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INTRODUCT I ON .
SHEEP wool contains about 4 per cent. of sulphur, hence for continued
wool producti-on sheep must receive in their diet sufficient sulphur
in a form that can be utilized by the animal. Furthermore, the
sulphur of wool is present as cystine which obviously raises the
question whether the cystine necessary for wool production should
be present as such in the diet or whether it can be synthesized in
the animal body from sulphur-containing compounds. The source
o£ the cystine contained in wool has become a controversial question
and several articles have appeared recently on this matter (Rimington
and Bekker, 1932; Speakman and Hirst, 1931 and 1932; Henrici,
1932, etc.). The absence of a reliable method for the determination
of cystine in vegetation has further involved the question whether
sheep do or do not synthesize cystine in their bodies. An exact
determination of the cystine intake of sheep is, of course, necessary
to establish definitely whether the cystine content of the food is
greater than that of the ·wool produced. I£ it is not, then the
controversy as to whether cystine can be produced from other
sulphur-containing compounds, be it in the intestine or after absorption, has definitely been settled one way. Rossouw and Jorden
(1934) have successfully evolved a method for the determination of
cystine in vegetation and provisionally it seems t h at generally the
cystine content of pasture is on an average high enough to provide
the total cystine required for the production of wool, but that, unless
the animal can synthesize cystine, this product may berome a limiting factor in increased wool production. For instance, from the
analyses of mixed pasture grasses as eaten, the following values for
cystine have been obtained: ·07, ·05, ·085 grammes per 100 grammes
<lry grass; or in other words the cystine present in the diet of sheep
on pastu re would account for the cystine pr esent in 3 · 5 lb. of scoured
wool or approximately 7 · 0 lb. of grease wool. Many classes of sheep
produce more than this qu antity of wool annually, and the cystine
required must. be accounted for by a greater consumption of grasses
or by synthesis o£ cystine in th e animal body or perhaps both sources.
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It was anticipated that the experiment to be described woulrl
also throw light on the relative efficacy ·o f cystine and other sulphurcontaining compounds when fed to groups of sheep in equivalent
amounts and so provide information on the relation between the
cystine content of the diet and wool production.
Another important aspect of the question of feeding sulphur or
sulphur-containing compounds to sheep was brought forward by
Steyn (1931, 1932) and more recently by Seddon (1933) and Pierce
(1933), which deals with the effect of sulphur in the diet on the
increase in weight ·o f sheep. Although Steyn's experiment was not
devised as a nutritional stucly, (Steyn, 1934), some remarkable
changes in weight were brought about in the animals receiving a
daily supply of sulphur, whic.h seemed to suggest that sulphur might
have a beneficial effect on the weight of sheep . However, on subjecting Steyn's results to a statistical study, it was found that no
significant differences existed in the weight increases of the groups
receiving their daily close of sulphur when compared with the increase
in weight of the control group. It would seem, therefore, that
Steyn's results do not warrant the conclusion that markedly
beneficial effects as regards increases in both body-weights and wool
yields were obtained by feeding sulphur to Merino wethers and ewes.
Seddon (1933) found no visible effect on the weight or the wool
yield of sheep, entirely grazed, and receiving 10 gm. of sulphur
thrice weekly. Pierce (1933) gave mature wethers and ewes only
2 gm. ·o f sulphur daily, but could discover no beneficial effect of
the sulphur on weight increase and wool production. when his sheep
were kept on a maintenance ration ·Or one sl ightly above maintenance.
Steyn (1934) stated that his work was not directly comparable with
that of Seddon and Pierce. However, prominence was undoubtedly
given to the possible nutritional value of sulphur by Stey n's work,
and it was, therefore, thought that the experiment to be described
would also throw light on t he effect of feeding sulphur elementary
or combined-on the weight anrl wool production of sheep with
advantage.
The objects of the experiment therefore were (1) to determine
the relative effects of cystine and other compounds containing
sulphur in the ration .o f sheep on weight increase and wool production, and (2) to determine whether any advantage as re"'ards
weight increase and wool production accrued fr·o m the feecli1~g of
cystine to sheep.
A full discussion of the literature on sulphur metabolism is 0"'iven
by K ellermann (1934) and will not be considered here.
EXPERIMENTAL

DETAILS.

