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The r¡ain purpose of this study is to investiglte llctors alTectin-u beef cu'c¿ss

value by fcicusilg on the factol s inciudecl irr the Can¿L¡lian beef carcass grading systein.

Three objectives were clefined: (1) to leview iire deveJopinent of tire Canadian ìreef

calcass grading systelr and describe the ¿ctuai gr¿ldillg systellu (2) to evaluate beef

calc¿rss value by comparing tlre relative explanatory powel of the valious hedoi.tic plicc

r¡ocìels alid (3) to ostimate the deglee to which beef calcass characteristìcs influence

car-cass value-

The carcass charaoieristics inclu<led in this study were: sex, weight, saleable ureat

yield, n.ruscle scole, glade fat, malbling, cutability estìrnate ¿ncl week o1'grading. In toral

eight hedonic plice models wele estirrated includiug carcass characteristics believed to

a:lTect c¿ucass value, Twcl fill hedonic price inoilels iucludìng datl on alÌ observed

charactel istics and tl.u ee groups of interartion ter.ns weLe estìrrated. These lnodels wele

re-estilrated by excluding the intelaction te ns. Two intermediate urodels wele estilnated

and two glading systern models (including only variables used in the Canadian beef

carcass glading systerìr) were estilnated as well, After proper ùccour.tting fol model

specification and multicollinear ity among variaì¡les, an equ¿ìtìoll wìth good statistical

pr-oper-ties and in agreement with undellyìr1g theory was estirllated.

The results inclicated tbat the gr¿ìding system moclels had poor etTiciency in

explainir.rg l¡eef calcass values. Saleable yielcl, nuscle score ancl ilar-bling were found fo

be significant in explair.ring c¿rcass values in all moclels including these chalacteristic s.

AÌl fàctols that underlie the C¡n¿dian gradng ijysterr lol beef were found to be



significailt. Many of the coefïcients were stâtistically si-ririfìcant. t¡ut srnall. indicatìng

th¿t these incliviclu¿l ch¿ràcteristics gener ally ciid not have large effects on overall carcass

value.

This analysis denrollstì'ates ihat clevôloplnent o1'a oorrlloller.ìl-brsed ltricing svstenl

fol' beef ancl cattle is possible. Civen corrrplete inf-oflration on colîllonent values and

systeul costs it woul¡l ìre possible to develop an el'fective pricin,u equltion.
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Ser¡eral stuciies tlrrt consider thô inlluence o1'c1uali4, ou ¡rrices h¿ve beeu publisheii

sinc,-' the c{evclopurent of I-ancastet's tJteoly in 196ó. l-ancastet's ucr.r' appl-o¿rcll rcr

corlsullleL theoly errphasizes thât coirsulrùr- utility is derived ft'oln ¡he chu'actel-istic s of

the good ralher th¿n the goods thernselves. The empir.ical application oi'ch¿rr.actet'istics

delland is l-epreselÌted by a heclonic pÌ'ice lillction, whele plocluot plice is a 1'unction o1'

tht good ancì its quality chü acteristics. The hedoiric price lunction allows irlplicit value

of attrlbutes to bo estirrated and, hence, it has beeu used broadly in aglicuÌtulal proclucr

price studies.

Ther-e is ¿r vast liieräture exarnining the irnpact of a variety of plrysical ¿ttributes

on c¿rttle pr-ices. The most cornrnon cattle attrillutes analyzed ale weight. sex o1'aniin¿Ì,

bteed type, cilessin-q perceutage and live weight. Little resealch into wl-ricl.r char¿rc telis tics

are ir.ìlportant in the cleter-lnination of beei'carc¿iss values has beeli conducted in Canacla.

The intelaction ol urany iictors deterurines beef calc¿ss plices. DifTerences in

supply arrd demand oi'the c¿n'c¿s¡i in v¿r'ious weight and grade c¿ìtegorjes sìroulcl be

teflectecl ìn the plice differentials alrong carcasses. Price should also leflect the tlernäud

and supply of the product's charactôristics. The rrajol fàctol s cleter-.nilrin-s: caLcass vaÌue

to the rneat proces¡j01' are the saleable rneat yield ancl the perceived quality of ineat,

Tl.rere is ¿ sûong relationship between glading, gualitl¡ ¿rnd price. Grades tend to

ìnclease tire acknowleclgrnent of value diflèreuces by segregating a courlrodity intcr

rJif'lerent qualitres. lt also heþs the producel of top quality products to be compensared

f'or producing higir quality products- The uaiu pur¡rose of beef carcass gradin.q is to



lllovide ln estinate oi' ìroth qu¿lity ar'ì.l meät yield so th¿t â seltleirent pi'ice. bcti.veen

plociucer anci l¡ee1'packer, can be estalrlisl.ìed.

ln Caliada, gr¿1des ol Lreei c¿rcasses ¿re basecÍ on tqro iniijoi consrdelations: quality

gr'¿lde íìnd yielcl gracìe. The factors that are exall'rineci in detemining the quality glacles

are: matulity, rnusclin-{, r'ìb eye rnuscle, rib eye color, fìt color, tàr cove|ilig ancì marbling

level. Yield glade is deteÌurir)ecl tllrough cornputatiolr o1'the lil¡ eye dinrensions and lit

thickness,

ln 1992, the Cãnadiau beei calcass gr:ading systeu'r aclopted a grade ruler- to pledict

the yield of boneless cuts. This predictol was velifìed against actual cut-out data lor the

tirst tìrle in the National Beef Car-cass Cut Out Study, developed by Aglicultule Canada

in 1993. This study analyzed the elïects of fatlless, sex, calcass weight ¿nd their'

intel¿rctious on saleable and cut yielcl.

Tl.re ur.rderlying problern of this thesis is to investigate lactols affecting beef

car-cass values, fbcusing on the quality and yielcl factors ìncluded iu tl.re Canaclian beef

car-cass gracling ¡j)¡¡;telr. Detailed cut-out alld price clata wele av¿ilable and permittecl

estinratiou of c¡r'cass-value equations with individuai c¿r'cass ch¿ttacteristiL]s âs explà1.ì¿rto1y

varia bles.

O h.iectiv es

This study has tlree main objectirres:

1. Review tlle developl.ìlerlt of the Canadian beel'carcass grsding s)¡stcm and dcsclibe

the actual grading systenr;



Ër¡aluate beei'carcass value by coirpaling the relatìve expianatory powei- iti the

vatious hedonìc price tloclels. iìcusing on the v¿¡iablc charactelistìcs;ncludecl ìu

the Canaclian beef catcass !ra{ìirg s¡rste1i1, x11¡l;

3. Estilrate the deglee to which beel carc¿rss characteristics iniluence iÌre cür'cass

¡,alue by estirnatillg price plemiurrs lnd discounts associated with eacl.r ìndividual

char.¿rctelistic aucì with dit-felent levels of the inclividu¿i char-acteristics.

'n'Ë¡esis ()r¡tIi¡¡e

Ch¿ptel two discusses ihe theoly under-lying stal.ìclardizatior.ì ancl glacling. the

oìrjectives and economic function of a gr'.rding systen.ì ¿uld the benefits and costs

associated wìth grading. lt also adch'esses the in.ìportar.ìce o1'glacling tû corlsunlet:s al'ld

plice associatecl with quality ancl gracling.

Chùpter three exal.nines all thÕ Î¿ctors associatecl with beef ca-rcass quality and

gradillg. It starts by discussing thû rioncept of dlessing pe[centagù and addressin-9 beel'

ca.Ìcass c h äl'acter i stics aud qualìty. It also iuvestigates factols atïecting carcass value.

rnethods 1ìr'evaÌuating calcass compositic¡n ancl elerrents cletemrining beef qLiality. 'This

chapter is cor.rcluded with a discussiou about the actual Cauadian gracling syster.n for Beef

aDd lecellt changes.

Chapter'loul descr-ibes the theorl' tllat analyzes the inl'luence of quality on prices.

An explanation of data aucl d¡ta soulce and potentiall¡, in.ìllortûril carcass chalactelistics

to be irlvestig¡ted is also plovrdecl. This is f'olloli,ed by a clefìr.iitior.r of the proceclur-e used

in this lesear-ch ¿nd rnulticollinearity problems,



Chapter fìve plclvides the result:r and anal¡r5i5 of ciiiïelent hecionic price n.iodels,

evâlu¿tes the irrportance of each incliviriual carcass chalacrelisiic investigated ancl

examiltes the plice preniiuurs ancf discounts associated witli eacl¡ individual char¿cter-istic.

Chaptel six preseuts a sut.t1l.ìt¿ry ol this lesearch. descûbes the conclusior.ls.

discusses the lilrit¡¡tious and plovides recornnendaiiolts fbl ¿rdditionai studies.



cF{,AP'n'þ]l{ 2. '[',F{Ð 'rF{nì(}}{V }r}tÉ{{hü} s'n"{N¡}Ai{Ì)rzÁ.'n'r{}N ,ANti (}RAÏ}IN{;

The following sections o1'thts chapter est¡rblish the ciefinition o1' gr-adìng. the

objecrives ¿ncl econol.nie function of a gr:adin,u systeIn. the benefits of gt-adinr associal.ecl

r.vith mnrlietir.ig elTicieiicy ¿Ìnd tlìe costs of glading lelatecl to its irrplet.neutation.'llie

lelationshìp lletweeu -qrade, cluality and plice is also discussed ìr this chapter.

{lefi¡riÉit¡¡r of (}naclin g

Acuolding to N4cCoy ancf Sarh¿lr (19U8. p. 446). glading "is the seglegation of

iter¡s oi a commodity iÌrto distinct lots or groupiltgs, that have a relatively high degree

of unifo nit¡, itl certain specifìed i.tttibutes âssociated with m¿uitet preferences ancl

valu¿1tion. "

The plecision and suitability ùf ¿1 gradiug procedure relies or1 lnârly consicler¿tior.rs.

(1) the lelationship between tle quality stanclards ancl buyel and sellel pletèrences. (2) the

rlnge ol qualities to be classified, and (-3), the signilicance of tìre sotting to cor.tsurrer'

prelèrences. The existence of tl.re glading selvices depends on the pÌ'eservatior.r of glades

that nrust be acceptable to all levels oi tlie industr:y srructure. Lt oldel to lelÌlail'ì an

efJèctive coltununic¿ttion l.nechanism in the rnalket, -qrade boundaries rlay neecì to be

changeci tioin tilne to time. Changes ìn gr¿liling stand¡rds can be associated with changes

in rralket denrancls or production technology.

Grading l'requently iltvolves tÌunlet:ous criteria that ale not easil¡r t.ne¿rsuraì¡le.

SubjecLive interplet¿tioli allcl even biased wei-qhtìng of nuny estirràtes are olìen ncedecl.

Quality grades in beei are basically established or.r subjective f¡cto1:i. Quality is basecl on



the "eatability or palatabilìty prcpeltiôs o1'the lean rneat. Cutatrilit¡r, or. yield grades for

beel ¿l'e set prìrralily Lry olr¡ective nleasut etrri.ìts (McCov anci Sar-han. l98tì1.

()b.lectíves ãn{n Ðcû¡r{}}rlic {i¡netio¡¡ of'a (iracling SysÉenl

TÌ.re glacìing systglr has tlìe purpose oi- linhin-q co:.lrmunic¿tiol.r betq'een ¡rodLlcels

and cousLrrrers. it is expected that glades wì11 inclease botl.r consut.ner satislaction ancl

proclucers pr.ofits, This is true inespectit,e o1' whether the _erading is dor.re privarely or'

publicly. It is itnportânt to slress th¿1t goverÌrneÍìts âre not the ouly one's lesponsibÌe 1ìr

gladiug. In North Amelica rnost pacliels have plivate glades and gracle stancialds. The

Clanadian ancl Americau fèdelal governments have theil own ìive anirlal and meat gladin-u

plocedules-

Grades sÌrould ref-lect consulrer prefereuces. If a comrnocltty's gÌ'ades âle designed

applopÍiatcly, they will satisfy the preferences of consurrers, whether- ol r.ìot collsutnels

even see the glade labels. I¡ teürs of cousuners' point oi view, tlrere is some coucertt

th¡rt lrost gi:ades were designed to adapt wholesale tr¿ding and tn¿I.ìy are not of' direct

Lrorìcen to col)sul.ners (Rhodes, I9li7).

Grading is a¡i eflbrt to reduce the cost to cor.ìsul.ì1ers ol acquiring infonation on

the characterìstics and quantities of characteristics whicl.r .rny individu.LÌ cornrodity

possesses. hr the case of hetero-{enous goods sìich as agr-icu.ltulal products this is pr:irrarily

in.ìport¿r.ìt (Consicline, 1 9ll6).

Tl.rus, gi ade s are useful if they have sigÌlificauce to lluyers and sôlleÌ-s. Col.tsui.ners

are intet'estecl in purchasing proclucts col.r.ìlreusuLate with pliues lhe¡, llrua to pu¡, lor tÌreir

choices, wl-rile the concelll of producers ìs associateil with the extent io which grades help



therr ir.ì uàptulin,q fâir prices. The establishl¡ent of cleai'ly preferred gr'¿des aÌso supplies

infoluratiou to producers to assist iii fbr-nrulatiirg production clecisions.

'flre concept oi clualìty grade is cliflèr'ert fì'olr oue n.ìarket level to ai.ìotl.ler. The

corlcept of beel'calcass quality plovicles a good exarrple of that- BeefÞacke;:s are r¡uite

couceLuecl ¿bout dressing perceutace because it afl-ects signjf ic.ìntly the yield o1' s¿leablc

cai-cass ¿:rd consequerltly live v¿lue of fèd cattler. Retailers âre not interested in chessir.rg

perceÍìtûge. since it rs 1ìot relevant tÕ carcasscs, but tl.rey are interested in the yield ol

tritr- recl, saleable r-et¿ril cuts. Consul.nel s al e llot conceured on either letail yield or'

dlessir.rg percentage, but they ale highly interestecl in the eating qualìties of tlre steaks ancl

loasts and in their propoltions oi eclible ie¿ur to faÍ and bone. It is ir.nportant th¿t ¿lÌ of

these elelrents relevâlìt to packers ¿nd letáiler:s be cauied lion the producer to the

consulner' leve1.

The pulpose of grading is comrnoniy coufoundÒd with the purpose ol inspectioti.

The objective of nreat inspectiou is to secure health by (1) elirninating diseased and

otÌrer-wise harmful lneat fiom human consunlption, (2) pleserving sanitary conditions

cluring slaughteling and processing, (3) preventing the addition ol use of halrdìl

ingredieuts, and (4) r,ontrolling false or inìsleacling Iabelli;rg of lneat and lreât products

(N4cCoy anil Salhan, 1988). Meat quality ancl tneat satèty âle t$,o distiuct concellts. N4e¿t

quality depends on palat¿lrilìty factors aud appearallce, while meat sa1èty deals with tlle

'Fed Cattle cor.nplise youn-s castrated rnales (steers) and young leurales that have uever
calved (heifers); both are tèd special iìnishing r¿tions in feedlots ilnlrecliately plior to slaugllter-..



Ìlrescnce o1'rnicrobial pathogeÍìs ¿nc{ ler¡els of clrer¡ical lesidues (US Foocl ancl Nutrition

Iìoard. 1990).

ElenefiÊs amc! Cc¡sÉs from (ìnading

'l-here ale nurnerous potel.ìtiâl colitr.ibutions of gr-ading to u.ìarketìng efïciencv.

Malketing eiïcìency can l¡e described by operational ¿urd irricing effìciency. In matherin-t.

opelational efficier.rcy is lelated to the pllysical rrovelìlent ol proclucts frol.n the p:oduction

¡rolnt to the corlsull'ìption point and to the hi1ìlsloÌlnatiou 01'ploducts 1't'om one lo r lO

arothel. Pricing eltrciency is concellteci witl.r how well tl.re price systerìl tlalìsÌates cilaÍì-{es

ir.l cor.lsurner delnands. how well plices col.nlnunicate changing deurands birck io producels

¿nd iuf'luence an applopriate allocation of resources alrong ¿tÌl.ernative productive uses.

ancl Ìrclw welÌ lhe plice systeln dissel.Dinates inuorne arlon_q ploducers and ularketers.

The rise of grades cau ilrprove opel¿ltionâl efficiency because it perlrits trade by

specilìcation. il con-rparecl rvith trading by inspection. tlacle by speciliLrâtion cau lesult in

a leductiou in transàctior] expeuses fol both buyels and sellers (Rhodes, 1987). lt can also

lead to a -r-eduction il.ì tralìsportation costs by diffelentiating bet\À,een the highel alci lorvel -

valued products. The higher-value prodùcts can be shippecl forward and the lower-valued

ploducts can be sold rlearer to horr.le. Spoila-{e can be Iecluced by separating poorer-

c¡uality ploclucts tìom higher'-quality ones. The use oi gtiÌdes call also increase the degree

of Lrornpetìtiol'r in a nrarket by expanding the level o1'public knc¡wled_qe. In a peltèct

cclnrpetitive market buyels allcl selle.r-.s ¿re assulled to hâ\,e pertèct klolvledge of nrarket

cottditions. Even though gr-ades cannot create pelfeut knou'ledge, the use of glacliu_q

stand:¡'cls càn, at least, stl'engthen the klowled_se of traders.



In tel'lns of pr-tciitg eflicienc¡r, standalclization oî cluality glades has a r¡¿rrieqr of

efTects. Filst, tlre use ril hclnioseneous cluality -urades gives inotivation 1br- ploclucers to

ad.just to cl.ranging consurrer cl.roices. idohls (1985) points out that ",,. the use oi' Llnifon.n

quality gtâdes provides inccntives for ¡rr-oclucers to adjust to clran-siÌlg LronsiÌirer

pleferences". In this sense, plocìucers that shifi tlreiÌ ploduction etïcirts fì olr Lowet'- to

liigl.rer'- valued products are corrpensated ì:y the plice difÈr'entiaÌs anrong rllcles. 'lher.e

would be uo incentitre at all to ploduce highe¡ quality pÌ'oducts. il ploducels received the

avelage price fol all glades of products. Second, the use of gtades gives consurrers

specifìc infonratiou with wlLich to ilidicate theil prelèt ences to producers. For exanrple,

a gloup of consunlers demanding a supeliol qualìty are able to get it by paying r.llore for

thìs kìnd of plocluut, while those demanding a Iower quality produot. can easily identì1y

and buy it. Third, gracles have the abìlity to n¿xlow price ranges. Thrs is impot'tanr

especially in the case o1' cornirodities which h¿rve wide price langes (such as ì¡eef cattle).

Thele ale also solre problems ¿ssoci¿ted with glacling. Oue is tl.rat sevel al criterìa

o1'ten inr¡olr¡ed in grading a1e not irrnrediately rneasurrble. Rhodes (1987, p. 259)

rnentions that " subjeotive judgr.ner.rts and even subiective weighting oi'severaljudgutents

are ofteu |equilecl. Such a situatioli plovicles sorÏre of the lnost pressin-{ problelns fâced

by a -ov¿¡1 11o senice in tlaining and supervising a staff of graders,"

There ¿¡r'e irlso ploblerns lelateil with changes in grade staliclards. Cìran-ues in the

grading systeril lua)/ lle to the benofit of oul¡r ¡¡19 gr-oup within the industry sÍuctuÌ'e,

whrle others lnay colltr¿ct su[rst¿ntial costs. Considine's et al. (1986) sr.udy showed that

changes in the Canaclian grading systeur oi beef can leacl to considerable adjustrlent costs.



Rescalchirtg tl.ìe inrllilcf of the 1 972 -glâding s\¡sten1 ciranges ot.r tl.re beei cattle industt ),-

they ciernorrstt'l tecl th¿t the period cif adj[s¡1ne].ìt fol beef ¡rciclucet's has been in excess cl1'

10 years. Whett coltsurner preferences cbange ovel ttire tlìe ueed to reconstjtrÌte tìie

grâding sysieni arises. The 1972 r'evision in the Canadi¿rn -[]:ading syster.ì.ì q'as Þriutarilv

ir.nplemel.ìted to pt-ovide the col'ìsultlor witìr a leaner ¡rroduct in tlte prefèr'red gracìes_ The

najor criticisrn irvolved in Considine's et al study is that the Can¿rdian glacling system

1'or beef dicl r.ìot l.ìiive tutorratic acfjustn'renf. mechanisl.ns and that tlte periocl of ildius'irneÍìt

can be lengthy and costly in the short-lun. The histor-y of chauges in the beef-grading

st¿l.ìd¿rds derronsúated that, evell cl.ì¿rn,qes that have subst¿rntial theoretical found¿tion, are

problble to be resistecl unless all groups atTected by these chauges iue couvinced of the

benefits of the proposed rnodificirtion (Pulcell and Nelson, 1976).

(.i¡'ade as an I¡rclicatc¡n t-rf Quality fc¡ Co¡lsu¡ners

Au efTective grading systerl tends to ì'ecluce consulrers se¿11-cll and ú¿u.ìsaciious

co:its. savin-q consurners tinre and rnoney, ln oÌder to spreacl infor matioì.r to coltsjulrers

effectively. a gracllig systetn ueecls to classil'y thÈ product into di1'ferent classes, eacì.r oI

which Ì.ras partìcular significance to consul.ners - A glading systeut lnust also adjust to

dil'felences in delland arroll-q consulners (Rhodes. 1987).

Col'lsurrrers obt¿in infb r.ration coucelniug the product by engaging in seal.ch

¿¡¡jyi1¡r (such as sot'tiug) before pulchasing, especiaÌly in the case oi a nonhorrogeneous

good (such as meat). Accorrìing to Stigler''s (J961) cost-benefit r.netl.rocl to tl.re acquisition

of infolmation, coltsun.ìers cot.ìtinue to retain in search activity only as long as tlte

l1largitlaÌ ì¡eltefit derived from additio¡al sealch exceeds the urar-uinal cost of search. The
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cost ol iuibrlr¿rtiou search is int'luenceci basically by the opportunity cost ol tiure spent

in se¡l'ch ¿rncl ihe ell'icienc), of searcir activity.

Anythin-u tl.ìat lowers the cosl of searcli will tend to incÌùase the arrour.rt oi'sear.ch

rictivity and result iü tl.ìe colsulrer pulchasing a higlrer quality good. Seatch costs c¿n be

r-educed b¡r use of glades whicl.r plovicle extla infbm¿rtiou prior to the search (Cox,

McMulleli ancÍ Ciauod, 1990). Ll r.ì.ìost literaturÒ related with grading, it usually is

¿ssnmed th¿rt cor.rsun]ers plefer one grade to rnother and that they are abie to dil'felentilte

arlong grrdes. 11' col.rsullers cannot visually cliscriminate amon{ difTerent grades o1' a

good earljer to purch¿se, the cost of sealch activity rnay be considelably high. This issue

is assessed by Bocksteal (19tì4) whele cor.rsurrer and producel responses to quality

standards lre analyzecl il.ì terrs of welfare gains ancl losses oi urinimunr quality stand¿lds.

One intelesting feature of this study is that its "rnarket rnodel" incorporates the qualiey

aspect into the supply ûi.ìd der.ìl¿ìnd analysis. Bochsteal explaìns that when collsulneÌs calÌ

perceive quality be1'ore purchase, lrininul.rl quality stancliuds iutluce social losses,

Producer s can benefit but or.rly at the cost ol' corìsumers, and if the staudardij are lreasur-ed

Lry a oonlpeusation ("i.e,, equal welf¿ire weightings"), they unambi-quously fail to create

posiLive net social benefits. Bocltsterl's results are conû'adictory to rhose that defend the

argulreut that quality regulatious improves the average quaÌity product in the market.

Mor-e specifìcally, ris argun.reut stresses that lvitlr a highel quality ploduct lol the

cousunìer shoulcl be associatecl a higÌ.rer price ancl this increases producers returils alld

col)surìiers sâtis1ùction (Jesse and Johnson, 1981).
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hi the irarketing ol beel'. ìnfolmatìoii prior to purchase r.nay be very ill'llloltil.ìt.

Filst, because consuilrels ol beei'do not all agrce on a defiultion of quality and. second

Lrecause consnurers lr.ìay have difficulty dilferentiating arnong becl' -qr¿des ùollt vìsri¿l

exarrination. For exarnple. a stu<ly by Cox, McMullen alld Canod 11990). identiiied tÌrat

collsullìers do llÒt seelÌ.ì able to Visually discli inate interual 1'at coutetrr in beef

s¿rtisiautorily to rnâl(e purchases compatible u'ith their pletèr-ences- Malblin-q of ì¡eeT'r.

wÌrich is one of the rrajol faciors used in the Cauacljan gracling system, is an itrdicrtclr of

hi-qh qualìty to soiìre consull-tels and low c¡uaiity to othels. Cotrsequelìtly, the clem¿ltd 1'or'

beef cau be cl¿ssilìed âs Ìretelogeíìeous, rneaning that all beef consur.ners do not rank ì¡eef

cluality iu the salre lnanner. Theil results ¿rlso impliecl that coÍìsuillersi who prefer low-fat

beef rr-ray use plice as a quality ìnclic¿rror when. in leality, price is usually positively

ool'l'elated witl.r u.ralblìng.

F¡'ice .A.ssociateci with Quafify amel (ìrading

Tl.rele is a stloug rekLtior.rsl.rìp between gracliltg, qualìty and price. RhocÌes (19tì7,

p. 2-56) defìnes quaÌit¡, ¡s " the su¡¡ of the attributes of a coulnodity that iuf'Ìuences its

ilcceptability to rrar.ìy buyers, and hence. the plice they are williug to pay fbl it". As

aLeady delined, grading is the classilìcatìon of unlike lots of productsi into hornogeneous

cate-qories, according to quality st¿Ìndarcls, Gl'ades tencl to inclease the acknowled-ur.nent

of v¿lue diffèrences by segregating a product into difl'elent qualitìesi. lt also helps the

pl oducel of top quality ploducts to be ool.ì.ìpensated for producir.rg hìgh quality ìlrodricts,

rMarbling refers to the tleck ol lìt ilistlil¡utecl anong muscle liLrers in the lealt. The deglee
of ruarblin-e js considered to be associatecl witl.r ilavour, tel)derlless, ancl palatability in general.
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At a gìven point in tirne, pr-ìce cliflerentials between _ulacles are tle lesult of

specif ic ler,rels ol'<jel¡and ancì sirpllly Ior the valious glldes. Wìth ihe transirion of tíme.

plice difi'erentials chan-9e wiih shil'ts in the supply alid cìemiurcl 1'unctious- The chanqes

in qualìty dìsçounis ud prer¡iurns depencl on the sizù of shilts irl these functions ancl ou

tl.re algebr aic fblm and consequent slopes of these functions. Plen'riulns or discounts for'

"rluality" are not always cletel-nliued on the basis Òl colnpetitive supply-demand

relltionships (Torlek rnd Robinson, 1981). Qnality plice constitutes the price plemiuins

aud/or-. discounts i'elìecting value ilifTelences paid 1br eacÌr cltrc¿rss or-. live ¿nilnal,

The relationship l]etweeu plice and gladin-e/quality of agricultulal products hrve

been examined iu various studies. Sinlnons (1980), der-ived a nroclel lor detel.nining

gl ades prices fbr Austl'aliau wool that wele consistent with rnal'ket valuatioì1s of dilferent

-crades. Ol.ìe of the reasons fol this study w¿s thût price difTerentìals between iliffelent

types ol u'ool ¿t auctiou were parti¿lly cletelr¡i¡ecl by the Austlalinn Wool Corpolation

thlough the processes o1'rrarltet intervention. Simllons' nodel is based on the tlaclition¿l

Lar.ìcâste1's theor¡, çi1sr9 the denand for a -qoocl is seen as the sum ol'cìeinand schedules

for the inciividual ch¿uacter'ìstics. Cl'oss-ser:tional price equations were defined with prìce

¿si the dependent r,¿riable ancl tlie wool characteristics as explüI.ì¿1tory valiables. In this

paper-, Sirmrons (1980) points out that tl.ìe choice o1'coulnodity atftibutes tbr inclusicln

in tÌle model is b¿secl ou ¿ cl iterion tlrat the attì ibute fulljls one or rnore ol the tbllowing

conditior.rs:

(i) it directìy influences processing costs ol qualltity or quality of the processed

output;

t3



(ii) it clir-ectÌy inliuences the qualit¡' of tÌ.re end products as perceivetl by the

consu )er:

(iii) it constlains the end use of the comrnodity: and

(jv) data on ch¿racteristic aÌe availàble.

