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The Cystine Content of Merino Wool in 
Relation to its Physical Attributes. 

By S. D. HUSSOU v\T an <l Y. BOS~fAK , Sect ion of \ Yool R esearch, 
Onderst epoor t. 

ll\TRmH:CTlOl\ . 

THE t:ystin e con t ent of ~Ierino \Yool is appl'O-"ima tel~- 12 per cen t . 
a nd alth ough seYer al resear('h 11·orkers h aYe st ud ied t he sour ce and 
forma tion of th is eon stitueut, th e function of <·ystin e in )ler ino \\·ool 
produ ction hom nutr ition al au d p hysiolog-ical aspects h as not :vet 
been defi ned . I n t h e presen t contribution it is not intended t o deal 
with this aspect of the problem but to discuss the r esults mainly 
wit h reganl to t h e relationships bet ween the physica l a ttributes of 
wool and its cystin e cou ten t . Th ese ph~· s i('al attribu tes largely 
determine the u ses t o 11·h ich ~Ierin o \Yool may be pn t an d ar e valu able 
assets eith er durin g· t he processes of wool man nfacture or in the 
fiuish e<l fabri t: . S hould the <oystine con ten t of Merin o wool be a 
moclih ing fador in its phy si c.al attributes, q ua n t ita tiYe vari ation s 
in cystin e would h:we impor tant appli cation s in rneth ods of wool 
p rod uction. 

In t h <:> pre;;en t im ·estiga tion a ser ies of selected )ferino wool 
Rnmples 1Yhich differ from on e a noth er in th eir physical a t tribu tes 
has been anal~·,;e cl. The c~·stin e conte.n t i s eompared with such 
chm acteristics as 'fensile S trengt h , Fibre H esilience, Fibre Fin<>­
n ess, Crimping· , Sealines,; , P ercentage Ext <:>n sion an d Whiteness . 

Jh :YIE \Y 01-· L rrElL \ T T;m ·: . 

F e" - fig ures are aYa ih ble on th e corr elations beh ,·een t h e cystine 
con tent of Mer ino " ·ool and it s p hysical att ributes. Sever al workers 
h ave analysed "·ool fm sn lphnr con t ent instea d of cystin e, but sin ce 
i t h as Leen shown b:-· Rimington (1929) and la t er by B arritt (1934) 
who allo\\·ed f or the m ethionine content , t h at the sulphur content 
of wool can b e converted into cystine , t lw r <> leYant work dealing with 
t h e su lphur cont en t of wool h as a direct bearing on t h e present con ­
t ribution . 
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Barker ( IU2!J) iu dis\' uss ing the id e ;~l bhri!' and thl' JJJa m tl'ac­
tu rin g· p rop e rti es of \YO c>l ;t sw derl " t h at for a n exte nsive seri.,·s of 
wools of d ifh•ren l typ e:; lil e rl' i:; a s igJtiti <;a nt variation in '3 UL!lhu;' 
co nte nt, " ·h id1 i :; unrl o1th t e tlly <· ause d b y biologica l , e nYiron n:e11Ld 
a nd other i nHu e n\'es, a JHI 11· il ic h illlpar ls to th e fihre considcrahL~ 
Ya ria! ion .~ in i b responsP to texti l e JHO\'f'SSPs ". .r\. fte r discu ss in ;~· 
tl te Yariati011s in the ,;ulpliur r· ontPnt of clifier en t \nJOls B,uker g oes on 
to say that " it j ,; s ignific ;>n l t h;t t hi g·h sulphur \'Onl e nt i s ;~ cr otn­
panit·d h~· a lo 11·er r Pgain of IYool a nd i t is ceri<ti n tlwt breP<l , en­
Yi ronm enl a n d pn t hol ogi!';d <;Ondition of t h e nnimal play p1·o lll i n e n L 
part s iu its d eYPlopme nl '' . ,·\l so "'' high ,;u lphur con lt' iil is 
desintble :m<l i t " ·o ultl seP m 1o b e the fi rst clifnt· nlt.'· in tlw pwdud ion 
o f 011r i<lt•a l f.Jln·i (' a,; lo ho11· to oh ln in it ". 