Sixty Merino wethers, fifteen to twenty months old were
selected for uniformity of breed, type of wool, build and ~reio·ht .
These animals were divided into six uniform O'roups of ten each ~mel
placed in a gravelled paddock 30 by 12 yards with boxes for
individual feeding along three sides of the enclosure. On the fourth
side, in a shed, was a hay rack " ·here the animals had free and
.{:ontinual access to teff ha~· . The sheep were placed daily in the
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]:eeding boxes from G.30 until 9.30 a.m., when each "·as given the
basal ration consisti ng of hal£ a pound of crushed yello''" maize and
hal£ a pound of green feed-lucerne, maize stalks, or maize ensilage
duri ng about 3 months in winter when no green feed was available.
The animals invariably cleared up the crushed maize, although some
of the green feed was. not infrequently left over, as explained later in
this article.
On an average 2~· lb. of hay were consumed daily per head, but
obviously in this case, unlike the maize and green feed, groupfeeding was practised and the hay supplied ad lib. The daily
protein intake per h'l_ad was approximately 80 gm. which, according to the W olft-Lehmann feeding standards given by Henry and
Morrison for growing sheep-wool breeds-is ample for rapid growth
and weight increase. The total digestible nutrients are also slightly
higher than the requirements of growing sheep of this type for
production purposes. In short, the daily consumption of feed was
above maintenance, as is also evident from a glance at the weight
increase of the control group, or all the g-roups during the first year
of the experiment when no supplement >Yas gi.-en.
'l'he six groups of animals were placed on the basal ration in
December, 1931. As it was intended to carry out certain wool studies
which will be reported on in clue course in another article, it " ·as
thought best to place the animals for a full year on the basal ration
only, without giving the SUIJplements of sulphur or compounds
containing sulphur. T h e sheep were weighed mon~hly, inspected
daily for clinical symptoms of disorders, shorn at the beginning of
the experiment, again 12 month s afterwards, and finally in
December, 1933, at the conclusion of the inYestigation. The "·ool
was kept on each occasion for further study and report on its quality.
During the last year of the experiment, i.e. from December, 1932,
until December, 1933, the sheep "·ere closed daily, exce})t Sundays,
with the quantities of supplements gi.-en below:Group I received no suppl ement.
In Gnmp II each animal "·as given ·45 gm. cystine daily.
In Group III each was given ·7 gm. of a mixture of ·2 gm.
K 2 SO,, · 3 gm. M:gSO., and ·2 gm. CaSO. daily.
In Group IV the daily supplement " ·as ·3G gm . KCNS.
Group V received 5 gm. sulphur each daily.
In Group VI each sheep was given ·12 g-m. sulphur daily.
The quantities of supplements except in the case of Group V
were calculated to contain the same amount of sulphur as that contained in ·45 gm. of cystine given to each animal in Group II.
Group V received the amount of sulphur daily which gave the best
response in Steyn's experiments.
RESULTS.

(a) Food Consmnption.-As already stated, hay was g1ven
ad lib . If any maize (t lb.) was left over it was invariably cleared
up, i.e. the following clay. Some of the green feed was left on
occasions and especially during the latter portion of the experiment,
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i.e. during the rainy season, only about hal£ of the green feed was
consumed as it was often cut and placed in the feeding boxes while
still wet when the sheep showed less than the u sual inclination to
consume it. However, as green feed was added not to enrich the
ration in any particular food constituent, for the ration was quite
adequate in protein and in the other nutrients, but to provide the
animals with some fresh, green material, it is most unlikely that
the irregular consumption of the green feed during the latter part
of the experiment is of any significant interest, especially as it did
not favour any particular group or individuals in a group. The
green feed was weighed back regularly and the quantity left throughout the experiment was negligible-never more than · 5 lb. a fortnight per sheep-except duri;ng the last two months of the experiment when · 25 lb. green feed was the least quantity consumed by
any one sheep daily . The daily co-nsumption of green feed per sheep
in the different groups for the last two months of the experiment
was ·27 lb., ·35 lb., ·37 lb., ·25 lb., ·35 lb., and ·35 lb. for Groups
I, II, III, IV, V and VI respectively.

