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OPSOMMING:  NATRIUMHIDROKSI I :DBITHANDILDI ' .  KORINGSTROOIVIR  SKAP[ I

Vry '* , i l l rgc voennnarne.  verteerbaarherd en rumen vloei-  en t 'ermentasiedinamiek is  met skape bepaal .  Bytsoda behandclde kortngstrooi

6%wlw )  gewas ol 'ongewas en onbchandelde stroor rs vergclyk.  Die was van die stroor het  weinig e l ' lek gehad <>p in t ' ivct  ver tecrbaarheld,

vrywl l l ige voennnarne,  vcrvalkon\ tantes v i r  tcrmenta$e cn vervalkonstantes y i r  u i tv loei .  Water innarne en die retc:nsi tyd van'n water-

oplosbare merkcr (Cr I ;DTA) in d ie rumc-n is  egte r  belekenisvol  beinvloed.

Wannuer behandclde -  mel  onbehandeldc stroor vergelyk word,  b lyk d i t  dat  bytsoda dteinvi t ro l 'ermenteerbaarhcid (O,)  en die tempo

van organiese matcr iaal  ur tv loer verhoog hct  l l rcrd ie laktore is  waarskynl ik  verantwoordelrk v i r  d ie vcrhoogde rnnarnc van verteerbare

organrcse rnalenaal  wat d ikwels gevrnd word rr rot  bytsodabehandelde vocre.

Dic vcrvalkonstantc vrr  fermentasrc.  u i tgedruk as 
'n 

eerste-ordereaksie vervalkonstante,  is  b lykbaar n ie beihvloed deur bytsoda behandehng

van hierdie d iete n ie.

SUMMARY:

Voluntary I 'eed rntake,  drgest ibr l l ty  and rurnen t low- and l 'ermentat ion dynamics were studies using sheep. NaO[{  t reated l5%wlwl

whcat st raw, washed and unwaslred as wt ' l l  as untreated s l raw were compared.  Resul ts indicated that  washing the straw had l i t t le  ef t 'ect

on in v ivo drgestrb i l i ty ,  voluntary l 'eed intake.  rate constants for  t 'ermentat ions and rate constants for  out t low, but  t rater  intake and the

turnover t rme ol  a water solublc rnarker ( ( ' r - l :DTA) in thc rumen and the pcrcentage fermentablc 0.M. in thc rumcn were s igni l - tcant ly

inllucnced.

When compared to untrealed straw. NaOt{  t rcatnlcnt  appeared to increase the tota l  in v i t ro fermentabr l i ty  (u)  and rate of  organic

matter  (O.M.)  out f low. These seemed to bc responsrble for  the increased voluntary intake of  d igest ib le O.M. of ten observed wi th NaOH

rrcated forages. The rate constant l 'or fermentation, expressed as a first order reaction rate constant, appeared to be unaffected by NaOH

trcatment o l '  thcse drets.

The use of alkal i  treatnrenl to increase digestibi l i ty and

voluntary intake ol '  l t rw quali ty roughages has bcen well

described in the l i terature recently reviewed by Hofmeyr

&  Janse r ,  ( 1976 )  and  Jackson  (  l  977 ) .

Not  a l l  responses wi th  a lka l i  t reatment  o f  roughages

were pos i t rve.  Workers  such as Vos loo & Burger  11977\
and  Van  de r  Merwe  (  1978 )  f  ound  t ha t  NaOH t rea tmen t

did n<-rt always increase digestibility in ulvo. Since it is

known that in uiuo digestibility is influenced by rumen

flow dynamics, i t  was decided to study extensively these

aspects involving NaOH treatment.

I t  has been suggested,  (Orskov & Grubb,  1978)  that  the

increased ra te  o f  O.M.  in take ot ien observed wi t l r  NaOH

treatment .  may be due to  an increased turnover  ra te  o f

water in the rumen caused by the high sodium content

o f  t  he  d ie t  .

Results publ ished by Thiago, Kel laway & Leibholz (1979)

indicate faster turnover rates for the <lutflow of cell

wall constituents with some NaOH treated roughages,

as well as an increased rate of digestion in siru of some

feeds, when compared to untreated forages.

