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Abstract . '-;'. 

.- ~ . 
Eight,male goats w,ere 'slaf.lghtered at. 36 kg, live weight (approximately two thirds of mature weight) 
and dissected, into individual anatomic m'((s(;les. Weights of individual muscles were then grouped into 
8 functional units and compared with published data on bulls, rams and boars.' There was a wide 
species d(tference;in "size index'~ musGles..· Abdominal wall index was highest !'n boars followed by 
goats, bulls and'rams, the values being 108, 1.00, 91 m:zd 90 resp.ectivety. 9,o(lts had. higher i!ldices 
ill four;functional units: agility, locomotion, supporting muscles 'and specialised funCtionai mu~cles.· 
Muscle data .. o/ goa~s indicated that goats are most aggressive followed by bulls, rams and pigs. 

.. .' t '.:' 
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Introduction - I ~ .... ' 

. , ~ ~ ,,'.... . 

I t ~s been stated in many writings that, rela-. 
tive, to other. .far,.Ql,aninlals; gpats, are more: 

activean!i more Ip.obile. 1,'hese differt:n.ce~.w. 
agility and mobiljty, ar~ lilfely to .pe.r~Jated tQ' 
muscl,e dtstribut,ibn.JJerg ~n~I Butt~!fieI4 
(1976), using 8 breeds of..~idely ,diffe.rel!t:ori~: 
gin;JOUl}!i that extemaJ appear~ces ,are gener-~ 
ally"poor-· indicators, 'QJ .muscle dIstribution, 
withi,n specie. ',However? there; is wi,de vat:k 
ation between spe_ciesiu.muscle distribution. 

Berg illld Butt-erfield (1976) extended the 
theory of "function response" to account for 
differences in species muscle distribution. Spe~ ~ 
cies' with differen't agili't1es and mobilities 
(henc~ 'dift~rent relative functions) are expected 
to ha~e dif~erent. muscl~ dist~ibution .. For e~­
ampl9; WhIte tall deer IS 20 - 25 % hIgher m 
distal muscles than cattle. The standard muscle 
grou~s which are related to function are de­
scribeU'in detail by Berg and Butterfield (1976) 
who tiave extensively revieweo'studies on mus­
cle di~tribution of cattle, sheep', pigs and wild 

I , .' 
animals~ However, there has been limited study, 
01lmJscl~/4istribution of g~ats and comparison 

*CoITcsponding anthor 

, data with otller species:'is even more scanty. 
The aIm of the,ph:sent stitdy was to compare 
muscle distribution of goats with that of other 
, species of farm animals. 

''''",' 

Materials and Method 
• ._ ' _ , i 

Eight male Saanen goats wereslimghtered at 
about 36.kg livewei!#.and dissected into indi-' 
'viduai!~~scles as descrt6ed by May (1970) for 
s4t:ep. W~ights, of individual muscles wert: then 
groupe~into .8 standard,inu~c~e groups as fol­
lows: -' ~, ,',-, ' ; , 

1. Proximal pf<lvic limb - agility index; 
'~2. Distal pelvic' limB' - agility index; , 

3,. Aro:und ~pinal column ~ size judex; , 
4. Abdominal wall - diet bulkness index; . , '. 
5. Proximal thoracic limb - agility index; 
5. Distal thoracic limb - agility index; 
6-8 Thoracic and neck to thoracic - weight sup­

port index; 
9. Neck and thorax - neck and cranial index .. 

The data were then compared with pubiish­
ed data for bulls, ram and boars (Berg and But­

, terfi~id'('i976)). As it was costly to involve'arid 
slaughter bulls, rams "and boars in the present 

- , 
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study, data from literature for these animals SOIl with published data has certain limitations 
that had reached the same physiological matur- and interpretation must therefore be done with 
ity (50-60 %) were used according to ~tlie:, ·:(,'caution. ,It has beeIl'well established by Berg 
method of Berg and Butt,erfield (1976); The. ,,' , and Butterfiel~ (1976}, and Mtenga (1979) that 

relative muscle distribution can be affected, by 
nutritional background,.relative maturity 'of the 
animal under study, slaughtering techniques 
and dissecting tedlliiques.'· .,. . :" _' 

weight of these animals and those of goats in 
the present stu~y ranged from .?O, - 65 % :of ma~ 
ture weight. The data were then brought to­
geiher in-indices as-described by MTetiga 
(1979). The rankfug of indices of standard nuisCie 

..' \,) '. ': ' , , group'.lII. (muscle ,surrounding, the spinal' cotJ ",' " ' 

