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ABSTRACT.

“a, e e o

Tﬁo stddies vere'conducred to 'Aeternine patterns of

<

tissue growth aid deveidpment - relative growth patterns, of

1nd1V1dual muscles and chemlcal comp051t10n . of uscles in

swine and to assess the effect of 11veve1ght~gbreeo, sex,
ration.and feeding»level on these patterns.
Tn Study 1, complete anatomlcal dlSSe¢t10n was carried

g

out on uthe left . side of carcasses of seventy—three pigs
taken from an experlment‘ which 1nv01ved 144 barr@vs and.

gilts of Duroc x Yorkshlre (DY), Hanpshlre x Yorkshlre (Hn),

°

and Yorkshire X Yorkshlre (YY) breedlng, fed elther a hlgh

.

: energj (HE) (3652 kcal DE/kg and 19.9% CP) or a  low energy

(LE) 2757 kcal. DE/kg and 15 3% CcPy - ratlon for two one—hour

a

periods per da%//g;d slaughtered ar 68, 91 ‘and T1u kg

»1iveweight. APart of the study also 1ncluded data from 19.

- liveweight.

»

- Hampshire x- Yorkshire- barrovs and gllts kllled at the' same
'liveveights but fed the two “rations on an ad llbltum basis.

. To establlsh a startlng p01nt, nine barrows and elght glltS

§

-

'_of’ the -same -~ breed groups _J%re» slaughtered‘ at ‘23 kg

- . o

> . .
o [

; In Study 2,'colp1ete anatomlcal dlssectren vas carried°

- o

out ‘on the left 51de of carcasses of Seventy tvo Yorkshlte p &

v

*.Labombe (IL) ang Yorkshlre x Lacombe-Yorkshxre (YLY) barrovs

a
o x4 . . °

and  gilts fed a ratwalnlng 2951 ‘kcal DE/kg an'd 15. 51

3
“oe
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" Cp at one of three feedlng levels (3 2 3.7'or)u.21uofi body
<nvelght)A and slauqhtered at 68, 91 or 11u kg- 11vewe1qht. In
most camparlsons ‘data from the 23 kg llveuelght .group in-

. b
< n‘ . : B - .'\-.
Study 1 were nsgd as startlng or reference points for the*/\JLfﬂ:ﬂﬁ/

A

data'in Study 2. -

°

Q - ‘ VAl o .o
A normal pattern of tissue growth occurred in- each

<Y

" study. Eone grovth was ‘relatively slov and. muascle grewtb

°

relatiVely'faSJ Fat dep051t10n paralleled muscle grqvth up

- Q

to 91 kg llvevelght and fhereafter exceeded muscle growth in

i

. b
L

‘-“.~

A
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“
al N _}f
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N

P
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A
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absolute amount. Gilts .had a greater proportlon of muScleJ

v .
ar

.. and less of fat than”did barrows. In Study 4 the influence

of HE and LE ratlons vere 51m11ar to those of barrovs and_

qllts respectlvely. In Study 2, plgs fed at the 3. 2% 1evel

~had a greater proportlon of nuscle'and less 6f'fat than

thpse fed at the 3. 7 or 4. 2% feed1ng kevels.

a

‘Muscle dlstrlbutlon changed sllghtly betveen 23 and €8

7ig livevelgbt but remalned relat1Ve1y constant’ thereafter.

_Interactlons effected the percentage of spme muscle groups..

Hovever,'. the grovth patterns of 1nd1v1dual muscles in these

a

studies aia - reveal a ﬁlrectr; relationship betwveen

e

differential musclevdevelopment and function.

o e <

o

. & Ta N .
" Five muscles fronm each animal - (M. extensor ®°carpi

@ . .. . o a ’ D
w . N A

. radialis (EGR), M-. 1cn91551nns dor51 = (LD).s  H- obliguus

> *

Jinteinus abGOninus ~(OIA)‘A»'E¢': rho-b01deus _ "~ (RH) , ‘M-

a
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semitendinosus (ST) ‘were analysed for ‘moisture, nitroagen,

v
.~

fat - and ash Vaccordlnq to AOAC (1965) methods. Each muscle
» * ’

. -
. AL @

repqesented differgnt relative growth impetus patterns. N

o (IR
«

Slmllarltles were observed between the _pattern" of

" .muscle and fat dap051t10n in fhe carcass aqﬂ the patférn of .

’ v.

nltrogan and fat de9051t10n ‘in rmuscle- Concent:atlons of
" -

water,‘vnitrogeq, fat and ash in some muscles were effected

by inteta&tions. Cganlcal COEPOSithD of muScle abpeared to

be related to muscle function. Those musclas respon51b1e for_ .

moblllty had greater concentratiOns of_nitgdqen and.less_of
fat than theé more sedentry support mnscles. ' I

N 2 A
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GENERAL INTRODUCTIOﬁ  . Lt

. >
\

An 1ncrea51ng demand for anlnal proteln coupled Vlth .a

"

decreas;ng ava11ab111ty of anlnal food stuffs may, in

futufe, dictatehguite radical changeﬁ in animal ‘preduetion
and product prdcessing. Species of anLnals, whdch ap, to now,
have been, considered afticles of pleasure or recneation, but
uhdchA bedause of evolutlonary adaptatlon, may have certain
advantages over present meat- produc1ng spec1es and u111 take-

“on a new role in the production of animal protein.

Maintaining species, such as the pig, whieh' compete

' directly:‘for human: food stﬁffs nay only be justified,;f
means are found by y j thé“ muscle +to fat- rafio‘ (and
'therefore the relatlve proteln céﬁtent)\of\the carcass mlght,
“be inCreased. kny attempts to "change the\\rqportlons of .

muscle and fat in the 'pig. carcass w111 requlre\\a\\gore\

-

o complete knovledge fof the phy51ca1 and chemlcal growth\gf\\\

lthese tlssues relatlve to tlssue functlon.‘In add;tlon ‘the
influence of various genetic and environmental factors on
“tissue growth in‘pigs must be delineated more fully.

a0

- The- objectlve of this study was to examlne the relatlve

growth patterns of major carcass tlssues, 1nd1v1ﬂual muscles-
and the major chemlcal conponents of\muscle}ln plgs andn to
evaluate sone ofA the dev1at10ns that mlght occur in these

N

- growth ' patterns as a result of various genotyplc and
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environmental factors.
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, I._Tissue Growth in the'Carcgss

). Introduction - - @ | \ .

° . N ) . ‘/,'\ }:‘\
The term growth has many connotations’énd/as suggested

by Huﬁkel_(1961)-may mean anything"from“Sreproduction to

cellular d1v1510n,‘ ‘migration, or: expan51on[to 1ncrease 1n3

-

body size. In domestlc anlmals growth has usually referred

s

to an 1ncrease in body size over some perlod of time. Fowler

(1968) ~ considered this “fhe - first -"and simplest means of'

o

describing growth. A second considef%tion of the »growfh

processs which mighﬁ be Jonsxdered as development, -is the

>

chdnge in‘forn of the body. as a reSult of * the relative

. . ‘ -~

‘growth rates of various: body components. D'Arcy Thompson:

(1917) suggested that‘body form followved’ the development of -

body components as . dictated by function and Kunkel (1961)

’/considered-the growth process to. be - highly 'plastlc and

. " p— “ . - M
responsive to gepetic and envirofimental forces. Fuanction

- -

therefore may, over time, dictate tbe rate of differential~

tissue development and the form and growth of animals within,

" a population. : o _ \

ln the' domestic meat- animal ‘the three maﬁoribodylx
tissues: of economlc 1mportance*are nuscle, fat and bone. The
very- detalled Cambridge studles conducted by Hammond (1932),
McMeekan (19&0 a, b, c) and Palsson and Verges__(1952a, b)

recognized and descrlbed a d1fferent1al development of these

three 'tissuegv as anlmalS'matured. Pollowing blrth, bone is

1
?



1929) .

',thg earliest devéloping tissﬁ%, followed by muscle and then

s .
fat. Bone provides both a sugporting frame for other tissues

and a mobilify fuqction yhiié musglg provides a supporting
connec%ioq betweén bonés and a work funbtionl Recause ofithe
necessity forcmobilitx very soon aftér birth; bone and
muscle .develop ;relatiéely 'qqickly. Fat pFovides an enerqy

store but.because the young animal is able to "obtain its
k . .t . . .
initial energy requirements through suckling, the rate of

Fat deposition in the body does not show any .dramatic

increases until late in the suckling period or sometime

‘thereafter.

&

The_felagive proportiénsﬂof muscle, fat and bone - in a

carcass change as liveweight increases and may be dnfluenced

\

"by both génetic and.’environmental factors. In pigs the

‘proportion of muscle decreases in the <carcass and fat

o

increaées as liveweight increases (Atkinson and Klein, 1946;

"Allen et al, * 1961;  Bowland and Berg,'1959;‘hraude et al,

1963; Brooks et al, 196“; Buck, "1963; Bull and /Longvell,

'1929; McCampbell and Baird, 1961; Mitchell and Hamilton,

‘Breed and-type'of'pig affect carcass compositién (Aunan

et-al, -1961; Berg, 1958; King; 1963; King, 1966; Lucas arnd

| Calder, 1956; Plank and Berg, 1963; ‘Sayre et al,) 1963;

o , -
Whiteman et al, 1951).,
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Barrows the a qreater propoétién of carcags fat and
sméller proportion of muscle“than do éilts (Brunerwet ai,'
1958;° Self et al, 1957; Robinson,ﬂf965; ZOSrisky, 1961) .

Differgﬂces in proportions»Qf muscle and’ fat i% the
'carcass may be "a rgsuié oflénergy levels of the ration or
level of feedin; (Raird and HcCampbeil, 1962; Brooks et al,
1964; © Cooke et al, 1972; Davies and Lucas, 1972a, b: Lodge

et al., 1972; Jones and Pond, 1964'; Wagner et al, 1963).

The above studies would appéér‘to have satisfied  many
of the ques£i0n§ éurrbunding, genefic and envirdnmental
affects én carcass composition in the pig. However,: the
.major _ proportion of these studies relied on 'jéintinq
carcasgses into vﬁolesale cuts ignoring the functional
aspects of 'éhe tissues studiéd. ’Because'of £his, little
opportunity’uas afforded to{detéﬁmine in detail éhgnges iﬁ
the proportiqng'of tidsues of their distpibutién within;the
carcass. In some cés§s ﬁhe use of the jointing technigque has
resulted in gquite inacqurate ‘conclusions. sFor example,

Cambridge studies,prbpoéed that a centripetal growth pattern

RN

existed beginning in the distal limbs and moving towards the.

loin which vas 'classified as the latest developihg region of

-

v M . : S ) : f
the body. 6 More recent grovwth, studies based on complete

anatomical dissection (Butterfield, 1963) have ‘indicated

that the 1oin‘re§11y develops at the.same relative rate as

total muscle. The loin joint used by Hamiond (1932)
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“ contained a proportion of abdominal wall musclei which
develops later than the loin. Mcluding the abdominal musclL
in the loin joint led to tﬁe conclusion that the loig was
-iate éevelopidq.

'ﬂs "has been pointed out by ¥Williams (1968a, b) the use
of aarcaés joints 1in é;gluatinq carcass composition 1is
suggect to error ‘in reproducibility- In addition jointing
provides only limited iﬁformatioh of the '.growth ‘aﬁd
development of: individual ,tis§ues-v Becauseb ofAthis,ktvo
agatomical étudies were undertakenuin an étfempt to further
clarify the growth patterms of.individual carcass tissues in
the pig and 5to.‘détgr;ine what affect various genetic and
environmental factofs might have on fhese patterns. ‘Data
ffqm the inrst stu@y. have bqﬁf pré§egted‘ip some detail
already (Richmond and Eerg,"]971a, b, c§ 4572) and part of
the data from -stud; 2 is préseﬂtly being prepared for
presentation (tind et al, .1976;. ¥Wilson et al, 1976) . A.
Summary of the growth ana carcass conposiéion data for each
’study iS'presented in this chépter as a guide and reference

point for the chapters on relative impetus of muscles and

muscle chemical composition.

B) Materials and Methods ) D e
Study 4:
"The methods, procedures and experimental design . have

been previously outlined (Skitsko, 1969; Skitsko and.

<



PRowland, 1970) in reports concerning the-nutritional aspects
of the study. Rasically the study involved 144 Dbarrowvs and
qil;s of Duroc x Yorkshire (DY), Hampshire x Yorkshire (HY)
and Yorkshire x Yorkshire (YY) breeding which were fed a
sténdard éérly.veaning dation containing 3500 kcal Dé/kg and
’ L :
. 20% crude rprotein from weaning at three weeks until they
reached 23 kg liveweight. Thereafter they were individually
fed either a high energy (HE) (3652 kcal DE/kg and 19.9%X CP)
or low enerqgy (LE) (2757 kcal DE/kg and 15.3% CP) ration for
two one-hour periods per day and slaughtéred at:eithe; 68,
91 or 114 kg liveveight. X random sampie of seventyLéhree
pigs, ﬂrepresenting.breed, sex and rati?n treatments at each
of the three slaughter ‘;eiqhts vere chosen for carcass
dissectién. An additional nine barrows and eight qiits\of
the same breed groqps vere siéuéhtered at 23 kg liveweight
to establigh a base for carcass composition conpariséns: 311
slaughteiing, carcass .grading and Record of Performancg
measuring was doﬁefat a local packing plant. The 1left side
of each carcass was returned to the University Meats
Laboratory for dissectlion. . Half ,éarcaséés ‘Qeré dissected
into individual muscles,ifat and bone (Butterfigld'andinay,
1965).'g2t v55~séparatéd into ;éubcutaneous,h(fat"ﬁv_skin),
intermusculaf and 'bédy cavity fat.iLoose connectivé éissue'
wvas geigﬁed with fatﬁ Tendon was weighed separately but

"included with bone in this study.



Thirty-six barrows and 36 gilts of Yorkshire x lLacombe
(YL) and Yorkshirg‘x Lacombe-Yorkshire (YLY) breeding. were
fed a starter diet (ad libitum) uRtil they exceeded 22.7 kg
Jiveweight and thereafter vere individually fed an
experimental diet (2951 kcal/kg DE and 15.5% CP) at one of
three feeding levels (3.2, 3.7 or 4.2% of bodyr weight) and
slaughtered at\68, 91 or 114 kg 1iveveight; Initialiy at t;e
heginniﬁg of the experiment, feed levels of j-OX ahd u.O%‘df
bod& weight and ad libitum were offgred. However, 1t soon

became obvious that the 3.0% feeding level was too 1low to

maintain growth and this vas raised to 3.5%. When individunal"

Feed 1intakes vwere calculated for the entire;experinent, it

was found that the actual reallzed levels of feeding - Were

3;2%, 3. 7% and 4.2% correspondlng to the nonlnal 3 5%, 4.0%

and ad libitum feedlng levels.- All animals were weighed

veekly and feeding levels adjusted accordingly.

All pigs vere group housed in pens measuring 1.8 x 3.1
meteri and were individually fed in stalls 0.45 nqtérsiwide.

Those pigs receiving the ?-2$;ahd 3.7% levels of feed were

alIoved equal .portions of ‘their daily allowance during two

™~

one- hour feeélng perlods (8 AH and 4 PH)- Those pigs on the
u.2%' level of feed were alloved an additional two hours of

feeding time at 12 noon.

‘S,
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As an Study 1 all pigs wetre -slauqhterv& at a \\ocal
packing “plant. -Hove;or, unlike Stuydy 1; the entire carcass
was propared'at the ﬂeats iaboratory; The head includinq
jowls was bremovedy"\ at the atlanto-occipital joint and thé
carcass split with a.hdndsav. Thf risght side of each carcass
was divided into closely trimmed boneless retail cuts and
the left side‘ dissected‘into individuél muscles and bone,
skin, subcutaqeous fat, intermuscular fat and body. cavity
fat as in Sfudyf 1. The only devgation in dissection:
procedure was the separation 6f skin ffon subcutaneousa fat
iﬁ Study 2. These tissues were removed toqethe? in Study 1.
For the analysis of gross carcass composition ”in. this

"chapter, fat is considered as veight of fat + skin for hoth

studies.

Statistical analyses of the data involved sultivay
analyses of variance and mean comparisons (Steel and Torrie,
1960) .

C) Results and Discussion

1. TiSsﬁg Growth

~
The average weight .of the «carcass and individual
tissues (muscle, fat and bone) relative to liveweight for

each study are plotted in Figure 1. Bone grew relgg;vely

slowly while muscle had a relatively high growth rate.

Beyond. 91 kg liveweight, muscle growth declined and fat

deposition increased Tesulting in an almost linear increase

i
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. )

in carcass sweight relative Yo Aiveweight. ¥Fat Yo-priﬁod t he

gqreater proportion ot the carcass welight increase heyond 91
. <. A S . -

kq liveweldht, Similar t1ssue qrowth patterns have heon

observed in pigs by Cuthhertson and Pomeroy (1962) and
Rrookss ¢t al (1964) and in cattle by Bergqg (1’668) and Rerg
and RButterfield (1968).

2. Influence of Liveweight op Tissue Growth

.

13

Carcass c¢omposition and tissue growth data for Studies
1 and 2 are presented in Tables 1 and 2. Pigs in Study 2

wvece 19, 24 and 17 days older at 68, 91 and 114 ka
. /"\ . . "

. liveweight respectively than pigs in Study 1 (Tabies 1 and

2) . However, carcass-composition was similar for each group
B 7/

of pigs. Reid et al (1968) indicated that sheep restricted

U

in feed intake were older Mut not different in carcass
conpositién -from those on normal feed intake when each wvere

slaughteféd at the sanme livewéiqht.

hd R .

In each study, - dressing percentage and back fat

increased "signf%ﬁcantly (J%0.0S)- as liveweight increased.
v .

‘Carcass weight and the.véigh} of muscle, fat and bone also.
. - iy

- P 4
¥

_increased significantly "(P<0.05) with iﬁcreaSing

~

liye;eights. on a relative basis, however, percentage muscle

and bone decredsed and percentage fat increased (P<0.05) ac

liveweight increased. Between 23 and 114 kg 1iveveighf

catcass, hdsclé and fat growth per  day of age increased

wvhile bo

eight per day of age remained relgfively
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nconstant- pecause of the dlfference in age of the pigsj in
each_ study, gro;th per day of-age was somewhat greater for
each neasurement in Study 1 than in Study 2.“However, musc1e.
and fat were being dep051ted at 51m11ar relatlve rates in
1each .study. The ratlos of muscle per day of age to-fat per
day of agegwere 1.64, 1.&5 and 1.14 in Sﬁudy H' and ;1:67,
1.u2 ana 1.17 for, .pigs in 'Study 2 at’68, 91 and 114 kg

liveweight re ectivelx.‘hs liveweight inCreased, the rate

-of fat deposiiNon increased-and muscle growth decreased. Af

91 kg liveweight pigs in Study 1 had. 84% of the muscle and
66% of the fat that wvas present at'114'kg liveweight.