A study of NaOH treated and untreated roughages was

undertaken in which some of the treated roughages

were washed with water to remove excess sodium,

while the rest were left  unwashed. Washing of the feed

would give an indication of the effect of a low versus a

high sodiunr content of the diet on in nL'() rumen
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dynamics, nd inter alia the rate sonstant describing
outflclw. Comparison of treated and untreated roughages
would give an indication of the alteration in flow and
termentation kinetics caused bv NaOH treatment.

Materials and Methods

I he experiment was conducted over 2 periods of 25 days
.:aeh. During the first period 8 sheep were fed a diet of
untreated wheat straw. Druing the second period the
same sheep were randontly divided into 2 dietary groups.
Orre group received wheat straw treated with NaOH.
lhe other group received the same feed. but rinsed 3
t i rnes  w i th  water .

l 'he first period served as a control period by which the
accuracy of the experirnent was increased , since consistent
between-sheep variation was eliminated by covariance
analysis (Snedecor & Cochran , 197l). The second period
was used to compare rinsed and unrinsed straw, and the
results were also compared to those for the first period
so as to contrast the effects of treating and not treating
straw. When the lrst and second periods were compared,
period-effects were confounded with treatment effects.
l{owever, no serious period-effects were expected since
the sheep used were mature wethers kept indoors ln
metabolism cages.

L,ight mature South African mutton Merino wethers
with an average live nrass of 60J + 8,2 kg, f itted with
large (81 mm internal diameter) nrmen cannulae and
adapted to metabol ism cages were used.

During each period, all sheep were first adapted for l5
days on the exper imental  d iets.  Measurements of  rumen
pararneters and faeces collection were then commenced.
Tlre results of voluntary feed intake refer to intakes
recorded for l0 days after the init ial f i fteen day adapta-
t ion  per iod .

Mineral and protein needs were supplemented by placing,
twice daily, 120 g of a mixture of f ishmeal and required
minerals in the feed troughs. Rumen ammonia determina-
t ions for  each sheep were performed at  08h00, 12h15 &
14h30 and were found to always exceed the minimum
of 50 mg arnmonia nitrogen per l i tre of rumen liquor, as
recommended by Roffler. Schwab & Satter (1976).

Diets were fed twice daily at 08h30 and 15h30 at a level
of ad l ib + lO%. The untreated wheat straw wfuch was
f-ed during the first period was ground through a 13 mm
sieve and had a dry rnatter content of  c i rca 9A%.Wheat
straw fed during the second period was sinri larly ground
and treated with sodiuni  hydroxide (5% wlw) using a
I% s<l lut ion.  The solut ion was sprayed onto the straw
which was turned rnanually, the run-off was collected
and the straw resprayed unt i l  no more NaOH could be
detected in the solution. One half of the straw was left
unwashed and the other hal f  was washed 3 t imes with
water.  I rach washing was done with 7 l i t res of  water per

kg of  dry straw with a run-of f  per iod of  l5 minutes at ier
each washing. Af ler  the last  washing the straw was
left in the container overnight to allow excess water to
run off. The straw was then placed in plastic bags and
frozen unti l needed. Unwashed straw was stored in the
same manner.  The treated straw had a dry matter
content of  about 20% when fed.

Total alkalinity of the NaOH solution and the run-off,
when the straw was r insed, was determined by t i t rat ion
with hydrochlor ic acid according to Scott  (1921).  By
this method the hydroxyl ,  carbonate and bicarbonate
content of  a solut ion is determined with the assumption
that the phosphate content is negl ig ib le.

Three r inses were selected since the carbonate content of
the runn-of f  water was reduced from |  ,6% to less than
0,Ol% by 3 r inses. The bicarbonate content fo l lowed
the sanre pattern.

Measurements of  ruminal  dry and organic matter
content as well as samples for determining in vitro
digest ib i l i ty  of  rumen contents,  were obtained af ter
emptying each sheep's rumen manually and mixing the
contents.  To obtain representat ive values of  rumen
contents,  nrmens were empt ied a( 08h00, 12h00, 14h00
and 15h00. However.  to minimize the possibledisturbing
effect of emptying the rumen, a schedule was drawn up
whereby each sheep's rumen was emptied only once a
day with at least 2 days intervening between 2 successive
emptyings on the sanre sheep.

Means of  rumen contents were calculated as weighted
means, i .e.  the average of  the contents of  2 sequent ia l
nreasurements mult ip l ied by the per iod (hours) between
these 2 measurements.  These were pooled for al l  intervals
within 24 hours and div ided bv 24.

