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CHAPTER 1. INTRODUCTION. 

Historical Swnmary: 

The first investigations into the effect of sulphur and 

sulphur compounds on wool production were carried out in the 

1930's by Steyn (1931; 1933), Pierce (1933), Du Toit, et al. 

( 1935), Marston ( 1932) and others, who fed elemental sulphur and 

sulphates to sheep in an effort to raise their wool production. 

Although contemporary work had shown that the hair growth rate 

of mice could be increased by the feeding of sulphur compounds 

the \vork th sheep was notably unsuccessful. IVIarston ( 1935} 

revi the state of knowledge of the sulphur nutrition of the 

sheep, was impressed by the apparent screpancy between the cystine 

content of wool (about 11%) and sture (about 1.5%), and concluded 

that the animal must synthesise sulphur containi amino-acids 

in its body. He admi stered sulphur containing amino-acids in 

various ways and although he obtained some increases in wool 

growth s experiments were inconclusive. No further research 

into the sulohur nut on of the sheep was undertaken for some 

two decades. 

Concurrently w~th the investigations into sulphur nutrition 

research into the effects of the plane of nutrition and dietary 

protein and energy levels was bei conducteclo It was found 

(Marston, 19/+8; 

Carter, 1955; 

Ferguson, Carter and Hardy, 1949; Daly and 

Ferguson, 1967) that an increased plane of nutri 

caused an increase in wool production. In an att to define 

on 
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the feed factor or factors responsible for this increase, 

isocaloric diets containing different amounts of protein were 

fed but it was found that when the protein content of the diet 

was increased to about 10% (the level at which the rumen micro­

organisims cease a net synthe s of protein) any further increase 

in the dietary crude protein content had little or no effect on 

wool production. It was accordingly thought that wool nroduction 

was limited by the amount of energy precursors in the diet. 

Results were obtai ned which indicated that ~Arool production increased 

when the energy content of iso-amino diets increased (see Ferguson, 

1959) but the experiments were again inconclusive. 

was r 

knovdedge of the biochemistry of the rumen advanced it 

sed that the failure of the earlier vwrk in protein and 

sulphur nutrition to increase wool production was probably due 

to the intervention of the rumen ere-organisms and a consequent 

failure of the various experimental treatments to alter the nature 

and volume of no-acids reachi the Dortal blood. Reis and 

Schinkel ( 1963) by- sed the rumen by infusi protein (casein in 

this case} into the abomasum and obtained ·wool eduction increases 

of up to 130%. Subsequent investigation aimed at determining 

more exactly the protein constituent(s) responsible for the increase 

showed that abomasal cysteine infusion increased wool production 

more than the infusion of tin supplyi an equivalent amount 

of amino-nitrogen. It was concluded that the sulphur containi 

amino-acid content of the 

for wool growth. 

The Present Work: 

ets was probably a limiting factor 

Up to thi s date, all sulphur containing amino-acid and protein 



infusion work had been done in Australia usi Australian Merinos. 

It was decid to conduct a simi r experiment t.o see l'ihether 

cysteine infusion had a similar effect on the wool grovvth rate 

of ew Zealand Romneys. 

The work described in this thesis consists of two parts:-

(i) a preliminary experiment was conducted to see if the 

Romney wool groi'Jth rate respond to cysteine infusion, 

and if so, at what dose levels. rst investi on 

of the \'Tool factors involved was also made. 

(ii) having found that the Romney did respond to cyst ne 

treatment a second experiment was carried out to 

determine more exactly the wool factors involv in 

the response and to see if the response was alter 

by the protein content of the basal diet. The effect 

of cysteine administration en the di stibility of 

basal et was also examined. 

The fact that the feed factor causi the wool growth rate 

increase was an amino-a d, not protein per se, allowed the use 

of intravenous infusion, a simpler technique than aborr1asal infusion. 

It is fe that the interpretation of the results of the present 

experiments is not greatly different from that of the abomasal 

• .1:' • 
ln.L USl on ents as in both cases the amino-acid is transported 

via the venous blood to the sites of its utilisation in the body. 

A more detailed discussion of this problem is ven in Chapter 5. 

Nomenclature: 

The term 'cyst(e)ine' is used throughout this the s as a 
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general term for cysteine and cystine ·when it is not necessary 

to distinguish between the two. 

The terminology used in Part II of Chapter 2 to describe 

the microstructure of the wool fibre is that of lVJercer, et al. 

( 1964). 

The term 'thiol' refers to the group, while 'dithiol' 

refers to the configuration. 



CHAP'I'ER 2. R:!WIEW OF LITERATURE. 

I THE PROTEIN NUTRITION OF WOOL GROWTH. 

Protein 1v1etabolism in the Rumen: 

The digestion of protein in the sheep takes place in two 

phases, microbial and mammalian, and the importance of the 

microbial phase depends largely on the quality and dietary con-

centration of protein. When the dietary protein content is below 

about l~b the diet does not appear to meet the micro-organisms 

protein requirements and it is considered(Hamilton, et al. 1948; 

Burroughs, et al. 1951), that in this situation 60% to 80% of the 

protein digested by the animal in the abomasmn is microbial protein 

which has been synthesised from non-protein nitrogen. Evidence 

supporting this view is ven by Johnson, et al. (1942; 1944), 

Kehar and r'1ukhergee (1949), IVicNaught, et al. (1950), and Ellis, 

et al. (1956) who have shown that for ruminants, the amino-nitrogen 

absorbed by the animal has a biological value of about 7o% when 

the proportion of crude protein in the diet is below 7% to 10%. 

This indicates that in these conditions much of the amino-nitrogen 

absorbed by the animal is of microbial origin. 

This synthesis is efficient and non-protein nitrogen can 

supply all of the animals protein requirement (Virtanen, 1966). 

It has been shown that urea can replace dietary protein for wool 

growth purposes and that the synthesis of protein from non-protein 

nitrogen is enhanced if inorganic sulphate is available (Thomas, 

et al. 1951). 
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arks et al. (1953; 1954) and Hale and Garrigus (1953) have 

also noticed the stimulatory effect of sulphate addition on wool 

growth and tracer studies have shovm that sulphate can, in these 

circumstances, be converted to cysti:ne and incorporated in wool. 

It can be assumed, then, that in conditions of low dietary 

protein content the micro-organism vri.ll increase the amount of 

protein available to the animal, but it is considered (Chalmers, 

1961) that the quantity of protein synthesised in the rumen of 

sheep fed a solely urea diet may not be sufficent to support good 

growth, the protein synthesis being limited by the availability 

of sulphur containing amino-acids. 

When the dietary concentration of crude protein is above 

10% to 12% little protein is synthesised from non-protein nitrogen 

as the micro-organisms obtain their requirements from dietary 

protein. However, in doing this, the micro-organisms hydrolyse 

the dietary protein and even in conditions of high dietary con­

centration most of the protein digested in the abomasum may be 

microbial in nature although the extent 

protein can vary greatly (~cDonald, 19 

the di stion of dietary 

McDonald and Hall, 1957). 

The mechanism of protein hydrolysis in the roo1en was first 

recognised by Sym (1938) and it is novv kno·wn that most dietary 

protein undergoes the scheme of reactions shown in Fig. ( 2 .1). 



