4t1", qt eves.as 

beet.fer m.amy ;rear~, few st11dies uve l>e•n eqad11ettd to·eea~a\lt•h the 

· e~et aat'U"e of ta.;11;1 ;oelatio:aildp~ Wai~ a. su'bjeQt:i,v~ seer~ :Qltthod for 

'beet tirqess evaluation., l';rQpf 8.1'.d. Graf (1959) f'oqd tt~as tom, :posi, .. 

tivel;r eortela.ted witll teap.eraess a.ad flli.t eo•ta't. et tM. l(!)Mi§s:Llll\iUI dorsi 
, · · . .. , I[', . I 

muscle a.t 'blle twelfth ri'b. O)jec1;1vely m.ea.srared ;tt;r11puuu1 ;q.s 't;>eea :re,.. 

,artecll. to lilt Josi t:i vely a.1sa1Ge:te:bed n tlt ju.ieinee• ancil ~tll tM fat co-. ... 

-teat Gf beet rib ste-.ks (P:t.lk:agto•, 1960). This :Wtte:r stu.dy su.ggestel!, 

however, tha.twhea ta, fat eoat~t wa.s held eout-,.\, tae. $<:>fter ,teaks 

w.re more tender. 

The pu.:r.po1;9es of tbiJ study were to iavestigat~; (l) v~:t.a.tioa in 

the J~ic;a.l structure of t~ ;Loyi,@St!!:!S do;rs; m,µ.ii!cle at tihe tweM"t~ 

rib •d its rela.tions:n:Lp to fi~ess a.nd·tendemess, aacl (2) t~ rela.• 

t1onsh1p ot objectively ~a.sured ti~~ss ~d tende:raeJ$ to ~he p~Yf:Lcal 

properties of the JANis1:l.laus dorsi lr!U$Cle, 



Mea.t ;Ls co~ly 4-et;tned a.s tl'le edible flesb f':rom a.llim.aJ liJ used :e'o:r 

~ooa.. !he . leq :pc,n:t.o• is oom,ciu1ed Qf · a:pprox1ma.tely 70 :,erce•t mo:lst~e, · 

20 :pe:reen:~ p:i;oteu, l,@ pe;t'~eat as)l., .. d .the rema.ind,i-- is tat. .~ei:r<l ... 
. . . ,' . 

ing to.le~ &;fld :toga.a (195Gb), "1.1.d.Wa.lls (1960), e~eet:i.vet:J.1!1111e· 

. a.QOOQts tor 3.0 to 30.0 pe:rc:,p.t ot t-e tota.l p;rote~~ . tr.''1,s va.:r;l.at;Lo;n ;Ls 
' ' ' 

. d'li• ·to the l.oee.t;Lea of' tile trJ.\\t,ele ia the 'lllody, ~s welJ, a.s the loqa.tio~ 

a.lone; t)le mu.1:1cle from.which tlle s~le is o'btain.e<i •. 'l!c., ,~empl:1.ty mo" . . . . . 

,f'ullf the. rela.ti0•11hi:, 'betweea t~· va.rious pa.rt.s ntld.n a. DW.SC\lle ,yst.-, 

a b~ef de11eri:,tio• of tM micro~t~m.y- of a. muscle is Jl'l~!U:Je'1ted. 
~·' ' ' ' ' ' 

Tlle carcass 1$ eo1'lll)osed ot :f'e~ basic t;ypes of' '\lifs~e: epitllelia.l, 

muse1le, eoueet:Lve., aad aexnrous. ,..l!M1U1'Ull tissues a,re,, di;fte,;i:,eatiatecl. .. . . . ·. ." ;",'· 

aa_eerdiM "b:tr their morph<l)lQgy ud spec:f.a.lized tqe:'\iioas. 'f'.b.e spectalized 

f'WlctiOllS &Scribed tQ eac• t1JE11Qf 11,:l,S$\1!,e &re &S :toJJ.()1(1: l, e:pj,t49l,i,t • 

protection., absorptioa, and see~tion~ 2. muscle - eo~dw.c:rt:l,oa e.ac:l ooa"!' 
. .. . .· 

1;rf,t.Ctioa; 3• CQIQective "' Sll,J]l>O~_' qd 4. aerV'OU.S • ino:f.tab:l,l,ity qd CQ• 

duct:l,oa, Each tissue is eon,;gi.)s~~, of cells., i:n.terce:Uula.r s~bst~ce 
' ' 

(ta:r.m.ed a.ad '1Dor,a~u.s)., .a: flud. Ia meat sciea.ce, oae ot t)le :p:rl~ 

area.a ot-~sea:rch is ,o:qce:rned with. skeletal mu.sole. A m.usql.e •1st,m, 1• 
. ~· 

It b.as 'b,en estim.ated tlla.t skeleta.l 1JlUSCle ,Qm,rises 4o.o pe"ent of' the 

'bed;r we:J.e;ht, .. 

Em)ryolog:1q:ally, skeltrtal mu.sci~. a.rises trom, a. panictll.a:r ~a 1:a 

t:be D!flsoderm, tlle rnyotom.e. (Pa:trto•, l9li.S), JQyd. (1960) sta:tes tha~., 

4 
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"4 st1,1.dy of the histoge~es:I.$ ot muscle :Leads one to coxisider tAAt i~ the 

embryo it is formed in two coill,Po~ents, There ~s first the eell of tpe 

m.eEilenehyma.tous backgro'UD.d which becoui,es the fibrous tissue of the ~scle 

a.ndprQba.bly gives origin to the tibrobla.stic cel~s and their coueetive 

tissue derivatives a.re diteet]J coatinuou.s witl:i tb.e tendon., wbere tb,ere 

is o:iiie. The otber ele111ent is tlle ,oZiltr~tile o~e, qd if tomed 'by t• 
l)r:llna;,y .. llfObla.JBts. " Att11tr embryo:n:Lc and :fetal e;r~wth, ;Lt has g,.era.lly 

bee;m. accepted that tb.e~ is ao iJ\c;rets.e. ~ the ~e~eti!!ial;l.y qqrdirolled •wn .. 
ber ot DlUScle ttbers. Although the diameter at the~e fibers iae~ea.ses 

a.tter b:L:,rth, the degree of' increase depends om t~ fu.action a.!!,d loeetiQa 

of tbe muscle system.. ~:#3.er !i !!· (1953) in a. st~dy with beef ea.ttle 

staled tha.t il\l. teru of' :pereen:~, tl;,.e pso9:s ma.Jo! (te~derlo;L;r,,) ~sc;Le 

fibers iaereased in size tAe most from veal to cows, wJ:aerea.s, the ser~a.tus . ;.; 

ventra.J.is (neck) muscle i~e~eased t~e lea.st. Iii geaera;L, tlle less active 

IRlscle fibers :llicreased 1~ size more tha.la those tl:;l.at "Were UJOre active. 

Evea withia'a. si~le muscle., the ~se~e fiber diameter it,l aot W>4to~ • 

. Walls (1960) · X'Ei!Viewed a.:l!'ticles · wiacll 1ndi,ca.ted tbe.'b the larger Utu.scle 
. ' . 

t1be~s were generally a.:t.o~ the per~phery o~ the 11U$ele, ot~rs bave 

:f'ou,nd t~t thick and tbi:Q. DlllSCle ~:l.'ber1:1 exist a.dJa.een.t t9 ca, ~other, 

PNsu.tly., the:re is no gtneraJJ.1. a.cce:pt.,ui ex:,la.nai:J.on tor tbis p4~i,.ome:1.oa. 

Vpo- e~~:i.Jlg a CJ.'ose-se~tion of a mu.sole~· :i,t can be observed tlla.t 

there are many separate g:r,,ou:ps of :muscle fibers. These g:rou.:,s a.re re .. 

f'e:rred to as muscle bu,ndles, a.n.d 1118,y be tu.rtaer olariu;itiec;t as e1tb.er :pr1• 
' ~ ' 

Jll&ey' OJ." secondary b~qles. Tlio~st:J.nctl,on be~~en. t:t>.<e two tnes of' 'bun ... 

dles is based on the tb1cla!.ess ot tae encom,pa.ssiag cqrm.eotive tissue, 

eouective tissue su:rrcnuu!s an,d holds eQ.ob :f,adiv;Lo.u~ m.uesc,l.e f:l.ber 

i:P. place, ~s well &$ &\l1lJ:'r()Ul'ld;t~ tb.e en.tire muscle l!IYtt• qd p;i,oyid:t,.-
• • • 1 

a. m.ecbanism. to;r :l. ts a.tta.o~nt to bo~~. . ~he elements co,isi;ii tutiEg t;b.e 
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cQnnective tissue of musele are eolle.e;e:a. fibe;rs, retieul~ tibe~s, 

ela.stic fibers e.nd sev.ere.l vax-1eties Q;f cells., $~9h a.a :fi'b,:cp"la.st•, his ... 

toeY"t.es (mae;rophages - al•o ea.Ued elasmatocytes or rest:f.:Qg waaderi:flS 

aeJJ.s)., a.ad ta.t ee:i.+s. (Wa.JJ.s, 1960), ':fhe f'ibrQUs (formed) eleiq.ente 

ot eo._eetive tiss~e (eoUae;t•, elatti:a, a.nC,. retie.ular :f:t.be;1:1$} ~ 

embedded ia a. soft em.or:r,hous gnuad substa.uce com.poseca·i,ri~r~lr of 

ID.'1eo;polysa.eeaa.ride• ... .Such a. eombiaatio:n, of to~d Md aZllOJ.'P~I ••b .. 
. . I 

sta.aee is rete:i:ired to as tl:1-e 1:ate;rc:ielllJJ.ar s-ab!!lt&aee. 'l'he eJ,a.st:t.q f'1be:r 

eoxn;J?oaeat var;tes tlle most E!Jld is foWJ.d :Ln l:Q.gbest eo:nee~tra.~;Loas 1:ti. t:b.e 

m.\Uleles of' the soft parts ot tb.e 'bocly, e,g., tlle •sc;J.ea ot the toMU~ •d 

ta.q~~ (Walls, 1'60). 

classified a.s e~domy,:t•, i,er~s:l.Wll, ~d epiJJiyS:i;wn.. T~ e~dolll181~ ;t.:.,. ... 

vests each muscle fibE!:i- aaca :f.e a.ir\',a.e:tled tc;, the se.r~u>lem;ma of t:be ~s.elt 

fi\e;- (Waag, 1960) by ret.teula.r eomieetive tiss-q.e, ~=di~ a. bqdle 

of ti'be:rai is a. kea.vie;r layer of eQU.e~tive t;LS$t\f.9 :re;f'er;red ,Q a.s the 

:per:i.Dcy$i'!iua~ The epim.yei\UI :1.s tJ:.J.a.t la.ye:r o:f' ein;ueetive tis111~e · 111~d:l.Dg 

the e-.tire ~sele~ Ia :real:t:t'y, th,se d:i,;f."tere:at layers ot eop.ective 

tis1ue a.re a.tta.el'led so tha.t they :f'\ul~tio». a.s a. Ullit durins •sele co~ .. 

t:re.ct:Loa. Ia addition t, ;p~:t.c~;pa.tix,.g :i,a tl:>.e eontre.otioa ofmv.Jele, ea~h 

la.ye:,: of eomiect;tve tissue sunerta other tissues with:l.11 the ascl;e. TAe 

ret;ievla.r c<:>ue~tive t1.$1!f'l.ll.e a.a<l t~ et;idom.ysi~ sun<1>rt$ the ca.:pi;J.J.a.riet 

8.l'l.d f:lm.aller br8.ileb.es oftb.e ileX'V'es, a.1:11 well a.s :f'o:,m.ing sp.ea.tl).s tor the ,re

gen.era.tiom of damaged m.u•ele :f'1'ber,. la.X'ger bloQd vessels and nerves 

a.re sup:,erted t'.b.roue;ho\lt, tlu) mus~le 'by the ·perµqsiu. S:µiee :iauselE:t :f;'i .. 

l>ers a.re :AeVE:?r attached to 'bone, t'.Q.e twree types qt coueet!ive tissue 

(P~1wa, perim.ysiwn., ud e,pimysiu.m) blend tc;,getb.er ead :f'ona the 

mu.&1ele.,.t,nt•n juctien. (J;.Qekh$:rt, 1960), Thus tl?.e area of the ea.raa.ss 
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fJ'OJJ1.wll4ch a. mu,s<,le ,anx,pJ..e is Q't>ta.1Ae<i may idlueaoe "ti~ eo1i:leat;ration ot 

.~o~eetiv~. 'tis.li•e and tu ov~r-all. b.1$\Qlogieal.· pict~ Jltf.' the ""'''l#. 
li\e,.e-Qh <ie~ w1 t;. tlQ.e ~ela'i;i'la ot, ••cle rue.n>•a.1,mr to tlenMJ 

41;wal.1ta,t1V~ ~Mreete:ri,t:ie, ot. me~t.· :l.S r,v:tend ~.Gl'di.ng 'tic., ~- (ti"' 

··.~. ~eai; .:·.A. J'~1iors asso;:t.atej ·w1tll· f:t.i,ae1• •<1. t~adei~e•eJ~ ;a, 

·,MethodEJ .et MaS~µ)g· :C';f;~flS ~d \~dc,~e:SSJ Mi f'~· 0•1fd.,\;t7 f#. i;o:JJ.•t=••. 

' ' ' 

. ·~··'- 'brie~··deee;r1jp;1oa of tl\e CC.:;'G~to-, Qf J!Ulifcl~,· 11:r ~u,. be. 

· aeea. t~t ·tlae:re a;,:e. twcf -.~,r ptaiea.1 <;d~iie~tt ;!.a m:a.eicle ,rl)ic,), ··an 
I 

a.ssoc:ia.t•a. ,rl,. lll t~de~e,, ~d f't~e·se., i.e •. , t)le W1$ale t:f.te:r, qd thll!I 

', ~o-•tire tissJe,. ~~·q[ v$i1.fAble11 :reJ.a;ti~ --~ .•• ,1, ;fi)er, _.,.e 
. " . . : . . .. ' .. " . 

. 'bt• st1:1ciied: . l~ m:u.stl• :f'iber 41 ... ert;~tr 2. d,n.sit;r Qf IMIClt bv.ndlAt,; -.a.. 
~. e)l.t~e~ oom,ea-.t111 <1tf tlle •sole .fiber. Tae ee>Mective ti.saue (:f-"' 

t,..a, :faf}>eef' ti1sue ~. beea s,aa.:t.~~ t1ll-i'te ext,:1~:t.ve:i..;t. A 1J1&jo~ :,a.n Qf .. · 

1-M w:r~ . ~ .1;ib.1s area. :lu\• a.t1t,E!i-,t1tcil iiP ,U8'llt:l.ta.te tJ;.te ~,~en f':racrt~Q.ll 

by' elleiQic'1.!1!4tllo~IIJ, v~~ otla.e~• P.Vft dea.lt v.1:~A 'the )iisto:Logy of .· 

.~01\\U,Et,ottre :t;1e1aeis. $1-~e at:r•,e~ fa,t (~)~) is a,t•~, j~
:reiilt ... tf ,~ :4e;potsi tita et'. fa.J ~~ " eQ.eeti ve ties-. eeu, rei,.euell· 

d~!lg wi.t)>. t)3e relat:t.~:,· of !PA~l~ to ;t:l~etl!M lila,j ttD.dO:rD.!'$$ 1$ ... . ' . ···1.. ·- '. ·. . ... . .. ·· 

· .:r,viewed '1fit;tl ..• t:b.at of· .()ou~eti:V"e t11,u.e~ 

· ,;'he ·' ... acJ.e t:t.bft• h.aive 'hee;a dees:t.pa.ted a.• one ~orgo1.ea:~. of' tl'l,e t,J1.,;. . . '., ... · ·,. ,. ,. . . . 

den1••• ••••e:l;:t.Qn ,rhea taste j-.l M-1i>~;rs are nla3ecrt;J.ivel:r eve.l.u&t~ 
.. . : . . . . .. . 

c~~ke<1.,1h (09ve:r,. :i.,,9; c~r .~. !l:·~ 19oaa,cr), Cove:t' ~ ~~ (i~e, 
a,,,) · •usteeted. \hat tbere a.re th:t"ee · llif'terent · · se•~""t:t•• wl>.1.~h c4 \le 

aae:tibed ~- t~. -.,~1, t:l.\l,iis, "e~,e ot, :r:ragDl.eAte.t;t.oa ~8iUf. tlle g:r~", 

"-al~ .... , •<t. "a~~t a.Qes;toa 'btttVffea ti'bers~'. ~-, J;rQftri;J.e,s· Q,O. 

deae~btd · ._. f,JJ.owif·.;· ·. ·"Ee.a• tt .f,, ... ~~aticm r•t~"d . e~tt~. o~ l>~at~ : ' ... ,. . .. . ... ;·· .'., 



thenni~cle fibers a.crots t~ grain. Ml$a.11:ness wa.s a. speoia.l k:l;p.d of 

tr~l!'ta.t:l,on: tlae :f'ragmeats were ti~y, dry, a..Q.d ~e.x-d, e.u-4 el~ to c'.Qee~, 

gwllS, ~d to:pglle. S~.G"S t'q>:J." la.ck Of a.pp$.re~:t a.dli,.e3iq• we:re leweS.1;, ~~

the. m:µ.Jcle fibers seemed ~st--fe.lted together." -- .A 1":m.e :po~t st,lfl' RS 

u.se<l 10 -classify ea.ch of the tb.ree: 1DiU1Jele _ fib.e:r eoxq:JQae:ait,. ;Res~t, 
. . . •.. ' . I 

w~~e :,re,emted (eov-er !; !=I:•, 196ao) wlaie'.b. S'1ggea,ted t•t t,be eaije crt 

trao,eata.t;f.oa a.at:1 la.ck of a.d,.hesfon. between. ntusole :f1bers tep,ded toww:-p. 
. '·~ 

b1Sft!i ;teaqris. Mee.J.inesewa.s :not ob~e;rved whe». 1;he ates.ts were eo~ked 

to 61 °c.,, 'but becaJl!.EI e.ppa:re•t a.t• highex- int~rna.l teJl\"Pe:ra.1'-..in~;. _:cn a.n 

e~liel." pape:r, Cover -!.l .§?i!:• ( ;l,.962b) :i:-eported an attempt to rela.te ?QµSelt 
. ., .. 

tibe~ di.a.meter_to two o1;,he;i coib:.Po¥:atis of' tender!le$$ (;i..· sottnes1$ to 
·.· . . . . . 

; 

to~e ud cheek which was -J\idged. by feel; aal3, a •. sottn~s- tQ tootb 

1res,iare W"b+el!l was Jli~ed. by tll,e ~UJ>.t of lttllscul~ :t'o:r<.l"e ~rted with· 
.~· 

-- ' 

~~Cle fiber dis.meter and lewer $CCINS for the two·so:f't:m,ess QOlll,POllents 
' " "; .. 

. . . . , . 

tn,eae au,tbqrs S'%';gested' ·that ~:roved histologie$.l methods were needed 
., . . , . • ' ' . ,.~ . •' . .·· I 

before a:n::, signif1c~c.e co'lda 'be';itta.obe4 to thes• f~diigs, 
. ' . . , :_ ... , ·. -· 

' ... ~-- ... ·,-.{:.;, .. ~ 
S.~SOQiated with tp.e teJ,\de;t!Aess -'of JIIGELt. ('.Brady,' ··· 19j7; ~;nd and 

AJ>pleton, 1932; Hiner et al., 1952, 1953; Lorine~ 841d Biro, l960; 
•: .. . .......~. ,; :-c,;· .•. ·: . 

~~bottom!!, !!•, 1945;. Stra.n~i!~ $1 !!•, 1949; 'luma. n ,!!q 1962). Bra.d.y 
'·· .... · :.,-·.· '· ' . 

(1937) f'o~d a cor;rela.t:Lon of'.9~?.2 between mu.s~+e ti'bi;r d;I.a.meter and t;b.e 
··,. . ·'· . .- - .-.··,; ,··:.ll.i .-·, ... _ .·· ... ·· . ,:-.- ·, .. 

Wa.mer-:aratzler shear va.lu~s of aged, raw steak~. Howeve!'!., the co;r .. 

;r~J,.a.t:Lqm, ~s o. 55 betweep. t~ _ $ame two va.:riables wb.e;n tbe ateia.ks ~re 

eooke~. Tuma '.!i!1 !l:• (1962) reportec.'i sim:t,la;r co:r,,re),a.tions. W.Ae:r !$. S• 
(1952, 1953) presented data wb.ich s~gested that the relat:ton~lu.p 
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between ~iber diameter and tenderness was curvilinear. Their data wepe 

cqllected on nine musc~es from 52 anima}s. Within each muscle, the 

simple correlations varied frqm o.;n to 0.75. The pooled simpled co:r-

relation was Q.83, Thus, thexe appeal:'s to be a positive relationship be-

tween Uber d:1.t;i.meter and tenderness, i.e., the smaller the diameter the 

more tendex the meat, Sa.l;'torius and Gh:!,.ld (1938) suggested that laxge 

bundles wfth maoy small fibers were indicative of tende:i: meat, whereas 

the reversfl! was true when the bundles were smdl and c<:>ntai'[led large fibers. 

Similar conc::lusion$ ha.vi;! beep presented by ijrady 0937), Ramsbottpm et il· 

(1945)~ and St,:-andir:ie ~ll· (1949)r 

Detailed Eltudies have been conduc;ted to elucidate the fa<;:tors re-

sponsible :f;or the var;i.atioll in the d:i.amE!tel;' of muscle Ubers. Because 

qf the cc;,mple,~;i.ty ipvolved in many of the studies, this review wUl pre-

sent the conclusions and details only when it is necessary for clarity. 

1. Species - Jo4bert (1956a) conducted a study involving mature male;:! 

tween body weight and meap Uber d:iamC;!!ter or betvieen the species at; 

birth. · '.H;owev!:!r, the otder of relative increase fc>'r muscle fiber diameter 

over the Same pl';!riod of time corresponqe<;l with that of bQdy weight in the 

four species studied, (Joubert, 1956a), At ~aturity, the fiber diameter 

of the four species ip order of decreasing magnitude was as foUows: 

$Wine, rabbit;, cat:t;h~ a'fld she~p, Joubert (1956a) cited the work of 

War,;ingshoh (1903) wh:1.c:h supported the above conclusions, as well as 

ipdi,cating that t;he mei:ln fi'l?er diameter of the hor$e was inte:nnediate to 

Strandine et al. (1949) reported that there 
~~ 

wal:i a d;i.Heren~e in the histolog:i,.cal strµcture of the same µiuscle from 

the ca:t;'casses o't; c<;tttle and chickens. l'hus, t.here appears to be a dif~ 

ference in the structure of ~uscles from different species, independent 
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of body wei~ht. 

2. l3reeds within ijpeeies .. Ten<hrrness pas been shown to d:Ltfer be

tweeTI bre~ds, (lHac;:k il !D..q 1934; llostetler £.t, ,tl,, 1936; lliue:r and );ao, 

1954; Cartwri1ht ,!t~-, 1958), Jo~be:rt (1956a), for e~ample, {ound 

that cattle of the Fri¢sian breed had larger muscle fibeis than those of 

the Da:f,ry Sl;lorthqrn cattle, However~ hE:! did not relate these Undings 

to ~h~ p~latability qf the cooked product, f4fth~t"mQte, there is very 

1:l.ttle if any publhhe~ ruea:irch ~:l.·Ji<li1;1Js relating ~h~ dUfe:rences iP the 

diameter ot the muscle f:l,bets o( different br~ecls to the resulHng pala-

tability oj; tl;le coQk,ed si;:eak$ or roastl;;l, 

j, Se~ wi~hin breed - Jou'l>e:rt (l;.9S~c) note4 that @ale lambs cop .. · 

sisteiitly had latigElll' f:i.pers at birth than hrnales, lloweve:i;-, in earli,e1; 

work tpe :females we:r@ l;eported to have the la:rgf;!r musc11il ;e'ibers. (Joubert, 

19~6a), tn t'Qis same p,;ipe:r,. ;Lt was r~pqrt:ed that the tll'9les had la;rger 

f;Lpep1:1 th~n tp.~ fem~hs at 290 day1:1 pf ag~. Thir:; dif:f;erence, howev~r, 

wa(:I f3mall and P(Hl"'s:Lgnifi<ran1;:, Joubert (19S6c) qit:eq studies by othe.rs 

(li~l'l1ff!9PQ and AppletQn, l932; Me'q:n~l;, 19JS~ tsuch;i.ya and Yo1:3hida, 1953) 

which have ;i.Qq;i..~ated tl;t&t mature males genE;it,ally have larger muscle f;i,.bers 

tha'Q ;fel'Jlalelil. Alt;hough Brady (1937) and Sat;;ol;'ius and Chi.ld (1938) re.

potted t:l;tat steeria had larger fibers than cows, it; l:lhould be not~d that 

breeding and c()ws of Holstein breeding. ln si.µnmary, it may be concluded 

that the muscle1:1 from the carcasses of mature mahs tend to have larger 

fiber diameters tpan the same muscles f~om @atµre females. 

4, Nu,tri..tion .. Rega;i:-c:Jless of specie1;1, the results of several in-

vesti~ations indicate th4t the muscle fiber d,i,ameter in a1;1imals with a 

h;i,.gh pla:!.n of qutr:i,Uo1;1 is lai;-ger than th.i\t ot ap:i;mah on a low t>liine of 

nutJ;"it;i.op. (llamroond, 1960; Jou~ert, 19,6a; McME:le.kan, 1940b; lwbertson ~ al., 
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1933), The difference dµe to the level of nutrition may not be present 

tn tqe immature animal. ~Joubert, 1956a). MqMeekan (1940a) has presented 

data which suggeS!t that the :i.nc:rea1:1e in f:l.be,;- diameter is not reliited to 

fat deposition, Me qbsa:i;yed that tn four apd eight week old pigs the in'" 

tramuscular fatwa~ located with~n the muscle fibers as well as between 

the Ul;>ers; however, after 16 weeks of age, the :f;at within the fibers 

could not be detected. lloberrt1:1on et al. (1933) were also uoabh to de~ --~ 
teat :f;at within the fibers of mature beef. 

Auerbach !l !A• (19S4) have repo:rted correbtions of approximately 0.60 

between fiber diamete~ and moisture content of meat. Since there is a 

negative relationship betweep moisture and fat content, these data would 

suppo:rt the copcl4sicm that :l;at deposit:1.on is not associated with fibe"t" 

diameter, JoubeJ:1t (1956a)~ :i.n SUI11marh:i.ng the inflµence of nut+it:i.op on 

fibel!' diam~t:er, stat!:!d that growth of the muscle fibeT, similar to growth 

in generai~ is essept:i,ally a :funct:i.<!lQ of physiolqgical or developmental 

age, rat~er than of ~hropological age, 

5, Chronological age - With increasing chronological age, there is 

reported to be an increase ip the diameter of the muscle fiber. (Dickerson, 

1960; Dot:y amt l.=ii!;:)rcl;!, 1961; H<:1:µimqnd, 1960; Hiner £.t_ !!l·, 1952, 1953; 

Lowe a:nd K,ast:el:i.c, 1961; McMeekc;1n, 1940i:1,; '.l'uma et~-~ 1962). ~ammond 

(1960) also stated that there was a corresponding increase in the size of 

the muscle bt.indles with an increasf in the coarseness of the "grain" of 

the µ1eat. l'he location of the muscles, however, ;i,nflqences the relative 

rate of growth. (lU .. ner .ftt ~-, 1953; Joubert, 1956a; ruma ~ ~" 196i). 

6. I:ndivi4ual muscles.,,. '!'here appears to be an inverse relationship 

between thltl pre,,. and post•nat&l development of muscle fiber diameter, In 

a study on the pre-natal growth of sheep, Joubert (1956b) stated that 

the foetal '!llusde fi.ber µpdergoes relative:ily l:ittle change in d~ameter from 
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a ~iglat ot ap:pr~x:Un.a.telf 8 g.to j~~t ~de:r lOOQ g, (a~111&tel145 t, 

l.03 days)~ ~vei-,.aoti,e~ble eliluges weN ev:Lde11,t at ~5 de.;ys -d $it 

· ld.:rtlt.. ·x. ,uJ:t;on.~ tre~s·stdat:J.O#ll! i». tlae •sql,e ti'be:ts 'bee.~ :J.• ... 

C:l."90.S~ly tle&rei t'jma 85 da~ 0;111.W'N."d• Further Q\USei'Va.ti0:1$ W:rt !P4I 
,: •, . '• ; I ' •, ·. . . •. .. . . 

~atJ,••••<1. t39 "~t1ve :rate of m.a.tvatiea. :ror ~x~i., t)Ae. l(;)!JissiJil\~:-if. 
. . . . . . . ' . ' '·, .. ,,,. !,),.J ... '·· 

~o;•~ ••~:Le ot tlle .t~ J¥1'~d •~Ue:r tlaaa t~ ·• $~Jl!t_11, .. P!il4'~ 

. ot tM Jt:l.Y:f.C l~b~ At b:f.:rth, ~he s,tze. of' tbi, f:1.'be!rs Wflrl$ to•i • to 'be 

•~•t •t;1:! . 'I.lie tarU.e•t •t~~ ~cle 8.31d le.»s•st fir tae. la:ttlll't -~w:,"' 

iag lj•'.•1•• (Joube.rt, 19,oc.). !~. rate of po .. ~--~ata.l qpen"Jlq ~;r a.l,.IQ 
', • ' • I • ' • ' 

' . . 

t~)er, Qf .1;,lae ~&If.~• 4~r,.i g:r;<11w at a •ligl,,tly f~ler ,:ate tb.aa tboee 

of t:b.e sa.e$:ro~aem1J:! from. b:l.rth te 6Q da;ys~· (J('u'bert, 1956a.). Al the. 
,. . ... ',,.,.. ,.·. ' . 

:J.$Dfo• CC,l\~:(..UeQ, to g~ I :'t)lo ·~~t!~B8!:1:)S 'bGQ8- the Slp11,TEUlt i;'crtn:pa 

•c3-• wldll the lG.p,s:Liieu.s ~~.i ll',a;l:t1taiaed :l.1$ ta.etor 11e;t;e ct g:rowt;~. •· •" • • . ,. ; ·, . .',. '~ . ;: ' .' ·•.' • '. • : .. ·. :>. ,' ',_. : .. • ·. • . ". ·, ' ' ,L, 

11ae, Si !1· (i95a, l.953) ,.,,,.ry~~ that Din~ ll!UI0.1.~• t~ dJ.tf~r~,t lota..~ 
. : ' ', • • • ! • ~ • • ,•'. • 

°'io.:-. . i,: lieet ~~c~s,ee oCirlllt be sepq,a,ted illJ.:GG ·· tQV srov.pe oa the 

· ;;.1,~ ot i.,i,· avet~• ~,~;, 'fij'". qj.~te~s •. ·. ·,~ t~~ ,_.,;al gi-o"jif 1a 
1·u . .< :·~ ·. I .·. .•· · .. · . ."· , ·. , . ·. ~-. . ·.<· ,. :.--:\ , .'.:f·::;. ; : , , ' ··:·:-. :::\ ... · ,.. ·-·~. ·: ·. '1. . , .. ·• . , .. · , , 

ine~-.-~ f~'h•r· 4,:f.·t~:r ri~ ~,.:if'ellwa: l 0 110.~1 -~?ii' e. ~&,•.•&!!! 
. ~;·;·>···;:~/'.:•:,._, ' _i. ·:. ·\.'b ):.:,:/);:,?)/.·.. ..· ~:;\.-.-.. Jit:.· .. dt>~·:- . ,,.· .. 
s~r,t.(nb ad eh0tt1,loin,N1:1~) ~d &l,r.ttMS ··~»•r ·3~ ,Stmi~,a\,~!101¥,, 
''.; ': .. ' ' ·. ': { .: ,. ' '·, (·.:,.·.:· ' ' ' • '·. ,, · .. ' ': 'i'.,,· ', .,· ' ·. ' 

1eud.;bssa•1Y, u.ct lJ&coa .f99ri;•J aaca. 4, gerra.,t\1.1 v9trt.JJ,1 Qd. dee, 

~t=s~~~:::::~-r:ii:7 :::.~ 
~~;:· fa•••s.ea t~. ~st ·'llli~ ·'.t~ se:rr•tw- vem.ttalia • 1ac"••"- the i,a,; •.. 

,' ,! . , .·,. ' ," . • .. . r . . . · .... '.'. . . . . ·. . . .. .. . ... 
w-...pie,-te,t .inc~a.1-.' u.U~te:,r oe~u.rNid froJ11e~1t.t -t.• to~een.mo•uu 

~.t ... , ..• · -~1"3' $~o.·jat,.~·.~·r th.e loyi,Bli'18 da;~i --~ biC<tJS . 

-z;1s ~., l>eeil r+Hrt-ed by~ !1: ¥• (196!)·. Va,tu t7- JO~te of .. 
• ' ' • • : ' • ' • 'C • • • • • • • • '. • • ~.. ·:' • • '. • 
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:L».o.Na.se i;a nw.sele :fiber. dis.meter a.s, the 'pa.sis fol' the $:t'OW]A. :ra.te of 
. . ., '. ',· -. ,, ! • ' 

•Q~s,, theee a'.budi$S :!,».di~·a.ted tlua,t :the i_.ole$ .(sv.c~ tls t- h!M~•.~•s 

dara.:> w;ble;b. decrease tb.ei:,;t :rate of growth ef;l.rly d'Ur1,,~ the J:J:'eo0na.tal 
' . . I . 

Jtriod ~ · the muscles wld..eh •t~ J.a.te dur~ JQ!Jt, .. »;atEO. g:r;-QWth. ,. , . ·, I 

'l:biee• 1&11e mu.scl,si~ $0 e<>:m.s:Ldered to be·t:u •~ teade:r: muscles~ 
. : . . ' . . . 

tlie e•caa,i,~ It is seae»a.lly accepted that ·tae.•a.t f:rGJ¥1..12.t\t~ ~mal,1· 
, I . 

· 1a tadem.•• ntb. ~erea.1:t,q Mlllll$l see he.a been. as,oct•t.fi4 -.nt.h t;q.e :J.p; .. 

ena1e ,._ '-.sele :f'i'ber cU.•te:L"• 

r~ Pc>et•:rtea ag~ ot -~t. ~ 'l'be aging ot •at . :ue 'beea de~ut:,:a;bed 

. to ~1~~:ill.Qe . the st:rll~t~e :ot :f',:e~l\ ni,eat and e~e :Ltt ,l:t;:l.ma..te t~•det• 

Jiees, (llle,y ~~· ~e:rce, · 1961; l>eF~ry aad Jool, 1960; JlanJ;loa. . .!$ ~., 

1~2; ~;t.10:a !1 a,, l949; Lock,;r, l96Q; .Paul!! fl,,· l~; ~'bQt'\;(HII 

pd lt,~41.M, l91f.9; ,,_ ,U. ~•1 l96i), ~'bottOII •d St:r~d:Lae (l.S)49) ' . 

·c1e,o~~'bed· tJae ·. st:rue.t'1.raJ. c;~eis ~- t1'e ;oee-:t1sH!,!S ~oa,:1.·· <3t. bee~ t~ 2 

ac>Q.. to. la day,·· :,est :mortem, ~~ tJae tirst seve:r~1 ··~, · att~:r · 
s:La.ugi.te:t', . tu !IQ.Sile til!le:r, ijJJeaftd st:ra.igat t, tlie:l>.tlr wav1 (:,~-

. I 
"\ 

r~•r ,.-.,e). Mte:r & to a4 uw;-s :,oet 111.0~em., t:lae ••cle t;t.'bers. we,re 
:J.i a .eta'tie ot cen.traciiio• aaa ·,1ae1 -.neared a, s~ly deti;-.ed ·Wflltves · 

(ns•r-•rt:l.s ,•••>' i;t'l\is ste:te of co,atraet:t.o• we.a :re»ol't•d t¢> last. trom, 
211- to 7~!' llov.r1 :,a,t .. llQrie•~ rollowii:as ta.ts JUtft,' tl>.e t:l.l>e~s, 'begNi it, . 

' . . ' . ' ' . ' ' 

s~ :f.».to a. N~ed er 111oa .. eo:at~e.Qt~d state (JPO•t~rigo;I;" #,e). · ··~le 

ia.t2'1.e·nJ.axed state, t• muse1e't1)ers g;radw.ally 'bme.trq,.ave,se~ a»d 

lOIS4 t1t1d~•irl:Ly a• a ~•ult of ••ymati.e actiba ·•· o~ a,~to;J.n:f.s, · 

At••~y:Lng tl,uuse t_.e ·. J)P.,~ of · r~or 114:rtts was . a . decrea.s• :l.ll 

te•4eme,, dvi:a,; rig~r ... mort:t.s ~~ then a . coa.tl:$.JJ.Ua.J. !l.•c!ll'eas, in· -te•deme,s 
av.nag ,o,t•r:Ls·~1~ (Na.1~.!1.~,·1,6sJ ~bottQDl atid &t;r~d:lr•e, ·l949), 

. -~'.. ' ' ,, .. ,., 1,., .. ~ •• ,. 

~o, .. t• m.wacle 'buaq.le$ were ~t:,.1~a. 4J1i':Lllg. p.oe ... ;rigQr1 · l!>u.t 'beceza.e 
· ··.·,· ... ··· ·ir .... · ... , .•.. · .......... ·' 



14 

fi~ d~ri~ rigor. When tlle mu,scle was :Ln po$t~rigor, tbe~e was a 

g:ra.o.~al. sottea;LDg a.n4 loo1;1e-:L;Qg ot tlle bundles, wlu¢b. wa.fil quite :p.etiee~ 

able by tb.e ,weltt'.la day. (lla.ta.sbottorrt aJ!.d $t:ra.nd:J.:ne, · 1949) • 

'?':he e:ic:teJ:1sib:Lli ty o:f' tbe ffll;l.1;1cle fibers (res:L.sta.n~e to br,ald,~ 

ude~. pJ>eH~e) Jaa.e been .reported to be :nega:~ively rel,a:hed to tende:rn.eiss. 

(!Qftertler sad Cover, l9ol; ~y Si S•, l9o2; W~ .!! !:l:,,, 19?!.l.a,'b, l95o). 
' ' 

Ma.;y et·$.l. (1962) 1.oted that the pereen.t exte:1Ltdb:.f.l:Lty of JQrk ep.d 
~~ .. ' ' •.'"· 

ehioke11. mu.seles decreased. end the shear values 1:ncreaseo. w:J:\h tl'le st~e 

of' xwnrti$• It )).as 'been post.'11la.ted that the a.cte~si~ oom.i.,lex, whiQ)l 

tol"lll,EI d;ar:;J..~ eol'lt:ra.etio1+t, is :reli!JO•!Sl:i.ble tor t~ ,various a.,~rees of e;j;"" 

t'i\lNibilit;y. (Wa,ug !]. ~., l~5fh Weir!!,~., 19;8), 

Co~ec;;t:l.ve tiseµe ba.s lQW! been a.s:eiocia:ted with tenderness~ One 

qf 'ti~t ea.;,ly :published re:,ort~ om tb.i!':I rela.t:lo:nshtp was by Le~ (1$97). 