Correspondlng flgures for pigs in Study 2 -vwere 82% of muscle-

,and 68% of fat ' {

o

e

E ) . o

'Feed’ conversion remained relatively f.donsfant © as

. ©°

Iiveweight—imcreased—in Stgdy vt but in Study 2 'teed
conversion,increased.significantly (P<0.05) as liweweight

_increased. The lower nutrient density of the Study 2 ration

may have ne;essitated -da higher intake to neet s enerqgy

requirements. . .
3. Influence of BEeed on.Tissue Growth:

o . :: - \ o

- Comparisons among breed groups are presented-but cannot

" be conSidered as 'being specif{c for the . breed gﬁoups'

L L . o

studied. In Study 1. HY and DY pigshbere;crossbreds-while YY
pigs wvere burebreds. ‘In - Study 2, YL-pigs wvere firsf  cross
.pregeny while ‘YLY pigs were backcross progeny. Gain and

“

Ty e \.".4.' CIan gm0 [T Fi
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carcass tralts may have been 1nf1uenced by heterosis aud‘;ts

(=3

importance could not be assessed in these studieéss

. In Study 1 there wvere no 51gn1f1cant dlfferences in the

a < .

welghts or percentages of total ‘muscle, “‘fat or - bonmne among‘

breed groups. HY pigs dld however tend to have sllghtly more

muscle and 1ess fat than DY or YY plgs. In Study.Z, YLY‘plgs

* had sllghtly more . muscle and 1ess fat (P<0.05) than YL pigs

N

but on a relatxve” basis there  were 1O significant

| } .
differences ' between breed groups in percentage muscle,_bone

i
. . @

o v . ,
or fat. o o S
Y plgs 1n Study 1 vere 1u days‘older thau DY or HY

a

»pigs aud, therefore had the 1ower carcass and tlssue growth

“rates per day of age.'of the three Eree\hgroups HY plgs "had

the' greater muscle' per day of age and DY p1gs the greater

15

- conver51on.n1n each study. Hovever, the 73 plgs dlssected 1n

fat. per day of age.} CarCass growth per. day-tof~ ageA vas

: 51m11ar for DY and HY plgs. Iu Study 2 carcass and tlssue

B

<

' qrowth per day of’hge were SLmllar for the two hreed groups.

These data 1nd1cated that breed groups were 51m11ar in feed

c

Study 1 vere only a sample of the 1uu plgs maklng :up the

expefiment.; Skltsko and Bovland (1970) 1nd1cated that, when

con51der1ng the entlre group, ‘HY"and YY- plgs were tmore

eff1c1ent 1ncfeed conver51on than DY. plgs.~ o R
' A i ‘ . o

PR
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a

4. Influence of Sex _on Tissue Growth

o ~

In  each study gilts had less'(P?0.0S) baqkfat,°carcass o
far>and percentage of fat add more (P<0.05) muscle ahd
percentage muscle. than did barrous (Tables 1 and 2). Muscle—
bone ratio aand boae velght were similar for each sex. In

‘",Study 1 liveweight,jcarcass welght and fat welght per day of °
age vas less and muscle weight per day of - age greaterg fgr
gilts than‘.for barrows, In'study 2, 1iveweight»and carcass
weight per day Ofﬂﬁée werevsidilar between sexes but ﬁusole
weighr per daj'of7age.Vas’greaierdand fat welght ‘per day of.

age was less for gilts as compared to barrous (P<0.05)._

leferences' in  feed converslon for the 73 pigs

dissected in study 1 were not s1gn1f1cant but data for the

~——~#~——~—4ﬂﬁagmsemperlnent (skltsko and Bowland, 1970) 1nd1cated that'

gllts requlred less feed/kg galn than dld barrovs. Inv Study"

24 gilts consuned slgnlflcantly 1ess (P<0 05) feed/kg galn .

‘than barrows (3 us vs 3 74 . : . B : Ve

5. Influence of Ratlon and Feedlnq Level on Tissue

(=]

Ih Study 1 dlfferences in carcass composition due to

ratlon- groups "were 51m11ar to dlfferences due to sex. Pigs

~

fed the: HE ratlon corresponded to barrovs and ‘those fed theu

3

LE ratlon corresponded to gllts (Table 1).

LE fed"pigs 'had greater weights ahd.peree&tages of
S -'muscle and smaller velghts and percentages of fat ’(P<o,05y‘

Y . . °
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L)
,ﬁ,t:

compared -to= HE &ed pigs. Because Te oldsr (26 days)
LE fed pigs had smallerf 11vewelght carcass géiéht and
tissue weiéht.hgalns pe day of ageﬂthaﬁ the Hé fed pigs. - o
AFsed conversian?favored the \HE ovsr the LE fed piés (2.72a |
vs. 3.58). I ! , v o <_. ' ]

L] . \

°

In Study 2 plgs fed\at the 3. 2% level vere 51m11ar in

carcass welght and dress ng

erqentage to those fed at the

3.7%31evel. Pigs fed at t‘e u.’%_level exceeded those at the

'3.2% and 3.7% levels in eath of these measurements (P<0.05).

Pigs vﬁfed at' the 3.2% 1e#el‘ had - greatet oveights and
percentages of'muscle and boné? and smaller weights and

percentages ‘of fat ' (P<0.05) than those fed‘atﬁthe-3.7% or
. . __ . . . o A
4.2% levels which were similar. Because of the significant

difference in ages. (2325'188 and 174 days for pigs fed at L

: ) © - s
‘4.2% level of feeding had the’largest_and‘tﬁose-fed»at the

R

‘B

3.2% levél ‘the smallest 11vewe1ght, carcass weight.“and
tissue Helght galns per day of age (P<O. 05). Pigs:fed at the

3.7% 1level of feeding were intermediate in daily veight

‘gains. ' ' R
Feed conversion ratios were greater for those pigs fed

‘at the~3 2% level of'feeding than for those at the 3.7% and’

a L

,u.z% feedlng levels vhlch had s1n11ar rat1os.

° 6. Interacglon Eﬁfects on Tlssue Grouth ‘ _f .

N
B d T R TR s e g e
S b B L B BB AR



Interactions, significant at either the 5%uor'1% 1eve1"
among liveweigﬁt; breed, sex and ration observed in Study 1

are presented in Tables‘B to 7.

Table 3 presents the - interaction of Jlivei slaughter
welght by sex and live slaughter welght by ratlon ‘on carcass
grade indexes. At 9? kg*lﬁ{é:flght gilts were superlor to
barrows }n;grade:indexes (105 vs. 102) and pigs fed, the LE
'rariqn were superior to those fed the Hf ration while
carcass qrade'indexeS'for pigs slaughtered at 68 kg”and_‘11u
kg did not reflect’ carcass comp051t10n dlfferences. This may
be due -ro the 1nsen51t1v1ty in the gradlng system at the

light and_Heavy weights. o . o °

On the LE ration both® barrows and gilts reached

v 4

°s1;ughter o weigh at— similar ages (192 —and&—-190 —days

reSpectlvely) vhile on the HE ration barrows reacheﬁ.rmarket'
11'iaays earlier than'gilts (159 vS. 170 days respectiveély)
(Table.u). ‘ “ '

Gilts on the LE ration had'more muscle per day of. éqe;"
= %reater: final welght and sllghtly greater carcass we1gh+
: age than did barrowvs. On the\other ‘hand, barrows

ration were equal to g11ts in muscle per day of -
xd a greater final velght and carcass 'weight per

«.Fof age than did gilts (Tables\u,ps; 6) .

Each of these sex by ration .effects on carcass



Table 3. Mean carcass gréde indexes (%) as infiuenced
' by interactions of slaughter weight by sex and
slaughter weight by ration (sZudy 1). )

1

SEX - ' RACION
Slaughter . o :
weight . Barrows - Gilts . HE
68 . g9 .. _ 87 87 89
B . X « 73 105 105 102
114 | 84 86 86 . B84

|

Table 4. Slaughter age (daya) and muscle per day of age
(g) as influenced by interaction of sex by
ration (Sthd[ l) :

, _ RAT ION
Characteristic Sex . LE ‘HZ
Siaughtgr.age (days) - " Barrows - }92 ‘3159
| | Gilts = 190 170
Muscle per day of age (g) Barrows 159 182

Gilts = 182 182

Pable 5. Flnal welght per day of -age (g) as ihfluenéed by ..
: breed by sex and ration by sex- 1nteract10ns

(Study 1l).
B L : . __BREED " I RATION
Sex =~ Dy HY YY . LE HE
Barrows , 533 561 494 . 475 " 584
Gilts . "536 503 . 483 481 534

T Ll



. 20

(g) as influenced

_Table 6. Carcass weight per dxy of age
by breed by ration and sex by ration inter-
. actxonsf;;;;y 1). » - A
BREED ’ e —gEXT
Ration¢d . ’f/;ZSTT/:MJu§§ YY Barrows Gilts
LE 371 379 346 - 363 - 369
HE 474 454 409 464 428
3
Table 7. . Fat per day of age (g) as influenced by breed by'
sex interaction {Study l).
o] . . 2
BREXD T
Sex RY _: HY . LYY
* Barrows 147 145 125
. . . o."‘ . . ‘ ’
Gilts 124 - 107 A 117




cohposition.-were a reflection of the sex by ration
interactions for feed -conversion reported by Skitsko and
Boulaad (1970) . Barrows on the LE ration had less efficient
feed convereioh than gilts bat vere eqhal to gilts on the HEv
ration. A ‘ |

¢

In all three breed groups those pigs fed the HE ration
had a greater carcass velght per day of age than those fed
the LE Aratlon. However, breed groups ranked d;fferehtl& on
the'rations (fable 6) . On the LE ration, HY pios ~had the
greater catcass.weight‘pe; daylof age‘foliowed by DY and YY

pigs. On the HE ration DY pigs were followed by HY and thed

YY piés. - . : s _ "] +»

As - with the ba;rov-gilt 'conparisonSf‘ pigs with an

1nherent predlsp051t10n to lean grovth grew faster on the LE

ratlon while pigs with a predisposition to fatten »appeared“

to grew faster on the HE ration.

In thke breed by sex interaction (Table 7)’gilts from

each breed had less fat per day of age than did barrows .but

breed group ranklng dlffered with the sex ‘of p1g conpared.

DY barrous had 51n11ar fat per day of age to HY barrows and

R}

both groups had more fat per day of age than YY barrows. RY

”.q1ltS had. the least fat per day of age followed by YY and DY-

qllts. a . "

- . B

- In Study 2 jnteractions were observed.betweem breed and
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Table 8. Breed by feed ievel interaction on fat per day
‘ of age (g) (Study 2). : '

< #
FEED' L.EVEL,
Breed | T 3.2% 3.7% 4.2%
YL .86 120 146
YLY ' 88 . 108 122
Table 9. Sex by ‘breed interactlon affect on feed N
conversion ratlo (Study 2).
SEX S
Breed ' ' Barrow * Gilt N
YL 3.87 . 3.39
N ‘ i
YLY 3.61 3.57
Q . 3y
| 4
- 7 R . {
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level of feeding for fat ‘qéin/day of 'aqe (Table 8) and
hetveeﬁ sex and breed for feed conversion (Table 9). At the

. < ’ :
3.2% level of feeding YL and YLY pigs were similar in fat

gain/day of age but as the feeding level increased to 3.7

a - .
and 4.2%, YL pigs appeared to depogit more fat per day than

the YLY figs.

Although there were no differences noted between breed

groupé ig feed conversion (Table 1), - YL barrows appeared to.

be less efficient in feed conversion than YLY tarrows but YL

gilts vere more efficient than YLY gilts (Table 9).
‘ ’ < o

7. Considerations .in Pork Production

S

/.
Prom - these data it voulg appear that carcass

composition may be altered by the influence of breed, sex
. - .

and ration. 'Gilts, pigs fed{ LE rations or reéstricted in

feeding, of strains of pigs vith a predisposition. to 1lean

o

gfowth may be fed to heavier liveweights than are presentiy

acceéted..Uﬁder tﬁe present grading sSystenm, carcasses fronm
pigs outside é range of 75 "to 109- kg liveweight are
penélized. Thér; ére several reports whichcsuggeét that pigs
slaughtered at both 68 and 114 kg liveweight can be produced
and processéd‘effiéiénti} gnd ecbnonicaliy ‘and still .neet
consumer desires " (Bellis and-:Taylor, ]961;‘Byooks et al;,

1964; Field et al., 1961; Varney et al., 1962).. Bellis and

Tayior (196 1) indicated the cost-of 1éan pfoductidh in the

carcass 1is higheSt at 90 - 140 pbunds (41-68 kq) . livéweight-

o

~

@



and decreases as livewelight incrvdnos.’Fron this da)d coste
per pound of lean were similar for pigs slaughtered hetween
220\\and 300 pounds (100-136 kg) liweweight. Berq and
Richmond (1969) suggested that costs per unit of muscle were

not markedly different for pigs slaughtered at either 68, 91

or 114 kg liveweight. The data of Doornenbal (1971, 1072£>

wvould indicate that the relative changes in the rate o

°

nuscle and fat deposition in pigs up to 132 k; Iiveweight
are ﬁot dramatip enough to varrané.aufomatic"disnissai to
lower grades. Results from the studies réported here would
tend to support these findihqs. Even though the rate of fat -
deppsitiqn increased and fhat of nuscie degreased most
narkedlj beyond 91 kg 1liveweight, muscle still made up a

greater prqgortion of the carcass than 4id fat at 114 . kg

liveweiébt.‘ s °

- In VNorth 'A-irica, the variety of pork products is
restricted>t07five or six primal®’cuts from pigs weighing! an
average of 90 kg liveweight. Little effort has been extended
to eyaluafe productsithat might ensue from pigs of lightérb'
or heavier veights.~Such evaluq}ions might have a :direct‘

éffect on pig production. For eXxanmple, pigs with a

predisposition to fat growth might be marketed at 1lighter

‘ weights whilé ° pigs with a predisposi%ion»to~;uscle‘qrovth‘

might be marketed at  heavier weights. In these studies,

" gilts slaughtered at - 118 kg liveweight. had similar

< o o

ARG AR,
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& : - °

.proportlons oﬁ muscle and fat 1n the carcasses as*‘ﬁarrows
'_slaughtereg. at 91 kg llvevelght (Table 10) « If gllts could -
Befslauqhtered.'at‘ heav1er we}ghts f@lthout Mpenalty,v‘the

producer 'midht bei'afforded the opportunlty for a more. .

cr1t1ca1 herd selectﬂon. Barren gllts _ahd others' selected
for breedlnq> but fqund unsuitable {or}some reasod could

Stlll be marketed under a carcass merlt assessment- At the

>

moment, breedlng 'gllts must be' selected prlor to 90 kg

A

\ llveuelght and no compensatlon 1s prov1ded the producer ~for
. { .

those that are subsequently culled and marketed regardless
of their carcass compos;tlon.p Marketlng gllts. at heav1er
Auelqhts may not 1mprove thg genetlc comp051t10n of the ‘hera

apprec1ab1y but it may afford the producer add1t10na1 income

‘to .offset 1ncrea51ng '_peratlngb costs.  In addlthn,’ti¥

s

carcasses -exceeding - 100 . kg 1iveweight _are presentlﬁ
processed imtobproducts other thah. chops, _roasts, baconw

etc. - (which wmay 'be .queStionable) the supply of these
Products miqht be increased. .. o N

Dlmlnlshlng supplles .and 1ncrea31ng costs of available
feed stuffs. for pigs may well dlctate slaughter velghts and
~’sub'seqneni: pork products ;n the future-'If one assumes that

pigs may have to be fed .lower energy and more'fibrous -
rations in the future then it"miqﬁt be; expected fthat" the
o S ¢

length of‘-feeding time - nay be longer and carcass velghts

heavier to achieve similar relatlve_.proportlons of muscle
.o R . B o S ., . © s .
- o - : . _ . ‘ \

. L : gp . . S -
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‘Table 10. Reiatl,}e proportionsv of - ole and fat in barrow
. ' and gilt carcasses at dlf‘fg\rent llvewelght°
(Sgudy 1l cmd 2) .

-

Ltve\;'ez.cmt ( g)

68 - on . 114

N

-‘_ [y - . | ' .~.
~Barrow = Gilt.' Barrow: “Gi’lt': Barrow. -Gilt °

Study 1 -
% Iwscle - 54 .58 . 5» 56 . 46 52

% Fat - '35 . 32 - 39 34 45 - . 1g

- Stuay. 2
© % Muscle . - s4 59 52 . 54 a8 s1°

% Fat ' 3 30 .38 36 43 39

¢ M . £
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warrant the .'mafketing' of ligﬁter. ﬁeigﬁt

costs of gfoduction nmight change underv such a ‘syS}em to°
, o a9 . Bt i}

i
-

'aad:'fat considered acceptable today. On the other hand,,thé

6 , ot é

0

ant1c1patlon of future productlon requlrements effort should

. be extended now to properly evaluate the cfrcass merit of

- “

;'pigsm In

pigs slaughtered outside - the presaﬁt"mandatory range of=
: N l‘. . . : ()u - - e

<
liveweights. o
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Relatlve Grovth patterns and Dlstrlbutlon of Huscle

%

A) Introductlon

‘As an amnimal increases ‘ink”liveweight .frdm birth' to
A )

meturity; major tlsswes within: éhe body undergo dffferentlal
deveiopment and welght glstrlbutlon. Thoég\fifﬁges whose
g;o;th.ie-§oV%rﬁed mainly- by functiqnal.demazﬁg exhibit’ én
éaf1y° stege iof differéntiagion.“uuscle_isfone of‘these, s
well as being the most economlcally 1mportaqt tlssue Ain ‘the!

carcass. Varly evaluatlons of ‘muscle‘ content ~and

~

,dlstrlbutlon were conducted by';jointing ‘the carcass’ into

"butchers‘ cuts". In most 1nstanées[ separations by this

.techniQUe did not follow precise andtomica} ‘and “functional

d1v131ons of muScles and 1ed to the assumptibn‘thatNgenetic
or enwlronmental factors mlght 1nf1uence the dlstrlbutlon of
‘muscle wlthln the carcass..nore recent &valuations based on

 the” technique of serial slaughter ard anatomical dissection

> L7

have assisted in a better understanding of the functional

aspects of muscle deveiopment and its response to‘genetic

=3

and envifdnmengal effects (Berg, 1967; Butterfield, 1963,
1966;. Butterfield and Berg, 1966, ‘a,-b, c; Butterfield and
Johnson, 197];°Davieé,‘197u; LehSe; 1973; Mukhoty and _Berg,-

1973; Richmond ‘and Berg, 1971,b). RERTEEN

Muscle"'gfovth and dlstrlbutlon 1n sllne as 1nf1uenced
by llvewelght ‘breed, sex .and .ra%lon iwaé reported 'By
L4

o

Rlchmond and Berg (197T b). In that study, 1t vas fouud that



3
¢

b,

ubreeds, sexes and ratlons.

29.

most " dlffeventlablon in growth andxdlstrlbutlon of standard

ivd
o

_umuscle groups had occurred at or before 23" kg llvewelght and

o Yo

thereafter their proportlons remalned relatlvely constant up

Y

to 114 Xg 11vewelght. leferences in muscle dlstrlbutlon duef

to the -influence of breed sex or ‘ratron‘ were minor.
| K s R ) SR
However, because. of ‘the_lnfluenCe'thatyindividual;mdscles.

,may‘have-on musgle‘grodps,’itfappeared nequSary'toA'analyse

the relative_ grovth"patterns~ of 'individual~ mdscles7and

c

Qmusele groups over a numher of llvewelghts and for dlfferent

o

2 <
1

The',present 'cnapter ‘reports the ‘results from two,:«

‘studies of nuscle;weith distribution‘fand ‘fhe relative

-peréentages'and allodetric grovth\ patterns of  individual

q
mu%cles and . muscle groups in swlne-

=3

B) Materials and jethods

“r

e [ThéA d981gn and allotment of anlmals for each study has

"been prev1ously presented (pages 6 and 7). Hovever, the”“

;muscle data reported Qere for Study 1 1nc1udes an- addltlonal

19 “HY’ barrows and gllts whlch Vere slaughtered at the sane

°11vewe1ghts but were fed the HE and “;E«»ratlonS' on an add‘
°11b;tun ~bas;s- rather than] at two;ﬂone+hour intervals. A

-multiway ana1y51s'of variance5indicated thét theref were no

b

51gn1f1cant ﬁifferences in muécle growth or dlstrlbut;on
between the ad llbltﬂl and hourly fed HY plgs. Data from the'

23 kg 11veue1ght group slaughtered_ in Stndy 1 .are not
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<

,1ncluded 1n the statlstlcal anaLyses but are 1ncluded in the

tables for each study as reference p01nts-

' Half-carcasses were dissected into_individual'muscles;"‘

fat‘and’bone using the. technigue of Butterfield and May

(1965). Hlnor differences %n. carcassv prepaﬁation'-vere'

st

employed betveen the tvo studles. In Study 1 half—carcaSSes

wvere prepared at a 10cal abatt01r and dellvered to ‘the meatsfn
1aboratory for" dlssectLon. In Study 2 the entlre carcass was '’

'.‘dellvered to the neats laboratory where the head ‘was removed

.