Fig.. ( 2 .1) • Digestion of Protein in the Rumen 

(from Annison and Lewis, 19~ 

Protein ---1 amino-acids ____,. NH
3

, Co
2

, volatile fatty-acids. 

r~ microbial protein 

to liver 

/ 
incorporated into 

microbial protein 
or metabolised in 

the liver 

recycled 

rumen 

l 
urea 

/-~ 
to urine 

The presence of carbohydrate, protein (or other nitrogen 

sources) and other substances (notably sulphur) affect digestion 

in the rumen, as does the physical form and solubility of the 

dietary proteins. Soya gluten, for example, is not hydrolysed 

in the presence of cellobiose, but in general the presence of 

easily available carbohydrate stimulates protein catabolism. 

The nitrogen / carbon ratio is of importance: Harris and 

tchell (1941) found that the addition of nitrogen to poor diets 

enhanced dry matter digestion,and lVloir and Harris (1962} were 

able to positively correlate nitrogen intake ~~th dry matter 

digesti bi li ty and hence rumen fermentative activity. Nitrogen 

need not be ven oer 2.§., as Little and liJiitchell (1967} obtained 

a similar enhancement of dry matter digestibility by the abomasal 

infusion of protein. It is known that both nitrogen and sulphur 

are recycled to the rumen and it is probably this mechanism which 

was responsible for this result. 
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In view of these observations, and consideri the topic 

of this thesis, the activity of the rwnen cro-organisms on 

dietary sulphur containi amino-acids is of :interest. The 

pathways described :in Part II of this Chapter for anaerobic 

cysteine breakdown are, generally, those existing in the rmnen 

micro-organisms. Tarr (1933) found that Proteus vulgariA produced 

H
2

S from cysteine degradation thus indicating the presence of 

the cysteine desulphydrase mechanism, Woods and Clifton (1937) 

found that Clostridium t;etanon10rpl1~ ferments DL- serine and 

1 - cysteine to H2 , C0 2 , NH
3 

and volatile fatty-acids (mainly 

acetate but also some formate) and Lewis and Elsden (1955) found 

that the organism LC (a gram negative coccus found in the sheeps 

rumen) degraded cysteine via the cysteine desulphydrase pathway. 

rotnak, et al. (1953) state that the volatile fatty-acids formed 

from cysteine and cystine hydrolysis consist mainly of acetate. 

Under conditions of adequate protein there will be little 

net sulphur containing runino-acid synthesis. Rather,. the 

situation vd.ll develop where the sulphur containing amino-acids 

present in the diet are hydrolysed and the hydrolysates used for 

the resynthesis of these amino- in microbial protein, e.g. 

see the results shown in Table (2.1)¢ 



Table C2 .1) . Sulphur Containing Amino-Acid Concentrations 

in the Rumen Contents. (from Weller, 1957). 

Amino-acid as % of Total N. 
. 

Amino-acid micro-organisms rumen herbage 

bacteria protozoa digest a 

cystine 0.7 to 0 .. 8 1.1 to 1..3 1.1 to 1..6 

methionine 1.5 1.0 to 1.4 0 .. 5 to 0.9 1 .. 2 to 1 .. 6 

Ivli crobi al sulphur 1rv"i 11 eventually become available to the 

animal but there will be an appreciable time lapse before this 

happens and some, at least, of the dietary sulphur containing 

.amino-acid 1'lill be lost to the animal because of microbial 

desulphuration and production of H2S. 

1tJhen micro-organisms are grown in a medi wn deficient in 

sulphur containing amino-acids they will synthesise them from 

inorganic sulphate (Block, et al. 1951; Hale and Garrigus, 1953; 

Tsukamura, 1964). lvieister (1965) has sUJnmarised the present 

knowledge of the microbial conversion of sulphate to cysteine in 

the scheme shown in Fig. (2.?). 

Lel'lis (1954) showed that e optimum pH for sulphate reduction 

is 6.5 (i.e. that of the rumen) when H2 gas is the hydrogen donor, 

and that pyruvate, formate, succinate, lactate, glucose and 

volatile fatty-acids will also act as hydrogen donors. 

tMAssr:v UNM:RSrrv 
LIBRARY 



Fig. ( 2. 2) . 
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Pronosed Pathways of lV1icrobial Synthe§is _q£ 

Cysteine from ~ulphate (from Meister, 1965}~ 

ATP 
adenosine- 5- phosphosulphate ------~adenosine- 3- phosphate-

l + serine 

cysteine 

5 - phosphosulphate 

/ 

+ 

s 0 -­
!! 3 

1 
cysteinesulphonate. 

The Utilisation of Digested Protein: 

The efficiency of utilisation of protein digested in the 

abomasum depends on its biological value and on the energy status 

of the animal. 

The biological value of a protein is described (Cuthbertson, 

1965) as:-

absorbed nitrogen - excreted nitrogen 
------------------ % , 

total absorbed nitrogen 
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The biological value of microbial protein is high, probably 

because of its high essential ~11ino-acid content. Even so, the 

addition of sulphur to the medium vrill enhance both microbial 

growth and the biological value of microbial protein ( lliams 

and Iv1oir, 1951; Holmes, et al. 1953). It is of interest that 

Hawley, et al. (1948) obtained a positive correlation of 0.972 

between biological value and the ratio: 

creatinine nitrogen 

total urinary nitrogen 

As methionine is a precursor of creatinine this suggests that 

the sulphur content of a protein may determine its biological 

value. 

If an animals carbohydrate and fat intake does not satisfy 

its energy requirements then the amino-acids resulting from 

protein hydrolysis will be used for energy purposes. Unless a 

selective mechanism is proposed this ""'zill reduce the amount of 

cyst(e)ine available to the animal. Also, if sufficient energy 

for the incorporation of sulphur contai ng anino-acids into the 

animals tissues is not available these amino-acids vd 11 probably 

be excreted as sulphur compounds in the urine. 

Protein Nutrition and Wool Production: 

Once the di stive process is understood the apparently con­

flicting results of the earlier work in the protein nutrition 

of wool growth can be reconciled. 

The earlier workers(Orr and Holm, 1931; Spottel, 1933; 
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Fraser and Roberts, 1933; Bowstead and Larose, 1938; Leroy and 

Chartelet 1949; Van Horn, et al. 1950; 1951) found that no 

increase in wool grow·th rate v.ras obtained when prot n supple­

ments v_rere ven above a normal level of protein feeding. Van 

Horn, et al. (1950; 1951) obtained no increase even when the 

etary protein content v_ras rais to 3 Slen and ting 

(1952) fed differing amounts of protein in isocaloric rations 

and obtained ·wool growth rate increases when the prot n level 

was raised from 7% to 10% but little increase was obtained as 

the level was raised above 10%. Iviarston ( 1932) , however did 

obtain wool growth increases after eding a dried blood supplement, 

but the basal dietary prot n level was probably less than 

Ferguson (1959) performed an experiment similar to that of Slen 

and ting (1952) and obtained similar results. He conclud 

that energy VJ'as the factor limiting wool production but this 

theory was disproved by subsequent Australian work (cited by 

Fraser, 1967) usi isocaloric rations derived from different 

foodstuffs. 

Coetzee and Pieterse (1966) found that the type of protein 

fed had little effect on wool growth rate and Little and tchell 

(l967)found that different proteins had similar effects on dry 

matter di stibi ty and nitro retention when ven 12er os. 