(b) TVeight lnc1·ease.-'l'he following curves give the weight
increases of the individual groups of sheep compared with the control
gToup in each casfl. Sfle Figures 1, 2 and 3.
Discttss lon.- A glance at figures 1, 2 and 3 reveals that no
significant cliffereneeR existed in the relative weights of the groups
throughout the experiment. 'l'he group receiving cystine showed
greater increase in weight than the eontrols but the difference is not
significant. It must be remembered that the absence of difference
in weight during the last year of the experiment when the supplements were fed, is made more significant by the fact that no difference
in the weightR of the groups was registered during the first year of
the experiment when all the groups received the unRupplemented
basal ration only.
(c) lVool Prodttction.-As already mentioned, the sheep were
shorn in December, 1931, and November, 1932, respectively, at the
beginning and end of the pre-period and again in December, 1933,
at the conclusion of the experiment. For details in regard to wool
quality the reader is referred to a later article by Bekker et al. .F or
the present, only the average weights of greasy wool produced by each
group will be given in kg.
Groups.

!1 W eight Wool, October, 1932.
(327 days growth).

I
II
III
IV

Controls . . ............ .
(Cystine) . .... . ........ .
(Sulphates) .......... . . .
(KCNS) . .. . .... . . ..... .
V (5 gm. S) .. . ........ . . .
VI ( ·12 gm. S) . ... .. .. . .. .

3·2
3·3
3·0
3·3
3 ·l
3·3
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Kg.
Kg.
Kg.
Kg.
Kg.
Kg.

·weight Wool, October, 1933.
(384 days' growth).
5·5
5·7
5·0
5·5
5·4
5·5

K g.
Kg.
Kg.
Kg.
Kg.
Kg.
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The individual weights of wool produced and therefore also of
the wool yield of the relative groups, when submitted to statistical
analysis show no significant differences among the groups and one is
forced to conclude that as in the case of weight increase the supplements had no visible effect on the amount ·of wool produced by the
sheep. It is interesting to note that the average of 5 · 5 kg. wool
produced per group in 1933 contained about 300 gm. cystine and
that approximately the same amount of cystine was present in the
total feed consumed per head during the 384 days required to
produce the wool except in the feed of the group receiving a daily
supplement of cystine where obviously more cystine was present in
the feed than that contained in the 'vool. In other words, if the
exclusive source of cystine had been that contained in the food and
if no cystine was synthesized in the animal body, before or after
absorption of sulphur-containing' compounds, the animals must have
utilized practically a ll the cystine ingested exclusively for wool
production. It is hardly conceivable that one hundred per cent. of
the cystine contained in the food could have been utilized for wool
production and that the cystine requirements ·Of the. animal body for
growth were negligibb.
The determination of cvstine in the feed was checked several
times and found to be corr~ct; the yellow maize contained on an
average 150 mgm. cystine per 100 gm., teff hay 50 mgm. anrl the
green feed used 80 mgm. of cystine. The calculations of the cystine
content of the wool produced during the 384 rlays were made on
the scoured wool and gave an average total cystine content per sheep
per group of 291· 3 gm., the individual values varying between 277
and 299 gm. and being therefore not significantly different.
'l'he question of the sources of the cystine required by sheep
for both growth and wool production cannot be answered in the light
of the present experiment, although the results warrant the tentative
suggestion that the sheep in the experiment described above were
apparently not entireh dependent on the cystine contained in their
!ood as there was practically no difference between the total cystine
mtake and that actually contained in the wool shorn. As regards
~he probable source of the cystine required other than that contained
m the food no satisfactory answer wi thout further work can be given.
Further investigations are being carried out at this institute.
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(d) Mortality .-The following table gives an analysis of the
rncidence of disease and of the mortality of the sheep during the
course of the experiment:No.
of
sheep.
4

Group.

Date of disease and period.

Result.

I
I
Controls

31.3.32 no supplementary feeding
19.1. 33
31.7.33
4.9.33

2

Cause.