$:L:acHt 't;ha.t time m.aay. st14<U,es have been conduoted wh#,Qh i~d;J.oa.t,e a.. ne~a."". 

t:Lve :J:1ela.t:Lonship between te1.deX1J.esui iu.d co~ecti.ve t:f.sa111.e, 1.e,, the 

i:nore . te;,g.e:-, the eoeked ~'itt th.e J..owe:>;' the coll~ei:a eontent. Some ot' the 

i~vest:Lga.tor, who have ~eported a. close a.s,oeiation between these two 

fa.etors a.re A;de.JO.S !l, ~. (l,960), Cover (1959), Doty •d .P:l.erce (1961), 
' ' ' 

Hell !l !:'!:•. (J.944), ~J;>;e:!," !! ~· (1~55), Husaini !Ji !1• (19:;oa.), 
•.,, 

Mitehell !!?, !:I:• . (J.927), Nott:Lne;he.m. (1956) ~ Par:rtsh ~ S:· (l96a), 

~bottom!!~·,. (194-5), Ritchey and Cover (196a)., IU.tQhey ~ ,S• (1963), 

Sa:bo:111u.s a;nd Child (1938) 1 St;i:,~d1~e ~ ~. (1949), ~cl Winese.x"de:a !! ~r 

(1952). Other worker, b.a.ve suggested that the ;role c:,f eo:nneGt:L ve t1tHll't1.e 

:LEI not ·u. impo:rtant fa.crt;or :i.:n. te:a.dew;ies$. (Be;rshbe:re;e:r !1 ~., l95l; 

l~ta:t,a:S. !!?, !:l:n l.950bJ ~ripez at>.4 Szeredy, 1959; ~k:l.at91la et !;!J;,, ;1936; 

•~~:it!!lNI. ~ ~·, l9~3.; W:Lerb:Leki ,!i !!•, 1954; a.n.<l wi1,oa u !!·, 19~4), 

·AC!~oro,~ tQ :Doty ~d P;r.eree (l96J.), tenderness Wlilrl!I only sliglltly con-~la.tE10. 

(aegatively) with tb.e eollag1;in, eo:nte;p,t of raw er cooked meat. llo'fever, 



it :J.a··,el'MJ.s s;J.ga;Ltio•t ·tAAt, 'Witill two ·exeept1ou, ~ co:r.wel.at:lon, 

q<>efflQ:f,Em1;;s bet"ea colle.e;e,. 001.tea; of the •at ~d teade~es,.,,." 

1,ega\tv•. ,. Lo;r:tac• •• S1e*8d7 (i9J,) ,,sta~ed that ;t,t; •• .a.Qt t1" cauaat:Lty 

tt' ,, ..... ,ttye t::tasv.e wQ.t~n. 4ete~•~ tJ:ie e:taewiM (cu.tti.U) ~s;ta,t;UQt 

ot ••t, l»\i,1 i3'At 1-1it7 ,t s•o.h e¢1Qect~ve $1.a••· 

.· · ••~•s· <~st•1og1ea1 •tb.ot111, :ftamebo1tt~ e !:L, · (~'4;) ~,~nee! cllat._ 
. .. . . . ·. . . ., . 

w)d;oli 1nu.a;,t;.d.. taat Dll,ltl.es Y.f.ta 15.Uic:L,.t eo~eot:tve t;S.e••• . t, :r:e,~t 
.. ·... .·.. . . . . . . ; . . -:. ·. 

1..~·a..~~- .-.,cie b'da4l.e# ~~. •••rt~c~al,·1a1to&al) wtrt ';1.tss. teaa..:r 

tkU t-.. .... ~o·~· ~-t•t~ a 111,$,l.l 8.lllQUt of·. C,HJPEl(rtt:f,Ve ii:l.$eue· 'Wi.~ 
····· ... ··.c· ... ,•' . . ., . .' . ' • ,· . . . 

· CC$d1Mliit;e·, 1;,y t:b.ia · g:rou; to el.uoida:~, tl>.e rel~tie>i.tM.:P betnea e<:>n• ·.': '·.. '.. . .. ,... .· ·.· . ·, ,·.:: ·.· . . . ' . ' ·. •. . . 

' aeoti:ve : t;,,u, u,tr:l.'butt,a. -d ~t"1b1-ll ~y. taams'b$tl• .,,, "r~~;tje, 

:1,'118, l"'J; St.~ead~e ~. ,11., 1~9) ~. In the Jt•fY by St,:-•d~e !1 !#• . 
. (19*9),, itJte t:f.se et ~he, :,erim7sta w.is ela.ssifiet e.s Wge, •diq, 

. . .. . . . . . . . 

· ·~, ., ii<lia\ta,t, ,:!~y t~o.l.1.cil,ed tJ.u,.t tlae -,c;1,. with a.bwadaat 
' 

.µ_· ,t tu 'beet -.ao:J.ee . 1tudie4 wa-. O. 70 ~ • • . -~ i;llat ~•ecti ff 

t~~i,;f• •1Pit,.c~ • ~~1::~~~ ie11~~-.,~f 110t • ~" . 
~~~•j? : . (li,~1_. !i ,51., l.~j')._ Doty a.a'- Me,~e ·· (1S)6;) ·. ri:,one~ " 
:~_:·-~···: ·.-: • -~· ,._:_.-..::_;" .. ~:··_\~-1.t,_ ·. · . i · ·· .. _. :. · ·. , ... · ·~-·/:~~.-?'~-~.: .. ·. '. ~:· .,~·.:~.t:·'. .. ~. ~ -~-'._~·?' · :"·.,·r . · i . .;_:·· 

!,!~ ~,.;J.'.V'(-S lj3 beef eatoE!.IISQ•• N~i$eJJitiat;t v• ot t~ ·;u.abt gel ~1"17 
~/:. :',-/::·:~· :~·._: ':''.. . ·' . ··.' \ . ,, .. ··.,:·•\: .. :.- ·" . . -- · .. : ····.'} .. 1? c; r . . . . . 
wt~lJ..t ,.1.1r:Ln1.e -., Geet o~llli•••• •<1 650 l.'b. w,s~ eown.erc:LaJ. cow > '~'~',,• ',,. ··:,'.,:-.\•,' ' ' \ .' • ,,, " ,.:/~~: .. ,•';,: ••;.,~:,; ." ',• '~:'.", .. ·'~,' ...... . '::' C ,! • > • 'll' · ,_,._.,,,.i !h.111• e.•t•t• art;a.te4 ~.,, "TheN ~. •····,~¢~1;:lioa t~ 1>11>• 

. ·+·.,~.:;;.· '.:.' .. :::.-? ·· .. · ....... , .. ·.·'· ... ::;._:~·:·r~.. .. . .?.,·· .. · .. '> ·.:?.,:·· ·.· .' .. ··· .. · 

••na\:tou m.ade dur:!Jls th'.te. •t•d1 tll.e.t t)).e ti,-t:riht:L~• ot eoU-.gesr'wa.s 

•••t~:t~j~ cll~•,.llt ~,,ee.tea.•,•e.• ii>t. Utt~11t e;11~.s. Whu11, it 
YO'l'1,4.aue~·tllat tlle· c•JJ.aa•1'.CQ».'t$».t ud dis~nlil'-ii(l)1,.ia -~~' ,.. ' ,. . .,' . ' ... ·. . . ': .. 

~~~· ·""'· e~a•~•• it#, Utt'•.~..,1( s~_e ue. s~. a,~t~ t~t ~his c~1;, _ · 
. . ' I ' ,· • •.,.,, · .. ' ., ....... 

'·. ,•, ' 



gener~be ot pr:t.ma;ry imJ;l,rtaaoe u deteX'ld.-.i;ng otg~l,eptie ~tte~•ces 

'betW1ea c:radeei/' ~ver, Doty Q4 l?:Le;t'Ce (1961.) e-onciu.ded t)la1' tb.e 09:J. .. 

. lagQ cea~e•t of tkEt r1li>t1' was pe,:llap11 a Dtf.;q,or f'aetGr eont:r1'butt:ne; to. 

tac1,~as. _ 

~:ir -.0 !!· (1955) obse~ecll tl!@t tll>.e a.mo-.t ~f el,astia _ ~!Lt!'rte4 

1;~h _fJ. ·••t ot aee.t was elre>•ely -.ssoe;tQ.ted wit:b. .t11ade:raess. la the 
, .· .' :· .. :. ' , , . , .. , , , j . . I . , ', ; 

le.a. 1$etJJ¢1.$f 0'1,'ttll ~ t)J.$ eU;llii:1.C . f~b82"1$ . W'eN )U~_:b,ed, tagetlutr ~ 4ef;l;Jt1'• 

e.reu be~~·· tie·wser ••• :ie b-.4les. 'r)l1re·wa· 0~ ~ ~ ~u.t. . . . ' . . . ' . . . . ' 

ot .• 1as,1- la 1ii.e · IIO;N te;n.le:t" Qu.ts,. Winee;arden. .. !1. Sr . (lr9:5a) etated 

~hat •:!.Aoe the e_la,t~ eo:ntea, of ••t m.u.s~i.s :t.s ~ ecpm,p~d to · t~ 

Oc:>ll.$geJ?, co-.ten.t., it seee tut tu i;eJ11lde$E1S$ of eoolted •at :ls.a.tteetedi 

to " '"•ier . extut b;y ~ollage~ thq elutu. ~ . . . . ' . . ' . . . ' . 

••~tive ,:r..,11ue.. ce1>n.te-.t, ot ~at·,_ thEI. ~er· ;ta. wh.i.Q:b. teaiileme1s · is 
. \ ' . . . . .: .. . . .. . 

m.ea,_., ·· •• 1:rtatl:y :i.nflP•ee the J.'9~~t1ag -~e-s.· Notti-~"'1 

(1956) foQ~ a9 c~~latioa bttween. coil.age-. co•teat aad tendente4\I wbea 

\q.d~ni••• •• •e~ieaJl;y •a.s~d 'b;y shear:Lmg · ,. _ _.,, e.eree• the .. ,01, 
,,•. ,, . I ' , ' . , .. • 

. . 

fili>e~,,. A oonel.$.t:1.oa ot o. 78 m,1.s o)se:rved 'betwep the s~ twC> va;,:f,ab~• . ' . . . . . ' ( ·. ' ' . . . . 

.,~. ~at ~-le·· ,n,re lheV$d ~.Uel witl\ the DtU,$c;le.·til:>er di;reoticm •• 

~~• au.t¥;1:1Joe,v.iate41iha.t.i!!be~ t'o:rce mea.svei ~ei;Lel to the t;f.'be;rs 

'9jri•e•t• 1;1u t,rce n.eeclec!lto sepaJ'8.te a.djaee11.t t~'be:r,• ~a;t.nstllw 'b:L:ad• 

12'8 Qf' tl\el ,Q ... t:i,Te_ tia,aie &a,d W'\fJ.q. bta ex,ected·to'\)e related tQ 

OUAeet:f.ve tissue cc>atq.·\h 

. ~C)tt~ !1 ~· (1'45) aa.,,. •• , the t .. 'l>:£1' 'iih~t ~tte;re•c•• .i:a ~-· 

UI.OUt ,t · coa.eotive t;ssu ~,soc;La.ted with tu' u.t~cula.%' · fat •1 e;cl'!! 

j:taia ,my: tt ns •et ;,,,uat'ble ~e 111:iMn' a .positive ;i:,el&ticm1ht1 'betvreea · 

· --a~b te.t oontent <>f' DSQl.1$ a.at "1aw.'_s~v values. 
. ' ','• ' 

L 



17 

Oookiag re,w;~s ;L:n tbe bydro;J..yisis, o:f' a:" least a Je.rt ot tlle ~o+

la.seta, ~~ the Stlbsequer1.t :t'o:matioa ot e;elat;La. li'~crtq,rs e.ttectu.g t~s 

p:rc>Qets t• •at ~e the 1»,te:r,.aJ. ttJQe:x,a.tu;,e, tlil.e pi, tlle ,;t..ze ot t•e. 
0~1», ""d the den.sel).f,s 03;' ld.ud o:t" coll,a.ge:n, (tmre, 1955). Accord:Lng ~o 

w:i..,gM\iea J1 !!• (1952) ~at :ta~l•e•ces, e~aou..lil, ~i,~ae, 1:n t~e: fol• 
' ~· . . ! ' 

·.lo1r,t;:rtg ~er: l. e. s•n•».1• in. l~h., 2, a. deitrea.fae ~ ,nt:dtb., 3, q 

~·~"aae u. tat,atllis, 4~ a loss i». lnlipt,, and ;~ • ,ottuiiN ~c1u,,. 
. '1 ,I. •' • 

Jell·. n ... (l9'+l) Ja•ve n;poned ~lJ..e.t ai pe;11Cent ,t tlle coJ+agen 1, eo• ... 

,terie(l te gelatin during cooking. ·. $1mil4r result$ AAV@ bee• re~"ed 

by i~:t.• Qd e,ver (195,) • 'l'lais .: eoAVerilio:n ear,. l>e ei tl:>.er :f.Aeree.s11d er 
. ... ; ·- ·, :· ' : .. 

4-,c,01i,ed1 ~)$1ld1~ on the ;f'iaal.:t..tem..:L t~•~t~ Qf the ste~ or 

~o•t, (i,·J;;L !.i !!•, 19,J,; OJ;"iewold. and Kettie:r, ;L952, ~ !:!?, !;1,, 1960; 

l)o~J ~~lP~e·~e.,. J,.961; lU.tcllei !1':!!•, l~3; 1'itchey qd Cover, 1962) • 
. ·., '' ,.·.·· _, . . ; .: 

e;e•••:l.o•• a.:pJroaclo;es ·J.OO perct!i,it. wl?.,:a i,tea.ks of either •eles (ioas1,:s:f.!iS, 

dol:"@i ¢1~ ~:legs f'em.e:r~s) e.re;co~ked to 100°c. $$.d held tbttre fo:r. 2? m;i# .. 
. . . . ' 

.. . I . . ·.· ., - ... . . . 

u.t<lus,;. · • /' , 'l'he 'effect Qt eoUa.gel'J. h.ydrolys:Ls 01;!. the ten,derne~s ot 

~~a ;tra~t~oA has been stu.~1ed bi ta.st~ panel metll<;1dt1. (eove;r, 1959; 

QOVt;r." -!l\ 1*•, ~~2; Ri tohey ,ll ~: ~ 1963) • ·Ali' tb:~e. Btlld1.eS poated. to $. 
. . . : . ~- ~·.. .,. ( . 

t~•e:ri21;.t:f.Qll Of tbe COJ')Jl\eot:Lve· tiseue clUriag the COOld.~ ·p~cesq . 
. . '·: ;-.' . . ... . .. ·~: ',. ' •, .: : :•. '.'>-" f:· . . . : ' ~ . ,,' . :. . . . ' 

N.tQ~;y u !!• (1963) :re19rted that a. m.ou.t:n. seqa.tio;o. of te'1demeuu;1 or 
'',· . . .. :. . : ·/. ·::. \' . . . . . 

:t;Q,•l111l.EUJS. Qf cc»;neet:Lve t:1ieue e~. de"1edt ~en,s:tve eb,emiea,l o~e$ :i. . 
.. , .. ,... .. . . '. ·. ·; ... ,, .. , · .... •. . . 

f;,9Qeet:1vett1ssue as •asU):"ed 'by, pi:)l,le.gea eo».teat~ 
t::·. . ' ~- >·(f. ' .. ::: .. ~ .. 

~:tsoa. !l !!• (1~9) · nt;ported. that cooked ·colle,ge:11,us ·t:r.au;ue u$ue.J;ly 

:le aet df'eeted 'by vu Ge:Lsen' s sta.1:A (specit:Lo tor Qo;J.l.a,gt:m.) du.e to b.,at 

dtg:radatto~. Earlier wo:rkers bad obst:t"Ved t~ts sa.J!.e pb.Ememenon. (l?aul, 
' ' ' ' 

!i !lq 19411,j)!»au.J. aad )fe~aa., 1946,; ~bottom ~4 ~:r8.ll.41ne., 1949). 



Xn discussing t~e changes in c~llagen upon heating, one must be 

cognizant of the concol!lita.nt Qha.nses in tbe fat cells of connective 
. ' 

tissue, Siemers a.nd ~:!Jilg (l.953) illvestigated the relationship of fat 

conten.t to the juiciness of' lea.m. grotUld beef'. 'l'hey reported th,at, 11'.rhe 

heat trqs:f'er studie1;1 showed th.at Jl):rqbably · the ma.jo:r part o{ the j~ce re .. 

tentioJ:1 ca.used by suet content wa.s due to the sl.owe:r ;rates of heat 

tra»sfer ;L~ the suet and coruaeetive tissue.'' T~s association was further 

elucidated . by Wang ~ !!· (1954) in a hietolog;f.cal study on tl:l.e dis .. 

pereion of fat 'Within cociked lllU.Scle~ They obse;rv~d that if dispersion 

occu,rred within a per:t,ney"sium. of considera.bJ.e size, a;id if the collagen in 

it were oi'll,y ]l)a.rt:)..y degraded by bydrolys:t.13, the fat dro:i;,lets would tend 

to m:ii~le only with the degraded. c<;:,Ua.gea~ leaving the intact collagell.ous 

fibrils relatively fat free. Sartorius and Child (1938) suggested that 

form.eats cook:ed to an inteme.J. temperature o:f' 58° to 67°c. the hydrolysis 

of eo;l.lagen was the ~tilt illij)orta.nt te:t;1.1'.ierizi~ proeesf;I. At temperatt\res 

greater than 67oc,, eoagulatio~ of the mu.scle protein bega.r:,. to in-

fluence te11,demess of meat. This' mar help to e:x.plai:n. the time-tempe;ra:ture 

C\U'V~~ J;-esented by Cover (1937). Her work showed t~t there was a. 

''plateau, region" in the crt1rves :t'rom appro~imately 65° to 75°c. during 

the heati~ pbase, regardless of'tlte oven tempeJ;"atu;re at which tne meat 

was bei.J:lg cooked. 

Factors wbieh hav~ been re:pq~ed to irct'lue:nee the (!Ollagen eonteX1rt 

o:f'fresh mu.sele are a.n.ima.J. 1;1.ge, loca.tion of the muscle in the carcas1:1,. de

gree of mar'bl;J.ng, ma.n.a.gem,ent o:f' the cattle prior t0 slaughter, a.:ad. post ... 

mo,:"tem a.gimg. 

Collagen content has been reported to in.erease with e~onological 

age. (Shock, :L.961, Stra.ndil:l.e !]_ !!•, 1949). Some worke:t's, however, have 
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rel'X)rted. tlaati vea.l oontains DJ.Ore collagen thQ lllSit~ beet; {Iiorincz 

and Szeredy, 1959; W:1.lso:a S! .§1•, 1954); whl.le Spence;r ll !!• (;1.937) :I.a• 

dieated.1;'8,t the collagen eentent ot J111,1.scle wa.s independent of ~;Lmal 

age •. · ~he work et Lc>70- qd. lliil.er (1959) was in agNEHllEat with tqt of 
,•' I ' 

S1»i•cer ai Ab· (1937) wm,11 tae · eJ.kali .. :f.asoluble CCl>lla.gf!JI. traction was ~--
.. ' ·i: ,' '. 

'b1ne4 wi~ the fat fraction of tlle ~.!:I?.!!• (1940) teehai<1u. When 

the tat eoateµat of the mtat sa.tQle was low, sueh as wi.th veal, the f'at 

traction. d:Ldnot contain ea an,:oee:f,able a.moat ot eollagea. However; 
, . ,. .. .. . . ·.' ·. 

~he .fat C0Jttent ci>f n,.a.t1U99 beef' ~S.SQ high that th$ fa.t fractioa cQUld CG;l!l"" 

· t~ as melt as 71.0 :pe:rce;n.t Qf the collagen. '?lms, their data. sugge111ted 

th.$.t tb.e.h.;l.gher collage~ c~ntent ;a veal thmi mature beet was due to tlle 

&11ou:at . ;t collagen being . reta.:Laecir in the discarded . fat fra.ctiom. ot tl!e 

alke;IJ.ne )l.ydro;Lyzed meat sa.m,;~~ · · JB:i:-ay !1l !!· (1949, 1951) ha.ve also 

noted taat tlae eon.uective tissue from :iu.ture a.1JimaJ.s·cc,ntai:ils more fat 
' I • • ' • - • • 

ti,.aa >B;tm;tla.:r eQ~e~t:l,ve tiseu~ t:r<»Q. yt,utlu'ul aaimaJ.s, 

l.oca.tioa ··of · the muscle :t.n the· ..,.:1m.e.1 body; as related. to . f'QD.etion., 
. . 

' . ' . 

:pa,rl:f.oular m.asoie. (Bin.er'!! .. !!•, 1955; Nottingb$n., 1956; Mltebell, U.!!" 

i~28; ·1&XT1sh n .!=b•, 11962; Re.ms~?.ttom. !! !!•, .·.1945; R•bott~ sad Str~dine, 
., '. ' .. , > '·• .. 

1~; IU.tcl:ley .!!a!!•, 1963; Str~~e n !!•, l~~). Ramsbottom!! !3:, 
,., 

· 1:i.945) . i:a a study ot 25 av.sole~ i~om various .loea.tioni :ti the body re .. 

ported that nm.soles ii tlle neck, ·tor e~le, co.nta.iaed more ooueetive 
~e :; • • ., • • ~ • • ' ' ' ' • 

i#luq~• q,f lc,eat:Lon oa eo:aue~ttve tissue eqnte:m.i, wa.s ~derta.ken by 
'. .. ·~;. ·.. : , ... ~-~.'-~: ·;~ ~- •;;:-,r;~ ,·. ·,_: '.:: .. :.::;. .·. 

Str~~ e'.t · al. (1949). !rhese auth.ors sta.ted tltl.at the cress-sectional 
' ........... . .. 

pattttm• in a give:a .mi.sole were ta.i:rly oon.ste.nt f':t'OlU ezi:imaJ. to •:irnal. 

However, the histclog:i,eal pattens ,r dif'fel'Ellnt ims<;iles were not a.l::l.ke, 

bu.t V~ed ~ tJle ·am.ou.ats a.ad ~di Gf COJ.mective i,:i,.ssue elements \n.th,e 



periJJ.Y$1'WT1. 

Ba.1r~e:t",IDS.J!. ~ . !! . (1.952) a11d Lorine~ and Szeredy (1959) ha.ve sug ... 

ge•te.q. tl,,at there is a dec:i:.-ease ;La the eonn.ecti ve tis~ue of' -~ele as· ~ 

Q:1,...:J ta.tteas. other WQrl(.ers (Cover ud. RQstetle:r, 1960; Mite~l ~ ~., 

l9~h Wilst• n !,!,, 19,4) u'.v-1/tOlUld •o rela.t:1.Q:aship betweea :tat ~d 
' . ·. . ·.. ·. .. ,· 

collage~. e111te•t. ~boti;a al !!• (1945). have·. $tlggested th.at the t;yje 
.. . . . ':.:' . . . . 

Q:f." f~:t Wc:l don iBflue:n.e·es tlle C(()na•etive ti.ssue eo~te:rit of the Dl,\lsele. 
,·.: ·, . .' 

!e:i1 exaillJle, ](:ld:Aey tat b.a.$ eai,a. sms.11 ~t·ot com,.eet:Lve :tissu.e ,r~le 
, • • ,, 'I ' • • •'.,,·: /.t: ' , • '• > • '• • 

~·:tie· ta:t ia t,ae b~:L~et eoata.:f.ns a large a.mou,at of' ~op,ecttve tissue. 

(lalQ'b,ttoa !! !l•, 1945). w,~ biliitolog:teaJ. teehnioes, H:1.:m.er !!. !#• . 
. . - .. ' 

;:(1;9;;) o),served. tl2at ausr,:ies with a. J;p.gh degree,· Qf' ma.r'b:u.ag b.a.d a. ,loose 
. . ' I ·•. 

~twe>nf:Qf'co!Uag-.ow, fibe~BJ .IllUSCles w:f.tb, less i!lt;~se~ fat ~re fo1tild, 

~e eo:m.ta.:iJl clumps o:e' eolJ.Ageaou f:1bers~ Thus, there S.PJ,eSrrS to' be ;no 

eqei-ete· rela.tiQllfl1,1:p bEitWEl:tll tAci : level. o.t m.a.rbli:DS ad the QE>1,1eent~a, ... 

tioa ot eollagen. 

fbe cell.a.gen eo•teat of •e.;l.e m,a.y be iafl.uimeed 'by eel'ta:1.a gE!l~et;L~, 
,. . . ,, ,: ....... :._,. . ,. ·--·. . 

•utrit:Lo•"1, $,.d phys;Lol~:Le~~otlditi~ • .Alt~~h;te11c;~~ess has , ... ,· .. . . ,,, .... ;·· ·.' . . ;;-.,· .,, '. ' 

beeri ~how.111 to li>e a.- ulle;,itedi e~uter;istie ( Oa:rtwr~h.t !], !!• , 1958; 

o;:,,e; e~ : e;J.., 1957; Her~ll\e:l;'ge:/1;t a.J.., 1951), ;1iJ.ti:tai': ei: al. (1950b) "v~ 
(:,_'·, .. ·~ ~ : •. )~~ ~. . . . ·-,. ·I ·.,::::-::0 ~ r:._··· ,.,·' ·.· ;.7 ~ 

N,orted tut th.ere was :aq> 41:ttereaee :ta tenderness oetweea stea.Jts t"t11 
:'?' , •,. .- • • - .' • .<· .. : ,; '-~;; . . <"·,.· .. •. .. .,_' ·. . 

lk!):t.ste~aad llere:ferd st~er a~easaes. Mc:tnto!il9..et a.J.. (1961) a.iad 
(.;:··~,·; ::,, ·.·. ·_. ···. ' .: -:. '.':.<;··\.: j~ -~- •, ,_.: :T -~:, .. ·... . . ' I 

Jt~pb~ck;f. !1 !!• (1953, 1955, ;,~6) Udiea.ted 1'ha.t .the feeding of 
•.-· '., .. · - . -· .-'. ~ . . . ,. ;:;)\,} . '.,, :·· . ;· .. , 

9+:ft}ql.tt:Llbestrol to· ea.ttle ~~~a.see the ~X1,l>l:"Oliaie content o;t' 
' .· _,_ .. ··. . . ' .. ' . .· , ... : ·, ' . . .. 

m.u,ole,r .Wier'b:Leki !.'!t, !!• (1956) · also i,ndiea.ted tut c~.a.s•es. t~ 'b,:Al.; 

Nld ho;ne;ae ilt,lJlu.ted nils c9ntau.ed 'more h;vdxoxypr0lu.e thQ th.Ose of 

1te<t;"J qd· hei.:f'etrs. E.xeri:Lse may eo:a.t:ri'bute to .a deex-ee;s, ;la the colJ,.e.ge:p. 

~qateat ot :rm,,sole. (M:Ltqhell a.ad llaaiiltGa., 1933}. 



ae•t!I of . ta, cooked ;prod~t.. (EweU, 1940; He.U n !,!, , 1944; JJa.xwiso• !!. 

!!·, :l.949,; ,a.ttl !i !!•, 1944). -.bottom !1. !!· · (1949) llave a.ttr:Lblltod 

some of the :Lnotea.se in teadene$s to eo].J.a.g$. degr8'da.t:Lo;n., itowev,r, 

Wier-b~~k:l: !! !!· (195J+) :o;oted •o ;~e in tl\e ·. alkali ~:a.soluble . pro .. 
··. ' ,•,. . .. 

te:t11it &$ a. result of' a.giag. ta.w:ri~ ,o. !!~ (l.961) .reJerl,ed (l)B the U• 

t'l.ee ,pt 1,111iz1ae; i,a.M.!:1't:i,oa ():I . ~a.t sad nbseiueat st,o:rae;e, sad 
.. ';. 

ele~ly ~i;ed (llross ... strta.t:Lo». iad~ee.ted tb.a.t the a~tolysis rw.st ~a;ve 1x1.·~ 

volvecl a~oop:J.asmie aad -.ot fi'brtll.a;r:, or. oonnect;Lve t:LEU!IUe p:roteili~ 
' .· .... ··,./ . 

. . . . i . . . ·. 

Fr.. the a.bove revi,ew, 1 t ~Y be ec>aeluded t:bat the:t'e 1~ a. 19.ega.t;l;V"e 

~eUi,\i~hiJl)·betweea. tendemesS..a».d the eolla.gea centeat. of mea.t~ So• 
' . . ... , -~ s ·,. • . ' • . . -.. ; '. .. ' . . . 

ot tlile taeto~s whi•h • ., wiu~nce t., ,oil.a.gen. eQ:Bteat in. mea.t a.;,e: 

l, coold,~ Mthod aa.o.'t::t,,aal t•t~riiiJ. temperature, 2. leca.tioa in the 

~a.r~a.ss, 3. deg"e of ~r'blug, 4, g••etiQ, nutritio11a.J. •d pqaiQl;;g;i,ef!J, 

co-.c11t.:t<l):a,.,, a.ad 5. post .. mortejn. ~11'$, 

FiPW?,egs 

'l'ae tex,a "fi:nmEU:1$ "1 ~ ued · in this :pa,e~, . ~ters to the ;r:,e• 

ac:,tatiea cioes aot in.ea.a th.at the objtet will resi" a e"Q.tti:ng force wh.» 
··: . . . . . . . ; .. , L~ . .:.. ·, . . \ - ... · ..... -~ . 

• ,ell is ta.fflied. 

f'irrm,ss. ~les of' these toods 1-elude vegeta.bleu,, ~i tt, ud de41?" 

product,, 'l'be :i.:..cil1ist~ies a.s$oe:i.a.ted w:l,th these ]?rQducts ~ve stuii.,d ob• 

jective n,.etbods .fo~ dete:r.la:i.ni.ng the firmness of the product. Dolby (l941) 

list~<l tive ditfeJ."eJ11.t m.easurememts ua.ed to express this factor ~th 



' ey~der of butter is oomgresse(l be'\il(eea two pla.te• and reported a.s the 

load·,etqit t:Lme or degree of com;p:ret,sioa; 2. peJ38t~ter - a 'bl'l;D.t 
I 

in,st~t :t;s ':f'oroe(l tat<>. a. oeJ'.'iil;l.i~ sized sa.m;,ple w:lth. the results ex

jres.eed as a. variable weight,, time, o:r deptll ot ~aetra~io:m, wit~ a eo:A• 

$taat weigijt and time; 3, resista.ne, to cutting 'by a. w1, • the. l.Emgth ot 

ti• to e~t t~ll a ee;rte4n d1me:a,sio:p. of butter; 4. e;ittrusion ~ t~ 
,, 

a,JllQQt ct n:Lgh.t to extn.de a. eerte,.1n quuti tr of butter; ~d 5. ;rate 

ot ·- • t• ;rate of sa,g 'by a certain, $1Ze eui:>e· · ot b,~:tter 11.,ld hcir;l~onte.lly. 

a:1.aee·\ld.1 :re:po:rt, th.ese met•dJI Q:r combiaa.t;Loas Gf·t• aave been 

iaod1ti.ed a.ad ... ~ as et~da.rd •a.s~• of f'i:mnaess :t'orf'~oe. J;rC>due'tis. 

a.oas (;l959) Qonib1;q.ed the c~ress:Lo»r aad the gutt;l.~,wire·•t•ds 

into a. JfQCi.ldu.re waic~ eiesely rela.ted tlJ.e subjeetive f':ir.om.e,s ot qetta.se 

· cheese eurts to that et Qrgaao1-pt1e panel sco;r:es (r rv o. 96). 

Qo~ aad Jiligby (1944) moditied the Lockwood a.a4 ;He.yea "Bidsel!l,mj.ter" 

to 4et••• tu jelli~ ~r of ,ec:t:L;a. 'lb.Elute workers i-e,oried tl:tat tbe 

Je.;t'Ct(l.'b ·s~ of. a.ll :tav~rted ·Je:U, :.f.TG a. sta.:a.da.rd mold w:a,B &$1;lOeia.ted 

with th.e f'i:rae•s et the Jelly • 

.. ·· ~amer .$!,i. !l· (1951) deVelGJ?ed • :u,.stl"Wlle:mt for •a.sunng tlae te:,. ... 

de~esa, ot tx,i,:tt, aad vegeta.b~s. ~l!Jis de'lfice mea.s·iartHl the ~wit ot 

toree · · :requi;red ta . Jl~e · a. eerie, ot blades thl:'oug~ a sa.ni,le conf:f.11.ed :SJ,. 

·a, specitie size. box.· s-ile-.)erge~ !.! !J:· (1963) wwe u.sed th.1,s 1r00~4ur:e 

to ~vUu•te the fir.trl,J.less ot ,ooted e.p:,le elicea. A. diSQQslJ,01.1 of this 

:tu1)"'1Uia.t as used ui ~a.t :resea.rell ie included :i,». the te,a.e:naese 

aetaoas ~eetion. 

'!Jae·clle,t- of :peiutrati<>• tor a. speeified tiJD.e qd $ ceastaat weig-t 

l:ee.a 11.as alao been used t" m.eas~·t'.b.e ti:rmn!'S$ ot foo<l )Pr,educts oi,he:tt 

tlaaa 'bu.tter.· Ia the stu.dy re:ported 'Joy Sh~~'be:rge:t:' .!l ~. (1963), raw 



the:t;r q~ity, 

···.·a.. mat .te~demess· 1ave$tie;a.t:to•• h.ave ·beell. Qoni;lueted. UEJ:t.Jlg 'the 

:,eaet~t,er a.11 a teadernEUUS •a.•viJJS devie,. Tresisler, Bi;r;c!!.se;y$ qd 
. . ' 

~Y (1!'32) were a.nt011$ tbe t:1:rst to :use the peaei;rom.eter as a. f5.r,q.e•s 

me.a~. ·· X. the in.i tial ph.a.ses these w.X"ke~s used a ayl:1.nder ot meat 
; 

aa<J. te>r¢e4 e. aeedle uder a;; ·gm.of weigb.t 1:e:to tlae meat. :r.ater, tllle 

~,-lJ.ade:r wa• :rtJla,ced 'by ~ eight l\<tX~ b<>x to permit mo~ pe:n.etro,nete:i 

:read~s :,er aeat sa.nwle. (T~;isle:r Nlld Hl:m;-a.y, 1932) •. ,lfoble u ~· 
0.934) · Mi ~Qa:rtli;y a;nd i:ine; (J.942) a.lso u.1Sed th.e .:t>en~tremete:r type e>t 

mef/J.1~-.t ia meat :re~ea.ireJa. ·lloweve;r., tb.e o~ :repoi-tied meat studie,s 

>in which t:t•~•a, (as dett:rm:Lia.ed . 'by. t)J.e · ,enet1;'Q1Deter) wa.$ speaitieaJ,J.y 

:J.•volved were t)lose of nm.er ·a.n.d iaak:1».s (1941), ~eiwa:v (1955), 

P1llt:1,~o».. '(1960), U\d. Doty. aad !':Le~e (l9Ql.). All qf these worker, uised 

a 3:'0U4edc;,bjeet as .. the plQg:La118 dev;tc,. n.e-. pe•etromete;-.readi;QSS ve:re 

C~d. to pa;nel t~ei$s scores tor pork~ the G$ffelati¢1n coe:f'fiPi!iatS 

,,." o.sa a.ad 0.90. (~y., 195,i ~d l:Laer and Jla..'okins., 194-l; n.• 

1,eciltively). · .A s:i.mi~ $tuiy b;r.1:1.~o• ·!l. ~. (1960) in w~Qh; the 
. ' 

p~~ati$n objectively was:®lli:f'iedt.o st'"-dY 'beef leaa, reJQ~ed a 

';l.Dd.~,eo:rrela.t;Lon' eo•trieteat''.''co.9,). 'l:blUI, ita.qo~ t•t the·,e~•;,, 
,,. ' 

''"'"' .. 

ti~,a·s~. 1'h.e uvestigatie.:ia 'by 1il.ld.:1gtoa (1960) :indicated that a ball 
.. ,. • .. , ·: ... ::! ' " 

. :pl'IQIS:1.-. device . was J11.0re de$1r"li>+e for measuri»s · beef' le~ :f'i~ss tbta,J 
' ."' .. '' :·· . . ' 

«i:''•1:~~:· ·,lrl.a:,ed 4ev1t,e • 

. Tenllet!~!• 

.· '!•a(le=ess 'liJ/Jif be defued as the k:11,.est•t:Lc elta.ra.ctertstie Q,:f' 

Mat. !l>is 1-.clu,delll aJ.l tae S$MatiOA1 associated 'With the elt!,e'Wipg and 

t• •ul>setu,ent evaluation of. meat tor teaderaess. Clover n !l· (1962a) 
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have concluded that there are at least three major components of ten~ 

derness: 1, two softness componf;:ntsf 2. th:t:ee mµscle fiber components, 

and 3, the connective tissue component, Since these factors are 

"quantitatively" and ''qualitatively" evaluated sµbject:ively PY sensations 

originating in the mouth, a p;i:-ecise and/or accurate meai:iure1nent of ten~ 

derness has been ~ifficult to obtain. 

Reaec:1rch leading to t'he developlUept 9f objective methods fo:r 

measw.l;"i.Pg ~end.carneas was copducted by Lehmann /:ls early as 1897. (Schultz, 

1957). l'he;ie are pX'eseptly many objective methods for detennining the 

tendernfss of meat, '.l'hese instruments may be classified according to 

their mode of operal!ion; 1, simulated chewing of a meat sample; 

2 1 wc:i1,:k required -when grinding a meat samph; 3. puncturing or pressing 

a meat sa111ph; 9'n<:l (~. shear;i.:ng a m!!!a t 13amp le 1 

1, S:i,:mulatli.ld chewing of a meat sample ~ 'l'wo types of instrlJlllents 

have been designed qsfog this princ:i,ple, Volodkevick (1938) developed 

<i1P :i,nsti1,ffllent whi9h be9ame popular in Genn.!1-ny (Bate~Smith, 1948), which 

consisted of o'ne i,;tationary wedge and on1; movable wedge. A.s the meat 

sample wa.!:! sheared and sq_ueez~d, the I11eas1,1rement was recorded a& force 

pet' 1,1p;it of t:i.me, ':I.'endE)rpess was estimated by ll)easuring the '' shearing" 

port;ion and ''squeez;i,ng" port:ion of the force-time curve. Several modi-

fic;ation& .of this :l:nstrumept; have beep m,;1de in an eHort to improve the 

ac:c.;:ura,c;y of tµ.e det;~rminations. (Sc;1le, 1960; Shrimptop and MiUer, 1960; 

Winkler 1 1939). In 1955, Proctor .zt il• designed a strain gage denture 

tendetowE;lt;e1;, l'his instrument contained a set of dentures to simulate 

the chewing prpcess. By using a photography arrangement (Proctor 

·$,S. ,el,, 1956a) 1 a force curve was obtained to evaluate the degree 

of tenderness. Kelly !t §1l, (1960) developed an infiltrument similar to 

that of ?roc;tol:' .s.,t ~· (195S). l\ftel:1 several modifications (I<elly il_ al., 
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1963), the correlation between the tenderness measured by this instru

ment and taste panel tenderness scores still was not as high as when 

· Wa:rner~Bratzler shear values were related to the subjective scores, r = 

P,J2 and 0.61 respectively. 

2. Wo~k required when grinding a meat sample~ Miyada and Tappel 

(1956a) wired an ammeter in sertes with a household type food grinder. 