Lofgreen et al. (1947) and lliams and Ivwir (1951), however, 

obtained different wool growth rates when they fed different 

proteins to lrunbs. It is possible that the lambs did not have 

developed rwuens and consequently responded as monogastric animals. 
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~vhile no response to increased protein level was obtained 

when the level of dietary protein was about 10%, there is 

evidence that the wool growth rate does respond to increases in 

total protein intake. For example, Ferguson (1959) found no 

difference in wool production betvieen sheep fed similar amounts 

of rations containing 7.5% and 29% crude protein but d obtain 

differences between animals fed 500 gm. and 1400 gm. per day of 

rations containg both levels of protein. 

Recent Australian work (cited by Fraser, 1967) has suggested 

that the feeding of different proteins may not stimulate wool 

production to the s~ne extent (see above). However, as it was 

necessary to feed the various diets at different levels in order 

to obtain iso-caloric intakes, it is possible that the ect of 

protein source was confounded v~th that of protein intake level. 
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II 

The Intermediary Metabolism: 

The following section contains brief descriptions of those 

metabolic thways of importance in the utilisation of arlministered 

cyst(e)ine and methionine for wool production, and the more 

important pathv.rays by which these amino-acids are metabolised in 

the body. 

(a) the conversion of methionine to cvsteine: this 

involved the addition of methionine to the carbon 

skeleton of s ne. (du aud, et al. 1944; etten, 1942). 

Rach et al. (1950) ve the as:-

CH"OH I ~ 
CHNH 2 
I 
COOH 

serine 

methionine homocysteine 

2 - S -CH 2 
I I 
CH 2 CHNH 2 I I 
CHNH 2 COOH 
I 
COOH 

+ 1-homoserine or 0( -ketoglutaric acid + NH 
3 
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(b) the interconversion of cys~ine and cysteine: as can 

be seen from the formulae, cyst ne is the reduc 

H -CH 
l 
COOH 

2--

half-re due 

--- CH 
I 2 

-CH 
I 

cysteine 1-cystine 

In neutral or ne solutions cyst ne is oxi sed by 

air to cy ne. 

The conver on of cyst ne to cystine is cat ys by c 0-

chrome oxidase with cytochrome c as a cofactor ( Kei n, 1930) • 

This redox on is an important one. Not only does it 

provide an important electron accepti and / or donati system 

but it provides the eans of activati enzymes such as oxytocin 

and vasopressin and of formi di thi ol bridges betvreen amino-acid 

ns such as are found in the insulin and keratin molecules. 

The usual method of forming the dithiol bond is for this 

reaction to occur: 

i.e. any sti di ol bonds are reduc before combina-

ti on .,n_ th a sulphur ion of the second molecule. However, Jensen 

(1959) has noted that in some situations a more subtle formation 
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of a new dithiol configurat on occurs. This reactj_on can be 

shovm under acidic conditions in vitro as: 

+ l + 

+ R' + R' l 

and a chain reaction is set up th a little of the l radicle 

available after each dithiol bond formation to insti e the 

formation of the next. 

(c) the main pathways of cystine and cysteine degradation: 

these are similar except for one path which is speci c for 

cystine. 

( i ) 

so
3 
--

(6)}ln++ 

304 --

They are shovm. below: 

aerobic degradation of cysteine (Medes and Floyd, 1942): 

CH 2SH 
I 
CHNH 2 I ~ 

COOH 

cysteine 

··r ++ 
lVln 

( 5) 

( l) 

302 -

CH 2SOH 
I -

10 
2 ) 

CHNH 2 
+-z 2 

I ( 2) 
COOH 

cysteinesulphenic 

acid (hypothetical) 

CH 2so
2
H 

I 
) 

?HNH 2 
I 
COOH 

cysteinesulphinic 

acid 

. I . . h transamlnatlon vat_ 
I ( 3) 

~-keto~glutarate 

~ 
CH 3 

CH 2S02H 

I IVm ++ I 
+ co co 

I ( 4) I 
COOH COOH 

pyruvic (3 -sulphinyl 

acid pyruvic acid 

Reactions (5) and (6) are not enzymatic .. 
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This pathway is quantitatively the more important one. 

( 1961) sts a possible formation of/3- sulphonyl 

pyruvate from~- sulphinyl pyruvate. This would be excreted as 

such in s but may, in cro-organism, undergo a transamin-

ation th glutamic acid formi cyst c acid. 

Also, instead of step (3) as shown we get: 

CH 2SO,...H 
I ;(_ 

d e 

CHNH 2 
I 

cysteic acid 

Cysteic acid is then nated ~-keto-glutarate to 

form ,8-sulphinyl pyruvate (Cohen, 1940). 

Chapeville, et al. (1956) suggest that reaction (4) may be 

reversible, allovvi synthesis of amino-sulphur compounds from 

inorganic sulphate. 



18. 

(ii) the anaerobic cysteine desulphydrase pathway: he, 

(1942), Fromageot (1951) and Kalan and Ceithaml (1954) 

suggest this sequence of reactions: 

r-.SH 
G 

CHNH 2 
I 
COOH 

II 
2 

pyridoxal phosphate • metal ionj 
Cysteine desulphydrase + 

arnino-acryli c acid 
(hypothetical) 

CH 3COCOOH + NH 3 

H 

Of the H2S formed in the system, 75% to 85% appears in the 

urine as sulphate. 

Meister (1965) suggests a transamination mechanism: 

cysteine -----:1' (3 -mercaptopyruvi c acid 

pyruvic acid + S 

In the presence of excess cysteine, cystine are formed. 

This pathv;ay should, theoretically, Droduce alanine, H and 

cystine but in practice we get 
3

, H2S, pyruvate and cystine. 

It is thought that the deamination of glutamic acid (an interme-

diate) occurs, rather than the theoretical transamination. 

It is possible (Meister, 1965) that other desulphydrase path-

ways exist. 
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( the formation of taurine can be s thus: 

CH 

CHNH 2 
I 
COOH hypotaurine 

2 

CH 

I 

taurine 

The route via hypotaurine is probably the pr path 

(Caval ni, et al., 1955; Hope. 1955). - ' 

Several vmrker s found that t ne could not ce 

cystine in the diet of rats so it would seem that these pathways 

are irreversible. 
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(iv) a degradation specific cy ne was propo 

by Pi e ( 1934) and IV1edes ( 1939) • More recent work 

(quoted by Meister, 1965) has supported this proposed 

CH 2S 2 0 0 

I II II 
2 CHNH 3 s 

I 2 I I 
COOH COOH H2C 2 

I I 
HCNH 2 
I I 

2 

HOOC COOH 

cystine disulphoxide 

I 
decarboxylase 

J 
0 0 
II II 
s ·S 
I I 

taurine ~ hypotaurine '· H2C 2 I 
2NH2 2NH2 

stamine disulphoxi 

It is possible however, that the arti cially synthesised 

'cystine disulphoxide' is in fact the isomeric thiosulphonate 

compound R-S0 2-S-R (J.Vleister, 1965)" 

In all cases the eventual end-product of cyst{e)ine d 

dation is sulphate (which may used in further metabolic 

processes or excreted) or taurine. The carbon skeleton is 

converted to pyruvate but, contrary to expectation, the sulphur 

containing runino-acids seems to be variabl~ glycogenic, i.e. cause 
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the net production of , ( ebs, 1964). ttle is known 

about the carbon metabolism of these amino-acids. 