"and- 'the carcass halved . Skin,. subcutaneous fat-~and N. :

-cutaneous trunc1 were removed together and then separated in

Study 2. Vhlle in Study T subcutaneous fat. and skln and M-

1

'gutaneous"truncl were 1nd1v1dually dlssected dlrectly from -

<.
a

. the half—carcass..when-necessary-for comparlson, .1nd1v1dual

‘o

muscles . were grouped 1nto nine "standard ‘muscle groups" and'

?"three-expensive groups"'(Tables 11 and 1u).

Grovth coeff1c1ents for 1nd1v1dual muscles fand qmuscle

.roups were calculated by the allometrlc equatlon Y= ax v _

‘deécribedpby Huxley (1932), and which 1S'equ1valent to. ﬁog

-

Y=a+b ‘log"X4 where*'"Y"_ represents 1nd1v1dual muscles or -

muscle groups oy represents total muscle,, "pn. represents

the» growth- coeff1c1ent and fan represents t;; 1ntercept of

‘ the ordlnate. Thls'allometrlc equatlon has prev1ously been_
used 'too'calculate grovth COefficients for both phys1ca1

components of the carcass (Butterfleld and Berg, 1966a}'ph,'

S
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e .

¢; Davies, 1974; Elsley ‘et al, 1964; Lohse et al, 1971) and.

chemical carcass components (Suess et al, 1969). °
p | S
Multiway analysis of - variance, ' regression  and -
comparisons  of means were carried out according to methods
, .

outlined by Steel and Torrie (1960).

C) Results

i
Muscle distribution data from thgﬂfirst study "has  heen

"presented” previbnsly (Richmond and. Berg, g1971b1_ and is
. s . \

summarized here‘for coﬁvénient ;éference. Iﬁ Study 1 muscle
distribution was afféctedfonly-slightlj by the-influence éf
"liveueiéht:, Preed,a sex or ‘Fation: ‘(Taﬁle i?).:‘ Pig%
.sléughtered T at 91 kg liéévéigﬁt,gappegred to ha;e a’
siganicantlY*greatefvpérceﬁtage of muscle in musclé groﬁé 9
(neck ahd thorax)4-t£an‘ those slaughterea ”iap. €8 ° kg
li#eweight. Di pigé‘ had a greater percentage (%(0.05)_of
‘spinal muséie than either HY pigs or YY 'pigs. Ai' 23 kg
livéveiéht;  gilts had a greater percentage of muscle in'the
prqximal‘pelvjc limb,;spinél and expensivé mruscle groups and
a shaller pefcgntage of nusclevin thé neck and thoraxv(Téble“

12) . At heavier liveweights, these differences disappeatéd

with Qilts exceeding- barrows only in, percentage muscle in

}the~distai thoracic limb, while barrowvs exceeded gilts in

percent spinal: muscle. Two minor interactions betveen sex
and ratioh,-dnd"sé; and breed,‘ were observed  for 'musclé‘
group 7 (thorax to thoracic limb)- (Table 13). On thé»LE'a

-
]
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rationgwbarroys had a gredater percentage of muscle from
o . N . o

thorax to .thoracic limb than did)gilts,vwhile gilts had a
greater percentage of muscle ihvthrs group on the HE ration.

“ DY barrovs had a greater percentage of musclle in - muscle
. ‘ “ R )
qroup 7 than dld gllts, vhile the reverse of this was true

©

for the BY and YY barrows and gilts. - No explanation for ;“

these 1nteractlons ‘was . apparent at the time but may be

explained by‘the data in this paperv

5 ]

In the -second study, 'difrerert ‘breeds . and 'feeding
levels, more liriting to growtﬁ;were used. ?hevreshlts are
presented in Table 14. As in the first study,eliveveight had .
}ittle infihence‘on muscle.distributioq within the éareass.
Oniy the -distal '1imb Amuscie groups were found to differ
signrficantly. Plgs slaughtered at 68 and 91. kg llvewelght
had a greatgr percentage of muscle in the distal pelvic limb
than those Slaughtered at t1u;kg liaeweight (ﬂ-]?'aﬂd u.de%"
;s. 3 82% respectlvely)- These dlffe;ences were reflected in
expen51ve muscle group naw wlth plgs slaughtered at 68 and
T 91 kg ‘having a greater percentage of muscle in this. group
‘than those slaughtered at 114 kg 11vewelght (33.57° and
33.72% vs. (32.80% respectiéexf) - Pigs slaughtered at 68 kg
llvewelgat had a greater percentage of" nuscle in the distal

thoracic' 1imb than those slaughtered at 91 and 11u kg

11veve1ght (2. 05% vs. .1.96 and 1.94% reSpectlvely).

- Breedvdifferences wvere observed in three muscle groups.
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YLY_piqs had a\greaterﬁpercent;ge than YL”pigs‘in‘mdscles of
th{ spi?el‘regiop "(17,?0‘\VS .16.69%) and of the distal’
thoraqié limb (2.02 vs 1.94%) and'a'smaller percentage of
muscle in the abdoninal‘ muscle qréup {9.96 vs 10.23%

$ : .
(P<0:05, 0.01) (Table 14) .= . o~

~Sex affected the muscles of the distal pelvic limb with

barrows hav{ng a greater (P<0.05) percentage of muscle than
" gilts (4.09 ws 3.96%) in this group.

Pigs fed .at the‘ 3.2% blevel"had a smaller (P<0.¢

» . ) o ; > ®

percentage of .muscle-in the abdominal group ihan those,;;@i

at the 3.7% .or u.42'% levels (9.73 wvs 10.36 and 10 a a

respectively).

Significant interactionsﬁ (P<0.05) were obsefved!for
veight x feediné'level,,breea,x feeding level and weight x
brééd. effects. The érox{mal ‘and diStél pelvic 1i'mb and
abdominalAldscle groups vvere eéch affected by weight x
feeding leveli(Téble 15) . As liveweight increased from 68 to .
114 kg,” percentage muscle 'of‘the;proiimalvpelvic liab in
“thbse §igs fed at the 3.2% level decreaséd, but ihcréased
slightly ih those pigs fed at the,u;Z% 1evei'and remained
relatively constant at each liQeQeight,fqi those pigs fed at

the 3.7% level.

g

Perceﬁtagevpuscle.in the distal"pelvic lieb decreased
as °liveveight‘in¢rea$ed wifhin each. feeding level. Pigs fed

I
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‘o

at the 3 7% level had the largest percentage of muscle in

‘thlS group at 91 kg 11vewe1ght uhlle plqs fed the 4. 2% level

had the largest percentage of musc%ﬁ at 114 kg 11vewelght

v

0

As llveweight increased from'68 to 114 kg, percentage
muscle in the abdomlnal muscle group 1ncreased from 9.u48 to
9.97% in thcse plgs fed at the 3.2% level but decreased from

.20 .to 10-07% and .10. 53 to 10. 09% in those plgs fed at the '

3.7% and u-2%' levels orespectlvely. At‘ 68 and 91 ka

llvewelght, plgs fed the 3. 2% 1eve1 had a smaller percentage
of muscle in thlS group than those fed at the 3. 7% and U4.2%
levels - buf at 114 kg 'liveweight these' dlfferences~

eSSentially'diSappeared (Tabielis)-

'interaetions. petween breed and ‘feeding level ewerei
onserved for fhe proximal pelvic liamb .and expensive muScie
greup "n“l(proxinal and éisﬁai peivié limb) (Table 16).
Wwithin eaCh"breed group percenfaéeqmusble in the:prdximal
éelvic limb was slighgly higher for éhoSé pigshgye>the 3.2%
and .3.7% feeding ieveIs than for those on the ﬂLZ% level of
feeding. At each feedlng ié}éi;” fL pigs Had -2 slightiy.
greater peéj}ntage of muscle in thlS group than dld the YLY\

pigs. For expen51ve muscle group "A©, the two ‘'breed groups

" were -smmllar in peTrcentage ‘muscle at- the43.2% and'ugz%

©

levels of>feeding but at the 3.7% feeding 1evel the YL pigs

had arTgreater percentage of muscle in thlS group than dld

- =

the YLY pids (34. 08 vs 32 6&%). However, these differences
. [}

e : : ; ST O
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.; . may be more a result of sampling than breed x feed level
/o S ; o o e & R S R e T
( o effects. - , o ¢ e .
: ) . . - . ' B T @ ' e ) ) s _'TDD
Lo : : ) - E )
° o

Helght x breed 1nteractlons are-. presented in T&ble 17.
At 315 kg llvevelqht, YL plgs had a greater percentage of
lﬂabdomlnal muscle and a @maller percentage @f muscle . in, the

dlstal thoraqnc llnb than YLY plgs. R
a

"Evaluatlon of’ nuSCle growth wNas extended to’ 1ncluce
“ G

°Q F e . c 1

comparatlve growth pa%terns of 1nd1v1dual°muscles. Table 18

a Y P 2
o

presents the welght of 1nGLV1dual muscles as a perqentage ef

_total . muscle; welght - at eacho of° four ,11vewe1qhts. Both

o.

0Studles 1 and 2 are anluded. As seen from the, table,“utte°

°in the carcasses studled

w0

majorlty of 1nd1v1dua1 o

. muscle..iof the &96' muscles_d‘

i < &

weighed _1..ess»than 1% of

" dissected, . 22 welgf "’ ,to 3%,_f1ve welghed from 3 to

.2

tc 12% . o total muscle. The

N

7% and one. welghed from

~ remaining 69 muscles each rueighed.fless than J% of taxal

- . = A ‘ . . > ’ ) ) ) - . P ¢ N )

v . :muscle.. "Small - but consistant  differences . in muSCIef'
{ Y] o °- ’ ) ' o - )

pe%centages betyeenrstudies 1 and Qowere°6bserved‘

) Some . of these"percentage differenceS°m&y have been.due“ v

to sllght dlfferences betveéh studles in the separatidn of

Small or closely attached muscles. As‘vell, some°differences

)
[=3

may Ahave' been the result of carcass preparatlon. Carcasses
-fropfthe'second study vhlch were prepared ~at~ the meats

-labcratqry had  4.6% scrapd unSCle compared to 3. 1% scrap

o]

N
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muscle from carcasses in study 1 which were prepared at a

" local packing plant. Those muscles.affected,by splitting the
¢ :

carcass and separation. of the head were less damaged and

more intact, when pteparation was done at the . meats
‘laboratory. These muscles’,welqhed more than the mpre
severely damaged and less complete muscles ~dissected 'after

local abbatoir' preparation and therefore resulted- in a

greater proportion of -scrap. The only ‘muscle knouinqu’

_affected by- differences: 1in ‘dissection“procedure was M.

S

cutaneous trunci.

As liveweight increased’from[23 to 114 kg, individuai

~

,»muscle \petcentaqes within each study either increased,
A\

hdeQQ§8§ed or remained relatlvely constant Whether or not a
muscle malntalns" a constant percentaqe ‘aver 1ncrea51nq
llveuelghts or changes in percentage is a reflection og the
growth impetus of that particdlar muscle. To eipress the

relatlve growth inpetds of = the individual muscles ®ore

51mply in these studles, growth coefficients (b'vélues) and

thelr standard -errors (Sb) vere calculated for each muscle

and muscle droup, and are presented in Table 19 "and Flgure
é. Calculations wvere made for “each study ?by poollng:-data
over 'all treatments Land using the allonetric tegression
formula, log Y= a + b log X with nY™ representlng the

: . e .

individnalr muscle and f“X? total muscle. Huscles with "hv

vqlues,significantly greater than 1.0 {P<0.05, P<0.01) . wvere

-



51

s

. : 9 .

POTITEEVTD 30W VIOSTEE SOICDTPUT o UOTINOTF TR InjIgnop » .
pepnroxa dnosd (7 QITA #307273800 UIR0IB 44 14,61 TV 390 95y0T w013 ¥Iep (§) {r261) se1asq woxz wiwp By se3eatpuy (2) .
PIPrIOuUT. dnoId (Z WIATA €IWETITI]0D YIm03b & - w997 bisy pum PIRTFISIANG wWOIF WIVP {€) *Apnas sTY3I woa3 wywp BYd se3wdIpuy (1) ’

‘AToatidedees steaet eduwdT TUBTE T0°0>4 PUT €0°0>4 I¥ 0T ®OI7 3Juszey3Tp ATIuesyjyubys s7 JuetsTzjeos q 3eys Ayyubye q ‘e

2 ™ 20 VH - vH : 881’ €670 . Tst00 qe0°t _1zo° nmo.m .  dnoad sroenw
- 1 -~ YR IOV 90" 07 1ot 80°T 6v0' 00°1 p OUTTL K
. - T A TY 30 TH (S0° 096" 0¥0°  TL6°  9FT° nn«.o . $60° §0°'T 907" T ) ‘nusd wqu-ﬂauquu< 4 ]
1 11 -~ viiovy : 180" 6870 0£0°  T6  Z¥0" . 96° . snypeNieIul EMITEA ‘N
A iv YIOH ¥ IowvH y10°  TI0°T YT0T  CY0°T| 080" 80°T T10°0°d 620° Qi ot t6" , STYRTOM enIsep W
1 - Y 10,¥H " Tre' 9670 L10°  90°T 910° ¢€0°1 o LARCELPL SR LELL St |
¥ 1 . ¥ H $TO°  9%0°T T90°  8IIYK/ 190" 60°T $0°0s4 Tf0° nna.ﬁ Lteo An~.~ FAUIIIXNF T ANUIIJUT JOININIQD M
1 byl A Y 3o wvH (y0' 90°T 90" 6¥6™  OC1' 00T Teo" 9T°T BL0T 8O s7i0m8 snybIpen) M
1 1 ~ Yiow . 6(T" 89" §0°0°¢ 00" TO'T §60° _6Z'T snyremen N
1 1 Y Y LY0*  9v6" 650" hmm. (24 SIS & ¢ L50°  s6°  £50°  O1°T . 07103308 °Y
"y 1 ¥ T 30 TH 910" €00°1 _mqo.v 8107 ovoJ, 0670 . $€0°  ¥0°1 S€0°  BO°Y . neuyIINg M
B vH Y Y €90°  €Y0°T 960° $60°T 90" 0670 970" L6°  $TO'  YO°1 . sTi0Wsd 2032NPPY W
v i ] Y §10°  €Y0°T 620" _€LO°T 9¥0° 8670 - Lto* Ao.ﬂawwM@. ,.om.ﬂ 4 snsouvIqueaimeg W
| Y 4 YH €10°  ET0°T €T0* 920°1 0SO0* T10°t 0zo’ nno.an orp* #9071 $1TTO0ID U .
R YBE YI0OH v 610" omo.ﬂ L10°  8L0°T 0" €O°Y ot 8T'T BLO° TT°T. . v SNSOUTPULITEIF ‘Y
"y 7 Y Y 30 YH- €107 (86" ZT0® T0°T 9C0°  66°0 ofo* .au<~u.o~o.; to° 1 : sTI0med en3d8Y W
HY 1 Y v 790°  790'T 0€0°  BYO'T 090" 16°0 $T0°  SO°T: €S0°  §0°T snpUNjOl4 FNIWINTD W
Y Y Y v LZO®  TZO'T 920" SYO'T 6¥0' 06°0 ¥20' €O 100°  #0°1 SRTI0EERIDY INSEINTD U
¢ v v TH 820" (50°T 820 TR L0 301 ommc<n-wo»m. snypa sneeInIn M _
\t ] R’ AL YT0°  450°T. ST0°  £90°T 10" 66°0 ST g10° w0ttt s7a0meg sdedyg M
YE B ¥ 10 H YH [ R4 S00°1T »10° -mno.d :o.‘ ma.o -:....u n.ﬁ.o.., anq.d s w3 W] 2ejIEY uo!._o.n. ‘M
g b ) quiT OTATed (ePwIx01d 1
) (t) () (v gy 4 qg q % q ‘331Q " dnoap erarru
dasys  s123®D 8534 93Ty #b1e] uyeIyetd e 'dg *byg 1, Apriyg e - .

g3ayind snyeday yinoib eatriwiey (P61} soyaeg




52

Ll

EY

N ot
- a

1 7 10 TR - ¥ yST 69° 150°  z6° 901  86° dnos stosny

Tv o 1 -- 1 “ 060" o5t £€€0" AS., $Y0°  06° -$NBUCT SETRINIIYH OXeT4 N

v 1 -- ¥ ° veo*  sg* LLo*  t6”  zvo"* 8e° enbuot 1037570 Joxeyy °M

v 1 1 1 ST0"  L068% 9T0°  r96° 150" _¥g" 0z0° . £6° 60 5 sne3g1dog ‘M

] 1 -— ¥ mee 1t €Y0°  86° 650" vo't 207193504 STIIATL ‘M
T 1 1 oW 8r0t  sz6  rzo ot6° €Y €6 10°0,4 8sT° B’ v ST O ITTRIUND o13e3uv e1TWIqIL ¥

1 o -- Y 690°  Z6° T10°0>4 @€0°  LO'T M0 16",  snyadozd TIIend T37167Q Josuaixy N

1 1 - 1 60" z6° ,S.o,... $€0° Tt STt ect ’ " snbuot, enerucass

AL 1 - A\ ) LI 1 S 820"  96°  $50°  16° . @nom zowuena ‘w
1 1 v v 0Z0®  6$6°  $£0°  996° $(0° qtt’o 620"  L6°  ¥g0' SO'T *YTvy07) I0dng wnyi037610 Joxels ‘M
1 1 Y ™ h.—o.. 00T - 810" 610°Y 890° man.o oto* €0°T 9710° 00°1 BNaTos5 33 -:«locvohu-o‘ e