The :resuH;.ing wotk pel.;' unit time curve was used to compare the tenderpess 

of ml;lat samples, Emersot1 and l.'almer (1958) reported that the Warner· 

Bratzl,r Shear was more closely related to orgc!,nolepUc;: values than the 

food grinder methpd, · Bockiap ~ il· (1958) obtained corl;'elations of 

-.59 and -,60 between the sul;ljective and the grinder values when evaluat,,. 

i,ng meat samples over a two yeav period. A stµdy on the causes of 

variati,op i,n the grinder method was reported by Schol)lap il el., 1960), 

Fae.tors that afhcted the results were c}:ianges ;i.n motor 1;"esistance, line 

voltage fluctuations, and variations in load caused by friction of the 

movable gtipdEH" elements. AfteX' corrective meaaures were taken, the 

coe:l;ficient of var;i.ation was less t;};lan that for the Wax-ne:r .. Bratzl<,:r 

Shear method, 5,5 and 19,4 percept respectively, 

3. Pu1:1i;;turing or pressing meat sample • Instruments based on this 

principle have bef.!n d,esigned and/or modified 1:>y several workers. (Doty 

.;tnd Pierc!:l, 1961; Kul'wic:h et ~., 1963; l1;i.yad,a and Tappel, 1956a; Sperring 

il ti•, 1959; Tressler £tS., !!,, , 19,32; Tressler and Murray, 1932). The 

technique of Sper'!;'ing; & al. (1959) has been U$ed in a tendernl;!ss study 

by Bratzler and Smith (1963), R.e$µlts of this study indicated that the 

pressing method was associated wi,th-the tenderness of cooked beef and 

lamb (r ~ -,95 apd ~.51 for beef shortloiq steaks, n = 15; and lamb loin 

chops, n = 129; re$pectively), 



4-. $hearing a samgle ot meat ... 'l'h.e instrument.s based o• t:b.1s pr:tnciple 
~ ' 

1ZiQl~de tlle Waniel!l•J.ra.tzl,e:r Smar (:B;te.ck !! !!•, 1931; Wa.r.n.er, 1952) ~d ' 

'il:le I<;r,-a.e:r Shea.r•Press (Krain.er ll ~-, 1951). At lea.st three other 

. :Lqj~t•, ,in add1t1o~ to tb.a:t o:f'. liiehma.Jl (1907),. have bee• devel.opell .. 

to-r ett~ting tena.••ss 'bY shea.r;f.~J Dassow et •ai. (l962), -torius a.ad . .. . '. : ·: . . ., . . .. '. . ,.._, -~ . . ·. 

Cldld (19~),'fres~ler J:!;.!!~ (1932), sad Tressle:r ~d ~a;y (l.933), 
' ' ' 

.!t'he Wa.mer .. :e.ratzler Shear has been the most w::Ldel.J, used o'b~ect1ve 

t•detae•• ~e.suement :La tl>.e U.1ted States becau$~ ff its close re~,. 
t. ,', ,.·. -· .'. . .· . . , r• ., : , ... , • 

· t10JJJiShiP' n,tb, orga.:aolept:te tEtndeme(ss values. .sea,_ et th.$ rese~ll 

.,· ~:roujs i~~ have' reported ~ ;_hig)i eowela.tioa 'betwcite~·',iiie$e two' !QtJaQds' 

(r •· •.60 to .... 80) ·e.re· l3ratzler sad Smith (1963), Gainer !!. !!• (~95l), 

I01lnca a!!· (1963), ICe:JJ.1 !!?. S:· (1960, 1963), Ma.c~~totsh a~- (1936)~ . 

. P:tlld.Ntoa (1960), •d Spe;rt:tng !1 Sb,. (1959) •. If.owever, low eorre~· 

t:Lc,q (:r ·~ ... J.8 to ~.37) aa.ve WO l,eea ~po;rted 'bet'W'(!ea tlieee two 
' ' 

m.e'tihoie. (ht3>therage Md Gaxiaat~, · ·1952; Fielder !! !!~, 1963;: Mah<>a 
. . . ' ·. ·' . ,;, ' 

!! ~ . ., :lj;6;, ,re1ualer e.ncl Jtina:r, 1932). Seh~ !! S:· -(1960) ~di-

cated thllt.t the coett:lc:teat of variat:L~ was 19. 4 ,e:rc-.t whon evia,l.~atiag 

tllet8Jil.c:le~ss of beef ~ds'by t~s :method, :tn• etto:rt;to d~creaa,e ·. ·' ' . ., . : ' 

.the v~a.t1.-., lfurv':Lcz aaa.· Tisehe:r (1954), and Spence:i:- !i !11:· · (1962) 

ha.ve recoiwuadei c._es in tlie 1nstrwnent. HuJ;-vicz· a.ad Tischer (1954) -
.. • . ! 

' ' 

a.ec:teaetd tl\e coeft:t.c:Leat ; err var:La.tion from 7. 41 tor ~ shear force 
f '. . . 

to 4. 79 :peice:nt when bee,wa.x was used a.s tile . testiag $edium. , S;p~-.cer Si !!• 

(1962) •di.tied the 4or:L2;Gl$.tal m.odE3;L. 'by >Usi:ng ea electrical f'o~ce • t:r~ ... · 

ducei;r aadrecording s;rstem.. 'Using the same test1-gmediQ a.s Hurwi.cz 

a.ad .T1i:cher (19514,), they reporte<I. coe:f'ticients of vEi.3:"iat:f.cm from 6. 6 .t<> 

10.6 p(ltrceat. IO.ose ,!1. !!·· (1959), ~siag muscles from poultry, stu<U.ed 

the V&ma.tioa 1a the Wa.r.q,er ... :S:Nilotzler shear VaJ.'!UlS, I.a tlrl.s st~dy,·they 



ass•d t_4at the dittereace :Ln · shear values between dupUcate s~es ot 

the same Dpl\scle w1 thin a bird wa.s a.ttributa.ble tQ t:tJ,e precis:Lo:n ot the 

Wa.rne;r .. Jra.~zler Shear. · Tb.e re£;11µts of the a.n.al.ysis ot var:l.~ce indicated 

that· tb.e among bird ,rariation was at least three tilQ.es greater than 
' ' ' 

tb.e :\d.thu.\° Jll;Q,Scle v~a.tioa. ,?hese workers concluded t~t thes~ :res~tt 

are_ 1ad:Lqative of the· very desira'bl• re:,eata.biUty 0f the Wa.;mer .. Jra.tzler 

Shear tor estiat:1.:ng the V&l"i&tion' u temdemess S,JIODg meat s~les 

t•_difteren.t bird,s. 

Altlae111gh the l'ra.m,r_sfu,s.i-•heas wa1 developed ead DLOdit:t.ed tor 

eva.:t.~ting vegetables (l'r~r $! !!•, 1951; Ira.mer, l957; We;raer ~- !!·, · · 
' . 

1963), it. has been. used torestist~ the te:m.demes; of meat (Batcher 

!! !l•, 1962; ea.me~ e:ad Ry"a.1\, 1955; Parrish !!. !l·, 1962; Shamwa !J. !!·, 
1957). Oa;111erp:n a.ad Rye.a (;1.955) rel)Orted a oo:rreJ.a.tioa o:f' -~97 be'" 

tween taste pqel tenderness scor(U\1 and the . K:ra.m.er Shear-hess values. 

Batcher ~ ~· (1962) found a COn"til~tiom ot ... 76 bet~ the two 

·variables. . :ca add:t. tion, they re:ported th.at the · correla.tion betwee:p. the 
I ' ; .' 

ltrauier aad Waner-JBratzle:t" iaa,t~t was 0.87 sad o.S3 to:r cooked aad 

raw la.m'b ala.ops. 

'fen.dernesrs of meat, wb.elt evaJ;c;i.a.tecl 'by 1-.dividua.J. m.embers of am 

org•ol91tie pa.iiel, is t• res'1lt of eaergy expended ia cutt:tas, 

squeez:tag and tear;f.:ag a. SI/J.'IJJ:,ple :blto a, ·s:1.~e tot e• be imgest,ed.. Al-
. : . . . 

though m.aay ob~ective instrwae:1.t1S ha.~ 'been developed to Ule&$1U'I! tl:\!.1$ 

seasa.t:t.on, tkose most ec:mnoaly usecl. involve the sh.ea.ring :,r:Lnc:1.ple, suc:>l!l 

as theWa.raer-:Sra.tzler Shear •d the lr-.er Shea.r•Press. 

Chemittry of Colla.gen 

Chemical and Lll:(!iea.l ]!reJerties !! 9ollyea 

c,llagea is th.at pertion of tae skelete.l :m:waele often referred to as 

"white fibrous· cetm.eotive t11$$'tl.e." 0. a. weigh.t be.sis, collagen :5,.$ the :111,Qst 
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abundant prot~in found ;i.n marnm<:lls, Neuberger (1955) estimated that 25 

to 35 petcemt of the protein in the mamm<:lli~H) bo<;ly is collagen. 

Collagen, a$ cont~ai;ted to many other p;roteins, has a different 

,;1mino ac:i,d spectrum. Altho1Jgh coHagen contaips traces of tyrosine and 

phenylalanine, thexre is no evidence of tryptophan, cy1:1teine, alld cystine 

in its structure, Amomg the characteristics which distinguhh col

l,;1gen ftom m,;1ny othen: protei.ris are its high cqnceptration of glycine, 

proline, aQd hydroxyproU.ne (27 ,. 15, and 14 percent respecUvely); pl4s 

the presencf;il o;f hydroxy lysine (1. O perce'l!lt), The three amino acids, 

glycinE;i, proli,pe, and h,ydroxyproline, comprise more than ~O percent of 

t\he collagel;l aro:i,no actd residuei;, l\leµberget' 095~) has calGulated that 

over 70 percemt of; th~ $lycine an<:l ptoUne in a roammalian body is in 

collagen. Accor<Hni to the l:'esults of Bowes anq. I<ent;en (1949), cc;,Uagen 

is the ott1y source of hycf.,;,oxyproUne :i.n the mamm.al:i.an body. Sim;i.,larly, 

hydroxyly$ine in mauu:nals cap be found, only in the cc;:,llagen moJ,ecQ],e. 

Glycine, proline and hydroxyproline have a definite relationship 

t;Q the structure of collagen, Vies (1962), in hi$ review article on col .. 

la~en, cited papers which indicated that the following aminq acid sequence 

:f;i,eq1.,1ently appears: ""J?l:'Oline .. hydro~yproliµe "' glycine - pro line ... 

lio"lever ~ Gl'.'aS$man ~ il• (19~6) h?ve reported evidence that there are 

sQme areas alo'1g the proteip chain which are low in hydroxypl;'oline, 

M;i..ehale!i! S.S. U• {1958) have s1-1,gge1;ited that colla&e:oase acts on collagen 

to release only N ... terminal glycine residues, Sinc;:e 60 percent of the 

peptide bo:ods involving glycine are hydrolyzed PY this enzyme (and with 

the frequency of the three specific amino acid sequence), theae workers 

postulated that this $equence was necessat;"y for the enzyme specUieity, 

Other workers (Danby~ 1?58; Rigby and Spikes, 1960; Gross, 1961) have 

shown that th(;! shrinkage temperature of collagen (a measure of :i,ts 



stab;t.lit;y) is re.lated te ·llydroxyproline eoneeatratio-.. :ror ex&.11Wlfl., 

there is a.:a a.bnerm.a.J.ly lw aydrexyJrOliae eon.teat 1D the fibnao;id 1.1.4N 

trom rU-.t:Lc fever :pat:f;ents (iig)y ~d Spikes., 1960). Ia addit:LQa., 

th'e~ is a decrease in. tae sl'J.rinkage tem;pera.tue ot tae·eel.J,a.gea tc, 

ap~:tmatel;y 4ooc,. Wit~ a. decrease 111- the shrukege tempera.tu.re., . a 

. stnctu.ra.l breakdown of eeJJ.&gea. could occur at 'b~dY: te:a;,e:ratu.re. 

Witk the wideQrea.d i:n.terest :ta·b.ydroxnnliae aad ite relation 'fi,Q 
t ' .._.' • ' ' •• • 

. .· ,' .. ' .. '. : 

. ,rith. ~cr,lJ.Nea to:rme,tion •. · .. ~~eat .. rk bas. )eea d~et,c1 towe.rd t3" 

s)'ntu11;t.s et h.ydroxY,PN1l1De a.Bid its iJ11e•r.,por~tiG:1a .i:m.te ·tlle. eoUa.gea 
~ ', . 

nwle~. 

· Jarly work in th.is tteld iadica.ted that· ,roliae was a. :,recurs,:r · tor 
. ' 

~~li:m,e. Robe;rtsoa !i !ib· ·. (1959) also $hewed that ascorbic acid 

was required fer the hydro;xyl,at:toa of the prol1•, Ia l9ol, lla.usmau. · 
. I . . . 

• I • 

and lfeum.aa in,Jected el4 proliile :t.ato · guinea Jigs sad tlium assa;ve<l t .. 

skin. tor the ·a.:,,ea.raaee of tae tw labeled imine. u.:Lds. T:tlese a.1;1.thcl>rs 
. ·, . .. . '•' . 

. . . .. . . . . ". j . . . . . ·. : . . ·. . 

stated tlia.t, !11.e data .~ mst eopiste:at with ~- view tl\at ~yla• 

t:Lqa occv.rs iD. a b~d to~ ert a,re]4.ae, aot ot ma.e:romele~w.~ dimea$·~··, 

but vldoa. ee:ata.:L:as W1 tlun. the s~ ~leet1le both :,reline dest1-.ed for 

p.ydrox,J.atiom · and· preliae 4es1»1».ea ter t.<.'>lla.gea ·:,re:tµie .•" Pet~:rko;tsky 

sad. lldent'ri$19.d. (l~l) co:adaoted· a. ·siJn:i.la.r ~ud;y ~:tag a eeU•free· 
. . 

system from 10 toll d~y old chick embrYQs. Th.eir J;"eSlitlts iatieated 

that: l. h.ydreXyllli.tion. was ocevn:ag, Giaee laydroxY]l)roliae a.ypea.red 
' ' . 

t~~at~lya.tter. weetie>n aacii.~,wa,. r•111:tr~cll. as aaeaergyaou"e; 
: . · ... , . . ' .".. ''.,:,; ·, ' . . . '·. :•;- .·-· ' ' . 

' ' .. . 

contabtecii aydro:icnroli:ue was tlle micros~ tra.ctioa· vae~ protein f!i>rnta· 

tioa oeeva; and 3. the rate <llt'.·telea,se trf.>m_ soll!l.,:r.oa for· prti>Uae., l\\yd~y-
. 1 . 

proliae . a.ad. tae. ~1M &l!Jine acids St,wiied was tae sa.rn.e •. 



:Sa.flti o~ i,olu.'bili.ty, QO~eA e~ be c;he.:rE!.Qtene~d 1:ntQ t~, 

t:rE1'et10JlfiU 1. ~ut:raJ. ea;J.t-,:r a.:ur;a,:u~sQlu'ble toU.S~~ a. Mi.fl sttv.'ble 
' '•,, 

QQ~,su ~d 3. a.l.tQ.l:L iuel11,'blt qi.,~e;a. Th~. neut~l. ,s~~ "' Q~ 

e.lkaJJ.-11u~lu'blA tra.c~:l.~i is ext:r,,~<rt;.,a. lfi tb p};lol$J;lha.t@ butf't,;t'&t ~~ , :,;,J. 

ot 7 to~. J111be:rge:r (1955) hMl ~popt,d tbat t:bis :f'~('ti.Q~ CQ~t;:l.tY.1,e,, 

an~~,tl.W' fo.v pe:re~l\\t ot ~ tot~ ;o~e:,., Ao14 ~ol,u'bl, ~,~~· 

:t.1;1 ~t :,owti~11 ~bt~,a. by usu«. dtli.ute ~oet~e or: eitni; ,e14 'butte,,., .. 

at , JI <i ,,Q ~. ~:W.s t,.,actio:1 tt ott~ ~teX'Nd ,o 1-1 ~X'~ ,.. QJ' "°"' 
eo~q, (~.i~t o ~,, :i.9,;, ON~ito~ ud ~i;l$;:1:t•:r, :\.958). 

Qg,~xius (l96+) ha.$ ",o:rt~ti tha.t t:td.s t:rie.eti~ v~,s 'Wi1ll QbQ,;i.o~~:J.eia.l, 

~e. ~ the •;rye>, tl'd.1 frMtio:I\\ ~eow,.t, fQ:r e.pl!)Wo~~tel.f .l.3 ''"H?~~ 

ot tl'l.,· ''~"• wld;J.e·i;a "l;;hf: a.d~t it· ~o~~ts fQ:r oa.'.131.Pt~eat (?)f tl>,, 

eoJ.1a6e• (O~s, l9':>l; G~~-~,. 1958). fl,,.e ~~ ... ~ol.~le;, pt~;S,.o-. 

is t:11A1;1 IPJoll' t:re.ction Qt eo~ea ~d :is u,US.:U.y ~»~4 bY, 1(13~ C>,'OJ . 
' 