, • "':. '. ,', >, '~. umn) was bulls (82), goa'ts(100); rams/(l14}­
Res~ltsandDis¢us&i9n "~' .. , '\ ." anil boar (114). Rams and boars 'seem to'have 

, " Table 1 ~hows ,the distrib~ti~~ ~f m~;cle; iii" ':'. 'siinilar relative weights of muscle of tliis group" 
Saanen g~ats ,~nto 8 '~iandard m~scles. Mean There seems to-be.,no: explanation for ,species , 
carcass weight was 19.2 kg with dressing per_··differences',in'this nlUsck. If the~"slze-index;l~ 
centage of 50.8 of live weight. T1ie carcas~l theory advocated'by Berg and Butterfield, 
contained 61. 7, 24.3 aild 14.1 % muscle, bone (1976) were, applicable, the, proportipnof Wl!S-, 
and- fat, respectlvely-:-As 'a:' perc'entage of total cles surrounding the-spi'nal colurriri in·goats' 
muscle weight, the group .l,;~uscles;(pmxinihl should be comparable with that in sheep and to 
pelyk m\lsc)es) h~d highe~t proportip!l of !ilWi-' some extent, in pigs., 
c1e (ollowed bynec"- and~J:iorax to, ~horaci~. The "agility" index of Berg and Butterfield 
limb (muscle group i"and 8) ~nd the musfl.e, (1976) is supported by,the present goat study in 
around the spinal column. The lowest propor- that the intrinsic distal-muscle of. thoracic (\Tn) 

and'hind-liillbs (II) are a mtichChigher propot~· 
tion of muscle is fo~d within 11.1;us~le gr<?~~\ ~r >' 

(distal thoracic limbhn~riljlscle group 2 '(distal' ti6tibnotal musCle tluln in other species. when:: 
pelvic limb). This order of distribu,tion iI). g9ats rue index.',figures;'for: these'two'IilUscle groups-

. " . , .." " "",' ,are:co..-iibine'd/the,anima:ls'are'ranked: pigs, 
is similar to musc!e:'distribution in other farm 
aniillals (Bryden, .'i969'; ~Berg: and Butte'ffieltr;~ (70};'bulls, (79),·rrani's (94) 'and goats' (1:00):1 
1976): .; " ',. .,_~v When'acombmed=inde::U>Hbcbinotiori (stana-" 
, Tables 2, 3' and 4 show'the iIius'C1e"Ciistribb::: ard muscle groupsJI,'U;V 'and vi) is'consid!' 
.. '." ", . ".,' , d, ered,ltlle samepatteni-ofranking:emetges'; with-

tIOn of rams, bulls and boar relative to 1!lale' 

Standard muscle group 

Group I 

Group II 

Group III 

Grot,lp IY 
Group V ' 

Gro~p VI, 

Group YII; YIII 

Group IX ,: .,' 

Total muscle, 
I' " . 

As percentage of carcas weight 
~ . . . ~~.j "- l t . ,.-

': ,Mean weights (g) 

I· ,1374 

.j •• 

_.904, -I;' 

;. --615 

690,;, 

196 ' 
'..;.,,1 •• ': 

959 .: ~ .' 

,881 ",' 'j , ':;~ 
,5927 (61.7) .. 

., ' .. 

goats. In Table 5, a summary of the relative 
muscle weight distribution of various species is 
presented. It must be mentioned that compari-

- .. • .>"; ~. . -:;' 1 !"'. ~~. -. ,t1;' 

~ :'" .4,9 

,.,' , {.15.3,' ':'''\' 
C" .. I • 1004·, ,c," 

, , 11.7,~ 

, "}-}~ - ,.,,' 
oO .. _,~}fj,2, ./:.,: 

>-':;,- 1,': .:"14,9",, " 
. ',' 100:0'" 

.'f, -,' . 

.. ,j',-- ., .. ' ,y 

" J 

.. ~~" 

goats showing the highest index. The present 
results suggest that the goat is the most mobile 
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Muscle distribution in farm animals 39 

Table 2: Muscle di~tribution·of male goats: cOlI!p~ison, with rams 

Standard muscle group .,::;', '.,:" ~-". ; (,Weight of muscle group·as percentage'of total muscle weight. ", : 

Proximal pelvic .liI!l~ 
II Distal pelvic "timb,' " 

III Around spinal col1,!lJ;ln 

IV Abdominal wall 

V Proximal thoracic limb 

VI Distal thoracic limb: 

VII - VIII 'TIlOrax and neck 

IX Neck and thorax 

- .. - - :- a - '--b' ~--.... . I C 

male.goats ,;'_ Rams ", ' ,,, Rams nunus goats Index 

23.1 26.6' " +3.5 '! , ' ; :,115 

4.9 4.7 e. -0.2 ,.,,:,;, .,~ 96. 
15.3 17.4 

10.4 9.4 

11.7 11.2 

3.3 3.0 

16.2 '. 13.6 

14.9 11.2 . 