'T'he results oi his :rnalysis delronstLated the plemiums ¡nd cliscounts fol aciclitional units

or pelcentxge points of each wooì áttribute-

Ha¡,s¡o¿ et al. (1985), cleveloped â caLciìss n-rerit plicing systerr ior polk.

Analyzing pork car-cass composition ancl value relatìonships, ihey estabÌished ¿r 1ìal.neworlç

1ìr' detelrnining pler.niulns aud discounts that includecl the use of the packef's owl] caLc¿rjìs

dlt¡ urd plices. In detelril.ring the applopriate plice plerriun/discount schedule, carcilss

value pel cwt. was legressed against disurete durnrny vuiiLbles lor valious b¿chf¿t

categories, car-cass weight ancl USDA rruscling score. Their uroclel provides Òstirr¿1tes of

v¿rlue diîfèr'ence between each caLcass olass and the stancl¿ud calcass selecte<l as the Lras;is

for plice quotations by the packer',

The plices leceiveci for ièd cattle are, in par-.t, a function of the grade leceived by

the calrass. Tlie highest lanked grades have oonsistently received tÌre highest plice, and

lower grades are discour.ìted by tl.re inar ltet. Consequently, the i:etunls received ì:y a

ploducel are ¿ finction of the allocation of s¿les an.rong the valious glacles (Considine er.

al., 191ì6).

Sever¿l studies on cattle plices focus on price diffèr'ences associ¿rtecl witll c¿nle

chal¿rcteristics and quality. Schultz anci Marsh (I985) investi-qated plice dìlÈtences

between steer and heifel cattle at the fèeder, slaughter. and wì.rolesale levels of the lrarket.
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The plice cÍiflerences ânalyzed were restrictecl to cattie u,ithin the sante wei-uht r"ange and

grlclc catcgories. Tlte isstte uncìerlyin-ti their study is that sonle cattJe plo<ìucets believe

îhat tlìe size of pr ice dil'lei'ences fol steels and heifèr's o1' the s¿rre rveight ancl gt-ade ¿r'e

no1 'justifiable" and tl.t¿t thele was a bias a-{ainst heilers. Explanatìons lol rhis concenl,

¿rr ihe 1èedeÌ level, is provided by Boggs ¿nd Merliel (1979) that rssign rhese price

clifÈr'elices to physiologic.Ìl ancl growtli factols in steels veÌ'sus heifèrs ancí to the costs

o1'dealing with pregnrnt hettèr's in leedlots. At the slaughter level, rt is algued by Riley

( I 9tÌ3) that packers usually regiud steel carcâsses to be bettel quality than heilèr- ciu.casses

srnce tl]ey tend to have bettel rrarbling charactelistics,

Schloeder et 41. (1988) exaurined the itnpact ofa variety of pÌiysical characteristics

on Kartsas fèeder cattle prices. F¿ìctors :rfTecting feeder cattle prices ir.rvestigated in tÌteir

study inclucled health, presence of l¡olns, fill, lot unifbutrity, and tìnre o1' sale dur-ing

auctioÍì, Othel studies h¿rve iclentilìed n.rany dit'l'er ent physical chalacteristics plobably to

influence l-eeder cattle prices. These chal acter-istics iuclude weight, sex of animal, lleed

type, (Fâr11inow and Cum, 19136); cû'essing pelcentage, Ìive weight, qualiry grade, yreid

graile ( Wù'd, 19f31): sex. age. breeci, grade, fì'ame (Buccola, 19110). WiÌliams, Rolfe and

Longwolth (1993), exln-rined the et]ècts ol wei-qht, fat score. r'r-ruscle scote, br.eed type,

ancl other rnarket vari¿bles on live cattle plices in Austl'alia.

l,i1.tle rese¿rrch into which ch¿r'actelistics are ìu]portal'ìt i1'l tl.ìe dete .niuation of beel'

caLcass prices has been couducted in Can¿da. This Ìiind o1'study has been dcveloped in

Austlali¿t by Tocld aud Cowell (1981) and PorteÌ iurd Todcl (1985). The car-cass

characteristics exarlined by Porler and Tocld ( I 985) were sex, ¿ge, weight, tìt depth, uteat
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colour, shâpe, treai textule, l¿t texture, fibe¡,e ¿¡sa and irarblilìg. Atnoi.rg these f,âctor.s.

tl.iey Íouncì agù. rìÌo¿t coloul. fât colour, sex, iìi clepth anil weìght aÍì.ì fat iexrure

intLlaction [o be sig]tificarìi exÌllall¿tol s ol'crlcuss pi-ice variurionr.

The econoinic tl.reory undellying tl.ìe relationship betlveen plice ancl procJucr

charactelisiics (qu.rJity) will be cliscussed in chapter' four.



cÏ-r.4r]'¡'ÐR 3" BÐttF C,4åIC,4SS QLI,{{,ITV ANI] GRAÐ{}{G

"I'he ollecl.ives of this chapter ire to exphìr.r all the quality fìcrors th¿r inllue¡ce

calcass -eradiiru and Vahie rncl clescl'iì¡e the clanadian GIadin-g systen.i 1'or. Beel, This

chapter is c{ivided in six palts. Tlìe filst part. cliscLrsses the concelrt of dlessins peÌ'cel.ìragc

ancl the lactois influencin-rl clressing percelltage. The second seotion analyses all calcass

¿tûibutes tlìat âre used as predictols of qualrty and yield gÌade in the c¿rn¿rdian Grading

Systerl. The thir-d section, cljscusses i'actoi-s ai'fectin-q carc¿rss value. This is fbllowecl by

an ovetview of the ruethocls lor carcass composition evalu¿ltion ¿Lnd, a discussiolt ol1 tl.ìe

elerrents ol beel' quality- The last section, exarnines the Canadian Grading System lbr

beef focusing on the evùluation of receÍìt chrLnges and ¿rotual grarling stanclu.cls.

Ðnessiug Fercentage

Dlessir.rg percelltage can be clefìned as the relationship between the Ijve atiil.¿l

irrntediately before siaughtel ancl the weight of the carcass plocluced. lt is a signific¿nt

coltsiclelation because it ilttlueuces the price paid tbr live lnirrals âud the tit.ì1e at whicll

anjnrals lr-rust be slaughtered so that their carcasses l'all into specilied weigl.rt ranges,

Live aud oarcass weights r;an t¡e ol¡tainecl ìn ruany different ways and careful

defìiritions ale lequired for inlorn¿rtion on dlessing pelcentage to be interprered couectly,

Lrve rvei-qhts that are norrnally used ale: liveweights before leaving tÌre iam (staNed 1ir

2¿l lrouls or aveLitge of weights takeu on eacÌr o1'two oÌ. tluee da¡,s ¡a¡or" sÌaughter),

liveweight ¿t the auciion rr]arliet or other poÌut of sale, ancl Ìivewei-qht iii the lairl_qe

befble slaughter'.
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Delìr.ritioirs of earcass weigl.rt may ¿1so vai-y: hot carcdss weight within one hour

of siaughter-( wilit carctss chessecl to a -{iven specilicatiori ). estilltùred carcaäs \Ã/eìgl.Ìt afìer

24 houls'colling. and ¿ctu¿l carcass weight obtaineil f¡ oiu úe sLlur oî the pâlrs after

cuttìÍìg and tissue sepalaiion-

Dlessii.ìg-out ptrcent¿ìges are Very sensitive to the conditions under which the live

weights ale obtaii.red, so commelciaÌ costillg ai.ìd plice repotting It.tust []e l¡asecl on the

r'veights tlrat ate used ìn colrmerci¿l pr¿lLrticc. If this is uot done. dre relationship berlrcen

live and calcass weigÌrt prices can be distot'ted,

Caluass weights iÌre not so sensitive to tl.ìe tì1re of weighing but ale hi-qhly

dependent on the dlessir.rg procedures used. Ketnpster (1992) points th¿tt tl.ìe accu]'¡te

detìnition oi carcass and under what conditions the weighti; ale legistered is cluci¿l in

selling on a carcass-weight basis ¿nd associated classific¿tion and grading scÌreutes. Ile

indicates certain points that should be tahen iÌtto account wl.ren dealing with dressing

percentage and carcass weìght:

(i) Vcrify whethet the l.read, feet and tail conrprise part o1'tÌle ctrcass ancf. i1'not.

l-row the uuttilìg liites dividing thelr fforn the carc¿rss are detinecl.

(ii) Cìonfirm whether intertal fat depots, kidney, pelinepluic lnd retlopelitoneaI

lat are considerecl part of the caÌcasli.

(iii) \4ake sul'e whether anl¡ trilrllrillg of subcut¿neous tìt or interr.nuscular fat is

pern-ritted fi onr the carcass before r¡,elghing,

(iiii) Velity whether the carcasses are weighted l.rot ìurrlediateÌy a1Ìer slau_uhter- ot'

when cold.
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Dr.essing pôrcentà-qe can be iníluenced b¡, ro,.tra t' a,o,s. Fii-st, ¿is tìle anilral etows,

dressirtg percentage ironnlliy inci-eases coi.ìsiarltly orving tt.r a higher r-ate oi'rruscle ¿ilcl

1'lt glou,th in tl.ie carclss thâu -si'owth oi' coi.r-rl.roitents ìn the body caviiy. Secoitd. hixhe:

ievels of tèeclin-!: are typically identiiìed with lnore conceufated diets aitcl increased rates

of fìttening, so that ârÌìrrals on iìighel levels oi f-eeding tend to show better clressing

Pel cent¿-qes.

Dressing percentrges ¿le associated with body conforr.nation both within antl

between breeds, Breed types with lletter confolmatiol.ì rt the salne level 01'f¿ttlìess iÒnd

to plesent bettel dlessing percentages. Dr-essing percentages can also be inlìuenced by rÌ.re

lasting period befole slaughter. Carcass weights decrease ¿1s the titre betweer.ì the last leed

and slau-qhtel increases.

Íleef Carcass Clnrìracteristics rìnd Quality

Sor¡e ¿ttributes of carcasses are usecl as pleciictors of quality grade iu the

C¿Lnadian Lreef ciu'cass grading system. These attributes ar-e rnarbling. matur'ìty, color,

f i¡¡ness. ând texturc. Mlrbling is the lat deposited ir'ìtl all]uscu larly and is one oi the nrosl:

il.rlportar'ìt inclicators ol beef quality. iu geueral, malbling incteases witl.r the age of the

¿rnilrai aucl the level of fattening. Fat is usually accunulated at wide diffèr'ent l:âtes in

r¡aLious parts of the body. F¿rctors such as breed, ¿ge, euergy in the ration, fèecìing peliod,

ancl sÌaughtel weight iufluelìce tl.ìe alroul'tt ol mat lrling ilt a carcass.

There is solue clebate surrounding marbliug ¿ncl its Ielationship to overall erting

satisfa{jtjon, ln several stuclies, llarblin* nnt; O..n ,ounr:l to ìre posìtively associatecl with

palatabilìty, t.neatlil.tg that beef lackilg of r.nu'b1ing is less palatable than beef wi r sorle
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rn¿fbling. This deb¡te extel]{is to the use of n.rarblìng as a r-iualii¡, grude consiriel'¡Lion jn

the C¿nadja¡ gladì.ng plocedure. In 1986, rna:LrJiug was elinrinated as iì qualiry fäciol

liom the Canadian beef c¿lcass -qradiilg systelì.ì, i;.r 1990 consurrel panels r.vele calriecj

out irì three plovinces: Quebec, ûntalio and Albei't¿r. This study indicatecì thirt w¿s ¡

leÌationship between the ârrourìt ol malblin-{ aud the tr-equency of unacceptable steaks.

It was found that as malbling fat incr-eased iì'oul "traces" to 'small" the flecluenc)¡ oI

unacceptable steal(s was hugely clirlinished (McDonnel,l990). As a consequence o1'tl.ris

study, a survey o1'marbling lat in Cauudian beef carcasses was conducted by AgrìcuÌture

Canada at Laconbe Reseaoh Station, Albertu. The tesults oi this survey were reportecl by

Jones, Tong and Talbot (1991). They concludecl [h'àr 20.6% ol the calcasses stucliecl had

srrall ol mole malblin-q, 51 .9%, h¿cl slight malbhng, 20.49/c h'¿c| traces of marblir.rg and

1. 1 7o were devoitf of narbling. This survey also iudicated that lactors sucÌr as plovirlce,

abattoir, gendel and calcass gr-üde were the l.nost ilnportal'ìt factols influencing rrar:bling

score. Calc¿rss weight and lib fàt thjrkuess, whereas significanr, accounted for 0.5 and

6%, r'espectively. o1'tÌre ovelaiÌ variation in marblìng score.

The actual Canadian gt'adiug systeur r-auks beef accordìug to the alloultt of

rnarbling iÍì the c¿ru¿ss: higl.rel grades have r.nore n-rarbling, lowel gracìes luve less.

Marblìn-e is ranlçed in the sarre lnannel.ir.r the Ar¡eljcali gracling system. Cox, McMulleu

ancl G¿nod (1990) addressed this issue by examining the use oi -qr¿des ¿ncl housel¡l and

lal¡els ill the Amelican l etail beef rralketin-r. Their lesults sug_gested that L:onsrÌlrers wl.ìo

pr-el'er Ìow-l'at beef may use pr-ice as a quality iuclic¿tol when, in tirct, ptice is usually

¡rosrtrvely correìated with rntìi bìing. They al-rued that a grading systen.ì that cotnl¡iues
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"lnultiple cliurensions" of beef quality (1it content, palatability, tendelness. etc) iìlto a

single measu¡-e has plobìems in cLssetninirting inforn¡ation elfectively to consul.net.s,

Matnrìty is representecl in tell.ns ol eithel chlonologic ol pl.rysictiogic age. Thet'e

has Lreen ¿lso sorte conû'oversy corcerr.rir.r-9 the relatior.rsl.rip betrveen rratur'ìty ¿rncl þeef

qualìty. Sorle stttdies suggest that lneat fì'olr oÌdel anì¡laÌs js uot ¿s tendor as lneat fìolr

youÌl-qer artìmals (Martin, 19tÌ3). At lhe sâI.ì.ìe tirre, ì¡eef fl¿v()ul- is raised (wìthin Ìimits)

by ir.rcleasecl lnaturìt)/, The rratulity of c¿ucasses is reco-enized Lry assessing the color. ancl

deglee of ossifìcation ìn the cartilage and bones of ihe calcass.

Tl.re color oi r¿rw rnuscle is associated with the nature :urd amount of the complex

pt otein rr-ryoglobin th¿tt are responsìble for the color of raw lruscle. Thele is an increâse

in nryogloLrirt coltcetltrations as anir¡als mature lesulting in a ploglessive change in color'.

Color varies frotl a light gleyish led iti very younu beef c¿ucasses to a dark red in iratur.e

c¿rcâsses. A bli-qht chen'y led is oonsidered descliptive of desirable iì'esh-beef ¡ruscle

colour. Whelt a beef carcass ìs ribbed, the cut surfàce of the longrssirnus rnt¡scle llas ¿r

purplish color'. It ta.kes 30 to 40 11.ìinutes for the bright red color to develop. This I'ed col¡r

is a lesult of the re¿ction between the rryoglobin ancl the oxygen. fbtmiug the compound

ox¡,rnyoolob-n. If the unprotected cut surface of a tluscle is exposed to the ùir for. 12

houLs ot lnore. the lruscle Lencis to darken (Maltin, 1983). Consutlers tend do not irccept

dark-cuttin-q lneat very well so this fìrctor is talien into consider¿rtion in the gr:acling

standar ds.

Uolor of fat is allother eieuent considered iu the Canadian gradiug standarcls.

Colol of fit is relateci r.vith l¡reed, ¿t-se, aud fèed. Fat with a yellow appearaur:e is
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associate.i with older, it.ìature ealcasses ¿t'ìd with soute ilair)i bleeds. The yellorv

aJlllearalìce is in plrt clue to llre presÉnce o1' carûtenes, and is t.yrical in anirn¡Lls fèd

retions tilat have û ì.ri-qh concentrlriolt of carotenes. Fat with a yello\v appear-ance is

rusually not clesirable, rlainly because consulrers plefer a u,hite- fìrrl. tlaky fat.

Firlme ss 01'tlre longissilrius i.¡.luscle is anothel eleilleut cot.utectecl with quaÌity and

this rs ì¡ecause it is positively related to thÒ deglee o1'mar-bling and fiuish. lt is evaluateci

otl the cut surface of the ìotrgissirlus nruscle between the trvell'tÌ.r an.l thiÌ'teenth ribs.

Filimtess is Íin irnportâllt factor in grading ancl is related to acceptabtlity and saleability

of meat ploducls.

TextuÌe, ol glain, is relal.ed to tl.ìe arÌroulrt of connectìve tissue associ¿rted wjth ¿

lttuscle. Withir.r a certûin catcass, muscles differ in alrount iìl'ìd l<ind of connective tissue.

and consequently teudei:ness. Fol example, the eye lound. s¿n¡i.t¿ndinostts lnuscle, has a

higher counective tissue content tllan the rib eye, loligi.r'.r l¡zt¿s muscle. and thelefore is

coarser iu textule. Texture is also related to lnaturity. The rìb-e¡,e lnuscle becot.nes

gradu¿Ìlly coarser with .rge (Martin, 1993).

{ìactt¡rs A.ffecting Carcass Va[ue

Recause rÌìany fàctols àlTect carcass quality, this sectiol.ì couce tt:ates olt the

tìctors that influence the cot.nuercial value of beef c¿ucass by focusing on uarketing

âspects. Kernpstet (1992) il1dìcates fìr'e factors ¡rs the main structuÌ'al charactedstics of

cor.lurelci¡1 iulport¿u.ìce; rveight, plopolticln ol fhe l.ltaiu tissues (uruscle. fat and bone).

distribution of tÌrese tissues tlrouglr the carcass. lt-ruscle thickuess, iurcl cherlical

cor.npositiol.
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The iveight anci sjze of a carc¿ss influence the.ìuantity of the various tissues alid

1.he size of ihe muscles exposed on cuitjns. Thìs is ir.npolialit because if affècts the

tetailer-.'s abiiity to suppl¡r ç¡¡5 oi appropriate size for colisultrer specitìcatiolts.

The pr'ìce of a beel cal c¿rss is cleiern-rined by botli gr.Lde and u'eight, Weight

Lrategories alc detenlined by the packers. Prices are set on a standard carcass weì_uht

rall-qe defilled as r.t.tost ildequate by the ret¿il secìtor". Carcasses rvithout these specifìc

weight runges (ii-!lhteÌ ol Ì.reavier') ale usually discoLurted various tlrounts clepeudi¡g on

denancl fol lleef. Discouuts altd weight ranges rnay divelge betweeu packers_ lll some

cases tllese discoultts ale severe ancl are a pÌessule on the use of implovecl br-eeds and

production systerns, ln relation to proces¡ìin-q effìciency, packers seern to beuefit tì-our

l.reaviel r¡'eights because ol leducecl processing and labour costs per unit weight of

lnalketable product.

The plt¡tor-tiol of lean ueat ìs the top deterrnjn¿nt of yield and col.uueLcial valne

arld, hence, it is of great il.ì.ìpoltaÍìce to pa{,rkeÌs. Leanness is the characteristic by whicÌr

nìost cousurìrers assess quality ¿ucl value for tloney (Kerrpster', 1989). At the falu ler.rel,

it seeu.ls to make sellse the procluction of leauer c¿rrcasses L¡ecause substautiall¡' 1116¡9

ener_{y is dellanclecl to produce a giveu weight o1'1'at than the s¿¡r.ne wei-qht lean, At the

lreat processing level, leaner calcasses leflect llettel plocessiu_t ploductivity tlrrough lower'

er'ìergy costs 1'ol clrilling and less laLror to letîove excess fat in the production of

\\'holes:rle cuts (Jones, 1989),

The nuscle weight distributiou through the cat'cass is rreaningtìl because thete

ale vcst difïerences beLween cuts in their retaìl vàlue. This ìs a fìiÌlv ìnvar.iable
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cilaracterìstic aird tllere ìs little char-rge to exploit comniercially (Betg an<ì Bune¡-lielcl

1976),

T'he tìt dìs¡'ibution is srgnil'icant because it aflècts tl.re genelal efTcienuy oi'inear

productioti: excess fat ¡imrlecl duling retail plepar¿tioll is oi'liitle commet.uìal v¡lue i1

cor.r.rpared with thät sold as part of i'etail curs. The position ol lat ilì the carcass is also

ir.ì1portâr.ìt L¡ec¡use subcutaneous fitt can be tlil¡r¡ed rrore easiiy than inte ÌuscuIar 1'¿it

and is prelèr'able in carcass colltÍìilliilg fat in excess of consur.nel reqìiirelnrrlts (Kempster',

1e8 r).

Muscle thicltness' valiation frorr one carcass to another is ¿Lttributed to weight äud

fatness valiatious. Within ciÌrcasses ol sirnilar weìght:Lncl fatness, ì¡lockiel carcasses will

tel.ìd to have thìcker nuscles. Ilowevel this vu'iation has slnrll intluence on lealìzed t etail

values (Kempstel, 1992). Retailels tenrf to fàvour c¿ucass wìth good lreat thickness, I¡ut

va[iations in lean ancì f¿t conrent are consiciered more irr]lortant because they have a

dilect ancl comrnor.rÌy measur'¿ible efïèct on realizatioli values.

I(empster' (l992) mentions that the cher¡ical composition of calcasses does r.tot

usually häve dir-ect connection on tlreir cotnlnercial value since, they ale valued on the

basìs of the physical pÍopel'ties listed above. Chemical corrpositioit may although ì:e

associated with several factots such âs the eatillg quality of the rneãt, the processing

¿1spects. the teudency to lose wei-qht between slaughter and coÍìsulnption. the keeping

rlualities ¿ncl the nutritive Value.

'I'here are otheL cucass ch¿r¡ctelistics and qualitl' f'actors that are irrpoltant. in

terms of corttrner-ci¿l value sucl.r as breed type, seli. rluscling, fì'aure size, and meat yield.
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Ilteed rype ¿1sc¡ influence the prrce buyels are wrllin-e to ofTer fol c¿rttle, Schroeder ei iii.

(1988) ìnvestigLted the influence ¡iî breed type oÍì the prices paicì 1ìr'1'ee<iel ca¡tle in

K¿:lsas ieedel citttle auciion. 'tr-heir le sults sl.rowed ¡hat si-guificrnt discoul.lts were leceivec{

for Angus. oiher English closses, Brahrran, dairy. ancl Longhorn cüttle relative ro

Helelìtds. Srnall premiuus tvere realized fbr the exotic cl.osses ¿ltcl whitet¿ced closses

ì'eÌalive lo Herefol'ds. Theil-resLrlts wele colìsisteut with finclinss ìn other stuclies. in u'hich

Herefcllcl cattle receivecl prenliur.us relative to other noltexotic bleeds,

Sex of tl.re anim¿Ll has been an irnportar'ìt elerrent in explaining variations jiì cattle

ptices and. consequently- has been inclucfecl in rnost of the studies related to cattle

chàracteristics:rnd price (Buccola; Scirultz ¿ud Malsh; Farrinow ¿rncl Gumt Schroeder er

al. ), Sorne of these studies harre shclwl.r plice clifferer.rces Lletween steer altd lieìfèr rvithiu

the sarne weight lange ancì grâde classes. At the lèeder level, the explanation for these

plice dÌl'terences is rel¿tecl co physiological ancl growth lactors difl'erences ancl to tlte costs

involved in handling pregr.ì¿lut heifers in feecllots. At tl.re slaugÌ.rter' level, the rgutnet'ìt is

related to diftèlences in malbling char¿rctel'istics ancl to pel unit processing costs. Sex has

beeli ulso connected with plopoltions ol carcass leaÍì col.ìtel1t (Jones, Tong ¿rnd Robertsou,

19tj7).

Muscling ;:efers to the ¿rrount of fleshing on the bone structure ol the caruass aud

is identiiìecl by the genelal build, outline ar.rd shape of the c¿rcass, A r.vell urusclecl

caLcass is usuâlly r.nore desirable than orle wìth meciium or defficiellt musclin_t. Musclin-q

is genelally âssessed lry the shape of the hip ot' r-ound. Musclin-q is also ¿ factor

cottsidered in the Canadiall grading systen.r. Sorre algued that muscling selved I vit¡i role
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iu standardizing anci caterorizing cârcasses 1br the purposc ol buytng aüd sellìng. Othcr.s

eìrlphasize tilat tllere ale cliff'erences in nrusciiDg lletwern c¿rttlÉ that ilt-e associateci rviilr

clifJèr-ences in Lhe quantity of s¿rleabie lneat ([tobelin and Tulloh, 1992).

Fralre size is used as a uraiol cor.ttpoitenl in the C¿nadian ièeclel cattle trading

systenl. There are several reasons thaÌ explain tl.re ìlrportilrìce of cattle il'atne size. Filst.

lalge lì arle steers and ireifers tend tc gain 1'aster thau sin¿1Ìler liat.ne cattle. Second, ìf fed

to ¿ constaut weigÌrt or'âge, liìr'-[e ùalne càttle 'e inore eíÌicient and. thil'd, iìaure size

catúe rrust be fed fbr â longer peliod to finish.

Scluoedet's et al (19tÌ8) studying the fìctors infìuencing feeclel cattle prices alscr

exarnìned the ef]ècts of lialle size on Karlsas leeder cattle prices. According to theit'

results, tèeclel c¿lltle buyers exhibited a strong prefelence fol lu'ge iì'aued, Iteavy muscled

catde. Discounts 1'or mediuni ancl light ntuscled cattb lauged fi'om approxirrately 5% to

9% of the average plice fbl heavy lluscleci cattle. Discounts for snrall liamed and lower

halÎ ot the rnediun.r fì'amed cattle \¡/ere âlso siguificant-

Me¿t Yieldr is tlre per-centage of saleable rìle¿ìt in the cai cass. lt is ¿ffectecl rnost

by the xrìrount ol exterior fat on tl.ìe carcass. As the fât lreasut eutent incteases, the yielcì

of let¿ìl cuts cleclerses. This is one of tl.re major fautor:i thât alTect cal'câss gracling irnc{

value. Along with quality gracle, the yield grade is cousidered a ntajol iactor in rhe

Canadian l¡eef carcass gradiug procedules. Purceli and Nelson (1976). in exaurining

rTn'o distinct coucepts ¿rre associ¿rtecl with lleat yìelcl: saleable nreat yielcl ancl cut yielcl.
Saleable n-reat yieÌd is the sul.n of the cut weights plus the u'eights 01'the û.il.tl explessed as a
llercelltiìge of side weìght plior cutting, Cut yielcl is the suln of the cut \¡¡eigl'lts rxpÌessed as â

l)erLcr'rlJSc ol ricle u eight pIioI t rrtring.
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clilJèr'ences in cutabìiity in beef carcasses, emphasìze fh¿t such cljlTÞ¡enccs cul ctuse

si-!¡iriflciìnt vai-íation ili calc¿tss va1ue. Because of soure oppositìon to inclLrcle vielcl grade

in the Arrericlir grading systerr. they argue that (.1976, p.482) "the rrove ro lequireci

yield grading ofÌèrs si-uniiìc¡nt poienli¿Ìl as a iîeaus ol increasiirg plicing eiTiciency in the

beef-marlieting systelr".

k{e[triorüs for ]lvaluatíng C¿ncass {Jolll posiÉiol.l

Beel c¿rcass e\/iìluation is concelned rvitÌr velifying the rnonetaly vrlue o1'c¡r-c¿ss.