to o~.J..O J ''°ll f:14 t:b.e em,:x:,~ct~ tolvt~t. (-llc,~ !l !Q,, l~~ ),1',J,J.e;v ~ 
, . I. . . 

~~~1Q,, +.956.; :eowe·~ u ~',9 1~57). I 
'.'.. -~• •• ,, • ' • ' • I • • • • ".;' • ' 

11l9ta'bo~Gani tbe th:ft'E!!e OQ~en f~t:l.o~; and ~o,os~d a. ;p"1;~f ,~, 
. ,,,. 

the t91•e:t'1011 ot t'.b.e · eq~e:n, mole~. Their seli.e'.ll!4 :Ls 'l;>~ted ~~ tlltl 

~~ ~~te (9,~~) ot cl4 ~o:x.;n,r~U~ ~ ea.cq Qf tbe t~, t~,~t:1.on~ .. 

T• toU~ d;taei;raim 4Q3,~t• ~ x.t•ds'.tedt ~d P.ftQk~ (1?61) li0~1: 
' ' 

' ' ' ,~,, ' 

~"AW!l ~~ 
1l'.Eri11G~ · ~t olul,,l• <', .. , , .. . .Ao1d Sol."bl.e . .A.lkali,i ~~~\l.bl.~ 

CilQUaiO · '· 7 ·. Clo~-. · · ·' · >" CoUagen 

K~ L:J.t, :(~aY$) o.,~1., 5.0~6.o ~,0~300,0 

Ip •;v.~ thEII oa~J'b0Ua1a ~d. q$)o]J.q ot ~ZY,P;rQ~ Md ..it, 

N:lAtt~ 19 10Ue,s~•, it. ts -.ow. a(»W1,q~d tAAt '.Aycbo:t1,9~l:t:i., ••1u, ;J.:,i 



both a. ''l:>ouitd'' azid ''free'' tom. Tl'4'\'ts, a ~a.$~e ot hydJ;'OXYJ!lfOli~e :l,:n 

the 'blood !iUld uririe would 'be an. es't:4Jn~tb~ of 'both forms of t~ in¢.:p,p ~1.¢1· 

Qe:r\,er !!?, !!, (1960) :postu.la.ted tll.a.t two m.eta'boliQ J?<>Ols of hy~lcy°"' 

JroU.e eo\4d eltist. 'l,1'.Q.e:l.:r da.t~ iuggested tll~t "bb.e;,~ we:r~ two ~"1ia.• · 

bol:Lc;aJ.:1.;y dist:tnct com;po;t3.e11t,. ~e ,o~o;t1.e•t h~ 4 rerl)id tumove~ :i:oa.t~, 

t:ne la.b~ie traction, (:IJ!.\d wa.s eata.boli~ed rea.4:t,ly ~o p~le •a"' 
ear'bo:x:;y;JJ.Q e.cid or f':ree ~;-oxy:,p:roU•e. 'mle co•~ent wi tb tb.e ~lQW 

t~e>v~i., :rate wa, di,$1gnated. M ilhe ''bot!Ad" hydrQ~~o.:t.~. W9e1;1,~e:r 

a.~d :aou.oel1: (l961), WJ:I,~ the :f.m;plqted s;po~e teeluaiqi:te, Jael)l)~d te> Q()~'I" 

ti~ tl\e t:ti.,o:ry ot twe me\~olie JQQla o:f hy~x~o~e. ;l3y X!@C<i>:?:'4:1,~ 
·e 

t~ ~va.nce of' D,N,A., eoll8,$en, Md ''t'1!$e" 'i1~0:J1tY,rProlae, ,~v~:i:,a!i. 

cc:>ae:J.u~~Q•• were drawn~~ thei;r,work o;i. the g:,,0$; fo•ti<:>n Q;f ~91" 

lagea, :O,N,~ eou.ld be dtteeted a, 1;1~irl.y 8,ii! t~~, days a.ft~:,: tM ei;,>~e 

:b.fiMi. be~ ~luted~ hollJ. tl:),e ·. s;txt~ t;bx!o-ugl;l the t~~t:teth c\a;y t~e ~.,.A. 

curve ~a ~ ,tra;J.gl;l,t line.. 'l'~s ,ms th~µgl?,t tc:> eo~eid@ w1 tb. f:l.'b~blMt 

to:i;:im.atioa~ Attei the ~'W'EitBtiet- day, lh~ p,J,A. 9o~eentrat1Q• wa,, fo~d 

to be ,Q;tUiltaa:t. ~e:ir, eoUagen. f'o:rmat;l.on d::f.d Aot t0Uat1 the ta.me 

curve S.$ J).J,A. Instead., eoUa.ge:m. te1:rmed. at ea. ~~ciable ;r~te :CX1om 

the seve,,.tll th;ro'1gll. tne t~rteqtll, day, level.ed ... Qtt h"oJD. t:n~ 1$1;1:;~e;t>.t:t\ 

tb:ro~h tbe twe•:J;;1etla day, ~d t~:,,. :re>~~ a.gain t~'!ll,gla th.e tl:drty.,.~tth 

day., wh:Le~ eo:m:pleted coUa.gea fp-.t;ion~ Tl:3.es, woJ;*kertii ~onQludeq. f:pow. 

tbese d,ata. tlJ.at eolla.gen fo:mnatt:io». ~t be depe-.dC;1nt o:a J:r/lio:r pro"' 
;, .... ·._:'·:·, . • ',' . · ..... ,r . : 

~te:ra;b:to~ ot the fibrob;La.sts · and. ~OWll fa.ctq:ri,l,t ~ add:L tio:m. to i;M 
'""" ' ' \/'. :· ,, 

i;ro~• a.umber of ceUs preee•t" ~g~d~ "tz-e~'' :tlY.d:rQmrol;J.ne., Woess'1,e;i.t 
,., ,.\ 

. . . 

h~mo:Une cµx"V"e a.ad the D~N,A. o~e su:ppc:q:t~ the ~otJ;J.i;,r~~, tl;l.a.~ ,,. ·. 

the t~e )Qrd"xy:,:roline ie ut:race:U~a.l" ~d tMt tl:!,e:re lPAY' ~ormaJ.+;r 'be 

a coast~~ amout of' f::ree b.y~:x:ypl;IO~!. J:ren,E;llllt :1.n the fibrobl~t. '' 
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l)a~a1 ead Mariz (J.962) have eo:aoluded that "t:r,~" ~ro~rrol:i.ne 

~;J.ae11 tn- ~ act:!. vated :tly~o~xioU~ 1JitEu1•diate tllat ex:istis 't;lefo:r;,~ 

tlie 11~1 ot :peptide s~tllEusis. 

G:l'QISS (1961) i:n. a ~w ~:l.~l,.• P:tl'OpOSflQ. t= loeat:l,.p:Q to~ <=Qi ... 

lli,• ~o:rme:t:t.o;n., 1. e. , iat:ra... o:r ia:~e:r:"..;oe:l.J.;~a.:,. 1'~ :f:f..:rst ste:p i.!l "tl?.e 

:,~ce1e 'bf wb.ich tlle body p:,odu.cet 00U~ei,.ou1 tt-.sue :l.e ~:io.,t, t:be ti'b;l'Q• 

l>l~t ,v;f.te:ntlY. 1111J1,tbesi z•• QOlllPlA"Glt college:,:>. 11.\Pl,.eoµlea, Tb.et, ~l,cnal.e• 

~ t~:r,..~n4td ~1;0 t• ,;g,ace o•t1:l.de tb.e cells~ w•e:re th.ey ,Q~Jize 

:l.n1q nl:>i,,ls, 'r- tt'biir:L.i. t)le;a pow q llJiie ~ti1 t~ triS:l.A'3. i~:W 
,t Q~l.liagea molecules is e~••ted, A1Jare~ti1 t•, e~e tn ~ol~~~. 

~t1 ts a•toQi•ted wi\• t)lel ~Q~ee.si~ Jeii'~at:Lo~ Qt tit bet~,~ ~A, 

110JAe'1J..e" a• 'tM;r ~ra.d~f p~t tte;etb.e:f in a. ";J..otk; e.ad. key" t,~e et 

as1001•tto~ a:J.oa,t tAe~~ le~~. 

lfltS,df. !t se.~u.rig P~!A,5U 

.. ·. hJ.1')#.l,:I. 'bf "'1ihod.s: 

. Ql.e ot t1" ea;rly iuevaoa.s to-, ••1arat1- eol!l.ege:a t,oJ!I. ot~:r ~ 

i.;l.1• prtte:l.M nlil C,.ev:L!fed by .. StPk:~~ (J.e97), ;. t~t p~oecl\l;i:te, tM 

1rot•:1J1•, •eepi:, eoU~ea., weN . ~ed by p~e;t.:pt tatiom wi tl;\ •:rcv,~e 
:1-: ' 

~1ir1t~. """r :f'il:trat:f.oia, tke e;e;t.a·U., (pi';t.~:L~ coJJ,s.sen.) was '""' · 

C\S~J:f.tate4 tro• , .. til~:rate nt)). »i~:r1~ a9:Ld. JM~be •d Jat.t~ 
: .. ·',::: :_ < . 

(1,3a) •Ut:f.eli tlie P"C~IUiv.;N by: ·J., J1'1~:J.J:Lte;~tng tl;Le n,r;f.oq.1 1""°"" 

te1».~ °""th l•u )ilit:rat,, a. ,~'b~eo'tii1.18; tb.e :,rEu,u;Lt:L»i tiltrat, to 

-.crti va,,d. e:banoal. whioli al>,o:rlle~ 1:;l'&e "1se~dosel.&t:t:a, 11 u4 "othe:r 

J)Nteu,s", -.ud 3. :rtiaov:Las th.Et stla,:t~ tre>JII. tbe i:1.-.e.1. :f':Llt,:rate b1 ;eo-:ng 
. . , ,, ;;, , , I 'r . 

a tl!loU:1.e e.c:f.d .. gela:1;;1• ~-.:a.ex wl!J.cl:I Jfee1:p1 t1,ted out ot solu.t:f.014. lrA:rkas 

in ~933 n:po:rted tluJ.t tAe e;el.at1n"' p:f.oi,ate oo~;l;• ~t Stok,1 (l$97) 

va,• 11el;a'bl., at 40°e.; bu.t tut tl'le otp.ei, pree;f.p:l.tated p:r;-ote~s we;re f:l.<!;>t 

IJO~~'ble. TAV.1,. the 4QOQ, · supt~'iu.\ii could be aooled to allw t:b.e, 
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g~l'°~~ f)OJQlex to p;re<,,ip:f:ta.te. !b.o ;p,,eciJita.te tQu.ld tM:.i; bEi: '"1e<1 &s 

a.• flt~tEfl 1:1f ooUag,a. $J!Eltnter !). !l• (1937) ~apted tlie t~;te Mid 

i,roe~c!l~e tor a. me:ro•dete-.e.t:1.oa. ot QQ~•· ::be JllaJo~ mc:Utiee,;:t•~ 

we.• that t• c~Uag.- :f':r~ctio• WS.tll 1e~a.te\i ~ 1\~e <rtb.9r :,rott:J.:i,.e 

'bf ttf.:,;,•t ~utoeJ.Av:fH q.d n,~:.s the ,e,ult* :ret:1~ with hot W1'tit:V• 

All ii:be ,w,e~taa~t we~ ooiab:1-lled. mid the c;o~• ~ed e., ~M 11, 

so+1,1,'b;J.e tunic acid <:Q11Eg:;J.ex, 

JftiOJlle!IJ. a S· (l~a7) "ftd a. <iitfe:re"'t ~~A ~Q tlie ~,~ ot 

Jo:p•a.t:tM ,~~•• t~ ••c~ t:tq1,:1.,~ .. ,~ ••F•t~ t4'. ;Q~Qttv, . 

· ti'flll\\'9 CotlJ.agt». a,.d eia.,t:1.n) ~ 1• *9e:Lt tit.•••, tu :mee.t -~l.$ 

· we., ~d nth nte;Jl' •d iihP :,~ei u ~ b(IJ.l ~+li> Jrollm;pg t:b.+s 

tll;"ea"tJMt~'t, tie .. ~l.e •• t:llttll!'EHl ;~we;- a ~ -,a~ 41i-ve •<?- ~•Mi ~tJJ. 

aQtj ~ter at 1ea,et t~e t~s,' i~e re11d\\f.t ~~ o~ tlle ,lev, was 

,o••t~'"f tC1 eo•aia; ,t ee>U~e• ~4 •~•'t:tn, W.1,11i '.lr,WQ J:N>~eu, ,en 

1,~ f.lep,t,4 ta tlMI ;t:'ollw.t.M ~:tr" D'1:)11t . t)l, ;iree:!.4U.• ,re.11,1 ~v,.t;-, 
.· ,... ·, ' 

cle.vei e• t~ ~emiae t:a,.t C<!!~~- ,rq.a ~p~e,rt•4 tt s~~t:«.!J. ~d ,,c~ .. 

•olu.'bl,.e ,1011 M~ti!ll8. ~ tlle e».t.Q<:ltVfl"- pt-~i~ .. n, fUtt;;\l'e4, t~ 

t;tl~:r&1!it 3~lll13, have eoat~d th4' ~Q~~A ead, t" :i;ies:tdP tht~Or U,V$ 

~o•t~<:li ela.1t1Ji, a.J.one; w:t th N:/.f cC?>,t.~~M.tij. ':be :re~~ ro,aidu.t 

"-• ~- ,u.,Jected 10 ,X'~tia Ugofj.1,p;ti, ·· Su.e, t:r;y,pl!ll;ua. dQ,s ac,tt att~k 

tl.Mlta\1 ~ aaa.l~1e o:t 'tb.e :reaidw.e ,b.~!i be • ,fft~te c,,t elast1.i\ •<i>•• 
c•t:ra;\:f.<?I• !(l;t;ehell D. ,!!, (l.928) 1'J.Qditied ~- t:V~S~ »"et<i!Qe )y 

re~;t;g the 4o :rae11h 1:$.eve wi:t\ e. lOO JM,1'1\ 1:t."' to. dtu;:rea.e, ~~e 

. ;J.,e>t• ot eoUe,gea.ou., 111~:t.tria.l. go~ 1..,to the. ~:f.t1~ cU.•~a.wded t;tl.t;,a'l;e. 

Jlowev•:r, 1-U 5. !l:.· (1941) a°"'td tM1' tll.e~ was n1.l.l "·~ss etf ~~;JJ.ig,-. 
due to f:l.lt.:fa.tio!l q.d re:,laeed t~ ,ii.,ve nth a ~,a i:1;1.1.;,:r. .A'q.Qtp.e;r, 

m.oWtea,;1;:f.Qa ot thief :;~,a.~ was ~• l;)y 12':vtle:y ead ~ (J..~9). 

:~,e ~;rt,,• re:,la.otd the baJ.l JltJ.U Wit\ a. w~ bl.En\d~~· A'l.~C>, t~ 



JK Qt t• bl.ead:LDg 1ol1"i:to-. ...-: adJ'li\trte~ to p;ti 5. 0 ( tM :l$QOJ.eetr1Q 

;,o~ir, 11>t ~ beet 3!)3;'Qte1-:s). Attet 1:>le1i~ tAI -~~, tM U¢t v~ 

dec•t,4 t'1'to " contn~~ t'llbe. la ~e:m,:r:ta:!., ~be ~;IJl4,e;r qt '\i:tits :P(l)ce .. 

i:,.u,, ,,.,, siia:Ll&r tc., rb.at ot n,..tel>A~ ~ !:!· Cl,.~ EtQe,t; 1~t c-,•t;r;t.• 

hgatJo• DI ued i,a pJN:e ot. til;t:ir,:~1.,a~ 

~'.b,. ~CfdlJ.:N' Of ~ ,!:!,· !1•. (t9J+l) :f.1$ )~f~t~ the IIJQlt CC~~f 
. . 

" . 

111.aed. teelW,qu.e tor · tla.EI: se:,a,:-a:tt• · of' tlle eollagu t:l/"aetioa t:,,am ot~e;r 
. . ;. ' ,, ' . . 

lllUOle · '"'t,1111. ~ <ilf tklll' · ~,,a1,11 ,...,s ~ea, ee,;r:U.e:r bi .s~..:b.e):lrl.$W$lt7 
. . 

(189~) •. · '1':bis :proced~ · 1, 'bNed . Cl>I. tu tbeo~ t~t col.l&ge». ead elAni• 
. . . . . . 

a~e 1'.at+~)ie :I.A WQa,lt ~~ae ~clu~~Q%Ull wl+i,lo t~ ~lie~ mu1~le ~rote:1.p.t 

a.re aolu'bl@, !he extr~ot1ca l*&SG qt t:p.e tec~que cou;t.,ttA et J~~ . . . - . . . 

the Nat "~ ;ta O .10 l( ;laDi fer,: 1$ ~~eh ~ Q !;l" (1941) Md 
. . ,,' ..... ·' . ' . : . . . 

i1;tCMf e\ ,!!• (l.963) 'hav,, -,"t;a't,$4 t~ IOM Cd~- ~:U, sol,1;41;>;1.lizt 
:·,! . - ...... ·,···: .. ..-..... ~ .... . 

a~. the .xtractica ate;,.. ~,;, \»;r <U,4 ,~t t~• tldJ ..U lo.,. 
~o •oooti.p:b WM• ;re)Q~:bas t,he · ~lQll 4•t•~ ,._Qit~:r . Q~t :I.a 
·· ... . :~·· . ' . . . ·:·, :,.~· .- ': ;, ' .. :· ,• 

,n,:r Q~•hi•t:t.oa ~t t~ ~:r:aotto• 11ol~t:1.•· . Mo~ tQ ,11t1tJAT.~ 
~\: .... ':,,_.·'., , .' • , I ,, . ,\ ·: -;:~ •.-.·:·:~.'.•\: .·: .\'. ·\ .·· · ..... ::-., .. ·,. • . 

,. n,:tt,a,e, tibe nt•:ir-n,idu~ ·~w.:n •• e,(!Jqt,ca. t~ ,x. 7 .o s<> tl\ait 

,fut· "•·•·~~e"1GW$ :wate;rial ~ WA'b .,tl1"b:J,Uzo a.t the teae ;:111# e,s 

. ~:)le o~••· na,tu ~ ~-~ ~,.-.ed 1-a t~,'.~ $!1 !l~ (l9lf.l.) 
. ' •', ,, i_.., ·. . 

J~cea.~. To eepa.:,ate the cQ~e~ '4\Q. tlas1i., t~ o. J.Q J )T~I ~

tr~t:i.o, 1~lA we:at tl,.ro'.f.1$b t'WQ, teM, ~ut, 'bQ:l:J.i,1g ~tex-·oe.tb$. Wh#,s 

tne ~t>~ie.cticm pr~ce,1 tor e~1t:,.a :ls 'baaed,._ the 1;aeoi7 tbA"I,. 

"'laa,t:1,p, 41 ,:iot •G>luli>lt ~ •t d:!,l,v.,te ~a.:u.a, ,s,lu\~QM, i• ~,ea.te,\:l .. 

,,_:,o\\, st~tier, MV't 'btu. a@iv.,te~ Ui an. etfQ~ ·t, ~JQVO tit 

Ji'$Q1S;Lo:a a.ad a.ce~e,cy ot tlle o:ne;41,tJ, ~ ll ~· (l~,1) ,:roi,ed.~. 



o~e ~o~ eh~e ha, been the &d!l)Jtig~ tt the ,,~~tee ~t ~res,~ 

tbe eo~M re$Ult1·1!J. te:rms of :te.1eJ.da.bl ;&111,1'i>e;,-. ow co:JJ,,a.gq c;,:,:,, tbAt 

'b,a,e;i,, ~t ~o;itnrc>U.., I(asteUc; (li95') ;f.• :wo1~ W1,th beet mw,Ql.,te ;r,,. 
'· 

Jtriie4 tut t~ 1H:Je.~attoa <i>t the ~alt ot Ja.oH ~e,eretd ~- splubtii1.1ed 

~"tt;t.i,. :ti,,-c;ti~- tru1 l~ st~ J:,ote43,J t:,Q\Jl! Aot l11e e.QQQffl!)l,IJrJM~ 

aucc:u,,,~ by eea1r.:r,:J.t,gi:os" 'ro o'l:>i:,11• a com,;110 ,,,-~t:\q;Q. of tlli 

f'~i::t?J.op.1, be t:ria.JQ!td tM eo111,11crt:l. v, 11,su.e, o~ gl,.i,,ss noi ~ • 

l:rlt._1", ;f;~ek. ».ta were a:i.s, J,tflA'itd ;t;p, ;~Al ~:l.c!IA w:b4~h t~'b~ 

i,t~tittej tlult th.eon of t- If.QI ~~t1cm ;pro,,,,, "~e ~Y' ,c;,n'l':Ji,~~ 

t~ t~,., stu.dte, tha~ it it~~ ~oe:,ted t~at t:mt ~a~c~ Qt ~~y~ 

J:rol:l,.at "1~Q:i,;f'iea.Uy :J.de:1,t:ttiee eoJ,,"J.~~ $\d e~,i- ~ •1;1Q.le t~tsw;:1 ,:b,4 

~el~ llJ.t:rGBe• vaJ.ues tor the a~tQ,lJll.ved1 •el•bl.t ~ti~~~- io1 a 

v~d, ~N'IIJ.re of eoll,agea, ;c;atea:~ " tb.e ab.seJie~ Qt a. Jric:r Ifs.QB t~a,~p,t 

,t 11-e t:1.1,~e, " S::!Jld.l.a'r fEU!l~ts we,:,e ;J,at,r re:,o~e~ l?:r J,tl.lle;11 ~a. 
·. 'I .,. . . 

lCae,e~t~ (l956) • 

:Nott~~ (J.9,6) ~Al SUiSge1:1ted 1•t the "'lilr'lr ~•le• b~ fiJ~ottoMd 

a"t 30 -.te~u· to a.vo:J.9- lots Q:f Qom:u,etttve ttiurg,e 4Vit tc w:ra,w~ ~~d 

the 'b,).en<'.~i,;,-bla.des •. ~he;r111Qn,, th, ~~Jotioa JhN!i' J1lollJ.d pee"'"'~'°" 

out :1,a·1;1w qo.l<i (0 • 500.) to a.vo!Ld 19;l.U,'b~~s1t:J.0;1 cits~ cpl,lagq.p~, 

~t!9~1EIJ., 

A Q•rehens:t.ve study o.t ta.i;tQ~1' e.tteqt:SiM t:., ;Na.()~ ~~etto~ 1-~ 

'\le• ;e:ponea. by Lanae~ a.ad 139:e:,ecif (1959). :ae~ts ef tlP-, uv,i,t;tga,. 

t;Lon nn a.s f'oJ.:Low•; 

lit• Whe :f'iie:r the Ma.t s~i. ,, e•op:,ea.., 1i'.IW t$~ea.te:.r t:bie ;LQH ,:rt 

couas .. du1;na ext~t#,on. 

a. a!l1e b;Lgbe:r the t~ra.t~ d'\U'lL:pg e~:l:'Mt:loiih t,~ grea:ber J.o,, 
of .ooll&ge:a. 



3. The Na.OH ao:,.i.eeatra.tio;a llSrn v~ trom O,Ql tQ 0.10 N witJ,,out 

e.t':t'ecti,;oe; the corm.active tissue., pr<;>tei1UJ, 'but above 0.19 N 

:ma.0:a: some ot tue eo~ectiv~ tis~ue ,~te:l.n, ~ll eqlu'b1J4~e, 

4, The tinle E:1:f' extra.ct;f.o~ l::1,$.d 11,0 eff'ee,t; wl;l.e• t'.ne ti~ i,nt~l"V'a.l. 

was ove:r 24 ho't,U's. 

5 •. The eonee:o.tra.tio:a of fat in tl!).e ,;neat se.m,le dQe, 1-ot 1., .. 

fluenee th~ col.la.gen va.l~es. 

To -.te sure that ~ sub,tMQE!)llJ other than e,lle.ge• a;a4 el.a.~t~ were 

rell!Oved f'~ the re~~ residue ~tt,r Na.O:a: e~~~eti,-, Irvi~ a:n,d 

Cover (1959) extre.eted t:t>,e wa:tier a.ad a.lka.J.i soluble ~te;r;t.1;1,J. f'o;r 30 bowrs. 

· ''Ea.cl). m.eat sa.m:iple wa.s s,q.'pjeeted tlO two we.te:r ~:l:'~tio~ w:Lthi• a. peri,~d, 

of a,pro~illl&tely fot:Ct" bou:rs a:n.d thea to five O,l J Na.OR ext~aetio~s 

·witbi:n a. :,er::J.od of a.pproJd.ma.tely 26 :l/.1,Qt1;1:'S!, 1' A:f'te+\ t:n.e e~lt"a.et;Lo~ period, 

1,be coue9t:tive tissu, ~a trapped 11, gle.11 'WQOl si,m;l,lar to the pro~edm-e 

ot K'astelio (1955). 

J:-Qy~ e;nd Ifiner (1959) mo4if':1.ed t~ ~ ~ ~- (1941) ,toce4u,;r;,e 

a,l:Li~tlyby retaining the fa.t laye~ f;rom the e~~t~:fused extraction 

~~wre. trs:l.J)g tbe pre1$t•oe of ~oxyg:roline a.s ij. tes-t; :t'o;r eollae;e~, 

they stated that in the fa,tter s~l,es ao,t of tM '.b.ydro~Y,f?:t"Ol.1P.e ~s l'li! .. 

cove;red t:t'Qm the fa.t f:ra.~tion. Ia t)J,~ t;01JS,ife~ ~Or!i1 on tbe a.ve~e, 

71 pe:rce-.t of t.he hyd:fox~:roJJ.;ae wa.e f'ouud ii;i t~ tat tra.otio•, wlt::l.le in 

the ;JSO!M! ~~or, 58 peree;o.t ot t:tie ~oxypx-oU•e was f~,and in tbet te.t 

f:ra.etio•· The pe;rce:n.t :f'a.t 1- tbe 1,N,i~s1-s 4~~1J1i ~d J!Se;>as ma.Jor ,ms 

u.51 t, 19.20 pe:vceJ2t a,ad lQ.l.O to 13.65 ~rQe111.t, reepec;rt:i.velY', 

~ !!l!!· (1960) us~d the en;yme l!':rotea.s!!'\Ol? (:Jijlom ~d Haas) to 

x,emove ~ the Foteinaou, m.a.t~r1~., exee;pt eom,.eo~ive t;l2'S'1e1 from. •at 

s~1,s. Oae of' the obje~ti.ves of tlµt study wais to eQmp~e t:b,e eol ... 

~e~ K.1eldalu. nitrogen ve.lues u~;i,J,g the W~ ble•do~ :method (lte.rtley 
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a.Ad ial,l1 l9~9) sad t'.M EmZ~ t4!/l~A11r:1.q,ue to flUl-iY Uff~;t"t;n,c,;es ~ ,o~Si~ 

e~te•t c,t :ra,r aa!i eoQked s'l;e~s. !lle.ex-r~11al mt1er~~ co~sisi;ed c,f 

top ~WJi<l 1tee.1ts fr<!lm te:1r 1.s. GQqO, b~e;t ee.r<;N,fUh ia s~~~ng t~ 

,tv.47, 1;l!l,ey stia.tec;i taeit the eo;l.l.~1•· values 'n:il't !I.Qff~ :1.1\ (.U:tQkf;ld t• il!l 
i'tW: •a, 'bf bot- method•, 'b'!',t <litt, ... 9e• 'be\~•, :a,r Qd c9olc;ed s~~ 

were fEtQJr~;Y' g:rea.1:;e:r b7 tb.e EPtJ~ met:b.Qd. T~1, it nlilld a;,,~ t~, 
th.e '1LS1M ll'lEllti.od otte.J."S ~ee tor " JiitiOCHi!<ll~ tJ.ui.t ;1,e :rre:p~d.u.c:f,.l:,l,e, 

~,~~ .. -.a te!Mf:1.ble. Tl'ull~, autl!lQ~, 4td •Qt de\,~ tlae p~eijaoe Qt 

~~:NIU:ae as l?v:Lde:a,, ot collagea dee;;rada1.io"- 'l?J t:b.el '1;toteei.te. .. :i., 
' . . 

J.I'~ t:n.ts dte~•••ioa ,ae eu n•d:1.l.:r co-.oluM tMt 'tihe de~fll~a"l.iQJ 

ot OQ~._ by tbe solu'b1li:~y Jr/.et~~ :1.J JO~-a:b ~~:r,~al. Al .. 

tho'QSb ~ st'1.dli.ea· :tiw,ve .i,e,• eoa.d-,;rliiEHl . .-~ tat, •t.hc>a tQ PJeas~ qolri 

l.a€$e».l lll.NtiY aotific;a~io:11.is have 'btQ •a.e i-. .. eft,n ,~ ;tJJq,"ve tAe · .. ""' 

:,t,t,'b~J41ly u.d/or aoc~MY of tM method~ Xn aa.~1i•, t'.b.e ~$U 

:tU.o~'bl.~ tff.otio:n. w~~- :m.a.a 'been o~IJ,.f used M ~ ~d~ of eQ~• 

:t.• a •~ only ot "u-t'!Wf!I'' calla.;,i, . ~tEl:Ue (~9,,) "JC);i,ts t.iAt '\l_, 
~al:t bllOlll)le fraetiO:I d.oee.n.ot MOQQtfC):r e 1;t·:J.a ,e;re"at fl)f tke tt,l. .. 

laau. JQOiety. 'rhll,, stud4es u:uag 1;1'4.e m.etbod ~ a ca.~t:J.t~tio• to:r 
. ' .. , ,...., 

o·oUegeJ are :t,.· reality only st11.d;r.1¥ a.~Jq.a,'tt;lf 9Q ~"e•t Qf tne 1Q>'t$.l. · 

eo;i.ias,a »r.seat 1:n. the mate:,:1(1.J.. 

~o~;u.~e metJaoda; 

. fl:l.e ~rolue eonoeatratioa 1:. a •~lt · 1, ~~ ao1t widely \\•ed. 

-.ethod qf 1'QAD.t:L ta.tive:L.y EU1t:J;nu1rl;;:L-, . ~QlJ.'64Nl • Pak:!.• (li9~) an,d 

Ber~ (1935) were e.nioae;.tM ti:r•t 'be;:> UJ.diQa.i;t tPAt qdroxn,:rcl~e ,~v.+d. 
'be t1il.8-'ti:\""t:i.v,ly ?Mte.sv."d. 'l'l\ese nrke:re .deta-..ed ~X1,P:t:'Ql:t.ae ~Qa• 

4e1it~a.t;t.oa 'by e:r;rst&ll:L;at:Loa, By v.,:t-, ea. al.40301 ext:ra.c:,,t:J.oa a..4 dt;ret, 

e:ryat"1U;at;t.cm teobJdque, ~:La (1920) n:PQ:rted ;AAt geiat:u1 atmt~~ed 



14.l ~e~ce•t bydro~:roliae. Jer~ (l935) toUAd a ~~~911•• QQ,.,. 

cerJ:ti,tatioa of l,4.4 pe:r<:eat :!.ii gela.t:f.:i:ii 'by pre91p:l:t,t:t.J>S it as the Re:S.•eeke 

·ee.1.t, 

~ · v.11:ag hydrc,xn,:siiolin.e as lili q,uaa~i tat1 ve ~dP,; tor <:o:U~,~,, o~, 

· m.u.1t be ~opj.;Mt of. the tact taa.t t:tw:re e.,:e e~et ~ t:b.e :,]ly,ieal. 
. 1 ' ' 

stfflt~ of' eo:Uegen 1:1,ssoc:J.'°tei witb 9UP1J.Ql.Of~I'* ege. Valesl!i the.t•ee 

d;!.f'f'e:rent eo~ea f'raet:t.o•s 14"e ~rzed se~fA.t,;i.y1 the ~o~y:pnUM 

eoate:at 1, olJ.1 ea ~'!ldic&tiQ,i,. Qf' tot~ eollli\Sel. ;f.n,f,e!:lt:t,ve ,Qf tlae •t"t• 
e:C'· ,o~nsat:Le11•· Aaetlae,;, ,raria,1:>:J.e t.o eo:a11c:1.,, it,1 t~. lief.1th. o~ the 

••\.1eet t~ whiell tlae sam:gle we,,- Q'btM.at.e~. A$ va.1 ,o;t1ted o-.t ea;rl:teio., 
/,• ' " ' 

-

c;on;t;.ex,.~, ~cel\tly, data from. th;'ee ,,~ate ~filtJfQb ir<>U.Jt MV~ ,roved. 

qllite conel,u11ve1Y' tb.e eld.ttaac:4;11 <>f ~ i,t;ru.o'tue.l i,,.,.:i:- fQl' 4-.,.~0XY'; 

Pf()~e, 3 .. llydrox.n,:r~li-.e, (A'rl:f.JlgMUS, l,962!,; Ogl.$ !! !;b, i, l96a; f!Jb.eeh8.'1 

~a. ~~ey, 1962). 'l'he work of Oslli! .@1 ~. (l.961!) :U\d;t.ca.ted t~at the 

3-~~li:ae we.• pre,e:at 111, the QQlDP1.0~Y to-.a. tr~:,t:,ti:J.de ot oo~e» .. 

:Ll\ ;place · of' t:tie 4-~oxn,roU:t1.e. AQcQ,:,d:Lng tc;, i:,Ml:r wort, 1,11,e 3 .. l\ydrony . . ' ·, ,. ' 

~•om.eit wil.l aot :ree.ot w:f.tb p•dilMl)ql•iolJ)eJtald•~ (;p .. DlQ.'J3). :Ct will 
'' .. ',,.· ..... 

rte.Qt, h.OW1VeX1., witlil ;.~:La. U'!i~ tbe m.~~:n. Jree.Qt:f.<?n tq1 t'"~'i:t· 

tate t~ new 1s~r, it l!La.s bee• r~~ed to aee~'IU\t tor 0,26 peree~t Qf 

t~ ~~i.a- te .. dcm qf ce.'.t,tle. (oe;i, ,;. .!J:·, l.~a)' oa,eq"Q.eP;tl;;r, th, rt• 
. . . . ·. •,,. ' .. 

pon•d eonoe1,t~at:Lo• f'o~ tlu.J im:J.a9 a.eid deJt;!adt ;~ 1~m, ~ent.oa tl'le 

:ree.e;eat •••d ter tbe ~1_.. 
-~-. MtMclS • A. se•X's+- ~11.W PtJ'ta.:IJd.ne;. t<;? 1;:b,e .. deVelllJm,ei'l.'t. c,t U?,d 

••i": ,,,. ', , , • ,• .. :_. , ..•. 1._;,,:·· • ' , :·: ,,' , : : , ' • 

t:tie g--.era:l. »roeed~s to~ tlle reaQt:Loa ~t ~~- w.tth ~t ~ia• 
! ' • • ' ,.. • 

. 11.N l>•••· pNt,md )1 GNQSte:lt:Q. ~IJ W~it; (;i..f)6l), 
t ' • . . . ' . 

Julie~ · (l9U) die~ove;red t~'ti ~ aotds opati~;pg a tree alpha.of 

•• e;:rou.1 :Nta.oted witb t~:1ltet8lijr4ii:bl.du., ~a,e (~:La) to give -
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i.nte:a.,e 'bl11.e eo;J..or. He aJ.so isole.te!:l t~ coiqpolQ.\d :rref;l,On$1ble for tJ:?.e 

col.o~, ~etoA3'~1•dyl1.ae•diketo•by(ib'iad~ae, :tl). ~915, ~di~ Q.lld 

MacliieM. repo;rted a. colo:rill!et:ric Ji~ :proc;,dUfEt fQr tbe est~tion 

Qf' -1-.o •i t:rqgen. '1'b.ty ;tqQd that tl\e tec;bl\ique lffiS q~t:f.ta;U ve W'.M'-
. '\ . '·· . . 

ea. .excess o~ ·uuydria W$J!I pnst.Jat, hrt~:r 'WQrt 'b;y _,,.,1~ •d W~:t'<?3'd 
• ' • •• • ' I '.< ,, • • , ' 

(1916), 1ad1e~ted tha.t the :.reseJaQe •t ;red.u.e;mg as'Plt~ woul.4 i•teasif'y 

'llill.e oolo;r c,f the re~t:Lon 111.ixtu.re. . .. l'olfever, tlle1e wrke;rs (l(ard~ 

sad Mat::Leaa, 1916) ··· :,U.bliebed "ta.. w:biQ~ s~ed tllat tAe · ~a.ctioa. gi veJ 

Jositive res'tl.lt• f'or com;pogds o~htr tb.a.n. ami:n.o M:t"-•· 1">• t~a n:ri:., ' '. . , . . . : 

thet co•laded that the a:Lahydria l"eact1011. was •:,.ea tQ ~:i,itiei.sm. 

Ja:rlie:r, Va.a S;j.~e (l9U, 19la Md l9~3•l4) 1'.ad \lied i;he n;J.trou.s 
. . ' . . . . 

a.eid r.a,tion to q,uu.t~:ta.te t'.b.e am.iao -1troge•. ii ~ s~le. lknrever, 

t:ke reaetloa W<mld not determiu pNliae or l!J.1d:roml'OUae '-•:l.~iee' :the 

"11d.•o· ~reu1 is im tb.e py:rrole ~:I.Dg:·· · Vea Slyke ii !l• (191t.i) late:r :,e .. 

vised t• ini tb.l m.a.mto•trie tecui~e by ~~,~:I.DB; tl\le. eoa :t"elea.se~ t~ 

-1ao acids 0111, :rea.e-tioa wi tl! a:t:rwyd;r:J,:11. They e:l:t;fd the ~rk of G:J,"a.s,~ 

U,d voa ~· (1934) as tG tb.e ma.a:a~:r ia wl:l1o:b. the·~. a.c:t4s (1:roliP 

aad ~:x;yp:relt,+e) ;reacted wi tli aipydn;a, G;ra.s~ Q<i. v<;,a Anl:S.n (J.934) 

showed taat, wh$J>, ·proli.ae a-.,d.· ~-~:ro:J.;Lae ~ea.etttd w;iti. ai,~:ri:a the;t_-e 
,· '.:·:,. ,. . . 

wtAS, a rei.a,~. of' CO2· b'llt ao lffl3 wa.a rel.eased· 21Q:il' was q · alde~e f'orme4 
-' .. ·. . . . . . . 

. . ( 

e,3 W$S.the eaJ1e w:i,tla tb.e otller .. o aeia.,. Tl\ese work1:rs also re-
. ·.::<.:: ' ... 

. . 

:reduced J>.1Slllydrin to give a yellow produ.ct. Tlld.$ :p;ro(l114t tMn conde•-.ed. 
. . . ~ . ,. 

-n,th_ aaatur m,oleeu.le ot -.1~1~ to g:.Lve a ~d ~duct. Vea $ll'ke u J!• 

(1941) noted the.t these Q,loref. com;,ouds . we:re tomed d~iJlg tlle beat:Lag 

JUSfl ot the:tr1 !ll&Uc•trio deteX'lltl.na,t:Lo;n.. They $lso Mted tli>,at pl ia"' 

tl~-~EUl . t~ CGJ.o:r st•b:l,l:f.ty of tJae 't,WQ OC:>.\U'ld8, . Altb,e,;igla ;tb.e Y$ll<i>W' 

eolo:r •• f~:rraed a.-t v~:J,ou Midie :,Jl'e, :f.t was 111$:re 1;1t~bl• •t »:a: 1,0 



than at a higher pH. 

It was not.until 1948 tbat ?.bore and Stein developed a repeatable 

q~a.m.~itative colorimetric ninb.ydria irocedure tor the a.l.pha-a.m.ino acids. 

Ia addition, praline and ~roxyproline could be determined, bµt not a.s 
I . , ' . 
1 

acc'llll:'a.tely a.s the other •no acids. fhese authors o'):)served that the yel"' 

low ni:m.hydrin ;Product could be measured at 440 ~~·. provio.i11g the reaction 

was eomti:!l,).ued about twice a.s long in the boili:ng water be.tho 

In 1953, Troll and Oaxma.n developed· a technique to que.n.titatively 

mea.$ure hydrq:x:yproline·by diff'ereatia.l spectrophotometryro They reported 

that with their reaotioa system the red derivatives of Gra.ssma~.Jll and von 

..A.rnliJn. (1934) were actually i~te;rm,ed;;t.a.tes in. tbe form.i:'l.tion of' the yellow 

coQou:ad. Fu.:rther.rr10:re, tb.ey :f'oUJlld that the products of ni:nhydril!). and alpha, .. 

~m.o acids were insoluble i:r1 benzeae, as were the yellow p:.tgme:nts. By 

continuous extraction into be!lze:ne, Troll a.:n.d Ca.u.aa obtained data. in .. 

dieati;mg tbat the product$ of the reaction of ni~yc;lrin with proline SJi).d 

hydroxyp:roline would have maxi.mum a'bsorbaJ1cy pea.ks a.t 550 a;ad 570 mp.o re• 

speetively. However, the :red derivative ot proline forms more slowly and 
' 

is less stable than. the one fol;'llled by hydroxyproline. Therefore, 

readings can 'be ma.de at the above two wa.ve lengths and tbe corrected 

eoncentra.tion f'or hyd.roxyprol:ine :f.'Qund 'by sQlving the two algebraic 

equations. These workers ~epo:rted recoveries of 97.8 ~ 103 percent for 

hydroxyproline from protein hydrolysa.tes. 

Pa.r;r;i.sh §1 ~. (1962) have modified tbe Troll a!!.d CSJllJla.u (1953) 

procedure to estimate the hydX'Qxyproitne content in. a.lka.;I.:l.ne hydroly

sa.tes of pa.rt:t,ally defatted aad dehydra.ted beef m:t1$cle. 'l'hey fo"Cind thei,t 

a. decrease in the teQe:rature of the :rea.et;f.o:n i:mp:reved the reproduce. ... 

bility of the r~su.ltso 
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However, Aronson and Elvehjen (l956) used the orie;inaJ. Troll a.nd 

Ca.xman method f'or the analysis of hyd;i:oxyprol.ine in animal tis1:1ues. 

'l'beir results indicated. that the techni<a,ue ;eer !a, wa.1;;1 adequa.te to meaaure 

sma.ll differences in hydroxY])roline concentration, 

:Rodsers !! !!· (1954) also reported the procedur, sat:Lsfa.ctory for 

mea~uring em.all oha.?1ges in hydroxyproli~e in blood plasma. eJ:>.d urine. 

'?~eir m.easurements, however, were made on hydrox;y:p:roline that had l:iee~ 

sepa.ra.t:.ed from the other wno acids by ion .. exc;ib~e c]:woma.togra.plly. 

P~a .. dimetJ:iyla.minob~m.za.ldehyde methods .. The in.:l:~ial work conducted in 

tbi,s area. wa, 'by Morse (1933) a.nd La.!ilg (1933L ~rse (1933) developed 

a. qua.litative test for hydroxyprol:1:n.e 'ba.eed upo:q, the r(:lactivity of t:he 

· eecond.~y aJ.cohol gro"U:p. This teQt involved hea:t;L~ a ntj.~ure C>f' rq.et,hyl .. 

b.exylea.rbinol, a hydroxyproliJ.e sample, a.Rd a. stror,ig alkaline oxidid~ 

a.gent (example, either Na.2')2 or Na.OU ~d H2')g). Afte:i: the mixture was 

boiled dry and cooled, 2.0 ml. of 5.0 N HCl was added al:ld the sample 

pla.eed in a. 'boiling water 'bath. 'l'he · a.ppea.ra.nee of an a.Jltberrose eolor wa.~ 

ill.dieative of bydroxyprol:i.ne •. The author concluded that the !;!Specifi.c;fJ;y 

of the react:1.oJJ. was due to the hydro~yl group beea.1A$e :,roli:ae failed to 

give the reaction. 

I,a.Jlli _(1933) propos~d a quutita.t:Lve tec;lul:Lqµ.e for h;ydroxyproline. 

Thi$ 1rooed1U"e was based om first ox:Ldizing the p,oline SJ1d bydroxy-

proliae in. irott91n hydrolysates to pyrrolille a.:n.o. hydroxypyr:roline with -J 

Na.OCl a,nd the• 'by Stea.xii, distilla.tio~ separating the oxidi~ed imino 

e.eids from the other oxidizec:l products. Both :t.mi~o a.c:f.i exidation. p:rod:µets 

were reacted with p~DMAB and then t~e hydroxyproli~e oxidized product 

was reacted with isatin in dilate H2S04. Hydrox;y:proline and proline con• 

ceatratio:ns were then ca.leulated f'fo;m. :photometric I!lee.su:irements. 'l'his was 

a.eeompl.ished by su'bstraet:1.ng the. ca:ace~tratiol!l of the ::l.1a.tin rea.cted 



J?rc:>dv.etis (:nya:rox;y:prc:>l:L:ne) f~ tu Q0'1.Qent:ra.tton ot the , .. :o){A,'B ~duets. 

Th.e difterf:~ce was supposed te ~ep:rese•1 tb.e qoaee~t~a.tioa ot p~oli•e, 

Wal.dscluD:1.dt .. Lf!it:& ~d ~a.bo:r:f. (1$134) reJQned work t~t :reflltea. the 

ooacl~s:f.o:r.1, of .Lug· (1933) :rege.,X1diN tlil.e ox:S.d:S.2.ed J1J'OQ.uct1. 'rllese 

a,ita.o:r• 1•e1ca.ted tbs:~ p;roUae does ~ot :ree.ot. ~tb JaQel. Also, l\1e.0Cl 
' ' 

oxi41zed b'Ydl."OX)'PX'Ol:f.ne y:teldeiil So Je:rce:,.t »mol.~- .It the 1a0e1·wae 

d.e•t~,-d before the p-ll>MAI steJ, · the ,...»MAJ ga.ve tcm tuies a.s -ch a.b-

10:rbaae1 to;r qc!Pox~lul.El a.s the ,~oduct w:1 th 1f$.t1-.. Tb.er repoi"l',eC,. 

tlie,t gela.~1;. ~on~ad:nej a.~ro;ld.•tel.7 9.Q :,erce•t ~~oxnrol:J.ne •. 

Gues" a».d McJ'~la.ne (1939).;reJQrtied tb.at t• :P""l»IAB " ••• is 

lioe~iag :$.a specitic:1.ty, ~ei~ e;1vea b;r eubst:t:t~tt,4 ;,molee, py:rroliaes, 

J;ylTO:J.1d;bif!s, a.ad ~dolea. - the 01;~, · ha;ul., tb.e :t.sa.tia :reaction 1s 
,··1·· .. 

higll,1-y ,:,ecif:J.c., -be111i givea oaly bf pmoles wt\a ,aap(, .... :,os:Ltioa usu'b .. 

atiit1,1.ted aad aot give-. by :reduc,ed;J,1p:,ol.es or :1.~(iole der;l.va.tiveis." 

h.r\i:b,e1'$0;re, :Latettering 1ubste1p.ce1 <10\\ld l;le a.v~;LC,.td 1-. t'.be 1,a.ti1. 
. . ; . . 

l'~action. . mixtu.re , by ext:r~ting i;),.$ ,:Jnrole wt th. etAer ~ . Th.4tse authors 

re,orted , a hydroxt,:roliDe · v~u- ,, fG:r gela:t1;1r1_ ot i4, l :p$~ee».t ba.~ed upoa ·. 
' . ' . ! • :· ',', . . • . 

~e .. ted tor all tke ,mo1~ de~ived fro• gel~t;Ln~ , ', kta were ~so :pre-'' 
;~~~~~ ~~. the effect of ·;1tt•~e;t,. oxidiai,as e,ge~~a · .\~ J1ffOle yj.el~. 

Tlletr ~sult1 sl!>.owed tha.t o.;Ly lta.2')2 1-.ona.1ed t:bA :,ynoc,le oo:m.ee:ntra.~1<>•· 

Gth$:r ~4:Ls1ag ageat111 1t11cli~~.we::e la0Cl, Fee~~f:~a.aai alk~e per ... 

~&'1a.11Et•. Whe:a the imiaQ a.c;d.1.'.wer1 Q.X:f,.di,ied.;~t~ ,~I· in. tb,e J~fiUJe.Qe 

ot Qu.804, the a.:ppq,eat bycb;-oxy:p:rol12'e eo•tent wa.a dee;reased u.d the p:ro· 

. l.:t..e ine:nased. 

McJ'e.rlaae u~ Guest (1939) toga, t:b.at .it 4i. e9lutio• of a,d:roxnrol1~e., 

sodiq peroxide qc11 d;Llute . cu.:,r:Lc sV4lf'e;t,e 11 , a.e~d;Lt:Led w1 th ~oellloriQ 



acid, a ~•d col,or deveJ.opes lfl:len t~ SQlutioa is p~eed ~n boili~ water. 

JQ o'b'.b.e~ wai:aQ acid., i:o.el•di.:ng Jt'e:IJ.~e., gave a poai,1iive ~ei,t \1.nder 

tl).est ~or.,,ditioJ1s. fhese wo:rlter~ ,tudied the iJlfl,~f~ee of Cu.S04 :f.n au 

etfo:t to dete~~e the ~ea.soa fort~• sieci~iei~y ot t~s reaetio~. 

W)le• ditteN~t sulfa.tee were used 1• Jla~e o~ auS04 N'i!.d ~llE:! retult;uig 

,x-od,otll* reMted w:J;t'.b isati•, t)ie. q<,,J.Qr values WN low •. Freir,, tl!l.ese dl!l,ta, 

the;y ~o;i:,.oluded tl;l.a.t tlle eQql.~, "~ , , Jn!4:f J)O~ll$1'lrlly be !i!. eoJ.XE,PJ,.ex CQJJe~ 

sa.l't ot a d.iJ>yrr;rlmetMz,.e," A l,:l ffl.i~~e ot s~x ,erce-.t JiaO~ ~d te~ 

)erce:m.t lfJ,OJi wa.s fou.nd to Dtl.ni~ze tli~ variable re19u.;J;tH, o'bt~:l,;W.ed ,n"t;h 

sol.id ,,aaea , . '?he res.so• to:r> 1;1µs ,~e in t• •i.~U,SU!i ae;ell.t ~s 
\., 

tllat the rate of o~:l.4a.tio• could b~ som.ewMt eo•t;i:,oll.ed )y forming J!!!,QOa 

!! 11!i· 'U'si~ thi.s :t~o:rm,a.tion., tl>.e;r develpped a. :photomet:rric p;roeedil:re 
' 

f'oz, iertr.erm:fraine; aydro~~JJ.•• :f.n 1:rote:La- h1d,:rolysates. ';!;'1\e 1•:l.tial 1t'l;;ep 

waif i1:> to:rm. t'.Q.e copper eQm.ple.x by v.1;1ing a s9J.ut:f.O:al- c;qnt."1.~ 1.0 ml. 

eac4 ot ~OX7,PX'Ql1-e, 0.01 M Cm,S04~ 101, :Ne.OJI., a,,.d '61, ¥~· Atte:r 

~ti~:t;QS at room: t,m.pe;ra.t~e ~he •~ .-, :,+acf)d in a boiling wa,ter 

bath to tQlllJ>lete tlle oxi(a.t:to~. · The ~id1,.zec;t so~u.tif)n WlJl.$ _ tbe~ co9led, 

a.~1d~t;f.ed, qd the~· :rEtacttd w:Lt:tl ia,a.17,:l.ll :LB a 'boili~ nter 'bath. Ma.xi~ 
' . . ' 

1"l!ll. a'ba,orbe.noy tot the stable p~oduct troxn isa.t:f.:Q.. wa.s 520 1'1· :ae ... 

•ult• trQm ditf'er$:n:t e;el•t¥J. bydrolysa.tes indie-.ted that hydroxn,rol:L:ne 
' ' ' I ,; ';· 

aceo~ted for ·a:pp:to:dmately l~. 0 l?e11ceat ot t:be -.no acids preeeat. · 
. : . ·' .. } .. ; ., ... , "\. •,• . 

Be~ sad I.6gan (1950a), a.J.C)~ Witll. Dev:Liie (1941)., ~ave re:porte<l 
. . . .,.. .~ . .. . 

tMt ti~ JJcFar~e.a.nd Gu.est (1939). hyvoxmol:L•e :p:rooedw."e 1s·~ot 

84Cvtte.. Both grouJs of wort~:t"~ . :l.l.d1eated t~t t~e :,.oesu.lts from e;el.$.t:J.:n 

were~• lower thaa the generally ~eqepted value ot ap~1mate~y 14 

Jereeat byd~X"())l:Lae. ,:to ob1;iaill. a. ?11Q1e a.t;:cu.:ra:\e qd prec;l,.se col.ori .. 

metric tee)mique.,.ffeutn.aJJ. ~d Log8.11 (l950'1lo) develQpeo. a. procedw.-e based 
' . ! . 

on tl:le work of lfcJ'arlea.e ad Guest (1939), Gl.\est a.n.d )tFarlue (1939)1 



erAd Guesrb (l939). This aew prQqedue or m.i~or tJ.OdU';t.ea.tio~s the:reo~, has 

'be~n oae of the JnOre eomm.o:nly used :,:J1.etbods for dete~:t!lS the eoneeat:ra.• 

t:Lol\ ot b.~roxy,rpx.-oline in tis&iue hyd:rQlyJat~iil• 

. ~~e ba.sie oxidizug step of' ~Fa;-la.ne ~d Gue,t (;1.939) wa.s not 

ohuged 'by :We~ and ;Loge.t1 (1950a). Howeve~, they did c~~- tlle first 

hea:t.iN Jl:>.ase. l;nstea.d of :,la.eing the rea.etio~ tu'bi,s in a. bo:tli;ng wa~er. 

· ba.t:b, they w~re :,la.eed in an Bo0c. water bath tor f'i ve m:i,au.te'il wi tb 

oeeas:tonai' shaltiJijh 'l'hey stated t)latr "The he~t:1J!1€!i •d she.ki~ lliestroys 
. . \ 

the exce$§il 9f ;peroxide. T~oes ot :,e;roxide wh:Leh, re~i• w:f..ll dee:rea.se 

. . " ( ) color to~tio•. and :produce a.a or>t:mgt•red hue. le~ a.nd J;,;og~ 1950a.. 

eoxiqpletely challged tlle steps involved in develoJ~ the q:t:wom,ophori~ 

grc:;iu:p~ Oae of the l'Jl,8.jor rn.odif':tea.t:t.ons.wa,s the use of' P•DMAJI in place 

of' isa.t:L•.to form the color complex. h:J.or to a.d¢ling tbe·]l•:DMA:B to the 

re~tioa ndxture., ieum.e.u ~d Lo~e.n (l950a.) a.oidU'ied the mi~Ul"e with 

~$04 instead of' iCl. To· obtain maxim.um a.'bso:r.,t:i.c>n, t~~Y' used a 70°c, 

wate~ ~atb i~ plaee of t~e boiling wa.ter pa.th used by ~Farla,ne 8J'Jld Guest 

(;i.939) to develop the colol.l con;,lex.. AccordiDi to )le~ and Logan (1950a.) 

a. 511,Q 1'1 tilter sllould be used to detema, ·A • i:a Jla¢e ot the 520 lJ'l. 

:f';1lt,r reeommem.ded by MQFarlane ·.and Guest (l939) or Gueet (1939). Nei,m,a.n 

a.».d J;.og~ (l950a.) also re,ortedthe,t t;yrosine a.a(!, hydroxyprol;;ne were tlile 

Qnly two EI.Dliao acids :La a.c1d hydrolyied pr9te1ns wpieh reacted with P•DMAB 

iu suf:f'ieiexi.t qu.e.nt:,t.ty so that their ·a.l;isor3?t;t,oa v$J.u.e1 eou.ld b.e mea.sved, 

However., t;yrosi:n.e ;yielded oaly L 5 percent a., lffl;teb color a.s did llydroxy

proliae. Ia addition, rearystaJ.li~e~ proliae g~ve A. values corres19nd

iag to 0,17 percent that of bydroxyproli~e. AltbQu,gh these results were 

1:a qo:m:t;,ra.st to the work of' G~efJt (19;39), t:Pe data preeeated by Neuman and 
L 

Loge.xi i•d.:Lea.ted that reas,nt~g~ade p:J;'Oii~e contained hydrox~oline. Con

seq~emtly, aonrecrystallized proli•e rea.cted wi.t~ t~DMAB to sueh a degree 



that the J•DMAB rea.et:J.o:n ap,:p,a;x-ed t,Q :aot be e,ee:i,t;l.e tor '.b.yd;ro~Y!)rol.;f.:r,.e. 

~Y ~difieatioas have bee• ~e 1• the Je'Ull18,ll aa,d Los~ (l95Qa.) 

· ;pJ'(?eedw;,e. 'l'hese 1\11.0dif';J.ca.tio!ls b.a.ve generally beea ~o:a.cen,.ed w:l. t~ oAe 

or mQrf;l of the following t~ee a.reas; l,. de1t~c;:10-. of the exce•s 

~s•• Jeil:'OXide; 2. 1tabilisa.tion at tbe p•PMA.'B :b.ydx'Q~rol1-e co-.pl~; 

Ei.Jid 3• QQ1.'reQtie». for :i,;nte:rte:r;';i.:Qi CQl,.Q;r eo:m.plU:EUJ., $U.~h as t:b,a.t produeeq. 

bf t~1ue •d/ or e:x:eeqa:f,ve . eo».cnt:ra.tion of' the .· otbe:r a.mli.Ao ~ids. 
. . 

'?Q ei~m1aa.te tl:l,e exeese ¥~!.t ~aeh (l-960) 1:10,.duQted. ·the old.da.t;to• 

e.ad <1e1at~otioa of ¥a ~teps tosetn.e:r in a 40°c - water batl1. B;y tc;,l .. 

l°'"''i tbi.s :proeedw:-e., '"l'ae · oJCida.tion , • , is completed 'before the 

totlill destl'l.let:Loa of t:b.e excess ot peiro~;l.de he.s oea,u.rr,d, '' (J.ea.ch., 

1960). lo,rf!Vei', Lolla.:r (1957) N:,Orted t~t the =cesa ~gen per .. 

old.l(le oC>Ud 'be destroyed 'by vigo:ro"s aha.k:lrM a..tter oxida.t:l.Qa was eo:iiq,l.ete. 

~, the aooc, st~J wa.s delet~d tro~ tae procedµ;re. ~~ ~d A;ltel,:()~ 

(19~3) 1A111ed ·· a. cOJ11.bu.e.tio• ot a.eid:J.tied, dil·wt• t,:r."r:f.c 1;1ulta.te ud sn~iag 
11\ pie.ee ot the 80Ge. step tl!I 4estl'Qy ea.y ~e~ted,erOl(tde. 

~ot.11.er a.nroq~ was.tr:J.et eu.Q~es,;eu.Uy'by;llut,e:.,,e:r ~d Si~er 

(19(50). fhese e:u,tbors deerea.eed tae tenwere:taii,,e ot: the first water ba.tb · · 

t~ 7Qe>Cl, After t:Lve ~:nutes u tae water 'ba.tl1., '1~e exc;es1:1 !202 was :re ... 

mov•d i'b1 pulling · a. Vll4U.Wll o;a · ea.ch 'lii~be t'Qr · 30 ttooade. Chl,ora.Dtim.e 'r :t:ua.s 

be,- ueed i. ,1a.ce of Jia02 as the o~i4a.tive e.geat, (P;r:09kop 8r!;l.d Vde~trtead., 

19(,0). ,,~. c~e ,re.s ude beca.~,e it is a.ve.:Lla'bl.~ 1a a. ,ta.bl,e fo~ Qd - . . 

solu.t:Lo•• of r•iroduc,'1,ble strugth eea be ·,rei,ared rea.dil.y. Aft ex .. 

ceas of' a.J.aa:1.Ae wa.J added to 1',el:p OQJtro;t. the o;uda.tioa step., a.a we;u 
,, 

as deetro;y a111 excess chlore.m:J.ae T. w1,s ll !l~ (1949) have proposed 
. . 

that a. ~ure of s9diwn ca.r'boaate and lcypochl.o:r:f.te may be used as the 
'. 

c:txid~zag ·.a.seat. By fQras1q sodium hY,poQhlcir;f.te ~ sity., the :reaotioa 

rate wa, ,alewer a.ad more o,m.,lete. Gl~t~c aeid we., then a.dd~d to 



dest:i;-oy excess hypocblorite. 

Insta.bil;ty of the color co:mpleJ!: has ge~r&lly beea a problem 

wlleaever the· p·I>MAB tecbluque ii.=; u.~,a. 'ro a.vcd,d veir:l.a.tioa due to fadi:FJ.S:, 

m.a.ny workers have.merely read the S&'!Dll.e1 at a detin1,te time interval. 

after eolor to;rma.tiQ~. Woessner (196:i). ovel'tMe this problem. ntl1 sBJQJ.es 

eo11.taia:Lne; a low h.ydroxyprolue coace•t:ration. ·by u.si:ae; a fad:tag eon•. 

ate.at. Th:f.s constant was then. UE!d in a. :ma.themat1eal formula. to ca.J.

e'1lat, tb.e corrected · A., a,bsor)a.ney~ Acoo;rd;Lng to laker n !!• (1953), 

Lollar (1957), and Butterer a.ad $1~er (;.i.960)., a. :ma.~or:tty of' the :lnsta.b:i, .. 

lity cu. be a.ssocia.ted wit:tl impre J-DMAB. To puxiify :, ... DMA,B, the method 

of Je-.n, a.ad Logan (1950a.) nll often be used~ An.other method (Ada.t114 

and Col,e:maa., 19.41} i:n.volving NJ:recipi ta:tiio• and rec;-ysta.lli~a.tioa e.lso 

ca.a 'be used to purity p-DMAB. '.ffi.t~ et al.. {1959) :r,eported that; "ihe --· 
l'&pid fo~tioa and fa.~ of tb.e ch;fom.oyho:re described by Wiss !1 !!· .· 

(1949) 1a ~s method is due to the toaeeatra;~ed laydroclll,lorie a.eid used ill 

the procedure. 11 , These author, em:,lqyed a. le$s eoace•trated a.eid (l.O ml, 

ot 2.0 N BgSC)4) a.ad cont~olled the heating coaditions to overeome the 

wta.'b:Srlity of the color complex. Miya.de. a.ad !l:'~l (,1956b) obtained 

similax- r,svi.lte wita them,_. 13.1\d Logaa (19;oa.) proe~dure. CQase

tU:entl;y, t:Q.ey decreased the coa@en.t:ra.tio• of tbe,B~4 from 3.0 to 1.5 I. 

The aleol!l.ol·used ha.s a.lso bee•· showa to intlue~ce colo~ stability 

(Hu.tte:rer ~d Si~er, 1960). These. autl?.,re i-e:,orted that, "Both in• 
.. ' 

ereased eQaeeatra.tion a.ad le11gtheD.ed a.Ut1l ch.a.:lt.!i of' tll.e a.J.coh.Ql (lower 

~1eleetrio eonste.ut) used result 1• esiasa.eed i~tenaity sad stability of 

the color." 

'r:tle problem of ixiterfer:lmg ~gens will otten. ca.use problems w1 th 

eolo~i~~rie procedures •. :t», tll:Le J•IMA.13 procedure, the two ll!Qst comm.o• 
,.'· 



a.s the other a:mino acids. The tyrosine contribution. has been qu~tita.ted 

&Jld :its :f,r&flue:Q.ce removed from t~ Q'beerved A.va.J.1,1es. (W:l.~i:-'bic~i and 

Dea:ti;:b.erage., 1954; Mi.r,da. •d fa.:nel, l,56b). Hoqve:t', Steg~ (1958) 

.re:ported tut tyrosi•e did aot i.J\\te:rf'ere ~- calo:r~•e Twa.E\ used 

a11 tlle o.x1q.1;~ a.gent. ne-. G~be.Ull a.n.d GUolt (1956) .~d1t1ed the 

!•um.an a.ad Loe;&Jl (l~50a) t,c11a1,ue f'Qr ~;toellemistry ,tudies, tae:l.r data. 

111uge;e1ted taa.t t~ use of' . e. o percut•t Ha()2 decreased th.e Wlu.e;m.ce ot 
. '.' .. ·'" ' . . . 

.. . . ::.rk-

(?t~J:" eJltl. .... ,cids (a.s a. m11¥:turEt ~:r ~ tlJ.e fQ:rm.ot Jµ"ot,:IJl.~Qlys~tes) 
. ·.; . ; " . . .. ,..._.,. . ~- ... _.., .;_ . . . . . 

. W"el:'IJx'esut 1», the :ra.tio of' Nl.UJ.~-aci.d tc;, hydr~moliae of' 8 to l., t:be 
. . . ,.···\ ... : .. . . 

~ol.oil:r .. density ,ra.s n0t attectea.; a. eU~ht deQr~.e.se in co;Loµ.r de•ett;r wa., 
-~teci a.t a r~ti(> of 50 tQ l, ;hi~~ l>eQame ~re -~~~ea· ~t·: ta.1;191 ot 100 .. 

~~ ·1 aid 'ieoo to lo" Tilts~ ~oaClQtoas wt:re eati,-1 jy Lam.Jitt, !1 !l· 

{i~54) •. '!hey aire:tded .the. :Latluem:;• of tlie. ot~;.,· uiiJ1)~- s.e;l.ds .'t;)y -..1ne; de,.. 

;~tte4·t~e:1e-dried meat qd·dm~t Mid h1droJ.1$i,.· Tld.s·p;rocedlC'e was 
: .. 't ', .,. ·.. ' ~ '• - . :> ,_";.:, ::;;:: .... : ' i .. ,,,. -~. .::: •.", ~ 

eeiee\et .· eve:r o .10 1 •ao• extN·t1., aad av.tooJ.iav1- to· el>ta4a oal.:r t• 
. ~, .. .:;. , .:·_: ··~· . .. ;. ~:, C . .;_ ·: :.· ·-·. .. . . 

f,!JJ.age• .. ;f;racticm. because, ". .. , • ·. tll\e diJIOl'lilt:Lo;a of. \be· •ollagq OiiJ. . auto ... 
.. :_:. ' . \ . .. . ··:·~:::. . . ._,;/1.-~;·(:··:'"':"".~_: __ :<.: .... -.·. -~·-. ·: '· . 

cla:v:Lng is aot \uite,cmiq,lete." ~cord.tag to ~,to, aad. Udeat:rie;a~ 
·, 

(:I.960), h.ydroxy:prol:Lae ~dtrgt>e• a.a. o~;f.datioa,Nt.d dee~b<r>x:r1'.tiGJA to toX'Dl 
. . I . , ,, 

pyrrole ci1Q":lng the Ta.r:tGus ste,a Qt tae :,:roceiue. !M11•d:tcat,d th.at 

the folJ.Cl>WiDg COJQOU<il 'q:t'e. to~d d~:ing t:0. de$r~l:\tieti.: 

·---- ao __ _ 

.. o > 
COOK CGOH 

pyr:rol1:ne-4•l,.y'til'OX7"' 
2•ca:rbGJi:yl1e a.e1d 

> A I . COOi 

J))':l;'X'Ole-a .. 
earboxy-11e acid 

;) 



Oa ,u basis.of' this principle, seve~ ;proc,edu;re,a have bee:a deve~ed to 

e~raet the int.~ralediai;e coDJ.JOudl. Wiss !! 11• (1949) u~ed a. . disti;IJ.a ... 

tioll st~J a.tter ox:Lda.t:Loa to remove tbe 1atermed.1.a.te compo~ds ~d tllea 
',,. 

the;y "acted tllem nth , .. ,m. Mf.tama !1 !.!• (1959), in rete:rl"illg to 

thei:r llQd:LfiQa.t:Lon ot the Be~ Qd J.iQgu (l950a.) teelud.qu.e, stated t•t, 
', ' • I', ' ' '· j • 

"'he ~oeJJ.t.proeedu.re 1W,dlves ~;ll'Mt:tro• ot JynQle~2·et:lrboxyl1c Mid 
N O O O ~- 0 0 

with et):l;er to separate 1t;·tr<>• tl:lt 4egre.dat:Lc:,-. J.>%90<3.uets to3;'11.ed t~ s•e.• 

C.UdS a, tyrosi,ae. • t t:tJ.wll, C..O-.f«!~1- ,spee:f.:t';f.c:lty tt the u.,.et)wd.," ·- ' . ' ·. ,• . 

Proctop e.Jld Ude,-triend (19(50) used teluaae 1• place of et-er• Woesem.e~ 
. . . . . ,· 

(1961) a.ll$'W'$d the .coler eQll.Jl«x: to t9~ witll a.U tlle e~o-~s ~ tht 

reaeti,• Dd.xt,v.re 8,\\d t•• conected to:rtae 1-terter:bls caro1-ge11s. Clo:r

rect10J1s were ba.$ed 0)1 the theorir that the color complu:eia :t'ol'Jllea by the 

oth~r e~ens were not i,e:t1$1t1ve ts oxida.·Uon 'bf ll;ydrogen peroxide. 

!h.~s., a. :re'41ng was ta.kea 'bef()::re aa4 at\ie:r a. peroldde trea.•at. Tlle 

ci:tt~e.J.'$•~• between. the ti:rist ._a s,cuH11i reading e1ualled t:.:lil• eo~eqt 
. . 

va.lu. fer ~oliae co».ceatrat:Loa. Dittereilt:1.$.l 11:,ectrophQtOJ!letr1 
. . . ' ' . . .. . :. ' . . ' .. 

ha.a 'be,a \llSed Vf!!'lf'Y etfect:J.,rel;y to eo;rreet fqr a.J.l tate:rfe;ring color ~OIQ.• 
. ' . .· . ,', . 

pl.exes ..• , (lltltterer sad Suger, 1960). ~hese workers stated that, "This 

iaterferiag a.b115o;r'baaee 0011.stit'tltes a.bo•t 20 tCII 25 :,eneat (23 .. 7 :t 3.0) 

ot the tGt,eµ absorbe.aee a.t 560 •·" :Sy ma.k:L-a; readings a.t 500 ~d 560 1'!

aad using tlleil;" correet;Le• formul.$.:, llu.ttere;r aad S:t~ei.- (l.960) re~r:tet 

tlla.1', "Be~eve~ .:rim~ts yielucl ae.ti~f'E!-ct.oi7 "•v.J.ts, the stMdud 

dev1a.Ji• :f':rGDl, th.e aeaa beiag. a.a~. . . ·~ 
.AltltE.nAgli. ·:a'W!lerc>'tlS :problems have 'b$&11. e:n.ecnmtet~d 1:a \\Sing · t'.he )a.s;lc 

lft'IIJl1U aad Loe;u: (19,0a) Jroe•4~, c~e- have lleen ud, wlµ.¢(1:L eoa\,:,;L .... 
' : ' ' • • '• ,, '.• I .:•' • •,'. ·, .. 

. . . 

Ji-GU... .,,_ver., it a.:,]lM1111u•s tu:; th.e r~ti.o of'. .... aeids to ~xy;... · 
•• , :., ·• '·;' ·:., • ' i •I 

JNliao 11Dll.8t 'be les1 t)laa 50. t.e 1. (la.ke:r .!1 fl~·, 195$). 



IA order to nd.~ze the iateri't:reA<Je f~• a ~gh ra.t:I.Q q;f' w~o 

a.e14e to ~ydroxy:p:rol,ue, tlle" a.:r,e ,roeedu,res a.ve.1.1.&'ble wUeh ma.y 'b~ u1ea 

te ,lim:ll!l.ate the exces1;1 ~no aoida pto:r'to v.111~ tht eol(l);rimetnc JlO"" 
. . . 

eed1Are. O?t.e metllJ,od is that Qt n.1t~•at:l.Q'-• Tltj.a l"ea.e'lij,o• c;a,i 'be '1Se4 

s:JJiee the aai~o g:ro'll:, is 1:e,lit t~• the a.Upha't:l.e ;~• a.u.d reJlAeed by 

a. hycb'ox;Yl, g;roui wb.e:a tlle ;i,~act:t.oa. is oal'J":l.ed ou.'li eit ro• te•:•a:tive ~ 

,11e;refo", the on.17 -.:1.:a.o a.e:f,41 wlaiob w:1.ll 'be a.vatl.&);J.e. "to QQ•je~liie w1 t~ 

the p ... DlfA:B ·~e JX'Qlill.e Ml/!. ~~1'9:itm~J.:L.~t f leve:r~ p~o,e4'-i'EUI J,\a.ve bee:p. 
' ' . /, ' .. 

;p\1b~itliaed o-. t~ a.l)Jliea.b~l~'tiy ,t tbe rii:tl!'Os•tioa ,$~1p~, (V'e.ll Sl~e, 

19U •d 1912; He.milton. M,j O":tz, J,~?O; ~'YiM, :i.959). :J:Qn, exc~e 

chro~tog;ra.ph.y may also 'be eIQlo~4 t~ Q,V.~titat,;t.vely ,ep,.ra,te hYdroxY"' 

· J;t'GJ.4.Ae troa th$ ot•J;" ••o acids~ '?':q.1,a is µii. fa.~;,t oae c;,t tllfl: most cQJD.• 

moa.ly used tec~ca,ues tor se:,a.re:t~ aa+•o a.q;t.ds :,:rto:r.- to ,~a,.tita.tive 

a.ad q,u,JJ;taiive 1!,ests. (Lea.q:tl, 1960; ~v:l~~, 1959; M::>~:re ~ ~·, 1!p56J 

M;:iQ,.,e a.acl Stei;a, 1951; P:1.ez ,!! !!~, l9$6; an.Ii Rodg@~lil !1 !!• 1 1954). 



S1UDIES OF NllJTijODS FOR MEASVRXNG COLLAGEN 

Ninhydr;i.n Methods 

'!'his :j.nvesti,gat;i.on was updertaken to dete',l'.'lllipe the c,;1use or causes 

for high recovery values obtain1;id when the :Pq.:rt'ish mod:i.~icat;ion for hy-

drqxyproline was u~ed to analyze s;i.m;i.lar meat samples. 

EJ1:perimantal.arogedu'l:'eS 

Te<:;hn;i.q1..1,es repot'tecl by l'roll ;:ipd Cannan (J953) and Parrish et .§!!. 

(1962,) wE1re followed, along with mod;Lfications of the latter proc;edure, 

Assay grade pinhyq.r;i.n, redistiUed methoxycellosolve and deionized d:j.s-

tilled w.atli,lt;' were used to mi:oimize val'.'iation in the results due to the 

reag~nts. ~:nhyd,roµs sodium sulfate was used as a dessicant to optain 

a11 optically clear i;;olutio:P, frior to deterni;i.ning t~w absorbancy of the 

reaet:Lon f!lixture, t;he sodium sqlfate was rel'!loved by filtering the 

soluti,on through Whatman No, 42 fUter pape,;. 

Results and discusdon 
~ 

A decrease in the water bath temperature from 75° to 71°C, was the 

major chaQge in the Troll apd Carman (1953) procedure made by Pat1rish .~ 

.al· (1962), 'l;'his study verified the conclusion that more repeatable re-

sults are obtained by using the lower temperature; although the lower 

tempel;'~,q:ure decreased slightly the maximum absorbancy values, l'here .. 

fore, a water bath temperature of 71° :t ;251)C. was used throughout the 

:remainder of this study, 

50 



Wable I :i,m.d;t.ca.tee tp.o illtlu.eniee of ti.me att,:, (;!OJl!l)letto-. Qf 1;:t:,.e :re ... 

actio:m; on. ._be v~ia.t:l,.o• a.111,d ~ ~ valps ot ·,t!M\dard ~o~;yp~l~ 

det,_.a.t1ons. F;t"Ora t~s c;«pe~'117i &Ad otMX'lll ~~le,;r to it, all ;1u.1i>~ 

eequ.qt sa.1Qles were sto:red :t.• the d~k one hou Jf:l,Ol' to dete;t'JQi~i~ 

A;,va.l•e•· 

'1':Lme (lou.rs)l 

Q.a, 
0.50 

1.25 

2.00 

a.a, 

'l' .A:Blilil l 

ID'LUENQJ OF tlMl!l QlV TIE eo:a:REOTED A:,oe; V.AUIES' 
FOR e?ADUD llYDllOX~J:im· 

;ReJliea.tes~ Ma:id,UIQ,TO. 
l 2 3 Aff:ra.e;, Jnttert1t~ce 

0.229 0.226 0.22+ Q.~, 0.008 

0.232 01227 0.232 0.230 0.005 

0.240 0.246 o~a4.6 0,,24>+ 0.006 

o. 241'- 0.246 0.246 0.24, 0.002 

0.243 0.245 .0.245 0.244- o.ooa 

lstored :l.a tlte ~k. .::· 1-1:: 

2ao~ ~l"t-• ce:111cemtra:tion •. 
!J 

•' I'•; . 

. ~ absor'ba.n.e:Les tor J:rol:J.n~ and hydr~~ei, wbu. :r:ee.cte4 

Y.ltb.. ».:f.~u., have bee~ re»Q~&d iio bEr 550 ~\!J. 510 9 1 :res~ct;J.vei:,-. 

(,:;ri:;iU ud C~•, 1953). lti>Wff•:r, ••~as e>t t• ~st'bl.e -,eet%'WI r;,f 

117~:14•• ;produ.cts by tbis m\l:t.Qd P<'.ic;.a,eli ,:u.t ~· ~~ a.bsQQ• 

tio:a was 566 9, (Fie;. l). · 'rlle ~~ ~bsor'bu.cr to: ~1JJ. :reaoted 
' . ' . 

wit)l p:r9U:ae (Fie;. a) agreed wi-t;h tka-t t;'Jf Tro;J+ M4 CJe.u.aa (J.9,,) •. ,~_., 

a\'lc:,ve resw.t, were e>'b1a:i.med -~ tbe. :Pee-.. Mcuiie:I. B.W. 1:,ect:rQPhotomete:r, 

Jlecove:,y ,,u.aie• "re ce:td•~t,i on miiX1l'Gl'elil 011>ata4~ asse.;y ~ra4e 

J:rel:LM aad. ~~Nl1ae. A'bitn&'AQY' wa.1 det,•a.e!ll at ,10,· ,66, a.1ti!i 
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550 '1· li1s1;ag the fo~a ot Troll Md C8rJll).U (1$)53), ~re, A570;:: 

A570 x ~.1'.6 - A550 x 0"592, the ree<We17 wa.s an~~tely 95 ~:iro~t. 

'Whoa ii• A570 valuf;I was ,:,eplaced by t.he A;66 val•, the :,ercu:b recQVe;rY 

. was :Lne:rea.,ed to about 98 . perceat. F\ln'.b.ermore, ~- co'treqt~d, A566 v~q 
·;,,, ' 

:f;'Q~ ~n:rol:Lae ,re.a, s:I.Jll.ilar to t.be o'b••rre4 .,70 vs;~ , ~<I>~ ti. reMttoA 

p;rodu.ets. !~t same ;phenomenoa·did aot b.eld .~n,e wbe• tJq.e eor~oted",66 

a.ad t)l;.e 0'luse:rved A570 we:re eo~<il ea 't:tie :reaf;lt:f.C)JI. ~'1/1.N of meat 

kyd:rei11a.tei. 

S~la:r »ecGVery stu.Uea n,e ooadli1.<;ted Q~II ac:1.4 ~lyie4 -,e.t 

aam,les •. !h.e 1&DQ1les ya;r,e 500 mg. et pm:1ally ''~:1ed u.d tat•tree", 

· f:L:ae~y g:rou.ad: beef. :ribeye. (Pa.rrisll1 ,n !!·, l9'2). ~se s&1Qle111 weN 
.. .... . . 

:,laced :1a·a covered 'beaker coata.:L•,._ 11,Q m.i. ot 3 I Sl a.ad e.utoe;Laved at 

123.&e. tor·· ten ltGus. · '!1\1.ey we:,,e thl• · :m.eiat:r13.,."U,,:ed :·a.eeo:rdi- · to tb.e Swl~ 

a.,a.d · CEi>JQ~ :,roeedve tor mic:ro'biolmf:Le~ a.1u1a.ys. (~o•, l96a) • 
. . . . I . 

· M:Lxtves au.ta.in.:1,as 100 )'11>/rlil. ~~o;J.J.ae qd VllnO'W;I 1oaee11.t:riattomi 

Qt ~l.,..ate YE/lre ueQ. a th.1, :reeove;r;y stu.dy. 'rlJ.e :,e:tQent ree~e:t7 f>f 

~QXY,tPNt:f;ae varied from 128, e · to 11t,1. G ~ Ch-.n·e, tor Qi'b1;10:r"b•e1 u. t~ 

· v:ts,!'ble s,ectl"UJII.. t~ this etaciy :Lnli1eated tae,t th&:re were two ,ea.ks ,;;,t 
' ' ' • •. i 

· udllU!l a~ao~i(l)n d.11.e to ai~n ;re8'Ct:I.G1.1 J;i:,tdv.ct~ .xtx-aeteC,. ;J.ato tu 
bea;$ae layer .(Fig. 3). 

·• lt"U.d:Le• we:re thea eoaduc:ted ~o el111.e:14a.te the ;r•~tio». lpp'1llets :e~ 

·s:,°',i'b1- · t~f tfuase Jugh · reeove~ei. 'I'M taetG:t'f stud;f.ed we:i:-e t:U in.. · 
.:.: ; . . 

tlu.e.-e. ot ~lysis · ti.M •d eo-.ee~tra.tic;,a. of Sl, J':Lgure 3 illw.•t:riw•s 

tJae. visible speet:i:,mi. from. re:,re•e•'l;ative .aete:ra1Jiat:Lcm1. ,::n..se ~re.;piu.1 

:t.:ad;:f.ea.te tut th.e. u.erea1e'U1. ]aydrol19:f.1 time aai Bl.eeneeat:s.-a.tlo• de

oreaees t~ a.b&!crbaaey at 500 U,.•, ~t:t\G'!Agh the~ ws ••sent:ta.Uy nQ 

c~ugc, 1». the absGrban,cy at 56$ ·u,.· · Ho,rever, tb.~xie wa.s n& e~, in tll$ 
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:peree:nt :recoveries from the 10 hour, 3 l1 Bel bydrolysates a.n.d the 18 hc,,ur, 

6 N Eel hydrolysates. 

Studies were then iaitia.te<i U~ S~h.etie a.rll,U\O acids in ea effOJ:'t 

t<;> determine whether -1nl:lyciriD reacted a.mino a.eids were responsible tor 

· the absorption :peaks a.t 500 aa.d 560 '1· Figure 4 iUUSt:fa.tes thet vi,siblJ 

1peet:rwa. of the reaction produets tol"ll!Sd betweea n:l.~ia a.ad the l8 

:m:a:tural.ly ooe:m:rri~ amiJw a.citis 1:a a. mie;rob:l.ologieaJ. a.ssa.y. This gra.pli 

i•d;t.ea.tes th.at there a.re •iallyciirin reacted amino ~ids a.bsorbug at 500 
. : . 

a.ad 560 Jft• Siaee praline wa.s p~sMt ia the above IILU:t'IIU.'e, a, SYJ1,tbet1~ 

_ Jayd.N.llysa.te wa.s made a.ceordi~ to O~e;awood et ~. {1953). Tryto:,hu.., 

:proline, ~d hJQro:x:r,reli•e we:l;"e de,leted from. \:he GreeJJ,WOod mi.Xture. '?p · 

help exJ!U.8.in these a.'bsar;ptio:n ,ea.ks, the visible speetrwp. was sc.~ed-

:f'or ea.cb ;t"ea.geD.t used u the reactioa mixture. Also, speet;ra. were ob ... 

t a.i.lled tor tlile reaetio:a. :,roduets of :uuydru. wit- glycine (represeiita.tive 

of the aJ.phe. ~ae acids) aud tlae a.r0~t:ie a:iu:rao aoids; llistidiae, 

tyrQsti,te., and :,he1ayla..l~ne. BeswJ,ts of this· ~eri .. t. indiea:\;ed ·that; 

l~ the Diuydrin.mixture was the onl.:v, rea.gemt a.bsorbiag ia the visible 
' . . . 

spectrum., 2. t:h.e m.ruiydra reaction products of' glye;tae., · histictine., qq. 

t)':r:'0s:ble had m$.Ximum absor.,tidn ~t 500 nip.. (F:tg~ 5); SJJ.d 3~ phe•yla.JAu~e 

shows several absorption pea.ks.· 110. the visible speet:rwn (Fig. 5). These 
. •' .. . .. . . .· 

results ;i.D.diee.te that the large 590 •· peak observed a the Jynthetic 

hydrolysa.te (fig. 6) is due to the ainhydra. rea.et;Lon producrt;s of' amino 
.. :, . . . . ~ ' :·: :: . 

acids., other thaa ~xyprolin.e, bei.:ng somewhat soluble u beniene, 
,·· .. · ··.·•··. .. .. . 'I 

~:roxY.P;r,9line was then added. ~o ~lie synthetic. h.ydrol;yss.te, ~ldi»g t·be 
,. . ... ,·,, ','.. , 

co:n.ce:Q.tra.tion ,t the h:V:drplysate eo•sta.n.t to give 0.005 Ao,. Re .. 

s'Ults from severaJ. ~rimen"ts ind:l,~a.ted that the percent recovery of 

h.ydrox;yproli:ae from these mixtu,;"es •s sim:J.la.~ to those e'bta.i:,ed wtth th~ 

.meat.:t,.ydrolysa.tes plus knon aw.outs of hya.:ro:x:~:r:olm~. Figm-e 6 is 
I 
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r~presC!llta.t:tve of .the visible .spei:trwo; obtained bet11 these expe~~ts. 
.. '• I ', 

S!1!!¥+'£7 !!! eoaelu.s:toas 

:Based Oll the ,ra.r:table sad lligh ;pereenta.ge :reoe>ve:ey-, tlu8 :phase ef'·t~ 

. :tave,tiga.tion. :t:aci:tca.tes taa.t u:t;ther the 'l'roll aad ea.u.aa •tlaod (1953) 

_}a!l)r t:ta.e mod:t:t'iea~:to:a. c,f .Parrish §! ~. (l!,62) is a. deei:r$.ble q,ueat:Lta.• 
I. 

t:l.ve teelmiiue tom.ea.sue small diff$:reaces :t;a.·Jayd:roXY.@roliae 1:amea.t 
. . . . / 

b.ydrolysatee •. ·· Bi:>wever, Dodgers !1 !l· (1954) have a.deq~tely sllowll the,t 
' •,;I~ ,I • , , 

'rlle· ~ose of tlll.i.s study wa.s to deteJ;'Ild.ae the feasibility of 

a.•say:Lng tor aydroxyprolin.e by using a. p~llMAi :reaction.. 
. ' . . . . 

. ~·· mo<li:f'iea.t:tens Qf the ~ and wgaa (l95CJ) .. procedure were use~ 

d,ur:iq 'tlle cour$e of this iavel!ltiga.tio:m.. The :,rocedures were tllose ·Of 

.· Jitehey, et' ai;. (196e), a.itd Hl!Lt:te:Nkr a.ad,S- (1960) •. All c~e.aJ.s u.ied 
' . ·'··:.:~--~-.•:····~· ... , . . . ·. . .. , ... '.:. ,, \,' ·. ' 

. :t11 this atltdy were reage:at. gracile,, . Ia ·a.dcl.;f,.tioa, .· tlae .. J! .. )tepS.U.ol ~s. re ... 
. . . . ,· . . 

distilled.· qd tlte :,-])J.fA'B was rep.reed.Ji ta.ted aa.d th.ea ;i:'ecryste.llized. · 

(Ada.ms a.ad Oolemaa., 19J.t;1) 9 TG> e'bta.i:a ma.ximum. yield an.d ~t:r of J•D:ti1Ai., 

tae addition et al.'k:aJ..1. wa.s stoJ,ed. jut :,rior · to the Jc,ia.t · of com.,lete 
' . . . . . ' . 

aeutra.liza.tioao '!he :re:pree:ipita.ted :, .. DMA.'B was a.ir.;.dr1ed on a. :Suelme:r 

tamiel e.ttached to a. water as:,:1:t"&tG:r ad reer;ritall1zed 1uir,e t:t.mes from. 

abeol'lil.te etl!J.aaol. It wa.s thea. dried and stored ~ a. des:f.cea.tor over · 

.. Ca8Q1t,, 

At the 'begiu.i:ng o:f tllis stu,dy all the solu.tiou were :prepared da.i1y. :J . . 

~1»8 t.he ti~ stages· of'· this :l.:raveetiga:tion, only the hydrogea pe:roxi!ie, 

:,-~., · qd :fel'l'O'lll.s · rNlf'a.te (ti tch.ey ~ !!·, 1962) were :;re:,a.red daily .. 



·~~ ~e>se~ ,.J:'()X;i,de fQlu:\:Lone we" Pt,~4 ,~ a 3Q.Q 1$:rqt•t. ~to~lt. 

f$olwt~;l.oa. Aeid a.y~olys:Ls ot e;el&rt~ a,.4 ••t ••;t.o WO.if CQal41'0t~~ a,: 

Q11t~d oa ~e 54. ~ae:rb--tY 'W1-I c1,,.e:,;,zd.~,i ''":l:tiill A he;~ Mod,~ :u,,, 
spee~rophot~ter. · 

Re$;!! !!! di.scuss:Laa 

'1lle Bitcb.ey 11 !1· (i961i?) ~qadm,t "'' t;tit4 d.~ t;be. ~:t.'\lial 

JJAa.fie ,t t,b.ie ~ve,t:f.e;a'i1••· i:1µ,, '"c;t<i~,.'WS.$ mtJ4'tiell a.w.e '\;o t• 
poor :rct:,e.a.tp.b1Uty betweea 41\1.]l»Uc~:t, t,;U.ctJ,uqtq nt~, a ~te•:n.ertton! T:tµ.e 

pqiti•ula:r ,reb1'm. we ev,too• b7 t'b•~tU.•~ ;•·•hak:Lq 11Jt,1•·eoi,.. 

d111,eted -.t X'Cl>OtQ. tem,pe;ra.t~. ~ •Mt:tQ~i;·;l.o;q. etp.J?f.1ted _, •:bak~ 

ea.ell t-.be nth a CycJ.G ... ~;i:- t,~ fiv, 84i!Q9ad.s oarQ• OT•~ ll;l.mite, 
., 

Fi~ 7 tll_.t:ra:tes a t~:t.eal ~,o:U.e ,tM.dar4 c~~ t~ a. 

•t11dy a w1'1c;h tlle :mu.ua.J, -~~ s'\ie:,t w.• "~i=,Or 'Wi.tA tJJre ~~~oJl.l. 

ata.-dar<\ized stepa. Altl3.o\1sla t.1\:11 ,~,,,~ WAJ r,,-a;,i,:,i., wi.t~ ~ 

assay:, it ofte• J,.e.ek•cl ~Jtl3,1!il.\1iit;r 'bt\wtt• ,s,an1t ~ a,ata ~ 1:a'ble 

l::t 1",41cli\oteo tl\l.e via.~i~:~i()• ·.;bl. ;rt'5~11 t~ two ,a.inn,, (6:a Ad 6J;.) WM,t. 

t• ce;aaQtre.tio11. ot ~:.o:U.~ was <'.ete•:,leP. -.t two c:t:l.tte:re.t t~e 
(' . 

(A ui i). W:Lt:t,, thia Ul9\Ult ot 'Y'fW:ta;t1oa 't;letwt13 iQU.tteite Nflle.ys, t• 

:attc;•i !j, S• (1%2) :,:,;oocedut 2Dl!lr7 ;ae; be 4~s;,-'ble ~o ~t,-,at, .~ 

iiftf.tn-.ees .:t.n ~x,.p:J;'loli•e °tt.1'1! a.:J.us• -.-e:r Qf ,_,,-,,.., 

iAa:ta I;t 

T .A1U4TXOI ~ .uD Wl':mJ' ASSA.YI :Bl TU :RlTQlft .PQCJ!ll1r,ffll 

l 
A 2.88 e.ee · a;;·,3 · 
:e 3.50 3.1+6 3~36 

·~.56 

3.61', 

Av, 
a .. ,1i. 
3,,0 
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1J.'ei~~1 ,tudies i,d1.~~~ed ~~; t•~ j:,;,eql•iq1 of t~e ~~~,~~~ 

~4 S.-e:r (l~ ),. t,c*11q,~e .n1 "~~1;1ite ffPX- Q.f.1$)1.~ ~ ;t,,;p,~• nW!Alt;r- of' 

s~le~., ove:r a. 11':,~od of'!?~, WA~Qh AAve I ~ y$.ri.a.tiQ:t1 :i.'1 ~O~f"' 

p;,lllU•~ QQ11\Q!:!J.l).1~Prtto»., l)p,:i:'~ ;w,•, :l.~:J:t,t~ !!.:1,ve11i~~~t~t».f" t;q.~ v~~W11 

,v~e <1>t t~, poceiu" ~- oo:Ad\\Q1e4 b;y ;wo •t~~f, ~ o»ii M"'llPu., t:P., 

v~uq wa:, 111,,1,Uecl. 'by "''~:pg 'ti~ h~~,:,, ":aotql!'!V•i" ~d ~lr;,i:i;,e; tb.1!# v¥v.wn 

:f'Q:r. 30 aeeonds. .~M qt~:r metil>.o4 i~vQlvEul ,tmvi~ t~ 1;tf.11' 1-\\bet t~ 

~l,.e 10°c. weite~ ,,.,tl!, Mi ~~ fl, VMuµm. to ,0 ""'-• .,..,~ (~PPN~~ .. 

utelr 30 ~,,ond.o) • ,$.te:r er~;;t:r,i~Q:,r$ ~" "s'q. t(\) !Qll ~l:1,e vij~~'W», t9'I! 

'bot:n -=t~cls. ~ :re1vlt11 ~JI!. -»Ptet!!I 1:lwo ~;,ua., iwe;re e .. ,,-.tt~r 1;pe 

S$1.e t'<>;r Ayd;IOX1,P;titQli,~e St$.J!l.iaa-<1 ,~,,, lt569 ~ 0.03, ,A, 1'Ar ~ ~~"' 

~l:l.M• 

Reee>ve:r;iy i,tud!f,es ~~e ~ao OQ~<l.wr\:ie~ Vi~:«.• \Qtb •t~d~, Ae;a.t:ll., 

t~,e ~tQ.Qd.s, eAve s:iJlli~ J11ea'W.lr,s., ~:i;,-~tt.Jr.;r l.QQ ,,,~eJt :ireCrQV~ll!"~ Qt 

hyd:roxn,rol,:I.•e b'Qlll. Ma.t ~o~Jt,ui!, QQAJ!:1\U!l/t:t;ltwf~ 'If~· n•iad,:i, fY.f 

\l)~ u~e,t;tge.t1e•• vere e~~d11,~'t)e4 'lJ.~i~ ;~e •;h.~d 'by -,'.Q.i,11. the ~e,1s 

bY4:roe;,~ :te:fO~<',, ~• J:"eJtJ(>Vefl. ·1,, ~1111 'iir •~,iw~te v~e~uia Q~ e~b ;tna,.1 .. 

v~dµal $~le•. WJ;ip Jlle'th.Q~ 'W'li',li' •elec.=tei 'bec~~{H~ e:1t 'l;be acu~etl1'~11>4li;t.1 to 

el+ iie~es ot eaV4~•t ~volve~ tJ ,,~4~,ti:pe; ~ ~~~ii•~ a.$,~J. 
. ' 

'11~• de.y to da.y ;reJe~:t~'b;1;i,.itr t'g:,, tb.1.s metll~tl w~$ det,•n~a: 'Qy ~i,,e 

v~ie,t;Lo-. ot t:b.e ~E:ilS:P!iilfl&;l.Qa et?111t;f':LQ:l.e!f'it~ e.t A,90 ·Mi:i A,oo, ~beE;e ~~1aa. 

;L;n.q.1.~atet;'l t~at t~• 11,ecluliq,.v.~ w~, V@X7 f:t."'t~!Lsf, i-,9o "' ~o,;1 ::!z ,OOOJ,. ~4 

lC ,oo = , •. Oll6 i;t' • l;)OOl A. :9e11 M, '.b.;Ydro~lP~oli.1.,, . !r;t.~ & ill":',~ifr~te, a 

~ro~rQlJ,#$ ,t.d~d C\P;'V~ f~Dl 9.f Q',f: 'b~fJ,Cf 1'tVr4;f.el$ r 

,~~~~:r '~cl,:ti.e4 Ml;\ fELt .. :t'n(a" ~ei~ ,.i,, c,oo. ~,) w1;,e \lSed tc;, 

dete$1,uei t:t,.~ opt;~ time for ~:t..a. ~,l~ll$• '.:t'~t n~t, ot thtEI ,t~<iy 

1:p,.dioa,,d tlla.t the ~~ f;Q-c~t,,t:tq~ w, qbtMJ~4 ~~ *8 hq,urt (?:J.g, 9). 
' ,I ' . 
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Aho ipcludec;l in this stv~y WflS the loss of hydroxyproline due to the 

hydrQlysi,s and neu.traHzation p:Poeedur~s. l'hese data suggested that 

with thh proc,a:dux,e the:re is no loss of hydroxyproline, whether it is 

autoclaved alone o:i;- wi.tl:i, a meat sample. 

Befo:re f4rthe1 investigations wer~ conducted, the repeatability of 

aoi;1sisted 0£ 250 mg. of Ptfco~Baato gelatin which was hydrolyzed and 

n¢uti;-al:i,.ze4 011 ~even dif:f;erent da;y-s. +able Ul c;:ontains the data from 

these seven gelat:in samples. Th1;1se re~;ults ind:i,~ated that the mean and 

s.tandard deviation was 12. 97 ! 0.31 pg. /mg, Thus, the variation between 

samples was 2,39 perae11t of the mean (x/SxXlOO). 

Duplicate 

A 

B 

Average 

'l'Al3:r.J!; Ul 

VARIAl'lON IN THE liYDROXYPRQ:LlNE CONCEN'l'lv\TI01'l 
OF G~lA';l:'J;N SAMJ!'U:$ 

Sa1J1ple Number 
1 3 4 5 6 7 

12.8.S 12. 70 1'.3, 13 12,70 13.00 12.85 12.55 

13,45 13,45 13,00 12,55 l3.45 12,85 13,00 

U.15 13,0~ l~r06 · 12 .63 13,22 12.85 12,78 

Average 

12.83 

13.U 

12 .97 

AnothEi!r itwe,stigatiOP was in:i.tiated to determine the optimUlll con~ 

c;:entration for qi.,i~ntitating the hydro~yp:rol:ine content i..n meat 13amples, 

'rhE,1 results {ire illµstl'.'at;ed in :ii':lgµr!i! lQ. These data indicated that tr.ere 

werE;? two 13ttai~ht; lin~ port:tons iq the d:i.luti..on curve, one frol,ll O to 1 

and aµot:her one f:rom 2 to ,5 mg. of 13ample. The apparent reason for the 

curvilinear port:i,on was l:he in:l:luE;?Qce of the color from humin formation. 

When a gelatin sample was diluted~ the dUution cu:r:ye wal:l a straight 
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l!J.ii~ f:i:'om. O to 12. 55 ~· llydroxyprQl:t~e pe:r i:zig, e;e1a:~;Li,., A;!. ~tte~ W.$ 

ma.a~ to <leaelorize tlle xqee.t satQl.e~ with a.c:ttvai~td c~Q~a.l ,o tha:t 

tlle ~lQl?rol~e cou.ld )e meu~,1,u:,. ~ li,rger ~- l m,g. qa• .. 

JJA.a. ~vel', tlle Qba~o~ fJ.d.$Q:rb•~ ~~oft• ~oxr,pro:i.:t~e ~'f~'b;l.e 

XV}. Qons,q.ueatly, a.ll "t;~ me1;tt ,~,s w,re ~lu.ted tQ li mg •. p., r 

.i. co•a~t.ra.tio•· 

~QU!l :CV 

LOSS 01 ~LDD!l 11:tOM ~ ~e 
. . !l OB.UCO.AL .. ~OQ~~IQ)J . . . . 

· A · ·{ I ·i it,.\ . ·: : : ;- '1 , .. ·1l·t::,.:._ . ·: ;: ·· ··t. L.r.: n .. , ·'. j,J ·' 

l"fL 

17]:. (deQOl¢iX"iiecl) 

, 

&1\ld the :,an:La.J.;l.y "dried Nid ta.t":f'~e". N&t •~lea, '!~ese ;J.1,vet;rtie;a.• 

ti<i>Zlf iliaiea.ted ;ut tlJ.e JeN~t re~civery o~ hyQ.rqan,~l:t.ne ""' 10~.114 ± 
3. 01. ~. a.pp~~t rf!iil,$0• -,:or t1'e »~r~e:g;t ;i:ieeov,;rr 'loet:ng ove;1;1 109 PEl:l,C.ent 

~ the ~t ot ~n.oui:; atexii?JJ. UJ. a. ,;~~. WhEm t- :i.a1:; !;Jem;ple 

h~d a la:rse ~wat ot ~ to:;rmaticm, the colQJ ot t-e. x-eP~ti:l!li ~;ydreir• 

sa.te wmtld de~ss the al:lso~ion ve.l,ufiu,. Uowv,~, tbe :r:'f/lqQvei7 st~~es 

wel'e ~o~d~eted with Ja.J1J;'ll.e• ~o.ta.iai~ 0.5 ~· of •~l,e a:n,cll. l,O,µs, t:i,t 