(d) taurine, en conjugat 

I'd. th cholic acid, forms the bile acid taurocholic acid. The 

administration of sulphur cont n i:t -o no-acids may cause a 

ft from glycocholate to taurocholate, but it is unlikely to 

cause the on of more taurocholate unless cholic acid is 

also ven, cth se the excess sulphur vr.i ll ear in the 

neutral sulphur of the urine. 

(e) the excretion of cyst( eline degradation nroducts and 

the detoxi fi cation mechanism: the content of urine can 

be subdi vid into inor't c ether sulphates and neutral 

sulphur. 

was seen in section (c) a major end-product of cyst(e)ine 

d on is sulphate vrhich is excreted in the urine (Block, 

et al., 1965). The other component of the uri sulphate 

fraction is ethereal sulphate; esters of H formed b en 

phenolic hydroxyl groups and sulphate. 

formula R-O-so
3
-. 

They have the 

Neutral sulphur in the urine se s in two vrays: 

eral 

from the 

detoxi on of s, and om endogenous sulphur compounds 

which .inc e cy ne, cyst ne, onine, taurine and ethyl 

sulphur compounds. 

A flow chart of the more important reactions is ven in 

g. (2.3). 
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The Incorporation of Cyst(e)ine into Wool and Hair Keratin: 

The incorporation of cyst(e)ine has been investi ed 

mainly by the use of radioactive sulphur compounds. The injection 

of labelled cyst(e)ine this method entails is analogous to 

the infusion experiments desc bed in Part III so the mech 

elucidat by this technique ~~11 be those involved in the incor-

poration of infused cyst(e)ine. 

Edwards ( 1954) , Ryder ( 1958) Downes, et al. (1964) have 

confirm that the sulphur cont ni no-acids are transoort 

to the wool follicle by the blood and the mechanism of cyst(e)ine 

transport in the blood has been investi ed by Dovmes. In his 

rst experiment (Do~nes, l96la) a Corried 

intravenously wi 3 
ewe was inject 

35 cystine and the anount of S present in 

various ctions of the plasma v-ms measured. The results are 

shoiAJTI in Fie. ( 2.Lt.). 

The 'bound' cystine was remo by NaHSO~ (Downes, l96la) or 
/ 

sms 

by mermpto-ethanol (Lee, et al.; 1951) the TCA preci tation. 

Lee, et al. (1951) and Samarina, et al. (1956) menti 

that cystine can be bound to plasma protein by a thiol bond 

which can be broken by these r s, and Dovmes (196lb) showed 

that the 'bound' cystine was, in fact, bound in virtro to the 

plasma proteins by dithiol bonds (see Jensen, 1959; Eagle, 1960; 

Downes, et al., 1965). 

Do'tme s ( 196la} showed that it is the free and thiol bound 

cystine which is used in keratin synthesis although the relative 

importance of each could not be calculated. 
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He suggests ( Dovmes, 196lb) that some of the administer 

excess cystine may form a pool in the blood plasma, rather than 

bei degraded and excreted. Data indicating this is sho~m in 

Fig. ( 2. 5) • 

The rapid rise in specific acti ty in the first six s 

f 
3 5"' . . . t. h h . d . . f a ter ;j cystlne lnJeC lon s _ows t e rapl . lncorporatlon o a 

portion of the injected cystine. It would be expected, if all 

the injected cystine was incorporated into the wool grown, that 

the descendi arm of the graph vmuld mirror the ·ascendi one, 

V<li th a long 1 indicati that some of the cystine had been in-

troduced into the general sulphur metabolism. Dovmes suggests 

that a rd curve exists (the portion CD of the ) and that 

this i cates the nresence of a cys ne tpool' bound by thiol 

bonds to the plasma proteins. 

The majority of sulphur incorporated into the fibre is in 

the form of either cystine or cyst ne (Edwards, 1954; Downes, 

et al., 1964), administered methionine bei rst converted by 

the reactions already cri bed. 

Although the perrneabi li ty of the follicle wall was questioned 

by and Nicholls ( 1933) it is now considered that most of the 

sulphur containing mnino-acids reaching the follicle enter it 

through the follicle wall ancl not through the papilla as Y.Tas 

suggested by Burns and Clarkson (1949). 

Bern (1954) and Bern, et a1. (1955), Harkness and Bern (1957), 

Ryder (1958) and Downes, et a1. (1962) have shown that an 
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intravenous injection of 35s cystine cause label to 

at the supra bulbar and I or keratogenous re ons v.rhi le little 

ears in the bulb. A representative result is shown in 

Table (2.2). 

!Jable (2.2}. 

Time 

0.5 hours 

8.0 hours 

24.0 hours 

":(I:; 

Occurrence of Label in Wool Fibres after ~/S 

Cystine Injection. (from Ryder, 1958). 

Occurrence of Label. 

peak in suprabulbar on. 

activity inc rea in the keratogenous 

zone and decreased in the supra bulbar 

region. 

activity in the keratinis fibre. 

It is concluded that cyst(e)ine probably enters the follicle 

through the outer root sheath at the suprabulbar and I or the 

keratogenous re ons, and then may diffuse throughout the fibre 

as Downes, et al. (1962) have found that radio-acti ty spreads 

downwards in the follicle as well as upwards, an observation which 

indicates that sulphur containing atr1ino-acids are moved in the 

follicle by some means other than the growth of the fibre. It 

is suggested that the mechanism involved is the exchange reaction 

described by Jensen (1959). 

It is not known whether infused cyst(e)ine is incorporat 

into the high-sulphur {matrix) fraction or the low-sulphur 



(filainentous) fraction of the fibre. Ryder (1958) suggest that 

the appearance of activity in different areas of the follicle 

reflects the incorporation of 35s cystine at the sites of greatest 

demand and as it appears that the low sulphur filament proteins 

are formed before the cell reaches the prekeratogenous zone 

(!Vlercer, 1961) this would suggest that the greatest demand for 

cyst(e)ine is for the production of the high-sulphur matrix protein. 

Gillespie, et al. (1964) noted a change in the proportion of high-

sulphur protein to low-sulphur protein in wool grown under the 

influence of cystine infusion (see Part III) and on the basis of 

this sted that the synthesis of at least part of the high-

sulphur protein fraction is controlled by the availability of 

sulphur containing amino-acids. It has also been suggested that 

new hi sulphur proteins may form when excess cyst(e)ine is present. 

On the other hand, Nakai (1964) has injected rate with 35s 

cystine and electron microscopic examination of the autoradiograph 

appeared to indicate that the injected 
35s cystine was "directly 

and specifically incorporated into filaments in the hair cortexn .. 

Downes, et al. (1966) have aiso found radioactivity in the low-

sulphur protein. They suggest possible explanations for this 

result: 

(i) error. 

(ii) some low-sulphur proteins may be synthesised in the 

upper follicle (Downes, l96la found evidence of 

cyst(e)ine incorporation during the later stages of 

keratini sati on). 
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(iii) incorporation of high-sulphur protein into low-sulphur 

helices (Crewther and Harrap, 1965). 

(iv) the low-sulphur fraction may have been a constituent 

of a higher-sulphur protein formed after the 35s 

cystine injection and broken do~m in the extraction 

process. 

A further suggestion is that cystine may be exchanged with 

some other amino-acid previously incorporated into the keratin 

protein. 

Administered excess cyst(e)ine may thus become a constituent 

of the low-sulphur proteins and a source of the dithiol bonds 

linking the o< - helices, or be incorporated into the high-sulphur 

matrix protein. le the bulk of the evidence suggests that 

it is incorporated into the matrix this theory can not he proven 

or di sproven unti 1 the mechanism of filament and matrix forrnation 

is elucidated. 