A plerequisite lbr any comparison o1'calcass evalu¿rtion technjque is the definition of the

baseline a-eaìnst wltich they are to be cornpared. Most c¿rcass evaluations are carried out

wìth an economìc objective ultirlately in l.nind and cellÍed on tl.ìose cltat actel istics whicll

have the gre¿test eÍfect oÍì calcass let¿ril value. Igno:ing carcass rveisht fot the r¡oureut.

rleat yielcl is of lnost importance.

Teclruiques lar evaluating carc¿rss l.ì1eât yìeld in carcass classification ancl glading

ale visual assessn.ìent and ol.tjective llreasurelrel'ìrs such as fàt deptl.r measulernent, video

irnage analysis. velocity of ultr¿souncl, meclical cliagnostic equilllnent, X-ray con¡tutccl

toi.ìrography ¿ucl uuclear r.ìlilgrletic resollitnce imagrng.

Visual ¿rssessrrents have Lreen histolically used to identify difïerences between

¿uìtlals. alld coírtinue to ile an essential elernent in beef c¿ucass classificatiolt. Visual

assessn.ìents uethods lbt measulin,q calcasses in classificatìon and -Sr¿ìding scheures ill

Canad¡ ancl United States have lbcused on the r¡easurerrent of the rib eve muscle tncl

ovel lyittg fat on the exposed sutf¿rce oi the libbecl calc¿rss. According to the Canadtau

grading pr"ocedure a beef c¿rcass is ìnitially inspecterf 1or'lnatur'ìty. Craders recognize the
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a-cÈ (rnaturity) oi' carcasses by assessritg lhe colour ¿rnd de{:ree of ossiiìcation itr the

cartilâ-!:e and Lrotres oi'the cálcess. l-âter, tl.ìe carcass is ribl¡ed at the 12/13th ribs lvl.ren

Irlrtsclitt-tl, llle at coloLn , 1îaÌ blin-g. l'ât rnexsuleinellt. l'a t colour or tc\rul c, uDci prorrrrLrrìr e tì

rrasculinit¡r are exaurinecì.

In telrrs of flt delrtli rreasurelretlts, autoltÌatic-recorditi-q ptobes designed fìr.

ìnspecting pigs luve been evaluâted fol their potentiiLl use ou beef c¿trc¿lsses (ChaclwiÌ<

and Ken.rpster', 1983). Individual plobe rneasulerÌ'ìents ol coinbinations ol pr.obe

l.ìleasurellìeltls taken ilt the lib and loin areas could not pledici cat'cass iean as ltrecisely

as visual fit cÌass, However, when pt obe rneasurel.ì1erìts wel-e used in assessìon to visual

fat assesslreut, plecisìou ol prediction was irnproved.

Ultrasound has been used extensively in medicine anci lacliology. It coustitutes ¿1

cotlplex selectìon of elecúonics that produces sounclwaves rvith fì'equencies too hi-qh for

hur.nali deteotioll. Tl.re velocity of ultrasouncl (VOS) techmque has beeu used to estintate

carcass cot.ttposition ir.ì ilollìestic livestock fol many yeal s. More specifically. ultlasonic

tecltnique has been utilized to eslirr¿te fàt thickness and Ìon-qissirnus ri-ruscle alea (Recio

et al, 1986; Hendelson, Cor'¿rh ¡nrl Pelr-y, 1989; Perkins, Green and Harrlin, 1992; Srlith

et al, 1992), Sonre studies indicated that ultasol.ìic lleasuretnents of b¿ckfat ¿nd

longissimus rnuscle area using these technic¡ue rray lre relatively accurate predictor.s of

liual clrc¿ss lat thickness ancl longissinus l.nuscÌe area irl lreef cattÌe (Perkins, Gteen ancl

llamlin, 1992). Otheis, concluded that ultrasonic rneasurernents o1' lat thickuess ale

¡rrecise iurd àccurate il determining fàt thicliness, while n]uscle alea Õstilnates itie

inconsistent and further investigation is necessary (Srnitb et al, 1992). Wilson (1992).
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rÒviewjllg the altplication oi' ultrasound fìtl genetic ìrnplovernenr sug_qesrs thxt the

applicrtion of uiir¿souncl fcil genetìc ilnproveireut ìry the swine inciusri¡i has been

successful bul fìlthel resealch is still r-equir-ecì beible application ol'ultrasound can be

suÌryolted on a lalge scaÌe lry the beei'and sheep inciustries.

The rretÌ.rod ol' video intage analysis (VIA) appears attr ¿ctjve because tl.ìe carcass

¿rttl'illutes appltised visually clurin-e classifìc¿tìon cau be rneasured objectirrely. The cucass

is either scanned try olle calner'¿ or viewed 1ì-on.r diffelent angìes with severll stlategically

pllced carrelas. The image is converted to a numelical atray oi grey values by an

associatecl col.rlputer. These values cau L¡e used to predict confolmatioir atid fatuess-

Wassenberg, AÌlen antl Kernp (1986) evalLrated tlre usefuìness of VIA for beef oarcass

estirnalìou. They concÌuded that tlie abilìty of the VIA to predicr lloth pet'centage xud

hilo,tlarrs of primal lean w¿ls equal in accuracy to the L.ISDA fàctors.

Australia developed a video in.rage analysis u4rich inciudes ¿r whole catc¿rss

assesslrent on the sllughtet flool and a chilled carcass assessnleut or1 the closs secti0n

o1'the rib eye. 'fhis systelr was evaluated and conpaled witÌr the C¿rnadian gr'âde rulet'

ir the Nation¡l Beef Calcass Cut Out Study developed by Agriculture Canada iu the Fall

of l99ll- The lesults of this stucly indicated that the whole carcass VIA systerr explained

over 60')/r, of the variation in saleable rreat yield with an enor of 1.501a.lt had silrilat'

¿lccufaLry to [1.ìe grade ruler fol pre(:jicting cLtt yield. The chiliecl carcass VIA systelr ot.ìl)/

expÌained about 267c of the r¡arjation in saleable rreat yielcl ¿lnd 50% oi the vlriation in

cut yielcl wiih an en'oÌ' ot 1,.)3t/c,.
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Thcre ale sevelal niedical techniques ,.vhich otïel potentiâl fol assessil.rs ivhole

body corr¡rosition, but curlently l.r.rclsi of these techniques wor¡lcJ iirvolve high cosis lncÍ

ale clifl'icrilt to irrpleuleut. The ntost comlllon is the X-r'ay comlluted tomogr aphy(t-ìT).

Tire carcass ìs placecl in 1te centr-e of a lar-ue u'heei which has an X-ray rul¡e an¡l a

detector placed at opposite positiolls on the inuer eclge. TÌre wheel rs rotated art¡uncì the

u¿u'cass. The ¿lttelluatiol.ì of the X-rlry cietectecl âllows construciiou of ¿L ct'oss-sectiouiìl

iu.iage by a linked coll-ìlluter'. Nuclear- magnetic lesollance in.raging allows tissues tc¡ be

cÌlal'acterized b), the ureasurelrent of electrom¿lgl1etic sigltals given ofi' lry plotons in the

body tissues when a stror.i-{ r.naglletic fìeld is applied, As with X-ray CT, no equipnent

is cunently availaLrle f'or rneasuring beef carcass (Kempster', 1992).

The benefìts associated with the use ol tiese techniques in plecisell' aud acculutely

estirnâting c¿rcass lìreasuler.nents in live ¡niutals should Lre of advantage lo the beel

industry, per-rnitting it to l¡ove away fi'om the present procedure o1'pricing oattle on pen

avelages to a v¡lue-b¿sed r].ìarkelillg systeln.

Measuring lleef Quality

Tltere is collcern lìr.nor'ìg irarticip¿nts 01'dle rreat industr:y on how to lne¿tsure the

cle-qree of equivalence or dissonance lretu'eelt collsuuler prelèt ences and a ploduct's

cl.ìatacteristjcs. Branson et aì. (1986), reviewing the factors ì¡ehincì the developntent of a

r]¿tional consulner beef study in United States, pi-ovide I conbination of reasons for tl.iis

collcerll. First, at the producer level. ¡r'e the cha)rgÒs in the beel'ploductiou systen't in

tern.is oi breedili-q and tèedìng opeÌations and rletl.rocls respondin.q to colìsulrers
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prefè1euce of le¿ner i1ìeat. Secorjd, ât tiìe wholesaie (packers) Ierrel, ai.e tite use of

electrical stiul¡l¿tioll ùl btef Lrarc¿1sses to intensífy ireat rencienless and tlie acloptior-r cif

boxed beef. And third, at ihe r-eteil/consumer level, are tlle roncerr'ìs t'elate¡l to shift in

beef demancl to olÌrer llroducts such as cl-ricken ancl polk and cousutneLs' applehension

regalding diet and l.realth.

Accorcìtng to :ievel'aÌ studies on beef quality (Keutpster'; Bt.ausou et al.: Cìapps,

N4oen artd Bt ausou; Jel'emiah. Tond ¿rnd .lones), the irost iu.ìllortallt elemeuts of beel

qualtty ar-e leanness, tendelnÒss ¿rircl flar¡our. Leanness is ¡ssoclated with an optirnurl level

of tìtuess. The controversy alound this issue is how lnuch would tìris optirrum level o1'

î¿htess be. At one side, ther:e are colrsulnels derrancling ¿t ieaner rreat altcl, ol.ì the other

side, certan sectors of the r.ì1e¿t industry are resisting to LrÌ.ìarìges in fatness level_

Teltdel'ness is considered one of the n.ìost irìrportaut iLspects of beef quality and the

r¡ost ditficult to cor.ìtrol. Thete is a genetal view alnong tetailets that the average level

and the variability in tenderness has not improvecl-

The 1ìctors thirt iìre il]tportalii in detel lì1il'ìil'ìg tlìe teudeness of l¡eef aud intluence

other- eating qualit)/ chùr-actelistics are bleed, carclss l'at conteut, n.ri¡ bling fat, ploduction

systelr, sex, pteslaughter hanclltng (stless). u-ruscle pH, *rcass chilling rate, condrtionìng

tilne ancl cooking (Kempster', 1992).

There is vast literatule on the etlècts of breed type on meat qualit¡,. ¡1 general, the

coltclusions lre titilt breed type is not irlpor"tar.ìt on its owu but th¿t variation ìlt

succulence ancl tendemess is associa¡ed u'itl.r diftèr'ences iu c¿ucass weighl and f¿tness.
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Stuciies developed iu rhe U.S.A, supports ¡he idea that beÊi' i'i'orl heaviet. l'¿ttcr

crrcasses is rnole teuclet because tlte calcass wiii ir¿ve cooled nrore slowly. anci even ìlt

convel.ìtional chilling, Ìean uninsulatecl sides can "cold shorteu' leadins to tougli ìteef

(Dikerran, 19117). tlthel le searcl.r (Koohmaraìer. Seicleman ancl Crouse, 19813) suspects the

view that fìt sirlply has an insulating efièct. TÌrese ¡jtudies and others irnply th¿1t lrârìrling

fat in ioir¡ nruscle is essential to provide optimurn telldell.ìess (Dikentan, 1987).

hr tel-ns of systelr of ploductìon aiìd diet. uralysis clrrìed in the Ljnited States

have derronstlated that graìn-t'ed beef ploducecl jn leedÌots is lnore tender' fhan "forage-

fed" beef. Ear'ly results sug-o,ested that this was because grain-fèd caLcass weLe hearrieL

and lìttel and thus cooled lnore slowly under nolmal chilling conditious (Tatum, 1981).

Bull carcusses are genelalll, leaner thau those fì'orr lreìfels or steeLs ancl sone

leports llâvc su-qgested that findings of tougher lre¿t in bulls ate explained by -{r'eiLtet'

cold-shot tening. However. consistent difïerences in f¿r,our of steers have ¿lso treen showl

ìrr rhe rbserrr'e o1'eold shonetrin¡r.

Tlte eftècts of ple-slaughtel htndling and resultjltg sttess oll tellderness ale

pì'obàbly rr¿1inly associated wìth the effects on pH. Ausn¿1llan wotk shows LI.ìat in tlte

ultir¡ato pH range 5.4-6.0, increasing pFl leacis to toughel nreat, (Bouton et al. 197.i)-

Operlfing post-slaughter such as calcass chilling. electlical stilnulation and

conditioning ¿ue the nlost cl'itical ¡nd the u.ìost uncertain in theil der¿iled efTècts on ìreef

Lluàlitl¡. Rapicl chilling of calcasses so that n]uscle telîperature reaches approxillrately l0

C can seriously tou-qhen beef (\4arsh and Lee, 1966). High-ol low-voltage stitì1ul¿tioÍì c¿u)

produce terldeÌ 1reat even if sides ¿tre rhen colled rapidJy (Bendail et al., 1976).
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Ca¡laaiia¡¡ Xteef Car"cass (ìnacling SysÉean

The htstot'y oi the Canaciian beef catcass gr-¿rcling systerÌ1 is char-ücterìzed by rrany

changes. ln orcler to ulrderstiìrld the ac¡ual Cariadiali glacling systerr, an ev¿luation o1'

tecetlt cl.tau-{es is prorricleci. 'fhe uost ilrllolt¿r'ìt aspects of those cl.ìances ¿r¡e cliscussecl

in the evaluation of lecent ch¿nges.

Evaluratio¡¡ of R.ece!tÉ. Cilanges

Beel'carcass glacling star-ted iu Canada in I929. Since Lhen there js been sevel.al

cÌranges foììowing the industty changes. One of the inajor evaluations of the systenr

occurecl it't 1972. Tl.ìe roucept of lrasing the grâde olì the yield of a carcass w¿rs

illtlocluced by the r-evised systerr. Research cleu-ronstr ated that fat cover'ìng ou tlle calc¡ss

was the uajor fìctor- a1'fecting the yrelcl of edible cuts ulore than any other eletneui. such

as confolnation, rnuscììng, llone llerceutage, calcaiìs weight ol r"ib eye alea.

Betbre the 1972 Canadiar¡ gracle changes, glading of beef anintals was l¡ased ou

suìrjective considerations. Accolcling to the 19.58 Beef and Veal Carcass Clading

lìegulations, slaughtcr cattÌe were classifìed as excellent. r'an-ey, an_qular, or it.l.egular,

Conlolmalion provided the basis of the graclin_q sy¡;telr. TÌte assurrptiou behincl the

tatiollale fol tlte glacling systenl-that thele wàs conelation between collslutìer prefèr'ences

and conl'orrration-was ueveL courmelcially tested (Srnith et aÌ., 197-5) ancì vague phlases

as "there is no excess plr¡ror-tion of fat at any weight " were entployed by th. l:.*rtu,ton.

At tlrilt tilre- the grading s¡,stem provided little value to proclucels aud col.rsulreLs

but selrrecl wholesaling-r'etailin-u groups well. Because the old graclng systel.ìì did not take

illto accoutlt the effèots of fàt covel on yield of edible cuts, retailers could sell beef rvhich



inally cousulners fouÍìd excùssjveiy fat. ¿ "choice" (the highest -qrade in the old Can¿dìan

System)- This excess of f¿t ,"vas usuali)¡ tlìlnlle d oÍT iir the LolÌsunlct ) hollle üs \À usre.

The -gi'adin-q systeltl was lìot trailsl.ìlitting irfirn-iatioit fi-clm the col'ìsluÌlet ler¡el tui tlte

producel' level, The result of tl.ìât wils c¿ittle lieder:ì opÒl-ating longer'leeding periods t0

put on fât which the col.ìsutret ciid ¡ot wairt ancl often rejectecì.

Due to producei-dnd consuinel collcells the -qlading o1'beel r.vas rerriewecl by

col.nlnittees ¿nd discussecl ilr selter¿rl cortferences. Coirsurners, producers and others sectol s

oi the beel industry got together at the 1966 Canadian Beef lm¡rrovemeut Clonfèr'ence.

After this fùst coufèlence was cl:eated an Ltdustty Colnl.nittee on Beef Glaciing and

Quality. Subcormlittees leports, dealiug with sub_iective veÌ'sus objective ulethods of

graclin-9, afïllned that subjectirre grading did not aclequately leilect beef quaììty.

Followiug a signifìcant alr-rourìt of aclditional resealch, a proposal for the est¿rblishrrent

of a entilely new grading systelr which would be baseci on objective r.ìleasut"es was put

folwarcl, Meat packers did not aglee witli tÌris cornplete objective lrethod. They believecl

tÌl¿t solne 01'the subjective ¡nethods sl.rould be preserved, An agt-eeurent ìletweelt pacliers

¿1nd ploducers was finally established- The producers wele able to olltain points 1ìr

otr.iectrve t¡uality standalds, and packer s wele able to get quaÌity standarcls desclibing riLr

leân texture. urarbling, colour. aud textut'e offat (Considine et al., 1986).

On 5 Septernber 1912. the nerv C¿rnadian treef grading systenÌ was introducecl, The

uew gtaditt-q sl¡stelr was build fundalnentally on objective st¿ndards and its l.righest -urade.

41, had requilelrents which rvele substlrntially leanel than I.rld been tlÌe case uuder tÌre

old gradirtg system, The revised system iutroduced the concept oi basing tl.ìe grade olì tlle
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yielcl of a catclss. Hence. the rer¡isec1 giacling system lntloduced fat rneasuremenis 1o¡ tlre

A ancl B glacles. separatìn-u each gracie inro four îat eategories Al, ,A2. Alì aud A.i: 81.

IJ 2. B-l and B¡1.

llt teturs o1- glading plocecluLes, in ordel to take lat l.neasurel.ìÌeuts aud assess i¡eat

color ancl marbling, c|rcasses have been partly separated (kniTè iiìrbed) l]etweell the fiont

and hincl quarters. Since January l, 1984, this separ-ation has l¡een r.uade between the l2th

and i 3th libs. The idea was to arlal:Ìt the new -rllading procedure with inter.nation¿l

standards io simplify tlacle in beef with otl.rel coulltl'ies. Pleviously beel' calcasses haci

been separated between the 11th and l2th ribs.

On January 1, 1984. small levisions wele ¿1so rrade il.ì the gracling systenl with

the purpose to convelt the rreasurerìrents 10 n.ìetrirj altcl to use the salre treasulelîeltts for

all weights t¡f beef oarcasses weighing 330 pounds (150 kg) and ilole.

The last changes in the C¿uadian beei gt'adin-q systerr occurred on Apt.il, -5 oi

1992. The pliurary objectives behiud these changes was to nlake the C¿naclian ancl

Anetican -{rading systems comltarable on ulaÍìy it.t.ìpottaut issues- Before April. 5 1992.

there wer'Ò I 4 glacles of calcasses wìth the grade narres Can¿ida A I -A¿1. Canada B 1 -B 3,

Canada Cl-C2, Canacla D1-D4 and Canada E. With the 1992 revision, A, B ancl D gr.ades

lelllained unchangecl, but the rategoly C was abolishecl. Tl.ris was char.rged to 12 grades

o1'carc¿rsses with the gracle naures Canada A. AA, AAA, Can¿rd.r B1,B¿t, Canacla D1-D4

and Clan¿cia E.

Two irrportant cÌranges were the adoption of the glade ruÌer to predìct the yielil

of borteless cuts alld the leintroduction of rrarbJing and sLrbsequent iclentifir:ation of 3
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quâlity grades (,4,,A4,,4A.4) foi ¡,¡r¡11g cattle. l'he -[rxde rule]'wil1 be explainecJ in rnole

de¡¿rils in the seclioÍì clescnbing ihe actual Caliadia¡ glacling systeir.

-fhele were sr.nall ciranges in tllc fâctols describin-e qualit)¡ -!:rade. Matulity groups

wele reducerì tloni 3 categolies (rll¿ture, inien¡ediate and young) to 2 cûte-qories (matute

and young). AfÌel-tÌrese changes, r.nalblin-u was assessecl ¿t 4 levelsi Devoicl, Tì'ace, Slight

ancÌ Sm¿ll ( or gleater'). For the A gracìe a ntin.imullt o1' rr¿rce levels of mat bling was

retluìreiì. The irr¡rlicatìons oi lÌlis specific change to the Lreei' indLrstly is that Cauirdian

glacle woulcl be aì¡le to lle corlverted to its oquivalenr US quality glade,'fhe yield gr-ade

categories were reduced fì'oin four- (41,42, A3 ancÌ A4) to three classes (41, A2 and

A3). Irat and lreat coìol cliteria were kept the s¿ule. These changes are better explaìned

in Table 3.1.

'l'able 3.tr. Changes in the Beef Gladin-q Systern According to 1992 Revision

Gl ades Main Chanses

l. Mu-bling - Glacie A Ç¿rcasses ale stamped with the f'ollowing
classifìcation : A (trace), AA(slight), & AAA (small and glearer).
Devoicl calcasses 1'al1 down into the B I grlde.

2. Yield - Calcasses ale classifìed iÍìto three groupiltgs: Al (59% +)
A2 (54%-58%), anct 4.3 (53% -).

B l. B2-84 grades - TI-re clark cutting carcasses becar.ne B4's and
youthful c¿rcasses u'ith yellow làt are classifiecl as 82's,

2. Yield Calculation - lt was agreed to wait one year to deal with the
issue of rreasru'in-{ the yielcl ol B cal'clisses.

(l

l) Fat thickness bleak moved to 15 l¡ur tiom 20 mt.n 1ìr'l)I cou's.
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Besides tl.rese ciranges, there are still many ciilferelices tletwùetl tÌre Canaclì¡rn aucl

US gracìing:j).,sret.ìls. These clilferences at'e ¿rssociated witlt the cleîìnitjon o1, caLcass,

u'eight- iitatulity. ittat'bling levels, fat and rruscle colour. contblnration. vieftl l'act¡l's

calcul¿tir¡n and oti.ìers ac ri nistr'¿dve dilfèreirces (Jones. I 992 ).

?he,4ctual Cal¡aciia¡¡ ( ì nadimg Såa¡lclarcls

The actual Canadi¿n beel' c¿rcass glading systenr contaius 12 gr.ades o1, c¿rcasses

rvith tl.re sr¿de ¡al¡es Canada A. Can¡cl¿ AA, Canada AAA. C¿nacl¿ B 1, Canacl¿ 82.

Canacla 83, Car.racla 84, Canada D1. Canada D2, Canada D3. Canada D4 and Canacla E,

Ll Canacla, gr¿des of beef carcass are based oÍì two rrajor factors: quality gr.lcle

ancl yield grade, The fàcto1s that are investigatecl in defìning the quality grades ¿re:

Ìnaturity, muscling, lon-qìssirnus muscÌe, longissirrus muscle color, 1'¿r colcll', fìrt coveling

and rniubling level-

Maturity is deteflninecl ìJy tlle assessment o1 coloul ancl clegree of ossilicatiou in

the cartililge ¿rncl bones of the carcasses. Ii is anal),zed the cartilaginous c¿llls otl the

thoracic vortebrae. luml¡¡L vertebl ae, the s¡rinous plocesses, ribs ¿1.ìd stenÌur. TÌre sl ¿iling

systelll lecogllizos two stages of tnatutity: youn-q and lratule. The yonng class of matulity

is fol youthful anirn¿ls in the A, AA, AAA, B 1, 82. 83 and B4 -erades, while the r¡aturt-

class includes aninlals in the D1, D2, D3 and D4 glades.

As nrentiouecl before. uruscling refers to tlÌe alnourÌt of' l'leshin!¡ on the bone

slructure of the ca;:cass and is distinguished by the genelal build. outline ancl shape ol the

carc¿ss. While tl.re u-rusclilg lequilenrents 1'ol the top glades of beef are not as rigor.ous

as in past gÌ'ading s)¡steils, a well it-ruscled cûrcass is súll more desuabÌe tl.ìan one witl.r
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o1ìl)/ Ì111:diull] or iieficìer.ìt nrusciìr]-s. Youthful calcasses witjr ¿t least l.necliuur or þettet

muscling ar-e eìigible ibr the A. and B glacles. M¿ture cows f¿ll into the Dl. D2, Ð3 ancl

D4 _srades. Musclin-{ in these gracJes rraries û'om "excellent'irl the Dl's to "fì'ortr deiicient

to excelleut" ìn the D4's. The E gi'acie tnclucles beef carcasses of a butl or. srag anci tÌte

beel ca;:casses that ha\/e plonounced inascuÌility.

TÌre potentirl cookiug aud eating quality of ilÌeat is ¿lso tffected by matut.iry.

Calcasses with lean bright recl iiÌeat drat is fir-.rn u,ith soile nrarìrlir.rg, lut¡l has a filr white

fìt covel'. produce cuts of lneat with the greatest llotel'ìtìal to satisfy the consumer. The

A glade (4. AA, AAA) consequently requires that the longissìmus l.nuscles are filrr ancf

bright lecl and fit. cover wÌrich is îìr'rn an white ol slightly tinged with a redclish ot arnber

colour and rlat blilt-q leveÌs accorcling to T¡ble 3,2. B grades c¿rn have a rl. ediul.lt cl¿rÌ< lean

colour, wìtl.ì slghtly soft fàt covel which inay be slightly yellowìsh in r,:olour, B2 is al

exclusive glade fol cärc¿ìsses wìth ¡rs1161" fat. B4 grade is exclusive for dall< cutting

carcasses. The D gracles include calcasses with white or slightly tingecl with a recldish or

alttbel colour to yellow fat cover. A fìrt covel tl.ìat langes fì-olr-t lir-m to sltghrly sotì are

required fbl D glades. Quality factols are less ilnpoltant in the E grade.

T'able 3.2. Marbltng Requirerrents for Cauada A, Clanada AA ancl C.llada AAA
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Itel.l.l Coluun l
Grade

Colulnn II
Requiled Marbling Level

Ca nad ¡ A At tl.re le¿rst, traces, brìt Ìess than a slight amoulil

2 Can¿cia AA At the least. l slight aurount but less th¿rn I small
alllount

Canada AAA A srlall arnount ot llóre
l1ìeDl ol Agúculturc, Cüladx. Ljvestock Cucass Crldj l¡lr0nsu! Re!¡rl



ln 1992, l glade ruler \Ã/as ¿tdopicd by the Canadian gradìng sysrem ro preiiict rhe

yield oi boleless cui:s. þle¿t yielcl is assesseci tiloucll ooinjlutatiolt o1' dte i.ib eye

clinrensjons (ìengtli anci width) and lat thickness, It ìs alÈcted most by ihe amounr 9f

exteriot i'ai oll tÌre cârc¿tss. As the lat uleasurernelÌt illcreases. Lhe yield oi l-etaìl cuts

decLe¿ses. Frgule 3.1 has a replesentatioir of the glade luler. The correct lat cl¿rss is

established by positìoning the ruler poìnt lt the mir.rir.uum c¡l the iìL thickness in the loufrll

qurlter 01' tlre loin-eye on the left sicle oi the carcass. Tllis ìs ìncliclted by nuurber L1) in

Figure 3.1. The irine fat classes spau the fat thicliness range of 4 to 20 n¡ln fbr A grade

calcasses. Table 3.3 shows the gr ade fãt tl.rìckness alÌd its respective classes ibr A. AAA

and AAA glade ciu'casses.

Tal¡ie 3.3. Grade Rulel Fat Classes and Gl¿cle Fat Qln-r)

Cìr'acle Rulel Fat Class Gl ade Fût (1nrn)

4to5

2 6to'l
3 ¡ito9

1. l0 to 11

5 12 to 13

6 I4 to t5

1 l6 to t]
8 lll to t9

9 20



The loin-eye lengtl.r and width ¿1re tneasur:ed ¿ncl scor.ed 1 (smaJl).2 (urecliurri), ol

-3 (lalge) depending on how ihe cou.lilare ro the 'widrh" and "lengtl.r' bclxes. TIiìs js

indic¡ted by nuirbet (2) in Figure 3. i, Table 3.4 clescribes the rÌlea s rrerîeirrs assocìated

with rib eye u'icith ¿urd length.