= qQuy’] mfwaom TeI®1q °T

s (£) (o) (1) nm q nu q % q .u.Zn 9 © 4 g q ) dnoap etost
-desgy 133 *3ITUN 9bIw] utrIIeTd vol "dxa ‘818 ? Apnag 1 Apnasg

gis3jed sujysdey Yinoi1h SATIRT Y ) (YL61) setaeq J i @

(P,3u00) ‘g7 eyqey -




53

. . 5 Y [ )
Y
B HI0W -~ v Lo* 96" 0¥0°  06°  LOT*  S6° dnoap ‘erormK
- - - v gYt° 00T T0°0>d 850° .nnm. 950* 95" ,nm.u:m.«a "
H R A - 20 ¥1 . 850" 66" TZO G v6° TE0° 6" #uTEOPaY shaoey ‘W
R Y& YI0H vi ¥€0©  €T0°T LZO ,690°T veo*. I6° ofo"’ Q8 ovo’ '8 sjuTEOPQY .:.uo>-:;p~ |
H B oo, o ezt LT0* £Y0°T 050° .no. gro" 96° 0z0° 86" sTUWOPQY enulejul snnbyIqy U
-- b ¢ - Zo v . , £9z° . 08° t60°  S0°T €€1° wwo.ﬂ e.u.ou,uouuuuulx it ]
HY . vH Y £€0°  (66°. 9TO°  6T0°T L¥O'  56°. 610"  96° bro® 00T STUTROPQY BNUINIXY WL ACT I |
EANR -- 10 ¥1 . , 69T  10°1 090°  t6° $60° .mp.i. sy1epnvd .dﬁ..uoa,.sa.yu.w‘.x
Y- | " v 9v0*  6TT'T 0Y0"  ¥OT'T 8L0° $0°T 10%0>d4 Z£0° oLt 6E0° L06° 7oUR3y EnodueInd W
‘ . . : . .Hdmﬂwolm.mq .y
) - == danal1d oqo/,-ax
. V0 vH - | ) -T2 S T 2 g0’ L6 €Ot zo1 dnoag P1oeNw ,
v o S S L o N TR ‘tL0° o£8° Lo* 6" ¥710]A19D snujseybuoT ‘W
v - ivaow Ceme ser o st T L0t 90T , 74300 TPIITAIM K
N 1 - HY - ) , ‘ A S SR 1 4 190°  10°T  tv0"  00°T % yeoq syreutds oM
xn ,<m .‘= 30 W £10°. .ﬂsonﬂn 919° | 0ZT'T €ro” 1071 §0°0>8 €10 To'r sT0° nmo.ﬂ. 810G STLFIITEUOT W
¥l 1 -~ Y1 P ) 9L0° -86"  §070°d YEO' Z8°  TEO’ R{N .:-u.ooo:.u. Ry
v B 1 - 10 YH we* ,..S:ﬂ 650"+ 86" 1v0° aoa.n a:uéq snyeapend ‘K
H YH -— ¥ 190"~ 66° ) 620" ©00°T (Z0° £0°T . 3ofeR seosd. ‘M
v 1 - v 1z 96° ayp®  96°  S¥0°  LO°T IOUTH #ROBd M
o, - . . - Tewds ¢
) (2) I S A D T DL T q dnolp ero1ny
dosyg eT3Iwd> . #bya »37wi e61eT  UTRIINNL sel 43 *B18 7 kpnas 1 Apmag
-uzeyjed. snjeduy yamoib ..->3:.3w. ) (yL6T) -:.?-\n , .

v

(p,3uo2) ‘6T *Iqel




ot » - o
™ 1 - v : ' 601" sO°T 670" ~ L6°. §20°  ¥E° ] dnoxo o1
1 1 vao1 LT 6T0n us8T ¥EOT 698" zeo* OC°T ovo* 08 §90° 5L : TIWen sdedfiy ‘N
- Y1, ¥ ¥ 810" © OE6" 0ZO®  LyeT Tv0"  00°T 6£0°  96° . 9L0°. 86" , snofTedecoguoNad M
1. 1 1 zior o8t 9T0T 568" gv0' €O STO* 680 820" et sTeYoe W
g v 1 FT sT0° - 8S6T 60T 606" 0007 ST'T et 96T €Z0° 6’ :  sjavindeceqng N
v 1 1 v 9zo*  cc6"  00° 0580 €r0° YT 50°0>d bzo*  96*  0L0° Y'Y _ $71RTY21q000I0D K
v v ¥ v z10° 'ees*  (Z0® -T86*  €¥O'  §6° gro*  96°  0v0°  T6° 0fw se10L X ;o
vl A A4 o SN 3 (AN 140 .ou.o., L16r . 9t0% €T - Lt10°* pnm. :,o._,.nom. Tryowag sdedyd ‘M ,
™ 1 1 v a0 VE 8T0° IS6T  ¥DOT Se8° 950’ 1T SG°0>d ST0° G#O°T vEO' 56" L smugdenadng W
v R | \ (20 z06° T90° _§06°  9€0°  T0°Y gvo* 20T .060° . 96° TIUPYIQIUY QTR J08UIL W :
™ <w 1 ¥ 0T zrot sve' 0100 L0z6°  SOT  88° SO°C & €10°.00°T ¥TO* [96*  (wnbuoT 3ndw) Fruowig sdedpii
i °nq Y v ¢vo*  966°  O¥O"  6VE* ~L¥O'  00°T ot W6 TLOTTERL S . . J0uTH S01BL ‘W
1v¢ 1 T v st0° T88° 810’ Jose €50 €0°T 6100 T0°T 0f0 96 s1s3wr 3ndeD) TrUOLId 1d0DTIL ‘W
v " v W (t0° 000°T TZo 8% 290° 0T 620° IT'T §20° (90T Tampeupdagaur W
1 .o v | wer  zet S0t vee' . v60' BT £zo*  96° 610" 66 o snapyoITBa~ W
» _ ‘Tay1 Dyoeaoyl (w@TX03d- ‘S )
A m e () (v 4 & % % 94 9 L . T . dnozp etoerw iy
dsoyg 133 ebya 7 e37un eB1wT  ujexIeta | el rdxz ‘B18 -7 Apmas 1 Apnis . : .
‘uze33wd snjedup Y303 eajIeTeY - (YL61) -so1Avd - . . _ ' ‘
I - . : o . (p,3upd) ‘61 eTaWL



55

. . o
' ’ } 3 ¢ :
1 " -~ | F1 30 HY geo”  Lo'T © 900" @6° 600" -00°T ‘dnozn eTosTH
1 ¥ - N . cyo°. §0°'T 6z0* L6° T1€0°  T0°1 s7reyoT320dng s31va03008 K
™ Yo Y1071 Y 9T0°  rL6° YIO'  656° ,_:o. z0*Y . 9T0° ®6° 810" €0°T - snpunjold sFIEI03I04 K
AL L} R \ 3 9¥0°  90°1 (ro* ee* €eo* 66" yfouloyl ¥7TVIIUSA FOINIIeY N
1 Y. v v gro*  By6® 170’ 9¥eT  sLot 0TI gzo* 96 ¥zo* 00°1 . wyowzous snyzadvii ‘M
Tv | 1 HY €zoT 167 8107  (Z6° 9vo*  OT'T groc 66" 160" 86" ; 830Q eraTesiIe] N
. . N . quil ojorioyl 03 xeaoyl ‘¢
: - TR0 S{STH
1- 1Nt -- vi ' L 61" ¥6° 6100 quet 060" 16" . . drox M:u.a.q,
1 -- 1 . 1 Yo', 6Y8° BS0T  65LT  ¥SO° Rk o osor et TSOT gL . snaruoduyY ‘N
1 1T - ¥ ¥ 10 ¥1 o0L0°  090°T sro® 01017 .:zo. 16" 71004 LTO"" 66" €507 28° snpunjold wn1037b1a F0xe14 N
1 1 - ] X . RALMCLY szo*  s6” 990 88’ syuTIqng W0163761Q J0XO1d M
v S 1 1 v . gro 868’ ¥Io' GloL . €90 R £90° 16" 0vTT  €T°T s7auln 7IED JOXOTd N
Ly 1 1 h30 T 820’ -«2,,. n.mm.. o8 9507 .«o.m” .._8. 88 SO 06° sTyerpeYy JdIwD IoxeTd K
1 1 T ] 190 96L° ,.,on,,@, LS8 ozt 1071 850" Te®  T8O' 88, o wnnbyTa0 .:_.u-u aosusaxd ‘M
o1 ¥l M ¥1 30N (p0° 008" 1607 LO8’ g1 B6° 190" 8T 00T 0T efreIeaw Rl Tdaw s0sueid K
1 Lyl 1 ¥ oo’ g€8° 07O T6LT  LOTT €L, ° ¢g0° L6° 990"  €6° _aj{easaw wnic116TQ FQEUeTA ‘N
1 I do1 670" 2887 £eo’ 0L8°  9L0° oL9° 150° €6 T190° _nnm. suneiod wni03767q Josuend °N
1 V1 v | g10°  ves §80°  L¥O'T Ov0" L6 . oyo* 967  LYo" 167 . snbuT Wn103THTQ 208U9IXT ‘N
1 1 n  EC 30 HT L10°  £06° €T0° 980 80T T s0t0d sTOT 867 610" 16" sTrerpey Jdaed J0WeNT M
ot ’ ) : . : ._ qui1 ojoeaoul (rasyd 9
T TR {3 (0. (v a9 Ca g a g q 3@ 9 4 d 9 o ~ - -dnoan eToeK
dowagys 733% 131 s3TuUN ebae] uyex3efd w? ‘43 *byg 7 Apnay 1 Apnas )

wi1s33ed snjeday ymo1b c>«u-w-u

(yL6T) soyART

(p,3u00) 6T *1qe

*



o ﬂ ~ - ' »
. ) i , n .

¢ BY - Y . . 8EYt 12 180: e £ro y0°' 1 dnoas erosuy
S u LA N 1 646" TTO®  ST0°T w0t zocr 910 QT 070" sot $I2TAISD sTTRIULA sAIeizeg -y
! BY T YTV g0t L798° . sto-  o818°  ezT” N6 LTt 00T szo” £6° snepyoqeoyy ‘n
1 BY vy C Y130V Ivo'  wee  060° gget YU tet R At N A8 ¢ . *hiavsaeasueriomp ‘N
1 ¥ == HT 20 my oez: qt®'T T10°0.4 9co  zee .,n.'o" mm.a. $T1¥27A220 enyzodesy -y
. uTT 570%I0QL 03 XN ‘g
L e T q % @ a4 gy Q¥ T @ Q@ dno1n erosru

desyg o 133%) sb1g ITYN ebaeq uyeIyeta ..n..nxu *b39 ¢ Apnag 1 4Apnas L9 ’

3

Ga1e33ed sniedmy Y3noab eatieren

A¥L6T) soyavg

T

(P,3u0d) T erqeg



57

«

.nnbuq (3601

uzsyjed sn3edug yaro1b sapaerey

(v267) sejaeg

)

“ v - v tz T e0°1 7T CNPY TR 4 ¢ S L . .

i 1 — Yr30X¥ o 182" €8° gore. L9 T80 £6* PTOTAID TPIFTITIW ‘W

A “ -_ i N . T €0°T 6v0* 68" SSO° 08" . ‘- . T110D, snbuot ¥

1 A - L - st €8t 507074 060° nwm. 890° aan. ., 9IoeIoul snsIsasueil ‘W

- Y — ¥vYriox ssz°  90°1 060" BL"  ¥90" 67~ . STowIOUL SRIDEY W

v1 Y - B otz® €1 10°0°& 6L0° LT'T €50° w«~.~ s7Tepned #737d8D snnbyiqo M
.- v - A 901* ¥v0°'Y gco® 10°t €vo*  80°1 #737ded syreuideyees °u .

- -- ¥ RS A £ 4 { Leo*  L6°  €90°  v0'l #137AZ8D TFITFIGASURIIINWI ‘N

1 -- HY o1 LT 0L0° ‘98° LL0* 96" s73ueTaV pue sFajded somysejbuot N

7 =0 YH IOV IR {2 SR £ A ¢ 750" E1°T 290" SO°T sn6007 SNTIVSIRASURIIISIUT M

- - Y : . SLY GSET “sgo°  60°T 890" €T°1 s737dw0 snbuot °M

Y v -- Y . £60° 61T 6£0°  §0°T €50° 86" sleiiuss snuwiEedg M

i ] - Y Jeeot  ¥6° 050" . 80°T 050"  LO°1 snyuetdg ‘¥

- - - +1 000° 00° 000" 00° 61’ & " 300pFoAY0dTAISD U

¥ 7o, - ¥ 10w 980° 68’ 10°0,4 760’ ve®  ¥80" ST'T |, S7Tesioq snwateds ‘M
1v vI - vl . mmoh L6° §0°;2& TYO" S 8Y0° #58° STTETURID, 97108300 ORI N

1 18 - ¥ - , $90° Z0°1 1z0°  zo°T tz0t  TO'T sele3s0d103UL M

. . mummmmwmmuummum ‘6

) _ ey - (4] mﬂv q q %G ' q a q *3731d .nu q g q ° ' . dno1p syowoM

deeys  8133W 578 »a7un $BI¥T  UTRIIETd s O3 -6yg ¢ Aomas T Apnag

(p,auod) 61 w1qed

&

PRI e VMK, Ao




58

g

. -sdnozb sTosnw 83BOTPUT 6 - T

_ . ' . ) csnyadut

- y3mozb motl pue abeasar ‘yYbTY - T pue ‘v ‘U
-doays .s930Udp ~S§ pue "3TIFBD SIIOUIP

-5 a12ys (q).dodys pue aT33ed 03 paxedwod
(e) sbtd Jo suasljed sn3yodut yimoxhb aatTzeisy




59

-classified as beinq of high growth impetus (growing

relatlvely faster than total muscle), those with b values

sagnaflcantly less than 1.0 (P<0.05, pP<0.01) as-low growth

impetus (gr0u1ng relatlvely slower than total muscle) and -

- . \/
those with b values not different from 1.0 as average growth

impedus (growing at the same relatlve rate as total muscle). .

v

In Study 1, seventeen muscles had a high growth impetus
and tuentyétwo‘ a low growth impetus,’ wvhile in Study 2,
.seventeen muscles were cla551f1ed as high impetus, tventy-
four as ~ low impetus and one nuscleé was not c1a551f1ed fhe
remalnlnq museles in each study vere c1a551f1ed as average
growth 1m;etus. Twenty—one, huscles dlffered 51gn1f1cantly
(P(O 05, P<O. 01) in cla551f1cat10n between Studles 1 and 2-

i

In- most cases, dlfferences in grovth coeff1c1ents reflected

the small but con51stant dlfferences in muscle percentage

betﬁeemj studies ‘1 and 2 noted earller. Hajor dlfferences

were suspected for only t&fee muscles. M. long1551mus cdor51

was ‘classified’ as high impetus in Study 1 'and average’

impetus in Study 2, M. triceps brachii (caput'lcngum)’and,n.

extensor carpi radiali<. were classified as, low impetus  in

Study .1 but average 1mpetus In Study 2 and M. suprasplnatus
- was classed as average 1mpetus in Study 1'but‘ high 1mpetus

in Study 2.

wv:reported"earlier (Table 11) there was evidence that

Lvg



23 kg 1iveueigmt. It was thought if +this were the case,
comparing regressions calculated over four liveweIghts (23
kg weight group included) with regressions calculated over
‘three 1iveveights (23 kg weight group‘excluded)_mightnassist
in id%mtifying those. muscles with mono or diphasic growth
Pattern§-; Grouth coefficients calcuIated over all
livewe@%hts:vfcr each of Studles 1 and 2 are compared ‘with

those calculated for Study 2 with the 23 kg liveweight group

excluded (column (1) of Table 19). ‘The results indicated

- that 33 muscles had dlpha51c grovth impetus patterns for.

each of Studies 1 and 2 and that 22 muscles may have been
. . ! \ N

either monophasic or diphasic in relative growth‘impetus.
Forty one muscles had a monophasic growth pattern for each

study. - Daviés (1974) compared growth coefficients of 62

muscles between Pietrain and Large whlte females which had

been_ slaughtered through a 2 kg to 60 kg range in

llvewelqht The results were reported in terms of monophasic

growth and did not inlcude diphasic Qrowth patterns.

-

However, comparing thede results with the results of Studies

1 Qamd 2 indicated relatively similar b values for most
muscles. Different growth patterns did seem to be ev1dent
for . five of: the larger muscles (muscles welghlng greater
tham'.1% of total amuscle). In . three 1nstances-'_(H.

semimembranosus, M. -Cutaneous trunci, M. obliquus externus

abdominis) results from Studies 1 and 2 1nd1cated an average

o~

or low growth 1mpetus while those of DaV1es (1974) 1nd1cated

o s ‘ T '
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' *
~a high growth impetus pattern. For M. supraspinatus and M.
latissimus dorsi these’ classifications were reversed between
Davies' study and Studies 1 and 2 here. Some of these

differences may have been influenced by the starting weight
. A

between the studies. Davies used a starting®weight of 2bkg

while in this study a s'tarting weight of 23 kg was used.

Growth patterns of individual muscles and muscle groups.

have been reported in cattle by Berg (1968) and Butterfield
and Berg (1966a, b) and in sheep by.Lohse et al., (1971).

Comparisons of the relative growth impetus patterns of

individual .muscles and muscle groups from these two species.

and from pigs are given in Table 19. Classifications of
/individual "muscles were -generally similar among the three
spécies although v;riations_did occur for some muscles.- In
the pigs from Studies 1 and é, three muscle dgroups were
classified as diphasic (éroximal pelvic ' limb, distai
Vthoracic 1iﬁb and thorax fo thoracic 1limb). In cattle, only
_?gpreé.muscle groﬁps were classified as not being definitely
diéhagic (spinral, thorax to thoracic 1limb and neck and
thorax). In Sﬁeep, the spinal, proximgl thoracie limﬁ; neck
to »thoraéic limb and (g;ckg
classified as diphgSic. %{‘wjée& puscle gr§ups classed as

monophasic, all were of average growth impetus in pigs, one

was of high and one of low i&petus in cattle and two vere

)

high and three 1lov impetus in sheep. These observed

and thorax muscle groups vwere-

iq;‘



differences could reflect some differences in function - but
are probably more a reflection of sexual developmént and .
maturity. Relative to mature liveweights, both the cattle
and sheep used in these studies were more physiolo@i;élly
mature ;hah were the pigs. In addition, the ;attle and sheep

were studied from birth while the pigs in these studies were

studied after weaning.

D) Discussion .

Increases in 1iv;weight between birth énd matu:ity‘-aré
“accompanie@\ by an early .phase of differential nmuscle
develépient followed by a ‘phase of more constant muscle
growth. In'.cgttle, maximum mhsclé differentiation takes
place prior to 2u07days Qf'aqé (Butterfield and Berg, 1966a,
b) and in pigs at 6r before 23 kg liveveight. As 1iveueight'
increases béyond these critical points to ﬁatﬁrit?, muscle
,"distribution femains relatively constant and 1is influenced
‘5nly ‘sligﬁtly by genetic or environmental factoéf {(Berg and
mukhoty, 1970; Butterfield, 1963; Rich&ﬁnd ang Bergq, ”1971b;
Lohse; 1973;.‘hfter maturation, sexuai differénces in muscle
distribution may becqme more pronounced (Eﬁttérfield and
Berg, 1972). The déta from this study did not include pigs
that had reached full maturity and' therefore muscle
distribution apﬁeared relatively cénstant with ~only minor
differences between sexes noted for’sgme_musgle groups.

The proximal pelvic limb, distal pelvic liab, abdominal

<«
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and expensive musclé‘group wpr (proximal and distal pelvic
limb) were affected directly by éither liveweight, breed or
sex & . wvell as interactions befuéen breed, liveweight and
feeding level. Howvwever, 1in each case thé " ‘differences
.observed were very small and may have been due more to
respanse to feeding levels or onset of maturity than breed

Or SeX.

Differences in q;owth of the abdominal muscles 1in
response to different 1levels of feed intake have been
préviously noted 1in <cattle (erray‘ét alf 1974y, in sheep
(Lohse et al, 1971) and in-pigs (Walker et al, 1968a, b). In
each case those animals consﬁﬁinq the g%eatér quantities of
feed also contained a greéter proportion of muscle in the
abdominal region. Seebeck (1973) observed that weight loss.
in’cattle affectedlthe muscle weight distribution b& causing
the relative p}opcrtion of abdominal m&scles to fall and
Lodge and Heap i1967) observed afn increase in weight of

abdominal muscles during pregtancy in SOWS.

In Study 2, pP? fed at the 3.2% level were most
restricted in intake and had a smaller perceniage of
abdominal muscle at each liveweight than those fed at. the
~higher levels. In‘addition, the more rTestricted pigs ﬁere
ipcréasing in percentage abdominal  muscle as liveweight
increased, whereas the les¢s restricted pigs- had apparently

reached their maximum relative growth for these muscles much

c



earlier as evidenced by the percentage decreaée in abdominal

muscle at the heavier liveweights.