Rates of  fermentat ion of  O.M. and outf low of  non-
fermentable O.M. were expressed as f i rst  order react ion
ra te  contan ts  y1  and ] r  r0spec t ive ly .  These rvere  ca lcu-
la ted  as  the  ra te  o f  in take  o f  fe rmentab le  O.N l .  d iv ided
by the rnass of  fennentable O.M. in t l re rumen for y1,
and rate of  intake of  non-f-ermentable O.M. div ided by
the mass of  non-fermentable O.N{.  in the rurnen for 12.
No correct ion for  the outf low of  d isest ib le O.M. was
rnade in the calculation of y r .

Total  fermentabi l i ty  of  d iets (  s ) ,  and of  rumen contents
was detennined by an in vitro fermentation technique
(T i l ley  &  Ter ry ,  1964) ,  bu t  w i th  aJ2hour  incubat ion  in
the rnicrobial  phase and a 14 hour incubat ion in the
pepsin phase. In the case of  untreated and treated washed
wheat straw. in v ivo est imated of  feed digest ib i l i ty  were
lrigher than in vifro estimutes of cx and in vivo estimates
were consequently used for a . In vivo digestible O.M
intake was calculated as O.M intake nr inus O.M. excreted
in faeces and was nonnally less than in vitro fermentable
O.M. intake, s ince some digest ib le O.M. is normal ly
excreted in faeces.
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Table I

A comparison of NaOH treated wheat straw iraed and not rinsed and untreated wheat strow fed to sheep

Studying NaOH treatmenl Studying rinsing

Untreated
wheat straw

NaOH treated
wheat straw

Test of
significance

Straw not
rinsed

Test of
significance

Rinsed
straw

T.J

O.M. intake (g/day)

In vitro O-1t4. ferm entabrlity (%)

Irt viv,o O.M. digestibil i ty (%)

Fernrentable (o ) OM. intake (e/day)

In vivo digestible OM. intake (g/day)

Mass of O.M. in rumen (g)

Percentage fermentable OM. in rumen (f)

Mass of fermentable OM. in rumen (g)

yl , rate constant describing OJvI.
fermentation (day-t )

yl expressed as turnover time (h)

\2, ftte constant describing O.M.
outflow (day-t )

y2 expressed as turnover tirne (h)

Apparent mean retention time of O.M. (h)

Voluntary water intake (g/d"V)

Mean retention tirne of Cr EDTA (h)

621 ,5

5 1 , 0

\ '7 -)

359

359

897

3 1 , 0

278

I ,28

t e 9

0,4

57 ,4

36,4

l g,g

973,7

60,0

57,6

s90
564

l 0 3  t

41 ,2

429

1 , 3 8

1 7 , 4

0,64

37,8

25,4

12,9

p  : 0 , 0 1

No test

N . S . *

p  I  0 , 0 1

p : 0 , 0 1

p  1 0 , 0 5

p  :  0 , 0 1

p 10 ,001

N . S .

N.S.

p  :0 ,001

p :0 ,001

p :0 ,05

p  S 0 , 0 1

965,3

5 3 , 9

5 6 ,  I

,.e
52e

I 063

37,0

398

1 , 3 3

t 7 9

0,66

36,7

26,4

234

l4. l

982,0

66,3

59,0

65r
599

998

45,4

460

| ,43

16,8

0,63

38,9

24,3

43 r8

l  l , 3

N.S. t

No test

N.S.

N.S.

N.S.

N.S.

p  : O O l

N-S.

N.S.

N.S.

N.S.

N.S.

N.S.

p  1 0 O l

p 50O5

N.S. is not significant



Apparent meim retention time of O.M. in the rumen was
calculated by a srmilar method to the one described by
Minson (1967),  but  sheep were fed only twice dai ly as
described above. Mean retention time of O.M. in the
rurnen was calculated as the mass of O.M. in the rumen
divided bv 0M. intake.

Mean retention tirne of a water soluble marker Cr-E,DTA
was determined as described by Warner (1966). The
marker was mked manually with the removed rumen
digesta. The digesta was then returned to the nrmen.
Thereafter, samples of rumen contents were taken at
approximately 0, 4, J and 24 hours. The marker con-
centration (Chromium concentration) was determined
by atomic absorption spectrophotometry on samples of
fi l tered rumen liquid.