T'able 3.¿*. Rib Eye Wii]th and Length Classes and Measurernents

Rib E,ye Width Rib Ëye Length

Clas Measulernent (r.nm) Class Measurerrent (uln)

1 less than 64 lnn-r less than Izll nrr-r

2, 64 to 7I rml 2 lì'om 141 to 150 rnn.l

3 greater than 71 tmr.r -1 ule¡te1' tlìan 150 rnnr



Figure 3"I. Cracle Iìuler usecl by the Can¿rclian lleef Carcass Gr¿clìng S)¡str'.il
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Anything betu,eeu ti.ìe rulo point and tlie box is a 1, in the box ls a 2, aird heyoncl

rhe bt¡x is ¿ 3. The t-riuscle grid is used to define the lilial ntirscle scote. Usiiig ihe lluscie

scole and fat ùlass togetlrel olì tlìe yield glicl will give the estìlraied lean yielcì or

cutability estir.nate. This is represented by nurnber (3) jn Figure j.i- Cutabilitv esrit.ì1âte

is an estiur¿te ol the pelcentage of tlimrnecì, boneless retajls cuts exltected TioIn the foul-

rriLjol wholesaÌe cuts oi a sicle. A yieìd lol.t.rula is used to calculate the cutability

pel celltlge usittg tttt-tscle score ancl graile 1'at lÌ1eûs ìi1 elllrlt ts. TÌre yielil equ¿ìtiot.ì is ls

ioilorvs:

V = 63 -65 + L.tS+ (muscle score) - t.76+ (gradc.fat) (-j.l)

The yield glacìe and yìelcì class are detelrined fol evely beel' car.cass th¿t is

gladed Canada A, Cauacla AA and Canada AAA. A higher yield of ret¿il cuts is expected

fionr an Al side of beel'cornpaled to an 42. Similally, the yield clrops further in the 43.

Yielcl class is stan.tped in recl ìnk in four places: sìrolt loin ¡nd ritr sections of each side

c¡î catcass. The yield classes of a beef carcass tÌrat is qualit¡r -craded Canada A, AA and

AAA rre repleserÌted in Table 3.5.

As stated bef'ole, the level ancl dìstribution of the fat cover ovel the rvhole c¿l c¿rss

wilÌ affèct the yield of r.neat but this is at leasr parrly evalu¿ted by takin-r the fat

lreasuremellts. The ilegree oi musclin-{ and rib eye alea have a lcssel degr.ee oi ìnfluence

ot'ì ire¡t yield. Musclin-t is tr.rore clifTicull lo assess olrjectively it1 tl.ìe -qr¿diult systel.ì.ì.

Appendix I plovicles a copy of the C¡naclian standards for beef carcass.
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T'ab¡û -i.5. Deteri.r¡ination of Yi¿icl Cl¿ss for C¿l'casses Graded Canacia A. AA and

lienr Coiul.nn I

Determined Yield ((Z )

flolri:i.rn II
Yield Class

-59 or llole Canadr A 1

1 54 to .58 Can¿cla A2

53 ol less Canad¿ A3

A!ri.Lllr rc- (',lirir'lir. Li\(.l,rLk a.dù:rii Ct Resul

43



(i{'å,,.{P't'ER 4. ÐÁ.?.'{ A}ir} MÐ't'F{( }L}{}r,{ }( ;v

'Ihis cìrtpter addresses tl.le sources and cofistnìctiLln ol the dat¿ arld nletlìodolor¡y

leqirilecl for the er¡aluation of lreei c¿rc¿ss value alicl plice pleit.iiun.rs and discounts. It is

divided in five parts. The fir-st llart describe"s tlie theory uncler-iying a hedonic p¡ice

techniclue. The secoutl pari discusses the data aud clata soulce. The thir-d palt exal.niues

each indiviclual cha¡rcteristic iircìucled in this study. The lbLrrth part descr'ìbes the

procedut e ¿ssociated wìth the hedonic (empir.icaÌ) iLnalysis. And the last par-t acldresses the

issue of rnulticollinearity inclurlinc its investigation al'ìcl possible solution-

'I'heol'y

The first study tltat analyzed the influence of quality on plices was published in

19213 by Waugh. ln I 939 Coult ploposed Lhat n.rultiple reglession techniques cc¡ukl be

used to l¡reak clown the prioe of a product into the in.rplìcit price of each cl.ìâr¿toteristic

mult\rliecl by the quantity of e¿ch character"isLic inciucled in the product. Many of the

dreoretic¿l issues of collsulner clernaud ibl quality was fonn¿rlized indepenclently by

Houthaliker at¡d Theil ( 1 95 I ). The link between coÍìsulîer deurand with lr-reasurltrle

proiluct cl.ìlr'âcteristics was initiaily executecl by Gorr.nan's (19-56) study on qualìty

cliflèrentials in the egg rrarket. Later, Laucastet (1966) developed a new approilch to

col.rsul.ììel theoly errphasizing that consurnel utiÌity is clelived tiom tlte attlìbuies ol the

good lathel than the goods thenrselves. Lutcâstet's theoly o1'demand plays alì ilrport¿ut

lole in the anal)/sis of Lreef quality data and will be given special attention in tl.ris section.

In his apploach of consul'net tÌreoly, Lancaster (1991) assulnes tllat consurrlltion

is art activity in which goods, incLvidually or-in conbinatìon, at'e illputs iu .¡,irich the



output is ¿ collection of áttriirutes, tjtilities are ¿ssur¡ecl to classìfy collections of

attrilrules ai.ìd otlly to classify collectious of goocls ir.rcìireetiy rhiough rhe attriilutes thal

tÌ.Ìey llossess. The suì¡st¿nce oi'Lal.ìcxster''s tlreory can lre outlined as fol]ows:

1. {t is not the good, per sr. thilt -tives utilit¡r to the consur.ner; i1. possesses

attribLrtes. and these attribut'e s give rise ¡o utility.

2- Nor-n.rally. a gclocl will possess mor:e thûn one ¿ttribute, ancl rnany iìfi.ributes will

be shaled by trote than oÍìe good.

3. Coods iu col.nbination rray posses attributes l'roin tÌrose coircentiug to the goods

inclividualìy,

L¿Ìncaster''s uodel associated with this new consurller lppr.oach has sor- e specific

assunplions. First, it assuures that [he relaîjouship between the Ìevel oi acrit,ity iii. Q,,,,

and the ploduct consuued in that activity to be botl.r linear and objective, so rhat, if li ìs

trÌre .lth good we have

- = \-- r'n
J zr lm * |n'

('1'1')

¡nd the vectol of total goocls r-equired fbl a given activity vector is given by

X=AQ.
('1 2)

The ecluations ate ¿ssumed to hoid i'ol'all inilivicluals, the coetficients d/,,, being c¿rÌculated

by tlle iuherent pì'operties of the products ther.nseh,es and conceivably the concfitions of

technological linowledge ìl the society.
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Second. it ¿ssuri-ìes th¿lt each con:iulllption artivity ot:ìgin¿tes a lixecl vector of

ol.ìärâctefiriiics art{l tl.ì¿lt tiie reiationsliip is aÌso linear'- sû tllat. il c; is tl.ie ar.nouilr o1' the ¿1h

charac Leristi0s

c =\-å oI Z-¿ lln \¡11

(4,.1)

or

c=8Q.
('1 4)

Thild, it is assuiled that the indit,idu¡ls possess au or.dtnal utility function ou

cltar'¿rc teristì cs U(t:) ztncl that they will try to iitaxitnize U(t:)_ The ordinary convexity

propelties of a st¿nclarcl utility fìnction is ¿lso assumecl fot'U(c).

Cìonsiclering llì¿tt cotlsutners ale not interested in -{oods fol theil^ own sake but

because of tl.ìe characteristics they possess, dre utility oi cousunrption depends on the

ch¿rractel'istics that ¿r good hûs

U = U(cr,...,c,), (4.-5)

ll4rere cr, ..., .',, âr'e quantities t'ol-the ¡¿ cilalactedstics cr¡nsulned. Each collsumer- then,

has a vectol of chalacteristics anci subjective wei-ghLs lor. varyiug qualltitles oT
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cl.ì¿il'¿ctcristics, Consetluetrtly. n c¿1n br cclitsideled

wÌ.rich rnight Lre írnpor-rani ro coÌ'tsul.ners.

Lancasier (1966) folinulateci the consutnel

Mc;x U(c)

su Lrject Lo

¡o inclucie all possible characfelistics

s utility rrarintìzation ¡rloblenr as

(¿i.a¡)

vectors of qulrntities and

lrì¿trix of iuput-oùtltut

P'Q<I 8Ç=c"c>0, e>0,

where c is ä vectol' of quantities o1'characterisiics, Q ancl P ar-e

prices of products. and r3 is tlle consun.ìption technology

coelìicients. Tl.re itl.r low of BO = ¿: can be writteu as

Tb..a.=c..z_r rl ! o|
ø.7)

whele b,, is the quantity of the lth characteristics ín one unit oi pr:oduct.l, and 17, and c,,,

¿x'e the total consuirlptiou of each chat acteristic.

The linitations of Laucaster's rrodel lrave been cliscussed by sorre studies. The

criticisu-rs àpply to the assurrptions of line¿r col)suutptioÍt tecltnology (Lucas, 1975), that

nulginal utilities of all chalacteristics ¿re uot.llleg¿tive (Hendìer. 1975) and that uiility

cìepencls only upon total quatitities o1' ch¿rracteristics and llot ullon tireir distl ibution ¿urot.ìg

coulnoclities (l-ucas, 197-5 and Hendlel, 1975), A sinrilar-approacl.r to Lancaster.'s theory

was developed by Lacfd and Suvannunt (1976) and these limitarious clo not seer.n to appiy

41



to their model. This approacl.r ís caliecl the coilsul.net goocls characteristics moclel

({JCCh4). There are t\À,o hypothesis l¡ehincl rhe CGCM: (1) J'ol each prociltcr consumecl.

the pnce pajd ìry the col'lsur.ner equals the suu-i of the ntalginaì ilìolìetdr]¡ values oi'tlte

goods' atû'illutes, (2) ancì ootlsurîer ciemancl lir.rctions tbr goocÌs are influencecl by

artributes of the ploducts.

TI.re eu-rpiricaÌ application oi' ch¿ractelistics deilancl is illustr¿itecl by a hedor.ric

plice function, wheìe product plice is ¿ function o1' the good and its quality

characteristics. A basic lbirn oithe hedonic plice ec¡uation is 1:iovided by Lucas (1975):

F,=f(cu . c.. : a )u' t'
(4.IJ)

whele P, is the obselved plice or value of procluct i.; t:,,, j=l ,...,,¡ lneasures ll.ìe alrount of

solne il.rherent "quality clt aractel istics " fol each unit of pt'oduct r; iLncì í, is a clisturbance

telnr. Fledor.ìic price studies aLe used to quautify the relationship between product plices

a¡d theil' observed quality attribuies. Specific rlarkets c1o not exist l'or the attlibutes

thernselves ancl so sepatate implicit values ueed to be estimated fbr each, ¿rnd

independently of additional factors ¿rffectin-c the product price.

The heclonic plice function allows in-rplicit value of ¿ttibutes to be estinated and,

col.ìsequently, it has been usecl bloaclly in aglicuilul'¿rl product price studies. L¿rcld aud

Marrin (1976) Lrsed hedonic prices to ev¿Ìlurte LJ.S. corn grades. Wilson (1989) specifìecl

alld estiiràted a heclonic ltrice 1ìnction in or-.der to l.rleasut'e the ura-{nitude of

difierentiation ancl values of quality chalacteristics in the iltenational $/heat lrarket.
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Troilsiâd, Huthoeièr ¿rnd Monke (1992) deterntined the iuplicit value o1'spatial. seasonal.

ancl cluality cirar¿ctelisiics oi appies by estirnatin_q a heclonic price r¡oclei fbt- the iJ.S.

apple inclustly. 'fhe liecionic techniclue has ¿lso been applied to â varjety ol stur{ies tliat

anaiyzed the inplicit plices of t.nairufactured goocls (Glegor-y ¿ncì Teartle, 1973). Ìand

(Pardew, Shane and Yanagìda. 1986). and autolt.ìobiles (Adelnrau and Gr'ìliches. 19(r I ),

The kr-qic cll hedonic enalysìs o1'beef calcass plices is th¿it clifïelent value of beei'

c¿rc¿r:ìses ìs detelllined by the par-ticular cÌraracteris tic s tl.rey possess. The quantity oi each

quality charactel istics is aÌ.ì arguureìr[ in the ploduction function. The tirst-order conciltion

of a tiln rraximizing a plofit function l'esults in a hedonrc pr.ice fuuction_ This siuply

delnollsü¿ì.tes that tht lralket price for an inpur depends on its char¿cteristics. As specified

belole, the l.redonic plice fuuction c¿n be clescribed ¿rs:

P,, = FrÐ=, (ôî, I ôs¡ r) x (ôq,, Í ôx,r) (+.9)

wÌrer-e P., is the price ol input,r, ôq,,1ðt,, is rhe rr-ralgìnal yield o1' cÌ.raracter istic .7 ìtr the

ploduction of _y ïì.om input. I, and P,(Af)l ðq¡,) is the value of dre r.nalginal pr-oduct

chalactelistic .7 used in procluction of ). TItis lunction can be simplified by essurnitrg that

P,.(ðfy/ô.11") is B, and ðq,,1ôx,,. is -1r,,, and both are constaut. The hedonic price tinction

can dlen be restated as:

P,, = Y¡ =, E¡ (x¡ , r) (4.10)
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where -1./ì is the quantity ol char ¿cte ristic .7 contaìned ìn ¿acÌr unit of -r,,, 8, is tÌre nr¡r s iual

inpìicrt value ol' cl.ìu'acteÌ-istics.7. Thus, ihe genelal erlpirical specification is a 1ìnction¿l

i elationsl.rip betweerì prices anrì quality chat-acl.eristics.

ilaÊa

The calc¿rss dirta were colleûted by Agliuultule C¿nada in two Canadian pacJtinr

plûnts, plalrt A ancl plant B, located il'ì westent i 'ld eûste .t Canlda t'espectively. 'l"he

period o1'd¿ta collectton rvere 1ìom September' 1¿l lo Octobel T, 1993 and frour Octobel.

19 to Octoìrer 28, 1993, tespectively. A tc¡tal oi 493 carcasses were gladed ¿Ìnd cut out

in botl.r prLcking plants. In this study, 436 calcasses wele utilized, 270 carcass data

collected ín packing plant A and 166 carcass data collected in packing pl.rnt B. The 57

cìaily calcasses weLe r.ìot inclucled in tl.ris analysis. Carcasses coveling tlle nonìtûl

couruercial rarì-qe in fat thickness and musculality were ider.rtified on the slauuhlel floor,

selected, gÌaded aud placed on a scllitrate raìI, All left cal'cass sides wele cut out

l'ollowing a staudaldized procedule.

The cal'casses were dividod into specil'ìc weight gloups accoldin-q tcl iheil w¡rn.l

calcass weight. Gloupings were cletelmiued by using st¡nc1¿rcl lveight groups denolnin¿rted

in poulrtì s. T¡blc ¡tr. I shows the distdbution of c¿lcasses by weight gr oup and aniu.raì type

fol.each packing plânt. Plant A carcasses were divided i to three wei-sht groups: 550-650

lLr, 650-750 ib ¡n<i 7.50-850 lb. PIant B calcasses were divìded into two u,ei,rtltt groups:

6(X)-75(l ]b ancJ 750-850 lb. Among plant A carcâsses, 133 (¿Ì9,3%) are sreers rnd 137

(50.7%) ale heifers. Arrong plant B calcasses, 81 (48.87¿) are steers and 85 (-51.2%) .ire

h ei1'ers.
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'{'at¡[e 4.f . Total Number of Carcasses By Piant. Weìght {ìroup and Animirl Type

PIrni A

Weight Gloup
(lb)

Steer' Heifel Tbt¿l

550-650 _) -l 43 l(¡

650-7-5(l 56 5l ll3
750-8.50 44 i] 81

Total 133 t37 210

Plant IJ

Weight GloLrp
(tb)

Steer' Heifèr' Total

6(Xl-750 39 47 ri6

750-8.50 ,1 'l 3tì llo

Total tì1 85 166

(Jnly carcasses graded Cauada A, AA..rnd AAA wele iuclucled in thìs study. ln

1992, these top gl acles àccour'ìted lor 8l.iL, of the sarcasses grrLcle<l in Canada (Richtnoncl.

199¿l). As mendoned betbt-e, all A-Glades oi l¡eef mL¡st be tìorn youthful a¡l¡.rals, Me¡rt

nust be bright lecl, fim, fine grained, and fat trust ì¡e wÌiite and firm. All A-Grade

cal'casses ate assessed tbr a lean rneat yield class, cleter ilinecl by rneasuring exterior fat

ancì the length and wìifth of riLr-eye uruscle. Those carcÍtsses are placecl in one of three

classes: Al. A2 and A.3.

FigLi; es zl. I ¡nd 4.2 show t¡e petcelttage ol pl¿Ìut A carc¡sses by qualit¡' and yielcl

gr-arle, r'espectiveÌy, Among plant A carcasses,40.J(/c are included in the qualìty gracìe

(marbling level) 4,40% il the quality group AA and 19.37¿ in tÌre quaLir¡, group AAA.
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ln tenl.ls of ¡rìel6l gto¿.. :lii.5% of tile cai'casses are ilicluiled in yielcl grade A1. 41.5% in

yielcl glade A2 and. i0.0% in yield glacÍe 43.

Figure z$.1. Pelcentage of Plant A Carcasses By Quality Gr.a¡le

(40.t%)



Figure 4"2" Pùrcetlt¡r.ge of Plaut A Carcasses lìy Yield Gracle
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F'igu:-e .tr.-ì alicl ¡i.4 illustlate tl.ìe p.rcriltase o1'piant B c¡rcässes by qLralìty and

yield gtade. respectiveÌy. Arnon-e plant B calc¿Lsses, 40.4% t¡l the c¿lre¿1sses ¿l-e ilicluclecl

in rirarlrlin-u level A-. 39,8% iu malbliltg levei AA. 1().9,/t. it't rnllblìn_u ler¡el AAA. In

telnrs olviel<l gr.rde,54.8% are included in ¡ris|¿ gt.¿. A,1,31.9(/c jn ),ieÌd gr-.rcle A2 and

I0.2lc, in yìelcl grade 43.

[,-igune 4.3. Percentage oi Plant B C¿ucasses By QLnlity Glacle

A (LA.47")
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FÈg¿u{.e ¿1"4. Percei.ìta-qe oÎ Plar.rt E Car,::asses tsy Yieicl Glacte

a2 (J4.s%) Ä1 (5d-8%)

Several vali¿rl¡ìes 1'or char¿cteristics wel'e recorded fbr each caLcass in the two

packiug plants. Sor.ne clata Òxplaiued the same ch¿nacterìstic iu dilfereut ways, (e.g. glade

fìt and avcrage lit, both inclicate different lat lreasuleuronts). The data thãt ntost fit the

ob.jectives o1'this analysis were chosen to be annlyzed. These data inclucle sex, weight,

saleable yield, grade fât, rnuscle score, marbling class ¿rnd ourability estimate. E¿rcl.r

charactelistic will be explair.recl in more detail iti the plocedule sectìon.

This heclonic pr:ice anaJysis w¿s developecl in a slightìy di1'feleut r,r,¿), fLoln uost

ol tÌre hetlonic plice studies. Tl.re dependent vat'iaÌrle, cucass price in clollat's per pouncl.

was calculatecl by taking the weights of tl.re wholesale cuts, table 1rilr, fat ancl ì¡one,

multiplying by the arrelage malket prices 1'or the specific wholes¡le products and drviding

the total carcass value by dre calcass werght.
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Prices for tlie u,holesale cuts q/ere suppliecl by tire ti,vo pacliing plants ar.ìd are lhe

rveekly lvela-{e pt-ice foi- r'r'eek in the clala collection pei-iocJ. Fat ¿ucl l¡oue prices lr'ere

plorricìed b¡'Rothsry A Membel ol'Mlple Leai Foods hlc,

P(llemÊialÌy Im¡roe-t:lxlt Chat'actenistics

Befole defiurng lhe hedonic price rroclels ¿r car-efìl investi-{atìon of the

chalacteristic vatial¡les to ìle included in those modeis was executed. 'l'he stiìrtiltg lloitir

1ìr' this ana)ysìs ivas the ex¿rnination of plevious ecc¡uou.tic and ¡echnjcal rùseûr'ch- Most

of the studies h¿r,e examìned the efÈct of difTerent characteristics ou the price of cattle.

The n.lost collunou characteristics exal.nined in tÌ.rese stuclies were sex, a-qe, weight, 1ìt

score, breecl and fèecl type. Other variables such as lot size, plesence of horus. day of sale

wele also included (Faminow ancl Guln, 1986: Walcl, I 98 1 ; Buccol¿r, I 980: WiìIiruls,

Rolfè and Longworth, 1993). In terl.ìs of the rehtionship betweeu l¡eef c¿lc¿rss priLres xtìd

c¿u-ca¡js char¿ìcteristics, f¿rctor-s such as sex, age, weight, fat depth, meât colout, fat colour',

meat texture, fat trxture. r'ibeye area, fat distlibution, malbling arrcl bluising has been

analyzed (Tocful and Cowell, I 9li 1 ; Porter ¿ìi.ìd Toctd, 1985).

The clependent variable, beef cat'c¿ss ptice. was cleterr.nined by the total vaìue of

its collrpouelìts, such as cuts, tr-iir, fat anci bone. This will be drscussed llor.e in tÌte

plocedule section. The indepenclent variaì¡les exatnilled in this study are sex, week of

glacling. rveight, saleable ),ield, _qracle 1'¿t, ntuscle score. maiblìng. cutability estimate.

sex':'weight interaction, sex'r'glacle frLt iutÒraction. weight'r.gr-ade fat inter-äction,

sex'r'cutlbility estilrìate ilìteraction ancl weight*cntability estiurate it.ìtel actiou. Bec:luse this

stud¡, 1v¿q depencfeut upon tlte Agliculture Canad¿ r'esealch team l'oL cl¡Lta- selectio¡ ot
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varìables io Lre ììrcluded in the anirlysis was conciitionecl by availabiliqr. F{owevrr, theory

and pasi resealch were usecl as guìde fol^valiable inclusion.

Ser r.v¿rs included because tros¡ of the previous studies itidic¿ted that h¿i1-ers were

discourltecì in cornpar.ison ri'ith steels. Thele ale difierent explln;rtions. Sonte algue Lhar

steer carcasses yield signilicantly higher- propoltions of edible lì-ìe¿t ând trone ancl less

excess fat thau l.reifers (Preston ¿rnd Willis, 1970.). Orhers, argued rat, at rile slaughter

leveì, packels usually retaicl steer cârcasses to bc better quality than heifèr'carcasses siuce

they tend to have lletter marbling charactelìstics (Rjley, 19tÌ3). Polter and Todd (19115)

founcl opposìte r-esults fbr sex.

The val.iable weeh of -qrading was ilicluclecl in the n.rodel as a "tirne flctr¡r "

var'ìatrle, to tùke àccouÍìt of prrce variatiou lelated to titne. In other wor-ds, it is purely a

contlol vallable, to ûccouut for gener-al plice level changes- For plant A, fbur diftèrent

week average cut ptices weLe used, consideling the period involvecl in data collection at

this plant. Fol plant B. two difi'erent week average cut prices were used.

Weight is all iu.tlloltanr f¿rctor in deteltnining plice ol'beef cucass. Cal'casses

lighter or he¿vier tlran the sunclard weight ue usually discorìnted. A nonliuear

reÌationship between weigl.rt and carcass price is possible, given plevious studies. Weight

wls inclucled ¿rs a colltinuous variable.

Saleable n-reat yield is the suri-r 01'the cut weigl.rts plus the weights of tlle trir'ìr, -5(1.

75 and tì-5% lean, expressecf as a perceutage of sicle weigÌrt priol to cuttiug. lt is o¡re oi-

tl.ìe r.ìrost i tportant colì.ìpol'ìents in deteririning carcass Value to the treat processor. It is

expected to have a sigr.rificant ancl positive eifèci on carcass value.
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þ-¿it tltickncss is expectecì to atïèct mett yieicl, As the fat rr'ìe¿surerreut. increases.

the yield of tetail cuts clecreases. It is expectccl to have ¿r negative lelationsìrip with

clitc:iss r'¿ilue. The r,¿riable descrìbing f¿t thiclrness is grade 1'nt (miniinunt i'ut in the lust

qu¿drant), \,luscle score is an essentj¿rl ektîent ìll the Canadian gladiug sl¡si.erl. Llsitrg

the rlluscle score altd lat olass to-qether will detel'rnine the estirnateil iean yielrÍ or

cula-lrility estiulate.

Marbling is usuall¡, associated with me¿rt quality. Besicles Solre colltrOVùl.sV

surtouudiug rralbliug, it is Lrelieveci to be positively associ¿ted with palatability. Malblìng

is att essential f¿ctor in the deterrnination of quality gr:rde in the Can¿Ldian gracling systern,

Cutability estilrate is usecl to derelurine the yietd class (41, A2 and A3). It w.Ls

ìnclucled irl a clifferent version of the fill. inten.rediate and gradin-q systeu rnoclels. The

sex'l'weight interaction was included to investigate if the efÈct o1' weiglit on carclss 1.l ice

valies by sex. The sex'r'fat iutet¿ction was iltcludecl 1'or the sallte reason. Preston altd

WilÌis (1970) suggested tltat.joinr lelatior.rship could also exist berween rveigl.rt ancì

fatness, witl.r l'at genet'ally increasing with weight_ This joiut relationship was also

exal)'ìined. TÌ]e sex1'cut¿rbility estillrate and weight''cut¿bility estintate interactioDs were

exatnilied in the Inodel whele cutaì:ility estiniate was included. A detailecl specrfìcation

oi e¿rch var'ìable included in the utodels is girren in Appendix 2.

Fr<¡cecnune

The fil'st stâ-qe iri coulparitlg the t elative expl¿natory pou,er of the various hedonic

pl ice tnodels and deterntinitig the price p[ellúun.ìs and discounts was to colnl]o)ie the beel'

caLcitss \,alue. Tlie L¡eef caLcass Value pel pouutì wiì:j calculated by tahiD,u the wergÌrts o1'



ihe i.vholesiLle cuts, table n it.n, lat ât-td bone ibr e¿rcl.r carcass, nultil:lying by the iLt,er.lge

uat'liet prìces tol tlie specilìc rvÌroìesaÌe ìrroducts and iìividing ¡he ror¡l carcass vai¡e b¡,

the calcass weight. A sirtrilar approuch lr¡as used by Flayenga et al (i9lÌ-5¡ in cstinutìng

price plettriums and cliscounts f'or pork carc¿isses. The list of cuts used in the carcass value

calculaúoll and their respecii\/e arrelage prices is sÌrown in Appenclir 3.

The folÌowing sitages were designed, fir.st, to iuvestigitie which factors explain the

valiatiolt ìtt beef calcass values. Secoucl, to exallille the el'fect of variables deiìning yielcì

ancì quality gt'acle ott beef carc¿rss value iil cl, third io compare the lel¿itir¡e explan¿ltory

powel oi rnodels inclucling only glading vari¿rbles (yield and quilllty gr.tde var.iabìes) wìtlr

models containing characteristics wÌrich al'e not palt of the grading systetl for. beef.

Initially, full heclouic price models for each packing plant using data on all the

chal¿ctelistics observed and thlee gloups oi interaction ter-l.ns (sex ancl weight. sex and

fit and weight and fat) were estil.nated. The interactions betweelì sex and cutability

estill.ìate lrncl weight and cutability eslirnate wele also consiclered. These full l¡oclels wele

used as u basis ol comparison with the othet lrodels.

ln thts stage, two valiütiouiì 01'the fìÌl nodel are estitrated tbr.each packing plant.