~~~Gll;LD.ct 1:astea.d ot 1.0 llli~ ot SG.1Qle, ~ ~ :pe~e;nt dilµt:t,9;n et 

ti. m.ee.t bydroly-sa.t~ el~"'ted tb.<:il ~tf'eet of' th~ ~l~li!,t~ eolo:v·c."1:ii t~ 

abto1'°blil.1.CY val.'1es. Coaseq,1eAtly., tll,e ~Q!l.Q~1J.t~a.tio'1 ot ~oix:;nixrol:Lne 

1• the "~venr saQles would 'be 1*>" t'.b.aa ~~t,4 d-u.e to tl.1.e incxieaii;td 

~b1or'b8lJ.oy qt tbe ~~ll."ol~ i~ t~~ m.eat !liSQltfiJ~ hthe~re, tb.e 



eoe~fiqieat of ve.ria.tiom for ~be re~Qvex-y study s~les (2.9~ ie:rpent) 

wa.s es$e~tia.lly tbe same a.s the eoeffieie•t ot va.~ia.tio~ tor tbe gela.t1~ 

$e.mpl,s (2.39 peree~t). lfh:Ls Uld:i.ca.tes tha.t tbe 1,4gb ;peroe!lt of :re• 

covery lil.as little 1~lue;!l!.¢e oa the T~ia.tiom. ~~ samp;!.e •~eh 

~ p.J c,omalusi2,11s 

'?he l''"'DMA.'B method$ (!l);f Rtteh~y !; ~· (l.962), a..i;l Rut~erer and. S:!,~e;r:

(1960) were studied in aa e:f'fQrt to qu.~tita.tivE;tl.y mea.~u;r~ the ~~I"' 

JroUDe e<imee:atra.tion in Jai""tie.Uy '',~ied ~a: te.t .. ~e'' •a.t $e.m;pleis. ~ 

to the d11,y to day va.r;ta.tio• in tbEI ~te:b.ey ~ !!• . (l.962) p;>ooedure., lh:l.J 

Jl\etl>.od ns •ot :precise ,~ough. to m.EH,\l''IQ:"e the sm.a.l.l v~1a:~1oa 1:a m,e,t 

;~lea th~t nnu1t be astlua.yed over a.- exteinded periQd, JGwever~ t:b.e 

llu.tterer a.,.i.d Sager (,1.960) teeh'niq,ue a.;1;>»ea.~ed to be a more pre~:i.se Q.1D.d 

e.eoura.te met'.b.od to quaati ta.ti vely mea.s'tWe lly~~;Y,P;roline ~ •a.t eaJllJl)let. 