:-;[d ey ( lD:\1.) ;tn ;t h ·st•d l11·o •· l ::ts . .;es of \ t' \1. Z e;~ l:tnd \Yoob for 
s ulphur , the one lot h.eing <IPsig n ::ttPd h y UtP t r ;~ d e ;ts <1 goo d pro­
cessi ng· 11·ool ;t n tl th e oth Pr a fair pro<·Ps . .;i ng loL l fe fm tnd <Ill itJ.' i.!.!·­
niti c ;~n t difte n •nt '< ' b eh1·eC' n till' h1·o s<·ls in tl1Pir ,; ulphur coni Pnl. 

Ho ns nw ;J tHl .Jotti :<> d (1 '):\-1. ) 1101·kin!.!· o n '\rNin o ~l 1 epp found ;111 
i n si g- tJifi \'a n (· <·OITPla tion of (1·:) 12 lw l 11·ee n tlw s ulphm· cont en t and 
fi.hre fine11 e:;s antl t h e n~ <IJ>Jl P<IrPll to he no corre lation hPt'>~·Pen s ulp hu r 
<;o n tf' ttf. and ·· qualit.Y " in \l erin u 11·ool, a11art fro nt 1lw f:t..t that 
lll<•<lu lb te .J fi bres are incli nP<1 to lw lo11· i n s ulphur. 

Y <t u \\ 'y k , Ho tha and Ht·kl\Y l ' ( HJ :):) ) . \Yhile st ud y in g th<• efl't' <·l 
of suppletnenh of differ e nt i orllls o f sulphur in t·he d ie t of ~Ie rin o 
s heep , fo un cl I hat , "·heu lit e a nim a l,; ,,·ere dose d :;; u!'h suppl em Pnts 
a s cystine, s ulph;~tes, E.CSS and S, ! he rP "·;1 s 110 r espon se in t heir 
scourC' <l fl eece 11·eig-hb, me;m tihrP l e n g-t h ~, filne I h irk n Ps~ and Jll< •::t n 
fibr e \\·eig-ht s of shoul<le r sa n1ples . S ubseque n t 11·ork b;;· B ot ha 
(un p uhlis lt t> cl ) on t h e c~·s tiJI <' co n ten t o f th e expe rinw nta l \Yools 
s howe<l 110 ro rrelation s h.:•h,·pen tl1P g n n tps . so tl1;d· the ;d Jo\·e­
m entione<l physica l attri hu t es llid n ol appear t o l> e rone la te<l w itb 
thP cysti n e ro n ten t of thl' \\·oob . 

Sntith an d Harris ( l !):l(j) o::.:i<li se cl 11·oo l nrlifi<·i;tll,\ ,,·jt h hy<lrogPn 
JWro :-.: id e a nd ;ts a r es ult I ll <> <·.1·sLin e thopped front I I·() In ,'-;·.J. pPr 
t·(•nL 'l'h Pv ;dso fo untl t hat " thP ox i<lal.ion alon e shmn' d 110 sig· ni­
fi<·a n l eff<'r·t on th e :wl]iltur <·o Jd enl, ,,·~:· 1 l>rPa k illg- ,;t n·ng-111 , an<l 
r e,; ilit •tH·.\' of th e ,,·ool '· . 

S11·ar l (l~J:Hi ) 11·hpn f<·Pding su lphur lo :Ji erin o ~ h <·Pp fou 11d t hat 
a ltlwug-h I li P s ulp h ur •·otil <··n t. of } l ,·rino wool 11·a s a , .~ll'i; t hll' cp t;lnlil .Y. 
no relation ;; h i ps t·onld lw e:;; labli sh e(l l> e t>~·ee ll sulphur rontent a nd 
stapl e leng· th , di run ete r of ti hrP. e:den ~ ihilil y, or nintp~ p <' r in!'h . 

.Jic.Jiah on and S p eakma n ( 1937 ) \lork in g- on ~e 11 · ZPab nd 
R o mn<'y ,,·ool , fo und tli ffe r enr·ps h ebYt ·en t h e tip ~ a n(l root s of fi bre~ 
in so far a s tlwir sulphur contents ,,·e n> co nce ru ed. 'l'hPy also fo un<l 
d iffere n<· Ps b eh1·ee n th f' t ip . .; and roob of fihre s in t h ei r 1 PlatiYe d egTPPS 
of "st't" Th eir figur es for Y::triation in the sulphu r couteut \YhPn 
co nYerle<l in to cydine co ntent ran g<> hom 11 ·8 to 12 ·() p er ce n t. 
a 11 tl ::tg-ree with tho .~e found in the pre,;pnt 11·ork. 
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} 1 E THOD S. 