Rreed by liveveight | interactions in percentage
abdomlnal muscle mlght also be explained by feed intake. YL
plqs had a sllghtly qreater percentage of abdomlnal muscle .
at all liveweights tﬁan did YLY piqs.‘ In a previous ‘dapa
analysis (Wilson, - 1971) it vas gbserved that the YL breed
qroup also had the higher realized ’level‘ of feeding
throughcut the study. Théy wouigiﬁherefore probhably ha?e

developed a larger capacity to‘hand1e_this.intake..

ﬁifferentiation in muscle grbutg and the manifestation
of chanqes in relative growth impetus of individual muscles
may be explained as a response to functional demands placed
on the muscles at various stages of development (Berg and
° putterfield, 1975; Davies., 1974) . muscles responsible for
mobility 1mmed1ate1y after birth, such as the cistal limb
puscles, are well developed at birth and have a low ‘growth
impeﬁus relative to theggroyth of-total muscle from then on
while those muscles reséonsible for propulsion, such as the,
- proximal limb muscles, "have a high growth impetus in the
immediate post " patal phase as the animal btecomes more
mobile. ‘Muscles responsible for posthre, such a;.those
muscles around the spinal colunn,'grov at a rate relative to
the growth rate of total muscle throughout 1;fe’and have . an

average growth 1upetus although again there may be an
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1mmodiato pogt natal gpurt- Diphasic growth patterns que
-

%onevh&g dlf*lCult to denonstrate using allometric equations

sinte sof?much depends on the starting p01nt and range of

aéaéurempnts. However, muscles do appear to éxhibif wvaves of
growth impetus in response to changes in fuhctiongl demands.
Examples of such growth patterns for pigs, cattle and sheep
are - presented in Table 19. In all three Species, the

relative growth ilpetus of the distal pelvic and thoracic
limb muscle groups are class=ified as being of either low or
average growth impetus i~dicating early or averade’

development, while the rroximal pelvic. limb %hscle group is
classed as a high or high-averaae inpetus‘;rqup’:.indicatinq
nore prclonged development. The spinal colum; mGScle group
is of average grouth 1npet_\ in'pios +but 'averaqe or high
average 1in cattle and | sheep. Again these differences mway

reflect differences in starting points;

Not all muscles vitﬁin a muscle g;oup ’have the same
relativei growth impetus pattern hoveyer._?of‘exanple, while
the spinal coluan muscle group h;s  an average qrdvtE
imﬁetus,' the major muscle in thig‘drdup (M. longissimus
dorsi) has a high average or higk qfqﬁth“impetus in pigs and
a high average impetus in cattle and sheep. Lohse’ et al.

(1971) have noted that generally, Vlthln a muscle group, the

"deeper muscles have a lower growth 1upetus than the 1arger

more superficial muscles.
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In a previou§ study (Richmond ,and Bergq, f071b) growth
patterns of - muscle groups in pigs vere tentatively
classifled relati;e to their percentage increase. or decrease
T as 1ivg§eiqht increased. 1In tha£ report the spinal and
abdominal muscle groups were thought to be high-average and'
low-average impetus, respectively. Over tke range of the
present~ data t hese muscle groups appear to’" be more
monophasic than diphasic with an average grovth'impefus. In
contrast t he distal lihofacic limb nuséle group was
Previously classifed as low impetus but was found here to be
diphasic vith a”low-aQeraqe growth pattern. Muscle group 7
(thorax ta thoracic 1limb) was previously classified as
averade growth impefus bﬁt because of the response to sex-
breed and sex- ration intéractions, it was suggested at the
time, that this :uscle group may ac*ually be diphasic.
ﬁesults‘ from these calculations confirm this §qspicion anad
suggest that this muscle group should e classified as

average high or low high impetus.

v

As a means of determining what, if any, differences
might exist in the relative grovth impetus patterns of
individual muscles and muscle groups amohg pigs, cattle ahd

-

sheep, comparisons were made with data collected and
analysed in a cQmparable manner (Table 19) (Fig. 2). From
these data, muscle growth in pigs ‘appeared to be nmore

vmonophasica'than that in cattle and sheep. Six muscle groups

Ve B -
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in cattle and four muscle groups in sheep were. classed as

dipha§ic'but,oply‘§hree muscle groups in pigs were diphasic-
This may have been due ﬁo major differential growth in pigs

40ccurfinq prior to 23 kg liveweight or that the «cattle and
: o

sheep. ugéd by Buﬁﬁerfield’and Berg (1966a, L) andzLohse et
al. 'L1971) were exgibiting greater differential growth as a
’&reshlt of sexual matqration. From the da}a available, sheep
appear to exhibit a more prolonged diffeféntialb development
of «the prbximal'vpélvic Vand épinal muscle grou?é thanvis
évideﬁi‘in pigs‘or ¢éttle. Cattle ‘and pids on the othe? hand

appear to have a mbre %rolongéd dévelopuentrof the thorax to

thoracic limb muscle group than do -‘sheep. The abdomipal

Lﬁuscies of cattle and sheep appear to be later developing

than those in pigs. But as was noted _previously, this is

‘prokably a fundtional response to larger '‘@bdominal camiﬁgfb

) - S : e e RS
. . ) 3 BN S AR . o g a A
contents. The remaining muscl 'ggpﬁps {proximal = ard ‘glg%al_
thoracic 1limb  -and +thé neck and thorax muscle group), Qerg

either of aéera§é, ldu, average—low" or lov-average dgrowth
”iapetus in. all - three sbeciés. Muscle group 8 (neck to
. thoracic. limb) showed more prclonged differential growth in

cattle Ehaﬁ_in'pigs or sheep. This méy,have been due to the
deg:eé of math}ity in the §att1e or differehtial maturation
response. -

~

Growth impetus:énd relative,huscle distribution may hte
specificvin response to sexha1~maturity.xna£ure pigs may dr
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may not exhibit similar differential growth in heck and
thorax muscles as has been observed in mature rans {Lohse,
197 3) and bulls (Butterfield and BRergqg, 1972) . Neither

AN ‘ .
Davies' studies (1974) nor the studies\ presented here,

included pigs which had reached full maturity.

The relative growth impetus of muscles and subsequent

muscle distribution 1is dependent on muscle function.

'Considerable. differences exist ' between species in the

relative proportion of various muscles and muscle groups..
Perg‘ and Butterfield (1975) compared muscle distribution in

cattle to that of the pigs from Study 1,”WSheep, _water

bnffaio, banteng, noose, deer, bison andbeléphant'seals.

Compared to cattle, the pigs, sheep, deer dnd elephant 'seal

"all had a greater - proportion of mus§1e around the spinal

)
i

‘column indicating that these muscles may sergs a mobility

function as‘véll as a supportiﬁﬁiction in these species. On

the other hand, pigs- had relatively less muscle 1in the

.proximal and diStaljthoracicyénd pelvic limbs indicating a

redﬁced'agility‘comparednto cattle.  but the Franteng,  moose

and deer had a considerably greater propo;tion'of muscle in

3

these muscle gfoups Ihdicating,a much gr<ater agility‘ and

functional usage of these muscles. It"is somewhat sobering

' ¥ A - ST , .
todrealizefthat species which have evolved in a system of

N ;,‘M
e

‘natural " selection may. have a -comparatively  greater -
L P R . - .

“fﬁporti%giof muscle in the more désirable regions of the
, L1k ‘
. T

e
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carcass than those 'species which have undergone intensive

artificial selection for these traits.

Major chénges in muscle distribution within a species

wvould - require a major change in muscle function. It is
unlikely that, vwithin any species, functional requitements
could be changed enough to result in major differences in

muscle distribution among animals. This does not exclude the
/

/

possibility of manipulating muscle distribht107/
# : ' : _ /
genetic means, however. Davies (1994) has indicated genetic

through

differences in very diverse breeds of pigs and Butterfield

. \ s I
and Berg (1972) have sugdgested that changes in musc]f1 r7‘_'_

distribution may ' be effected by androgenvlevels.,B;;
al. (1973) compared the ﬁeight% of seven muscles §Eéy/‘mice'
which had been. selected either foF ingre§ééa>gé/€;creasedv
body Aweight. Selection for high 'bodzfgyéiéht produced

increésesi in the ~yeight of all iﬁqscles sampléd, and
e

d decreases in the

selection for low body weight produ
)

weight of all muscles sampled. However, this may pot have

* been a'differential fesponse' of the 1samp1ed s muscles bhut

‘merely a reflection. pf' a genéral increase,ér décrease‘in

muscle‘mass.relative to body-siie. Gregory (1933) ;ndicatéd

that muscle §rovth may be regulated by general, ‘group and

specific genetic factors.

" Further invéstigations of  muscle growth and

distribution within species should be directed towards

.
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determining the various éenetic and biochemical confrols'
which regqulate . thé development‘ of this tissue. There may
alsb<be‘justificatidn in evaluating produc£ion systenms that
might :Utilize “those species which alrgady have é more

"desirable" muscle distribution in the carcass.

A
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'III. Growth of Chemical Components .in Muscle

A) Introduction

-

Chemical Changes_in PBody Compositian

A review of eerly reports concerned .with 'chemical

composition of the bedy by Garrett .(1968) indicqted’that

researchers observed early evidence, of similarities in
chemical compésition’vithin species. As fatteninq increéeed
percentaqe body uater decreased; Moulton (1923)“.suggested
thats on a fat;free basis the chemical. comp051t10n of the

body within a species was relatively constant but that Tuadérs

water content . of the fat- free body decreased with aqeﬂymﬂ.

the period. at whlch the che‘”"”

body became relatlvely constant " Moulton con51dered this

perloﬂ to be at 4. 0 to 4, 5% of total 11fe expectancy.

‘In& more recent reports. Houlton‘s description of
chemlca&h’aturlty has been crltlclzed as being too general. -.
Spray and Widowson (1950) compared the chemical composition

of different species of animals and»conci?ded that chemica]

maturity was not the same for all body constituents nor for‘

.dlfferent spec1es. Sheng and Hugglns (1971) " noted  that in

El

the beagle dog, verious .chemicali conppnente of the bod{
reachad a pléteau at very‘different eges?-an 1 1iveweights.
The mestyvdfenatic changes in.body fatvand vater occurred
imnediatelyeafter niftn unike Na and‘iCl “were 'considened

/7 h

(\1‘ : | | | él




."mature“ at birth and Ca.at aﬁpro;imately two months of age..
gﬁﬁailey et  ale (1960) éonéidered that attainment of mature
fat4ffée size coincided with chemical maturity while Gérdon
et al. (1966) suggested that the inflpe'cé of nutritiohal,

genetic and environmental factors could play a role in

determinihg chemical maturity.

Clawsén et al (71955) iﬁdicated ufhat, in pigs bof
appfoximately 225 pounds (102 kg) and 3u.§o 36%  total -~ body
fat, percentade vater, on a fat-free basis; stabilizeé at
approximately 75.3 perceﬁi while ' Lawrie (196ﬁai indicatéd
that in ca%ile percentage’ Qa{égrpermes assymptotic at 24.
anths»of age at 76.6 peréent. Osinska and Ziotecka (1972)
found thét percent protein in the carcass 'of bulls remained.
relativelyAconstant (18.9 to 19.9%) bet ween U3"énd 426 »kg
liveweight while Filer and Churella (3963) ﬁnd Dickerson and

¥iddowson (1960) indicated that percent perein.remained

re,lativelyrcons&ant_ in the pig after six weeks of age.

Some of the discrepency in establishing'tké' period at
vhich chemical'cbmposition=becones relatively stable may be

in the difference of equéting composition to age or weight.

g the chemical

Mitchell  and Hamilton (1929) | compas
-combosition ;f pigs of variéus ﬁeights and ages and proposed
" _that body composition was related t6 'body? veigpt  and noft
~age. Reid ét al. (1968} foﬁnd fhatrage and empty-body weight

vere correlated but that eﬁpty—body veight accounted for a

s

¥
o
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qredtor proportion of the variability in body constituents

than did . age. Tulloh (1963) examined data from a numberrof

studies and concluded that body composition was more closely

related to emptyngd;_ weight than age or  nutritional
history. pitts a%d Rullard (1968) studied adults of a wide
varivtyiiof mammalian species and found body composftion to

o w

: o I I
be .directly related to body size.

2. Growth Patterns of\Chemica1q¢3ﬁp6ﬁgnts'in>the Body

Gross chemical composition of the body in adult animals

of different species is relatively constanf‘(A,S.A-P., 19633

‘Maynard and  Looslie, 1962) .- However, gross chemic#l

composition is dependent on the fat content of the animal

and the weight‘ at which it is studied. Reid et al (1968)

have shown wide variations in gross chemical composition of

the body bothiwithin and between species when aniwmals were
studied from birth to méturity.

L

. As an animal  matures and liveweight increases the

percentage of vater and nitrogen in the body decreases and

-pércentage'fat;;ncreases (Btooks et al., 1964; Callow, 1947,

o

1948; Clawson, 1955; Elson et al., 1963; Garrett, .1968;
, TRE - _

Gnaedinger et al., 1963; HcMeekan, 1940c; Mitchell and

‘~Haﬁilton; 1929; Palson and Verges;' 1952a, b3 Sprayv and

~

Widdovsdn, 1950 ﬁ%rdrop, 1963; Wood aﬁd Groves, 1963). Data
from' some of these repprts are summarized in ,Tables 20 and

21 while Figure 3 depicts these changes in thenpig. Robb et
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% CHEMICAL COMPOSITION

B
40
Y Fat
36 j\
B i
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32 |-
28 |-
| . - ) Dry Matter
228+
Protein
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Ash
4%y
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, \
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0 50 100 150. 00 250 300

LIVEWEIGHT {lbs)
Figure 3. Chemicah composition of pigs at different
-liveweights (plotted from data cited by
Mitchell and Hamilton, 1929). i
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al. (1972) found that over 90% of the variaticn in the
concentration of body fat in horses was assocliated with *hv
variation in water concentration. In pigs, sheep and cattle,v
beid ot  al. (1968) indicated that Q4.8 fo 97.4% of the
variation 1in ftat concentration vas due to the variation in
éoncentcation of water and that the rate of‘chanuo in f&t
concentration per unit change 1in water percentage vas
greater in sheep (-1.3068) than in pigs (-1.1095) or cattle

(-1.1182)..

Cn a fat-free b;sis as the concqptratibn of water in
the body decreases nitroqén. and ;sh increase. Several
reports have shown the inverse relationship Fetween water
and nitrogen (élaus;n et al.; 1Q55; Gnaedinger et al., 19633
Léﬁrie« et ai;, 1§63; Lawrie and“Gatherum, 196 4; Walker et
al:,51968b);'Reid et al. (1968) have;shogn that on fat-free
basis the body of the pig contains more water and less
protein and.qsh'than that of sheep or cattle but on a fat-

free dry basis the pig contains the most protein and least

ash followed by sheep and catfle.»

3. Growth Patterns of Chemical Components_in Muscle
\ ‘ ‘
\ Deposition of - the major .chelical components Qf
indijidual muscles foiloﬁ the same general pattern as that
found inrthe vhb;e bhody. i§ 1iveie§qht;increases pegpentage

moisture, ~ nitrogen and ash decrease and percent?ge fat
* Al . N

increases. A number of studies reporting on Xhe 'ckemical

L
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~omposition ot various muscles in plgs and other species are

smmarized in Tables 22 and 23.

¥hile a general pattern Qf chemical g;outh in muscles
exists, there is little uniformity in chemical composition
either within or between musclés. Lawrie (19€1a) noted fhat
in cattle percent fat and nitrogen were lover in the >lumfar
region of the longissimus dorsi muscles than in the thoracic
region ,but that as young bulls became more mature the lumbar
region contained the greatest percentage fat. In pigs
percent water, fat and nitrogen vere reported to be lower in
the lum?at- region than fge thoracic region of the’
lbngissimus dorsi uuséle»(Lavrie et al., 1963). But, as %n

' |

the case of beef cattle, increases in livewvweight caused R
v £ ’ 2ol

shift in fat deposition to the lumbar region. Pigs at 150

pounds liveweight had a smaller percentage of  fat in the
lumbar region than the thoracic region of the longissimus
dorsi muscle but at 200 pounds 1i§evéiqht‘the lumbar region

contained the greater percentage of fat.

Species differénces also exist in the chemical
composition ‘of different muscles. Terrell et. al. {19€9)
indicated that, in cattle, percent fat in the psoas major

muscle exceeded that in the Klongissinus dorsi muscle but
Allen et al. wrie. et al. (1963) indicated that,

(1967ytan§?h§
TR

T . . A
" the “*¥ongissimus dJorsi muscle-

~
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Q.Afgctons Affectirng Growth Patterns of Chémical Components

4.1 Breed Effects

A ﬁifferences in‘chemicai-éompoéitionvof £he  empty - bhodv.
relative to breed have beeﬁ noted in'éheﬂp‘t§ Reid et al.
(1068), ¥cClelland and Fu§Sel, (1072), Searle and H;Graham,.
(1°72) but -not by Arnold et al. (1969) . In cattle Glllett et

al. (1967) found that muscles fpom Hereford steers cqntalned
. i ' )

)

more fat and Tess moisture £han those from Angus steers.. In
pigs Lawrie and Gatherum k196u) noted difﬁerenées ig'percent
cﬁeﬁ;cal fat in the body of,Lafge" White (1.35%), Léndfgce;
(1.76%) and weiShi (2.41%) . .Gillett et al. (1965) reported

that Yorkshlre pigs had a greater percent of proteln in the
muscle grourp ‘studied than did ﬁﬁmpshlre pigs and 'cBee et

al. (1969) reported that crossbreds (Duroc x Yorkshire x
5 ~ o v .
Tamworth) had a smaller percent fat in the longissimus dorsi
muscle than - diﬁf- purebreds (Duréc) (5.9 vs. 11.9%

. r

- ‘
respectively).. ‘ n

The influence of body type on chemical composition is
™~ o : ‘

not ‘clear. Searle and McGraham (1972),suggested°that vithin

-

breeds of sheep small animals may contain more intramuscular

fat thinxlatger animals. However;ﬁ Mitchell. and Hamilton

a

(1929) noted”vlittle difference in chemical composition of
Poland China pigs of very dlverse types. Reid. et ‘al. (i°68ff

supported thelr observatlons after recalculatlnc theifb data

on .a constant empty body Helght basis.

‘

£
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W:2 Sex_PEffects - - o

s

Several reperte ﬁave noted differences';betveer ’pafes
and ﬁemales in the’ Chemical composition "of carcas%E€sy
muscles or carcass jOlﬂtS.‘qalleY'et al. (1065) noted that
at ‘455> kg liveweight bulls ‘had 7- 6% fat in the. 10qg1551mus

dor51 muscle compared to 17.3% for steers. Terrell. et al.

(1°6¢3 noted that at 386 and u20 kg 11vewe1ght heifers had 3
\ .

slightly greater percant fat than steers at uSS kg butAwere

similar in percent protein, water and ash. quess et al.
¢ 1" -
(1969) observed 51m11ag omp051tlona1 differences between

heifers at 386 kg ~liveweight. and steers at 455 kg

liveweight. In sheep “andrews and Orskov (1070) found that

o -

males:contained more nitrogen and less fat than did females.