Although Bern (1954) and Bern, et al. (1955) could find little 

35s in the follicle bulb after labelled cystine injection and 

Braun - Falco (1958) found almost no thiol groups in the papilla 

and fewer in the germinal tissue than in otl1er parts of the follicle, 

Downes, et al. (1962) found radioactivity in all parts of the 

follicle at a time after the injection of 35s cystine. Downes, 

et al. (1962) suggested that this may be due to the conversion of 

cystine to sulphate and the uptake of this sulphate in the bulb. 

This theory, if correct,could explain the increased growth rate of 

wool fibres after cyst(e)ine infusion as Schinkel (1962) and Short, 
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et al. (1965) have shown that the greater rate of wool grov,rth 

obtained from sheep infused with 185 gm. casein per day wa dtte 

largely to an increase in the rate of cell production in the 

germinal tissue, and it is knmvn that sulphur is an important 

constituent of the cells mitotic apparatus ern, 1959; Mazia 

1959; 1961). Sylven (1950) suggeststhat sulphate containing 

mucopolysaccharides may be implicated in keratinisation (possibly 

bei inhibitory). 
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III. OF 

TO THE 

The Effect of Cyst( e)ine Administration on Wool Growth and Body 

Cystine, cysteine, methionine and inorganic sulphate and 

sulphur have been administered to sheep and other animals in order 

to study their effect on hair and wool growth body ght. 

Two main factors affecti their uti sation have appear the 

degree of intervention of rumen micro-organisms, and the animals 

basal plane of nutrition. 

Early experiments with rats showed that the stimulatory effect 

of cystine when fed to correct a cystine deficient et (du 

Vigneaud, et al. 1932) was not due to its runino nitrogen content 

as an equivalent amount of amino nitrogen alone did not restore 

the rats growth rate. 

Experiments by Evvard, et al. (1914), Hartwell (1921; 1925) 

and Smuts, et al. {1932) showed that rats fed a cystine cient 

diet grew less hair than rats fed a normal diet and that this 

lack of growth was rec fied by the feeding of cystine. 

Steyn (1931; 1932) fed sheep 5 to 30 • sulphur per week 

and obtained increases in liveweight gain and wool production 

from this treatment. Pierce (1933) repeated this work using 

2 ~n. sulphur per day and continued the experiment for seven 

months but obtained no liveweight gain or wool growth rate 
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increases. He contrast the nutritional states of his 

eyn's sheep concluded that eynts result was due to 

the sheep being in a very poor nutritional state. However, as 

Pierce's sheep were a basal on contain± casein it is 

probable that their cysti,ne rements were met from the 

onine content of the casein. Sneddon and Chamberlain 

(1933) performed an experiment similar to Pierce's vdth similar 

results, Du Toit, et al. (1935) administ cystine and sulphur 

per os but obtain no on wool production or li 

n. 

(i.e., 

IVlarston (1935) IVierino ets on which they maintai 

ght but ew only about their wool production 

their total wool production potenti . • on's 

gures) 

( i) fed l. 0 • cystine per obtai 

nitrogen ret on increas wool on. 

of the added cystine vms retained; 

(ii) injected 1.5 e cysteine subcutaneously obt 

a 34% increase wool growth rate. Two thi of 

the cysteine was incorporated almost immediately 

most of the remainder was incorporated over a sub-

sequent period. The response lasted for some 

(iii) added 1.0 gm. elemental sulphur to the diet but 

obtained li tt wool growth rate response; and, 

(iv) injected methionine and cystine at doses calculat 
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to quantities of and obt 

increases in vwol th a er increase 

met hi ne than cystine. 

this work, the vmrk of rrhomas, et al. (1951)' ale 

gus (1953) , et al. (1953; 19 ) , it is 

obvious that t addition of inor c sulphur not 

the sulphur nutrition of the ani ss its sal et is 

very in protein-sulphur. so, it can be seen that cyst(e)ine 

st 11 increase t;he rate of "'- n v"lbbl on v 

that, in 
' 

this occur t cyst(e)ine 

is not subject to microbi action. reasons for these 

obs ons t le mechanisms for the inca on 

of i c sulphur sulphate into n have been scuss 

in Part of this er. 

R s and Schinkel (1961) found that the abomasal infusion 

of up to 55 • cas n-nit caused a 3~ to increase 

in amount of wool each d d increa.se in 

bre diameter account the obs increase in \'lool 

ucti on. 

Schinkel ( 1962) obt ned increases in 'tlool oducti on of 

1507o from abomasal casein i usion and Short, et al. { 1965) show·ed 

that most of s increase was result of an increase in the 

cell liferation rate in the wool follicles. 

Rei s and chi (1963) f sheep a ba diet ovidi 
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2.0 . cystine per day and compar the abomasal infusion of 

cas n th some amino-acids. Two sheep ven 60 . casein 

ner day (equivalent in sulphur content to 1.75 
X 

cystine) 

responded th \AlDOl rate increases of 84% and 102J'o. In 

comparison, 2.0 . cys ne per day caused increases of 2 to 

7 ' 2.46 • methionine per day caused an increase of 1307~, 

while a xture of glycine c acid havi the same 

nitro content as the cysteine no response. 

In a further experiment (Reis and chinkel, 1964) the 

stimulatory effects of casein cysteine on vwol procluc on 

were compared. Here, 60 atin per day did not increase 

wool produc"Gi on, while 60 . cas n per day doubled the rate of 

wool grov.rth. The addition of cysteine methionine to these 

regimes increased wool growth still further. 1'hese results 

were int et as shov,rj_ that the increases in wool growth rate 

observed from casein infusion were largely due to the cyst(e)ine 

content of the ca n. It is of interest that while 16. 51o of 

the casein nitrogen could be accounted for in the vmol .::;rm\rn, 

only 1. of the atin nitrogen could be so accounted for. 

It was found in this experiment that less wool was grov.m 

from the 3.0 • cysteine per day supplement than from the 1. 5 

per day supplement. The data are shown in Table (2.3). 
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Table (2.3). The Effect of Sulphur Containing Amino-acid 

Dosage on ~ool Production. (from Rei s and 

Schinkel, 1964). 

eatment ol grown due to 

60 £lll. cas n + 1.5 cysteine 2.9 ?Jn/day increase 

cas n + 3.0 • cysteine 1.7 rJJ.n/day increase 

casein + 3.7 methionine 2.8 rJJ.rl/day increase 

60 gelatin + 1.5 . cyst ne 2.3 /day increase 

l ..... ge_avln + 3.0 gm. cysteine 1.8 gin/day increase 

l +- • ge_a uln + 3.7 methionine 2.5 gm/day increase 

T'hi s i cates a eau response to incr sulphur 

containi no-acid do , a phenomenon also observed by 

s (1954) th rats. In this experiment E s injected 

35s methionine intramuscularly and obtained a olateaui of 

label concentration in the hair as the do increased. Harper 

(1958) believed that this type of effect may be due to an amino-

acid imbalance; possibly because other no-acids become 

limi ti 

work on this aspect of sulphur cant ni no-acid 

administration has been done by Rei s ( 1967). Small amounts 

(0.5 to 2.0 • per day) of cysteine or equimolar arnount s of 

methionine increased the wool growth rate by up to 100~~ and the 

responses to both amino-acids 11\'ere of similar tude. Nool 

production 1tJaS reduced to slightly below the maximum response by 

6.0 to 8.0 . cyst ne per day, and to substantially below the 
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max.i.mum response by equivalent arnounts of onine. In one 

case a heavy dose of methionine reduced wool oduction to below 

the pretreatment value. The proportion of a ni stered sulphur 

accounted for in the extra 'Nool grmvn was inversely related to 

the dose rate (2 to at the 2.0 . dose level) but no do 

reduced the sulphur content of the wool. The responses to cysteine 

and oni.ne were si lar at all dose rates, but no estimate 

could be n:ade of an optimun1 dose rate. 