Faeces were collected for l0 consecutive days during
each experimental period by using faeces collection
bags. Voluntary water intakes were determined only
during the second period when rinsed and unrinsed
straws were fed.

Results and Discussion

The effects of NaOH treatment and of rinsing NaOH
treated wheat straw were compared using the data
in Table l .

lt is clear (Table 1) that washing of NaOH treated straw
had no signficant effect on voluntary O.M. intake.
Compared to untreated straw, NaOH treatment resulted
in a considerable increase in voluntary feed intake.
Possible explanations for this increase in voluntary feed
intake were examined using the approach described by
Pienaar, Roux, Morgan & Grattarola (1980).

In vitro results with NaOH treated straw have often
shown large increases in feed digestibility (Wilson &
Brigstocke. 1977; Wilkinson, 1978), but in viyo results
do not always indicate a corresponding increase (Vosloo
& Burger, 1977),especially when sheep are fed ad libirum

In this experirnent (Table l), in vifro results showed an
increase in fermentabil ity from 5l% for untreated straw
to 66% for NaOH treated unwashed straw. This increase
in in vitro fermentability with NaOH treatment is in
agreement with the work of inter alia Wilson & Brigstocke
(1917) who predicted an in vitro "digestibil i ty" of 65%
for wheat straw treated with 5% NaOH. Washing the
treated straw apparently reduced in vitro fernrentability
to 54 %. This reduction was not unexpected since soluble
O*N{. removed by washing would probably be highly
digestible. No statistical comparison of these values was
atternpted since in rrifro estimates were lnade on one
bulked sanrple only for each diet.

In vivo digestibil i ty deternrinations showed a pattern
which differed considerably fonn the in yirro estimates.
The largest increase in digestibil i ty being from 56% to
59%, with no difference being statistically significant.
Possible reasons for this sizeable difference between
in vivo and in vitro estinrates have been evaluated in
conjunct ion wi th the discussion on out l low of  O.M.
from the rumen.

The fact that in uiuo digestibil i ty was higher than in vitro
estimates on 2 diets, indicated that the in virro technique
may not always be consistent in estimating the total
fermentabil ity ( o ) of a diet even thoughaT2h incubation
in the microbial phase was used. However, since it is the
only technique available to differentiate between the
fermentable and non-fermentable fractions, it was used
unless i t  was contra- indicated, as was the case with
washed straw and untreated straw. In this experiment it
was decided to consider the highest estimate of digesti-
bil i ty as the best estimator of ,r whether it be determined
by in vitro or in vivo methods.

The voluntary intake of fermentable O.M. is given by
the data Table l. It is clear that washing the wheat
straw diets did not influence in vitro fermentable O.M.
intake significantly. There was a tendency for the
in vitro fermentabil ity of the washed diets to be reduced,
but when multiptied by O.M. intake to yield in vitro
fermentable O.M. intake, the test of significance indicated
a probability of greater than 0,05 . In vivo digestible O.M.
intake exhibited the same tendency, but was also not
significant. When treated and untreated straw were
compared, a higlrly significant difference in both in vino
and in uiuo digestible O.M. intake was observed.

It is clear from Table I that washing the straw did not
influence the mass of O.M. in the rumen significantly.
However, a significant increase was observed with
NaOH trehtment. This is not easy to explain, but the
observed increase could have had a significant effect
on voluntary feed intake. It also shows that the organic
matter content of the rumen under ad l ib feeding
regimes on low quality roughaiges is not necessarily
constant in relation to l ive mass, but is significantly
influenced by the diet fed. This result is in agreement
with the work of Meissner, Pienaar. Uebenberg & Roux
(1979),  who found that the rat io between mass of
organic matter in the rumen and live mass varied signifi-
cant ly between diets.