N
: e , S e
In pigs Lavwrie: and + Gatheruw . {1961) noted sex

.differences relatixe to. breed. Large White and Weish hogs

had a greater percentage of water than did gilts of these"
twvo breeds. ‘Welsh hoqs also exceeded gllts in- percent fat-

Large white gllts had a greater percentage»of nltrogen"than

"

‘Large vhite hogs buy in tﬁe Landrace breed, hogs had a

greater percentage nitrogen thanlgilts. Kolaczyk and Kotik

{1966) jndicated  that ‘gilts Lad a greater~vpercentaqe

moiéture, smaller percentage fat® and- similar percentage

'nltrogen _compared td barrows when each vere killed at 96 kg

Jiveweight. McBee et al.  (1969) reported that gilts and

&

- parrows had a similar percentage of fat in the longissihkus

>



. ge

"dorsi muscle at 125 pounds liveweight but at 200 voands’

liveweight barrows exceeded gilts in percent fat in this&
muscle (8.8 vs. 7.0%). Wagner et al. (7963) indicated  that
gilts had slightly more nitrogen- than barrows at 150 pounds

livexeight but were similaT to barrows ~at-_200 pounds
i .' N . . ) . - ' - N ) . N :
liveweight. Lawrie et al. (1964) noted thgt‘goars containe&

a greater percentage nitrogen and smaller percentage fat in
Py . L :

‘the 1lodgissimus dorsi and extensor carbi radialis muscle.

B . - ‘ et .
than did tarrows. Doornenbal (1967) indicated +that bagrows

-
Y

‘had a greater percent fat in the side than gilts but were

. similar to gilts in the han, trimhedfloin and shoulder..

<

" a decrease in percent fat._

Contrary to aTl these reports, Reid. et al. (1968)

reported -that there was littleveVidence of sex differences

in chemical composition from data they received. The eonly
observation they noted was that from birth -to 70 - kg
liveweight gilts  had  more' body fat than tarrows, were’

éimilar to barrows iﬁ body fat.at 70 Xg liveweight'and iessv
than Ba;ro%s'in body fat at liveweights above'70“'kg. There

is evidence, however, of sex horﬁqge influences on chemical
composition. Bailey et al. (1966) demonstrated that bulls .
implanted viiﬁv 60 mg of stilbesterol increased in percent

faf but that steers implanted with 24 mg of.stilbesferol'had

»
' -

A\

-

$ a;BJBdtritional‘Effects. . R o -

Numerous studies omn a variety of species have been

; -
Y.

~
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 (1972) and Reid et al. (1968) found ho differences in

N

undertaken to evaluate the effect diet and feed intake might

have on chemical composition of the body and many of these

hrave come.to different conclusions. The level of protein and/’* g;/;\

. . ° X . ' /\J(r_'-\ /U

enerqgy inr the diet have been credltef with various eFf“{ts.g"Q B
: o u?(\ S

NMorton et al. (1970) fead lambs dlets contalnlng either 12. O’

[

28.5 01 45.5% protein. Whem compared at the same body velqht'

|

the fat content of kody gain decreased and water and protein

incredsed as dietary protei; increased. Weight of fat in ‘the -
empty body was similar botueen 1ambs at 8-¢ kg emptv body
twelght and lambs at 1% kq empty body weight when fed low and‘

medium‘prote1n~levels respectlvely. ‘Lambs fed the 12.0%

'protein diet at 7 kg ehpty body weight were similar in fat

~we1ght to those fed the 45.5% protein diet at 13 kg empty

Bl

body welght, Martin et al. (1963) noted that calves fed high
energy ratioms contained a greater percent of fat and
nltrogem and a smaller percent water than those fed normal-

energy 1evels. Andrews and Orskov (1970) Found that sheép

v )

fed hlqh levels of: dletary proteln had an 1ncreased nltroqen

dep051t10n and decreasea fat, concentratlon compared to thosa

fed low levels of proteln. _However, Searle and McGraham

chemical composition in éheepv due to different dietary .
. AN
. protein levels. . T . o ey
N - ' . ,/L N +

hagnerﬂ et al. (1963)“ébmpared yarious‘prpfein?energy

rations in pigs and found a decrease - 1n Ing;hhuscular fat
N - o



-:3

and increase in tissue nitrogen with increasing protelnp
- . ' ’ e N

intake. Fig<s on low enerqgy diets differed less* ipr » fat
. - - - o - -

content with increasing protein levels than diA those rias

receiving high enerqgy diets. Holme ot al. {1964y apd ~c3ac

et al. (1969) each'reported decreases in fat and increeses
« -

o
’

in nitrocen as dietary protein 1increased. ' However, YCcReea

also -noted that on a fat-free basis percent protein, water

v

.and ash were similas among dietaryvy protein levels. 'Jenkinson

-

a-

.

et al. (1967) indioated that increased enerqy intake

resulted in. a decrease in percent water ahd an_increase in

i v - -
percent- tat ‘with percent protein and// ash remaining

-

relatively constant. Filer and Churella (1°63) found that
¥y . .

pigs fed a 50% prqtein‘ration werte similar in body weight

End. protein at two weeks.of age as- those fed a 14% protein

rationoa{ four veeks of age. At' eight weeks of age body

-~ -

wveights and comp051t10n wére 51m11@r betueen the two protoln-

levels. PReid et al. (1968) failead . to detect any 510n1F1cant

>

differences in btody composition due to 1levels. of dietary

prbtein in plgs. Cbservations by Cohn (196 3) 1ndlcate that

specie, dlfferences may exist in response to protein intake.

Percentace -fat increased in rats as protein levels

i
increased.

» . ‘5 .«
Level of'feeding and - restriction of “feed appear to
e : R T .

influence body composition differently=in.different sbécies.“

Lee et al. (1971)Aconpared the cyéhical composition of the
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.

lengi¢sisrus  Aorsi muscin fmona pigs which were rj$hw;
faﬁtvd, fasted anA refed or ted a‘notmal diet throuqhou{.
Fasted pigs hatl the most_moisture and 1éast fat while ‘astcﬁ
refed piasb cererally contained more fat ‘than control s,
Mc*eekan (1CVOb) f@poréed that at sixteen weeks of age pigs
on a biqﬁ plaﬁ@ of nutrition had the oreater percent fat 2and
a smaller percent water in the psoaS‘maﬁor and longissimus

Q

&orﬁi muscles. At jOO pbunds liveweight pias on a low-low
5¥§ﬁg:§?‘nhtrition had the ieast fat and most water in these
nuscles while those on the low-high plané had the most fat
and least water. Valéer ét al. (19685; b) reported that rigs
fed at higk levels produced greater c?ncen§rations of fat
‘but on a fat-free pasis no éifferences in percent ﬁitrogen
or wate;{\ﬁere noted améng feeding levels. widdowscn et al.
-(1960).found’that undernoqrishéd pigs had more total water
and leés total nitrogen than well nourished piq§ but when
rehabilitated totalvVatef and nitrogen vere\Similar to the
well nourished pigs; Reid et al. (1968) found tPat sheep fed
once a day gained less than those fed eight fimes pexr day
but that at the same bkody ueigﬁt cheﬁical coméoSition wﬁs
not - different. only when sheép uqderﬁent periqu of
Submaiﬁﬁenance energy intake was a differencé noted in

chemical composition. TFasted-refed sheep had less fat and

slightly more protein and water than those on uninterrupted

feeding. Cohn et al. (1963)>compared rats which had been

force fed twice per day with those fed ad'libitum- Body gain

I

«,



was sieiler but force fel! rats contained a qreater pe-r ot

ot tat ard lese ot water and protein than d1d those ted o
lititum. Th: reports of Reid ot al. (1968) in chkocr and “ohp

})
(1“6 3) in rats may t@prggont species differontes in res;onas

to the rate at which food is ingested.

In tre studies reported here five muscles repr—-senting
different ~ relative growth patterns were selected to
é@termipe first what influencé breed, 'sex,-raticn or f=2eding
levels might have on the <chemical compositicn of muscles
taken from pigs of -various ‘liii}piqhts and se;ond what
differences in chemical ‘composition might exisi amona
muscles ¢cf diverse functions.

RS

R) Materials and Methods

Y

The design and allotment of animals for each of the
studies has been presented previously (pages € and 7). Five

muscles (. extensor carpi radialis (ECR), ™. longissimus

.

dorsi (D), . obliguus internus abdominis (0In), M.
rhombéideus (RH) and M. semitendinosus (STY))" 2 setncted
for chemical analysis from 100 of the 10 ted 1in

Study 1 and all 72 pigs dissected in
.mdscles selected were chosen because they had bheen sHdwn to-
represent jifferent patterns of growth in cattle

{Butterfield ana Berg, 1966a) . The rélative growth patterns
ofA the five muscles used for'dﬁbnical analysis in these

)

v
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N

el wers determained cand were not tound to be aprreiably
~ v

ditterent trom those in cattle (Table 19) .

The five muscles were weelighed 1t time of digeection and

trovzen. "he frozen muscle was theen s lioed into cettions,
A

around in n clectric MNrindler and re-tro~en. The frozen,

Aaround muscls was then we laghed and t he molsture content

detesrmipe 4 after Arying (ACAC 17365) . The Araied campfw wAas
homoagenlized by hand, a sample-bf the homoginate was used for
cther-extract determination and the fat-free material from
this _ sample was then usel for nitrodon and ash
jeterminations. (AROAC 1965). All chemical determinations were
done in duplicate and the analysis repeated 1if differences
between duplicates exceeded five percent; Multiway analysis
of variance and mean comparisons vere carried out accordinq

to methods outlined by Steel and Torr¥e (1960) .

C) Result

The- chemical cdmponents of each of the five muscles as
affected ty liveweight, breed, sex, ration and feeding level
in each of the studies are presented in Tables 28 to 27. The

relative proportions of chemical components are expressed as

percentages on a dry matter basis in Tables’fu and 25 and

Ve g
the relative rate of change of one chemical component to

another are expressed as weight ratios in Tables 26 and 27.

Two-uéy interactions among main effects found to be

significant at the 5% 1e§e1"are presented in Tables 28 to

T
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L. Tata fprom o thy b v liveweight o grour o are presente gy
tetorence poant tn Tables 4 to 27 buat are not tancliude? 11
the ratraortical analya s, wWeraghts 58 the chemical comboner b
t Ot T muscle are oreesente t ogn analyars ot o varitance torm
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n general, muscles campled from pilags an Cruilv 1 had
<lightly less water ¥Y, nitrogen (¥) anl acskh and liahtly
rore i1ntramuscular tas (%) on 1 percentage hasis than

muscles from pias in Study 2. However, pilas in Studv 1 were
firilar 1n percentage diFSPCtihiP muscle, fat and hopre to
pigs  1n Study 2. Whether or not differences observed 1in
chemical composition were a result of the main effects or
sampling procedure can not be determined from these data.

1. Influence_of Liveweiqght

Figures 4 and S depict the <change in chemical
composition »f the comﬁosite of the five nusgles on a weight
and percentage basis for Studies 1 and 2. As liveweight
incgzased from 23 to 114 kg ash increased the least rapidly
followed by nitrogen, fat and wvater (Figﬁre uy . Fat
deposition paralleied that of nitrogen to Q91 kg liveweight
and then exceeded nitrogen 1in rate of deposition. ©On a
pércentage basis nitroéen and ash remained relatively
constant, percéntage water decreased and 4fat increased as

liveweight increasedLTFigure 5) .

.
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~study as liveweight increased.

. ?

i !
l

,"Individual muscles varied in chemical composition. 'As

T o

S

is shown in Tables 24 and 25 in each study ‘there was a

51anf1cant'decrease (P<O 05 and 0.01) in percent water with

a corresponding significant increase -in percent dry matter

RN

for the FCK, LD, RH.and ST muscles as ‘liveweight increased

* from -68 sto 1o ké.-?ercent/nitrbgeﬁ decreased slightly in

all five muscles in Study 1 as liveweight increased but none

of the cbanges'vere Siqﬁificanta Tn Study 2 percent nitrogen

Y -~ o’

decreased 51gn1flcantlv {P<O. 05 waﬁd 0.1 from -14, ugg to

<

14.10% ﬁn the FCR,- 14.12 tO 13 71% in the ;ﬁ and 13. 20 to

-

12.57% in the ST muscle. Percentage fat increased from 11.60v

to- 17.99% in the EC% muscle, -19.53 to 26.88% in the LD

muscle and 119.03 to 23.99% in the ST muscles from pigs in

Study { and from 9.91 to 15.61% in the OIA muscles and 14.77
é :

to 17.47% in the ST museles from pigs in Study 2., No

significant changes for percent ash were observed in either

-~ "
S o .
l P

The relatlve weight chapges of the chemical components

of. each muscle are expressed as ratlos 1n Tables 26 and 27.

As llveweiéht increased in each study[ there were® con51stepL-
ih&r;ases in the nltrogen/water (N/W) and fat/water (F/W)
raties and .con51stent decreases 1in the nltrogen/fat (N/F)
ratios for each of ’ihe \gusc1es ,#sampled. Significant
inereasesv(P<0.01) occurred:in N/W ratios for the OIA and ST

I

muscles 1in Stud&” 1. and the ECR, LD, RH and ST muscles in

> @l
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Study/2. In eack of these muscles nitrogen was increasing at’
a more rapid rate than water. In some‘muscles the ‘rate of

fat deposition exceeded .that of  Qater” or: nitrogen; as
liveveight increased. Significantk inereaSes (p<oO. O% and

¥

0.01) in VF/W ratios were ebServed in the ECR, LD, and Qij
»muscles‘in Study 1 and ;he LD muscles in Study 2: N/F‘ratios
decreased significantly (P<0.01)vin_£he ECR and ST muscles
in Stﬁdy 1 and the OIr, RH and ST éuscles in Study 2. Ratios.
Awhieh included ash - d{d ’not change si§nificantlz as

liveweight increased.

2. Influence of Rreed

In Study‘1 mus;leS. from HY fiqs abpeared' éo have -
slightly: les;' moisture ahé nifrogen and slightly more fat
both on a percentaqe and weight-raﬁiq 'basis.“ In only one
instance vere. dlfferences 51gn1f1cant however. Percent fat
in'fhe LD muscle of\ RY" pigs was 51gn1f1cantly greéter
(P<0.05) thén that in“YY‘pigs. DY pigs were 1ntermediate~in
-(% efa? ~in the LD umusele‘-to 'HY and YY pigs ‘and not
significantly different from either, (Table 24). &

°

In Study _2; ﬁreed qroups appeafed to have a greatef
effect on chemical comp051t10n of muscles‘ (Tables' 25 and
27) . YL  'pigs had a, 51gn1f1cantly lower (P<O. 01) percentage

.of m01sture and nltrogen and a 51gn1f1cant1y hlgher (P<0.01)

=percentace of dry matter and ether extract in the ST muscle .

"than. YLY pigs., The YL breed group also‘ had a 1lower
- < . L I » .
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percentage of nitrogen and a higher percentage of fat in the

ECR, LD and OIA muscles than did the YLY breei\gcogp'(p<o;os

and 0.01). Percentage ash in .the ®CR was \significantly

A

higher (p<o 05) in' the YL pigs compared to the YIY pigs.

©

rT‘bls wvas the only 1nstance where percentage ash &1ffered due

_to treatment. The weight- raklos in Tabhle 27 célnc1ﬁe g;th

the percentage. differences ‘in  Table 25. YL, pigs,"had-

significantly lower ({P<0.05 and 0.01) "N/F ratios in the ECE,

LD, OIA and ST muscles“and significaht1§ higher (P<0.01) F/w
ratios in the ECR, LD, OTA and ST muscles than YLY pigs. Fat
Iy y ) . N E

‘ . « .
‘was being deposited at a more rapid rate than nitrogen 1in

e

these | muscles “in the YL breed group as compared to the YLY .

‘“\\breed group. Slgnlflcant differenceg (P(O 05 and 0 01) were

.

A ,
oted between the two breed }groups.uln\N/A, F/A and W/

v

ratlos in the ECR, OTIA and ST muscles but these were more a

r'esult’i ¢f the changes already noted_ in nltrogen, fat and
. . -

water than to changes in weight of aéh.

3. Influence of Sex

~In Study 1, barrows had a lower percentage of water and

knltrogen and a hlgher percentage of dry matter in the LD and

RH mUSCIes and a hlgher percentage of fat in the ECR, LD, RH

and ST muscles ‘than did gilts (P<0.05 and 0.01) jTable 24) .

As shown by the N/F and F/W,ratios in Table 26 fat was being

deposited at a more rapid rate than either nitrogen or water

in the muscles of bartows compared to those of gilts (P<0.05

N

s

e
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and 0.01) ..

1

N Study 2, barrows had a lower percentage of water and

a hiqhetg percentage. of .dry matter in the LY, CIA and RH

— _ ,
muscles,, a lower percentage of nitrogen in the LD and RH

muscles,” &. higher percentdgé of fat in the 1D, OIA and ST

"muscles and a.similar petrcentage Of ash in all  muscles

compared to gilts. (P<0.05 and 0.01) (Table 26). As 'in Study
1, the N/F ratios for the LD, CIRA and RH muscles and the F/¥W
ratios for the LD, OIA and ST muscles indicate that barrows

were depositing fat more rapidly than nitrogen ot water

compared to gilts. Some of the ratios which included ash

vere -'significantly different'bétveen sexes but as with the .
influence of breed these were more a result of <changes in
nitrogen, fat and water than changes in ash.

4. Influence of Ration and Feeding Level

Rafion and. feeding level aia nbt appear to have any
. , , , ,
appreciable effect on the: chemical composition o#f the

muséleé sampled. In Study 1, the oniy significant difference

(P(0,0é[ was for percent nitrogen in the LD muscle. Pigs fed
the HE ration had a sligh£T§ lower percentage of nitrogen 1in

) ‘ . . : - . N
this muscle than those fed the LE ration (Table 24) . Yo

o

significant differences occurred in weight ratios.

o \

}
S - .
In Study 2, pigs fed at the 3.2% level had a

significantly 1lower (P<0.05) percentage ‘of fat in the LD . -
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muscle as compared to those fed at oifher the 3.7 or &4.27%
levels. This difference vas refledted in a significantly
(P<0.01) hiqﬂer M/F rafio»and smalLer‘F/w rétio in  the LD
muscle (Table 27). '

S. Interactions Among Liveweight, Breed, Sex, ratior

[R5) .

ard Feeding Level

‘'Significant interactions (P<0.05 and P<0.01) between
liveweight and breed qr®up affected the percent nitrogen and
N/F ratio in the RF muscle from pigs in study 1 and percent

ash in the ECPF and LD muscles from pigs in Study 2 (Table

28a, b, c, A).

In Study 1, HY pigs had the higher percentage nitrogen

7

N/F rétios;in the RH muscle at 68 and 114 kg liveweiaght

and

and the lower percentage nitrogen and N/F ratios at 91 kg
T . o

liveweight. YY pigs had the higher percent nitrogen;aha N/F
ratios at 91 fg 1iveweight. Although HY pigs had a hig;er
percentage of nit;ogeg at 114 kg liveweight, DY pigs ha§ the
higher ¥N/F ratio indicatgng that, at”fhis liveweight, the

rate of nitrogen deposition was greater than that of fat for

this breed group compared to the other two breed groups. ‘

In Study 2, weight interactions affected® the percentage

a -

ash in the ECR and LD muscles. For each muscle YL pigs had a
slightly‘ipver percentage of ash at 68 kg 1liveweight and

higher percentage at 91 and 114 kg liveweight than YLY pigs.
. \ '



a)

b)-

.c)

d’

Table 28.