Other effects of sulphur contai arnino-aci d ad1dni strati on 

have come to li t. ~~th rodents has shown the stimulatory 

effect of these no-acids on livewei n, e. 

Kwong and Barnes (1963) usi 

swnmari sed in 'I' able ( 2. 4) • 

iso-prot n diets 

the work of 

e the results 

Table (2.4). Liveweight Gain Response to Sulphur Containing 

Amino-Acid Administration. 

Treatment Liv Gain/Day. 

basal et 4.1 

+ 0. cystine 5.1 gm. 

+ 0. methionine 5.0 

R.eis and chinkel (1963; 1964) obtained small and larger 

increases respectively in the rate of veweight n followi 

sulphur containi no-acid administration, and Rei s ( 1967) 

recorded small but consistent increases in body and found 

that the hi er levels of admi stration did not retard livewei 
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from 5 to in treatments invo 

no-aci s. t s been 
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/ carbon o. Note so r H s (1962) 

have 
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of duodenal n i 
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of 

bei recove 
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on. 
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ur content of 

content re c 
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r (1964) 

cas n 

to 

ment "'Nas 

s on increased wool 

cas n increas it by to 

bei due to a ter lution of sulphur 

er amount of wool er, 1967). 

s been a feature of all work done usi the 

n, 

dose 

rates, e ci ency of inc on of add 

wool growth is inhi ted to b ow the control level by 

ses e content of t vwol c nues to se 

(R s, 1967). e' when wool production was by 

followi the in on of 9. . methionine the 

content of \AlOOl rose from 3.2 to 3.7 • 
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Gillespie, et al. (1964) and 

increase in sulphur content followi 

lle e (1965) no that an 

sulphur containi amino-

acid administration v;as due to an increase in 

sulphur content sulphur prot ns of 

e proportion and 

the fibre, while 

there V'J-as pos bly no in the low-sulphur proteins. 

Gillespie, et al. (1964) not that the ratio of hi sulphur to 

low-sulphur protein changed from 0.32 to 0.62 after cyst(e)ine 

ni strati on, and so noted that cystine st on 

increaser'! the interfilamentous cement component of keratin. 

The observations quoted here have la y borne out the 

ctions made in Part IIof this Chapter on the effect on the 

ly 

ch cal composition of the wool fibre of cyst(e)ine ni strati on. 

(b) fibre diameter: l\!1arston (1935) and Reis and Schinkel 

( 1960) have obtained increases in fibre diameter by administering 

sulphur containi amino-acids, and chinkel (1962) increased 

fibre diameter by 3l7b by admini steri casein. Rei s Schinkel 

(1964) found that 30% to of the observed increase in wool 

produc on was due to increased bre di arnet er. 

0 a is avai le th respect to a differential effect 

on the diameter of the secondary and primary fibres or the S/P 

ratio, or on the proportion of medullated fibres. Smuts, et al. 

(1932) have, however, st a dietary cystine supplement 

may reduce the ullati on of rat r. 

(c) the physical nroperties of the fibre: (see Fraser, 

1967) : there is a reduced water uptake at relative humi ty values 
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Introduction: 

Two experiments vvere carried out: a prelindnary com pari son 

of the wool growth rates of sheep gLven intravenous infusions 

of cysteine at two fferent dose rates, and a study of the 

responses of sheep to cysteine infusion when fed two ets having 

di erent proportions of digesti e crude protein. The effects 

of cysteine infusion on fibre diameter and the digestibility of 

the basal diet were so studied. A timetable of events over 

the course of the experiments is shown in Table (3.1). 

Animals: 

Twelve, three-year-old R.omn wethers of varyi wool types 

were shorn in November, 1966. They were subsequently plac in 

metabolism crates similar to that sho~nm in Plate (3.1). 

Di c;esti bi li tv Determinations: 

As the animals were all of similar s and past histories 

it was considered that six of them v'Tould ve digestibility data 

applicable to the whole twelve. Animals numbers 1, 2, 3, 7, 11 

and 12 were used in each experiment and were fed at the levels 

stated belov·i in each trial. 

The method described below was used to determine the DDIVl 

and DCP contents of the feeds investigated. 



No. J M l Jun J 
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(a} collection: the trials last for twelve days, after a 

preliminary period to allm-,; the animals to accustom themselves 

to the new feed. They were fed 0.45 Kg. in the morning and 

0.68 Kg. at night and refusals were collect before the next 

feedi and weighed. The ght fed nus the weight refused 

was taken as the weight of feed eaten, there bei only a sli 

loss of feed on to the floor and no appreciable difference dry 

matter content between the feed fed that refused .. 

ces collection start on the third day. The animals 

were st on a vri.re and the es were collect in 

a plastic bucket. No attempt was made to stop aerobic fermen-

tation as this vms consi to be n ble and the 

urine cont nation of the ces was also con to have a 

negli effect on the cal nitro content. Some pellets 

lodged b the and the frame of the pen and although 

most of these were scraped into the bucket at each collection 

there was some inevitable loss. The use of plastic st ps, in 

trial, to line the s of the partly solved the thi 

this Three animals were fitt with faeces in the 

second experiment but the average digestibility fi e obtained 

from these animals was not different from that obt ned from those 

animals v,rhose faeces ""'rere collected in buckets. 

The faeces were 

prot n analyses were made. 

and then frozen until the 

This method reduced the loss of 

faecal nitrogen to a minimum but may have allo1tred the loss of 

small quantities of water. 
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(b) nitrogen ~nalyses: 

( i) of the f Sillnples of the feed were taken at random 

from the bin. 'l'hese •,'!ere ground and bulked, and a 

Kjeldahl analysis was done in triplicate on approximately 

1. 0 • subsamples. 

{ii) of the faeces: the total faecal output of each sheep 

was bulked and approximately one quarter of this was 

taken mixed. A second subsample of approximately 

150 grn. ght was taken and macerated in about 400 

of distilled water. 3.0 to 4.0 §n. of the macerate 

was us for each Kjeldahl analysis. Each analysis 

was in plicate. 

(c) dry matter determination_§: the dry matter contents of 

the feeds, eces faeces macerates were determined by dryi 

duplicate 

about 95°C. 

s in a hot-air oven for not less than hours at 

Feeding Regimes: 

The us in the dose 1 response experiment and as 

the high protein diet in the prot n level experiment was rrdlled 

ryegrass-clover hay having a di ble dry matter ( DDJ:vl) content 

n C.3 or .-~ • and digestible crude prot n ( content of 9., 

The receiving this feed were ven 1.1 . (2.5 lbs.) per 

day (i.e. a level slightly above that calculated to maintain body 

ght). In practice no animal gained in weight, a stable 

li veweight being reac~ within three weeks. 
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The low protein feed usect in the protein level experiment 

was a mixture of 1.5 parts of milled ryegrass-clover hay to 1.0 

parts of chaffed barley straw. This composite feed had a DDIVl 

content of 39.7% and a DCP content of 7.o%. This feed was not 

very palatable and the animals fed it would not eat more than 

about one kilogram per day. Consequently the sheep under the 

low protein regime were also given 1.1 Kg. of feed per day. 

