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In the more productive areas of New Zealand, sheep and cattle 
are fed throughout the year on pastur e which consists l>redominantly 
of perennial rye grass and white clover. Recent work (Rae et al 
1963, . 1964) has shown that under conditions 7ih0ro tho pasture is in 
excoss of grazing requirements mixed pastures of rye grass and white 
clover as compared with pastures consisting of rye grass species 
only, result in an increased r ate of growth of lambs. Associated 
with this increa sed rate of growth is a greater content of fatty 
tissue (Barton and Ulyatt, 1963) a higher iodine value and in s9me 
instanc€5alower me lting point of the depot fats (Shorl and et al 1966) 
and a higher content of;volatile acids especiall~ propionic and /runen 
butyric (Johns, Ulyatt and Glenday, 1963). Little work has been 
carried out on the effect of pasture species on the acceptability 
0f lamb. .Al though lamb is highly acceptable in New Zealand. and 
Great Britain it is not favoured in some other countries . In the 
U.S. A., for example, the annual per capita consumption is only 
about 4.5 lbs. The reason for this low consumption has been 
attributed by the American Sheep Producers' Council to the un­
desirable mutton flavour. However, no attempts have been made 
to evaluate or define mutton flavour. Objections have also been 
raised on the grounds of the unpalatable nature of the fat. It 
has been claimed in the U.S.A. that their lamb fat is too highly 
saturated and as a result it solidifies on the dinner plate at a 
relatively high temperature and tends to leave a " talloviy11 after-
taste in the mouth. (Cramer, Marchello and Sutherland , 1961 ) . 

In the present work, therefore, an attempt has been made 
to assess the degree of mutton flavour in lamb and to relate the 
results to pasture treatment using for the first time pastures 
consisting entirely of perennial rye grass or of white clover . 
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The projec t has involved the determination by di ssect i on of the 
we ight of' the carcase c omp onents incl ud ing fat , musc l e , and b on e 
as wel l as of the non- carc!:!.se c omoonents . On the chemical s i de 
t h e character i stics and composition of the depot fats have been 
d e t er mined , as has been the c ontent ond composition of' the rlll')'len 
vol st ile fatty acids as well e s that of the b l ood l ip i ds . The 
purpose of these chemi cal studies has been to obtain .. a more com:plet 
underst anding of the r e asons for differenc es in growth rate~ fat 
composition, and the degre e of mutton fl a vour between rye - grass 
fed end clover fed lambs. 

The fina l as s essment of the dat a obtained has not ye t been 
completed but an outline of t he main conclusion s has emerged with 
sufficient clarity to warrant the pr esenta tion of this present 
paper. 

The Ronmey-Southdovm cross lambs used in this work 
20 wethers and 10 ewes wh i ch were born dur i ng the peri od 
to 29/ 9/ 6Lt. . They were allocated at random to two groups 
one 0f which was grazed throughout on pure perennial rye 
and tl1e other on white clover. The lambs wet'e killed on 

comprised 
13/ 8/ 64 
of 15 , 
grass 
5/5/65 . 

In t he present investigation , the dissect i on and analytical 
techni ques used fol l owed conven t ional lines and will be reported 
in t he fina l paper. The evaluation of the d egree of mutton flavour 
and odour proved more difficult as no quan t itative procedures for 
t h is pur p ose had hitherto been deve l oped. In addition, the degree 
of mutton f l avour and odour in New Zealand lamb is only slight. 
In the work now rep or t ed the degree of mutton f lavour and odour 
was assessed on the casseroled chop from the 12th rib cooked under 
s t andard c ond iti ons . The cooked chop was separated into lean and 
f a t and these c omponents after cutting into cubes ( 1 cm" square) 
were served separately and evaluated while vrarm . In addition the 
r•esidue fr om the dissection including the bone was placed in a 
wi.d e necked j ar and smel l ed fo r mutton odour . 

The range on the· score sheet consisted of fi ve d egr ees 
a s fo llows: n one, s l ight, moderate , strong and intense . The 
f our panel members wh o had been trained for six weeks w:i, th dailY 
tasting sessi ons using lamb and mutton covering a range of age 
and c ondition sc ored each sample to one third of a degree by 
marking the scor e sheet with a minus sign, check or plus mnr k: 
The scor es were converted to numerical values by assigning zero 
to sampl es marked "n one" and one point for each one third of a 
degr ee with increasing in t ensity, thus g iving a twelve p oint 
sc ale . At each session one chop from the experimen t al gro up and 
one f rom the control group was evaluated, the source of' the chop 
being disguised by means of' a code number . 
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The results for the weights. of live &nimals, their carcases 
and the carcase components are collected together in Table r. 