II

"
"
"
"
"
"
1. 7. 33 Cystine supplement ..... . ..
28.7.33
.. .. .. ..
"

0

III

Gronp receiving sulphates ..........

3

IV

25.8.32 (i.e. preperiod) no supplementary feeding
2.9.32
"
,,
14.7. 33 KCJ'\S supplement .........

0

v

Group receiving 5 gm. sulphur .. . . .

2

VI

21.7. 33 Sulphur supplement .......
31.10.33
.......
"

Urinary calculi

"
"
"
"
"

No deaths
"

"

"
No deaths
"

"

Died.
Recovered.
Died.
R ecovered.
Died.

Recovered.

"
Recovered
after opertion.
Recovered.
Died.

Although superficially it would appear that the absence of
calculi in Group V might be associated with the sulphur supplement
or in Group III with the supplement of sulphates a biometrical
analysis of results does not show any significant differences between
the groups . The appearance of calculi has often been noticed in
other sheep at this Institute and their composition varies widely_
It can only be concluded that the occurrence of urinary calculi in
the sheep in the experiment under discussion was not associated with
supplements of sulphur or its compounds or with their administration.
The animals were tested for intestinal worms from time to time
and were found to be practically free throughout the course of the
experiment.
SUMMARY AND CONCLUSIONS.
(1) Details are presented of an experiment on the effects of
sulphur and of compounds containing sulphur on the food consumption, weight increase, wool yield and disease of young wethers kept
on a production ration for two years.
(2) The sheep were fed in individual feeding boxes except for
the hay which was given ad lib.
(3) The supplements given were dosed daily except Sundays
and were given as follows:Group I: No supplement.
Group II: Cystine.
Group III: Sulphates.
Group IV: KCNS.
Group V: 5 gm. sulphur.
Group VI: ·12 gm. sulphur.
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(4) No significant effects of the supplements on the sheep could
be detected after 12 months' supplementary feeding nor did the
experimental groups differ significantly from the control group at
the end of the experimental period.
(5) The supplement of cystine had no effect on the quantity
of wool produced.
(6) The mortality and disease due to the presence of urinary
calculi were apparently not associated with the supplements.
(7) The analyses of the wool will be reported on in due course.
The authors are indebted to Mr. A. P. Malan, M .Sc ., for a
statistical analysis of the results.
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APP ENDIX.
In the light of the foregoing results an earlier experiment at
Onderstepoort on the role of cystine and sulphur in the nutrition of
sheep may be mentioned. Due to the inadequacy of the number of
sheep in that experiment the publication of the results was delayed
until the results of the present investigation became known and is
now presented as an addendum.
Five groups of four-tooth Merino wethers consisting of 6 sheep
each were. shorn and placed on the following ration in July, 1930 : 0 · 5 lb. of veld hay.
1·0 lb. of crushed maize.
rain water ad lib.
8 gm. of common salt.
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The sheep were kept on a grmmd fl·o or paddock where the above
ration per sheep was g iven in a common trough . Group feeding
proved quite successful. T he grain was fed in the morning and the
hay in the evening.
The animals in the various grou ps were each dosed the following
supplement daily except Sundays:Group
Group

I : Controls were not closed.

II: 3 gm. of sulphur, which is approximately equivalent to the sulphate content of
natu ral pasture.

21

lb. of

Group III: 3 gm. of sulphur.
0 · 5 gm. of cystine, ·w hich is the cystine required
for the production of 8 lb. of wool annually.
Group I V: 3 gm. of sulphur.
20 gm . of blood meal (3 per cent. cystine according to Brailsford Robertson; Pamphlet 16,
1929), which would contain the equivalent of
0·5 gm. of cystine .

V: 3 gm . of sulphur.
100 c.c . of wool hydrolysate containing amongst
other things 0·5 gm. of cystine .
The sheep were weighed each month. The different groups
;;howed steady gains throughout the twelve-month experimental
period . The order of the average gains in weight per sheep for the
groups is given in Table I.
T ABLE 1.-AVERAGE GROUP GAINS IN LB.

Gr oup.