The difl'erence between the two lull lrocìels is that iu model F1 glade lat (GF) aud muscie

scole (MS) are usetl to specify yielci -tlade variatrles. Iu urodel F2, tliese two v¿Lriables tre

substituted f'or cutability esLilrate (cE), an altelnative yield .u'acle valiabie. TÌlese trvcr

di1'ferent lnodels are specified in older to explore the explaÍìatory power of clifïèr'ent yielcl

grade valiables. Model F1 aucl ll.ìodel F2 are specified as follows:
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h4o¡lel Fl :

CP = f { S, WEj , W, SY, GF, ÌóSk " ME,, , S+W, S+GF, W+GF } t-1. i I I

lvhele CP is calcrss value iu doilar' ¡rer pounds; WE is tlte weeli in which gi.acìitig

occurl-ed (where j=1.2. 3 ot'4 for Plant A and j=1 cll' 2 1ìr Plant B); W is carcass weiqÌrt

in pounds; SY is s¿leable n-reat yielci in %t GF is glade làt in rlrn: MS is muscle score

(where k=1, 2, 3 ol1-); MB is marbling level (rvÌrere n=1, 2 ot 3): S+W is al iuf.eractìon

tenn lletweerl sex and weìght: S'r'GF is an interaction te1r.n betweon sex ancl ct¿ide lat ¿uci

W*GF is au ir.ìteraction ter¡r lletween weight and grade fat. A detailed s¡:ecilìcation of

eacli variable and the subscripts inclucled in the model is giveu in Appendix 2.

Model F2:

CP = f ( S, WEj , W, Sy, CE, MBn , S*W, S+CE, WrCE ) ( 1.1?)

whele CE is cutability estit.nâte in 7r,, S'kCE is all ìnteraction telr between sex alìd

cutability estilrate, W'kCE, is an intel'¿ction telr lletweÒn wei,qht and uutaLrìlity estirÌate

and ¿Ìl other variables as previously defiuecl.

TI.ìe rleKt stage wâs to re-estin.ìate these ecluatiolts exciuding the tht'ee gr.oups of

intet-action terms due to the lnuiticoilinearity probÌems tlley creàte (see discussion on

rlulticolÌineality). Model Ml ancl M2 are specitìed as 1blìows:

ModeÌ M1:

cP = f ( s, wEj, w, sY, GF, MSk, ME*)
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Thc followìng sta-se wâs to estilîate inten.ìlediate rriodels (ntodel ll and l2) by

excludittg all valiables (and their iul.eraciior.ìs teLils) r'epresenting charactetistics liol

includecl in the cut'retlt Canadi:rt -qlading systeir. The only I'arialrlc ilcluded in these

rrodels th¿t is not part of the gtading systetn rrodel is tìre durnmy vali¿ble for the week.

The re¿sou fol lteeping this var"ial¡le is to t¿ke ¿rccoul'ìt of plice rraliation lelated to rinle.

Model l1 ¿Lncl 12 are leplesented as follows:

Model I1 :

Moclel M2:

aP = f {. s, wg.j , w, sY, cE, M&* ,\

CP = f ( WEj, GF. MSk, ME,,)

Model 12:

aP=f(wEj,cE,MB*)

14.I rl)

t4 15l

(4.t6)

Firtally, the r.nodels including oul)/ tlte chalacteristics incolporated in the glading

systerr model wìthout any itlteraction telins (rroclel G I and G2) wer.e estimatecl and

corrpaled witÌr the full r.nodel. The difïerence between the interrrediate nrodels. I1 ¿nd

12. ancl the grading n-rodels, Gl and G2, is tl.r¿t in those two last nodels the vel¿lrle for

tÌre week of gradiug is also exclucled. Moclels G1 and G2 are indicatecl beÌlow:

Mociel G1:

cP =f(GF,MSk,ME*)

6l
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Model C2:

aP =f {cE"Ã48*} (4.l¡i)

Aïiet estìn-rating those eight uioclels lor each piLcking llliìnt, the l)ext step was to

investigate the colltrjbutiou of each o1'the charactelisTìcs to the expl¿r.ìatoly powel of the

lull, inteln.rediate and ,urading system models. For this pul.pose the F-test tecÌrnìque

discussed by Judge et al (191ì5) was used to test whethel a char.¿cteristic or. gr.oup of

cl.ìaracteristics l.rad a signifìcant el'fect on price. To detemine whether ol not the atrove

char¿lcteristìcs wele jlrportaltt explanators of caLcass prioes, F-tests were utilized to

col.nPare the "cotttplete" llodel ac¡inst the restliction that a Variable ot- groull of val'i¿LLrles

were signifìcant. A misspeciftcatiou test fbr- eaoh rrodel. called the RESET test, lllus

heteroskedastìcity ancl autocolrelation tests were also caried out.

The 1'ìnal stage was to estilrate prer.niums and discounts associated with each

characteristic and with cJitïereut levels of eacÌr chalactelistic coinpared with a base level

for ll.ìe ch¿ractel'istic. The l'ull lnodel M1 (excludrng ir.ìter'¡ction terlÌs) was clrosen ¿s fhe

ol.ìe to []e analyzed iu terir cll price pretniurns ¿nd discouuts.

Mußticol!inearity Frotrlenirs

In this statistìcal analysis, special attentìon is given to the lrulticollineat ity

pt oblelns. Onc basic assutuption of the classical uonual linear le-eLession model is thet

luone ol tÌre expl r¿ìtory valiables be per'l'ectly conelated with any otllrl. exill¿I.ìatory

valiable ot'with anl' lineal contbinatiotr of other explrÍìttory varial¡les (Kt¡enta, 1986).

1.4 ulticollineality refèrs to the violaiion of this basic ¿tssur.ìlptiou.
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Two ma.jor Ìlrûctical problcms are associatecl r¡rith a hrgh ciegree ol

inulticollirteariry, First is tlre ef'ftut of rriulticollineality on reglessiol.r coefTcients. If

lnulticolJineariry exists, it is clìtficult to i'neasut'e the separ.ate (net) eTIèct ûi oÌre

explattator¡r vali¿ble bec¿ruse the OLS (Ordinary Least Square) estiill¿te o1'that e1Èct u,iil

l'eflect th¿t v¡r'iable's reiationship with the other explanâtol.y varìabie. Secorld, the eftèct

of r¡ulticolline¿rity is to increase the valiance estiilÌates. This leads to what is usually

ltretrtioltecl as instability o1' the r-e-ulessiol.ì estìrÌì¿rtes. lf there is correlatiol.l ttnolìg tlle

valiables in the saurple. it can Ìrappen that the coeiTicient o1- some variables will l¡e

significanr in sorne tìlmulatiorrs ¡nd not si-unificant in others. It is in this settìug thar the

estinlàtes a]e saicl to be "uustaìtle".

Solle relatecl stucìies on l.reclonics have plesentecl conllâdictiug results iu tel'ms of

the iinlloltaltce of specific vari¿bles as a cieterrrinant of carcass and cattle prices, For'

erarrple, Polter ancl Toctcl (1985) recognize strong conelatious iu rheir satnple. They

found th¿rt weigÌlt was not a signific¿rnt detelnillant of price but ou the other haltcl. the

weight'rfat interaction was significant- It is believecl that this ntay be r r.esult causecì by

a hi-uh degree ol' r¡ulticollinearity between the weigl.rt aucl weightt filt variables,

Thel.e ale several aJrploaohes to detect the presellce, severity ¿nil fornl of

rr uÌticollinearity- Judge et al (19tÌlJ) inclic¿te some cor.nurolì l.neiìsures lor the severitv of

rrrulticollinearity; siutple correl¿tions an'ìone re-qressors. detelir-ìirÌant ttf XlX , valiance

ilttlatìort lactors, auxilialy regressions, Theil's inulticollinearity eltèct ¿ud ur¿ttrix

decourposition.

The filst step adopted in this study tryin_q to discovel rrulticollinear-it¡, pr.oblerns

was to dete ]-tit]e the exient of the rrrulticollinearity witÌrir lhe data set ànd to detect what
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forni the depenclencies ta.ke. This heìpecl to identify which oi the re-uressors are lìkely to

have coetTicient estir.nâtes u'hich ale ad,,'ersely affècted bv tlie colliuearities. lt aiso

I'eve¡led coelTìcien¡ esljtrljrle\ u,hich a¡e relatively isolated j:ror.n the collineai-ity problems

ancl thus likely to l¡e accul-ate.

lnitillly. the sinrpie col'elatiotl coeftìcieut between pair.s of thr explaìlaror),

vll]jallles were investigaied. StÍor)g colrelatjon was fc¡uncl bet\À,eel'ì val'i¿rbles such ¿s sgx

ancl sex'l'weight il.ìteraction, sex and sex'i'grade fat interaction, weight an<ì weight,i gt.acìe

Iìt iuteraction, sex'r'cutability estìr1ìate interactiou and u'eight'r'cutabiÌity estitnate

iuteì action. The econotnetrics literatule Þoints out that ool.np¿nisolls o1'conelatiolls cu1

be ir.iadequate, specially when ilore than two explanatoly valiabÌes are involved (JLrclge

et ¿1, 19lllì; Kmenta, 1986), For this reason, the matlix decorrl.rosition methocl was rlso

appliecl. In tlris lletl.rod the eigenvalues and condition ìnclices (CIs) oi the scale r¡aûix of

the explanatot'y variables, X/X. ,rle exuninecl. The ith CI is defined to be

t\!t

where À, is the lar-gest eigenvalue, mtd À. is the ith eigenvalue of the tiorlnalìsecì XrX.

Belsley, l{uh ancl Welsh (1980.) conducteci sevelal stldies were iirey concluded th¿rt if the

re-sressoLs have been notnralized to unit length (but not cetìtet:ed) and il the condrtioli

ìnclices ale lletween 30 and 100, tlìen n.ìoderate to stroÍìg clepenclencies exist, sever-e

tnulticollineality is inclicated by CIs greatel than 100. This level o1' multtcollir]ear'ìty may

seriously alTect tlre standatcl erLots o1'the estimated coefl'icients.
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X1'the existence ol such urultisolliuearity ìs indicatecì b), the Cfs. the next srep js

lo derelrriire the nature and iike.lv eä'eci ol'riie ltrultic olÌinear.iry on the patametet

estirrxtes o1' re nrodel, F'or high Cls, tlre pr-esence of higÌr variunce prc4roliions 1ìr tuo

or i1ìore cc¡efliciettts iudìcates thxt a rel¡tìonship may exist between ihc¡se valiables. A

sinrple lule ol 'rÌ.rurrb is pr:ovided by Besley, Kuh and Welsh (1980): estilnates i,Ìr.e

cousiclered to be degladed by n-rultìco llìnearity when u.lore thiìI1 50 per ceut of the

v¿ri¿uce 01' tÌ.ìe two or mole coefficients is associated with a single high Cl. Anaiyzing

the dâta set, CIs gleater than 300 wele detected, with ¿ssociatecl higl.r t,ar.iance ¡rropor.tions

1or sevelal coefTicients. The ploblen.r valiables were foul.rd tc¡ be the il.ìtelaction terrns aud

the sex, weight, gÌ'ade f¿ìt and cutability estitnate valiables_ These were the only valiables

involvecl iu the collinearities. Tl.re other valiables coetficient estilnàtes wele unaflected

by inllatecl varialces ¿nd the lelated instability ol the estimates.

Ber;ause the preseuce oi tnulticollinearity lesults in a loss of plecision in the

estil.t.ìates, it is necessaly to sealch for a meaus of addressing the ploblern. Unfortunately.

Lhere ¡le not ilalìy solutious. 'fo obtâin a new sample ol collect more data lnay ìtot solve

the problein - especially iÎ the lel¿tionshrp is inhinsic as it is in tl.ris case, A possible

t.tleans o1'coping with thÒ prolllerl.r of multicollinearity is to eliminate oue or urole of the

disturbing v¿rri¿bles, lt is irrìlortant to lner'ìtiol'ì th¿t cleleling relevatrt variables cau lesult

in tÌte introduction o1' bias into the estilr¿tes of the coelficier'ìts ¡11 tl.ìe variables retllined

in the ec¡uation,
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Tlie theoletjcal aird empiricll rvork discussc¡l in chalttet. two aúd thl.ee, ¿nd

i-rleth0dû1og\/ of chirllter läut. plovtdecl requit'errents to ùÍìdertuke an anllvsis ol hedr¡njc

price rrodels ancì plemiutrs/discotÌnt for ìrec1'c¿lcass. The 1ìrst secriorì oî this cllilpter

shows iiltd attalyses the overall explanâtory poweÌ' oi the various hecìonic price mocìels.

The secolld section ptovides the l'esuh.s aucl dìscusses the evalu¿rtion oi the illlportance of

the vuious indivjciual chalacteristics. The iast section ex¿l'nines the prentìu ms/discounrs

associatec{ u'ith each individual chal¿cteristic and with dilTelerrt levels t¡î the lncliviclL¡¿l

charactedstics.

Colnpal'ison r¡f the Relative Ex¡l[amatory Fowe¡. o{ lire FIedonic tst.ice Moclels

Table 5,1 preset'ìtti a couparison of the lelative explanatory powet oi the various

hedonìc tnodels. Full moclel F1, incorporating all the characteristics being analyzecl. the

grade fat aud uruscle score v¿uial¡les ancl the thlee sets of inter¿ctiolÌ telns, explauted

l]etweell 87 per cent to 93 per centa of the carcass value variatiou obselecl at the twc)

packing piants. Excludrng the disturbing intelactiolt terrls (ntoclel Ml) clìc1 not

substantially leduce tle explanatory power ol the equations fbr plant A ancl plant B. Full

inoclel Ml, explained between 86 per cent to 92 per cent of the carcass value var.iation

at tl.ìe two packilg plants,

Full r.nodeÌ F25. incluclin-g ¿ll the chalacteristics being aualyzecl. the cutalrility

esitinlate variable and the thl'ee sets of inter¿ctiou teÌir.ìs. explained betweeu B6 per ceni

rThese percentages ÌellreseÍìt tlte r¡alue of the acljustecl Rr

5ln this rroclel, glaile fìt ancl r.r.ruscle score wele r.eplacerì by the cutatilit)¡ estilÌtate
represerltiÌts the yield grade VarìabÌe.

66



tc 92 per ceirt. of ihe c¿rc¿ss v¿lue r,¡rì¿tion ol¡selvecl ar tire two packing pi:rnis,

Excluding the disturbing interactinrr relms (ntocìel M2) ilid nût substântjail)¡ i.ecfuce the

expitÌtt¿tory poti'er of the equatious lbr plant A ancl plant B. Moclel ì\4 2 erpÌainecl tre¡r,r,eer.l

85 per cent to 91 pet' cent ol the c¿Lcass valLle v¿r'i¿tir¡n observecl at tl.le t$'o pacliil.l-s

plants.

'å'able 5.ì. Conrpalison of Flecionic Models

Modeì S tatistics Plan t A Plant B

Model FI
fìll model,
includin-t interactions

R'
R) (adjusred)

0.8121
0.1J6-52

0 93r7
0.92.58

Model F2
full moclel,
including intelactious

R2

Rr (acljusted)
0.8664
0 8602

0.9264
o.()216

Mo¡lel Ml
l'ull model Fl.
excludir.rg interactions

R.
R'?(acijustecl;

0. rì707
0.86¿il¡

0.9289
0.t)243

Moclel M2
1ìll rnodel F2,
excluding interactions

R'
R'?iadjusted)

0.864s
0, u598

0.9232
0.912u

Model I1

ìntel'rrediate rnoclel,
inclucling varj¿Lrle week,
GF ancl MS

a)¿

Rr (adjusted)
0.59¡ì0
0.5841

0.6369
( ).l¡2( )l{

Model 12

intermetliate model,
including variable week
and CIE

R,
R'? (adjusred)

0.5310
0.5202

0.58tÌ6
0.5783

Moclel Gl
gradirrg system model.
includin-c CF and MS

R'
R2 (adjusted)

0.4328
0,4199

0.ó189
0.6045

Model G2
glading system n.rodel,
includin-c CE

RT

R2 (adjusted )

0.:r59tì
0.3526

0.57tì4
0,5706
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lntelrediâre &4odel I1, incorporrting the week of gr.ading r¡ari¿bles. gracle fai.

l.i.luscie scoi'e and n'iarblin-q. explainecl between 5ll per ceut to 62 pel cent oi the r¡alue

vali¿tion observed itt tl.ìe t\{'o packill-{ Jliarìts. Comparing rnocJels Fl lnd F2 ['ith ntoclel

I1 rncJ 12, resllectively. ¿ suLrstantiâl declease irl the explallâtory llowe[ ol'those mo¡lels

(ll and I2) is obsen¡ed u/ith respect to Ff ¿rncl F2. Between the two iutemledi¿rte moclels.

¡r.rodel Il seeuìs to pelforr.n bettel thau model 12 explaìn rg betq,een 58 pel cent to 62 pei-

ceirt ol value varìation observed at tlle two paching piants.

Moclels G1 ancl G2, incorporating orlly tlle variables includecl in the gradilg

systen'r 1'or beef had tlìe wolst petfomance anrong alÌ rroclels ( full, intertlediate ¿rncl

-qÌ'ading systenl). Model C 1 , incluciing glade fat, nuscle score ancl nrarbling explai¡ecì

between 42 Ìlel cellt to 60 pel cent of the value vari¿tion oLrserved at the two packing

pl¿Ilts. Model G2, inclucling only the cutabìlity estiut¿tte and uralbliug, explainecl between

35 pel cent to 57 per cetìt of the value valiatiou ollserved iÌt the two packìng plants.

Analyzing the two gradiug systern models (Gl and C2), it is a_qain olrserved that the

Ir.rodel including grtcle fat, nusole score and mubling better explains beei c¿ucass values

than the u-rodel which includes the r:utability estjlrate and malbling (model G2).

TI.re results iì'om Table 5.1 detnonsti-ate rhar:

1. The exclusion 01'tlle interaction ten.ns iìor.n the two till rroclels (cotnpare rnoclels

M I ¿ud M2 to model F I and F2) did not Ìrave ¿uy sizeaìrle ef tèct on the

explanatoly powel of those lnodels.

2. All nodels estilrated for beef packìng plant B had higher R2's than tl.ìe ones

estilrated for beef packing pl¿tnr A.

68



1i.11 the nodeÌs (üll. intelrr-reciiate iìnd gladjng systern) that inciuclecl gr-acìe fat ancl

lnuscie score as preclictoi's ol vleici ,g;-aile h¿d a irighel R2's than the models

iucrluding cutabìlity estiirate as a predictol ol yield gracie. This is a lo-eical fìnrling

because the cutability estilnate is iu effect a pÌoxy varial¡le sur.ir:ralizing the

inter-action tì on.i glade fÌrt ¿ncl n'ruscle score, an¡l shoulcl leacl to solrewhât Ìower

Rr levels ¿s a r-esult.

4, The gracling systern i'odels ('todel G1 and G2) cìicì poorly i;t explai'i'g beel

culc¿ss values in both packiug ¡:ìants. Tlls suggests LI.ìrt tbere is uselii

infotlration excluclecl frorl consideration. Othet v¿uial¡les tÌtat could be ìncluclecl

in the gt'adìng systerr ll-ìodel aud potentially it.nprove explanatory power.

Ðva[uatitx¡ of {.he Ïrn¡rontar¡ce of tlre Various nndivi¿[r¡aI Characteristics

Tabies .5-2 through 5.9 presents the results 01. F-tests by which the irrporfance of

eacÌr inclividual chalacteristics included in each model was evaluated. A r.egression

specification errol test (RESET test), proposed by Ramsey (1969), was conductec{ ro

investigate rnisspecification plobleurs in all rndivicluaÌ rroclels ancl it is also represer'ìted

in iables 5.2 tluough 5.9. The RESET tesr is compurecl by SIìAZAM (pp. 94) by

",,.ruuttiu,tl three additional reglessions of the cleltenclent valiable on tlte independenr

vu-iables, and on powels of YHAT (the pr.eclictecl dependent variable - yHAT2. YHAT3.

YHAT4) included in the s¿trre tegressions. The RESET test is all F test th¿Ìt tests wherller.

the coelTicients on the YHA'I' v¿uiables are zero", The insignificance of the Reset(2),

Reset(3) and Reset(4) indicate that a specification erLor Ìtas uot occun.eci.

Table 5.2. shows the ilrportance of all charactel'i stic s irlcolllolated iu the full

nlodel Fl (inclucling the iütelactìou tenrs), Sex w¿rs r.ìot tbund to be relevant at lloth
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p¿iùking Flants. weìght, gr.ì¡:le fat", rhe wei-sht",qracie far iltelacrion anci week of gr acling

r,veIe 1'ound to be signiiicant rt phnt packing plaut A rnd not signiiìcaÌrt at planl ß. The

iul.elact.ion Llei\\'een sex lncl lveì-uht \À,as Jìoi iound to l.re signilicaur iir bcirh pÌtnis. The

interrctiou betweell sex aircl gr-ade îrt was loun¡l to be signiîicant only in plant B.

SaleabÌe yield. lruscle score ¿urd rrublin-u rvele significant in both paching plants. TÌre

collinearitíes in the cl¿ita set can be clear-seen in plant B results: the F-statistic f'omecl by

excludin-q the ì¡ro¿rd group of variables (dl sex. weight and gracie lat) and (all weight, sex

ancl gracle fat)7 was sigrtifìcant. but those fonnecì by exclucìing any indiviclual set ol

v¿riaì¡les within the broad gloup was not found to be sigr.rificant. The insignificant REsE'f

tests suggested tl.rat rnisspecification error w¿rs not found in model Fl.

"Di1Ìtertt definitiorls ol weight ancl glade faÍ wele utrlizecl, inclucling quacLatic folrns (e._{-
lveight-squared. tit-squaled) but these $/eLe not siguificant.

rThe F-statistic lor (al1 sex, weight ancl glacle fat) and (alÌ u,eight, sex ancl sÌade 1'¿t) is that
1ìr'rried ì:y Lhe joint test whetlìel all the valiables oi that gtoup are sig;iificant explxnsLol.y
vu'iables.
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Exclr¡clecl Variable (s) Plant A Planr B

Sex 0.2811ì r58l

Weight 9. (r2f 1 I tì ))l

Glacle lra t 7.37¡t1'. û 26f

Sex':'Weight 0.32| rI 0 r0l

Sex':(ir'¡de Frt 0.3e1 1l 5. 
()7 

|

Weight,'Glade Fat 3.81lrl 0,25[ ] I

(AÌl sex. weìght and grade fât) 2.68151i"¡ s.281-5

(All weì.qht. sex ¿nd glade fìt) 16. 14[51"'r s. rJ6l s

Week of Gracling ,1-5 96[3]* 0.76Ll

Sule;rble Yielcl 449.2tìf 1i'r"r"r' 57 8. (¡4 l'.-^
Muscle Scole 12.s71,31 4.14131+

Mar bliu_q 10.51 [2I +.62121*

Reset (2)
Reset (3)
Reset (.{)
RT

R'] (adjusred)
Sample Sìze

0.50
l. l9
1.11

0.872'7
0.1{652

2'70

0,06
0.63
0.71

0.9317
0,9258
166

Number in l¡r'¿rcket l] indicates nutnber of
exoluclerl valiabìes
+ii::i: sigr.rifìcant at I % level
>i::t significant at 5% level

" significant at 10% level

Nr)lc: Tl

'{'able 5"2" Tests of the signifìcance oi' characteristìc-q of Beel' carcass using ihe Full
Model Fl. including iltreractioÌls

slics. e0nslIuc{cd ]ty lcsl|lg Lllc lerlr-jctjoo of whctiler iudivl(ht

\i¡rdrìrìrì\
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'Iahle 5.4. detl.lotlsüatùs the ilnÐor'¡ance o1' the charactel istrcs incluclecl in the 1ìÌi

lnoclel F2¡ (inclutlirrg intetactiou terms). Sex, wÈi-uht. sex'j'u,ei-ul.rt ar.rcì weigb tl,cutabiliL¡,

estilllatre were lloI i'ound Lo be sìgnìficani at l]oth plants. The se r'J,cuiabjlit¡, int"...tt,rn

u'¿rs signific¿Lnt otlly âi plaltt B, Curability estirnate and lveeli of glaclin-r rvere significant

only ¿t Dlant A. saie¿rble yield and nralbling wele founcl to be signilìcant at botl.ì Þl¿ is.

The sarre rruittcollineality ploblerr detecfed ìn full n-rodel F1 was plesenterl in ille resuÌts

oi lull rnodel F2.

Tal¡le 5.5. deülol]strùtes the importarce of the charactelistics includecl iu the ltlll

uodel Ml (exclucling iltteractiol.ì terms). The reasou for estilnating regression rtroclels

exclucìing the inter¿rctìolìs ter-rns was due to the detection of sü'onc Ìevels of

rtrulticollineat ity in moclel Fl and F2. The ploblen.r of nrulticolÌine¿rity was trinrmizecl

by excludìng the illteraction telns fof these specitìc rnodels. Sex was not founcl to be

signifìcant at plairt A, but it was signìficaut at plant B. Weight, saleable yield. rruscle

scole arld malbling wele founcl to be significant at lloth packir.rg plants. Gracle lit ancl

weeÌt ol ,urading wele fouud to be sigi.rificant at pirnt A ancl irot signifìcant at plant B, lt

c¿ul be seen 1'roltr those Iesults that the interactior.ì terms ¿rffècted the sig;ri1ìcance of sor.ne

valiables (see sex anil weight at plant B) in iroclel Fl. The exclusion of the iliteÌ'actiolì

tellrs tlid not afïèct model M1 specification. Tl.ris is cler.r-ronsû ated by tl.re iusisnificance

of the RESET test.

In tl.rìs artalysis, all distultring multicollinear iry ploblerrs were eÌimin¿teil with the

exclusion of the interaction terrrs (rnodel M I and M2). In this cirse, the cIs lèll fì-onr

"The clil'ference lletu'een fill moclel Fl ancì lull iroclel F2 is that an alternative gracle vatiable
(cutabiJity estiu.ìate) is used instead of grade f¿t and muscle score.
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inacìecluate high values to Ìevels l¡eiow 20. Table 5.fj presents rhe assesslnent of

mLr lticollineality indjcated ìry the Cls.

]'ab¡e 5.3. Assesseureirr rri MulticoÌlinear-ìty lirdicateci Ey the CIs

ModeÌ
CI R¿nce

Assessrrent ol

MulticollinearityPlant A Plant IJ

FI 1.(n - 138.08 t,()() - 153.26 )^trorl g

F2 1,00 - 320.63 l.(x) - 259.50 S trou c

M1 1.(Xl t9 (x) l.(x) l 5.91 Low

M2 l.(x) 1'7 .L)9 r.00 19.98 Low

I1 1.00 5.23 1,()() - 5 18 Low

t2 1.Ot - 547 I.(JO - 4.46 Low

GI 1.00 - 4.2() 1.00 , 4.57 Low

G2 l.()0 - 2.71 I .{X) - 2. (¡8 Low



Excluded Variable (s) Planr A PÌanL B

Sex 21il1l 2.54.1

Wei-uht i,151 1l lJ r)r)l

Clutalrility estirrâre -5 8s|1l 0.t21

Sext'Weight 0,04L11 1.051

S ex't'CLitabilt ty estil.ìtate 2.501 1l 6.051

Wei ght+Cutabili ty estin'ì¿1te |.4'/11) {r.99[

(All sex, weight and cutability estinlate) 21.11151't' 6.0rÌ15

(All weight, sex cut¿ìrility estirrate) 21.99151'r'i' 2.5 I ¡51r'r'

Week of Gracling 4-5 60[3]'r' 1.ó9[11

Srlerble Yicltl 549.tj-5f 1l'r {t22.601ll

Marblin-q 1.54[2]']' 4.15121+

Reset (2)
Reset (3)
Reset (ul)

RT

R':(adjusred)
Sample Size

0.16
2.00
1,59

0.tl(r64
0.8602
270

0.12
0.61
0.48
0.9264
o.L)216
166

Number in blacket [] indicates numbel of
excluclecl valiables
jj:;r;¡ sigrrifìcant at l(/o leyel
']''t signifìcrnt at -5% level
t' signìficant at 10% level

T'ab[e 5.¿å. Tests of t]re si-qniiìcance of cliaracrci'istics of Eeeî carcass using the Full
Model F2. inclucling illteraution s

vlllirlbles.
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Ercluded V.riairle (s ) Plant A PÌant E

Sex LOól 1l 6411Iì
'Weicht

14.14ll11 7 -4611t*'r':'

Grade Fot 46.70¡11'1"' 2.s21:11

Week of Cìr'ading 15.12131 i.+0f r l

Saieable Yield 465.37111 595.94[ 1J'k'k'i'

Muscle Score I l.59f3l;'r't' 4.87L31

Marbling 9.86121,r 3.34121

Reset (2)

Reset (3)
Reset (4)
RT

R'?(adjustecì)
Sanrple Size

0.71

1.08

0.80
0.8701
0.8646
210

0.002
0,.51

o.64
0 92B9

0.9243
166

NumLrel in br¡cket ll indicltes nuntber of
exclLrded val i¿bles
;rr:ir)i' siguificant at 17o level:r*: sigmfìcant at 5% level
'i' sìgnifìcant at 107a level

'{':lble 5.5, Tests of the si-r¡niîicance ol characterisiics ol Beei calc¿iss using the Full
ft4oclel Ml (full rnodel F1. er.cludi¡ig iniet:¿tctions)

lM
viìriirìlìes ol subgroups o1'vtuiables tÌont iLrc lull Drodel tre sigllificflrl ex¡tlutrlor_v vlrìah1cs,
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'Iable 5.6. shows the resulrs ol F-tests b¡, rvhich the iriiporiauce ol ch ar¿cret.is tic s

includecJ in full nrodel M2 (ercluding iÌlter¿c {.jo r.ì terms) was evâlu¿1ted. All ch ¿rac ier.is tics

except sex 'uvei e foun¡l to bc sìgnitìcant at plaìrt A. Weight and u'eek o1'grading werc not

sigrtil'rcant at plan B wh jle all tlle odler var iables were foLmcl to ìre significant. The resuits

of the F-iest fol weìghi at plant A, pJus sex and cutability estil)lâre fbr- plant ts

dell-lonstrate , ugarn, the e1'Èc t of Ir.rulticollinearity ol.r r.noclel F2 (inclu<1ing the iutel.action

terr1rs,). I\4isspecif ication of the regression was not a problem iu tÌre full model M2 ¿s seen

tì-orn RESET test results.