Table I. A.~£'?..n3B .. ~:r.. .t.!2.C?n.~~f. _tse, .~f:f'.e,_q_:~s .C'.(.J?.~EE'.nn. ~~1: r:l~ _grass 
.2:.1!£ . .. 9.:f. _~;.:11if ~~S ~ c:Y.~r..~2~ .. y~~ · -~- i.':'.:e~_>1eJ~gh.:t J-!re i fil!(t_~of­
.£.§;r:..c_El~.~ . q~q, __ ._Q1:_ .£ ~~~£§- f?,~ . C. 9.I1212?.il?. n. ~~ ~ . oJ.'. __ l C!mb s . Me an 
values per lamb together with standard C:.eviations) 

Perennial White clover Significance: 
rye grass · level 

Live "tl\Teight (lbs) 67.3 ~6.7 93.7 ~8.8 H. S. 
Frozen Carcase (lbs) 28·.4 .3 0 ~- ~-6. 0 5.0 H. S. 
Total fat (g.) 276 .1 ~ 76. 2 765,, 9 (217.0 H.S. 
'fatal lean ( g.) 61 9 .1 33,9 910.3 ( 130.4 H.S . 
Total bone ( g. ) 1~8.8 ~ 2L~. 4 185.1 ( 30. 6 H.S. 
Kidney fat ( g.) 131. 9 46.2 282.8 ( 74,4 H: S. 

:\•In this and succ eed ing tables S =significant at the 5% level, 
H.S. =significant at the 1% level and N.& =not significant. 
Figures in braclrnts rei'er to the standard deviation of the mean. 

·-- ·-- ~---~.A~~i~ -t~t·e· -·e'xp·e·r·i~e·n-ts- ~~·f' ·R·e_-e· e.t. ·e_-1·-·T1 ·9·6·3;· -·1 ·s-6I~f--:1.n· ;:vh':i'ch---~--~--· 

ls.mbs grazed on pure rye grass species (short rota ti on and perennia:J;l 
vvere compared v1i th lambs grazed on these two species mixed with 
white clover9 unCl. e r c onditions of surp lus feed the increased rate of 
growth due to white cloier is cl early indicated. The superiority 
of white clover over rye grass s1_-,ecies is perhaps related to 
differences in cellulose content~ As indicated by the results of 
Le.ncashire and Keogh ( 1966) rye grass species contain, on a dry 
weight basis Gbout twice as much cellulose (c.20%) as white clover 
vvhich renders the pasture less readily digestible. In addition, 
the effect of the addition of white clover to pure rye grass 
pasture in increasing the weight of fat~ bones and muscle and 
non-carcase com1Jonents lws been demonstrated by Barton and Ulyatt 
(1963)0 