-

I
II
III
IV

Controls ... . . .. ....... . .. .... . . .
Sulphur ......... .. . . ... ...... .. .
S + Cystine .. ... . ... . . .. . .. ....
S + blood meal. .. . . .. ... . .. . . . .
+ wool hydrolysate . . . . ..... . .

vs

I

Initial
weight.

97
93
96
94
95

I

Final
weight.

117
109
121
112
106

I

Total
gain.

Daily
gain.

20
16
25
18

·06
·04
·07
·05
·03

11

I

From the initial weights it will be seen that the sheep were
fully grown and in good condition when the trial started.
The hydr olysate was obtained by boiling scoured wool for about
8 hours in 20 per cent. hydrochlor ic acid neutralizing, filtering and
concentrating t he solution so that · 5 gm. of cystine was contained
in 50 c .c. of solut ion. T h e gains in weight in the separate groups
were not significant . The last group (receiving hydrolysate) was not
th rifty and the animals disliked the hydrolysate intensely and were
adversely affected by it. These animals showed purging from time
to time and loss of appetite. Two sheep in this group died before
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the conclusion of t h e t>xperim eu t . The admiuistr ation of wool hychol ysate without the elimin a tion of some of i ts impurities is inadvi sable.
The cystine closecl iu Grou p n \HtS prepfl r ecl fro m \\"OOl at this Iustitute . Ra t h er cli sappoinhng- increase:> i n IYei gM were obtain ed in
Gr oups II a nd I \', hut this " ·ill b e comm enterl 01 1 in ihe clisc1u-;sion.
The u uscoured " ·ool weigh ts are g iYen in Table 2: TABL E .2 . -

Gro u p.

- - --

\YnGJlTS OF

~OS .

II . . ..

Ill ..... . . .. .. . .

I\' . . . . ... . . . .. .

V . ... •. . ... .. .

IN Ln .

Fl eec0 "·eight.

---- - - - - · - - - -

I.

\ VooL

~68~.:;

l _-\ve 1.·agc f.!I'Oup

wci~ht.

10·3

2 6~:1-1-

:_) 0

268:1:3
268 16
268 12

ll -6
10 2

:26tll \J

8·8

26806
278-1- 1
:26808

J () · l

() 2

(i -;)

:268.):2

() 0
!) 0

26836
26807

Jl · O
JI 0

268:'!9
268 17
26831

!)-3
!)-0

,lI l
I

lj

\l-0

26840
26823
:268:3.5
26810
268:38
268-±2

j

10·1

10·4
died

8·4
!) 8
;) .g

268:22

6-8
!) 3

2 G8 l 4

:268:28
:U\8 [;)

II 2
died

:26826

died

:ws:n

8 · J0

8-:3

T he clilter e nces of cw erage fleec-e weig-hts of the .-a rious g-roups
a r e uot sig-nifiTant a nd clo not call for further r ~omment. A ll the
11·or ,] ,,-as pa rticu lady r::lean, Pxl 1i biting- cl .-er_\- clesi ra b le colour .
JJ l S CTSSIOX.

A s was pr eYiou sly staterl , disap]JOinhn g- results were obtained in
G roups II a nd I V . I n each -of these grou ps t h ere '"as on e sheep ,
howeYer· , t h at b ecame abuormally emaciated, cau sing the group
averflg-e to be seriously affected .
In onler to illustrate more
a ccuratel y the final r es ults obtfli n ed, a n aYerag-e of all w~ighing-c; of
each c;h eep is plotter;.l in their resp ectiYe g-roups . Ko. 2G807 in
G roup II a nrl Xo. 26842 in Group IY oc-cupy a position on the cha rt
ver y much lower tha n a ny of the oth er sheep in either of these
g r oups. Th e m edifl H rl n n n1 as sh mn1 in Fig-ure 1 is a tru er indication
of the a ctu a l gToup ;;ta n clin g- .
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Fig. I.

Due to cystine scarcity towards the close of the experiment the
number of sheep in Group II was reduced to three, selected at random
and the: daily dose of cystine halved.
This experiment, although inconclusive without further work,
suggested that neither cystine nor sulphur when given under the
conditions mentioned, would have beneficial effects on the bodyweight or wool production of sheep. This indication is borne out
fully by the results of the investigation reported on in the main
bo(ly of the present publication.
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