{'at¡le 5.6. Tests of the Signìficar.rce of cÌraractelistics oi Beef Calcass using the Full
Model M2 (full model F2, excluding interactions)

lìv tcsling icti0D ol \\'helller iüdividud
vü-irLlllcs 0r srbgroups 01'!¡uiableä frorìÌ rlie till ûrÒdel rre s1loificiult expl ltory vrui.rbles

Excludecl Variable (s) Pl¿nt A Plant B

Sex 2.26U1 1r.¡,j0|1]

Weight 6.3rJl1l l.7sfll
Cutability estil.nate 105,07[1]'r"r' 6.82[1]'J'

Week of Clading 44.8u¡31't''t"r 2.101 il
Saleable Yield 5'74 \3l,rl 642.0511I

Malbling 7.46121 3.32¡21'+ *

Reset (2)

Reset (3)
Reset (:l)
RT

R'?(ad.iusred)
Sample Size

1l
22
89
u64-5

. u59li
70

0.01

0.49
0.36
0.9232
0.r) 198

t66

Nurrbel in ì¡r'acket ll indìcates i.lur.ltber of
exclucled variables
:i';:ì:ì: si-qnificant at I % level
ii{;i: signitìcant ¿t -5% level
'r' signilicant at 10% level
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Table -5.7 and 5.8 ilresent tlle resulfs o1'F-tests evaÌu¿tted 1'or r¡¿rilbles includecl in

tllese t\À,o versions ol the inteimediare lnocjei (luodels ll ¿ncl I2). Alt varj¿rbiL,.s includecl

in these ti,r'o rnodels wele Tound ro be signii'icant at Lroth phi.ìts. The RESET tests uâi.rje(f

out. sug-cested tirat rnisspecificitrion \À¿\ nor I ll.oblen in trodel 11. Iu mr¡del 12. sotite

shght misspecifìcatìon ploblens are inclìc¿ted by the values of the RESET iesrs at plaur

A and ts. This sug-qests tlìat exclusion oi' vr ables begins to leacì to specitìcution

ploble ms ìn moilel 12.

T'abfe 5.7" Tests of the significance of characterìstics ol' Beef car-cass using tlre
interrecliate model I1

Ercluded Vrliabìe 1s1 Plant A Plant B

Week oi Grlding 35 61t 7.82[ 1]

Gl'ade Fat 25.t7l 41.191

Muscle Score 29,90[ 18.25[3

Marbling t] .951,2 6.99121

Reset (2)

ReseL (3)
Reset (4)
R2

Rr (adjusred)

San¡rle Size

0.7 5

1.25
1.3-5

0.5980
0.584r
2'70

0.3 8

0.9r1.

0.63
0.6369
0.620ti
166

Nurrber in bracket [] indicates nuurber. oI
excluded v ari¿rbles
rjii:Ì: significant at l% level
';:): si-qnificant at -5 7¿, level
'r' signiiìcant at 10% level

N{)tc: Thc ligures dcscribed iu-c F-stittlsiìcs- c0 sll.uctcrl llv tile rf rr Lrrtl
vlu'illblcs ol suLlgroults of v¡riablcs lioLr 1lìc intcrnlcdiaLc illodel uc silluilicrut cxul¡!nlttol.v v¡1.ìlrhlcs
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Lrrluded V:u ìrbl< 1s t Piant A t]1 B

Weeh oî Grrding 3 1 .99¡: 1't'i"l l.95l1l

Cutability Estìmate 98.03[1 | t2{J.22lil

Malblìrr u 12.3212) 5.32121

Reset (2)

Reset (3)
Reset (4)
R,]

R':(¿d.iusred)
Sarr-rple Size

3,43t,
1 .85
146
0.5310
t).5202
270

0.19
2.06
2.45':,
0.58ri6
0.57 83

166

Nuurbel iu br¿cket fl itrdicates llurr-rbel of
excluded r'¿riables
NR denotes that the variable was t'ìot relev¿rnt
't*)i: signifìcant at 1% level
+,' sigr.Lificant at 5% level
* significant at 10% level

figurcs descrii)ed iue F-statjslics. coustluclctl l)1, testiu )1 ù,hethel individu
viuilllrlcs or subgroups 01'varjiibles 1ìolr thc interLrcdilrtc llodeÌ i[c sis¡ilìcülìt cxD]ittlltlt)ry viúiirbie\

'{'ab[e 5.8. Tests oi' rhe Signil-ìcance ol f]hai acteristics ol tseei C:ucass usinu dte
intemediare rnodel tr2

Tables 5,9 ancl 5, 10 clesclibe the results of F-tests evaluated 1¡r'tlte characteristics

included in the gracfing system rrodel G1 ancl c2. All vari¿ì¡les included ilr tl.ìese two

uodels were lound to be signìficant. but rrìsspecificatìon problen.rs, clenronstr:atecl by the

RESET tests, were tlso detected. párticuÌtrly in pìant A i.esults.

The mi sspecification ploblerr detected in the iltemediate moclel 12 ancl gla¿in_e

systeur tnodels Gl ancl C2 have an importaut elJèct oÍì the lesults. First, the otnissio¡ of

releval'ìt val'iables le¿rds to ì¡iased estin¿tols cll the leglession slopes o1'the iuclucled

lelevallt variables iî dre omittecl relevant variables are correlatecl with the iucluclecl

rruial¡les. second, the st¿u.ìdard tests of si-qnificance ¿re not. appropliale siuce these tesis

requile tl.rat estiiriÌtes of the p¿rairetels ì¡e unbiasecl. Third. the presence of bias inay
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resuÌt ill tsü1]lated coefïicjents ¡llâí aÍe substâÌ1tial1y dil-fÉt^ent tì'om wir¿t wils expected

ilt terlrs o1'sign or- n.iagtiitude. The resuÌts oî F-tests lol the characteristics i¡cluclecl i¡

Lhese three models sl.touÌcl nol Lre vieu'ecl rvith confidence anrl llthoLrgl.r the), xre inclucle¡l

in the pi-iec prerniulls/discctunl analysis, shoulil be rliscussed applopr.iately.

'tr'al¡le 5.9. Tests of the Signilìcance oi Cl.ral acteristìcs of Beef Cìalcass usin-e gr.aclÌng
s)/stern lrodel Gl

Excluded Variable (s) Plant A Plant B

Glade Firt 28.36ft1 4'7.49111

Muscle Score 22.21131 r5 58[31

Marbling 2 r.08[2] l2.4Il2l't¿'

Reset (2)
Reset (3)
Reset (4)
RT

R'? iadjusted)
Sarrple Size

[J. ¡15,r,3 *

4.69:r;r.ii:

3.5 8'j,,i

0.4328
0,4199
2'70

0.7u
1.69

1 .33

0.61 rJ9

0.6045
l6(r

Nlulbel iu l¡racket il indicaies uulrLrer
excluded varia bles
:i:)i:)k signifìcant at 1% level
:i':r: significant ¿rt -5% level
'k signtficiLnt at 10% level

of

lÌc ligures dcscrilled lrl.c F-sltrtistics, conslrucicd bv lhc rl
\,ll-iuìrlcs or subgrirups 01 vuì¿blcs 1i0m lirc gÌadirg syslcrÌì ll]ol.iel uc sigoillcr ¡ crpl lrtuy viuirlfeli
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?'abl+ 5'lÛ" Tests ol the Significance ol Charactei istics of Ðeef {Ja¡'c¿ss using tlie Êracli¡g
system inodel C2

by test lg tltc lesûictiolì 01'\\4tctllcr irrdividutl

Heter osked¿rsticity was exarninecl by the use oi the Breusch-pagan test inclicating

uo violatiorl of the assurnption re-uardìng homoskeclasticity. Aclclitionally, fil.st-or.cler

au tocofiel¿1tioll was a]so itispected by the use of the Durbin-Watsolì test ancì no signifìca¡t

¿utocoirei¿rti olt plobie:t.r was et'ìcotÌÍìtet ed.

The nrain couclusions fì'onr the analysis of the lesults of F-tests evxluated 1br. each

indìviclual cÌraracteristic inclLuled in the fìr¡e rloclels (rnoclels Fl, F2, M1, M2 ¿ncì I1)r

are as lollou,s:

L Saleable yield, rnuscle scoLe a'cl marblin-e were found to lre significalit ir all

n.roclels including tl.ìe¡;e characteristics.

I ire results of l--te\f\
grading systeur nrodels Cl

for the characteristics includecl
Jn(l Cl wete lloi uollsiclel'ecl in

11 the lntentlediate tnodel 12 and
this conclusion.

Erclu¡lecl Varìable (s) Plant A Plan¡ R

CuLability Ëstin.iate 89,611¡11';";' r 1rJ.7¡jl1 I

Mar-bling 14r.0 I [2]'r'* e.43 [2 ì

Reset (2)

Reset (3)
Reset (4)

R2

R? (â{:lj usted)
San.rple S ize

l7.t)l':
8.1'/¿,.:,

9.65,r,,,,

0,3598
0.3.526
2',70

0. u7

2.10,"
r.90
0 5784
0,5706
I (r(r

Nurrber ill braclçet | | inrlicirres nurrber
excluded val iables

slullllrLJr]t ilt l!l level
** significant at 5l1a level
'r' signifìcant at 1070 level

of

variables i)r subgroullt ol'vatiitltleN 1ìorÌ thc grLLling svstclll lììodcl lÌre sigltificlult exoliùtrt0ly viü.itiltles

ti0
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-).

7.

,:^ex was fouilcì to be signiîicanc in the 1Ì11 models (exclurling interaution terms)

\4 ì :rntl Vl orìl) irì ¡litrìt B

Wei-tht u'as Iìurrd to be signifìcant in th"- full rnoclel (inclucììng inter¿ìctioil tenl'ìs)

Fl ancl in the full inoclel M I ¿ncl M2 (excludin-g ìnter.¿icrion rer.rì.ls) ¿ìr phnt A. It

w¿s also significant in tÌle l'ull model M I at plalìt B.

Gr¿ile lat was f'ounc1 to be si-qnificant in ali ntoclels ¿rt plant A and in the

intemecliate urodel lbr plant B.

The sex'r'weight and weight'rcuta Lriiity esrimate intelaction tenr'ìs were nevcr fbuncl

to be significant. Tl.re sexi'glade tàt and sex*cutatriÌity estirnlte irìtcr¿dtion tc¡uìs

wele fbund to be signilicant in full nodel Fl at plant B. Weiglit,r,grade fat was

found to be significant in the full rrodel Fl at piant A.

The effècts of multicollineality plobÌems were cleal in the mc¡dels incluclin-q the

interaction teln-rs (fuìl rnodel F1 and F2).

Mr sspecìfication problen-rs wele detectecl in the intelmeciiate r.ì.ìoilel 12 an<i iu the

glaclin-q syste ri-r ntodels G 1 and C2, indicatin-g that exclusion of explanator.y

viui¿bles led to mrsspecilication in these r¡odels.

Ilì tellrs of 1'actoÌ's that underlie the canadian glactng system for beet', all l'actors

(grade fat, inuscle score. curability estilrate nnd malbling) wer.e founcl ro be

si-snificant.

Varirbles íìot included in the -qrading systerl rloclel seeln to lre importa¡t

explanatols of beef caru:rss values. Those valiables are weight, saleal¡le )¡jeld ancl

the tilne i'actor (weeli of gracli'g). of course, weelt of g'aclin,r 
'eflects 

gener.al

l.noverrents in the pr'ìce level and r,vas pritniuily used ¿s a control variable.

81



tsrlce FremÉur¡ls at¡¿! l]åsca¡ullts

l' or¡le. to ânalyze the p.ice prerniurrs ancl clisconnts associated witl.r e¿ch

iilciividuai characteristic and v,/ith clil'fereni lei,els ol tlte oh aracteris tic s. f'ull i¡oclel \41

excluding ijlter¡crlìol.ìs was selected ainong ihe other titorieÌs. Fuil results for the other.

tnodels are presetited in t¿rì¡les -5.i2 through 5.18. ìrut only cliscussecì ìn geuelal teruts.

T¿ble -5.11 gives the estitnateci pt'er.niums ¿1lid discoul.ìts cleliveci li on.i the 1ìll mocjel Ml

(excludill-q ìtlter¿clions). l'he t-stàtistics fol each specilic cl.raracteiistic is also provìclecì.

These coelÌicieltts are inl.erpreted as the implicit miuginal valnes of a malginal cìrange in

the yieÌcl 01'these ch¿racteristics. Because the leglession equiìtious cotitrol lbl variation

itl other explauatory var-iables, ¡hese coefTicients isoliÌte the irrltiLct of each cirat.actelistic

on catcass values.

The sa'ple's averâge carcass value at plal.ìt A l¡'¿rs 1.63 $/lb ancl at plant B was

1.70 $j/lLr. TÌre coefTcient estillates for categoriâl vari¿rbles are intelpretec'l in relation to

the leference category. sex was nol found to be a significar'ìt explanator of carcass values

at plnnt A while at plant ts sex was fould to be significant. This t'esult indicates thar

lieilèt c¿rc¿rsses shouìd have a premiurn of 0-00(16 $i/lb in compar-ison with steer carcasses.

The sign of this coefticiel.ìt is ir.ìconsjstellt with genelal exirectatior.ìs ancl with previ¡us

research, which genelally held that heitèrs are cìiscountecl. These lesults su-qgest thrt

heifèr's presented a greater average saleable yielcl than sieers afÌer corltÌ.olling fìr-quality

telated ch aracteristics. This lesults are collsistelrt u'ith receut leseaLch iJoues at al.-1994

and Matos. F:rrirrow ¿rnd Richtlond, 1994), c1t.aw tiom the salle base clrt¿ but usiug

difÈr'ellt ntethodolo_cy.
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V¡r'irblc (') Plant A Pl¿nt B

Sex Male
Ferrale

l,rsecl ¿is base

0.0026(l.03)
Use cl ls base

{).00r,612,53¡,'' "','
Week of Cradin_q I

Week of Glading 2
Week of Grading 3

Weeli oi' Gr'¿din-s 4

{).()()96(2. -551'r-',
-0.0252(-6.98),r,
Usecl as base

0.0209(-5.99),r,,

-0.0033(- l. 1 8)
Used as b¡se

Weight -().0(x)1 (-3.83)'r. -0.(x)01 (-2,73)

S.rleable Yielcl { ì,( )l{ ì7(l I.-57) ri"r' {l.lì2 l6(121.-11 I " :":'

Glade Fat -0.0023 (-6,83) {,,r, -().( l0()7(- L.it) )

Muscle Scote I

Muscle Score 2

Muscle Suole 3

Muscle Score ¿l

-0,0143(-4 15)'',
,0,0039(- 1 ,2ó)
Used ¿s base
0,01 6I (3.59)'r.."

-0.0128(-2.:7 2)*¿'
-0.00s3(- 1.64),'
Used as base

0.0076(2.22)*'"

Malbìing Class A
Marbling Class AA
Marblin_q Class AAA

Used as base
-0.0095(-3,67)t"r"r'
{.0 I 25(.-3,¡Ì9)l.l"i'

Used as base
-0.0061(-2,25)'k:,
-0.(x)¡18 (-2.32 )r.'r

Cor.ìstxnt 0. 1336( 1.73) 0.1754(2 s6)'k

ReseL (2)
Reset (3)
Reset (4)

t).11

1,08

0. ¡J0

0.002
0.-51

064

R
R: (adjusted)

0.8107
0,8646

().9289

0.924-j

Sarr.rple Size 210 r66
:r:kji: {ignificant at 17r, level
ti'¿' significant at 57c ìevel
* signitìcut ¿rt 107¿ level
t-statistics shown in brackets

?:lhle 5.åI" Estimatecl Frer.nìuins a¡ìcl Ðiscourlts fiorr the Full ft.4oclel M1 excludin!r
iÌ1l.ôrartions

Weight was illcluded ilt the rnodel as a corltiuuous variable ancl u,as founcl to tre

si-snif icant at bofÌr pacldng plants. The relationship between weigÌrt ancl carcass v¿lue was

rìegative i[dicati g that as weight incre¿rses carc¿ss value decleases by 0.0tìi)1 $/lb at both
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plaltts. Althou-gh statisticall)¡ sigi.rifìcant, rÌ.ris cliscou¡t i¡ vaiue is iror substantiye frort.i a

catc¡rss valtre point ol' rriew.

sale¿ble rreat yiekl r,r'as 1'ourd ro be a highly signifìclnt characterisric in

erplaining calcass value as expectecl. The r-esults inclicate that incleiLsing the sale¿ble lreat

yield by 1% carc¿rss value u,ould increase by 0.021 iiì/lb at plant A ¿ncj B. For. an animal

rvjtll 500 pounds oi saleable lne¿t )/ield this woulcl irrprove value by $ì10.50.

Tlre reÌatio*slrip lletweerÌ -{rade fatrr) and carcass rralue w¿s neglrive ¿s exprcte(i.

Plant A results indicate that inclezrsing the glade fìt by 1 mn.r woulcl cleclease tÌle carcass

value ì:y 0.(X123 :1ì/lìr. Fot example, rìecreasing gracle 1'at tì'om 1¡lmn to 7rm (consicler.ine

muscle score con:jtaut and eclual to l). wllich would result in an A2 classification

becoming 41, woulcl chlnge carcass t,alue by 0.016 $j/lb.

Muscle scole was included as a categorial val.iable. Four r¡uscle score groups were

analyzed (muscle score 1,2,3 and 4). Muscle score 3 was iu'bitrarily chosen as the

l'efetetlce category. The estilrate signs seerr to ìle consistelti with lower muscle score

cill'casses haviug lowel values iu cot.upalison to highcl rnuscle scole c¿ucasses. Plaut A

lesuÌts indicäte tl.ì¿1t carcass with rnuscle scoLe I weLe significantly lower in relation to

carcâsses with u'ruscle score 3, by âbout 1.5 cents per ¡round. Muscle score 2 w¿rs r.lr¡t

found to be significaLnt aud calcasses with musole scol'e 4 had a highel value (in l.el¿tion

to caÌcasses with rnuscÌe scole 3). Plant B results, sho\\' tlrat caro¿sses rvith muscle score

I ancl 2 had a lowel value in cotnparison witl.r c¡Lc¿rsses with uruscle score 3 (refètence

r0Glade fì.t rneasures the fat tl.rickness in the loin ar.ea lin llrr)
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oätegu-y). A Ìrigh value for carcasses with nuscie scole 4, by I cel.ìt Þer pouncl rvas aìso

üìdicated.

l'4¡rblitl-lr was lound to be si-snìf icant r¡¡heu ilrclucled as a clteÈolial r,ariable. lt

should be emphasized that aci.ual nreat ¡l'ices usecl in the ¡nalvsis cli¡l uot. v¿u.), lly

nai-bliltg class, so the eflÈct of thi cllar¿cteristic is inclllect through its r.eìatìonsirip tcr

artual nleat yield. Malblin-t class A (hace nralbling) was chosen as the r.eiereuce

category. The l'esults deJllolìstrilte thât carc¿rsses u/ith highet alnoulìt ol rrarbÌing hacl

lower values in ccltnparisou with carcass pr eseutin-q loweL ar¡ount o1'u.ralblìng. Plant A

results illdicate that calc¿rsses classified in the marbting class AA (sliglrt rrarbling) hacl

values tllat wele lowered by 0.(X)9 $ì/lb in comparison with clrcasses classifìec{ i¡ the

n.ralblilrg class A (trace nurblin-u). calcasses classil'iecl ir.r the rrar.bling class AAA'

(small rralbling) were 0.0 12 fi/ll¡ lowel - Plant B l-esults derrol'rstriìte that carcasses

classifìed in the rnalbling class AA and AAA were lower iu a statistical sense. []ut lìor

ovelly substalitive. As rlentioned befo|e. a study by Jones, Tong ancl ralbot (1991)

indic¿tecl tl.rat marblìng score \À¡as si-qnificantly related to carcass weight but only

explaìned atrout 0.57r, of the variation in r.nalbling score. Basecl on that, they concluclecl

tll¿lt carcäss rveight would Ìr¿ve little signitìcance lbr the precìiction of marbli¡g scor.e.

SiniÌal lesults wele 1'ound fol fit thickness.

Marblirtg is associateci with eatiug qualities and accorclin-{ to tl.re Canaciian glaclìng

systenr cl:rssification, -qrade AAA h¡s the best overall eating quality. Bec¿use n.rarbling

' 'Qualit¡' gra<fe AAA represents t,l-re higÌiest ¿1n.roulÌt oi mar bling ancl gr:rcle A the lowest
iunount 01' mar-bling.
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lowers Valr¡e ihese t'esults lrìso ¡rt'ovi<le a guide to qualir.y preruiurn needed to cùrllpeì.ìsate

1'cii' r¡alue loss tìl'ough cutability.

Sclile conclusions cair Lre dl ¿rvlr f;orn the ex¿ntin¿ttion oi tlre ca;cass

cÌrar.actel istics inlluencin-u bcef cat-cass pt.ice s at the two llacking plai.ìts:

L Co'parins the Ìesults of the tlvo pack'rg plzLrts, the ùsrinutes generally Ì.racì

cor.ìsistent signs and rragnitude.

2. TÌle estin.ìate for grade fat, saleable yielcl ancì u'luscle scoie l.rac1 the expectecl signs.

3. carcasses with better r.nuscle scor-es (4) hacl higher values ancl pooler. rruscle

scores (1 and 2) lowe'values as c.r'rpa'ed with the base leveì o1'rnuscle score (3).

4- In tellns of rlarbling, the reriults del.nonstratecl tìlat calcasses with higÌrer. antou¡r

of miubling (AA and AAA) had lower values in coutparison with cal.cess

presel)tiÌ.ìg lower âtrount of marbling (A).

5. Many of tì.re coetïiciel.ìts were statisticâlly sr-r¡nifìcaut, but laitly srnall, i¡clicating

that the eflècts of these inclividual charactelistics were quiie ofien fairly smal1.

Taì¡le -5.II through 5.17 shows the esti*ated price pre'riu'rs aud discounts

clerivecl tì ot.r'r tlte other tnodels. These results are presentecl in ortlel to clen-rcll'lsfi.ate

1'obustness attd stability o1'the results. However', problerns ¿ssociatecl with misspecification

and nulticollinear tty me highli-qhted tÌ.rlough tl.reil intluence on parauteter levels alicl

testing.

overell, slgrs ancì signilicance testcs are vefy uùnsi\tcnt lulo:s eornplruLrle

lurodels. Fol exarrple- comparing models M I and M2, wllere iÌltel.n¿1te ureasur.es fbr

cutability al'e usecl. sigrts ancl significance levels are iclentical. SinriÌarly, coinpariug across

specification (M I to 11 and C 1 ; M2 to 12 ancl G2) shows siililar results. Sisr.ìs ând
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slgl-rliiciìnot 'ùend to Lre Gi¡itc co sìsteni rn¡riying thât tl'ìe Ì'esuhs ¿re l obust. trn mgst c¿ses

coefïicre¡t v¿lues are srable. but sotle r¡¿Liation dc¡es clccul-.

The ei1ècts ol mu lticollìne¿[.i1.)/ on tl.ìe coeiijcien¡ estjlllâtes can be seen by

cor.npalin-u the results c¡Î model Fl wìth those oi rnoclel ful I (Tabìe 5.1 I), ancl rrocìcl F2

with nrodel M2- lnitìally, corrpaliug the lesults of lnoclel F] wjth 1.41. it is obse¡vecf tl.rat

sex Ì.t¿¡l ¿ slight chan-ee irt n.iagnitude bLrt dld r.rot change signs. Gr.rle iìt hacl ¿r chanse

in sign at pìant B. In tellrs of ura-qnitucle, ther.e was sor.ne change in botÌ.r plann.

coirp'ring model F2 (Ta-ble -5.13) with uroder M2 (Table 5.l4), incorsistercy in

sign and magnitucle for the coelTicient fbl sex is obselved at pl¿1nt B. weigl.rt pr.esentecl

inconsistency in si-qn ât plant A, although jt is not significant whelr positive. cutability

estirrate showed ilconsistency ìn sign and a big change in nragnitude ar plant B. The

Vari¿rbles not inclu¡led as i¡tter¿tction telms (saleabÌe yielcl. n.ruscle score and rrar.ì:ling)

presenled col.ìsistency in srgn and uragnìtude in all moclels, rleaning there were uot

afTected by rnulticollinear ity ploblerns, It is impoltant to rì.Ìeutior'ì that the exclusio¡ of

ìlltÒraction tertrs wiìs llecessary to rninimize the multicollltei¡ ity ploblerrs althoush rÌtese

ìrìlerJr'liurì lcrr'ts r'itrì be in ilet itrr¡tolturrl.

The el'fect of n.risspecif ication can be rìoticed by com¡raling the results of rloclel

M2 (Table 5.14) with 12 (Taìrle 5.1(r) and G2 (Table 5.18) ancl rhe resuÌrs of Gl wìth Ml.

The coeffìcient of cì-rtability esf.ilrate had a substtnti¿l change in n.ragnìtucle iì.ol¡ u¡odel

M2 to rnodel 12, partìculally at plant B. Week of gracìin-e coefficieuts changecl in sign anci

rna-rnitude at plant B. courparing the coell'icients of rnoclel M2 ancl G2. it is observe¡l

sot.ne cltange in tnagnitucìe. Conpating the coetlicients of thc uralbling cl¿rss va¡iables of

model G1 ancl X.41. changes ili ma.siritude at.e also detected.