+2.1 . '. . )14. 

-1.0: '. 90.; 
-0.5 .9~, 

-0.3 

·2.6·: 

-3.7 

·.91 'r '-' 

94 
75 

apresent st~dy: Total side muscle weight 5.9kg, n = 8. ' 

bLohs; (1973): Total'side ~uscl~ w~ight 4.3 kg, n = 12 

"Index = (Ram value x 100) / (Goat value) 

Table 3: Muscle distribution of male goats: comparison with bulls 

Standard muscle group ... L. Weight of muscle group as'percentage of total muscle ~eight 
. -.- a - - -' b - . -." -' .. c -

male.goats Bulls. . . Bulls minus goats Index 

"Pr<ixiI11ai pelvic limb 23,( . '28.4 +5.3 123 

,,'I' ! 

If 
III 

IV 

--Dlstalpelvlc iimb "---"'- '4:9 -.- . 4.3 
.' .-

-0.6 " , .... '88" .. -_.-

Around spinal column 

Abdominal wall 

15.3 

10.4 

V Proximal thoracic limb 11.7 

VI DistaIthoracic limb 3.3 

VII· VIII Thorax and neck to thorcic 16.2 ' 
iimb 

IX Neck and thorax 14.9 

12.:£,. 
9.7 

12.5 

2.3 

16.0 

12.5 

apresent study: Total side muscle weight 5.9kg, n = 8 I 

bBerg and Buterfi!!ld (1976): Bull mean total side muscle wl?ight 77.6 kg, n = 631 

"Index = (Bull value x 100) / (Goat value) 

, 
! 

+2.8 

-0.7 

+0.8 

-1.0 
~ " -

-0.2 

, 
-2.4 

82 " . ' , 
93 

107 

?O 
99 .., 

84 

J -_ • 

and a~ile species when compared with sheep, because the Saanen goat has not:been selected 
cattle and pigs.... . ~. __ -- ~. -. - .---. - for-meat characteristics and, Yet.ranks 'higher 

TIie J'itbdominal wall index n applicable to than cattle and sheep. Any conclusion should be 
standJrd muscle group IV gave the following treated with caution for it has been shown. (Berg 
rankidg: boars (108), goats (100) bulls (93) and and Butterfield, 1976) that the weight of ab-
rams ~90). The concepts of Hammond (1932) in dominil viscera and nature of diet influence the 
whichlhs:~attPbuted late"deyelopment to th~ lOin, proportion of abdominal "Y.1l1l.muscles... :'; 
were in fact based largely on the late deve\og- _ ,.rh~re'.is no simple expla~ation for the 
ment Of th~ ·abdominal. wall qlusc;:les; Berg and higher, proportion of s4mdan;l.muscle group vn 
Butterfield.(1976) suggested-,that the improved, - VIII an(HX foundinthe,gmits;as .the data do 
meat species:h~v~ hea,vif;.L.abdominal muscles~ n9t conform to the obsef.V.a.tioIl, by Berg and ... 
than,their:~wi1d cOQnterparts. However., it is.'. Butterfield (1976) (hat·, ·a.llhnals whjch apPear 
doubtfuUCth.is n~ele.c.tion::for meat'iI!dex": the-, lighter at th.e cranial/.end ha~e the lightestmus-
ory is applicabl~ in ,tlu: present study; .Tltis. is' cles in these s~dard muscle groups. The fiUS;-
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40 L.A. Mtenga et aI. 

Table 4: Muscle distribution 'of male gO'ats: comparison with boars - .' ,: . ;" 

'_ ~'Weight:ofmll~c1e group as 'percentage_of total muscle weight 

male goats' '.::,_ .Jt , Boarsb .Bo<1fs, minus goats. Indexc 

Proximal pelvic limb 23.1 

II Distal pelvic limb 4.9. 