Cystine 11 as delt'Imined by the modified SnlliYan meihod of 
R ossou"· aud \Vil ken-.Tonlen (1934) . Approxim ately 1 gram of de­
g-reased and IYell-IYa Ah ed " ·ool \Ya s freed of Yegetable matte1· and sand 
by h andpi cking untl er distilled IY uter wi th fmceps in ct l a rge tlish . 
The wo-ol was collected on a G2 ,) en a ±ri t.tetl gla ss fiHer w h ie h 11·as 
dried by suct ion ancl con ditioned in the Const an t H umitlity cham ber 
until constant ''eights \Yere reach ed. 'l'he IYools were t h en clissol veol 
in ten tiu1 es th eir weights of G N ,H Cl and placed in a cont rolled 
a utoclave a t 145° for a h ours . It wa s shmnl that t his was sufficien t 
tim e for complete hy drolysis wi thout np parent loss of eystin e . T he 
hyclroly:sate IYaS n ltere<l th rough G0 .Ten a hittetl gln ~ ,; fil ter~ . 
wash ed and m aJ e up t o :sn it able volnm e SU ('h that .j ml. of t h e solu­
t ion should provide approximately ·4 m g . of cyst iut> . T h e colmi­
m etrie determination IYa,; earried ou t in t he Consb n t Hnmi clitY 
Chamber a t a cou st an t temper ature of 70° F . (It h as been sho"-;l 
that a con st ant t emperature is n ecessary in t h e colour rl eYelopm ent. ) 
T h e cystine is expressed as a percentage of the clean rlr:-- wool. 

I n each t.:a se an aYe1ag-e of t ln ee r eadings wa s ia ken ±or t he 
sample, which syst em pr oYed t o he a. reliable mH: . It \YHR also sho1n 1 
statistically t h at t h ere was a g r eat er Yariation lJehYeeu groups con­
stitu ting t he average than th ere was IYi thi n t he g r oups, so t h at a 1·enl 
differ ence exists aTuo ng }Ieri n o \Yools in th eir e:;-stine contents . 

Ph y sil'a l A tt?·i lnd es. 

T h ese 11·er e detenniued in t he Cou stmt t H umidi t v Ch am ber at 70 
per cen t. Ti elatiYe H u m idity and 70° F . The metho~ls employ erl an tl 
a ppara t ns u sed at 0 nderst epoort h a Ye a lren rl ,v he en cl esr-rilw<l 
(Bosman 1988) thert)fore only an outline of th e met h ods userl in t h i ci 
\York a re given h er e. 

The t ensile ~trength an rl pereentage fibre extension we1·e rleter­
mined on t he D oehner apparat u s and the metho rl~ of sampling the 
wools usPtl in t h e st u dy are t hose described by Boc.;ma n , \Yaterston 
a ntl van vVyk (Hl39) . 

'l'h e Fibre H esilience, t>xpresserl a s t h t• energy n ecessary to com­
press 5 gram s of clean wool by 50 per cent. was determined by the 
P end ultex Apparatus devised b.v H enn ing . A detailed m ethod of 
an alysis is tlest:ribecl hy Yan \ Vyk (Hl39). 

F ibre F inen ess \Yas deten nin ed on a Zeiss Lu n am eter. T h" 
crimping wa s measured as number of cri mps per in ch. Senlin t>ss ' ' "' 
t] p(·ermi n ed h:v :lll apparat us design er1 a fter Speakm a11, t he t edmiqu r' 
of sa m pling , m onu ti ng of sli tle.-; a 11d in te1preta t i.on of .reatlin g-;:; being· 
t hat described by Bosm an an d Yan ·\Vyk (1989). 

The degree of " ·hit eness expresRecl as a pereentage of st andarrl 
whit e, 1nts detPrm inecl by th e apparat us rlesig·IJed by IIe11ning, wh er e 
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the white light i s determined by the cunen ( set up in ;1 pholo-eleci.ric 
cell , car e bt> ing (;1ken t h at a ll t h P ~amplPs "\YPrc cl t•all ~P d of inq)llriti es 
by a standanlise<l method. 