The da.y- to da.y va.:ria.t:tom betwee:ia l3r~oxyp:rllll:b.e at~da.:rd curves was 

0,0001 ~1e;r /JS• hyqroxyproline •. la addition., t~ ~aJ.ytieal. ;proeed~e• 

' were associated with 2Q39 percent ot the variation (eoetfieient qf 

va.:ria.tion) ei.lr!.o1:;1g sta,n.da:rq gelatin S&;l'l.,Plei~ The pe~cent recoverr of 

hy<iro:x;y:prol,.i~e from mea.t 1;1a.qiles wa.s 102~48-:t: 3~QJi percent. ~b.ese 

resulte iad:f,ea.te that tb.e Biltterer a..d Singer (1960) p:roeedW;"e :i.e a 
I 

p~cise a.,ud·e.ceurate tee~que to a.ssa.r f'o;r J;lyd:rox;v,rol:tae.i~ pani!:l.lly 

"dried aad fa.t ... f:ree" :meat sa.uq>les. 



Mee.t used in this study wa.s obtained ;f'rom the carca.sees of l3 l!2Q~t1'1. .. 
·, 

old lUlgus; eteers :from a beef cattle pr.e!:ldi~ st1,J,c'j.;y a.t the Okl,~oll!.a 

Agric\lltu;r~ E:l!;p!;!ri:ment t;Jta.tio~. P$ti~iled brEi!ed:f.~, feeding, gain, e.nd 

sla.ugkte~ data ;f'or th~se cattle has beea publis~,d (G~a.llibers !1 !:!•, 
1962) an,d were designated as ''l960 ,teers" ii tAe ;p11'pliee.tio;1. Ta.b:).e V 

prese•ts th~ average ee.roa.ss weight e,.nd ~tade bys~~~ g~oups. Six of 

the sire progeny groups (those desi~aated by tb:l;ee dig~ts) were by b~s 

that were e;l,t:b.er one!"'half, tb:vee ... qu~er, o:r :eu:ii sibs, 

TA.'BLE V 

AVERAGE CARCASS GRADE ~ WJUGll;I' :a? $;ml G:ROD 

Gl'iilrdel Wei,ght2 

Sire :No. Per $ire Aver~e :a,a.nge Averl1Lge a~e 

2~4 5 ll.O J.0-12 ·630,8 587 .. 66:i, 
337 8 10.8 9 .. 12 567,5 506 .. 652 
3:r, 8 10.9 10 .. 1,~ 62Q.5 582 .. 662 
187 8 10.2 a ... 11 566.2 5f1-.. 702 
047 4 l0.3 9""11 591.3 545•602 
l57 7 10.7 9 .. 12 619.8 532"'704. 

6 4 9.0 a .. 11 -625,0 601-.646 
2l 4 10.8 10 ... 11 538.7 499 ... 5($5 
22 4 11.0 9 .. 1g 585.0 545 ... 6~3 
24 5 10.4 9-:;J.2 57l.6 5J.,7 .. 606 

lqa,reass grades; 8 • ave~age good; 9 • high gooq; 10 • low eno~~e; 11,. ~ 
average eboiee; l2 ffl ~g~ choice. 

2chilled ea.rcas~ weight - 48 hours post-mortem.. 
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AU of t;h~ et::1ttle were daµghtered ot1 the 13ame di!ly .at a major 

packing plant iP Oklahoma qty. Cat"cass measureme.nts 1 weights, and 

gra~elii were obtained 48 hot.1.rs post-morte~, Both sides of each carcass 

Wit'e cut iµto whelesale cuts either 48 or 72 howl;'s post-mortem, At 

the time of (;l:Qtt;ing, a t;wo rill) sect;:i.o:n was ta~en frotP the posterior por-\ . . . . 

t~o1;1 of each whohsah dQ for this sru.dy, , The cut was '!Ilade perpen ... 

c!.iculat' to the biei.ckl:,ope betwe~n·the tenth apd the eleventh vertebr;a, 

These (:.l,J,ts were p1;g~e$s~d for furthet:' stqdyat the Oklahoma State University 

Me&t Labotat:~ry I 

.Each :i;-:1,b ,ection w;:ts ,:::ut int;o a two .. inch twelftn rib and a on~

i1;1ch elevent;p r~b steak, ~6 hours post-mortem, l'he data obtai,ned from 

the t:weUth, ;ib steak were as f<:>Uows; l. {'enet;:romete.r finnness readings, 

2 .. h:l.stologic:d obsel;'Yat;ions, ;3. e.ther exti::Mt, al'ld. 4. c:hE;!mical determin-

. ation fot' ,oUagen. · Wa.l!'tler .. Bratzler shea'X' readipgs were taken on t'1-e 

cooked elev~Ptb rib steijk$, 

A(t;er the pemet:rome.ter reac;U,ngs and histologi~al S8lllJ?hS were ob .. 

ta:h1ed~ the ttemai,nc;ler of ·the JOPn!a~i:W~l!l. do:i:'s:l pf the twelfth ri.b was 

c.ut into smaU pieo,.s, put; into a scnw J,;op ja:r, frc:n;en at .-40"C,, and 

then li!tored at .. 30°c, for the c;:hemi<::al analyaes, 'l;h,e eleventh rib steak 

wa1:1 boned, wt"apped, quick frozen, 1;1.nd stond at ... 30°c. unti.l cooked apd 



The steaks wen placed .1:n. a. 2, o0c. coo:t.er tctP a.p;ip~xi~teJ.y J,.8 
. :.-. ·:~ ,: . 

tom:J.•te,:'U,l tem.pe;ra.t1U'e. 'ro.preveat P.e~a~io'- duioiN this J)ha.st, 
' .-.'.. 

the steaks were pla.cu!ld se~a.tel..y o;n ~utt:l.Di ta.bite ~d cove~~ wi tb 

~ea. ~a.n:i~ :,a.per, A dl.e.ltiJ, s~ut ~s t;lle:111 J>1Mt4 •• toJ ot the p~er, 

Si:iaee'':,rev;1.otts wrk ha.d shown.: ·a: di:f!fe:,e;p,ee 1•-'jea•~~te;r rea.d;J.ngs be;;. · 
:· ,.,-· ,·. . ' 

-tweei:n. 8.1!.,erior an.a. · :poste;r1or t~es ~t l"i'b ate~$ · (1:1.:Lki~o:a, l96o), tbe 
.-·::·> - -· . 

a;nterio:r fa.ee ot the stea.ltfl .. Wt;!.s pla,ee~ 9a th.~ t.a.'bl,e, !l.'J;lw.s, 'li:tie po,te;,;,zt,q;r 
~. . '. .. 

tio>as. 

Fi:rml\e~s rea.di:ns;s we:re •ie t1sll.:r,.g ~he s1~l,~ 'b~ penetro:111~:rt~r. 

dese:r!~ed 'by 1~J.kiJDgtQD (J.,9()0) • . llea.d~S "9~ ;r.,~do,nl.y ObtaiJllfd. "betwe$A 

the ;J.a.tera.;J,. ~d dor•aJ. e-.ds of e~eh loeiss;t.9s ders:f. · ~teak a.s dEUiiQl'~'b•(l 

:ta iihe wox,k eited a.bove • 

. . ,Pd.o:r to eoo1t;t.ng, tn~ elevftb. :r.~b ste~~:t~~ w~e; .. :ax-a.tzle;t> 

1;11'1,a,r dete;r,ad.•~t:f.ons, we:re t~we~ a:~ 4,4°e, ··t'o;r "4J;WrQX:J.u.tel1 l5 ll,9u1:1. 

~ey we~ tb.e• eooted in a 177°p. even ut:Ll tDrEI' 1..nte:nla.l tem.pe;r,a.t~ept 

tb.e steaks wa.s 65. 500. .~d:le;(te1Y a.tte:r t~ s~e~s Na.9bed t~e de.,. 

si:red j,a.temal tel11;)e:ratu:re, ·one-:tn.e:b eoioel:l ~:re removed fro~ the dc!>re'1l, 

and la.t~;rf£.J. loea.tion.1:J as de1;1cribed b' ~oqetll (l9($~), ~ve:r, th, ~o~• 

7~ 



( 

re~ed :l,n the steaks ~til tbey were ~eady to be ple,qed in the W~e,. 
''"' 

l3re.tzJ.er SJAea.r for the tendernes$ d~termi,;ae.t:Lo11s. •· TW.$ ;procedure we.s 

toll.owed ,o tllat tb.e teJQe:rature ot.1;M cores wc:>'llld 'be qifo:rm a.t t:t>.e 

t:t. of ehe~:Lmg. Oae sl\ea.r ;res.di~ was taken pe:r,,pend:l,c~ to the »re"' 

_dom:L-.at:t!!i m.µ,sQle fiber direction Qf' eae;b. eo:rre~ Wl\e e:b.elM;' dete1"11d.n-. .. 

t:Lo;ns were ma.de a.t raadom. withre$;peot 1;,o the lQc;a.t::t.on w:;l.t'.q.;Ln, tbe stea.Jc;, 

~ach s:1" grot,.;p a.ad ea.Qh steal!: w:J. tbin ~ l!lire groµp werE! ta.ltq a,t :tiaa,d(l)l!i 

tor caQlt~ ~tbia a ,e~od. of tn <ie.yt, 

H,ti,tolog:lca.l sa.mplea were teJt~ f~m. the l~teral aad dG1rsal. eads 

of e'4h t'W!l:fth rtb steak, · iuse se.m.ples wer, t~ tlle same area. ot t.b.e 

steak as tha.t used for the pe.n.et:r,o-.eter :t:"ea.41ags, .A ¢>~"'uch eo:re wa• 
removed f,:,eta ea.eh location. ia the steak :Ln S"ta.Oll a« ~e:r;- as to cut as 

aea;rly pa.rallel to the ~edom;natug "gl\'e.i•" a, possible. Threfil 5 •· 

tJ.,.1ek eross~seetion.al Satl!Ples WEIJ~e ta'lten fro~ tlle a.ntertor side oft~ 

core~ 'llbe sua.:,les Yere Jla.eed ia :t~divj,.duaJ. "'l,lissv.e 'felt'' 1:ii.13,st:te 

ce.:,suJ.es, 'l'he first a.nd second s~les.were la.'b,letl for tu.twe f!Ol• 

la.gen studies, whlile the third sa.mJ,lle was use~ tor ~iber d1~ter 

determ:blat:10-.s. Fo"Wr ca.:psul~s we" :ple.ced in a fQ~ ounce, 'Widf ~ut:n.,i:1 

sa.ur.pl.e ja.r ooi,.ta.ini~ a. lO perce:i;J.~ pbysioloe;ioal,. saline formaJ.in 

soiutio;ia buttered with 1.0 percent sod;t.u;m acetate. (Venable, 1962), 

:B.eQa.us~ of the high r~tic;> of S&m.l)le ~o :f'i~tive, the solution Wl!l,$ 

eha.rJged a.Qco:rdimg to the following time sehedul.el: 12 hol!lrs, 36 bOUJ'II, ~.. . . 

721',ove, and. tlnen the se.111:111le&1 we:re pl.a.ced i11,to t• t':Ltla.l storage sol.u-. 

tioa. !I':bll"Qu.ghout the pre~E;1.~:l<;>n ~d :f';J.xe.tive eta.ges, al.oae; witb t~ 
su'bseq~e•t storage period, the ea.m.pl.es remai:aed ~ a 4.4~c. cooler. 



TlJ,e tollow:S,ng detailed histologiQal ObQelt'V'a,b;l.o;ne W'Eil:l'e obtained O~f 

fl'Om sir, grou.ps 337, 3ZT ead 187. 

!!§c;J:e fiber diamete;i;: 

l"xte~a.ry studies were conducted in a.J,1 eftorit to determine the 

most desi;ra.ble method, f'or.p;repa,n:ag the f'o:rlaaJ.1• :t'i:ited mea.t tissue to-,, 

zmaecle fiber diameter dete:rmiaa.t;Lou. 'l'he be.s:I.~ crite:rie. :for select~ 

1:ng ei metb.od were: 1. the degree of QQm,plete muscle fiber &1ep~a:J.;ion 

with the Jninim.um am.out of fiber damage" 6\ll4 ~· t~ most tUJ.:f.form meth.Q~ 

:e'o:r obta,iri.:U!g a. represe:r.,.ta.tive sample o:t ~sele fibe:rs. 

~ ~ !!• (1962) used a. Wa.ri;1>.g ~lendo~ w:l.th the bl&de reversed t, 

s~ara.te m.uscle tissue i:rito the .. co.:g,ezit t:J..'befs. ·IJ:t. this W?X't., the 

fiber, ~te placed :i.!1- e. eoplu, Jar l~d e,nd then :mee.s~d us:J.ne; e. cqµ;o'W,1Mi 

~e;rosco:,t e~lUJPPed witb. a.n ·ocul~ ipj.q~ol'.l'leter, In geaaer~, the f_i'b,rs 

i~ the bottom were those be:t.:ng mea.J\ll1ed. ~bis ;p~oqed'l;!.r, wa.1 tried a:,ad 

slightly modified because the s,ee~ of t~e blen~o~ influenced the 

am.o1,13t of fiber dest:r:,g,pt:f.on • .Also, the density et tl:le fibers somewhat 

dete~:Q.es which fibers settle to tlte bottoJJJ. of 'bhe l!IUS;ji)eJ>.d:Lz,g ~d:l,a, 

Coaseque:n:tly, such measurements m.a.y te;n.d to b1e.s tbe re1;1ults sin~e oi'll.y 

those fibers of similar de~sity a.re zueasured. 

Prepara.tio:n. ef' the form.aJJ.m fixed sa.nwles was :t'ouad to a;:reei,tly 

a.ffeot the ease (sad ;possibly the accuracy) of th- f:f.'ber diameter -

:rea.d:Lags. Five prepa.ra.t:t,on fa.(rto;"s wero :noted te> i.tlueiice the c~di .. 

t:Lo• of the s,pa.ra.ted fibers.: l. t:l.m, of 'ble:ridi~., 2. speei of blen~, 

3. tempera.tu.re of th,e bl~ndi:ng soJ.utioa, 11,. size of the l;ile:a.ded sample, 

~d ;. ratio of sample size to vol~e of bleAd:f.~ solutio~, 

A H:ide;J. 700:a Wa.rin,g Ble;ndor we.1 used tm'Cue;bou.t tlli.s study •. It wa,e 

atta.ched to a. rheostat for ~SUil,a.t~J3$ the speed of tbe b+endor. A oae 

q,uart blemd9.r jar, witb. the bla.de :r,versed., was used for blending th(!t 
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s~les. 1 lrb.e fixative solution was also tlle ble•di;og solut;t.on. '.By usi:Ra 

the f;i.xa:tive solution, theoretic&lly the aD.OUl!l.t of <U.ft\lsion, which eou.l,~ 

pos$1.bly affect the fiber dia.m.ete;r e.nd sta.b111ty, wuld be a.t a. m:Lni~. 

~he initial studies on tb.e time ~d speed of ble:iading i~d.ice.ted tut 

30 seconds with a :rheostat settililg ot lt,O volts Ja2i;~ally ~illed the 

x-eq,ur~JD.ts f'or a. desirable Sa.nt]ll,e. Furth.er W'Qrk suge;ested tha.t the 

&&tQ:Jl>les a,a.d the blending solution ~hould be cold a.t the time th~ tiSSU4'S 

' were prepared for fiber diameter determiaa.tion, -~herefo~e, the f;µca.-
, 

t:t.ve was kept iJl the 4.4°c. cooler nth th.e Hfixed" H.111Jles. A o:w.e E!.IQ.a. 

tbree•fQu,rtbs inch pet~i Jla.te WitA a smooth, f'la.t bottOl!l was selected 

as the ~oat;L:ug reeepta.ele 1:n aa e~tort to mj;n:hli ze the sta.e~ing etfeet 

of JD,'!UJele fibers in suspe».sio•~ It was found th~t 3 ml. of ~iq'U.id cove,~d 

the )Qttom. of these pet:ri plates. lilxJ,erienee 111,(iiQa.ted tba.t by just 

covering the bottom of these plates, the de~sity of' tbe fibers. ha.d i~t~ 

tle 1:af;l.u.e;nce o• wlaieh fibers were brought iato tlle microscopic field, 

The JJ"Qper ratio of sample to SQlutioa was based oa the di$pe;si~~ 
•, 

$11.d ca~ee11.tra.t:t.on of' th.e fibers :tn ~uspeaeio;a. :Ct we.; found tll.at. the 

coaceat~a.tion should be great enough that a.t lee.;t a5 fibers could be 

eou:nted from one 3 ml. pipett~. :m»rever, tlae eonce.a'tra.tion should ~t 

'be so high tha.t the fibers would stack on top et Q!).e qot~er. A '4a.z1Wle 

'-PW!'Ox1utel;y 5 x 8.x 5 •· ia 70 ml, of solution was f'ouacl to fulfill 

the above requi:iemeats. 

A$ a. result of the above meatio~~ study, the fol.'lo'wing 1r?ced'IU'e 

was used to pre:pa.re fo~ u.d m.e1;1.su.re fiber Q.i=eter. 

1rocedure • Vse sections fixed~ 10 peree•t ~o2"J:DaJ.i_a bV,ffe:red W,.tb l,O 

perceat sodium a.ceta.te a.n.d 0.9 pe~cent sod:f.WIL e:bl.or:lde, 
' 

l. Jem.ove a. sa.m;pl,e a.pJ>rQXima.tely: 5 :x; 8 x 5 •· ~m the m;t.ddle of 

a t:f.sst.1.e rha.t has 'beui. i!k tQlcl fixative. 
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the cutti;ng blade reversed~ 

3. Add the sample a.nd blend for 30 f;leco:nde w;Ltih a rheostat 13etti~ 

of 40 volts. 

4. Allow the air bubbles to c;lea.r from the 'l;>lended sample, 

5. Shake the sample so that the fibers a.re evenly dispersed • 

. Qu.ickly remove a 3.0 :Ill).].. s~le a.m.d place it ia a. one and t:tµ,ee~ 

fou~hs inch petri plate. (A 10 ml,. gra.quated pipet with the tip 

cut off :m.a.y be used). 

6. Measure the diameter of 25 fibers to the nearest 0.05 micron 

usi:ng lOOX m.a.gnif;i.ca.tion. 

7. Re~ea.t steps 5 e..nd 6 until a. total of 50 fibers a.re :m.ea.$u.redp 

Mea.surem.e:at procedure ... 

l. Measure Only tb,ose fibers that a.+e at ieast one .. ha.l:f' the length 

of the field • 

. , 
specif'ica.t;i.o:ns but are m.o:l-l;i.nea:r in sba.pe. 

4. Cover the area. of the petr:1. plate in a Jystem.a.ti~ Ir.1B.Uer so 

that a fiber Will not be measured m:re th13,11 oJ,ace. 

Mus.ale bundle densi t:y; 

For this phase of the stu.cly~ the t'oX'11l,!3.lin.fixed ti;sues were em

'bedd,a a.n,d stained according 'ti?. ~he proceci:tl.rel\\l gut.ii~l:ld by V~na.ble 

(1962). . .. ['his pa.ra.:f'fia em'bedd.i11g technique W(:1.$ sel,ected because of the , 

qu:t.olt embedding., without sa.cri:f'iei:ng complete pa.l;'a.ffin impreg:na.tion of 

t~e mu.sc;,le tissue. Ven.ab:Le's st1:1-ia:f..~ process is~ modif:t.oatio~ of.the 

Van Gieson acid fuchsia procedure tor collage~. M::>dific~tio~, ~n. this 

tec'sique were ma.de im order.to o'llr~a.in a. ma.xill11llll e~'ti:re.st betweet). eo~&.gf!:P 
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a,nd the purpose for each a.J;>e listed below: 
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l. 1wenty.-five mi~utes in sa.tu;r~ted aqueous pio;ri,c acid solution, 

This wa.s the first solution into w:b.io;h th.e aeetio;ps were.placed 

after they were rela.ydra.ted. 'rbe ~se of t:bi, step wa.s to 

i~su:re that all J®ssible tissues would be ~sted by picric acid. 

a. Gae hour in a 0.1 pe~ce~t a~id :f'uch.$1- solutio~ of ~a.tUl'ated 

aqueous picric acid. By f$llowi-S tbe above ,01utio- with this 

step, tb.e equilibri• ee>nditioi,. was ma.i!;!.teid.!.led :f'or the p:f.eric 

a.oid EJtai:m.ed ti,iisues. Ho~ver, the QQ~en wo'IAJ.d ta.lte the 

acid :f'uchsb .• 

3. '1'e:,. mi:n.utes i:m. a. O.l pe~e•nt a.o:f.d tu.cui;n solution of 9() per .. 
. . . 

ee:nt saturated aqueous p:'l.crie a.eid. Esa,e~tie.l.ly, this step 

starts t'.b,e diff erent:i,a:tixig pha.~e for t})J.s st~i:n.ing tech:m.i~ue. 

iy decreasing the pic~ic a.eid. eoncent~a.tiom, there is a los$ 

of picric a.eid from t~e section. Ther•fo~e, the contrast be

tween collagen 8.'!:ll.d. the othe:r co:m;po•en.ts 1:m. the muscle will be 

Veaable's procedure for wa$lu,~, dehydra.ti;t;\S,e.l13.d embedding beef 

muscle s~les ill paraffin is a.e follows: 

l. wa.sh ia rwming tap water 

2, Dehydration· 

a.. 30% isopropa.x:aol 

b. 50% isopropa.:p.ol 

c. 70% isoprop~ol 

d. Bo% isopropa.J1.ol 

e. 90~ isopropa.nol 

e4 hours 

2 hours 

l hour 



t. <J<!fo isopro:puol. 

g, ')9'/o iSOir<lP~J. 

b • .AQetone (Reeige~t Gta4~) 

Q ~$ 

;i6 ~mo, 
2 ~~,~ 

1, A.eeton, (:aea,,nt Q:11a.~,) ~ hcnw1;1 

3. Elrtbeddi:v.is ... :Pl~e ~he •~l.1• 1- J3<i> "" ,,Q~~ :B':l.Jht:r ;;1.11,~t fq~ 

faµr tx>urs in '- 56.'C. p..-p~f~ ,veR, ~,~, " s~~ll,'i V~l\\\1~ 'WlJ. t:n 

Jr US~~ S\l.C~ ~m'beddi~ JrQ0~4~,, t~~ ••t~iQ'i ,~ot bt ob~~~ed 

when t• 'bl,Qeke of ~~Qlt &N at J~~ t~•;t.'t\~i ':r:t,.e:,r~fQ!lrEh -;Y' ,e~ 

seq,c~e:rs tollow the ~a.ct;t.c, f!>:f ,,~4M ~Ae -~~~ 'bJ.,QQk1 ~ ice wate:,;, 

:ro~ sev~"3. hoUir~, '!'J:),(J) ~,, ,rt· ~b, ioe ~~t;f ,~~~ t-, tq ~h,;rm-ate the 

mµsel~ qg. to h~tiea tM- preit:fi'in °bQ tM aa.1111 c\fr,l'flil~ a.a •ei~ 9:1;1 t,~ 
i,. 

COD!.l?One-.ts :1.Sll. 1:lbe Xl!,UsQle. '?J'.!.~, ~~ QM1rb~irt:og t:f ~;i,,.e titJ\'1e u;poq. i,ea"" .. 

t:i.o-113g PIJl be a.vo:lrdec.l. 

Pn!J.iD!in.a.x-y obeel"V'$t;LoM iA -t~if 1tw.dy t~lt~t't;.td. ;:b.a; t)ie ;!;'oµ.cnrirM 

EJO!ilJtifli ~O. l:!,e.rden:1.1:lg Sttl)S ~ff;I..QJ?,(\ QJt:f.q 09Jd~i;~qP.I f'O:r tb,:f,~ 

secrt:Lo•uig: 

1. 1:i;,imtb.e blc:,cks so thart o;i,., qv.ri'f.~e i, fffl'.'°f.lti, 

2. l?lace th.e bloQkt 1:n. ~~:1.TI.rl"1U 'Q~~1:ii, tf ~ter •d ,o~ f(l)'t 

a.pprexi.matel;v t'W'9 ~o\U:Ta, ~t 4,~'o. 
3. i:t1~1d·e:r the "btila.'k:t1rs to " );l.'1'-t ~E1!1j,:r ~4Q0Q ~)" ~~~ ;;~,._ 

;L.ong e:r;i.o-q,gh to fo~ e. ~hl\a t';f.1-in. 9:t' 4.~t '" tQ • 

. lt.~ :a-,m.ove and sectiQa ti.I.ti , .. b~qt•, 'l.',~ ~~t~t• a.1;, a. t;;t,~ were ,~te<J 
,,, ~·- . . ' : ~- . ' . 

thro,;:igl). this :prgee~ue~ 

~ec~~O! 1!1.11.d !!91!1ti!ai 

Au. •r:Lel;l.)a Opt:J.caJ. S;pexi,qe~ "tfff ~~~tOM ~~ ~td tq s~e~:i.Q;p. tM 

bloelts. Jno:r to 1ecti~ ee.o'.b. s"":t Qt1 ~11>, 'b~"'1111 tlJ., Dti,('rQto- ~l~~ 

was :g>la.01d i;a the blast t~ezer tor 4;1,~~1.m.lte~ ~ ~:n..,te,. 4ll 
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'bloelu ot t1es'Q.e were sec::t:J.oned 3t ei ;~e~«.-. ot ,~ m;i.~~~•, 

~la ~eet.i9n ot ~Eitle wa.a fl;I.Q,t,4 <;i:a ~ katQ, ~t•:r b-.-t,;n. Ofl,e ~e"' 

ti~~ Qf t~~ be.th ns to i,t:re4:shtet f~'li t:t:ie 1¥~1',A jilec~ia~i, lt tM 

tem,er'1ture wa.s mu.ell ~;ll.er t~ 41'0,, tb.e ~•~ l;!A4 F~ft• xw,iii,~ 

wo\\ld (IS~P!M:'S.te. ffowev~r, ttnl:Jll$:J':S.l~S ~OW'$,:> t• ~500, fatJ.~d tQ alJ,Q 

'bht ae . .ot1Qns to at:r;'a;Lg}tte1. qv.t s~~~9t4'~tl.y, ~1ber tiq,;~~;m. Qf tM 

bat;b. was :i,elat,id to the tloat~ ~U\W, 'l'c, ;ll'l'J>nJ. ~ s~g~i; ~i,~vt 

. 'b•twou ti. se~t10A ~d t~ -,uc:1ie~ • 0,02 :peicep~ ~el.A~~ eQ~l/1.tiPII- WM' 

~d e.s ~- f'loa.t~~ me!Ul;Ull~ D:t.t,l!l> :auto Uel.!''t~ """ w,,~-. t• g,-;i.,,., 

t1J s~u.irce, 

At'te:i;, tbe seet:l~ w:re ?llOUAtt4~ tlley Wife ~~ti. to · 4'1 f:l,Q~;t." 

~tel;y 20 ho~s o~ a. 46°e, •li<lt ~;r. Re:, 4:J.,f~Q~tllrel$ W1rt e~" 

o~te~d with loose seetiQ:p.s Q.'1:J.1.N $'11iAin1ne;_'bJ ;t'o;t.;Lm:pg tl'le al;,11:1ve 

~eet:J.o~, mouitt1~ a,nq. ~ teQ'l\1141W,efJJ. 

Ve~a.ble 's lllOdit;le~t;Lor.i (l~a) ,, t~ VM <ilt«iu191, ~o;u,a.ge;n. ,tMxo. ti;o~~ 

s:L~t, 9; t:b.e f'ollon;Qg Jtepe: 

a. Jl;;yleu 

3• 98~ Isop~panQl. 

4. 98% ItsoJwopanol 

5. 80~ Isop:ropaz,,()l, 

6, 70,,, :tsopropuol 

7, ~stilled Wate:,.. 

8. Seitu:rated Fie:r:to Aoi9-

9. 0.1; Aquee't,1$ .A.eli.d. 1w.aJlr;~ ilittu'l\'ittd 

Vitli Morie AQ:l,Q. 

:.LO. 0, ;I.% AqueoUili A<;id Pucb'l~ 

'il11o sa:tur~ted. ~ th P~Q:,nc M~d 

~~1:;e1:1 

3 -~t~-
2 $\\tEJ(f 

2 ~~tf/$ 

! U\J.t,, 

a ~,.,.tei, 

i ~AUteJ 

a, m1Jlut,, 



ll. 70~ I~opropanol 

12. $0% Isopropa~ol 
\ 

13. 98% i1Sopropanol 

~4. 98% lsop:ropanol 

15. Xylepe 

l.6. :Xylene 

DtJ to q~ffewen~i~te 

!l.0 dip~ 

:i.o di:i;,~ 

+P dipij 

2 Jltj.11,uteis 
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fbe $lide$ were qover ~l~ped us~;og Fi~htr 1ermq"U.Pt a$ tbe adlile~ive. 

A e;:reate:t:1.J~:rt of ~at pistolp~:i.<::~:). etud;l.~~ ~,a.line; with )ll.U,sal.e 

'b\Ul_dles h a;3 expressed res'll=4ts :t~ t~!l;1DS of t~e ~-,:r .9:f p:ri,~y biµi

dle$ pex, ~eaondary bu.u,dl~. !Iowever, it is J;D.OSt, 4:i.tf1Q1llt to dt:;1lti.v.e Pr 

aE;?conda:r1 'oundle ;t:n the l,o~iesl,~ li?:rs.::t.. 09:,:;,,seg,~entl.;y, ;in tl:!.e~e 

studies e. :m.ethoi wa$ used 1~ "Wsh1cb t}?r~ :resi.iit, me.y be ex:pret?sea, as 

the n'UrJllber of muscle btindles per ~it area. ~h~ si~~ of th~ pri~r 

bU1:'J.d;;L1:11s as wel;t. as the size of tbe :li,:P.te~bu,nd'llJr~ G-l~aee :J.%),f;J.Vl,enoes t:tie 

de~stty. fbus, sueh a ~asure i$ ~ 4ndioatio~ ~f tbe ~ea of ske~etaiJ. 

D1,l!l.sele fil:>ers per unit of nro,~cle a,~!?~ (the g~e~t11,: tb.e d~ndty1 i;,h.e 

sma.lJ.,er tbe 0J!l.O'tlllt of sk~l,etal Il'!Usc:l.~ fibe:rs), 

An Ame:riea.n Optical Speue$r Mt~rostar m:t.e~o~~Qie eiui~ped w:l.t~ 

a ea,J4bra.ted stage wa.13 used for ~hi(? ;pbaise of tll~ study. A lOX olp .. 

jeetive a,nd a l5X ocular (;1,5ox ~~t:f';l,c;a·t~o~) we., ;t"ound rt;o g:l.ve sµ;e,

f'icie~t dfta.:i,l and axi. a:rea large ~:rl.O~h. to qo1.U'l1:i 1:i~e :n.1.Ull'ber of l::n,,1¢1le1;; f 

P~eiimi~ary work sugg~sted that at +Pwe~ ~~if~o1t~ons, wbicb ~~ve l~r1er 

fields, poor repeatability oo~urv~4 w~;n tb.e G/!lrl!le ti~ld was gou,r,.ted by 

s~vera.l ~eople. With rnaa;nifieatio~ ~,ea.te~ t~ ~50:x:, it was faun~ that 

tb.e number of con'JJ?lete bundles pel:' ~:f:l~a was 1.)o(l) ~Jne.ll. Wit:b. o:n.J..y a few 

00Dr9,l.et~ 'bun\iles i~ a given :field., P.itf';Leµ.J.~y WrilrS ~:t2:1cowatered i:n. 

ootai:,:i.:l-:oo; a good e~timate of thi$ v111i:r;Le.ble. Som~ fa~le~ h,a.d su.,::h 

large bu,ndles that tbe avera.ge v~lµ~ was leas tbl;l,ll l,O whe~ ~gber 



m.~t(te~ttonij were use4. 

~ Qrder to a.void ~tf~,t~ ~@tui~~~ f~~itlt ~At 1w,,~r~tiq~ of t~e; 

sl1Q.e1;1, t~e ~S.$,;l+'eme,t~ were m;:i.de µ.:iii:J.~ tbrr m.;f.,q,~;J.e ~Cil~iP~ ~t e~p;Q. 

sJ44~. T}l;l.i;; a.;ree. W"~i dei;e~@d 1,ly t*~~ 11>~~ b.a;u' "t!i)!.e w;i,q.t:t:i, ~¢1 the, 

:mea.s,u.r:i.~ ;e'rOffl. righi v~ ,ie;rb ~A tn,1 ~,~ti'i!Ja.~ ~'t4f:!.~ VOJt ntPi tl?.;t.~ 

d~tex:rn;t~tion, :i.»die~te~ tt.l.~t t~e ~~ 1"~,~, pf f~;~a., ~~~ t~i~ 

li•e "$ five ;per ,ect4,o~. ';t'beret~;,~r tlle l~~'ff Qt ,1~}). ~ecr\i;i.~~ w~s 

divicleq. 'bf f':tve to dete~, tbe ll)t;)i~l fE)r ~SrQlilt ;lpmew~'\ft0~. 'l'~f/J 

J)(;)i~~ l@S c~~eli <;,~f w~~n t1;:te A~,"1~et•1:r~~ ,,11~ri;1.r ,,~it~~~ 
e.d:lJ1~$~ eQ~eet;J,v~ tis~'"~' 

?ll~ Q~Y e:ri t1;r:t.o~ uiseq. ;f'o:i;i qt,,~~~:,.~ q~, q~,~it~'ti~fl a :Jilli~~ 

~li'eJ.e 'llnmq,J.e was tlle.t ,i:\9A g:t:'OUJ!) ot t:tlDe:r.,~ ~~ ~ jt~P~,t~ er~:titr~ A:i.~ 

t~9W:!;~ a ~ri:tQ.el.rY ~u,.idle if;I ~o~iir ~etiAe4 ~~ ~ ~r~~i gf mu,~l~ 

t:ll?e:i;,s f;!~Out'-ded l?;y a tW.:m. la.yep 9f Q~pe,,ive ~t~''' (~er;t.~s.iu.m), it 

:t,s p(l);;;~4Ql.e that IJ!.t l.ow ~p,;J.fl;i,~~tt<l>; ;~s eqrm,,~t,;l.y@ 1;4Ei$!\:l,!! ~;r :rlrOl b~ 

a.~:pa,re:m.t. Oon$eqi+e:m.t:t.y, 1;1, ;r~\1.P w;f ~st~~ ;ftll!~:;I=! ~!lt>$Jl,~~J..r ~~:tm:P~~e4 

f:roPJ. othel' f:i.'bel's 'by ~ il.1it:t:nl;lt iat;:r1,~µJ.~~ ~pijqe> Wli!r1p AQWl~,a. ~s. ~~e 

p:rim:ry b~dl.e. 

~ of ~~e q\1.cl.'ntitJtive qb~i1t l;lJ/l~rfeij f~we ~q~~µ~ted on 

l).o~olisepou~ .1:1a.nw:tes of t~ lo~i~~1i 1~!;t ~~1:~.~. Jll,µ~g;I,,@ :f';,~ tl'.!.e lW~l,ttp. r~p 

·e.~ea of ee.eh e~ca.ss. hio;i;- ti:;> t~, ~(l)!!lQ(i):~:nt~~tip~ i1i~;lil, tl:le ij~J.es w1:t:re 

:p~rtt~Y' thawed :l.n a. 4,409, ~ooleiv~ '?J;;t.er ~~ ~~e~ ):i.~m~~e~~;11td ;J.;p. .~ 

W~ri~ B+~~dor. ~o aliq-u,ot$ (rom ijA~~ ,~l~ ~,~ ,i~eed i~ sep~at~ 

~la.H ja;s ~(!J. ;reffoze~ ~til ~~,z~¢1. @Qr etA(r:P ~~:r~~t ~Q. !l?Oll~~Pr ~o;t,1.,i 

ten:t;.. Tl;,.e etp.er extz-~et wa.s d,t~~lll~ ~:Y tr~e A,<>.~~~· w.et);).~4 (;,.94~). 



Two l.O gm. 1;1.Uquot1:1 from the ~~e;@?,oq~ ;~:i,,,i.s nr<# ,ul;>je!l;'t,f\'I~ to 

~ceto~e EUl.d ethe~ ext~~tioA to ;e:mpy~, ~~o~ ~~ ot t~ mQ~~t~ 

a.n.4 t~~ ~QQrdi.ng to tl;).e rnethQl3. of '.l?M'ft•'.Q. !1 ~- (;J,962), :~ tvq 

p~il;l,ll;y "@ied ~cl ta.t,,;rne" Ja.J!Wll.f.111,i wen c~ia~!i •d fiJ,lY e;:rq~p. 

wj,1;;:t,. a, lll0%'t~r ~d. pestle. Beto~e ~~~ 1~l,eei ~:r, w,;tg),,ed for c;o~~t~ 

deter.m;f.~t~oas, tbe;y we~ drj,,d tQ:r ~4 M~lil -~~r VAeU\l;fll i~ ~ qee:t,qpa-tor 

eoat~it>J.M Qa.804,. :For ooU~~~ ci-.1"NJtna.~;J.0~1;1, 4t1-1lll:i.~~t~ 5()Q ~' ,~lefl 

were plAQE11i'i :!i:11 100 1'11· 'b19~e:r, Q~•t~,~M ~O ~' 6 ;N "°l a.g, cQve,etJ. 'Wit~ 

a wate;t,. sle.slil, 'I'lte li!Wlf.Ples w," 'tMJ\ ~"to~i,vE!4 $t't, iQl 0~ ~ :t'c:,:r ;!.8 llQ~f1. 