The data in Table I also showed that washing the straw
did have a significant eftect on the percentage in vito
ferrnentable O.M. in the rumen. Compared to untreated
stra,:, ' , NaOH treatment also resulted in a significant
increase in percentage in vitro fermentable O.M. in
the rumen.
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Washing the s t raw d id  not  in f luencc the mass of  fermen-
tab le  O .M.  i n  t he  rumen  (Tab le  l )  s i gn i f i can t l y  When
compar ing NaOH t reated wi th  unt reated s t raw (Table  |  ) ,
a  h igh ly  s ign i f icant  increase was observed in  nrass o f
f ' e rmen tab le  O .M.  i n  t he  rumen  w i t h  NaOH t rea tn t cn r .
Th i s  measu remen t  g i ves  an  i nd i ca t i on  o f  t he  poo l  s i z . e
o t '  ac t i ve  f e rmen ta t i on  ( i . e  d i ges t i b l e  O .M. )  and  i s  a
de te rn r i nan t  o f  t he  n rass  o f  O .M.  wh i ch  f e rn ren t s  pe r  day .  ,

The  ra te  cons tan t  desc r i b i ng  f e rn ten ta t ron .  y  t  ,  w i t h
d i rnens ions day ' l  ,  as  g iven in  Table  I  is  a lso convenient ly -
exp ressed  as  t u rnove r  t ime  i n  hou rs :

t 2 4
turnov! ' r  t rme h :  - \  - - -

r a t c  c o n s t a n t  I

No  s i gn i f i can t  d i f ' l c rencc  i n  y  I  bc tu ' ecn  washed  and
unwashed  as  we l l  as  t r ea te ( l  and  un t re  a ted  s t raw  cou ld
be  de tec ted .  Th i s  i nd i ca tes  t ha t  t he  i nc re .ased  vo lun ta ry
l -eed in take observed between l reatcd and unt reated
whea t  s t r aw  can  no t  be  asc r i bed  t o  an  i nc reased  ra te  o f
d i ges t i on  pe r  un i t  o f  subs t ra te .  l 1oweve r  t he  i nc reased
mass o l '  f 'e rnrentab le  subst ra te  (pool  s ize)  wc lu ld  resu l t
i r t  an  i nc reasec l  n rass  o1 ' subs t re te  be rng  f e r rnen ted
p e r  d a y .

The ra te  constant  descr ib ing out l - low of  ind igest ib le
O . M . .  Y z ,  i t  s h o w n  i n  T a b l e  I ,  w i t l r  d i m e n s i o n s  c l a y ' l
and is  a lso expressed as turnover  t i rne for  convenience.
I t  i s  c l ea r  t ha t  was l r i ng  t he  s t raw  d id  no t  change  the  ra te
cons tan t  (  y :  )  s i gn i f i can t l y ' .  Cu rnpa red  t o  un t rea ted  s t raw ,
howeve r .  t h i s  r a te  cons tan l  f o r  ou t f l ow  was  i nc reased
s ign i f icant ly  by NaOt{  t reatment  Th is  is  a lso in  agree-
nrent  wi th  the observed h igher  vo luntary  lec 'd  in take
and  toge the r  w i t h  a  h i g i r e r  t e r rnen tab i l i t y  o f  t he  d ie t
is  probably  respons ib le  l i r r  the l r igher  nrass o{ ' fer r lentab le
O .M.  obse rved  i n  t he  ru l l l en  Thc  i nc reased  ra te  cons tan t
f o r  ou t f l ow  o f  i nd igcs t i b l e  O .M. ,  o r  r educed  tu rnove r
t ime.  is  probably  a lso rcs ; rons ib le  for  the re la t ivc ly  snta l l
i nc rease  obse rved  i n  i n  y i y t t , , l i g cs t i h i l i t v  con rpa red  t o  t he
i r t  t , i t ro  fern tentab i l i ty  o f  the l i r t ,d .  

- l 'h is  
is  p< lss ib le  s ince

the increased ra te  o f  out l lo . ,v  o f  ind igc 's t ib le  subst ra te  is
mos t  p robab l y  assoc ia ted  w i t h  l r r  i nc reased  ou t f l ow  o f
d igest ib le  O.M. .  thus e f l i :c r t ive ly  reduc ing the r i l  v iy r )
d i g e s t i b i l i t y  o f  t h e  d i e t .

S ince  t he  appa ren t  mean  re ten t i on  t i n te  o f  o rgan i c  rna t t e r
i n  t he  ru r l en  (Tab le  l )  i s  a  f unc t i on  o f  bo th  y1  and  y2
i t  i s  no t  su rp r i s i ng  t ha t  no  s i gn i f i can t  d i f f c rences  we re
obse rved  be tween  washed  and  unwashed  s t raw .  S ign i f i -
can t  d i f f e rences  d id  occ r r r  be tween  t r ea ted  and  un -
t r ea ted  s t raws .