Their DDivl intakes were about 0.16 Kg. (or about 231';) lower than 

those of the sheep under the high protein regime; and their DCP 

intakes were about 0.032 Kg. per day (or about 41%) lower. 

er was given ad lib. 

All feeding regimes were continued until the end of the post 

experimental periods. 

Cvstei ne .. ExReriments: 

The sheep were infused with a sterile sol uti on of either 

physiological saline or of 1-cysteine hydrochloride made up into 

an i so tonic sol uti on vn. th saline. The solutions were infused 

via a polythene catheter inserted into the jugular vein (see 

Plate ( 3. 2) • The apparatus used is shown in Plates (3.1) and (3.3). 

(a) dose level response ex2eriment: this experiment in-

valved sheep numbers 4, 5, 6, $, 9 and 10; two of which were 

allotted at random to each treatment. 

There were three treatments: 

control: 500 ml. saline per day. 





$ 2 * e J 
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( ii) 2 2.0 • cyst ne made up to 500 ml. of 

isotonic solution 

(ii1.) 4 . . . 4.0 

isotonic solution 

th saline per day. 

cysteine made up to 500 ml. of 

th saline per day. 

The infusion continued for five weeks. 

Table (3.2}. Allottment of Treatme~ in the Protein Level 

No. 

1 

2 

3 

4 

5 

6 

7 

s 
9 

10 

ll 

12 

Note: 

Experiment. 

Previous Treatment New Treatment 

low -orot n, no infusion low protein, cysteine 

loi:'T protein, no . "' . lniUSlOn high protein, cysteine 

low protein, no infusion high protein, cysteine 

hi protein, cysteine low protein, saline 

high protein, cysteine hi protein, cyst ne 

high protein, ne low protein, cysteine 

low prot n, no infusion low prot n, saline 

high protein, cyst ne low protein, cysteine 

high protein, cysteine hi protein, saline 

high protein, ne high protein, saline 

low protein, no infusion low protein, saline 

low protein, no infusion high protein, saline 

No. 5 was withdravm from the experiment on 13 August 

due to difficulty ~nth the catheter. 

No. 6 was withdrawn from the experiment on 6 August 

and used as a lOW protein control. 

No. 7 was changed to low cysteine on 10 August to 

replace No. 6. 
.. . .... 
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c proteins 

at abomasally i sulphur 

cont no-acid is presented to the liver before it reaches 
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before it reaches the follicle. ost venous infus cyst ne, 

however, rea es the tissues before the ver and so, in a 

si on of equate sulphur supply, a greater proportion of 

infused cysteine could possibly be lable for wool production. 

In a state of poor sulphur nutrition ere ~~11 probably be no 

d nation in the liver and so no difference in the volume of 

sulphur containi amino-acid bei sent to the fol cle. 

It is probable that there are no differences the t 

and this work as far as the utilisation of cysteine for wool 

is concerned as the diets f by Reis and Schinkel d not 

an 

supply sulphur containi amino-acid in excess of the requirements~ 

calculat by Downes (196lb). 



saline one. 

i to e decline 

in wo rate shovm s s 6 and 10 in e e 

l re (see g. 4.1). This effect was not 

in only ani in the prot n 

It is not known y t i on of ne d to i 

ance as the s d not ar to ect by water 

int cation, e ect is sometimes seen in 

ents rec ng this treatment . cornm.). It s 

so c ne te; so 

t results in ose re e ent 

in a re of erences in ein int 

rate increases of to l were in 

the present s were charact a d of 

two vve in arance, conti ee to 

er e i usion. The :'l on +- se v 

were consistent over present wo and th the tra an 

obs ons. 

er ( 195'8) others have fo t cyst(e)ine is incor-

into the wool bre at e 0 r on thin 

30 inje on. s ear to 

r s e infusion ments but it ~ust 

that se workers were inve the incorpo on of 

cyst(e)ine into e bre, rather ssi increase. in 

rate. 



a 

int 

not 

l s, (1964) 

st ne to e sma ns 

s con tute a 'pool' s no-acid. 

e at the s l is the 

r i ne, or wool may be bu 

nst ons in the of cont 

ds R s chi 1963). conti on of 

su 

s 

a 

e n 

t 

s 

steine 

chi 

on 

y 

ssue c 

e e be s 

its release over a later of e. 

st t 

me necessary 

in c 

d between 

its ce at 

e i se 

e wool to emer 

c 

e n 

s. comrn.) 

uc on of 

er, an increase in e rate of fi produc on in e 

i 

erne 

e 

ents an 

e. It 

to 

her, 

n 

in 

at y 

ce at 

fest its f as an increase in 

n sur ce. 

e rate 

on of 2.0 d extra 

increase of s 

is cle not 

lise extra subtrate. 

e dema s cont 

to for wool on. 

on is used in a 

no-acids (or s cont 

substances he s in the body. 

cyst ne 

ne 

be diate 

no-a ds is 

ol- thi 

esses, 

em) are 

e a e 



i i a n ve or zero e it is quite 

ese rements cyst(e)ine t e prec ence 

over it 

ssues be e no-a ds necessa 

r n s. T s sts t ementary cyst ne 

rst be us e nut on of e c tissues 

er b e 1 e to e wool c 

dose 1 re re s of s WO ee se 

of c b in 2. s v 

1 amounts n no- s 

i reas wool rate oses (3.0 t 

8. d e S!Ha er es. e 

c out in vm seem t 

OS e N omn is to ian 

ds test not cant er 

re e was 4.0 . cyst ne than 

2.0 

s b c s, b) at r re 

3.1 d st 

ate, it is not y t of a 

d be excret However, a c son 

fi content 

e et i e C) t 

ets sts t ci of uti lis(l.ti on 

cyst( ) ine s on the no-acid e 

t s abi ty to u se excess cyst(e)ine, as 11 

as r rernent e s met esses. 



64. 

Evidence has been obtained in this work and suggested in 

that of Reis (1967) that the sulphur containing amino-acid content 

of the basal diet affects the efficiency of utilisation of infused 

cysteine. This 1s most evident from the second experiment of this 

series where a pronounced interaction between dietary protein 

content and cysteine treatment occured. 

In this experiment the hi gh protein feed contained about 

16% crude protein and so supplied about 5.3 gm. sulphur containing 

amino-acid per day, a fi gure hi her than that of the Australian 

diets (2.0 to 3.0 gm. per day} . The low protein diet had a 

crude protein content of about 11%, supplying about 3.6 gm . sulphur 

containing amino-acid per day. Although no data is obtainable 

about the digestibility of these amino-acids it is probable that 

the diet x cysteine treatment interaction was due to the differing 

sulphur containing amino-acid content of the basal diets. 