'!'o :re~ve the ~l, t;b.e hydrol;rze4 ,~;as we~e p~QEJ!d.~ ,q,-wad b,qtto~ 

f~itk!!I Mel t•e• down ~Q i;l,rynel$t t»:r~e tiw.,~ pin, e. ;rotM";r ert1~:i;-~t,Q~r 

T~1 were t~e- neutre.J.t~,d ae~~,~~ )q t~e p1~~~~~1 outli~,~ by 

~~O:Q. (196(}) • Pu.Jlica.te e.JJ.quot~ f~m, ee.e;Q. ~~~:Zl!;!d t.,l~ W:71E;) 

ll.Sed to'f' t'.b.e oolla.gt;i.,. aittfS.YlJ. !l'q ~()~i~ c:u:~:ati~11; w~~ ~~r~•t~<l lpr 

dete,rmim-M tbe ~oxy:p~l:l.ne eQl(U~J11iiir;,at::lop. 'bf ~• Jilltte:t"~:P ~d 

s~,r teobn:i,que {1960) • :a7 a(!):µi:,.'-~1:i;l,~ d~;J.t~!l\l~ liJ.S~i:li~ qJ;\I. ,~,~ 

d'll,plioa.te ~ample, the pree:f.siol\\ o~ t~" meth.Qd ,~~4 'bi ~Jti~ted 'b1 

,te.ti!ltiq~l. arial.y$:f.e. Dtl,pl:f.Q~te ~~wo~e~ d,t~~ma,ttq•a ,rere il,o 

wade o• ,a.cA d~~lieate $S#Jle ty t)w; P4ewo~~Je~j~ met~9d o~ M.t~l,r a.,p.~ 

lioU€;hto~ (t94,}. In :repox-t~ t~~ JrB;~ hyp.rox;y;,pqltn~ ;pe;I!' ~' ~t:rq"' 

gen,~ average of the t'W'O 1;1,liq:u.otf:l wa., Utld. CQ~~eq_lJ.e•t~y, ~~' l;)r,e:J,~;frPn 

ot t~ Pi~rogen detemi~ert1<:>a ~s e~AtO'!Wrdeo.·w:ttA $~3,1.~ eirroX! u t:t>.e 

sta.t;isticaJ. au~ly;:f.1;11. 



l'a;r:ot I. Va,:-;:t.a.tio:n ~ t~~ lb.Y11el;l,l Btnot,~ ot t~ Je•tssiJlU.s 
:Dora; Muscle a.t t:ti.e ~~ll N.'b aAd Itts ~:J.e:ti<iii•M:, 1 

· 

' ' · · to Fi~e~\UJ M¢.i !rend~;r,1,ieu11 

~~ ~,se ot ~~s iJ;J.vestis~,,o~ ,;ia.• t~ ~tuir th, v~~,a.~1~• ~- t'.b,.e 

s;i.;e Qt t~ mue.,ele f'i'be;rl!I i.tl.d t:b.e ~!II0.11,e bur,i,dl~, ~th ~,,e~t tP ~}le 
; 

·1a.teitt$1 u.d dorsal t~d!lJ ot th.19 ;t.c,M4~§;l,Wfll dlJt:\I;:"~ a;t;i ~be tn+tlll n,'b. J,a 

additio•, tbe :ti~e,, ~d tetdEu:~e~a va.ltJie, tt tlD.e dQ;ri,eJ. ~4 lftia:ll'a.+ 

loqa.tio•~ wer, related to tb,e QOr;l!'f:IQJ(!)~c:ltne; ~~olt fibe:r <lii.~11'~, ~Q. 

D'%1.'1$Cle. 'b.1/q:I.Qle den.,1 ty vaJ.u.es. To i;,b,t,i,.1• a. DJO;re ~c;,cµrate E:l~ti~te Cllf @a.Qh 

vv:la.'1:)34 at tlle t;wo ;t.oci,.t1.,ons withtp, •aie:/;l s1;,*1 tb.~ tot'11,l. ot t~ 

vaJ.~S t:rom. the CQ;t"r$,$JQ•di~ fQSitll,p\q.' 9~ t~e ng-1, ~~ +ett sides 

r 'Wf;lre Qornb:tua into Q:Q.e Q'b$el;"V'a.t1q~~ ~~" ,,.xi, WQ tnes 9f GQ~!l;'e~~· \, 

ttoaai ee.J.~'\llle:ted f'@r ee.e• eoni:,~i.qq~ ~de ;IJ!. 1;W,.ij ~"1'1i.\dy. ''W. NJ.1Lml9J/ 

.;o:rNl~tio:p.s J;'ef er t~ tM deg:re, t>1 ~liilfQe;l.a.\;J.e1 ft~ iti"yTQ v~:l.~'bl..Ellf:l e..mo;me; 

t~ ~4 ~~J used in this ,~,e Q~ 1l- $tUd;Y. 11W1 thi;n. ~i:,;-~ '' co~~~.,, 

tioJJ.s weix-e used to ,1,u\:l.y t:t,,e ;i,e:J.,!i.ttiQjll;l.•:b;i.» of t'WP V~$.bles w:tie- t~ 

sire ~tfect was statistiea.lly ~el!W>v,d, 

ia.b3..e V:I eoAta.1:m.s t~ :me~s ~d ~rta,,nda.r"- !i!,yi~t~on,$ foii tAA 

meafi~e-nts obte.i;iaf;ld 1;1.t the dors,J. QQ. la.te:r,~ iq~at~o:,,.s. -~~ft t'oir 

the Jllli.t$ele b~dle densit;v v!9J.ues, the1e d~ta. ~d~ca.~ed tba.t thtf~ W$~ 

n.o si~tieut dif'fe:renc;e (P ';> .ci5) ~~ the v~;J.~o~is ~t t~ t-WQ ~oo~t.+QM 

tor tl:1.- va.;p:l.ous mea.su.;re:ment1;1.. ~ve:,1 tbexie n~ ~ 1:l.~;Lf;t.q~t t~:f"' 

te~~~e (l? < . 05) ;t:n the va.m.~oQliil of ~be ~~cli" ~w,.dle de:ns:t t;v v~u.~f:I 
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at the dorsal and lateral locations. These data suggested that the 

dorsal posit;ion had more primary l:>undles pe:i;- uni.t area and had more 

variation (8,22 ± 1,67) than the lateral locatiop (5.95±1.15). l'hus, 

cor1;;elations involving the dorsal location may be lar~er than those in-

valving the lateral location d1,1e to the significant difference (P < .05) 

in variat;ion o.f the1:1e two positioos on rib steaks. 

TAijLE VI 

'.CHE ~AN ANP STANDAJ;W DEVlATlON O)f 'IliE VARIOUS Mll;ASUREMENTS 
. A"JJ THE OORSAt .AND LATERAL LOCAl'J;ONS 

l>enet1;"omE1ter 

M1,1scle Fiber Piameter 

~usc;le :Bui,dlE;J Density 

Muscle Fibel;' Diameter; 
Muscle l3undle Dl:lnsity 

Dorsal 

34,75 ± 10.38 mm. 

l&.69 ~ 4,59 lbs. 

62.73 ± 8,66 microns 

8,22 ;;!:; l.67 

7,98 + 1.97 
"I" 

Lateral 

35.91 :;!; 8.42 ,mm, 

18.24 ~ 5.10 ll:>s. 

61,20 t 10.15 microns 

1 5.95 i 1,15 

10,74 ± 2,64 

lSign:i.ficant difference io variance between the dorsal apd lateral 
positions (P < . 05), 

Simple cot':t:'!:!lati,ons p1;t;;ween the dorsal and lateral µieasurem(;lnts 

for both muscle fiber diameter and muscle bundle depsity ar(;l pre-

sijnted in Table VII, These col;'relations indicate that the values obtained 

at one location were associated with 3Q to 35 percent of the variation 

at the other location (r2 x 100 ~ 27 to 39), Consequently, different 

factors may be influencing the diameter of muscle fibers, as well as 

the den~ity of the muscle bundles, at the opposite ends of the rib steaks. 

Therefore, a particular measurement may be more closely associated with 



the variation in J11Usole ~1be~ d!~t~r 13.1.l.d/or the :rq,uscle b~dle ~en$1ty 

at tlle (lqrsa.l loca.tio;n than at the :i.~t,ra.l J..qe~t~o~, 

'r.M3U VII 

COMPARISON OF 'ri'm S~ COfflU:W:CONS ~ DORSAL AND 
.LATERAL MlllASU.REMl!llf.1'$ ;rem MUSCLE P~ D~ 

. ~ HJSCLlll ~LE DENS:t'l'l 

Mu,se~ Jiber Dia,w.eter 

~scle Bu:,idl.e De~sity 

**l< .Ol, 

· ~ ~1m.a..l.s 
(q,f. • 22) 

Q,52:** 

o.63** 

0.59"" 

0,55** 

':rhe ~ssocia.tio:n bet~e• m:i:,.sele ;i'be~ d:i•t.~~ and :m.u.scle l:>\Ut.dP.e 

den.qi ty within ea.ch. looa.tio~ wt a.J.sia studitd.., r.t'll~ w:J. t~~ ~ire eo:r"" 

::rel4t;t.qn betwe•• these two variab;l,,11;f.l Wl;l,S '1", 46 (q.. t, = ao) a.t ~h~ dp;x,~~ 

J.oea.tio• and "'. 41 ( d. f. ;:: 20) ia,t tl\e la.t~ra.l ~c1:1rtio;ia, 'l'hfJlile :re~'Uilt, 

;1.-.d!c;~te tba.t there ws a. ten.dell11,cy fot la.;l;'ge ~ ~sclt bundle~ tq 

eo-taJ.n 1a.x-ge m.uscle fi.be:re. The g~effieients qt; detel\ll.ine.tt<llii frQ' 

~hese oonela.tiorJ.s (,..2 x l.00) su.s~e~ted tha:~ ~lt'<:li1e1WAtely 16 pe:r~e:n,t of 

the variation in one 'V'~:l.a.ble C!imr b, a.ssocia.ttj With tla~ Va.l'iia.t:t.oJ ~ t~ 

01:i~,.. var:t.a.ble. This would til.e1~ $"q;Jest tha.t a ~ority o:e t:tie withi~ 

lQce.t~oa Ts.ria.t:t,on betwee:n. th,ese t'V\:l mea.sure•~~ij iJ:J a.tt:fibuts.ble ~o 

d::tffe:rem:t fa.cto:rs. Qo•segµently, ~ ,a.:ortieula:r <;QfflP9JM~•t w:f.t:tg.n, the 

mu,~:l.e t:f.SS\\e eould be a.~soc::tated ,rit- e:t,t~:i;t zm;.~Q~ f;Lber d.1.a.mete:r ?:,;' 

:mu.se~e bundle dens::ttr within oae Qf ;~ pa.rtie~te.w e~oss~~ectiona.J. 

a.,rea.s o:t' tb.e loyissimu.s dorsiii b-q,t ;i.t meiy nc:it 'bEl ~sooiatep. witb ~j,~~r 

v~:ta.'ble wit~a the otbe~ loea.t:lo~. 



A eem»ari;on ot the ~elations~» of perc~t ether ~~~t ~o 

m;u.,eit, f:+l:>er dia.m.eter ~d lm1$Cle b.WP,4le dens;I.~y :Li 3?;re,ent~d i;a ma.~li 

VIl:I~ 'fhese conela.tio;l.'ls poiJl.t oll.t tba.t t:t>,e:re ~~ a ditte:rence :113. ~~~ 

T.QLi,l VlII 

CO)ll?.IUUSOl\T O;F 'l'IE a~ QC):ag~:r;o;s ·~ PERCDT :ml'lJi'!lR 
m':AAC'r M'D MJJSCL"fll n:BQ i~iR AWJ:) mEIOL'el l3W'DLE 

DEJSI'!'Y AT '?RE DOBS.At,. A)T:o IJn'E!A.:t. :WC.AT:CONS 

?,fiascle Fiber 
Mam.ei:ter 

l&J.sQle J'!mdle 
DellElit:y-

*1< .05. 

·LQeatiQ:illr 
Dorsal Ia.te;ir&l. 

All W:f, thin. All W11;~J 
Aaimal.s Sire ,A,JJ.m.a.ls 111-;tl!I 

-.17 .... ol+ O.l2 0,~2 

0.20 o.45* Q.02 o.;i. ... 
I' 

Aiu.ma.l. Arv. 
~ Witb+». 

Jb\;Lma.ls s,N 

.... 01 q!o, 

0.14 0,35 

a.ssoQi~tion of fat with the above t~ va.~~~ble~, b~th w;t.t~ Wld ~~tv•~~ 

lQaa.t1.o:m.. For exa.mgle, t:t>,e nms<.'lle f;i,be;r d:L~tfll;l!" pt a. ~'b steak lae4 · 

little :,;-eJ.i~tioaeluJ;, to perct:ll•t et~111' extra.ct. 'J;'hj,s lO'W X"ela.tiop.&11µ.J> 

woul.d be ~cted s:Lneei the corriel,e;il,;\o,a.s betwe~A t~ese twc;, v~;tables ~~ 

me,-tive at the dorsal looatton ~, iositive at t;b.e lateral looEJ.t~on. 
I' . . 

i~se resulits would tua;sest tbat ~t 13-AY ~el$~~,~-)p,, doe$ ~tst be~ 

twee• ta.t qonteat and mscle f;Lbe~ ti~~ter~ ;J;~ -1 va;ey ~eeo::r~ t~ ~., 

iositio~ within the ~cle fro:!ll wh:i,c~ the Iii~~$ were rent0ved, 

Jtf.stle l:>undle d.E»astty b tlae A.Q!l:'tr!!l:lil locert;L&~~ J;:,,oweve:r., was Joti,.. 

ti vely related to i,,erce:Q,t et~r e~r~et (Table v;r::tt), :t. e ~, tu big'.Q.1r 

the fa.t oep.teat, the slWilJ.ler 1-~ :tm)\lilel@ bud.le,~ ';llhe all w~ a;t11,d 

wit};>j.a lil'e correlEJ.tio:ns between ~a;,Q'.l.e 'b'U.Bdle q,f1ltity a.i,.d ;t'~t cqn"tr~•t 



a 
/ 

/ 

at th.~ late~&! loc~tion were lowe~ t~a.n tbe ~or~t$l)Ondins oorrela.~to~~ 

to:r the do;rsal location. II!- add:i"t,;l,on, th.ere w~s a. d1f:t'ere:qce in 

the within s;Lre correlat:l.ons Qf fe:t cont~11t to uw.1cle f'i'ber di~ter 
~~ ' . . . 

~d ll\1$cle bundle d.e•si ty t'o:r the doi-sal loaa:t,:,.p~ (P <. l,O). TAese 

r~su.lts would suggest t:t,.e.t muscle b'\Uldle densitr ~~ the dorsal loa~t~o• 

iii! mol"e cl.01:1ely related to t~e ave:r-~e fat conten:~ Qt' the ri1"Qeye at tp,e 

tw~ltth ~ib than UUJ.sale fiber d1a.ni,e~er. Altho~4 ~he co:rrela.t;.t,on~ we~e 

l,ow ~d ~qs,, ... sigI\if:f,ca.nt at the lat,~~ loea:t::!.011'., tbe:re was :no,,dE1tec:.rf:;~'\,le . 

ditte~e•ce ia the as•oci~tio~ of :lfflllcle buadle ~e~s!ty and muscle ft)er 

diameter t~ fat cqmtemt to~ this 10,;.t,ti~n with.1~ t~e mu.s~leo 

11::r,,am.ess, as estimated by pe;1Betrom.et,r v~µee, we.s aii~tiea.atly ~, .. 

lated (P < ~05) to the :ow.sole fiber 41ameter., ~•~le 'b1.1ndle dent;i.ty, ~d 

the ratio of these two m.eael;ll"e:tne~~s ~t the do~s~ po11tio~ of the 

lo:ngissi:rn.u~ dorsi (fable JX). With the exee,tio• 9f the eo:rrela.tigns 

T~:UC lX 

COME>A.lU;SON OF THE S.t~ COBQ:tJ\TIO;NS B~ '1':aE P.ENETROMJro;'lffl. 
VALUES AND TBE PHYSICAL •on~:oss or 'llffl!l LOlfGISSIMUS 

~Rg AT 'l'RE OORSA.L M'D LATJ:l~ liOQA!rIONS 

~sqle Fib~r Pia.metet: 
Musel~ ~dle De~stty 

**P< .01. 

*P < .05. 

AllAp:1,~ 
(d.f, i= 22) 

Doreal Lateral 

o.43* 

0.32 

.... 07 

0.1.5 

'· 

Wi tb.;ll:1 Si:res 
(d.f. = 20) 

Pol'!sa,l Late,:,~l 

0.52* 

0.53* 0.03 

isi~ficeJit difference betweea do~,ai ~d 1at~~al (P < ~05). 



:i.J;Lvolving 1:ib.e muscle bundle dens:l.tyr va.lue!B, tb, ~:t.f'~erenae :in the w:1t~ 

sire co:rrelatio•s ~etwee• the dorsia.l,. a.n,d l.a.te~al teoatio•s tor ea.04 

J11ea.sure~n.t we.s P < .10. However, 1:,ht d:f,f'fere~e~ blltwee• the two pos:f,,.. 

tio•s ia the ribeye,for the with;i.n $ire eox,:'elAtio~s il:l.volyi:n.g the 

l'.ILUscle b'Wldle de~sity values was P ~ ,05. T4e:rE1for,, t)le result; in 

'ra.ble XX :f.adica.ted 'lib.at tlle larger the mu,ol.E) f'ibe~s in the dorse.l e-.f. 

Qf 11.b steak&h t)le softer the :meat. W'.tlEln tbe pe:p.et:rom,ete:v va.l:1,1.f;UJ we:r;,e 

related tot~ muscle b'llm.qle deas:t,.ty1 the ~esul~• SW/!:Ststeo. t:bat tl'u!: 

at.eak.s wit4 tb,e la.:rger ~,le bwadlreis ter,.deo. ~Q 'be sett,e;,:, thaa. t~e Jte~s 

with simll l!NScle budlcu~ 1• tb.e 0.9:L"S&l loca.ttQ•~ 'l'he :ratio of :m.usele 

ti.be:r diameter to m.usQle 'tYWl!lle de-.s:t;t.;r, wb.e:B OPll,Pa.;red to th~ fi:rm,ues• 

value$, ecnt11"!1';lS the relatio•sh:11 Qf tlle•e two lll.lt$~le tist~e eompo•e~iS 

to t11'11m.•ss. Jtl~ speeit~eaJJ.y, tb.tit steaks wRJ.~~ W'E!~e t~~st 1~ 

the do:rsa.l post tioa we:re genera.l,17 those eoate.:i,:&M,~ smAll ;fibers' tn. 

sma.U primary bUJ1dle111 ~d coaversely, those co•tei:l.•illg J.,a,rge fibers 

i• la~ge Jrimary b~dles were sofi,eftq 

Tende:n,.ess a.t the do~sal. a.nd l~teraJ. loca.tto~,, as estimated ~Y 

th.$ W~er ... Jra.tiler Ske~r., was :m1ot ,iosel;r a~n1oci,a.ted nt)l eitller of tbe 

corres,o•di~ looa.tio~ estiniates fo~ m.u.1cle tibe~ qia.w.eter, B!,'11sele 

budle de11sity., and tho ;ratio of' mw.11cle f';f.b,r d:1.~ter to w.,.scle b\Ul.dle 

density ('!'able X). The liSi~ificaJat eorrelation 'bet.wee~ Wa.rae:r:;"'IB:ra°"zle!;' 

S:t,.ea.r Ni!.d JIN.Sele buo.l~ density va.l~es e.t t'.Q.e <io~tiaJ. loca.tiqn (F< .05) 
I 

sugge~ted that the dorsal potition t~orea.sed i- ~eadern,ess ~s tl:\e 

au1;1cle budles increased i!ll. 1;1ize. l:lowev~r, t~e re:nal;ts of "z II t:r~,,. 

to:t"llatioas (Snedecor, 1956) 1~dic~te~ t'.b.at t~ere were no stgnifiea.at 

. 4:i.f':feITeaees between any of the ~o:rrela.t:loafl! (P > .05) ,· wl:l.etb~r the ~Q•r .. 
~son$ we~e ma.de betwe,n or witb~n loQa.tio~~ for t~e v~:i,ous m.easu.:i:-e~ 

me~t$. Thus, m.ui.scle f':i,ber die.mete:!!', mul:ilele bw::a~e den.!illity, or the ra.t;t.9 



of tbese two measurements does not ~ppear to ~CO'W\t tor a. aignit~e~t 

&mOUJJ.t of the variation i• tende~e1s, either W;l,thin a. J~ieula.r loaa.~ 

tion or bet"en. tn, do:rsaJ. ~d la.te:ra.l loca.tioa, e1:f',r:J.'b ste~s. However, 

it •a.s been reported tha.t muscle :f'i\e~ dia.metef, 111,i!.-.ele b~dle densi~y 

ud/ or t:b.e re.t:to 'between t-se · m.ea.i~eae:n,tJ ~x-e c,:l,,oisely "s,ocia.t~d wi 1'1:1. 
1 

the val'ia.tion i• ~e~den\l,tss betwee• ~in,.a.11. (J~a.d.;y1 1937; lJ;f.ne;r n ~·, 
l95a, 1953; B~bottom.,!l S•, l945; Se,torius ~(]. C~ld,, 1938; St~dine 

!! !!·, 1$)49) •. 

'l'A.llUJ X 

COMPUISOI OF TRE SilQl:.tl CORRfil~IONS ~ '?IB; .WARNml"":eaM'~ 
Sjl!IJU VALUES AID Tlml :e»HXSICA.t- PROPER'J.l~J O:F If. LQBGISSIMfli 

:CORSI Nl THE J!)Q~ AID t-ATERU. UlOA!rlOP . . . ' 

Rlsele fi\er 1)1ameter 

:MJ.scle ;e-.dle DeDsity 

)lieele Fiber Dia.meter: 
. •~ele Jhl:adle Density 

*P·< ~05 

All Ai,.i~s 
(d.t. 111 aa) 

])prsa.l l;.at~r~ 

.... 09 -,~ 
o.42* 0.16 

.... 39 .... ~2 

W:ttliin Sire 
(d.f • II 20) 

Do~s~l Later~ 

.... 39 .... 17 

0~20 .. ,o4 

.. ~a3 .. qo4 

shear values at both loea.t:l,o;iiu1 wi tb;i.:tl the croS!il"'Secti• of the Jeo~!s~.i!!lQ 

s:!2t~i trom the three si~e group~ ~sed tor th, de,ailed st~dy on the ~1~ 

ca.l taotors. Also, t.he da.ta. f:t'Om tb.c, a.ddi tioae,J. seve• S1l'e groups wer• 

1-.cluded 1- these eompa;r:l,sons i~ q effort tQ dete•n.e whet~er the :re"' 

su.lts :l:';rom. a. sma.U sa.JQle (24 aa:Lul1) is re~,11~t-.t:Lve of tp.e nlilults, 

· :f'r<l>m a la..r'!»er population. (57 ard.mala). '!be :resultt:J :L~~oate·d tbat :l:'1~ 

JH1ss qd tende~ess a.re 11.ega.t:tvel;y :r,ela.ted (P < .Ol) wp,e,. the m.ea.s'1l'e•int;s 

\. 



a.~e taken 9~ tbe dorsaJ. e~d ot th~ rib ,te~$ (T~~l~ XX), 1.ef1 the 

softer the ~a.t in the do;rsal loee.•Uon, t:\:1.e ll10ill' tie~de~ tbe mea.~. AJ.. .. 

tAQ~~ tbe :r,la.tio;nsh:l.'.l,) was :Ll"l the ~~ di:ii~1;rt$.QI, ;tq;r t;l:leeei ~a.sue~l>.te, 

!P~ XI /l 

COMPA1US0lf QF TBl!: SI~Lil QORQt.A.'11:J:O:NS ~ i:tW ~'.R0*1':J!!lt 
MD ~aE WA:aNE~,..:BlW'.e~~ S~ ~ 'lllil l])OMA:.t, 

Th:ttee Sire GrQ~»s 
All. JU1:f.mals 
(d,f.; 2~) 

W:f,tb:l,:r:i. Sires 
(cl,i\ ii= 20) 

'!'er,, Sire Groups 
~~ls 
(d.~. • 55) 

Witl:li;n Sires 
(d.f. • 46) 

**P< ~Ol 

~ ~Im J:.QC~IO:NS 

.... ~ 

... 2l, 

at the lateral location, tA~ eo~~elations were ~ow~~ ~ot ,1sntfi~~t 

(l? > . 05). Fisher I ij "t '' tejt (Sne~eqor, 19~6) f!l~ittst,eq. tb&t thert wat 

a. ~ie;nificant dif:f'erettce (P < .05) in tl!., w:t:tbi~ 1i~e e~:r;rel~tionf; l;>e<!I 

tween do:rl!la.l and lateral loeatio•s, ~esaJ:'dlfHlllf o;f tb,e) ll.u.m'be:r of c;:il;)ff::t"V'a. .. 

t:J.c:,ns u.sed in the c9ll!:.Pa.r:j,.$O:rJ.I. 



Pa:rt II. The Rel~tions~p o:f' 01:>Jectively ;tee.e,u:red F:i.nmelils 
aiid Tt;p,de~e~s to tl%e Pbysi<;a.J. ~t:ruoture ot 

tl:i,e X.0¥issi~a Do;rsi.~gi1 

i:ebe e.n,aJ.ysi,s of va.~i~ce was 'Urttd t9 st~dy tl?.t ~lv.~~~e c:,f stll;'t, 

side (ri~ht versus left side ot t~, ~~~~~st), ~f w~• S.J.Jliga.bl, tbe 

loea.t:f.qa eff'Elqt (o.ol"taJ. versu111 la.tt;i/3J. Pll>i~ttoa. witla1.'1 a e:ross .. sect:tq• 

ot tb.e 2-i!:!!Bissi~s do;rsi mu,1;1e) t~;r the va.;r~a.i,i,, l>e~¥ stl\died. ~ 

. a;naJ.~is ci:t vaxoia..ee was com;pute~ to,;, ta.ell. c;,t ;~, follon;ne; i;,1;ise:,vl3.t:t~nlil; 

~eJJ.etr(Hn~ter v(a.lu.es, w~me:r ... Jrt1i~l~r a:b.,~ V&l.'1-,•, -lil~;i., f'i'Qe:r d1~t,r, 

~sole blQldle de:nsi t.y, Cll>lla.ge11, · eQ:,i.te•t ot Jll$,r1:,:L~l1 '' t\\ri,ed ~d ta:t"' 

.t;rae '' meat sample,; e~e1u1ed as 11!111:X'Qill'~ o:f ~\il.JQ;ll:)"J;rQli;ne per nd.lli"' 

g;ra.m, of sample or millig;ram of :i:ii tJ:1ogi,:tt, and :Pe:x"qe~"4 11:rthe:r ~ract ~ 

Only the observations obtai~ed ffom t~e ea.r-cass®I i~ sire g~oup num.b~fi 

337, 327, a.ad 187 were usii:)d fo:ri t:tae,e eaJ.aulQ.t;t;u. 

~he results of' the ~a.J.ys:t, of Vl:l,riea~e f9r t~I' pel!letro~ter Vill.lue:, 

are p~$•Dted in Taple XII~ 1hese ~esµJ.ts i~diQ~ted t~t ther, was a. 

sta.t~st;!eaJ.ly ds;ni:f'icant lroeatio~ X tide i:nte;iaet;o• (l?< .Ol). T:ne 

data. ia the loeatio~ X ;ide two ... we,y 'f;~ble (Table XIXI) points 0ut ~h.at 

t~e dor,ai loea.tioD is $~:t'ter tha.u. the J,ate~al lo;a.tiQ- o~ the ri$~t 

aide. Howeve:r, the la.tera.l J,.o¢ta.tie:JJ. is SClltte:r t~ t~e do:risal loca."' 

tioa on the left side. E~lier WOJ!!'.k b;y Pill;i~to~ (19(50} sugg(;}steo. 

that there was an i.~tere.otio~ betwe~~ t)ne :,eae1i11o~te~ mea,urements 

t~en on. the a.djaeent fa.(;les ot r:1.'b ,teaks o:n tl:l.e ,~ side of' a. carcas113, 

bµt tkere wa~ ao in.tera.etion whle;n tlle ~a.$'1,t.;t:'@~~tt\J were ~de on the 

sa.m.e faee of eorre~pondi:ag rib fltEi:~$ f'rqm boii:b t;i.\ll.ee ot beet ~arcaa~e,~ 

Altll!.ough the side effect wa.1 ~at sig~:l.tica®.t (li' > ~ Q5) 1 the ste*1,kl;l t:rorn 

the :fight sid~ w~:re always softer -;:ti~ 'thQse f~q:m the left side f'or Eaf(;th 

$ire g:rou:p (Table XIV). T'.b.1$ e:fteot may,(;) a.SSQ¢!t;i,!il,t,ed with the migm.if~c,a.,,t 



diffe~qe iA f'a.t eonte~t {P < . Ol) betwee:m, t~ ~slit M(i left s:t,de of 

theee C:~/fCHiA,S6EIIS• Gauawa.y (l.955)., ~J:f' ~d Q;r~ (t959), qd J!>;f.l.k;i~QtJ. 

(l~) aa.ve ~dieated tllat the ti•ea,s of 11\0S.1. #it ol.oee;l.y lr'ela,te<i to 

amou.~ qif :;l.atra.lmUJc;~ tait, 

'f .A:13Li XXI 

AWALYSJ!lS or VARI.AIC!J FQ;R ~~~ .AJ.O 
WAQE!(•;nwt'~ $~ VAUfflS 

, 'I,, 

PeMt:,onJert.,;r · Wane:r .. J:ratf;;l.e:r s;n,,:r 
S0W1:1ee d,t. M.$, M.S, 

Total 

Betw,~:, ,1de 
Aai~ 

St:re 
.W:l;b~ Strel 

S1dt'i! 
Side X Sire 
D1sc:reJ1$"'e~ 

Withu. S:t.de 
Loc1t:1on. 
J;.oc:~tiea X Side 
liQca.t:i.o~ X Sire 
Lo~a~:t;o•X ,A.tu.~3 
Be~4er4 

Hp< ,Ql, 

*1·. < .05. 

95 

23 
e 

21 
l 
2 

Ql 

l 
l. . 
2 

23 
21 

49.30 
134,69 
70,04 
15.79 

. 49.oa 

3~.67 
165. 38• 
78.04- -
51.a~ 
15.45 

lEst::t.te of r 2 used fa:r te1t:btg sire .. · 

~stima.te of q- 2 used for ttsti~ side a.:&'l.d s1ie X sire. 

3Estima.te of (I"""" 2 used for te$ti~ loeatio- X ,~~e. 

l35,25* 
32.18. 
0.63 
Q.35 
4.as, 

j7,35** 
19.S~
o.l,5 
6.12 
4.48 

4111-t:l.m&te of r 2 ~et tor test:i.~ loe~tio• -ll :Loo~:l;:f.on Jr; ,~de ~ 



'?@~ XIII 

AVlRAGE ~ijO-EB VAUm:S (U>C/4':t:Olf X ~~I WWO•WAY !.t'A!~) 

Dor$a.l 3609 3,., 
Lr~:te:re.J. 35.4 36~4 

Ave:r~e 36.~ 3495 

lne;pt)l C)f pe:n,et:r:at:J.on 1• 0. l. nun. (•u.m. of' 24 · ;mea.151µ,;ie•~ts) • 

9.r/n.e deeper the pen.etra.tio111 t1'-e ,ott.ef the ri'bet;y1ih 

TAB:Ll!; XIV 

Avell'age 

34.8 

35.9 

35.4, 

AVE:RAGE ~RO~ER VA.Um$ (SI:PE X SIRTJ; ~WQ.,.WAJ ';t'A!Llil) 

tight 

Left 

337 

35.6 

32'13 

33°9 

S:i~e Grov.:ps 1' 2 

'ITT 

37.0 

35.6 

36.3 

187 

36.0. 

3!,. ·5 

35.8 

;!;Depth of pel'!etra;tion 1~ o. l mm. (s'WI o:f lo ui.ea.gn.u.·e:ment~). 

~~, dee~r tbe pe~etX"a.tio:m t~e s@fter the rib,:,,, 

36.2 

34,5 

;,5.q. 

i~JSults fl!'om tbe Wa.:m,e;r .. ~ra;t~l~~ sb.ea.:r v~\\!' ~~~est~d tb~t the tell."" 

dene~s of' ~a.tis related to the s:Jix,e iaad the S&mPle loca.tll,on within t:ti.e 

1m1e~le ·(';J!a.ble x:x;::c). Severa.l ;st1?,diei, l,.ave been ";poned whiob :tndicateo, 

that te:p.de;niess is a he~te.ble t:ttl;l.;f.,t (Cb:rist~~tf ~~a, C~wr;tgb.t . .U ~' f 

1958; Clove:,:- ll !!•, 1957). . Tb.eae Mta. ,ygs,ateli 1,1/1.e,t t:b.e dors~l po~::l:t19~ 
' ' < .J. 



bee~ :repo:rt;ed by Pilki~to:A (1960) . ead ',r\llll,a, §1 ~· (1962). 'l'h'ill re~aoZ). (i;s) 

f'or tlds d1tte:re:aee in tendeJ:ile11ui 'betwee• th~se e~z-eme looat:ton~ wi 1;,~;r,, 

t~ e:ros, .. seei;.ion of thE;t loas:Lss:t51 do;rs;J. a.~~ n~1; e.pp~e~t 1:3.t tb.e 

:,:reeent t:I.me. However, the .... 71 ·(:, < .0:1.) .CCll~~la.t:i.oJ>. ~~- :f'i:rm.1aEu:»s 
',I, 

'' 
a.ad te~denes,a1 Sit the d<llrfile.l loe;a.t:f.(),a 1use;eats t~t some, fMtors a.sso~ 

~:1.a.ted w.t.tll sq,tt~ess a.:re a.lso rela1tu11d to te~d~~tSlih 'l'he co1tTela.t1o!lG 

betwee• te-.de~ess ~<i the 1b1S1ee.l ta.<::tors ot the. 1~5:Lfsim!ls dors.1 

DI.U$tle .. ('J.'J'ble X) :2.ai:1.Qated t~t t)M\tft Jqi:1.tal fQic;itoi,ts we:re :net closel:y

~••t,:t.e.t,d w:Ltln .t,ade,-eu1s a.t e:J.tn.er lo,•t:tQ~, ,:a!'re ,,.. e.a &JJ&:ffl1$1i 
' . 

. . ;Loc::at:t.oa .X .s:Lde :Latera.ct1<1>• w-.ie)J). :t.)dlv.tl4Qeo. .t}).e t~d.enes, va.l.u.EH1, 'l.'~t 

data. :1-. Tables XV' Qd XVX s~sei!\te~ the,t the ca.ors~ lo(Utt:1.o~ wa.s tb.e 

WP•t t'3•der.;poait1on, ;rega.rc;Uesa Qlf tlae sire swou, o:F t~e side ot tlle 

· ee.rea.ijr,. 'l'ae. rea.soa for t.he ate.t:t.,111t:J.eal s:t.~f:1.A~ee ot the lota.t:to• X 

side iateraet1o:a is 'broue;ht out ia f1;1,ble Xl':t. .:J'.'n tla~•e da.t~., the do:r$al 

location. was ;mQJ:ie teader o:n 'tille left tbaa the rie;:i.t side; while the 

lateral loea.t:iom wae lllOX'E;! te•ie:r ''- the ;right t~~ t- lett side. W:tiu.s, 

tbe l,!;l.)'gest dif':f'ere:aee ~ the t~ade~e1H1 between the t'W'o ;posi:jri.0~1:.1 with ... 

i• the mJJ.Sele is Ol!l. t~ ,1ef't s:t.di!l e;t' tl:l.ese earQ~S1i1EUh 

f~X:V 

A~J W~Rl"l3RtlTZLER SB'.liU\.a VAUJ'liiS (:r.,oc~;;co;w X S:tRE TWOwWAI 'l'A"BLE) 

Location 
337 

Dorsal 17.0 

La.teral 18.6 

Avera.ge 17.8 

i:t.re l,e· 
3'7 
14.6 

l$.Q 

15.3 

l.87 
;i.a.5 

QQ.a 
l.9,3 

16.7 

18.2 

17.4 

l:,ouad$Of force re\Ui;ted to she; S.,OJ/1.e,.,~el\ ~~~!It Qf~a.t (~Ufll of 16 
meais1:treme:nt1J. 

2i]he .loweX! the va+ue the more tende;r the m.ea.t. 
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T.ABL:m XVI 

AVERAGE WAiffiER .. J:RATZJ;U S:e:mAR VAJ:DES (LOCA!rIOlV··X SIDE TWO-WAY TABLE) 

Location. 

Dorsal 

La.tera.J. 

Average 

Sidel,2 

I 

Left 

16.2 

18.6 

17.4 

Average 

1Pouds of force required to shee.r a. oJ>,e-!i.acll co:ro of meat (su.m of 24 
mea.sureme:nts) • 

3:ehe laver ·· tb.e value the lillOre ten,de:r th.e ~a.t. 

Muscle fiber diameter a.ppea.rs to be i:ntlue~~ed by sire and location, 

in addition to a. location X sire U".1,tera.ction (~a.ble XVII). The within, 

location variation. iii tb,i,s analysis :f.s an. e$t•te of .the variance 

associated w:l.t~ the. two dete:t'Dlina.tions on ea.c~ 1~dividual location. The 

sta:adard deviation of the mea,D, between these tWQ esti~tes was 2.51 

microns. T~ble XVIII eox,,ta.ins the average fiber diameter as influeno~d 

by sire, side, and location. These data indicate tha.t the muscle fibers 
! . 

were larger in the dorsa.J. that). the lateral locatio:a for sire groups 337 

&md J.87 •. In sire group 327,. the a.vera.ge die.mete~ Of the DlW!Ole fibers 
. . . / 

a.t the lateral location we.s larger tbA'o. the diameter for t:tiose :t.n the 

dorsal lecationo '.rhese observa.tiou would u.dieate that there was a. 

tru.e sire X location ~tera.ctioa wb,n the p~Qisicrm. of the determine.~. 

tion is considered (Sx • 2.51). Thu.$, there 1JJ!J,y be a si~f'ica.i,.t dit-

ference 1- the diameter of fibera fr~ the late,a.; sad dorsal loca

tions wtt;b.:Ln a rib steak. However, t~e loeat1o• ~th the larger fibers 

wuld d91end cm the sire of the a.n:111,als involved. Jou'be:rt (l956a) has 



reponed tbAt t" ,1:r;o~ d<>te ~l.u~aa• tae cUr1Maeltr ot :mu"ole ;f';Lbe:rs. , 

'rhe:,eto:re, ~stQlog:l.aaJ. ,~i,, t• t~ '* "W'loud.Q'-1. loca.ti:t.cia al\\d 

11de will deln.oattr,;1.te tlae ,1xi, etf~c~ OA ~ole (1.bt~ i~amfilte~, 

'l'A:BUl m:i: 
AIALYS:tS or v~ FOIJl1$CLm J'ml :OI.AMP1,ml 

'.rotEIJ. 

Jetw," fJ1de 
An:tJUJ. 

St:r. · 
Wttl:da S;Lrel 

Side 
Side X Sire 
Mae:re:,e•e1~ 

Witlu.a Stde 
Looa.'1:ito• 
LoQ&t:I.CII. X S:l.de 
LoQ$.t1oa X 81:re . . . 3 
~qat:l.oa X.Ala1maJ. 
l>i8'0:re~1.c;rl' 

W:f. thia liQee:t:Loa 

L tt)J- lit 1r, 1,x.n_, .:1 .::1 I .u ,µ,,: I( 1. : .• 1: 

23 

' 2l 
l. 
a 

2l. 

l 
l 
~ 

13 
11?1 
96 

lEe;t;l.Pte ot tr a tor teui,ti:ne; •irt. 

2Eat~tt of Gi""2 for te,tuig s~d• ~d ,1ie X 11~,. 

3-et~tt ot r2 tor 'b<uilti:ng loca.t~o• ~ e,,1N. 