III Around spinal column .. 15.3, 

IV Abdominal wall IDA 

V Proximal thoracic limb 11.7 

VI Distal tnoracic limh ' J 3.3 

VII - VIII Thora:X'and neck to thorcic 16.2 
limb 

IX Neck and thorax 14.9 

'Present study: Total side muscle weight 5.9kg, n = 8 

. :, 

.. l~ I 

28.7 

,3.9 

1704 

11.2 

11.8 

1.9 

1204 

9.7. 

bRiclunond a~1d Berg (1971): Total side m~scle weight17.3 kg, n = 1,2 

cIndex = (Boars value x 100) I (Goat value) 

" " J 

+5:;' 0.:" ., .... c 

-0.4;' ,', . ,', 
"-f2:1 '''~rr'_ , • 

+0.8'", 

+'O:F 

-1~4b 

-3.8 ' , '.11' 

,5 .. 2, 

:"J ~ 

, " .... l 

124 

80 

114 

108 

101 

58 
:;-77' 

, ~: _ .. -

- , 

, .< , l. 

Table 5: Muscle distribution of several species expressed relative to goatS l 
-

Standard muscle gr'oup , .... ",,' .. ........ Indices (figures'derived from Tables 2, 3 and 4. 

male goats Rams Bulls 

too 115 123 
~ 

100 96 -. ~- 88 
" , 100 114 82 

II 

III 

IV 

V 

VI 

Proxinial pelvic limb 

Distal pelvic limb 

Around 'spinal column ' 

Abdomihal wail 

Proximal thoracic limb 

Distal thoracic limb 

100 " 90 93 .'--

100 

100 

VII, VIII Thorax and neck to thorcic 100 
limb 

IX Neck and thorax 

Exensive groupl A" 

B 

e 

100 
j(JO 
100 

100 

96 
,t, 91 

84 
.. ~:... ~ 

75 

"112 

112 

109 

107 
~: 70 , 

99 
i'· ... 

............ -84 .. ' 
',,:,!,; "~;'fF7 ,;;, 

104 

105 

,-

~ ".! .... 

-

IWeight of standard muscle groups as,percentage of total muscle of each species compared with similar 
value for goats at 100 

2A = Muscle groups I and II 

B ": 'Mu~cle groups I, II, and II. 

e =:' MusCle groups I, II, III and,V 

,.- ! ," ..... :.. 

Boars' 

124 

80 

1'14 '. 

108 

101 

58·' , 

77 

65 

H6'! 

_ U5:':. 

112 

I' 

, , 

des have partly a weight supporting function in 
relation to the head' and horns and partly.spe­
cialised function, for fightiiig in'males;' In the' 
present study it was observed thatmaJe goats, 
were active iii fighting each other aild:iti butting 
hurdles and walls than male .sheep.The h(gli 
ranking index 'of goats for standard muscle 
group VII - VIII and IX possibly indicates the' 

,.", .' / ' 'I' ' 
goat to be the most aggressive, .followed by the' 
bull;- ram arid boar. .{ , '. I .-' , -

'. 

, ;;JJi another individual mu§c1e study; Mtenga 
(1979) observed 'crest dev'elopment in 'male, 
goats similar to the present study -and thestlidy: 
by Lohse (1973) in sheep'and als'o the dome­
like enlargement produced by 'M. SpkillUS in': 
Bos tau',us-billls (Berg and'Butterfield, 1976): ," 
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Muscle distributiou in farm animals 41 
, ~." '.' .L :'; . :. ,: 

The splenius !lluscle seemed to be· well devel- , the abdomina) muscle. It is unlikely that this 
oped in goats'in the present study. At' 6000 g io. came about DY seiection for muscle' as goats 
total side muscle weight, Jury et at. (1977) have received less selection:than cattle, sheep 
found this muscle to comprise oply 0.33% of apd pigs. It is most probable that feeding bulky 
the total muscle in rams, whereas in the present .. ~ "versus 'non'-b~lky diets c.ould acc'ount for this 
study it comprised 0.85% at a comparable total : 'l;,diff~ence, alt40ugh:J?1ore da~ we .n<?edeq. to 
side muscle of 5856 g.. ., verify ;this contention. The greater abd9minal 

• - .L • lOo.J_ ....... I ........ ,' _ ~. ~ ~ ~ __ ,~ _ : '" 