The present cl..a ta dori ved by comparison of lci.mb s grazed on 
pure perennial rye grass \Vi th those grazed on _pure white clover 
support these findings" (See Tables I 2.nd II) 
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Table I I. .A~ ~~P.ar: i§.P.:r:! ~ o_f . ~J:!~ . -~~e, ~g0_~ §. J&.?J .. _<?.,[ ,.~om~ .n. C!_n-:c arc ase 
~~~nen ~S. ..• o.t:.~~r.:~1li§...~ __ J;:.¥_~ .K~ .. ~S.~L-~12<:! _q~ V!1li~~ _£~o~ve :r:-:ted 

Perennnial White clover Signifies.nee 
rye grass level 

Empty rumen 568.5 (88.9) 762.7 ( 1 02. 7) H. S. 
Rumen contents 2721 .3 (772.6) 1931 • 8 (41B.1l H. S. 
Liver 491 .2 (64.4) 690.6 (5508 H. S. 
Kidney 96 0 4 ( 11 . 9) 133. 3 ( 13. 0 H. S. 

The })ffect _o~ __ J?.as tur_~ ~~e9 i_es _si_n.~i~.~ - -Q9.TI,~1~2..S.A~Jo:g 
.of F?t -f!;y apq ~Muss_ul 1=!1: T~ss~es _Ellld ___ Qn.. ~l~ 
Ch aracteristics of the Fats fr om these Tissues . ...... .. . - ..... ... - .. . - --- - . . - ' -"" --

The work in this se.ction hs.s not yet been completed. Shorland 
et al (1966) have already observed the marked effect of the addition 
of white clover to pure rye grass species on the elevation of the 
iodine value of the depot fats of wethers as well as certain minor 
effects on their· melting points and on the percentage dry matter and 
fat of the fatty tissues. In the present work as shmrm in Table III 
the composition of the subcutaneous fatty tissues and of the L dorsi 
muscle has been altered significantly by pasture treatment. In the 
first tissue the percentage dry matter was significantly higher in 
the perennial rye grass fed lambs while in the second tissue the white 
clover-fed la.mbs contained a higher percentage fat than the lambs 
fed on perennial rye grass. 

The subcutaneous fat of the white clover fed lambs as compared 
with those fed on perenninl rye grass 'Nas shown to have a much higher 
iodine value but a lower percentage of unsaponifia.ble matter, the 
differences between treatments being re spectively highly significant 
and significant. In the 1· do£.__?i fat no differences in iodine value 
were observed between the treatmeni:qbut the f'at f'rom the white clover 
fed lambs contained much less unsaponifiable matter, the difference 
being highly significant. No significant differences were observed 
between the melting points of the same depot fats. The results.to 
date therefore suggest that although white clover as compared with 
perennial rye grass pastures lead to higher iodine values in lamb 
depot f'ats 9 the melting points of the fats are relatively unaffected· 
These observations also indicate that the use of the iodine value as 
a guide to the softness of lamb fat may be misleading. 
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Table III. 

Subcut aneous f a tty tissue Longiss i mu s dorsi muscle 

i D.r y matter 
- Fat 
I0dine value 

Perenni al Wh ite Signific- Perennia l 
rye grass clover ance rye gr a ss 

6.o ( 3. 3) 2.9(1.0 H. S. 19.0 ( 0. 9) 
85.5 ~ 9 . 5 ~ 8 9.9(3·5~ N. S. 5.5 ( 1 • 6 ~ 
44.9 1 • 9 50. 3 1 • 7 Ho S. 59.5 ( 4. 7 

1e1tiny point) 
( 

0 c ) 43. 8 (2.2) 44.2(1.7) N. S. 46. 3 ( 2 •5) 

White Signific­
clov ·r ance 

18 . 9(0.8) N. S. 
s.1(1.5~ H. S. 

58.7(1.8 N. S. 

44.9( 2 .4) N. S. 
~ Unsaponif-

0.69(0.34) 0.45(0.1)· 3.04(1.20) 1.80(0.34) h.tble s H. s. 
~-

Correlation coeff icients be t ween the iodine va lues of the 
subcu tane ous and 1 · Q_Qrsi fats and the tot a l we ight o f f a t in the 
carcase were found to be non- significant. It i s thus evide nt t hat 
the Call ow ( 1935a ,b ) growth r·ate the ory of i odine v al ue which he 
used to explain the h i gher iodine values of the depot fats of slow 
growing as compared with fast growing pigs as resul ting from t heir 
gr eate r incorpora t ion of soft dietary fats , d oes n o t apply to shee¥. 
This may fol low from the fact that the dietary fat i n sheep is 
hydrogenated by the rumen microorganisms ( probably to a varying 
d egr ee ) leading to fats which are harc er than those made endogenousJy 
f rom t he non- fatty constituents of the diet ( cf Shorl and , vVeenink end 
J ohn s , 1 9 5 5 ) • ·-

Th t2_!,moun i and CoJl).EJ S i t i on of t J:.1 e .. Vol a ;~_il e 
.Fa~ ty__A c i 9:_§_ ('L Jl• _A • _ i.P _tfi E2..J~ um~_n 

Johns et al (1 963 ) have already shown that sheep grazed on rye 
grass alone us compared with those fed on a mixed pasture c onsis~ing 
of rye grass and whi te ~lover nrc characterised by a greater weight 