1'Est!Jla.te o:(' ~ a :f'Q;r te,tt~ looa,ttoa •d loc=f:A.t.to• X aide. 

I· l .1i.. 

its. 

387 .ll-lt 
Ul.08 

5,34 
17. ;it. 
91)~ 77 

lU.Ol* 
14.09 

l.8e.oe* 
4e.96 
1J.g.. 91 
6.29 



SiJ:;"e 
Groups 

337 

3g:r 

:i.87 

'l'A!li..E ~J:XJ; 

AVEaAOE 11JJ30LE Fll3l!JR l)~E~ (S~ X S:tr>lll X 
LOO.A!t'ION ,:~ .. WA? ~AB~) 

Loca.tto:n.l 
Dorsal La:te~a.l 
Side S:td~ 

Right Lett Ave:rae;i,\l) '.Rigllt r..e~t 

61.00 60.50 60.75 57.81 57.62 

61.94 61,06 6.;i.. 50 6a,69 65.00 

66.56 65.31 65r9li. PF,81 61.31 

63.17 62.~9 62.73 Ql,;l.O 61.31 

Average 

57.72 

63.85 

62.06 

61.21 

Tl;J.e ~a.l.ys:t.s of ve.r:Laaee t~:r ~~ele bUl'.l.dle ~eXl-dty (T~b+e XIX) ind;t .. 

ce.tedtll~t sotlll'ee~ of va.ri~tionill this g,e~e3i,~&ti¢l:g. were a:J;:re, si,de., 

s:J.de X s:Lre, and location.. Altbo~ll tm,e q,a.ta. in. W~'ble ~ ind;tclil.telll 

that tl;le r:Lg;llt side geaera.Uyeonta.;J.ne! larger blAA.'lt!l.~is·t~~ tbe left 

side, t~ ~averse sit~ati~n was t;ru~ tor the ob;e:rvat:Lo~ t~om the ea.:11;~ 

ca.sse, im sire group 337. These data, w~en comb,•ed with tbe ip:u,sele 

fiber di~ter data, su.ggested that the sire etfe~t may be oie of the 

±'a.etor, iP.tlue;o.~ing tl\e relatiol&ij'.bi:p betweellt t~~s@ twe> ya.:riablefll at 

ea.ell. loea.t:ton;. The data :ta Table XI ~<Uca.te()l ib:P,e,i;, sir, ~:roup 321. dif:f'(1!1;l,"S 

t:rom th.e otller two groups ill reg~rd to th1 dttfe:,e~;~ :LJ\I. im,,,ele f:i'loe;r 

dia.Mter between the l,ateria.l ~d do;risa.l Jt$1 t;l.Q!\~h :i:.· t:b.e eai~ of tbe 

Jn.U.lilele bQ<Ue demsity, th, obsewa.tio•• f':rom t'.q.t Q~Ge.11H,es :1- dre €;J'O~P 

~37 !Ut:f'e:red f,:,em thQie fo:r sife g~UJIJ 327 e.:md l67 w:tihl\ :res;pect, to t;!ae 

dif':f'e:re~ee between sides. ~weve:t', t:b.e mu,~l~ b~Ues wer, a.lwa.ys s~., 

le~ fo~ t•e do~fal tha.1. t~e late~~ QB both t~e ,is~t ~d left ~ide~ 



{ia.'b;l.e :XX:t), 'r~e a.ve:raa;t d~~•:l.'t:,, ft~Vr'llf tor 1'• ~,,,,11 ~4 la.te:ral J.o"I! 

Qa.t;LQJi\111 W&@ $,~~ S40. 5,~~ :re1,~,1,v~;\,f, 

~AIM Jtx 

~YSXI OJ V~QI ,oiMJN~ ~- ~:r.lJl 

, I, ,ti I 

~otali 

:1,t,..,1 si,,, 
M~~ 

11:re 1 
W:f.~~- ~ire· 

i:ldt 
.. Elide . ~. $. ;L~. ~..a l>4110:,e11~,r 

w;th1.a S:l.de 
1.c>tl'i1:t9ll. 
14e,tto• X $:1.cle 
:t.oce:\4<>; ;,K $:l.:re 
~c;;e:t;LoA j AA:l.~3 
-ill$:W.Ort:r 

1 es 
~ 
~ 
i 
a 
~ 

J. 
l. 
i 

;3 
~ 

6l3,?l* 
:i,J.9.58 
;J.62,76* 
4l,3,it,4,M 
,a.el 

Sll6,79~ 
10,0l 

µ5.o;i. 
4a,78 
~3.79 

,·&J1il,. lj.., ;.:,; ,;, .,l,\•,,Y!M 1,,$--.'f'·,. fl\ , ,I: il,hi) \IIH.E41l.il)i ii. ·nl\11, 1,i1 ·, '"' .; .L\\-..R,.,. ft,;,;',,; if.I , , I; 

**l'<'. .01. 

*:P <. .Q5, 

lE,tii:nate of 6" 2 :Cq~ t~still€; lili:re, 

2Jsti~te ot o 2 fo:r telil't~ •~(11 """' ,i~e I ~~r,, 
3:a:stime."7,e of q- 2 for test~~ ;l.@e~til.9;11\ J; ,~,,, 

~st~t, of tr 2 to:, ;,,ti-s ltO¢lll!rtio~ ~d li.Oc;fM~-" X aiUl.e .. 



J.Ol 

ave;iage l)flree:iat etbe:r extra.et tox- the side a,,.a. ,t:re etteets. Theee date. 

s~e$t that the right side aont~.,.. more fa.t tl).Mthe lett 11i<l.f;l. 

A$ was men.tioaed earlier, tki.s va,;,tatioa ia aide •r aeeout f'or :pa.rt 

o:f' the ei«a.e vax,iat:Lon obae:t"V'ed in f:f,n,n.es•. (Ste :,9.1e 9~). 

'!A'BLl!l :XXJ:I 

ADALYSIS or VA'RIAI°' FOJR Bn)~;LDE 
91G :fflB m. $.AMPLE) . 

Total 

:Betw,e-.'. $;I.de 
·-i.Ql. 's1*', 

W:i.tbiA Sir,l 
i,,Side ·· . 
.. Side X Sire 
· ~,e:repency2 
Witlaim.Side 

J3a.tq>li~ 
' ·Jl.:U.q,iQt 

**P < ,Ql. 

.. : , .,~ . 
. · ,,.; 

l:mst~t, of <.r 2 tor testing si:re. 

d.f'' 

191 

23 
2 

2l 
l 
2 

21 
144 

48 
96 

2»:st:t.maite Qf c;:r 2 for testi:ne; s;t.<J.e iAd side X ~4~. 

,.s. 

o.43 o.aa i 

o.05 
l.50** 
o.2e 
0.006 
0.0098 
0.0042 



!U:t.1 X:X:J;XI 

,A.'JiJU,Y$I$ OF V~E ;FOli JIIPllOXfflllOLl:NE 
~ m }ti. lil'l'ROG:Q) 

a..,:. 

l3etwen Side 
Al!cl:maJ. 

$1" 
Wt tb:t». s1nl 

Side 
Sia.e X S:i,re 
Disc:;:re:,tney2 

Sam.,l;Lag E;E"rQr 

l:mstim,a.t1;:: ot r2 for teetiJaS ;:t,:re. 

~etimate ot q-2 to~ tes~:f.Jag s;f.de e,ad side X el~~-

Side 

'l!.Gtim XXIV 

A~ JJG• lm>ROX11;ROtJD PER ~. SAMP1ii 
(eI;i;>E X sm ,-.WO-.WAY i~) 

$i;re G:rQµ:psl 

337 3gr 187 

2.30 a.'"° 2.i3 

a.4.9 2.~ 2.:,6 

2.40 2~38 a.25 

Mos. 

Average 

2.32 

a.36 



1'.A:IW!: XJ.V 

AWAL!SXS OF VARIAWQE :D'Q)l ~:,&:If IRD ~ 

S~e 

!otaJ. 

:Betweea Side 
.Aa::lJnal 

Si:re · 
Withia Sirel 

S;l.de 
Side X Sire 
D:1.serepa1tcr!. 

W:ttltbl Side 

*P <. i.05. 

23 
2 

2l 
l 
2 

2l 
1'8 

lmst:Lmate tf O"" 2 for testing s:t.l:'G ~ 

2.mst1-te of r a fo:t- testing s:La.e e.n.d ;ide X Sirfll • 

Average 

'?AB~ JXV'I 

AVBRAGE ~ E'l'BER El!RAiQ'l' 
(S:CDE :x sm NO-WAY 'l'~) 

Sire G~up19l 
337 321 lS7 
6,~ ~.74. 5.58 

5~88 6.29 5,53 

6.14 6p,a 5.55 

103 

M.S. 



'between. the f'irnm.e.ss and te:ad.eraess ot ea.eh, c~a.ss to the measurements 

ot different plcy'aica.l p;ro:pert:tes of the •a.t. S:1J,.ee the miaJ.yses of 

va.ria.n.ee :l.ndica:ted that there were in.ter~etio-fbeweea several. of the 
.... "' ·"'"' 

sources ot va.riat1o• a t:tJ.:J;s population, the a.a;tmal totals were usec:i S.$ 

a.r,. esti.Dlate of' ea.ca o'bse.natioa. :C. a.i~tioa to the all a.n.imaJ. correla.• 

tio».s, wi tlaia sire eorrela.t:toas were e~ted t9 study these relat1o•· 

ships when tll,e sire vamation. wa• rerQ.eved. 

'fa.bleXXVII contaias t:n.e filimiP:J.• correlations 'between the peaetro .. 

meter v&l,ues (estimate of. t'ir&imfuJs) qd the :,qsieal p:ropert:Leq e>t tb.e 

TAB~ XXVII 

CQM!'ABISOI .OF TD ,S~ ··eoRQWI01'$ ~ FIEmNEssl .AJD 
THE FH!SIC.AL PllOPmIES OF TD L01'GIS$UJ1$ DORSI 

Mu.sole 11ber Diameter 

&,,sel,e Bud.le Densit;r · 

111.scle Piber Dia.meter: 
· Ru.ele ~ile Deuit;r 

jis. ~ro :per mg. Sa.1Qle 

)l&. ·· lf.n,ro · per mg. •i t:rogen 

Percent Ether Extract 

*l < .o,. 

A.U ~ls 
(d.t.; 22) 

o.46* 

0.09 

0.06 

Within Si:r,e 
(d.t. :: 20) 

o.46* 

... 47* 

o.46* 

l:,a,etrOMter values meas,;i.red in O.l m.. (!!b.e h1111>he~ the reading, the 
softer the meat). 
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r:i,.beye. The results of " Z II tr~t:1forma:t;;ion ($:n,edeoor,, l956) indicated 

tha.t there was no si~:i,.fio~t ditfe;rence between. the aJ.l animal and 

witAi.• sire correlation$. Thus, t~e~e a.p1ears to be little or no sire 

:i,.mtluenee on a.:o,y of these relatio•ship~. These data aJ,so sug~ested 

th.at tb,e mut:1cle fiber die.meter ~d inµ.scle bUJ1dle dea,;Lty, as well as 

tlle ratio betweeD. these two ~as~e:nte;Q:t;;,, was re;l..ated to the fi:nrmess of 

t~ lo!@iiSsim.us do;rsi (r A/ .46, d.f. = 2~). In addi:tiG1n, the variatioa 

in. ea.c;b obse;rva.tion. was assoe:la.te<l wit~ app;rold.~tel;r 2l peree:nt of t):J.e 

varl.a.t:to• (r2 x 100) i:m. the p••et;rometer rea.d;L~s. The positive :rela

tio•s1llip between the pe•et~oiqeter velues aa4 ~scle fi~er diameter 1u.g

geS1\ied tha:t ri'beye stealtt.r wi tb. la.;riige fibers te~d to ~e ,ofter tha.%!. 

ste~$ witll sma,JJ. fibers. l-fu.f!$e+e 'bi,mdle de-sit;r, howeve~, was nega= 

t;f.vely ~elated to firmn~ss. Tbia ind:i.oa.te~ t:hl.at a. dee;reafi;le iia the 1ium ... 

ber o;f' p:ri1:r1ary bundles per i;µu t area (lar~fitt' 'b1AA1<Ues) :i,.ei associated with 

an :L:nerease i:n tb.e ~oft?J.ess of the lo!)'Sissimu.s dorsi. The ratie> of t~e 
' i 

I11UScle fiber die.meter to the ~$ele b't'lllAle deµsi~Y, ful:'ther substantiated 

t}le relaticinl!!hi:P of th.ese two v~:t,~b;J.et:; w1'4~ ;t'i~ess. Tb~s, ribeyes I . . ·. 

with la~ge ~ibers and large bundles t~~d to be ioft, while the reverse 

appe~s tci 'be t:tiU.e for t)l.e r:i'beyes ~~n,tai;n~ $~U msele fiber; and 

p:ri~y b~d1eis. Similar ;results were ol;rtaµ,.ed. whe:a the SB.).l').e observa ... 

t:Lons were •de on the dqrsaJ. lo,~atiotn. of the lo;yiss~Jlltls do:rsi (:see page 87). 

Colle.s;enou.s tissue, as ei;Jt;:t.me.te9, 'by hyd:riox;yp:rollne eo!lce:ntratiom, 
I 

appeared to have 1:i:ttl~ relat;t,o~$bip to th.e1 fi;!:"lll;t',\e~s ,o:r softness of tJae 

ste~s from. t4e ca.rc:asses used 1», t}iis study (Table XXVII). These low 

eonelat:t.ons (approximately 0.10,) ev.ggest t);).a.t fa.cr~ors other t,ha;n col"' 

la.gen may be assoc;iated with th.e va.:ria.tio:n in firim'less of' the lop.gissimus 

dorsi; especially wl:'len tll,e oa;,1:1.sses a.;Y,"e t'J:'om a ;oe$t~icted population 



( tne ;~ b:reed, ,._a ,~~ ~ 6\St q,d e<m.~1:1.,•). 

'?ht ;pe~eat eth1t:r u:t:r~; ,re.,. •s,t1v,;i.;r tt:ir*i,:Jiak~ wit:bl the pe>Ae• 

tr~te:, -.e!:l.JUerEl?•at~ (!t'e.bit XXV:tX), . Al1~'QC~ 1~1 eQne~t:l.o» Qoett:t.~ 

~i•ii #is :\,ow,r tl\l.M tb.eee "]lqA•<l ty G~~:Y (ifj5),. ~f a.m.d G,:" 

(J.95,), ~d. P:J.lki~toa (l.960), 1~ it ~ t1il.e •~ U"e'i:Lo:q. a.• J1tie~n1<i 

ta tkeac, aiit111i14,1, :i,.e • ., 1.1',e t:l.~:r 7'1\, JU4t!(l.t1 ti\~ ~g~:r t~ ta.t eoattat. 

Te-.a.,~ess, 1;1.111 estimated 'bf ~~ 'tlA:r.W,'t:t'"'l:rrtt~t:r.-- e~t8.1 ve.l'1EUJ1 wa.i 

».et J;L.,t1e'9.t1y (l > , o,) "~t,d ;~ t• c;,ll•1m1:r.o~e, ~. '\l:b:1,lll -~u.d;r 

·(!ab'-' BVII:t), IA ac,.o,1.1,10-.., t-n ~·*l· ao ·111tet,t;,,1oallf .sipi;l;'to~t 

.iru~ uv;a:t 

e~-,.AltPJOlf OF TQ S:QW'£1!; CO~l!OJ$ ~ ':Qll)J!lJ41t1$iS~ AJ,D im; 
ms:ce.u. '1l0,.:t»!$ or wu JlQlli~ll! llfflI 

',I·' I .:: . ti: ... ·,. i!;i;J.._..r' rl._11):;i. ·;,. J.11 11\.:L:_ ... \·; I.I-·· 

._elt1 J':f.b11t;r ~emetex- "",l.6 

Jll.aole ~(U.e ~uit:v Q,~ 

.-....ei. ribtr ~ameter; 
-.QlA Budle l')$nsity •;S9 

)'Iii- n.n,;ro 1e;r ~. SatrJ,pJ.ei .... a5 

,~ •. ~re per mg. n,itroe.•112 

""·· le:t-con:µ !t:he:r Ext;re.Qt "'.a1 

''I ,{.·,., · j ' < •, 

wi~n1 •. s1we 
(d,t, -, 20) 

... ~rr 
o.4Q 

-.20 

... 13 

-r,lO 

... ,07 

l:,oqds ot :f'ol:'ce;t :reqv.i:red to ihev. a 011e~oh CQJO ~( -,a; (the lower 
. tlae :t'9ro•, t'.Qe mo:r, tEta4er t~ ·•!i\;)., · · · ·. 

~at:s..t, ot co:J,lage-.. 
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differ~nce between the all ani111als and within sire correlations, How~ 

they may be i,ndicative of the positive or negative directi<;>n of the 

,:,elaUonsl\;l.p, 'l'hese dat;a indicated that there was a tendency for the 

cooke4 sta,;iks tq be marl;! tende;t".when tl;le mo.scle fibers were liarge in 

d.iameter (r =i •27, d,f, ~ 20). T-uma ~ tl, {1962) reported a correla

eioi;i of 0,41 (l' <, O!,> bE;itweep taste papel tender:ness scores and. fiber 

dif!meter meas4r~ent~, even thoqgl;>. the population included cara~ues 

a Aegative eorrelat:l,on betweflrp t;hese 1:1am~ two observations. (Brady, 

\937; 'ffinel:'!S.!!•, 1952., 19$3; faul, 1962). these apparently con

t':t'asttpg. res'l.llts may be aopciated with the type of population involved 

in the d:f,.ffEp;oent j;pvestigations. For example many workers have con.; 

cludvel;Y 1:1hown t;hat th1:.1 c;lii:ttneter of the muscle fibers ipcreases with 

chronological age. (Dicktrl;'son, 1960; Poty and J;>ierce~ 1961; Hiner et al., 
.· -~ 

19.52, 1953; Joub~t;'t; U56a~b; Lowe and KastEll:i,c, 1961), Moreover, the 

,age i,ncr~ases. (Riner al;li;i HanJ:ctns, 1950; Hi per .tS, ~·, 1952, 1953; Lowe 

and ~stelic, 1961); Conseq1,1ently 1 the results from studies in which 

fiber diameter is confounded with an;Lmal maturity shol,lld show that the 

youthful animals with small f;l.be~s are more teqder than the more 

mature animals with large fiber diameters. Therefore, it is poss;l.ble 

that a small positive relationship ~an e~ist between tenderness and 

fiber diameter when the muscle samples are from the carcasses of animi;1ls 

simi\ar in ~aturity. 

Muscle bundle density was positively correlated with Warner·~ratzler 

~hear val1,1es (~able JO<:VIII), ;l.,e., the larger the bundles the more tender 

the meat. Simi,lar conclusi.ons have been reported 1;,y Brady (1937), 



ll .. 'bqttom. !:!i ~· (l.945), ij~tq,;r:l,1,U;I ~d CJ:iilrcl (~~:,$), ~d Strliij\l,dine ~ ~· 

(J.94-9), 

'l'he r~t:J.o o;t' m,\1.scle f:l.beri ~M~~~r tcr m.u<;ie · ~µm.Ue de;p.EJ:Lt,y w~~ 

1.egat:t.ve1,y telated to ttJde;r:-aeuiis (i~);J.f x,m;x:i:h W'.b.ereto:re, tlle r:rt,~111 

wit):;,. ~J. t:Lbe:i;,s ~a, t~se 'bq~~4l 1ei;i,<1 to -~e- •:re tenge:r 1':tl~ t'.be 

ste~s c:<:>1.ta:tl-1~ l~ge t:t)t:rs ~¢1, ~l. 1JU,s;;J.,e 1;!ly.p.~es. !'.llei;e re,. 

su.lt, ~e s;l.l!lti.la.:r to tJ:iLQlif@ of lt~dJ (J..Sl~7), ;l\~\ottom. $1. ~' (:i.,94:;), 

$a:l}Q:l,'lilr+I -d Cl,.ild (l~ 3~l)., Mli ~tfRQ-4,~e 11 ~' (i~1.t,9). 

OQJJ.age:n cQateat ~d ;,e:roe~t ~,~e~ mr,.,1 ~x,e 1ee;a.t:Lvely :r:e

:iated te> tlll.e wa.nier~:a:re.t,:i,e;r tl!:\,~ v~'f4tt (Table ,cm::i;:i;:),. 'l~EUlH\l dE!-t~ 

:l,;\\d:f.qated tll~t w:f. tAi• t~ts :r~Jt:r:t.~114 J.>c;>ii~~ti~,, t~t oQ~tep;t Md !:!Pl.,. 

la.se• c;o:at1:at ~e •ot Ql,sely ~s:H;tf4at,4 w:f.tA t~1 te1d,~se iJf eoo~ed 

:rib s't,e~•. S:l.m:l.J.e.:r O<i?A4lll.\1.fl!io~111 ~v, b1e~ :re~M~d 'b;y :Doty ~a. :,;1.e,,..c~ 

(:,,.'°1), ~:r•b'bora;e;r: !i !!• (l95l),, LQ,:111.ai •d· ,~,re~y (l959), •4 . 

W:J,J,i,Ql\ .. ~ I!• · .. (195q.). ot:P.e~ wo:r;ktJlln1-v:@ 111~sq,it:.t,~~1:tht1~ two· t,1;;~wi,,. 

~ ,,,Qo:ta.t,a. with teac1,m~1,, (M~ J!i ~., l~O; Qpver ~d ffolil1;et,i,~, 

l9o0; JJ,ati;i;l.~b.SJll,, l.956J :Pei:mw:f.$h !$, Jl,, ~~e).. --~ t~, 1tµ,d;y, th,e ~@;'°'!" 

' ' 

"J.attO;. 'betw,e• Pl!);l:'Qe.-.,.t ttb.e:1:" ~:Vl,C1ji .. M.4 ~Olll;;YJP;'Qlin, eo:r~;t,e;n,~ WS.$ 

0. ~6 ( <3.. :t\ • 22)!_ 'rl::L~t:S., Qa;rca.ssei, ,4 tltl. ;b.+$'.b. t~t 001:ti(;l:at i;etdecl tp n,.v~ 

a. .. ~sb .coatem;t, of· eoi:t.as~~- ·· ~~i,, ~-~~$ . 11.,v~ 11,een "'i:>~e!i -by 

. :ea:bt~~ .!i ~- (l95a)., ~d 34~-,~ ~~ tze;re4:r ~:J,959).. Con,$eq_w~•tl.;,,, 
. . . . . . . . . '., . . . . . . . 

t~ere lX!Ay lle e. ~e>sit:J.ve ,o:rrela.ti<ll~ fqr ~iiui>.q.eme,1 w:t:t;h. ~re(llnt etn.e:r 
\ .. 

~re.et qd e~llase• qe1t,r.i.t w4e;l\ ~1't ;E!t;pul~t;Lt~ v~:ta.tio;n is · x,estricrtefi 

tor· :t'ait .Qo~tent, ~:tPl age, a..4 . D;.~-~~t QQ;laq.:J.~:Le:a&,11. 

mae ti~Jle ;c:1:n-eli,$.t:f,o». ec;,~ttf.1:t•1ti, i~ T~'b:1,.o AlJX ;t~d:1Qe.teA tbe.t 

'tihe;e ta • •ea;e.t:Lvt :x:,~:l,.a~:J.ci•i;,~:Jl> 'b~rt!we11 tt•t•• i.Jld te,:,,der,nellJ$. 

h:rtlM!l:r.llle:re, th.ere wa.$ · ~!!) s;i.p.it'i<;._t. 4itterfilltE);l (1 N • 40) 1• the 



~tv.4e ot ~he c;?Q:J;Tel.At:loll,i ticmti t;b.e ;~, «M\4 lM ,,,_ ,l'OU.l(HJ, ';f•~, 
1b,••f d4ta s~'bstu.t;L~t~ · 'tM Q,tik fQf n.~l~qJI (~~) ~ ~e- i.~~,1,1,~,11 

.. . ., 

tha~ wllt• 1teq:1 ~t eqv.aJ. t1:\ e(Z>;,;tR,1i <l~;f;'ttl'tlll ~ t•t:r MS~' ;t 

f3i:,:aaeas1 t• ,on,,... (lite~, .ti,11i<1 to )e iffl0:r$ tw.4-,, 

!AJI.M :Q;:lll; 

CG-~SOJ 0.-' WIii ~XMBl.'Ce~xoa ~ 1~111:D 
V4LIH .MD W~ IMTISU I~ V.AJ'RI 

: a :;, .. : .. o 1 • : : • : : ;1 t::. :A::. ::p::.;::r:::':: ,,: , ::.::µ.::;.,::si::.,:: :; : :;i ::, • I ;u:,.nJ:: ::::;;, 

. tAU Al1.JI..,,,, 

Wttl,J.a 31~ 
;J, ;:.' :'. ,,,· 1), 

. *"' < ,Ql, 

. *' < .• , .. 

"',29* 

"'•''* 



The purposes of t~!IJ study w1:1;ir, tc:, ;L~vest,tga.'l;,e; (l) ve.;rte:ti:tf!>~ i:a 

the )hyeiea,l. st:ru.etu~ ef the l.0M~~
1
~;m.us, de,;,,~~ ~sele a.t the t'W'(;l:lnA 

' rib iaad :I.ta rela.tio•sW.;p tQ t:l.~e•t e.Jllc), te:l.'lde:,n,.e~"" ud' (e) tlle :rel,e..,

tioa)s~p C>f obJeott,re;L;y •a.su.red ti~ef!e ~o. ~Erpie~ees tp tl'l, ;pAysl;~ 

proJert:i.es ot the lo!§i§sips d~rs:L ••~J.e. 
. ,' •' · · ., · ' ,'' j, ', 1.,1 · 

Tb.e e~eJ:!ime•ta.l :QJ.ater:t.~l ~911ii,•t•d ot; the e;l.eve•th and tweU't4 

;t1:Lb. · ,teal(s from the ca.~a.sses of ,1, 13 •atll!'!'
1
QJ.d ~s -teers ~ 'l'l;+tllJ~ 

s,eers we:re t;rom. ten e:t.~ p;rogeay ~";'PrJS w~Qb Mt 'Q~e,re.tsed urdfi:t:i.' 

the aaa.e ~e,semeJllt :reg:J.me. '.t'he Q~:r,aitee!ll. r~t(l :J.n grade :fro~ a.ve:,~, 

Good to b.igh Cb.oice. Ca.;i~a.ss we;J.g;b~ ~e(I. :f"~ ,06 t.o 7Ql.l. !19.&'!S •. 
! . ' ' ' ' ' ' 

Firrm:i.ess (pe:netxiometeir deternttn.a.ti~~,.) w~·s ob\a4.Pted o• tlle lat~:ra.l, •4 

dor,a.l pe1-itipas of the twe:J,fth ~:t)·ste~e f:r~~ ~ia.c'.b. 1!3ide of all tA¢' e~"' 

ca.s,el!3. Tenderness (w~,r .. JBra.t~t,, 11\\e,-r dtte~:Q.a.t:to•s) wa.• o'p .. 

ta.1'-ed OJl the la.tera.l ap.d dori,al J<;!l~itiO!l$ Of' ·e.Jil·Qf tp.e.pve;n QQO~ed 
' ' 

eleve.11.tl>, r1b stea.k:s. Mlscle fibe~ ~:taxneter, ~~le QQdle de:ndty, ~dr 

coll!!liger,i. eo:ncen:tra.tioJ;Jl. (,stimated 'b;y. ~OXYJi);roJJ,:ae eontel'ltt) wel:'e 
I . ", 

a.lso obta.:t.aed on e4 of the c~cul.B'l!I' (tlu-e~ ,;r, ;rol'I.Ji, eigb.t ~maJ.ffl 

ea.~h) •. 'l'b:e mu.sple fiber dia.nieter ~4 trJ.Ui,c.ile 'bm,,ile density ~a•U,;fe:in,ajs 

were -.de oa tl1e right ~d left t~;!,tt:n rib li!tfM::S f:rom t~tu1e ca.r~~-,,~, 

X. addition., tb.e hydro:xyprO!l1Jl!.EI ~q, Jt1ree•t et~~:r extra.et dete~~"' 

tio:ns ~re me.de :f:rom 40~ge:a:t.zed s~J.ee of th~ 10!3eiiss14!!~ d?rsi a.t t~~ 

tweU'tl1 rib. 

;l.lO 



!t'lil.flse ;tu.dies isa~oated tha.t .\At ;Lttem ~4 d<:>:rsa;l. ends qt t,lw 
' r, . . 

;t.oyil!:&a!!. d<tr§i d:t.ff'e:red nta ••:,,o1r to .. e1, ~l>e:,., dt•ter, ~~!1.t 

'btmdle <Je;iasi~y, and tt~denaes,. Tl\t diaJ11et1t~ ~f tl\e •r,(11:;t.e t:Lbe~s "' , 

lve;er. in the dorsal t'.b.M the la;t,;,tJ. positie>IL\l (J< ,9,)1 $3.'b~b 11"ll,, 

data 111gge,ted tl'J.a.t t•~ •:r 'be •-. •1:re· 1-l,w,n,e t• t:tw·. itffeNAQt 

betwoe:a 1ia.a two ;os:1tioa,a. Ia aid~t1011., t• •cle 'bwa~• wei,e ,~,, 

:I.a tbe a.o:rsa.l t.haa tb.e lateral loc;-.t1e>M (:, < • Ol.) • ll;f.s,, t1"e v~:1.a... . 
' 

tioA ~ ,11e DN.sele )uaUe deJ1i1:f."1;1 ,re, •re ,1,,1~ ,1,oq:f.a.t,a. ntA t~ 
'·· 

v~iat1on :Li. tat eo;w:te-.t at -t;ll, c,,.,_..,,1 t:b.Q 1111# lat,:ral ,os:l.t:to-.. ':t'u 
',.,, . 

Wane:r•lre.tzler slu9N" valu• :t.41oatc,d tJaat 1:b.e ~•raal 1011:lt,:i.o• •• 

*>l'fil te•9,e;r t~ the le.t,ral. (1 ~ , QJ,.). ~t~~) ,,_v1QU ft'Adit, ~ 

aucs•sted th.at l>eef .. :rt'b 1\,ats were.ti'1111:rr a; tl\t ioir•~ t•. tluil 

J.ia.tereJ. ltie~tio• . (~lld,hlt~-., 1960), :,-. ;fetll3.1a, ,t tlie :,eMt~te;l' •.. 

N&41-s• ;ta.this ,t11d7 ~Ue~1!i14 t~ t--"·W',11 J.Q d4tt,,,..e, ia t•. 
,' . . .· ' . . ·. ·, ",: 

t;tzwa.$i,a 'betwee:a theae ,~ · l.ooat1qfjl (P. > . o,), ~ ~q.e,:,u1 ~,:v. t~ 

1.e•a, te;n.de5esa, aad w~tle ti'ber dj.NIAlte;r 1'elfe s;t.g;t.Q. (P > ~65) E!lb 
. . . . . . . .. 

t~ d,rsal a.ad lAte:r-.J. tteittqih Jl)wovei, t• ••~;t.e 'b¥.dle1 we:re 

emaJ.le:r ~4 ~" vfl.1":f.a'bl.t :t• t;e li.l.Q!llllilaJ. th• tbt· *";,;ir&l ,,,~ttQJi, 

l:f.m,le •¢1n-tlati,q,i were c~;,i tt s~v.47 ;~ N;J.Eil.'titm'5¥,I 0t ·· ;,,n,,, 
trom.ttE!r value, to the _,._,w.:rc,•1.111 to:, wa,:i,e :f:\ll,, d:LNJe'\ier, usel.e 

b•il• a.,.:1:t1, ·u.d tJie X'a.t:to ct ••le t·:l.be:L" 41',~1;-i- ;e --~J.e llM4+t 

dQei~Y e;t the tors.~ l;\l,d lat~x--1 ~,~at;Lo-11, Wlll 'f~:tldn ot:re 1;:q~,lfJ.!11! 
' . . ,' . ,. : ' : . 

ti..._ :Latica.ted that tbe 1e111.et:x'Om.o.'btr xieadtac1 3 rb:b.e 40:r111"1 1,, .. t:te:p. · 

we:re rela't-d to m.ascle tibei:r di~~~, c, • 0.52) ;o •• ,~ ll>~dl.e g.e••t~r 

(r .... ,r), u.d to tlle ratio ot °tMllf• lW. q1el.., J:r<?l'l~~e, (~ II 0,53); 

i.e., the dor,se.l lo<:e:titn tende to 'lilt ,otter ltf~D t- •at oont~e 

leu'ge Dlt.llcle fibers ;t;o.c-.ead ia JA:ns• m.u.11ele ),m~1. IPen:,t;", tAt 



conela.t:ion coefficie~ts w,re low (:r < .l,5) (3.l\q. non .. s:Lgnific:~t w);le~ 

th$se s~ fa.etors we:re co:rrela.ted a.t tbe la.te;,:,a.l position. Tbe l.a.te;r~ 

a,n.d dorsal mea.svements were also J(!oled. to obta.tf.Jl. au el';:ltim.a.te of' e1;1.oh. 

Va.x'ia.l>le on a. carcass be.sis. When the :t"irwaesis of ea.cl:l earaa.ss wa,s 

com;pared to the die.meter of t~e ~$Cle fibe~s a.Jll.d the de~s;Lty of t);le 

m.usclei 'b~dles, the eo:rrela.tio-.s were $1xnila:r :\:P. ~itud~ to the eoq;,a• 

ra.ble correlation$ on the doz,sa.l •a.,ureD).e:nte (r = o.46). Therefore., 
; 

fi~ess at the lateral location ~»Pa.:re~tly has little or no rela.~ 

tio:n.s:bip to mu.sole fibe:r d:ta.m.eter o:r mu.111cle density. Consequenl;Y, :,~ 

c,:f' tl:l.e v~ia.tion ia f:l.:r.q.es1 a.t tbe clorsal :,01:l.tio:a of :dbeye steak• 

:Ls ~:l»trilna.table to tlle Tar:Lat:Lo:n. ·:1,a muac=le fiber lli~te:r., mua1ele b•cU~ 
' ' 

density, or the ratio ot the,e twli> st.RCtl2ra.l QO~o•ents in beef :musc:ltt, 

Te:nde:rn.eJs was n.ot closely S.!!!l!IOoia:ti.ed w:ttb either ~scle fiber 

diameter o;r ~scle 'b¥dle de».si ty (t· fV ~ 4o); :1.~~es;peet.i, ve o~ whether 1ib.tt 

col!lPa.riso:n involved the loca.tio-. w;L thir.t tll,e r:Lbe~ or tb.e pooled . 

ca.rca.ss •a.sureme:nts. However, th,~e co:rrelat:1.9;11151 :lJld:t,ca.teo. tbat tbe 

temde;na.ess of the cooked steaks tended i,o ine;eeiiu11 as the size ot the 

mu.sole fibers ud bundles in.creased. 

The correla.tioas between firm:p.eqsi ~d eoUagen (a.&;1 estimated by 

hjrdroxyprolime coneemtra.tiol).) i:rad:tc,,t;ed that the var:ta.t~oll.i+L fi~!!IIS 

wa.s mot associated with the ve.ria.tiof ;J.n colle..gen (r N O, 10). In 

addition, the Warner•Bratzler shea.~ value, we~e ~ot sigl).ificantly oor~ 

related with t:b.e hydro;gy,px,oli~e veJ.\leS (P > .05). Tlnts., these data. 

suggest taa.t ~either firmness mor t~mdem,.es, a.re related to the vaa;,:ta.~ 

tion in,,t)le collagen content et the loyissig.s dorsi m.u.scle for this 

;popula.t:tioll• 

Simple eorrelatlo~s were also oo~uted to ,tudy th~ relationship 

o:f.' peliletromete:r., Wa.me;r .. Jre.tiler lilhe~:r., mu.sel,.e t:f.l;>el:" dia.m.ete:r, and 



zauscler 'budle deu1 ty values to 't)le a.ve:rage peN,:rq.~ et~er e¥tra.ct ;l.'1 

t• ·~;t.1,c,ye of each ca.ree.•s, · '.?he aJ.J. aa~ma.J co~,lat1on coeff:l.e:l.ente 

tor thes, eom;p&X"1soas·were no:a-s:Lpificaat, ia~ea,ting that fa.etors 

ota,r th.a.n. ta.t coate11t ue a.s15ocia:bed w1 th tbe v~ia.t:Lo:a in fi~sa,, 

t~nd1ra.eu111, muscle fiber di--ter, ~d -.scle b-.dle d.eas:l.t:>1 of tb.e 

. O&:'Q•eJfll 1n t:.:Ls p0pula.ti<Ql •. 

A cOJrQPa.rison. of the.a.J.l an.:Lma.J. co:rrelat:Loa coetfieie•ts for ~ne"" 

t:rGJMte, versus Waner .. Brat;le:, $1:\ea,:t vaJ.u.es in.dic;ated that these 

•asvemeats were aegatively asso~:f.atecl (r N ... 3;, d.t .. 111 55). ~n 

tlMUJe ea.me mea.su.re•m.ts were con;ie.r,d oJJJ. a. w;i:~~- location ba.si&Ji the 

re1ult111·:1Acii;f.cated that the detx,~a.l ma.avemeiits we"·aegativel7 rel.ate4 

(r , .... ;4, d.f. = 46), but tbe;y wen :iaot .related a.t t1'e le.tera.l loca• 

tioa (r ~ -.15, d.f. • 46). '?~se "s"1ts S"Ue•t tut vai,ia,tio:tte ;La, 

tlw f1i,a.$ss of the 105:is,si .. <iorsi are assoc:Lated with t:hevar:Lat:f.11>,.._. 

1.n te•deraess :,rime.rily at tu do.:rtel looat:l.01,. 

Xa eoaelusion, these stu41e• 1-di,ate t:b.e.t: 

l, 'fbe mu.sc;J.e deasity :Laa tae dorsal .,loeatioa or· ~Jae twelftll. rib steQ1t .. 

1s·re1,ated to the pe:reeat ether ext:ract. 

2. ~e t:L:rmness et the dorsa.J. ~ea,t:LoJa 1n th• 1(?¥~ss:Lum.s dorsi at.t~ 

tweJ.tt- :ri.l> is associated w:ltl>. tu B:f.ze ef tla.t *'cJ,e ti'be:r, e,nd ~,c;~ 

'buU.111. 

3. Tu te•deruas of eook;ed elevEHi,.t)». rib steaks is a.ppareatl;y niore c;:lo,,~ 

relatea. te faeto;rta ether tlaaa mu.,cle f':l.'ber diMleter, DI.VU!ICle bUBdle 

de•a:Lty, eollagen, a.JAd f'at coate•t• 

4, l!':l:rJIQ'less :Ls negatively cctrre.;L.a.ted wit~ the.tend$;rness ot the dorsal 

loeat:Lor,, of' twelfth ri'b l:leet steaks. 



~•:r s'iudi.es netd to 'be oo~ducted 1-. a.JI, -.ttoi-t to elu.eiia.t• 

the tact•rs assoe1a,ed wit• 'ilte v~ia.t1o• :!.a. ti~•~s, Jarl;iculvly •t 

the ~teral locatic:,;a., ia.s w~ll e.1 tatae ia.au;oe11.~:te~ wi tlt ta~ vviat;t.o• "1, 

t&ac'ii~II at 'both t•e lateral B.19.d. dorsal l.o~at:f,O~IM~ qt ¥'!i;s~~a@f: 

derai IIUJIQl.e at tlaf, twe~~ :rib to~ ~,et ee.ro~•••• 1iudtla~ i• g~$d• 

aa,i J:by's~~~1~$J. utuntY~ 
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