Weight by breced interaction on
% nitrogen in the RH muscle (Study 1)

weight (kg) 68 91 114

" Breed DY 9.20 9.70 9.30
HY 9.82 8.87 9.44
YYy - 9.64 10.32 8.97

- &’

weight by breed interxaction on N/F-
ratio in the RH muscle (Study 1)

Weight. (kg) 68 91 114
' Breed DY 0.26 0.30 0.29
'HY 0.31 0.23 0.26

YY 0.30 0.35 : 0.24

Weight by breed interaction on % ash in the ECR
‘muscle (Scvudy -2)

. — N =
Weight (kg) 68 91 114
Breed YL 4.47 4.61 4.87 °
YLY 4.50 4.59 4.29

Welght by breed interaction on % ash in the LD
muscle (Study 2)

Weight (xg) 68 91 114

Breed YL : 4.26 4.62 4.45
YLY 5.11 4.46 4.19

103
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Table 29.

Weight by sex interaction on % fat
in the LD muscle (Study 1)

Weight (xg) 68 91 114
Sex Barrow $21.19 22.48 32.56
Gilt l7.86? 17.61 21.11,

Weight by sex interaction on % nitrogen
iaa the LD muscle (Study 2)

weight (kg) 63 a1 114
Sex Barrow 14..06 14.02 13.34
Gilt ~14.18 13.93 14.08

Weight by gex interaction on F/W ratio
in the LD muscle (Study 2)

1

weight (kg) 68 91 114
Sex Barrow j 0.350 0.358 ° 0.489
cilt (

0.283 0.324 ‘ 0.3C9

Weight by six interaction on % nitrogén

in the OIA muscle (Study 2) >
Weight (kxg) " 68 91 114
Sex Barrow 13.70 14.18 £13.25
Gilt 14.16 13.92 13.87
Wejght by sex interaction on N/F ratio ‘

in the ST muscle (Study 2)

Weight (kg) 68 91 114
Sex Barrow 0.86 = 1.08 0.65

Gilt ~1.14 0.91  0.93

<
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Gvnerally, percentiaae ash in  cach  muscole Appeated to
increase in the YL breed group and dectease in the YIY Preed
qroup as liveweraht increasied trom €9 to 110 ka.
We ight x seox interactions were noted in  Study 1 fort
o
percentace fat .in the rn muscle and in ctudy ¢ for
percentage nitroqgen and F/W ratic in the LD, percentaqe

nitrogen in the OIR and N/F ratio ir the ST muscle (Table

?29a, b, ¢, 4, e).

In Fthdy 1, percentage fat in the LD muscle was higher
in barrows than in gilts at each liveweight. RAs liveweight
increased, petcentagé fat increased in barrows but in gilts
no noticeable increase, occurred until 91 kg liveweight. In
Study 2, percentage nitrogen in the LD muscle ‘of barrows
décreased sliqhtly while that in gilts remained relgtively
constant as liveweight increased. At 114 kg 1liveweight,

‘

gilts had a slightly higher pefceht nitrogén in this muscle

group than did barrows.

The F/¥ ratio in the LD muscle of barrows increased as
1iveweigh$ increased and was greater than that of gilts‘at

~each liveweight. Gilts increased in F/VW ratio between €8 and

91 kg liveweight and then - decreased 'slightly at 114 kg

iliveweight. -

—

Gilts exceeded barrows in percentage nitrogen in the

OIA muscle at 68 and 114 kg liveweight but at 91 kg -these
\ .

? : v
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posittion: Twerte reverseds This came pattern was lvtlrr!c:\xn
the N/F 1tatio ot the <" mpuscle . At 6H and 118 kaq litveweraht
ailts appeated to hHe deponiting more nitroaen and leso £t
than ha[t()'vf‘. Pt at 91 Fg liveweiqght, barrowe deposited mors

nitrogen relative to fat than did Juilts,

Weight x-ration and weiqht x  teed level interaction
ftects are  shown in Table 30 (a to j) (P<0.05). At +#8 ko
liveweight yetcéntaqo fat in the BrR  muscle from plas in
Study 1 was highest for those ted the HE ration bMut at 91
and 114 kaq liveweiqht; percentage fat was hiqhosﬁ>fét t hose

fed the LE ration (Table 30a).

In Study 2, a somewhat similar pattern was observed in
percént fat, moiSture, N/F ratiao, F/¥ ratio and N/W ratio
for the ECR muscle (Table 30, b, d, e, £, q) ((p’<o.o<)- At €8
kg liveweightj pigs fed at the 3.2% level ‘had a lower

Lz * ’ ° .
percentage of fat and ¥ater, a higher N/F raiio, a lower F/VW
ratio and a higher N/W ratio in the ECR mascle than .féose
fed at the 3.7 or 4.2% levels of feed_ At 91 kg liveweight,
piés fed at the u4.2% level had- the loyér percentage fat,
higher percentage yatef and N/F ratio énd loyer F/W ratio

, . .
than those fed at the 3.2 or 3.7% levels. N/¥ ratio was

similar far. allA.fegh le;elg at this 1iveweight.-ht 118 ¥
liveweight, positions vére agai reversed bétveen pigs® fed
at theh3.2% lévé}xgéa 4.2% level: the ECR 5us;1e of pigs fed
at thé 3.2% evél bonti;xed greater ‘COncentréfiohs- of

¢



Table 30.
a) Welght by ration ihturactxon on % tat \
in the ECR mus<cle (study 1)
Welght (k%) 68 91 114
Energy HU 12.89 10.98 15.53
LE 10.32 12.42 20.45
b.) Weight by feoed level interaction on % tat
in the ECR muscle H(study 2)
weight (kg) 68 91 114
Feed Level
3.2% 7.28 9.79 7.56
3.7% 8.23 10.56 9.79
4.2% Q.76 7.16 9.63
c) Weight by feed level interaction on % tat
in the OIA nuscle (Study 2)
Weight (kg) 68 91 114
Feed Leval
., 3.2% 8.85 9.4s 10.39
. . 3.7% 9.39 8.97 12.31
4.2% * 11.48 8.81 12.14
»d) Weight by ration interaction on % water
in the ECR muscle (Study 2)
— "
Weight (kg) 68 91 114
\ Peed Level ’ .
3.2% 77.95 77.23 - 77.04
3.7% 7 y  78.95 77.10 - 76.21
4.2% i 718.12 78.08 76.35
~ N
>

e

[
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Table 30. (Cont'd) -

Q.
e) Weignt by feed level interaction on N/F ratio .
a in tme“E“R muscle (utqu “) , : . ; 2
weight (kg) . 68 . 91 114
_ -

- Feed Levcl‘ , . v _
3.2% 2.24 1.72 “ 1.98

Y 3.7% £-1.82 1.48° * 1.54 R

4.2% o 1.54 2.17 1.73.

G2

£) Vieignt by feed lchl lntergctloﬂ on F/W ratlo
in the ECR muscle (Study 2)

% . 7
helght kg) - 68 91 . 114
Feed Lexel . ST
3.2% 0.020 ‘. o0.c28 0.022
3.7% , 0.621 - 0.031 . 0.032
"4.2% 0.027 0.020 0.032

e

g) Welght by feed le\cl interaction on L/W ratlo

in the ECR mruscle (gtUu) 2)
o weight (2g) ‘68 -~ - 91 o114 .
' Feed Level ) . .
3.2% - : - 0.041 0.041 0.042
3.7% . 0.039 ° 0.041 - -~ 0.044
4.2% . 0.040 0.041 0.043
4
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~ Table 30, (Cont'd)

h) Weight by feed ievel ingéraction on %'nitrogen'
) in the LD muscle (Study 2)

v — e : - ] ~—rr
Weight (kg) . @ﬂ 68 . 21 114 ,
Feeéd Level o » L
3.2% | ' 14.59 13.79 13.78.
7 ' o 3.7% T 13.8Y , 13.80 13.65 =
' ¥ . 4,.2% + 13.9%6 - 14.33 o 13.70
o S RO S
ui) - WVeicght by feed ;evél;interaction on N/F ratio
in’ the LD miscle (Study 2)
o féight (xqg) . .68 \\\\ 91 s 114-
AN - - - L o—
Feed Level AR o L ?? .
P 3.2% ' 2.27 .1.50 , 1.65
L3.7% W32 L 1.39 - . 1,29
. 4.2% +1.39 ° 1.64 - 1.28.
. o v m e ' ~
i) Velght by feed level interaction on % ash
‘ ' in the ST.muscle (Sfudy 2)
L 1 _ . °
= 7 . \ 2 -
VWeight (kqg) . 868 91 - 114
—_— . v . RS
k Feed Levei-: R ' ) -
3.2% - : " 4.65 - - 5,04 4.82
3.7% - - 5.41 4.2 4.12
©4.2% . 4.45 - 4.66 4.42
3
5
- ¢ B ) )
- b3 "
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nitrogen and water relative to fat than did the. ECR . muscle

o

from pigs fed at the 3.2% and 4.2% levels of feeding.
’ ’ , . - @
This same pattern also held for percent fat and N/F

ratio in the LD muscle-and percentage fat in the OIA mueclel
At 68 kg and 114 kq llvewelght pigs fed at the 3.2% level
had. the<sma11er proportlon of fat and greater proportlon of
nitngen but at °1 kg 11veue1gbt pqu fed at the 4.2% level
had the smallerbproportlon_of fat and greater proportlon of
nitrogen compared to tne other levels of feeding. Percentage

sh in the ST muscle of plgs fed at the 3. 7i level gf‘.feed
decreasegApas -Eiveweight 1ncreased but remained relatlvely
constant in muscles from thoge fed at . the 3.2 and 4.2%

1eve}s.

. oy
.8

Breed x seX%- interactions (P<0.05) were observed for

-

percent fat in the- LD muscte and the ﬁ/V ratios .in the RH

' muscle in pigs from "Study 1 (Table 31a, b).»In each breed
\

. group barrows had a blgber perCentage Qf "fat in the LD

3 -

muscle tham qilts. Within the male sex group:DY barrovws had

the highest percentage of fat in the LD muscle fdllowed by'
HY and YY parrows but within the female ‘Sex group DY gllts
had the lowest percentage fat and HY gqilts the highest
percentage. A similart pattern.waé‘observed'for N/? ratios.
lWithin sex groups DY barrows. had the 1ouest N/F ratios Aand‘
YY barngué the highest. DY gilts had the hlghest N/F ;atlos
‘followed by YY and HY giltsi |

0
o



a)

=]

Tab‘le 31.

Breed by sex interaction on % fat
in the LD nuscle (Study 1)

o.

sex : BaTrow C Gilt
Breed- DY 28.53 16.90
. HY 25.77  21.64

YY <:, 21.93 18.04

interaction on N/P ratio
muscle (Study )

Breed by se
in the

Sex parrow ° Gilt

sreed DY . 0.22  0.34
‘ HYy 0.25 0.28 |

Yy o 0.28  0.32

111
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muscle. 3t the 3.2 ana'u.Z% levels of feeding, YL pigs had a

112

Breed x feed level interactions (P<0.0%) were noted ¢ in

R

study 2 for the ECR, ST, OIA and RH muscles (Table 32a to

" §). For the ECR muscle, 'YL pigs fed at ‘the 3.2% level and

4.2% level had a higher percentage of fat, lower percentage
of ni&rocen, lower N/F ratio and higher F/W ratio than the

YLY breed gronp. At the 3.7% 1eve1 of feeding positions'were
s

reversed between breed groupsz For the ST muscle YL pigs had

a greater percentage fat(@t all feedlng 1evels than d1d the

YLY pigs, houever, the difference between',fhe two Yreed

.

groups , was considérably less at the® 3.7% level than at

P ) : © . .
eitRer the 3.2 or 4.2%,levels. Percent nitrogen and the N/F

2

and - F/W . ratios reflected - the pattern observed in the ECR

3 Q

‘lower percentage of nltrogen and N/V ratlo and a’ hlgher F/W

ratio than’rdld XLY pigs. Rt the 3. 7% level of’ feedlng,N TY .

‘pigs wvere similar tQ:YL,plgS‘ in Percentage' nltrogen%“ N/F

ratio and F/W ratio.

In the OIA and RH muséles, YL pigs had-the higher

perCentage~fat and lower percentage‘nitrﬁgen'respecfiveiyjat

the 3.2 and 4.2% levels of feeding while the YLY pigs had

the higher “and -1owervpercentages of each component at‘rhe

- 3.7% level of feeding.

- = ' » el B
Several 1nteract10ns occurred among treatments ~in .the

@
fivé muscles 'for vater, nltrogen and ether- extraCt when

u
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Table 32.

a) ' Breed by feed level 1nteractlon on % ‘fat
: »in- the ECR nuscle (Study 2)

Bgeed/ S YL, YLY
Feed Level S
e 3.2% 9.57 6.86
i 3.7% 9.16 9.88
4.2% " 10.50 7.20
b) Breed by feed level interaction on % nltrogen'

in the ECR muscle (Study 2)
- .
®

Breed i YL - YLY .

Feed Lévql _ L
3.2% 13.91 14.65

3.7% 14.13  .14.15 s
4.2% ¢ 13,96 . 14.67 : '
c) Breed by feed level interaétipn;on N/F ratio

in the ECR muscle (Study 2)

»)

o . 7
: " Breed e YL YLY <
Feed ﬁévei» ‘ ‘ S v
3.2% : : l1.61 2734 ‘
3.7% 1.67 1.56° A a
4.2% - '1.40 - - 2.22 :
a) - Breed by feed level lnteractlon on F/W ratio

xn the ECR muscle (Study 2)

_ Breed g _ YL YLY (
. Feed Level o ' .
3.2%- ~ 0.027 0.019
3.7%  C 1 0.027 0.030

"4.2% . - 0.032 0.020 -




‘Table 32. (Cont'd)
" 3
e) Breed by feed level interaction on % fat,
: in the ST muscle (Study 2)

‘Breed ' ‘ YL YLY
Feed Level ) . ;
"3.2% " 719.75 - 11.26
3.7% . 17.75 15.24
4.2% ©19.37  12.03 e
£) preed by feed level interaction on % nitrogen

in the ST muscle (Sthdy 2).

P
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o
Breed YL YLY
Feed Level
3.2% 12.23 13.58
3.7% . 12.9) - 12,95
4.2% . _ 12.42 - 13.63
\§)v . Breed by feed level interaction on N/F ratio
. : in the ST muscle (Study 2}
@ ; Breed. ' YL CYLY .,
: . . of if
Feed Level
3.2% . 0.66 1.26
: , 3.7% ‘ 0.88" 0.89
S . T 4.2% - 0.68 - 1.20
N -
9 - ' ,
~ ©
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Table 32.

Breed by feed level interaction on F/W ratio

{(Cont*d)

in the ST muscle (Study 2)

Breed . YL

' Breed'by'feed{level

YLY
Feed Level v
3.2% : 0.068. 0.037
- 3.7% . 0.054 0.054
4.2%" . . 0.067 0.037
‘ o 3 N
o

interaction on % fat

in the OIA muscle (Study 2)

Breed - © YL YLY

Feed Level . o
3.2% 10.62 8.51
3.7% . 9.92 10.53

- 4.2% o 12.21

- 9.41

<

Breed by feed level Lnteractlon on % nitrogen

ﬁn +ha RH muscle {Qf'!‘d\! 9\
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=

/niéed_u»u n .: YL

YLY
)réed'Level' s
3.2% : -11.51 12.58
3.7% 12.38 11.78
4 .2% 11.82

12.56




expressed as ratios of ash. However, close inspection of the
daté indicated that all of the interactions among ratios
which ‘included ash were digecﬁly related td the differences
in main effects already noted.\

D) Discussion

several of the studies alread& discussed have reported
conflicting views ‘as to the influence qenetic and
envi:onmeptal factors may have on the normal»éeposition and
relative - changes iﬁ cheﬁidél components of the body. Some
have }e;orted ‘a complete ‘absence of any influenée 6n

cheﬁical composition  due to the effects of breed, séx.ér

nutrition while others have statéd firmly that such effects

do influence chemical composition. In the siudies reported

w

‘here, all three factors appeared to affect both the rate of

-~

__deposition " and the relative proportions.- of .chemical
components of muscle.

-

‘In Study 1, EY pigs appeared to have a slightly greater

propdrticn of fat and smaller prqgortion§ of moisture .and

©

nitrogen in all_musclés than either DY or YY pigs although

differenéeé vere only significant for the LD muscle
(P<0.05) . In Study 2, YL pigs had a higher percentage of

fat, a lower percentage of nitrogen and lower N/F ratios’ for
the ECR; LD, OIA and ST muscles indicating that, in these

V4

muscles, YL pigs vere depbsiting fat at°a more rapid rate

than YLY pigs. In eagh study barrows appeared to have higher



‘ /
concentrations of fat and lower concentrations of “nitrogen

in each muscle than gilts. Significant sex differences were
noted fof all muscles in Study 1 and for all muscles except
ECR in Study 2. The effect of energy level and feeding
levels were minimal. In Study 1 pigs fed thé LE rationkhad a
lower pefcentage g‘ﬂgat in the LD muscle than thos; fed the
HE ration. In <Study 2 pigs fed at the 3.2% level of feed
intake had a lower pgrgentaqe of fat in the LD muscle than
those fed at the 3.7 or 4.2% levels. Several of these main

[§

effects were influenced by interactions and - will be

S
discussed later.
3

As growth préceeds from birth to maturity, increases in
liveweight are accdmpanged by various physical and chemical
changes in the carcass. In the early stages of post natal

growth muscle is deposited at a more rdpid rate than fat or

bone but® as liveweight increases a fattening Astage is
. ) :

reached at which point the rate of fat depoéition exceed’s

that of muscle. In the -pig, major charnges in the relative
; . . .

proportions of fat _ and muéplev.depositioh océu: at
 appxoximate1y 91'kgr1ivéweight (Figure 1, Tables 1 and 2) .
These changes in physical growth are ;eflected by similar
changes in chemical‘compositioﬁ. Ulyatt and Barton ’(1§63)
and Bropks et al. (1964) have indicated very definite

relationships between chemical and physical composition. The

v 5} . .
data from muscles in these studies were-pooled to determine
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if | a similaf ~relationship existed here. The results are
presented in Figure U. As liveweight increased from 23  to
114 kq, water, nitrogen and ash increased in a linear
pattern. Fat, on the other hand, increased linearily to 91
kg liveweight 'but then increased at a’more rapid rate than
the othef chemical-components to 114 kg liveweight. Thue ft
would ;ppear that the early growth of muscle and the later
-more_rapid deposition of separabie Zfat in the carxrcass
correspond. tqo the initial high concentrations of vater a;d
nitragen in the —.muscle folloved'.by a later mere rapid
deposition of intramuscular fat. ‘On d'reiative basis, as
liveweight: 1increases, the = percentage of muscle in the
carcdss' and percentaqe goisture and nitrogen in the muscle
‘decrease and percentage carcass fat and inft%qusculap fat

increase.