87



l'al¡le 5.T2, Estirnatecl PI-eurìums ¿iird Discciuirts flom the Full h4ocleÍ Fi, inciuciiiis
interJcl.ior'ì\

Exclucled Var'ìable (s) Pl¡Lnt A Pl¿rnt B

Sex - Male
Feurale

iJsed as b¿se

0.0120(0.53 )

Used as base

0.0303( 1.25)

Weight -0.r)(){ it (-3. t{ ì),',,r, I -o.0(X)oll-t).47)

Cìr¿de Fat -{ }.{r{)8_ì(-1.7 I ) r).t){ìtx().51)

Sex'kWeight -0.(xx x)2(-( ).57) -{ ).{ )( ){ ()l (-l )..11)

Sex';'Grade Fat {).(XX)4(0.(r2) -r).(x) l6(2.41)

Weight'r'Glade Fat ( ).0{ ){ )l )( )x( 1 .95)riir: -0.r x){)r )()l(-( ).5( ) )

'Week of Glading I
WeeÌt of Crading 2

Week of Cradiug 3

Week of Glacling 4

0.0I01(2.68 )'r'.* 'l

-0.02413(-6, tÌ0)*'r.
Used as base

-0.021I(-(r.02)'t"t'

-0.002s(-0 87)
Usecl as base

Saleable Yield 0.0204(21.l9)i'r' 0.0213(24.05)¿'+

Muscle Scole 1

Muscle Score 2
Muscle Score 3

Muscle Score ¿l

-0.0149(-4,30)i r.

-0.0052(- 1 .64)'r,,r.

Used ls base
0.0177(3.132)i'i't

-0.0 132(-2.7'7 ),? 
¿,.1

-0 0044(- 1 .39)1'
Lised ¿rs base
0.(x)7I (2.01ì),r.,r

Marbling Class A
Mrrblìn-{ Class AA
Malbling Cl¿iss AAA

Used as base
-0.(x)98 (-3.80),r,.r
-0.0129(-4.0I )'r,,r

Usecl as base

-0. 0t) fì2 (-2.74)'r"r'
-0.0101(-2.64)i"r'

Clon stan t 0_2034(2.36)¿,.k 0.1623(2.09¡'t't

Reser (2)

Reset (3)

Reset (4)
R?

Rr (adjusted )
San.rpÌe Size

0.50
1. 19

l,t1
0.8727
0.¡i6-52
?70

0.06
0.63
0.71

0.9317
0 92s8
166

:t<:t':t' signifìcant ¿t I % level:i:ii: significanr ¿t 5% level
';' significant at l07c level
t-ståtistics showrì in brackets



À'ahle 5.13, Estiillxted P: erni ur.us ùnd Discour.ìts fì'orn the lrull Moclei F2. iiiclucling
iÍìlelauiions

Excludcd Vrr ìrÌrìe is t Flant ,{ Plant B

Sex - Male
Felrale

Used ¿s b¿se

0.0675( 1 .45 )

Used as base
-0,0736(- I .59 ),r,

Wei-eht 0.{)(x)3( I.07) -{).{)l ){ r-ì()( {r.t)9)

Cut¿Lrilit)/ Estimate 0.0090(2.4I )'k'i' -0.003.1(0 8s)

Sexr'Weight 0.00(xxJ6().21 ) 0.Oil)03(- 1.02)

Sex'r'Cutabilitv Estirrate -0.0011(-1.58),' l).t)ll I X1l -{J ¡+ t ;'

Weight':' Cutabilitl, Er,¡tt-ror. -0.(x xxx)6(- I .21 ) 0.(xnl0o5().99)

Week of Glading 1

Week of Grading 2
Week of Grading 3

Week of Gradin-q 4

0.01 122(2.90),r.,r,

-0.024tÌ(-6.7 1)*"
[J sed as base

-0.(1200(-5.68 )'r+'

-0.0032(- r.0B)
Used as base

Saleable Yìeld 0.0216Q3.44)r, 0.02?l(24.95\¿.t )

Marbling CÌass A
Marbling Class AA
Marblin-q Cl¿iss AAA

Used ¿rs l¡ase
-0.0085(-3.211)'r"r'*

-0.0107(-3.3 1)'r',"|

Used as base
-0.()082(-2. (r6) r"r*
-0.0 103(-2.63)'r't"1'

Constant -0.5103( 2,31)'k'r' r).2|i15(1.19)

Reset (2)
Reset (3 )
Reset (4)

RT

Rr (acljusteil;
Sarnple Size

0.46
?..00

1 .-59

0. u664
0.tì602
210

0. l2
().61

0.411

0.9264
0,9216
166

:r'+:jr siguif icant at 17r, level
:t'¿' significant at 5% leveli' significant at 10% leveÌ
t-statistius shown in br¿ckets



'å'at¡le 5.f ¡é. Estirrateci Plerniums an<l Dìscounts froni the Ful] Moclel M2. exclu¡ìin!¡
intei actions

Ërcludecl Variable (s) Pl¿i¡rt A Flant B

Sex - Male
Fem¿rle

Used ¿s base
0 003ri(1.05)

Used as brse
0.00¡j7(3.:i3 )'r"r'

Weì-sht -{ ).( )( )( )( )-+(-1.-5-l )' r' 0.00ll{rl(- 1.it )

Cutability Estirr¿ìte (),0039( I 0.25¡'t,',"r. 0.1 3-50(2.61 )

Week oi' Glading 1

Week of Crading 2
Week o1' Grading -3

Week of Glading :l

0.01 1 37(2.96)l.i"r
-0.024? (- (t. 6 4)+'t':'
Usecl as base

-0.0 I 96(-5,51)'r"t';'

-0.0042(-1 45)
used ¿s h¡se

Sale¿ble YieÌLl ( r.{)l I X (l-1.9ô ) 
r''r' ( l.( )ll4(l5. -r 

jl
Malbling Class A
Marbling Class AA
Malbling Class AAA

Used as base
-0.0084(-3.28)'r"r'*
-0.0106(-3.21) r"r":'

Used ¿s base
-0.0067(-2. 18)'r,

-0.0092(-2 37),r

Co rì starìt 0.2345(-3.50) 0.(x)08().00I6)

Reset (2)
I{eset (3)
Reset (,f )
R2

R'?(acljusted)
Sample Size

0.41
1.22

0.89
0,8645
0.859u
210

0,01

0.,19

0.36
0.9232
0.9198
r66

:t':t.:): signrtìcaut at 1% level
;rj;ir significant at 5% level
': significant at 107¡ level
t-statistics shown in brackets
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'tr'abåe 5.ã5 Estirnated Frer.niurrs an¡i Discounrs trom tìre lntennecli¿rre Model I1

Excluded Va:'rable (s) Plant A Pl¿nt B

Gr ade F'al -0.()()28(-5.0I )'r,': -{ì{)(15_l(-6.-irll

Week of Cladìng 1

Weeli ol Gr-ading 2
Weelç of Grrding 3

Week of Glacling 4

0.01 (x)( L-52),i.

-(1.032.1(- 5.62 )'r,'r. 'r,

Used as base

-(), ( )40 tì ( - 6. 9(Ì)'r"r".

0.01 (r3(2.19)'t":

Used ¿s base

Muscle Score I

MuscÌe Score 2

Muscle Scor-e 3
Muscle Score 4

-0.0348(-6.71 )'l
-0,0127 (-2 43),:.

Used as base
0.{)28 I (3.71)¿'i'

-0.03 ¡i2(-,+.79 )

-0.01 uar(-2.7:l)
ljsed as base

0.0275(3.26),'

Marbling Class A
Marbling Class AA
Malbling Class AAA

Used ba se

-0.0214(-4 88),r,

-0.0286(-5.21 )'i

Usecl as base
-0.0205(-3.23)'1.,i
-0.0275(-3.31 )'k*

Corìstant I .7054( I r.1.64) +.ri rl 1.76tì1( 180.37)

Reset (2)
Reset (3)
Reset (4)

R.
Rr (adjusted)
Sample Size

0.07
1.25

I .35
0.s980
0.-584 r

270

0.3il
0.94
0,63
0.6369
0.620rJ
166

I

t'rr significant at 7t/a leve!
'r' significant at 5% Ìrvel

significant. at l0% level
statistics showtr in brackets
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'{'ahle 5"16" Estim¿tecl P:einiurns iurd Discounts fìour the ir'ìiùrlrccìi'tc Model l]
Eruluded Vlli¡ ble (s) Pl¡nt A Plant B

Cutability Ëstìmate (1.(l(ìr1l(!.911 
1 

;' r'':' 0.(x)97(I().96)

Week o1' Glacitng I
Week c¡f Crading 2
Week oí' Glading 3

Week of Ci ading .tr

0.01380( I .95)'t'r.
-0.(129 I (-1..7 1 );"r"1
Ljsed as base

-{) o4oo1-6'i 1¡+i":

0.01 r 90 .98)*
Ljsed as base

Malbling Class A
Marbling Class AA
Malblìng Class AAA

Used ¿s b¿se
-0.01 96(-,1. l9)',
0.0244(-4.17)"

Usecl as base
-0.0173( 2.57)':":":'
-0.026(r(-3.(ll )¿"r"t

flonstant 1,2704(3 1.63) L I -ì6l(l I.().lJ r' : 'r'

Reset (2)
Reset (3)

Reset (4)

R?

Rr (adlusred)

Sample S ize

-t-+ 1-
1.85

1.4(:t

0.5310
0.5202
210

0.78
2.0(t
') À<+

0.58[i6
0.5783
l6(r

:i: J':ii sigrrifìcant ¿t l9/o levelii::i: sigrritìcalrt at 5¿lc level
'r' si-qnìficant ¿t 107¿ level
t-statistics sÌ.rown in tlrackets



'å'a[¡åe 5.tr7. Estirr-iatecl Preiniurns and Ðiscounts Tìorn the crlcling system Model Gl

Exoluded Valiable (s) Phnt A Plant R

(ìr-adc F¿i {).( )( )-15(-5. jl ) -l).()i )57( h.NL)) i'::' ;

Muscle Scole I

Muscle Scc¡l e 2
Muscle Score 3

Muscle Scole 4

-0.(1344(- 5.63 )'ì"r'
-0.0134(-2.1 6)'r"r'

Usecl as base
(J.(1304(3.41 )':"r"r'

-0.0349(-,1.3:jl
-0.0 r 57(-2.3r))
t.ised as base

0.0230(3.07 )r,

Marbling CÌass A
Marbling Cl¿ss AA
Marbling Class AAA

lJ secl as base
-0, 025 5 (-4. 98 )'r"r"r'
-0. 037-5 (- 5. lì 6 ) 

i"r"r'

Used as b¡Lse

-t).02(9(-4.21¡t':.*
-0, 0 j4ar (-4.3( )) * :r' :r'

Corlstal.ìt l.6932())l .3¡'¡':":' 1.7833(214. r r)

Reset (2)
Reset (-3)

Reset (zl)

R]
Rr iad-¡ustecl;
San.rple Size

g. g5,ri,;r,

4 .()'7 
:k r: ¿.

J.i t'-"
0.432lt
0.41 99
210

0,78
1.69
1 .33

0.61 89
0.6045
r66

:r:)i::j: significant ¡t 1% level
)i:i:: si-qnilicaut at 5% level

" signil'ìcant at 10% level
t-statistics shown in brackets
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'å'ahle 5"Ì8. Estim¿rted Preilriu¡r.is and Discouitts fi.o¡r-i the Cr¿¡lin-q S¡rsterr Model G2

Excluded Valiable (s) Pl¿nt A Pf ant H

Cuta[rilit\/ Ëstinre te { ).{ l{ r7 -1(9.J7 )
().( ){ )L)ti(l ( ).¡19) i,

Malbling Class A
Malbling Class AA
It4.rrl¡lin-e Cllass AAA

LJsed as base
-0.0237(-4.41 )'r"r"r'
-( ).03 3 9 (--5.( ) 5 ) ",.'r"r'

Used as b¿se
-0 0220( 3 45)
,().032.5 (-3.96)

Co l'ì s tall t 1 .21 42(26 .3.) )'t"l l.l-14()(-11.U-l),1

Reset (2)

Reset (3)

Reset (4)
R]
Rr (adj usred)

Sar.nple Size

17 _01."

9.4'7.:..!.

9.65¡oi'

0.35911

0,352(¡
210

087
2.10t,
1,90

0.5784
0.-5706

1l¡6

ii:)t')( significant ¿rt 1% level
:r'jir si_qnìiìcaut ¿t 57¿ level
'r' signitìoant at l07o levrol
t-statistics showu in blacÌtets



cH,4.nyn'åtåt 6. su M&4Attv ÅNEÌ c( )¡{CL¡ IS{(}FJS

'l'his Iast ch¿tpter su11.ìrtarizes ihe lesealch, ltrovicles the ntajor. c¿nc¡¡sions.

ciiscusses the lirnitirtions and adclresses sonre Lecolnrner.ìd¿rtions fol.fìn.ther srudv.

Sumrnary ar.¡ eÍ ResulÉs

The objectives of tltis study were to rer,ìeu' the developrlent ol the beel'ca¡cass

gr ading sy51g1¡ in cauacl¿, discuss the actual glacling syster.ìr, evaluate beei car-c¿ss v¿Ìue

locusirlg oll the lattot s coltsidered in the Canadian beef carc¿tss gracling syste¡r a¡<ì

evaluate the efrects of each individual beef calcass cirai acteristic on carc¿rss value.

Chapter one ìrreserlted tÌre undellying ploblen-r of this resea¡ch. acldressed the

objectives lrentioned al¡ove ¿ud plovidecl the thesis outliue.

ch¿pter two addressed the tÌ.reory behincl standarcliz¿tion ancl gr.acling. The

ot.lectives and economic functìon of a glacling systeln wel.e discussed along witÌr several

¿ispects aijsociùted with the benefits and costs frorn glacLng. The iurpoltance of grades as

¿n inclicator of qullity to consulners was also examined. Specìal attentior.ì was given to

tÌre lnarketing of beef whele infolmafion plior to purchase rnay be ver.y rneaningfirÌ to

collsulllers, The relationshilt betweett grading, quality ancl ltrice wtrs consiciele<ì and solne

stuclies exal.nining thìs issue were also leviewed- Most of the stuclies exalrinecl

iuvesti-qated plice ditfèr'ences rssoci¿tecì wìth c¡ttle char¿cteristics ancì quaiity, A fer.v

studies evaluatiug carcass cl.ru'actedstics were reviewecl as well_

Chapter three investigrted seveÌal quality 1'acto's affècting cai-cass gr.acìing ancl

vrlue, TÌle aspect of dlessing pelcenta-qe ¿ucl factors atTecting dr.essing percelrtage were

discussed i'l this chapter, c¿rcass attributes usecl as pieclictois oî quatity griLcle in tire
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C¿rnaclian grar:litlg systein were examineci. l'lrese ¿1th'i-butes wet'e rnalbÌing. ll.ìaturity, llte¿tt

alid fàt color, l'iri.nness and textule. Factors influenciirg the courmet'cial vaÌue of beef

ciìr'Lrirsses srrcl.i üs weight. propcu tion of the rnain rissues (muscle. fat ln<1 bone).

¡lisL|ibution ol lhese tissues thi-ougì.r the caLcass- ir.urscle thicliness, chernicü1 cornpositiou.

bleed type, sex, musclitig ¿lt.ìd rreat yielcl wele discussecl, Methods fbr er,¿rluatio¡ r¡1,

catcass cotnposition and the 11.ìost iltlportant elernents of beef quality were exanillecl ¿s

weli. Chapter three was fìnalized by leviewing tlle recent cÌranges in the C¿n¿cllan beef

calcass glading systeit.

ln chapter four, the theo'y underlyì'g hedonic price iLnalysis is cliscussed. 'fhe

dat¿, clata source and procedure were presented.The potentially iurportant charactel istics

includecì in tl.re analysis and rlulticollinearity plotrlems wele ¿lso discusse¿, The valious

hedonìc plice uodels estitnatecl in this study 1ys¡s preser.ìted. Special attention was _qiven

to lnul ticollinearity because of ìts efïècts oli tlte coeiÏcienr es¡ilì.ìates.

Results and analysis of eight heclonìc p'ice moclels estilnatecl fo' each plcking

pl¿1ìrts were plesented in chapter five. llitially, tl.re overalÌ explanatol.y power. oi the

v¿rious hedonic price rnodels were iÍìvestigatecl. This was fbllowecl by an evaluation of

the importance o1'each individual cu'cass char¿cteristic. Price premiums and fliscounts

¿ssociated with each individual chalacleristics and with cliffelent levels of the ìtrcliviclual

chalactelistics wele exanlined.

Plinciple eir.rpirical results are:

The exclusiou 01ì the interaction teflrs tÍorn the two fìÌl rrociels (compar.e ¡roclels

M I and M2 to rr-rodel F I ¿rnd F2) did not have any sizeable effèct on rhe

explanatory por.vel of tl.ìose trodeÌs.
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4.

6

All nodels estir.t.ì¿1ted fol- beei' piLcliing planr Iì haci higher.Rr,s than thc- o)1es

esiiniated for beef packing plant A.

All the moclels (full. intelmediare ancl glaciing sysierlr) thxt iuclLrclecl gr.acie 1,li anci

nuscle sco'e as p.edìcto's of yield grac{e had a hi-qhe' R2's than the moclels

including cutability estirrate as a pledictol of yielcl glacle. This is a logical fìlclin-e

because the cuubility estilìlùte is iu efièct a p'oxy v¿r'iable sumn.ializì'g the

il.ìter'¡ctior.ì flom grade fat and rnuscle score, ancì shoulcl leacl to sourewhar lorver

R2 levels as ¿r lesult.

TÌre gradin_u systern lìlodels (ilodel G 1 .rntl G2) ciicl poorty in explaìning beef

carcass values in both pacÌiing plants. TÌlis suggests that tltero is uselìl

inlolrratir¡n excluded from considelatioli, otirer valiables th¿rt coulcl be includecl

in the grading systelr rnodel lnd potentially irnprove explanatoly power..

saleable yield, r,uscle score ard rrar-bli'-q were founci to ì:e sig'ifica't ir all

r)ro(icf\ in( ludil)u tllese t hlrleier isticr-

sex r¡'as fouird to be si-r¡nificant in the full moclels (excìucling interactiou ter.i11s)

M I ¿'lcl M2 olrly at pia't B. Fleifers had higher carc¿ss values lvhen corrparecl

with steers,

weight was found to be significant in the full model (inclucling inter.actiou terì1s)

Fl ¿r-rd in the full rrocfel M1 anct M2 (excludin-q jnterâction te1.l.ns) ¿tt plant A, It

was also signifìcant in the full model M1 at plânt B,

Grade f¿t w¿s found to be significar.rt in all inoclels at plant A anil jn the

iutemediate lnodel for plant R.
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1l

l0

13.

t2

The sex'j'we igiit and weiglrt"cutabiiity estìmate inf.eractioú ferlrs weì.e ner¡er.fcluud

io be signìficant. The sex*grade fàt ancJ ser*cut¿rl.rilìty estimelte jlìtefüction te.¡r1s

rvere tìuucl to Lrc sig'ificant ìn 1'uli rrocjel F1 et pÌant B, Weight,r.graile fat u,as

fbund to be signifìcant in rhe full:lodel Fl âi plant A.

'fhe el'fects of lrulticollinearity p: obÌer.ns were clear in ihe mocleìs ìncluclin-e the

iÌlter-actior.ì temrs (fìrll moclel Fl and F2).

M isspecificatìon ploblerrs were detected in the inteulecliare rnoclel I2 ancl in the

gladin_q systerr r.nodeÌs G1 and C2. indic¿rtin-q that exclusion of explanatory

variables led to r sspecifìc¿tion in these tnodels.

hl terlrs of f¿ctols that undellie the canadr¿rn glacling systerr for beei,, all fìrctors

(-qlade tàt, u.ruscle scoLe, cutability estilrate anrl marblir_e) were 1,ouud to ì¡e

signitìuant.

variables not inclurlecl in the gradi.g system rroclel seeln to be il.ìlportaut

exi.)lauators of beef cal'cass vaÌues. Those variables are weigl.rt, saleal¡le yielcl ancl

the ti'.ie facLo' iweek oi grading). of coul se. week o1' gr-ailìrg leflects gei.rer.aì

lnovelnents rn the price level and was prirnalily usecl as a conti'ol variaLrle.

Co'.rpa'ing tlte results of the two packing plants, the estirnates gener.ally hacl

colìsistellt signs ancl nraglrilude.

The estii'ate for g'ade fat, saleaìlle yield and lnr¡scle score hacì tl.re expected signs.

cmcasses with l¡etter l.r.ruscle scores (4) hacl higheL values ancl poorer- n.rtrscle

scores (1 and 2) lower values as corrpar.ed with the lrase level of r¡uscle score (3).

Ì4
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11 ' ln ierll.ìs oi tlai bling, tl.ìe lesulis rieinoustr¿rred thät carLì¿rsscs wìtir liigher :ri¡ou¡r

o1' rna'blir-u (AA^ ancÌ AAA) had L¡wer v¿lues in co'rpar-isor wìth carcass

presenting lou¡er anrount oî ntarbliul: (A).

1li. \.4any of the coetïìcients were statisricall)/ );iglÌilìctnt. but fairly small, jncìicarin::

that the eflèct ol these i.clividual ciraracteristics wele quir.e ofteu fairl)¡ sln¿lr-

Co¡¡cfu¡sion¡s

in canada, most beef cattle Nre narketecl on a lirreu'eigÌrt basis rreauin,¡ that

pacl<ct's pulchase live aninrals using rules of tl.rur¡b that rellect basic value char¿rcteri stics.

As a result câttle ilre plicecl according to average prenùums anci cliscoul.ìts fol qualìty

ch¿ractei:istics. There can be a substantial range in quality fì orr-r one carcass to anotller,

Value differences catt be associated with cutability ancì qualiry cliffèlences, This lçìncl of

pricing system reduces tÌre ir'ìcentive fbr producers to supply caLcasses den.rancled b¡,

col.rsuurer preferelces. The pricing systern could be l.nore effèctive if procìucers were paicl

accolding to the colt-ìposition of the carcass they supply.

The purpose of beel carcass glading is to provide an esti'.ìate of botÌr meat yielcl

and quality so that a seltlernent pÌ'ice tletweeÍì plocìucel anci beef packel can be

detenninecl. Because rnost cattle are pulchasecl by packels on a liveweight basis, buyer.s

irust attelrpt to estin.ìate the ultilnate yield ancl qualìty of the câïcass on the basis of

assessing live ¿nitÏr¿ls. This introduces elols ancl plicin,q values ulust []e based o¡

a\¡ela-ges. In additiort tÌre lesuits of this study inclic¿rtecl that the vari¿bles incluclecl in the

-elading systerl did poorly in explainin-q beel'carcass v¿Llues, Thìs ir¡plies that thei.e is

useful infor Inatiotl excludecl tì'om consider¿rtion and that tnole etlèctive tepresenlalion of

calc¿ss value is possible-
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The salelble meat yielci val.iabie was fouircl to lre ¿n imporunr crpÌ¡¡uior of

earcass value arld its iliclusìon in the glacling systen.i wouìci well justiiìecì. Flowever, the

grading var:iables (glacle îat, lriuscle score ancl cutability estir.nate). useil tÒ predicte(l rl.ìe

I.lerceÌìta,se oi tlirrured, boneless ret¿il cuts clicl not explain bee1, car.cass values b¡,

thetnselves This incficates thai those variables are Íìot llledicting saleable rne¿¡ l,ielcl

appropliateÌy.

The irnplicatìons o1'rtrìsspecificatiol.ì in erlu¿rtion usecl for vaÌuing car.cass is that

iÌ carcass witì high actu¿rl value will have û tendency to be uncler-v¿rlue¿. ancl cal.c¿sses

with Ìow ¿rctuaÌ c¿ucass r,¿rÌue wiÌ1 have a tendeucy to be ovelvaluecì if the pr.ice is paicì

ì¡¿tsecl orl ìnappr-opriate yield estiir.rates. This l¡ias will l¡e also reflecteci in the v¿luc

attached to ¿urirnals that llroduce the carcässes.

lll teÌlrs of quality factors, the results clerronstriìted tltât carcasses with higher

an]oul]t of rnar:bling hacl lower values in con.rparison with carcasses preseuting lower

alnourÌt of mar-bling. Because the actu¿rl l.ì'ìeat pricÒs usecl in the analysis rìid not var.y by

rnalbling cl¿rss, there l.nust be solre relationship between rrat bling ancl acturl ¡reat yielcl

unclerlyillg this fìnding. Unless quatity prernìunrs are paicl lol nto¡e hi-rhly utarl¡le¿ beej,.

tlle lowel' n.reat yield on highly n¿rblecl l¡eef acts as a cliscounting mec¡anisr.n. So¡re

previous stuclies have results dif'îerer'ìt fì-oin the clata reporte<1 l]ere. suggesting tl.rat

nlalbling is not always clirectly relatetl to r.he ¿ìmouut clf extenlal fat. so lean carcâsses clrl

have AAA rnarblint lvhile over'-fat carcàsses ca' irave ver.y Ììttle- Tllese studies sug-qest

th¿t this is explained by genetic cliftèr.ences_
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A inoi'e elfìcient graclìn-q pt'oceciui'e coulcl be aclo;tteci by cotrsiclenng lhe vaiue of

all l]roilucts frolll lÌre cli-cass anil establishing ¿ lì al.nev,'ork lor cìetermining prer.niu1¡s a¡iì

cJiscor¡lr¡s that luelucl¿s use of thc packer's own carciìss cìata lnc{ pr.ices,

n-i¡nitaÉions :l¡¡cl R.ecc¡r¡¡nnenldatiû!ìs tr¡¡ F crrthen. St¿¡elies

The calcass chal actelistics lnaìyzed in this stucìy i.vas linitecl to tlte ilâia avaiÌaLrie.

only beel Lrârcasses th¿i were gr-aded canacla A, AA ¿rnd AAA were inclurlecJ iu thi;

stuciy. As a lesult of that, only onc qLrality chiurìcterisric (rlarblin-u) uncì yielci gracìe u,ere

included in this analysis.

Even considerirlg that these top -qrades accouuted for 87 pel celìt of tlle carcâsses

gtaded irt Canada in 1992, tìl'ther studies should also inciucle calc¿ìsses graciecl Ca¡acla

B. D and E. The reasoil for ìrtvestigatin-r¡ these lower gracles is that othe¡ characteristics

such as tilatutity, lnuscle colot'altcì fat colol could ì¡e also ex¿tlinecl. Lrclucling tlris o¡het.

variables a Inole colrplote investigation of the Canaclian graclìng systeul ir.ì terl¡s of

LJI-LJ\\ vJluc r.ro ld be done-

Allotl.ìer [tnitation is lel¿ted to the fast that the resu]ts oliginltecl fì.om this stucly

were estilrtted fì-om datir ltroduced in two pacliing plants at two specific points in tirue.

The inrplication of this is that tl.ìe rcsultì could be unusual.

The dependent variable, carc'ss price i'clolla.s per pourcl, was calculatecl by

taking the weights of the wholesale cuts, table trim. fat ancl bone, multiplying by the

weekly average price l'or the specifìc wholesale products ancì divicling the totaì carcass

value by tlte carcass weight. The elelneÍìt price was limrtecl to a weekl¡r avera_ue basis.

This lra¡' ittcolpotate some bì¿s in carcass value calculations and. hence. ilt tl.ìe estit.n¡lted

pret.niutns ancl discounts. trn particular, inclucling by-1r'ocluct fat ancl bone \/¡rlue ilj Lhe
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c¿lculâtioÍì cf tìre cÌepenclent varialrlc nray be rriewecl as problerratic by sonre inclusu.y

l.ierntiel-s.

The c¿ilcrss r¡alLie dii'lele¡rces iu thls stucly do noi reiÌect cliflèr.enees in

slaugl.rtering-plocessiÌtg costs. A cor.nponent-based pt-rcin-q systellt iol' beel cattle couici be

developecì incorpolating irclividual slaughtelingfloces inq cosrs plus accurate "clroÞ

values" in lhe study. The procedule= utilized in this siudy coulcl be usecl by any beef

piìcker to estaì¡iish Lhe v¿lue diflÈrences for various type of carcasscs ¿ncl live anjrrais.