J •:xPE in~IF.XT .\L R~-:sn:r<; . 

l'he res ul ts of the <lnahsP~ a r e sunt m arise <l in Tabl e 1, 11-ll!.'l'r i t 
i s shown thai. the c)·stine co;d ent nries from 10· 8(i to 12·1:) p er cent. 
with a m ean of 12·02 ;~nd ; 1 t· oefh l'i <>nt of Y;niahi li l_\· of:{ -!) pPr t·pnf. 
This Y:niation is t·omp;n;ttiYP l,l· ~m;;ll 11·he u it i ~ t·om p ;trt> cl 11·i th lh;d 
of the tensile strength ("i·.S JH'r c<'nt. ) or DPs iliPtll ·c \22·;) pt>r CPtd . ) 
or the FibrP Fin Pnes;; ( 11 ·0 pe1· c·Pnt. ) or Crimps p el' in l'h ( 12·!) JlPl' 
c<>nt. ) or sl'n l inE'~~ (l (i·(i JWr t·Pnl. ) o1· p:dt•n.;ion ;li hrt'<lk ( J:{-(j JH'I' 
ce n L) o r \Y ltil e n <>ss (G·.S pe r t· t•n t. ). J l must· . ih en•f'on·, he l'O n cl u tlp(! 
tha t· ilw cYstiuP I'On(enl of :Ji e rin o ,,·ool Y<tl'ie .; le"' th;l n clo thf' 
ph_,·si c: al t· l~;tmci<>risl il's em ltl ll' ratl'd. 

T .IIIIJ·: 1. 

Th e Cys tin e ( 'onlen t of .1/ erino lTool iu l?r fotion to C'crtoin 
o.f its l 'f,.l;-'il'fll . I Ur il111tn. 
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A comparison of the coefficients of eorrelation between cystine 
a nd t he physical attributes cn·e g-i.ven in 'l'ahle 2. 

TABLE 2. 

S hon--in.c; Coe.fjirien t of CorTelo tion (r) . 

I Tensile I H.esili- I 
Fibre Crimp-Fine-Strength . enre . mg. ness. 

Cystine . ............. ·1714 ·4509 ·2181 ·3281 

llegrce' of Preedom .. :23 23 22 :20 

--------

According to Fisher' s Table of 1·: -

IYhen P = · 05 
and \Yheu n = 23 iheu /"' = ·3951 

" n = 20 then r ~ ·4227 

I Scal i-

I 

E xten- White-
ness. sion. ness. 

I 
·2242 ·070ii ·1026 

:20 23 

when P = ·01 
·4999 
·5368 

23 

'l'he only sig-nifi cant con-elation (a t P =~ ·Oii ) is that hetwee11 
cy::; tine and resilience with a Yalue of · 4509 . The ch:uacteristi cs of 
ieusile strength, Fi.bre Fineness, Crimping-, Sr·alines:>, Extension and 
·whiteness bea1· uo 1lefinite r elationships to the cystin e eonteni. 

SL'".\DlAitY .IC\ JJ l'o.:-;cL US ilr :-< .-; . 

.A series uf selede1l .JleriHo 1\"lJul samples that diffe r lllarkedl~- iu 
their physica l attributes " ·ere anal_ysed for cystinl'. 

The recmHs sho1Y no sig-ni:Rcn nt co1Tehti1ms het wee n il1 e cyslin P 
l"OHten t and 'l'ell~i. l e Stre11g·th, Filn-e Fi11enes,;, Crilllpi n g, Scalilll:'ss, 
Percenl<lg-e Exiensioll or \Yhi teuess . This iii contrary i.o the fi.l1C1in~s 
of certain other workers. 

T her e is a certain ,;ig·nificau t cont>Ldion (at a --1 IJPl" cen t. lcYel) 
hehn~en cystin e content a 11<l r esilien ce. 'l'lte Yal ue o.f thi s conelatioJl 
i s, hoiH'Yer, not hig h. 

It i s COllClllded th at tlu• ro le of C)·,;tine in 1\"00J. production i ,; 110t 

a n important one, an <l that ihe possihilit~- of illlpioYing- IYOol chara l:­
t eristics Yi.a the cystine content does 11ot appear to be great. 

ll.-\ I{ lUT'l'. J . (1D34,) . 'I' he distribution ~ li d orig;in of w lphur in 11·ool. 
r. M:f'thion ine in wool. Ji iocliew . J .. Vol. 28. pp. 1.-;)_ 

130'\FDf.-\. F. N .. A:<D JOl.JBERT, .P. J. (1934). ' l.'he sulphur !"O n t e n t of me rino 
11·ool : Tts di stribution a nd r elation to fineness an1l lJll a li t? . S.A . .l .81' . . 
Vol. 31, pp. 3<17-370. 

BOS:\IAX. Y. (1918) . Prog ress in t he method s of IHJol r esea rc h. F annina in 
South .<1/nm. October . HrlS. 
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