The -pattern of dep051t10n depicted in Figure U4°can be
influenced by several factors Ahowever. The 1nteract10nq
u%mong ‘livedgight, ‘breed, sex ‘and ‘feeding regimes noted
earller appear to suggest that/ the relationshi} between

-

nitrogen accretlon and fat deposition in 1ndlv1dua1 muscles,
k'vary con51deragly. For eiample in Study 1, .HY plgs had a
higher percentage of nltrogen in, the RH muscle at 68 and 114
Kg 11vewelght than DY or YY plqs but at 91 kg 11vewe1ght HY
pigs had the lowest and ‘YY -pigs 'the highest percentage

nitrogen  (Table 28a3. Comparing fhe ° N/F ratios of these
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hbreeds irdicates that HY and YY pigs had similar amounts ot
a

'nitroqwn and fat in the RH muscle at 68 kg liveweight but
that berwecn 68 and 91 kg liveweight HY pigs were depositiné
more fat and less nitrogen than YY pigs. Retween 91 and 114
kg liveweight  these positions were reversed with HY
depositing the greater amount of nitrogen and YY the qreater .
amount of fat. In Study 2, pigs fed at the 3.2% revgi had
qreater concentrations of nitregen and smaller
concentratlons of fat in the ECR and LD muscles at‘ 68 and
114 kg 1liveweight than- d1d~¢hose fed\at the 3.7 apd 4.2%
levels of feeding. AT 91 kg liveweight those pigs fed at the
S u.2% }evei of feedingv had the greatest concentration of
nitrogen and smallest concentration ot \fnt in these two

muscles (Table 30a, b). Fat deposition in these two . muscles

<

increased most rapldly between 68 and 91 kg 11vewe1qht for

those pigs fed at the 3 ‘2% level and between Q1 and TTUx”Kg T

for. those pigs fed at the 4.2% level of feedlng. These\
interactions wvould seem toO indicate\that in some instances
fat deposition may_exceed nitrogen accretion at much earlier
1iVeweights than 91 kg indicated earlier. These results may
also be a faint reflection of a phasic grovqh Pattern of
nltrogen and fat In each of the abeve muscle%, the rate of
nltroqen deposition exceeded that of fat Lp to 68% ka
1iveveight,‘vas less than fat between 68 and- 91 kg and again
exceede& that ‘of fat: betveen 91 and 114 kg liveweight 4dn

those pigs fed at- the °3.2% level. While increases and

e
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decreas ey in concentration ot nitrogen and tat occurred at
“Yifferant points for pigs ted at 3.7 or u4.2% levels of
"feeding, a phasic pattern appeared to also occur at thes:s

levels. <~

Theé relationship ' of intramuscular fat . and total
separabie carcass fat has 1long Dbeen debated. Doornental
(1967) and Duniec (1961) have each indicated that there is
Iittl; correfation between intramuscular and total separable
fat in the carcass. The data here can not %e used to either
verify or- deny these conclusioné but .they do Osquesf

: ™
interesting .patterns. - - . 1
In Study 1 DY pigs had the most Zeparable fat in the

carcass and HY, K the leaSt but percent fat in the LD muscle of

DY pigs was mless" than that of HY pigs. The largest

e 0

éohtr}gutinQ“ facébr to tﬁis differéﬁée waswdue to thé ver§
small proportion of fat in the LD muscle of DY females. Pigs
fed the LE ration had less ‘separable carcass fat than those
fed the .HF ration but as liveweight increased from 68 to 114

g LE fed pigs had a higher percentage of intramuscular fat

in the ECR muscle than HE fed pigs. .

In Study 2, no differences vere noted in the relative
proportions of carcass fat between breed groups but the YL

breed group had a higher proportion of fat 'extrécf in. t he

ECR, LD, OIA and ST muscles than 3did the YLY breedngroup; On

Bt
.
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’

the Other hand, more  positive  relationships bhetween
intramuscular and total dissectible fat were noted n sex
comparisons. In cach study bdrrous‘ had toth a qreater
propogtion of Adissectable fat and a Jqreater proﬁortion of
intramuscular “fat in most muﬁ@lés- As well, plgs fed at the

3.4% level in Study 2 had both smaller amounts of separable

carcass fat and smaller concentrations of inrramuscuggr fat
© e

in the LD muscle compared to those fed at the 3.7 and U.2%

leveis. However, as already noted fheée diffgrences varied
and reversed depending on liveweight. From  these
observations it would appear that intramuscular fat is
poorly related to dissectible fat in the‘carcass and may Dbe

influen¢ed to a considerable degree " by genetic and

>
[

nutritional factors. Suess et al.‘ (1969) repokted
considerable .variation «<in in}ramusoular fat relative to
feeding regime. Johnson et al. (1972, 1973y have inditated'
that, in cattle,‘as percent dissectable fat increased from

5% at birfh to approximately 21% of =carcass weight,

w«

intramuscular fat as; a percentage- of %otal carcass fat

decreased and then ’reﬁained relatively constant in both

total muscle and muscle grouﬁs despite incfeased levels of

rd

total fat.

Whether or not intramuscular fat midkes any significant
contribution- to muscle. weight“fand distribution has often

<

been questioned. Johnsonr et al. (1973) qouid find no

sl

©
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3. . IS
o . ]

dlfference in) the muscle distribution of cattle when fresh
muecles were compared to muscles minus the weight of ether-
ertract. Suesé et al. (1969) found no dlfference in growth
of muscles comoared on a fresh weiéht, fat-free weight or

: \ _ ] )
fat-free dry weilght. In an ‘earlier report (Richmond and

Berg, 1971b) it. was suggested that Jifferences observed

among DY, HY and YY pigs in percentQSpinal'muscle might be

‘due to differenceé in intramuscular fat concentrations. DY
ﬁpigs had the greater percentage of-muscle in this muscle
group but were- found here to ’héve7 elso had the smallest

concentratlons of 1ntramuscular fat in the 1argest muscle of

thls group, - the LD musclef Intramuscular fat probably had

1ittle. influence od‘ these breed differences in" muscle
distributidn. In Study 2s YL pigs'béd similar proportions of
total muscle  in the proximal pelvic limo, smaller
proportions éf total muecte in the spinatt'and distal
thoracjic 1limb and. a greater proportion of muscle in the
abdominal uuscle group compared ‘to YLY pigs. The ST, LD, EC§
~and OIA muscles whic§ represent these  muscle groups
respectively edch had a greater conCeﬁtratioQ of
intramuscular”fat inyfhe YL pigs than in the YLY pigs; From
tqis it'_would“apﬁeer that ihtramusch}ar fat may contribute
little ~to. total musclé weight or to similarities or
¢

differences- in muscle weight distribution. ~’
: |

- .Individual puscles in these studies were not compared

& -
”%ﬁi&\ - o .

2
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to test staE}stical aifferences that might exist among tien
in concentrations éf the different chemical gomponents.
Howevef, pogling the data, ;ver iiveweighté did“re;eal a
fairlY consistent border in Ehemical‘ c&mpositi;n of the

muscles in each study. Table 33 ranks the muscles according

to the different proportions aqd concentrations of water,

pitrogen and gat.xﬁs noted in muscle . groups by Pryor and

Warren (1973), the individual muscles here show an inverse

relationship in chemical composition. Those muscles with the

greatest concentrations  of - waferv have “the .smallest
concentrations 6f fat. A similar relationship exists bet%egn
water and»ﬁitrogen but‘is not as préndunced: The ECR muscle
'ﬁad.the greatest concentration of water and nitrogen a;d tﬁe
smallest concentration of- fat while the- RH muscle had the

greatest concentration of fat and smallest cencentration of

water and nitrogen.
. [

<

Pryor and Warren (1973)'have indicated that differences

between muscles in concentrations of intramuscular fat may

be due to differences in the rate of blood circulation

thifough the muscle and to differences " in muscle function..

~rhose - muscles having a slow circulation rate have a higﬁ%%y

concentration of fat than tQ§Se with a more. rapid rate of

circulation. Muscles which are wvery active have - less

-~

fntramuscular fat than those that are relatively inactive.

’

Johnson et al. (1972) and‘P:yor and Warren (1973) found that

3

»°
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‘Table 33. Muscles ranked,in decrcéasing order of relative e
proportion of nitrogen, water and fat averaged
over three liveweighf;s (Studies 1 and 2)
Percent Weiogl:it RaFio '
Nitrogen‘ .:i-!ater Fat _ f_k_{_/lv_ | N/F F/W
. ; .
Study 1 ECR ECR RH Ld  ECR. RH
OIA OoIA LD OIA - OIA ‘iﬂb
ST ST ST ST LD ST .
‘LD | LD OIA ECR . ST ’ OIA
> .
RH RH ECR°  RH RH ECR |
’ - o 0
Study 2 | ECR ECR  RH LD ,ECQ\ RH
LD OIA §T‘U f51A~‘ LD : ,Lb .
OI1A "ST o1A st O0IA . ST |
' ST RH- LD ECR sT OIA
RH LAL ECR RH "RH ° -ECR
| . o .
: o |
< c < I
o s . )
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‘muscles in the hind 1limb. and ﬁére shin, respon51b1e ‘for

AN . .
Iqifmoxion, had the least intramuscular fat,_whlle abdominal

muscles, serving a pa551ve support function, had the nost
intramuscular fat. In this study the ECR musclé was the

&

smallest and the nmost active muscle and had the least

&onceﬁtration of fat.. The ¥H muscle is both a support afid

contrac€ion'mus¢1e and one€ which’might be eXpected- to hkave

less fat than reported here. However, Johnson et al. (1973),.

when comparing individual muscles and musble groups in

cattle, found that of the five muscles studled here, RH also

o

had the greatest concentration of fat. This  may indicate

that the RH muscle is a relatively sedentrygmuscle.@ihe.ST,

’

1ntermed;ate 1n fat concentratlon betveen the ECR and RF but

o

~changed in p051t10n of ranking between Studies T and 2. The

functlon of the LD muscle is that of su@port and @xtension,:

.the ST muscle is that of suppdrt and propu151on and the OIA

that of,snpporteand compr9551on.,All of these muscles act to

o

a greater orc lesser degree in support and contraction and,

.~ relative to their size, may experiefice similar degrees of
a . ’ ’ 2 Q

(=3

activity.

o

Functional difference .may also be a‘contrihuting factor

o -

“to differences "in muscle COmposition between _species.

_Terrell et 'al. (1969) and Lawrie (196ﬁb) reported that in

O);

cattle the psoas major muscle had a greater percentagem of

O1IA and LD muscles from the sf.udies0 presented’ here. were

R
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fat than" ‘the ED nuseler but Allen et ai. (1967, Laurae et"
al.>11963).and McMeekan (19u0a) '1nd1cated that °in plqs,

a

‘percent fat -in  the LD muscle exceeded that of the psoas
major:muscle. In cattle the LD muscle ‘and psoas: major mascle
~make up 6.6 and 1.7% of" total muscle respectlvely
(Butterfield and ‘Hay,:_J%6S5, ‘whileV"im pigs comparable

percentages ' for these two muscles are 10.8 and 1.7%

ﬁespectlvely (Table 19). The greater dlvergence in relatlvev

size of these two muscles 1n plgs compared to cattle may te

ot O o

f§ SR dqeﬁfto' functlonal» differences and act1v1ty. In cattle the
o " psoas major muscie may be'more sedentry than the LD muscle,

. while in 'pigs, the psoas major mhsele'may be more active

o o

than the LD muscle.

r’ third‘ factor which»Amag have = some influence on

«

chemicai ﬁcomposition of a muscle'nis'the relative growth

impetds'of’the muscle._Those;muscles having a high relative

o

. growth rate to total mdscle ‘might be expected to 'be
dep051t1ng nltrogen more rapidly than fat compared +to thosé

musqles of low or average relative growth 1mpetus. In these ’

~

’ studies the ECR muscle had a 1ow—h1gh or average—high growth"
. impetus and contélned the -greatest concentratlon of nitrogen

"and smallest cancentratlon of fat compared to other muscles.\\s\

S

On the other hand the RH muscle was c1a551f1ed as haVLng an

' average or 1ow—average growth 1mpetus indicating that any’
. S ,
‘major spurts in growth were already completed,'As evidenced;

b, B ° -
o
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a

by the N/F ratios in Tables 26 ‘ana 27, fat concentration
relative’ to. that . of ni{roqeu was greetest'in this muscle.
The‘relétive growth_patterns;of tﬁe OiA muscle Was: averaqu
ahd' those “.of  the LD ‘and ST muscles hiqh-average; Tuese
muscles“had appafenfly already gone fhrcubh "a high ”growth_
phase vfoiloued ;by a qrowtﬁ'phase;reletive.to“that ofcﬁofel
muscle. As'qrovth receeded ffom>high fo average, tue rate of

trogen dep051t10n would have decreased 'and that of fat

\

ni

'1ncreased. These museles vere. 1ntermed1ate in N/F ratlos to

the more rapldly grovlng ECR muscle and much slower growing.

0

RH muscle. As' a muscle of average growth 1mpetus, the OIA

" might have been expected'to have concentratlons of nitroqen'

and fat. more closely.related to the RH musScle than the ECR.
3 o Late

" ., . 4 - . .
muscle as shown here (Tables 26 and 27Y. However, this

muscle hé§ not Dbe properly c1a551f1ed here 51nce Dav1es

“(1973) did suggest a hlgh growth 1mpetus clas51f1cat10n for.

the OIA.‘ If Davxes' c1a351f1cat;on.1s con51dered then one
would expect the OIA to be similar to the ECR- in nitrogen
7&d fat concentration. - : ; : B £

The relat;ve anowth 'impetug of a muscle, is directly
related to its function so that chemical composition of the
‘muscle .may be more rélatedf to function (than to growth
o ) ) : i

impetus. However, - some caution may be requlred when

comparlng chemlcal comp051tlon of muscles within and between

.anlmals, _that vcomparlsons are made at the same relatlve

Ca



stages of growth.

3
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If uoqld‘appearo from these and other studies that

evolutionary
may be - the

composition.

~

functional

primary

differences

regulating

of individual muscles

factor of - chemical

&3

<



_General Summary_and Conclusions

-

Two 'studies were undertaken to assess some-of the
bbyscial and chemical aspects of tissue growth‘in snine.JOne
hundred and eighty one barrovs and qllts representing five
breed grouns were fed either high or low energy ratlons or
different levels of one low enerqgy ratlon and slaughtered at

23, 68, 91 or 1)“ kg llvevelght.

.Tissue Growth

The relative growth patterns of the major carcass
tissnesl in pigs were observed to be, similar to those in
other domestic speCies. Pone«growth was relatlvely slow and
muscle - qrovth 'relatively' fast. Fat deposition paralleled
‘muscle grovth up to 91 kg'lireueight and thereafter exceeded
“muscle growth in absolute amount. Liveweight appeared to be
a determining factor in the Telative proportions of puscle,

fat agd'bone in the carcass.

Pigs which were fed rations low in both enexrgy. and
protein op. A restrlcted ba51s were older than pigs fed nmore
llberal levels of hlgher energy and proteln ratlons but were
similar in carcass COmpOSltlon at predetermined slaughter’
welghts. Vlthln treatment groups 1ncrea51ng energy levels or-
the level of feeding resulted 1n increases in the proportlon
of' fat and decreases in’ th' prOportlon of muscle in the

carcass. : ‘ L ’ o
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\

¢

Carcasses from gilts contained,a greater proportion of

muscle and less of fat than barrows. Only slight differences

1

¢

. v ) . | o
were noted among breed groups in carcass compoOsition.
Interactions among main effects indicated differences
. . : 3 ! . .

in energy intake and partitioning of nutrients for tissue

growth. Parrows, pigs fed hlgh energy ratlons or high levels

of feed ;and ,strains' of pigs wlth a pd%615p051t1on to

[+

~fattening were similar in carcass comp051t10n at 91 kg

. +
liveweight to gilts, pigs - fed 1low energy rations or low

levélsvéf feed and strains of pigs wlth a predlsp051t10n to

o

° muscle growth at 114 kg llvevelght.

Present graéing ~standards do not recognize carcass
merit outside a very narrow range in 1liveweights. Tt is
possible that extending the weight tanges would afford pig

A
producers alternative managemeﬁt and marketing opportuni-

c
-

tles.

[+

Relatlve Growth Patterns and Dlstrlbutlon of Muscle e

Slight changes occurred ifi muscle distribution betweeﬁ‘

.23 and 68 kg liveweight with llttle change thereafter. SOnly

minor . differences ‘were noted 1n muscle dlstrlbutlon due to
the effects‘ of 'breed,“ sex, ratlon or feedlng 1evel.
Interactions ‘Vé?é observed for weight by feeding level,

muscle groups.-
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of Othev 96 muscles dissect%d)‘GQ muscles each weighed

less than 1% of total muscle. Growth impetus pattqrns  of
'ihdiyidual guscles and muscle groups were_depared‘yith
1m’} those ffqm cattlé’and. sheep. Thirty-three muscles and 3
'muscie tgroups were classified as diphasic and 23‘mgscles\as
either mono or diphasict ih pigé. In cat£1e, 23 muscleé and 7
muscle groups vere classifiédwgs-diphasic‘dnd_33'muscles and

4 muscle qgroups were classified a%s ‘diphasic .in sheep..

. ' Generally muscle growth 1in pigs appeared:  to * be moée
monophasic'ihan in cattle or»sﬁeép aithough this 'diffefence

may have . been due ¢to differences in startiﬁq pbints and

degree of maturity.A

e

. . ‘.’ £ N ,.-
Relative growth impetus of muscles: and subsequent:
muscle distribation appeared- to be dependent on muscle
¢ °  function. Muscles ﬂesponsible for mobility immediately after

birth, such as the distal  limb muscles which are well

developed _at birth, had a low growth impetus relative to
N Voo

totél mhscle. Those muscles_respansible for propulsionﬂ‘as

mobility increases, suchovas the proximal limb muscles, had a

high .grbwth i&petusQ Pdsture muscles, such'as those\musclésﬁ

aréund.the spinal column, had an q&yerage ;qrowth . impetus
" ™

‘indicatiné . growth relative 'to that of total muscle. The

rélative growth impetus of the abdominalgmuscles appeared to

'be dependent in part on feed intake.
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Because ;eiativé growth and distribution of muscle
appears to bde d%reCtly related to functional requirements it
“is unlikely that vitﬂin’ any one species functional ~
‘requirements could be changed enough to result . in major
chaﬁges 'in nmuscle distrib@tion; However, some manipulation
might be poésible‘£hrough the use of very diverse breeds or
the regulation of andrdgen le;éls; Further studies of muscle
growth ;nd ~di§tribution should be dirécted' towards
fﬁetermining the various genetic anpd Ibiochéhical controls
which regulate the development.of this tissue.v .

Growth of Chemical Components_in Muscle

From these data it appeared that the early groufhﬂof
muscle and later more rapid deposition of sépafablé fat in
the carcass wvere accoﬁpahieé by initial high concentrations
of Qéter and nitrogen in the muscle foiloved by a later ﬁore

. ) - o
r?pid deposition ‘of inﬁfamuscular fat. As iivewgight
iPcreased pef&entage' muscle in thevcarcass and percentaqe‘

'mbisture and fhitrogen in the muscle decreased while

percentage carcass fat ‘and intramuscular fat increased.

In Sﬁudy 1 breed dif%erences in chemical composition of
muscle were minor but in Study 2 YL éigs appeared to haye
higher concentrations of fat and lower_ concentrations of

nitroéen in all muscles except the LD mﬁscle than YLY pigs.

Barrows appeared: to have higher ngcenttations of fat
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and lovwer concentrations of nitrogen in each muscle than

g@lts.

The effects of energy levels and feeding levels were
minimal. In Studf 1 pigs fed tbe LE ration had a higher .
percéntage of fat in the LD muscle than thos® fed the HE .
ration. In Study 2 pigs fed at the 3.2% level of feed had a
Iower‘ percéntage -of fat in the LD muscle than fhose fed at

either the 3.7 or 4.2% levels.

Fat concentration in a huscle appeared to ge relat;d tor
muscle function and growth impetus-< The.,more active ECR o

" muscle with a low-high or avefage-high >érowth -impetus
contained the greatest .conqentration of ni£rogen and o
sméllest concentration of fat. The more sedentry RH muscle

with an average or ib;—average growth impetus contained’ fhe
greatest  conCentration of fat and smallest concentration of
nitrogen. The OIA, LD and ST muscles were intermediate in
activity and had gone through an earlf .growth spurtr
resuiting,in éoncentrations of nitrogenfand fat intermediate

to the ECR and R{ muscles. o s

A

BRecause of the relationship"between muscle functipn,
growth,impetusuand~chemical composition compariéons‘may Rave
to be made at the same relative stage of growfh.

-~
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