This compouent-based rralue systenr coukl plovicle more ltlicing precisioil tl.ìalt tÌte

standald liveweight pulchase systent adoptecl by rnost bee1,packers.
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SCHEDULE IV
(Section 26\

E,ACKFAT I-EVEL REQUIREMENTS FOR CANADA
SOV/ CRÄ.DES

ANNEXE iV
(anicle 26)

Épelss¡un DU cRAs DoRsAL pouR LEs
CATECORIES CANADA TRUIE

Colufnú I Colum! tr Colo!re tr

Épâiss€ur du sr¡s doß¡1.
déte.mjoée au moyeo de la
réglene de re¡dernenr (e! mm)

R.quired Båckf¿! t¿vêl ¡sIrem Cr¿de''' -.--- r,.lrñiràl hv Vi.l,'l P' lp,rñ,
L Ca¡2dâ Sow I
2. C¿¡ådã Sow 2

3- Ca!¡da Sow 3

4. C¿¡ada Sow 4
5 Ca¡adg Sôw i

18.9 or lcss

19.0 !o 29.9

30.0 lo 47.9

48-0 ùo 63.9

64.0 to 79.9

t9,o à 299
30,0 à 47,9

48,0 à 63,9

614À799

l. Ca¡åds T.uie I
2. C¿!ãdÀ Tß!ìé 2

r. L8rìåda lrure l
4. C¿¡ad¿ Tn¡ie 4

6. C¿ûadâ Sow 6 80.0 or morc

PART IIl

GRAÐE N,AMES ANÐ CRADE STANDARDS FOR
BEEF CARC^ASSES

Genera¡

29. There shall be 12 grades of beef ca¡casses with the
gr¿de names Canada A, Cânada AA, Canada AÂA, Canada
B I, Canada 82" Canada 83, Canada 84, Canada D I, Canada
D2" Canada Þ3, Canada D4 and Canada E.

30. (l) Subject to subsecrion (2), a grader shall determine
the fat level of a beef ca¡cass by measuring the fat on rhe
Ieft side berween rhe twelfth ãnd rhineeith ribs at the
minimurn point rf rhickness ir¡ the fourth quarter from the
vertebrae along the longitudinal axis of the løngissimus
muscles and perpendicularly to Lhe outside surfac-e of the
fat.

3 840

6. Cs.[Âdå Truic 6 80,0 où ptus

PARTIE III

NOMS ET NORMES DES CATÉGORIES DE
CARCASSES DE BOEUF

Ðispositions généra les

29. Sont érablies 12 carégories de carcasses de boeuf
pûnanÊ les fioms suivants: Câfiada ,A, Canada A.A. Canad¿
AAA, Canada Bl, Canada 82, Canada 83" Canada 84,
Canada Dl, Canada D2, Canada D3, Canada D4 et Canada
E.

30. (i) Sous réserve du paragraphe (2), te classificateur
détermine l'épaisseur de gras d'unc carcrsse de boeuf en
prcnant une mesu¡e du g¡¿s sur le côté gauche entre les
douzième er ueizième côtes au poinr d'épãisseur minimale
dans le quatrième quanier, au niveau des vertèbres, le long
de_l'axe longitudinal des muscles longissímus et perpendil
culailEmen! à la surface extérieure du gras.
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(2) V/here it is impossible tû ta¡Ée a!.¡ accurate fat mea-
surement of a beef carcass, the gr¿def shâ¡i dete.mine i¡c
f¡t leve¡ rhrough tn ass€ssment of tle €xternal fat on the
beef ca¡cass or by an examinalion of rhe fat ofl the right
side of the beef carcass aft€r i¿ has been knife-ribbed,

(3) ,4 grader shêli determine rhe yield ênd yield class of
every beef carcass that ;s graded €aoada .å" Cênada ,4.4 or
Canada AAA.

(4) A grader shall determine the yield of a beef carcass
that is graded Canada A, Carada A.A, or Canada ,4Â,4 bv
using the prediction equation approved by the Minisrer

(5) The yield class of a bcef carcass rhar. is graded Canadê
1t, Canada .4.4 or Canada ,4,.4,Â ard rhât has à vield set out
in column I of an item of the table to this séction is the
yÌeld class set out in colunln ll of ¿hat iteffi.

TÂBLE

Detemination oJ Yîeld Class for Carcasses Graded
Canada A,, Canada AA and Canada AAA

(2) S'i¡ est impossible de prcndre ne mesure précisc du
gËs de ia carcasse de boeut. le classincateur détermine
l'épaisseur de gc¿s de Ia carcasse pa. ufie appréciation du
gras de co venure de cel¡e,ci oLt p3r un e\an)en du gras sur
le cóté droit de la carcasse, après qur I'¡ncision t¡aniv,:rsale
a été Þratiguée.

(3) L€ classificateur déte¡mine l€ rendement €t lê catégo-
rie de rendement de chaque carcassc de boeuf ciassé,: rjãns
I'une des carégories Canada Á.. Canada AA ou C¡n¡da Á.AA.

(4) l-e classificateur calculc Ie rendcment de la ca¡casse
de boeuf classée dans I'une des catégories Canada A, Ca-
nada AA ou Canada AAA à I'aide de t'équarion de prédic_
tion approuvée par le ministre.

(5) La carégorie de rendement de lÂ carcasse de boeuf
classée dans I'une des catégo.ies Canada,4, Canada AA ou
Canada A,4A est celle prévue à Ia colonne ll du rableau du
présen( afticle. d'après le rendemenr caicuìé qui est indiqué
à la colonnc l.

TABLEA.U

Ðétermìnation de la catégorie de rendement des
carcasses classées dans l'une des catégories Canada A,

Canada AA ou Canada AAA

Colìrm! I
Itcfrl DdcñnìÂÊd Yictd (%)

Colonae I

^riclc 
Rêndêm.Dt cålculé (%)

Co¡ooûc ü
Cåtégorie de rende!¡e¡t

Colur¡Ì¡ II
Yicld Class

l. 59 ôr morc

2. 54 to 58

3. 53 ôr le6s

Ca¡adå À I
Ca¡åds A2
Ca-üds À3

l- 59 ou plus

2. dè54258
3. 53 ou moi¡s

Cåoâda À2

Grade Standards Jor Canada A, Canada A.A and
Canada AAA

31. The standards fo¡ a beef carcass of t¡e grade
Canada.4, Canada AA or Canada A,4A are the folloúing:

(a) the mâturity characterisrics set out in Schedule I so
this Part;
(å) muscling thar ranges from good, witi no defÌciencies,
ø excellent:
(c) Longissimus muscles that, I0 minufes after being
exposed by knife-ribbing, are ñ¡-rfl and brighr red in
colour;
(d) the required merbling ieve¡ ser ous for rhat grâde in
¡he table to this section; aod
(e) a fat covering thar is

(i) firm and white or slighrly tinged with a reddish or
amb€r colour, æd
(ii) not less than 4 mm in thickness at the meâsurement
sife"

12tl

Normes des catégories Canada A, Canada A,4 et Canada
AAA

31. L€s no¡mes appl¡câbles aux carcasses de boeuf des
catégo¡ies Can¿da ,4, Canada AA ou Canada AAA sont les
suivanles:

a) les caractéristiques d'åge menrionnées à I'annexe i de
lã présente paÍie;
ó) une musculature qui varie de bonne, sans aucune
déficiencc, à excellenrei

c)_des muscles longíssimus qui, lO minures après avoir
été exposés par I'incision tÉnsversale, sont fermes er d'un
muge vif;
d) un persillage conforme aux exigences énoncées dans
le tableau du présent article;
e) une couche de gras qui:

(i) est ferme et blanche ou légèrement rougeâtre ou
ambrée,

(ii) mesure au moins 4 mm d'épaisseus à I'endm¡t oùÌ
¡a mesurc du gras esr effectuée.
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T"4ELE

Marbling Requiremeats far Canada A, Cana¿ja AA and
Canada AAA

TAELEAIJ

Eigences de p-ersillage pour Ies catégo.ries Ca¡tadø A,
Canada ÅA er Canada AAA

Colulllî I Colur¡¡ trttcm Crade REurà1M¡jÐti¡8 tJvcl
fu üle te¿r. ûåcé. bur te

Colonu¿ i Coloûiìe ll
Afljclc Cår¿Borre peßrt."g"

L C¿¡åda A kéjence de úacer, jusqu.à un

At tlìe le6L ¡ stight ¿mouût,r ."*,"^^^ älîffiiiP,iil"*'

Grade Stan¿aîds for Canada Bl
32. The standards for a beef carcass of rhe grade Canada

B¡ are the following:
(¿) the maturiry characreristics set our in Schedule [ Êo
rh¡s Pan:
(ó) musciing rhal ranges from good" with no defìciencies"
[o excellent:
(c) Longissimus muscles thar, l0 minutes afre¡ beìns
exposed by kaife-ribbing, are firm and brighr red iñ
colour: and
(d).a far covering rhat is firm and wh¡re or slighrly ringed
with a reddish o¡ ambe¡ colour.

Grade Stañdards for Canada 82
33. The standards for a beef carcass of the grade Canada

82 are rhe following:
(a) rhe maturity characteristics set out in Schedule I ro
this Part;
(¿) muscling that ünges from deficient to excellent;
(c) Longissimus muscles thar. l0 minutes after b€inq
exposed by knife-ribbing, are brighr red in colour: and
(d) a far covering that is yellow.

Grade Standards for Canada BJ

J4. The standards for a beef carcass of t¡e grade Canada
83 are rhe following:

(¿) the maturity characterisrics set out in Schedule I to
this Part;
(å) muscling thar ranges from deficieflt ro good;
(c) LongissiJnu,s muscles that" l0 minutes after being
exposed by knife-ribbing, are bright red in colour; and "
(d) a fat covering thar is whire or slighrly tinged wirh a
¡eddish or amber colour.

Grade StaþÅ.ard6 fa¡. Canada 84
35. The standards for a beef ca¡cass of rhe grade Canada

B4 aËe ¿he following:

Norffies d¿ la catégorie Canada Bl
32, Les normes app¡icables aux carcasses de boeuf de la

catégorie Canada Bl sort les suivanres:
a) les caractéristiques d"âge menrionnées à I'rnnexe I dc
¡a pÍesente paftte;
b) _une musculature qui varie de bonne, sans aucune
detrcience, à excellenre;
c),des muscles _/ongissímls qui" l0 minures après avoir
été exposés par I'incision transvcrsale, sont fer;es et d,u n
rouge vif;
d) une couche de gras qui esr ferme et blanche ou Iégè-
rement fougeâtre ou ambrée_

Normes de la catégorie Canada 82
33. Les normes applicables aux carcasses de boeuf de Ia

catégo¡ie Canada B2 sont les suivanres:
d) Ies caractéristiques d'âge menrionnées à I'annexe I de
¡a pfesente padte;
å) une musculature qui varie de défìcienre à excellen¡e;
c),des mu.scles loagissimus qui. lO minurcs après avoir
éré exposés par I'incision transversalc, sonr J'un rouge
vif;
d) une couche de gËs de couleur jaune.

' Normes de Ia catégorie Canada 83
34. Les normes applicables aux carcasses de boeuf de Ia

catégorie Canada B3 sont les suivanres:
a) les caractéristiques d'âge mentionnées à I'annexe I de
la pæsente panle;
ó) une musculalure qui varie de déflc¡ente à bonne;
c),des muscles |ongissimus qui, i0 minutes après avoir
eté exposés par I'incision tf-¿nsvcrsalË, sont J,un rouge
vi f;
d) une couche de.gras qui est blanche ou légèremenr
mugeâtr€ ou ambrée,

Normes de la cøtégorie Canad.a 84
35. Les ¡ormes apptricables aux carcasses de boeuf de Ia

catégorie Canada 84 sont l€s suivanres:

2- C&Àna AA

dêgre llÐrndrc que rr& peu

Très peu aboodea!. jusqu è ua
dcgré moiûdre que Þeu
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(a) the mafurity chêracteristics s€i oùt in Schedule n [o
t¡is Part;
(å) rnuscling thar ranges from deficicnt to excellent;
(c) Longissimus muscles tha¿, l0 m¡ftutes Âfter beinp
exposcd by knife-ribbìng, are dark red in colour; and "
(d) a fat covering tlÌa¿ has a coloor ranging from whitc to
yellow.

Grade Standards for Canada Dl
36. The standards for a beef carcass of the gradc Canada

Di are lhe following:
(ø) the maturity cha.acreristics ser oût in Schedule I¡ ro
!his Pan;
(ó) musÇling that is excellenr; and
(c) a fat covering that

(i) extends well over rhe ribs and lûins afld moder¿relv
well over lhe hips and chucks,
(ii) is firm and white or sl¡ghrly tinged wirh a reddish- or amber colour, and
(iii) is less rhan i5 mm in thickness at the measurement
site.

Grade Standards for Canada D2

37. The standards for a beef carcass of the grade Canada
D2 are the following:

(¿) the maturity characteristics ser out in Schedule II to
this Par;
(ó) muscling rhar Ënges from medium, wirh some defi_
ciencies, to excellent; and
(c) a fat covering that

(i) extends modcrately well ovcr rhe ribs and Ioins and
lightly over the hips and chucks,
(ii) ranges from firm ro slighrly sofr,
(iii) has a colour rangiflg from whire ro yeilow, and
(iv) is less than l5 mm in thickness at rhe measurement
sile.

Grade Standards Jor Canada D3

38. The standards for a beef carcass of the grade Canada
Ð3 arc the following:

(d) the matu¡ity characterist¡cs ser out in Schedule II to
this Pa¡t:
(ó) muscling rhar is defic¡ent to a degree of emaciarion;
and

(c) a Íat covering that is less rhan 15 mm in thickness at
the measurement site.

Grad.e Standards for Canada D4

39. The ståndards for a beef ca¡cass of the g.ade Canêda
D4 are the following:

(ø) the maturity char¿cteristics set out in Schedule I¡ to

l23l

¿) les caractéristiques d'âge m€ntionnéss à I'annexe I de
la préserl¿e pa!tie;
ó) une musc¡rl¿luÍe gui v¿rie dc d¿fìciente à excellentet
c) des muscies longissiÈlus qui, l0 minutes eprès avoir
été exposés par i'incision tÉnsversaiç, sont diun Èougc
foncé;

@ une couche de gras dont la couleur varie du blanc au
Jaune.

Norrnes de la caúgorie Canada DI
36. Les norffies applicables aux carcasses de boeuf de la

catégori€ Canada Dl sonf les suivanrcs:
a) les caractéristiqucs d'âge mentionnécs à I'annex€ II dc
Ia p¡ésenre panie;
å) une musculature qui est cxcellenteì
c) une couche.de gras qu¡ :

(i) recouvre bie¡ les côtes et ies longes et modérémelt
bien les cu¡sscs er les blocs d'épaulc,
(ii) est ferme et blanche ou légèrement rougeârre ou
ambrée.
(iii) mesure moins de I5 mm d'épaisseur à I'endroir où
la mesure du gras est effectuée.

Normes de la catégorie Canada D2

37. Les normes applicables aux carcasscs de boeuf de Ia
catégorie Canada D2 sont les suivantes:

a) Ies caractúrisriques d'âge menrionnées à I'anncxe lI de
la présente partiel

ó) une musculature qui varie de moyenne, avec quelques
déflciences, à excellcnte:
c) une couche de gras qui :

(i) recouvre modérément bien Ies côtes et les longes et
légèremcnt les cuisses et les blocs d'épaule,
(ii) est de texture ferme à légèremenr molle,
(iii) est d"une couleur vaiant du blanc au jaune,
(iv) mesure moins de l5 mm d'épaisseur à I'end.oir où
la mesure du gral est effectuée.

No¡mes de la catégorie Canoda Dl
38. Les nomes applicables aux ca¡casses de boeuf de lr

catégorie Canada D3 sont les suivanres:
a) Ies caractérisriques d'âge mentionnées À I'annexe Il de
la pésente partie;
å) une musculature déficiente allaor jusqu'à I'émaciation;
c) une couche de gras qui mesurc moins Je 15 mm
d'épaisseur à l'endroit où Ia mesure du gras es[ effecruée.

Normes d.e Ia carégorie Canada D4

39. Les nonnes applicables aux carc¿rsses de boeuf de ¡a
catégorie Canada D4 sont les suivantes:

d) les Çaractéristiques d'âge menLionnées à l,annexe E de
ia présente partie;
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(ö) muscling tha¿ rarg€s froF¡r deficient to excelle¡(; and
{¿) a far covering ¿hat is 15 n-lm or niore in t-hicLrese at
Êhe measuremen! site.

Grade Standards far Canadø. E

40. The sûendards fo¡ a beef carcass of t-h€ grad€
Canåda E a-r6 fhe following:

(d) the beef ca{cass is rhe ca¡cass of a bull or stag; and
(å) the beef carcass has pronounced roasculinity.

å) uEe r¡lusculature qui varie de déficientc à excellente;
e) une ccuche de gras qui mesure l5 mm ou plus d'épais-
seur à I'end[oit où lâ mesu¡e du gras esr €ff¿ctuée. 

-

Noymes de fa catégorie €anada E

40, Les no¡mes applicables aux carcasses de boeuf de ia
carégori€ Caqada E sonf les suivantes:

¿) unç carcasse pfovenant d'un taureau ou d'uÍ mâle
cast¡é;

å) d€s câractéristiques masculìnes prononcées.

4.

5.

SCIIEDULE I
(Secrions 2 and 3l ra jÍj

M.Â.TURITY CH.ARACTERISTTCS FOR BEEF
CARCASSES

Carti¡aginous caps on the thoracic vertebrae that are
no more than half-ossihed.
Lumbar vefebrae that have evidence of ca-rtilage o¡:
at leasr a red line present on the tips of the spinous
proeesses.

Spinous 
-processes that ar€ generally proror.rs and æd

when spltt.
zubs that are narrow, round and red.
A sternum rhat shows distinct divisions.

AN¡{EXE I
(articles 2 et 3l ò 35\

CARACTÉRISTIQUES D'ÂGE DES CARCASSES DE
BOEUF

Les prolongements cartilagineux des venèbres
thoraciques lre sont pas ossifiés plus que de la moitié.
Les vertèbres lombair€s ont des prolongemenrs car-
tilagineux ou au moins une ligne rouge apparaissanr
sur le bout des apophyses épineuses.
Lorsqu_'elles sonr fendues, les apophyses épineuses
sont genêralement poreuses et rouges.
Les côtes sont étroiles, a¡rondies et rouges.
Le sternum monke des séparattons distinctes.

ANNEXE fI
(articles 2 et 36 à 39)

CARACT-ÉRTSTIQUES D'ÂcE DES CARC.ASSES DE
BOEUF

3.

Les prolongements cartilagineux des ve¡tèbres
thor¿ciques sont ossifiés plus que la moirié.
Les vertèbr€s lombaires n'onr pas de prolor,gemenrs
caflllagrneux ru de ltgne rouge sur Ie bout des
apophyses épineuses.
Lorsqu'elles sonr fendues, les apophyses épineuses
soot généralement du¡es, bla¡chei er cassanres.
Les côtes sont larges, plarcs e¡ bìå¡ches,
Le sreÍflum présente un étât avancé d'ossificatioD.5.

SC¡IEDULE II
(Sections 2 an¿ 36 ta 39)

MATUzuTY CHAR,A.CTEzuSTICS FOR BEEF
CARCASSES

Cartilaginous caps on the thoracic vertebrae that arE
more lhan half-ossified.
Lumbar veltebrae that have no evidence of ca$ilage
or of a red line present on the tips of rhe spinoús
processes.

Spinous processes rhat are generally hard, white and
f1inry when splir.
Ribs that are wide, flat a¡rd white.
A sternum lhat shows advanced ossificstion-

4.

5.
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sci-tEDr-lLB I

(Section 2)

CI{ÁDE STAMP

SCHEDULE IV
(Subsecr¡on lq2))

ROLLER BRANDS
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ANNEXE I!¡

(arricle 2)

ESTAMPILLE ÐE CLASS¡FICÂTiÔN

A¡¡NEXE TV
(paraglaphe t0(2))

MARQUES D'ESTAMPILLAGE

ffiÅruÅffiÅ ffi&wer&

ColumÂ I
Crade

Colum! E
Rollcr B¡dd'

Colum! Itr
Colou¡ of Io!

Colo!oc I Coloone IlIColonæ I]
Anjclc c¿tê8oric Ma¡ouc d.6r¿ñorflàoê.

2. C¡¡Âdã AÂ

3. C¿Eda,aAA

4. Caeda Bt

6. C¡¡.adâ B3
7. Ca¡¿ds 84
8- Ca.!Àda Dl
9. CrnanaD2
10. C¡¡¡da D3
ll. C¡¡¿dê Da
12. C.¡¿då E

Cà¡âd¿.41, Ca@d¿ ,4-2

CrÂÀda At, CataÁz A2
or CåÂadâ .{3
Cåû¿då Al, Ca¡ldå Aj
or Ca¡âda Á3
C@da B I

Ca@d¿ B

C¿¡¡d¡ B

Ca¡¿d¿ B

C¿!Âda D I

C¡¡¿da D
C¿¡,edå D
C¿¡¡d¿ D
Ca!¡da E

L- C¿¡,eda A

2. Câ¡¿då AÂ

3 Ca¡¡da ÂA-{

¿. C!¡¿¡Â Bt
5. Casdã 82
6. C¿¡¡da 83
7. Cs¡¡d5 B.l

9. Ca¡¡d¡ D2
10. Câ!¡¡s D3
ll- Ca-o2da D4
12. C!¡Âda E

Ca¡adå At. CåEda A,
ou Ca¡âd¡ A3
C¿¡ada Â1, C¿¡åda Al
ou C¿¡¿da A3

Ca¡ãda ,41, Ca¡Àdå At

C¡ladâ 8l
C¿¡adð B
Cå¡åda B

C¡!åda B
Caoâdå D t

Canadâ D
Ca¡¡d¡ D
Cã!åda D
Cårada E

Red

RÉd

R¿d

RoLrBc

Rouge

Róuge

Bluê

Blue

B lut
BIue

Bmw!
Browo

Browû

Bleu

Bleu

Bleu

Bleu

Bruo

Bru¡
Brun

Bruo

Bruo

"Roll6 b¡ardr are shov,,o i! this ScheiuJe \r,iL\ou! rolls .odcs 'F ""rq:* d c.t¿mpilt¡ge so¡r ,ûd¡qu&r ¡j4ìs t¿ prèscnre ¿¡n.¡e s¿¡s je ,ooe
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APfrÐhÌ¡]{x 2. sË}FicnFåÐ,4T'n(}N {}{.. v,4Ì¿Ì.4fil,¡ig,{N¡} SUBgCRtp.!'s
usÐr) {N Î.t{xì M(}å_}Ðt_

Variahfe l]escni¡rÉion

CP
S

WE,,

= Carc¿rss price in gi per pouncl.
= Durlrrry vxriable for sex. whel'e S=0 for steer ancl S=l for hejlì:r.
= Cütegoli¿l r¡¿rilble fbt the weeks 01. cra(ljns of tire per.iocl being
¿lllal)¡zed.

Plani A model:
D I = I if the week of gr.ading is week l.
D2 = 1 if the week of gr"ading is u'eek 2.
D3 = I if the week of gr.acling is week 3 (r.etèr.ence category)
D4 = I if the weeh of grading is week ;1,

Plant B nocfel:
DI
D2

\ IF

MSr
MSI
MS2
MS3
MS4

CE
M4,,

MA
MAA
MAAA

sr.w
S'I.GF

W*GF
S'I.CE

w'r.cE

: I if the week clf ,qrading is week 1,

= 1 if' the week of grading is week 2 (r.efèreuce category).
= c¿1rcàss u,ei_qht plior glading in pouncls:
= saleable rneat yield (the sun.r of the cut wei-qhts plus the weights of the
trirn, 50, "/5 ¿n'td 85% lean, expressed âs ¿ percentase ol sicle u,eigÌrt pl.iot.
to cutting),
= grade fat. Measures the fat tÌriclcness in the loin ar.ea (mìniilurn fat in
the last quadrant) in tnnt.
= Categorial valial¡le fol uruscle score.
= 1 if the c¿¡'c¿rss tnuscle scole is 1

= I if the carcass t.nuscle scoie is ?

if the cat-cass l'l.ruscle scole is 3 (r.ef'er-ence câte.cory).
= I i1'the ci¡'cass ntuscle scole is 4
= Cutability estiurate in 7¿.

= Dur.r'rny variable tbl utal bling
= I if tlace n.ralbling (r.eference categoly)_
= I if sli-Chr u'rar-bling.

= I if small rrarbling.
= InteractioÍt between sex ancì weight.
= Lrteractior.ì between sex ancl grade fat.
= lntet'aotiou bôt\!eeu weight ancl gt.ade fat,
= lliteraction between sex aucl cutability estir.ì.ìate.

= Lrteractiou between weight ancl cutability estit.ììate
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,.!tÞì'El\ialtx 3. i_{s'n' (}},'wH(}r,åtsA{,}t cLt.t.s ,{Nt} .FH}tnR å{åtg{r}t{t.¡.rvti
¡)R.rcÐs

Plant A Vy'holesale Cut anci ll.ices

Cut

AveÌaqe Price of Clut oî week o1': (ltt)

Sept. I 3^ 17 Sept.20-24 Sept.27-Oct. 1 Oct 4-8

Blade eye
Short cut cìod
Chuck tender
Flat iron piece
Neck
Shoulder
Blisket point
Boueless navel
lnside skir t
Outside skirt
Foreshauk
2x3 Steak Style lib
Blacfe Meat
Short libs (full cut)
Inside lound
Gooseneck
Silloin tip (peeled)
Hind shank
1x0 Sn iploin
Top butt
Tlip tìp
Ball tip
Full teuderloin
Flank Ste¿k
50% Table trirn
7-5% Table trim
lì-5 % Tal¡le trin-r

2.36
2.12
).99
1 74
1.49

1.43
1.45

0 9-5

2.3r)
1.71

t.44
3.7 5

]Lt)7

1.61
?.26
L8(r
a ,1,1

1.41

5.22
2.52
2.92
?.02
6.62
337
0.64
1.19
1.44

2.31
2.25
1.19

1.13

1.52

r.46
1 .-51

0.95
2.3r)
r.1'/
146
3.72
1.91

1,61

2.2?
l.8fi
2.4¡J
I /1'1

5.12
2.52
2.92
2.02
(t.62

3.41
0.63
1.18

1.,X4

2.31
?.26
2.04
1.19

1_52

1.46
156
0.95

t.77
1.47

3.72
1.91

t.6l
2.22
1.92

2.48
1.41

5.07
2.52
2.81
2.07
6.72
7.-1 /

0. (r3

1.18
1.,16

2.35
2 ?(t

?.0?
I -'7 (t

L48
1.41

L58
0.95
) Á)

1.11

1.45

:1. t32

1.9'7

1.61
2.22
1.82

2.48
t.4l
5,02
2.11
2.82
2.02
6_57

3.32
0.57
1.lu
1.45



Pl¿nt B Wholesale Cut ¿uld Flices

( lui

Average Price oi Cut ol'week of: (lb)

Uct. r 8-2 Ocr.25-29

Blade eye
S holt cut clod
Chuck tendet'
Flat irotr pìece
Neck
SÌroulder
IJrisl(et. ltoini
Boneless navel
Inside sÌtilt
Outside sltirt
Foleshaul<

2x3 Steak Style rib
Blade Meat
Sl.rort ribs (full cut)
Inside lound
Gooseneck
Silloin tip (peeled)
Hincl shank
1x0 Striploin
Top butt
Tlip tip
Ball tip
Full tender loin
Flank Steak
50% Table tliir
7-5% Table trin-r

lì5% Table tlinr

2.45
2.25
:.-t(1
2.30
r.7 5

1.15

2.11

1.06

2,38
l .9L)

r t8
4.25
2.25
1.70

2,3-5

2.65
1.63

4.4s
z. +-)

LltJ
1,94
6.20
3.15
0.72
1.24

r .63

1l<

2.25
238
2,30
1_l5
1.75

2..13

1.05

2.43
1 .93
1.18
4.25

1.70

2.33
2.1lJ
2_61

1.63

4.40
2.13
2.65
1.91

6.20

0.70
i lf

l.63