The interaction shows that the effect of cysteine on wool 

production is related to the protein nutrition of the animal: 

cysteine either supplementing the sulphur containing amino-acid 

content of the basal diet or stimulating th~ digestion of dietary 

protein (and possibly carbohydrate). It -is more probable that 

the infused cysteine supplemented the basal conte~ as a stimula-

tion of digestion , would be expected to give greater wool growth 

rate increases fr olli that diet capable of benefiting most from 

such an effect, viz. the high protein diet. However, the increase 

in protein digestibility due to cysteine infusion suggests that 

this mechanism may also nave been involved. It is not likely, 

though, that the small increase ia digestibity obtained would, of 
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s rec cyst ne. ble 

ed but an increase in chemotran tter ac 

possi e mech sm, probably not the sole one. 
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sulphur content), and the subsequent formation of e hi ::sher-

sulphur x protein. It is not know how the matrix is 

, but it is probably by ther the synthesis of a new 

protein or by the incorporation of cyst(e)ine into e low-

sulphur ces. 

It was sted (Reis Schi , 1964) that the synthesis 
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Two ments are 

(a) an on into the wool growth rate e 

to se 2.0 • and 4.0 cysteine 

The wo rate responses were charact se by a 

con stent two-week 

for about three 

y in ranee. The responses continued 

after the end of infusion od. 

fferenti dose l response was i cat mean 

rates were ned at e s of the infusion 
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rec 2.0 per d increases of and 80.5 
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n- ne class mean. increases over the 

of 40. and 99. were obtained from the prot n-Gysteine 

low protein-cyst sses re ctively, at the 

of post- al 

slLght (non-signi cant) increase in crude t n 

sti 

matter 

ty was , but no increase was found in dry 

stibi ty. 
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s tt i 

ni strati on. 
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bre 

on of a response to 

ameter cont buted to l the 

s increases in wool rate, e was 

no fferential effect of cyst ne trea.tment on fferent fibre 

t s. 

The existence of a pos ble bod on x cysteine treatn1ent 

intera on at able to 3/P and dP/dS ratio entsis 

scussed. 

Only evidence for a season x cyst ne treatment 

interaction was found 

diameter responses. 

either the wool rate or fibre 

results obt ned are discussed, and possible 

of the responses to cysteine nist on are examined. 



BIBLIOGRAPHY. 

1. , E.F. and S, D. (1959): 'Ivletaboli sm 

in t R 1.h1len' et , London). 

2 .. ' H. ( 19 ) : Nature, 174, 5090 

3. ' H. D.R. • (1955): 

4. , K. L. ( 1962) : Iv1 etabo sm of 

nantst (Hut nson, London) .. 

' R. ,J • ' J. J •• (1951): 

6 • BLOCK , • D • , , lVlara E., , Betty F. 

( 1965): 

J.E. and E, P. (1938): 

8. 0. ( 1958): in 'Biology of Hair Growth', 

ed. ont and R. E1 s ( ad c Press, 

New York). 

9 • and , H. (1949): 

' 31 



s, . ' ' c. ' ' p. P • 

and B R. • ) : 

672., 

D.' ' B. De G. (1955): 

' 577. 

( 1961) : in sti ve 

Phy ut on of the Ruminant 1 , 

D. L s (Butterwort ). 

13. ' F. ' A and 

,lVl. (1956): 

' p. ,J. • ( 1966) : 

15. ' p. p. ( 1940) : 

• G. H , B. • ( 196 5) : 

207, 295. 

17. r . (1965): Nut ent 

Requirements of vest , No. 2 nants, 

Te cal R ews es ( cultural 

' R. c , H.B. (1955): 



19. e B ' J. . ( ) : 

21. ) : 

) J 

' B. • ( ) : ' 19, 319 .. 

23 .. TT 
• n • ) : 

' L. . . . ( l } : 

25. 5) : 

26. , D.B. (1955): 

.. T, P.J., ' J. . 

. (1935): 

VI . v. ' , R. and ' H. • 

( 1 2) : ~~~-~~~~~' 2&, 



29. 

30. 

31. 

33. 

3 5. 

37 .. 

77. 

' v. ' ' J.B. 

( 1944): 

' H. , v. I. ' K. (1960): 

' 1719. 

' 542. 

. c. ' , G.B. , .E. 

H. (1956): 

59) : ' 907 • 

-------, c , H.B. • H. (1949): 

, I • E. B .. ( 1 96 7 ) : 

of Fodder 

Prot ns 

c 

Sulphur-Con 

on 

on o. 1.) • 

H.H. 

' 23' 97. 

2' 42. 

ew on the 1i on 

c e 

ni ds to 

p 

Nevv (Inc. ) , 

, J. F. (1933): 



3 • 51) : e 

J •• Press, ew 

y \ 
J • 

J • ( 5) : 0 e n 

. F. 

ertson, ) . 

" ' P.J. p. (}. 

) : 

I u. . . ( 3) : 

, T. S. , 

) : 

• R • ' H. ( 19 ) : 

) : 

45. ' L. • ) : 

2' 1 

H 



.. 

H , E.E., N, J.R, E •. s. 

T. ) : ' 153. 

' R. J. UN , E.J. (1953): 

5 • J , E.V. (19 ): 

52. , B.C., H.H. 

• B • ) : 

53. .B. 

) : ' l.' 

, E.B. 'J. (19 ): 

' 293. 

55. • D. ' R. ( ) : an 

56. D. ) . 
' . 



. . ( 1) . 
./ . 

' 2 

) : in an rot n 

and J.B. 

L on). 

59. . ( ) : et c p 

c p ss' 

} " 

) . 
I • 

. . ' ,J.T., 

(19 ) : ' 7 

2. . v. { \ . 
I • 

5. 

" • (1955): 

65. .E., Jnr. ( ) : J. 



• p. ' 

3. 

' I . ( ) . 
' . 

• L. , J 

) : 

71. 5): 

) . 
I • 

73. (1 ) : 

c 

\ 
J : 

75. ) : 

. . ( 

' 32. 

in Pro 

('1 
u 

ss, N 

ss, 

) . 
' . 

y 

' 15 

D, L 

o. 

' 113. 

ns 1 
, 

) . 

T 

• d 0 et 

' 2 



77. . ( 5) : 0 e no 

c Press, ew Y on). 

78. ) : n Kera sa on' 

Press, L ' N 
y 

s) • 

B.L ' G. • 

. I. ( ) ' ' 3 

H u ( 959): tProt n 
' 

l.l 6 

se ( c p ss, 

and ) " 

, L • ( 1 ) : 

, T. ( 1964) : 

1) : s 1 

n, e n on tent 

P sture 

. ( 1 ) : 

5. . . ( ) : 5. 



J. . ' 'L.J., . ) 
' v. 0) : 

' P.J. ( 5) : l. 

) : ' 20, 

. . ( ) : 

' 335. 

{ 

\ 

) : ' 532. 

• L. ( ) : 

65. 

I 

) : 

) : 

95. . . , p .... a l.; 

P .. ) : 0 of n H r 

(' 
<Ill ,_-;r. L .F. s 

son, ) . 



5 

B 

. . ) . . ' 
J •• 

. . ' 
) : 

c. . ( ) : ' 3 

G •• (19 ): 

H. 

t u 

3) : 

' H 

. . ( t::..3 • / . 

J 

59) : 

. ( 

s, s, I 

. . ' u. 

• F. { 

i Prot 

c Pres 

rr 
.!. • • 

3} : 

) . 



1 

1 

11 • 

. ' J 

l) 

c 

---~-~ ( 2) 

' H. 

. ' 
L 

r 

8) 

3) 

5 ) : 

\ . 
J • 

I t 

l 

J • H. 

15. 

• H. ' ~}.F. ' 

9 \ . 
I • ont 

) : 



• J • .J. (19 

3 

l 