I t  i s  known  t l t l t  an in ta l s  l ' ed  on  NaOFI  t r ea ted  roughagcs
tend to  consr . l lne n lore water  than an i r t ra ls  f 'ed on un-
t r ca ted  roughages ,  p robab l y  because  more  sod iu rn  a l r d
ca rb ( )na te  have  t< l  be  e rc r c ted  b -v  t l r c  k i dne ,ys .  Vo lun ta ry
wa te r  i n l akc '  cou ld  t hc r r  se rve  as  l n  i r r d i ca t i on  o f  t he .
e f f ee t i vencss  o f -  was l r i ng  and  was  r ] r casu red  on l v  w i t l r

sheep fed washed and unwashed s t raw.  ln  th is  case
vo lun ta ry  wa te r  i n take  d id  no t  i nc l ude  wa te r  t aken  i n
through the feed.  The la t ter  was very  s imi lar  for  both
g roups  and  amoun ted  t o  4300  g  pe r  sheep  pe r  day .
Fronr  Table  I  i t  i s  c lear  that  the an imals  fed unwashed
st raw drank s ign i f icant ly  more water  than those fed
washed  s t raw .  Th i s  i nd i ca tes  t ha t  t he  wash ins  o l ' t he
st raw was successfu l .

Re ten t i on  t ime  o f  a  wa te r  so lub le  marke r  i s  a l so  g i ven  i n
Table  I  .  I t  is  c lear  that  s ign i f icant  d i f ferences ex is t
between both washed -  and unwashed s t raw and t reated
and unt reated s t raw.  The d i f ference in  re tent ion t ime
observed between washed and unwashed s t raw is  con-
s i s ten t  w i t h  t he  i nc reased  wa te r  i n take .

The f 'ac t  that  washing the s t raw in f luerced the re tent ion
t ime  o f  wa te r  bu t  no t  t he  t u rnove r  t i n l e  o l ' i nd iges t i b l e
O .M.  i n  t he  rumen ,  i nd i ca tes  t ha t  t he  hypo thes i s  o f  an
increased ra te  o f  O.M.  removal  f rom the rumen wi th
NaOt l  t r ea tmen t .  because  o f  an  i nc reased  wa te r  i n take
(@rskov  &  Grubb .  1978 ) ,  i s  un l i ke l y .

Conclusion

A l l  t he  resu l t s  i nd i ca ted  t ha t  wash ing  o f  NaOH t rea ted
die ts  d id  not  in f luencc run len funct ion s ign i f icant ly ,
excep t  i b r  vo lun ta ry  wa te r  i n take ,  r e ten t i on  t ime  o f  a
water  so lub le  n tarker  in  the rumen and the percentages
d iges t i b l e  O .M.  i n  t he  ru rnen  con ten t s .

A cornpar ison of  NaOH t reated and unt reated d ie ts
however ,  s l rowed a h igh ly  s ign i f icant  increase in  vo luntary
organic  mat ter  in take wi th  NaOH t reatment .  Th is  increase
could  be exp la ined rna in ly  by the faster  out f low of  OM.
f ror r r  the runten and the h igher  fermentab i l i ty  o f  the d ie t
which resu l ted in  larger  mass of  fermentab le  O.M.  in  the
rumen and a larger  mass o l -  O.M.  be ing fermented per
day.  Th is  larger  nrass o f  O.M.  fermented per  day could
not  be exp la ined by the ra te  constant  for  fer rnentat ion
(  y t  )  wh i ch  was  no t  i n f l uenced  s i gn i f i can t l y  by  t r ea tmen t
w i t l r  NaOH no r  by  wash ing  t he  t r ea ted  s t raw .  [ t  cou ld
only  bc expained by an increase in  the act ive pool  s ize,
i . e .  f e rmen tab le  O . l \ { .  i n  t he  rumen .

The on ly  aspect  o f  impor tance wl ien washing NaOH
treated s t raw seems to  be the rernoval  o f  some {ermen-
tab le  so lub le  O.M.  f rom the d ie t ,  a l though the vo luntary
in take of  d igest ib le  O,M.  and in  v ivo d igest ib i l i ty  were
not  s ign i f icant ly  in f luenced.  I t  appears  that  sheep were
wel l  ab le  to  re l love excess sodium f rom the d ie t  by
increas ing vo luntarv  water  in take,  a t  least  for  the durat ion
o f  t h i s  expe r i r nen t .
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