of rumen contents and by a lower concentration of V.F.J~ . with 
dimini shed propo r tions of pr opionic and· butyric acids. These find ­
ings accord with those of the present investigation in which t h e . 
effects of perennial rye $rass and of white clover have been studied 
separately. (See Table IV) 
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Vo P, o Ao Per•ennial White clover Significance 
rye grass levels 

Acetic 56. 8 ~ 7. 2 1 01 • 9 ~ 9.41 Ho S. 
Propionic 17.1 3.0 43.7 5.5 H. S. 
Butyric 10.3 2.5 27.5 ( 4. 0 H. S. 
I sovc.leric 3.4 ~o.6 7.2 ~0.9 Ho S. 
Valer.ic 1.8 0.4 5.5 1 • 1 H. S. 
Total 89.4 (13.1) 185. 7 ( 17.4) H. S. 

In the present investigation the effect of feeding white 
clover alone e.s compared with perennial rye grass has been to double 
the concentration of V.F.A. in the rumen. This ef'fect is much more 
marked than vrns found by Johns _et .. a1. (1963) where an incres.se of 114% 
was observed for the sheep grazed on perennial rye grass-vvhi te clover 
pastures as compared with pasture consisting of rye grass only. 

The higher level of volatile fatty acids in the rumen is thus 
consistent with the greater rate of growth of white clover fed lambs 
as compared with those fed on perennial rye grass alone. Moreover 9 

as pointed out by J;nni sen and Lewis ( 1959 ), the lower the pH, the greater, 
is the rate of absorption of the V.F.A. across the rumen wall. 

Th_?__~_f.£~£1.~ Q.f, __ f El ~iS~E?__§..£.~9J~. ~~ __ Qn~_J:, eyel ~ _2.f~. §.~£.~f'Q_ -~ -:i.Jltci§ 

The concentration of total lipids, phospholipids, free fatty 
acids and of c.holesterol in the serum is indicated in Table V. 

Table V. 

Perennie.l rye White clover Significance 
grass 

Total lipids 203.3 (16.4) 1 81 • 8 ~18.1l N. S, 
Phospholipid.s 28.6 (2.25~ 23.9 3.14 H. S. 
Free fatty acids 1 5 .1 ~ 1 • 70 20.5 ~2.92 H. S. 
Cholesterol 97.00 9.5) 73.8 14. 6 N. S. 

It 0ill be o~~n rrom T~blc V th~ t the frGc. f~tty 2cid levels 
ttre incre 2. seC:. end thG .Phospholi ~id lcvcl.s ·dimini;:,hod in the whi to 
elovor-fed shocp ::o. rJ corao ~. I' c'dr · .. 'i th those f'ed · un perennial rye Gr'.'SS• 
Thcoo·results 2.rc diff'icult to -<i.ntcrprct, o.t proocnt, bcc 0~.ur~o en ' 
increo.sod froc :i:nt.ty ncid ccntent j_n tht corum ; .., 'H'.'lt::ll;y: r.snucio.ted 
vlr i th .. :Cas tin:.;. 
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The I ntensity: _of' Mutton Fl avour and Odour 
i n .. i~.~ .. -9..££1~~.CL_Tu!~a t f.roIE,.-~~!l_n i al RY.:e G~B;~_s:.~£ 
and 1h1te Clover- Fed Lamb s 
-~.·~._,_ ..,......_,__,... .. _,_ __ ... .... ·- . -- ... ~ 

The use of casseroled meat for the evaluation of mutton 
flavour was to avoid the production of burnt flavours and other 
complications associated vvith . roasting. Furthermore, the use of 
salt or condiments that mi~ht interfere with the flavour evaluation 
was avoided. The results of the taste panel indicated that it was 
readily feasible to ·cl. istinguish between the 12th rib chop both in 
regard to the flavour of the l ean e.nd the -fat as 1rvell as to detect 

' differences in od.our •between the .perennial rye grass and the white 
clover-fed groups. (See Table VII) 

Table VII. ggl!,l,J2~i son _q[ .J.~~ t:tlli~t ~f ~§~Ure .. tre fltm~:L .. 2!! , 
,ihe =bn_!~11s_ijz o:f_lJlll...t ton . fl.~yo ur.: -~no ... PdQ}ft: of _!he lean 
211d f ai ! l. ti ~~~.Qf_ the 1-?. t h ,_r =k_b £h.QB 

· Mu t t on flavour . Mutton odour 
~Pereniifaf --wnrte -·-g·i gnif ic..: :Per 'enni a r 1.11lnfw-slgnf fiC-
rye grass clover ance rye gr a ss clover anoe 

.... . _ . ,~ - * ~ 

-~·· 

3. 20( 0. 85) 5.38 H. S. 
( 0. 97) 

tissue 4. 20( 1 .16) 5.88 H. S. 
( 1 • 05) 

4.77 
( o. 89) 

The results show that the white clover-fed animals as judged 
from the 12th rib chop po s se ss e highly s ignificantly greater degree 
of mutton flavour and of' odour than the perennial rye grass-fed 
animals. It is not yet known whethe r the degree of :fatness ,££.:r;.' .§.~ 
i s responsibl e for these d i ffe r ences or whether the components of 
the white c l over apart from t h e ir enhancing e f fe c t on gr owth r a t e 
influence t he de velopment of mut t on odour. I t i s h oped b y fur the r 
a.ne. lysis of the present data as we l l as by c onduc ting f u r t he r inves~.ig ­
ations to shed ligh t on thi s problem and to pave the way for i nc reas­
ing the gr owt h rate of she ep wi thout incurring an i ncrease in t he 
i ntensity of mut ton fl avour. 
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