Table 4 also shows that .the goat is at a po- musCle in goats may reflecf their greater re-
tehtial-disadVantage c'o'mmerciall y-be'c'ause-of- - ticulO'=rumen' capacity relative'to-other species.­
the lower p'roportions of expensi ve muscle ' '.' " ~. r, 

groqps iJ,r its ~¥cass compared wjth sheep, G,at- ~.,~" ReferenceS ': 
tIe and pigs, t-adipQ. (1973);, with lambs and (; >, .... :., .'.', 
goats of ,comp,ar'able empty b,9dy weight and ,~. ," Berg, R.~. 'and Butterfield, R.M. 1976., New cOlikpts 6f 

under the ·same. !llanag~meI!t, .a~so,reP'9r:te~::,:: ~ .,,· ... ~attle growth. University .of Syd!ley,;Press, Sydney, 

lambs tocontai.n significantl¥ higher percentage',. ~,,\, 340p. "" '... <. ',', ~ '. ' . 
of leg "loin rack and hind saddle than .goats: It.;., }3?den, ~.M. 196~·. RegulatIOn ?f R~lat~v.e growth by 
" ,.. '. . -. . ".. functIOnal demand: Its Importance'l11 Alllmal Produc-

must be'~stateq t4at dem~l1d·for. expensl'{~ ,mus- '; ·n'· 0:' ·iioo"Growth'33:·143 -.. t5'6~. . .r,' .... :.. .: .~'.' 
cle groups i~JiIl}.ited J9 well.deve\opeg;" meqf.:_s::,· H-!lmm,o~d·,:J.;;-1932. Gro.~th _1!!!.d Dev~lopm.ent ~f ~ut~on 
markets ,and dQ,es not apply g~nerally in.deve~- . :.')' Q.m;li~!~s;in S.heep : bli~er a~d B~yd, Lo~don. 431 p .• 
oping countries: ".,., . '.", . ') ,,', ., .. _ '\ " r~ ,~u~, F,.E., F9une, P.D. an? Ki~o?, ~,~. 1977. Gro~\l 

" , "" - c , -" -". '." ",' ... .' 'and Development of Sheep: Growth of the Muscuhi-
, ~ i;;, " .. r, ~;: ~.<.. ',';'; , ~'ture, N,Z. J.'Agtic. J3.es. 20:'115 - 121. . '., ' •. 

Conclusion' .::' " .~'.;. ~.:.'. ,,:. ;'·:~:·t:Ladip~o,IK. 197~, Body Co.mp!?~iti0l!.0fM.ale.Goats.and 
. .. ""'~' c.':: ~ .. ', " ,\'", .. :, .--' .Characteristics of t~eir dep,ot ,~ats,. Ph.p, Thesis, ,Co~-

, . , " \., I. ' ,.. , liel University: 343' p.' .. ' .' - ,t. 

" The fmisent'data.on goats'; compared\t0~'" -Lohse, C.L. 1973:·TI;~ Ir;t1ue~ce'~f seii oo'Yffitiscie growth 
other fa~: aiiiinals~sliowed cleady th~( the' goat -;' .. ~' "in Merino 'she'ep: GroWth' .. 13: <117'", 12L,,!" .. - "; ': 

is the most mobile and it isalso~the most active .; ~~y, ~.D.~. \~7~. ~e,~~latomy,?f tl~e ~h~e~, 2~,~ ~.r 
• ", _ ... _____ ' _ _ :.. ... " __ • ....,:.., _,_ .U111~e!SI,ty . .of_Q1;Ieensland~P~~~s;.362·p~'·:.':::::.. ':'~'l ~" 
speCIes compareu to sheep, cattle and pIgS. The Mtenga, L.A. 1979. Meat production from Saanen Goats: 

data al~o ,shows that the, goat js, cap<,!bJe ,of Growth and Development. Ph.D. Thesis, University 
. ......·1" .. '. • • . .... '. ~.... 1 " ... , J, lit .,'" ",.,\ ,.. 

greatestjumptng., The~~ fiIidings,have iri:J.plica- ofReadi~g. 527p. ", ., ".!'~ 
tioii a'll' ¢.e' gr,azmg .and .feediti{n;,anageqi!!~t ~<ff Richmond, R.I. an~ Ber~, R.T. 1971. Muscle ~rowt~ a~d 

'. . . , . ....... '. . . ..' . I?ev~lopment 1l1.Swll1e as Inf1uenc~4 by Llv~welght, 
go~ts ~uch as m~?Clllg of ammals of dIfferent '" Breed Sex and'Ratfon 'Canadian.J. o(Anini: Sci: 51: 

" ..' ." .J _.... • .: ~~ , ' •• • '.. T • "' 

species,in grazing.and,90J;lstruction of feed~~~.·, . '41 : 49.' ,,- , ",.. ~l. ' '. .~- "'. '. 

Itis llowey;~r:irit~rest.iifg ton?Jr.,t~ai}~e v: 
go at. ha,sa :r~lativeIy ~aw~.weight.ot: rp.usc,le tn 

'.!. -' J : .. : ~ _, 
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